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Abstract  

Maternal efficiency in sheep production is a term used to describe the performance or 

productivity of a reproducing ewe. Maternal efficiency encapsulates a complex set of 

interactions between production and inputs. Maternal efficiency is influenced by genetic 

selection and nutritional management, but these components are generally considered in 

isolation and the interaction with farm management is rarely investigated. In this study I 

investigate how changing components of maternal efficiency at an individual-animal 

level affects farm management at the whole-farm scale, including the impacts on 

profitability, labour use and groundcover. 

The study uses the AusFarm simulation tool to create a whole-farm model of a self-

replacing sheep enterprise focussed on lamb production. The model includes a dynamic 

lamb weaning date based on feed quality, labour calculations linked to animal operations, 

detailed grazing management regimes, variable land units and detailed flock structures. 

Evaluation and comparison of the outputs with experimental and benchmarking data 

shows that the model closely represents the intended sheep enterprise in the modelled 

region. The model is used to test three components of maternal efficiency.  

Firstly, mature ewe size is investigated due to its positive correlation with the selection 

for growth rate during immaturity and potential undesirable association with an increase 

in energy requirements of the mature ewe. The study shows that when the mature size is 

matched with an appropriate stocking rate and lamb slaughter weight, there were no 

innate differences in efficiency or profitability between large or small sheep. Placing 

constraints on either labour or groundcover leads to a decrease in stocking rate that 

reduces profitability. When labour is constrained, larger ewes achieve a higher lamb 

weight per hectare with fewer ewes per hectare and were more profitable. When 
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groundcover is constrained, stocking rate is reduced to reduce grazing pressure and 

achieve a similar metabolisable energy intake regardless of the mature size, and there 

were no differences in profitability for different mature sizes. 

Secondly, the value of mating ewe lambs at seven months of age was investigated. Ewe 

lambs are commonly allowed to grow until two years of age but they can achieve puberty 

and reproductive success at much younger ages. The study shows that mating ewe lambs 

increases profitability across a range of mature sizes due to the income from the extra 

lambs for a relatively minor increase in costs. The additional energy requirements of a 

pregnant ewe lamb were minor in proportion to the energy already committed to 

maintaining a non-pregnant ewe lamb over the same period. Mating ewe lambs increases 

the profitability of systems when they are subject to constraints on labour and 

groundcover. 

Thirdly, modifying the growth curve was investigated. Ewes that exhibit faster growth to 

a smaller mature size are likely to produce lambs with high growth while having lower 

maintenance costs at maturity. Modifying the growth curve realised a small improvement 

in profitability due to a small increase in lamb weight, but an increase in costs and a 

decrease in ewe productivity eroded most of the gain. Modifying the growth curve 

improved profitability when labour is constrained but in practical terms, supplying more 

labour to run higher stocking rates would be considerably more profitable. Applying 

constraints on groundcover causes a decrease in either reproductive rate or stocking rate 

and decreases the lamb income and profitability. 

Introducing constraints on labour or groundcover altered both the economic outcome and 

management of the farm system. From a maternal efficiency perspective, the study 

showed that differences at an individual animal level has a large effect at the per hectare 

and whole-farm scale. To maximise profitability, the stocking and reproductive rate, and 
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lamb slaughter weight were all varied to optimise feed use and input costs as animal traits 

were changed. Constraints on labour and groundcover further altered these relationships.  

For these reasons, making generic recommendations about individual animal traits is not 

advisable, particularly for an optimum mature ewe size. Animal traits (e.g. mature size) 

and management factors (e.g. stocking rate) are implicated in other non-economic 

decision making in sheep production businesses. Any valuation or recommendations on 

genetic selection and farm management in the sheep industry should be from a whole-

farm perspective and considered with other factors such as groundcover and labour.   
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1. Introduction  

1.1 Maternal efficiency 

Maternal efficiency in sheep production is a term used to describe the performance or 

productivity of a reproducing ewe. Maternal efficiency encapsulates a complex set of 

interactions between production and inputs and is often described by ‘biological 

efficiency’ metrics, which explain the changes in productivity and output, relative to the 

level of cost or inputs incurred (Large 1970; Dickerson 1978).  

A central concept of maternal efficiency is that the maintenance requirement for a ewe 

over a reproductive cycle equates to approximately 60-70 percent of the total energy 

requirements (Coop 1962; Dickerson 1970). Consequently, the improvement of 

biological efficiency is generally concerned with either increasing output to capitalise on 

the fixed maintenance cost or directly minimising the maintenance requirement. 

The means of increasing output and reducing the maintenance requirements fall under 

two broad categories. Firstly, there is substantial capacity for genetic improvement of 

traits that contribute to maternal efficiency. Genetic improvement in the Australian sheep 

industry has been assisted by the genetic selection programs ‘LAMBPLAN™’ for meat 

and crossbred populations and the latter version ‘MERINOSELECT™’ for wool breeds 

since the early 1990’s (Brown et. al. 2007).  

Secondly, the performance and output from the ewe is highly dependent on the nutritional 

management over the reproductive cycle. The optimum strategy for the management of 

ewe nutrition to achieve the best whole-farm profit was recently identified (Thompson et. 

al. 2011; Young et. al. 2011a). This was achieved by integrating experimental research 
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into whole-farm bio-economic models, where individual ewe performance at the 

experimental level was used to inform a whole-farm profit outcome.  

In genetic improvement programs, except for some recent cases (Ferguson et. al. 2010; 

Young et. al. 2011b), the scaling up of individual animal performance to economic output 

at the whole-farm scale is rarely considered. It is generally assumed that individual 

selection based on productivity or index metrics readily and linearly translate into an 

economic benefit at the whole-farm scale (Malcolm 2004). Even when metrics include 

inputs and costs, these are often simplistic and ignore factors important to whole-farm 

management and profitability (Harris & Newman 1994).  

Stocking rate and pasture utilisation are whole-farm management factors often 

overlooked when valuing genetic improvement. It is well established that whole-farm 

productivity is inherently linked with the levels of pasture production and utilisation, with 

the latter primarily determined by the stocking rate per unit of area (Thompson et. al. 

2001; Waller et. al. 2001). Sheep enterprise profitability is highly responsive to changes 

in stocking rate due to the direct output relationship with the amount of meat and wool 

produced (Warn et al. 2006). Additionally, for farms below the optimum stocking rate, it 

is easily increased due to the low cost and under-utilisation of pasture and it generally 

realises a greater marginal gain than any other management variable.   

Stocking rate potentially has a large effect on the productivity and costs of the maternal 

ewe because changes at the individual level are readily scaled up via increases in stocking 

rate at the whole-farm scale. Logically, improvements to individual performance should 

scale-up favourable at the whole-farm scale. However, animal performance is often 

reduced when stocking rate is maximised and competition for pasture increases. This is 

mostly due to a combination of decreased intake, changes in pasture mass and 

composition, and reduced diet selectivity. This phenomenon is regularly observed in 
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rotational grazing studies where per hectare productivity is maximised at some expense 

of per head production (Thompson et. al. 2001; Waller et. al. 2001). Per head production 

is not a sound indicator of per hectare or whole-farm productivity because the stocking 

rate can decrease individual performance.  

The stocking rate pressure on per head productivity is an important concept due to the 

interaction between nutrition and genetic potential of the animal. For example, lambs 

genetically selected for high growth rates gained similar weight as control lines when 

exposed to low nutrition but grew faster under high nutrition (Hegarty et. al. 2006). 

Likewise, ewes selected for greater genetic fatness were able to maintain higher 

reproductive performance in periods of low nutrition compared to genetically leaner 

counterparts (Ferguson et. al. 2010). Nutritional stress that is often caused by high 

stocking rates can affect the performance of sheep due to their genetic potential for certain 

traits. 

The potential for interactions between biology, management and farm resources suggest 

that improving animal performance to achieve financial gain is likely to impact on other 

areas not included in most production and economic assessments of maternal efficiency. 

It is possible that the optimum economic position is impeded by decisions about 

sustainability, labour or risk, yet these remain unqualified when promoting the value of 

different management criteria and in particular, animal selection methods. 

Although financial benefit/security is important to most farmers, it is clear that farmers 

may not be solely motivated by financial gain and that others factors (e.g. risk, 

complexity, environmental impacts) can play an important role in driving farmer 

behaviour (Pannell et. al. 2006). It is also possible that these factors could be more 

influential in livestock systems because of their ‘perennial’ features, where animal 
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management is year-round and production constraints or benefits are carried from the 

preceding year to the next. 

This may help explain the divide between results achieved in research and experimental 

situations and those recorded in farm benchmarking programs (Davidson and Martin 

1965). Benefits achieved in experimental and modelling studies are regularly reported at 

30-50% better than those recorded in benchmarking programs (Young et al. 2010; 

Kennedy et al. 2004). In part, this could be explained by the nature of experimentation, 

which is rarely constrained by inputs and labour, is conducted over short time periods and 

in some cases is designed to explore risky scenarios that farmers would not consider. 

Above is a snapshot of the complex interactions of improving maternal efficiency and the 

scaling up of animal biology through to the whole-farm impacts, and the requirement to 

consider these impacts from a wider perspective than financial gain. The scaling up of 

individual animal productivity to whole-farm impacts is an underlying theme in this 

study. To assess changes in maternal efficiency in a whole-farm context and from an 

economic, labour, sustainability and risk perspective requires an integrated modelling 

approach (Weersink et. al. 2002). Such an approach will aid the development and 

prioritisation of research areas in the maternal efficiency field and help understand the 

existing constraints to improvements in sheep production. 

1.2 Originality and objectives 

Bio-economic simulation model is used to extrapolate changes in maternal efficiency at 

an individual level to the impacts at the whole-farm scale. Most simulation studies in 

sheep systems are conducted using a single paddock and do not include age group 

structure or paddock dynamics. Likewise, some have made assessments from an 

economic and sustainability (Warn et al. 2006; Alcock 2006), labour (Rose 2011) and 
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risk perspectives (Kingwell and Schilizzi 1994). However, the integrated approach with 

multiple assessment criterion for a sheep enterprise appears novel.  

There are two main objectives in this research area: 

1) The development of a whole-farm sheep model that can be used to provide the 

multiple output features described. This will include: 

a) The construction of the whole-farm sheep model using existing 

software. 

b) The development of income, expense and labour assumptions and 

calculations for a sheep enterprise. 

c) The verification of model output for economic, sustainability and 

labour outputs.  

d) The validation of model output with existing industry and research 

information. 

2) The application of the whole-farm sheep model to test components of maternal 

efficiency. This will include: 

a) exploration of ewe mature size on maternal efficiency under 

sensitivity to a range in stocking and reproductive rates and lamb 

slaughter weights. 

b) estimation of the advantage of modifying the growth curve from birth 

to maturity with sensitivity to a range of stocking and reproductive 

rates. 

c) estimation of the benefit of mating ewe lambs with different feeding 

scenarios and the addition of genotypes that have modified growth 

from birth to maturity. 

d) implementation of animal variability into the model to determine the 

value in future assessment of maternal efficiency. 

1.3 Outline of dissertation 

In chapter two a review of maternal efficiency and bio-economic modelling of animal and 

whole-farm management is undertaken. The maternal efficiency area pays particular 
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attention to mature ewe size, modification of the growth curve from birth to maturity and 

the application of mating ewe lambs. The review of bio-economic modelling focuses on 

the incorporation of animal biology and deficiencies in scaling up to whole-farm analyses.  

Chapter three introduces the modelling software and the specification of the whole-farm 

sheep model. Details of the design and construction, and the initialisation parameters are 

specified. The description of the whole-farm sheep model is an important aspect as most 

simulation studies are undertaken with only a single paddock and ignore the differential 

production from sheep with different ages and reproductive capacity, and the dynamics 

of flock structures.  

Chapter four describes the bio-physical and economic output from a base simulation of 

the whole-farm sheep model. The detailed bio-physical and economic output provides the 

reader with confidence that the model operates within the specifications of a farm based 

in the modelled region. The chapter provides detailed output that is unable to be presented 

as the complexity of analysis increases when sensitivity analyses are applied. 

Chapter five presents the results from a sensitivity analysis of stocking and reproductive 

and provides output that allows the reader to understand the model behaviour in response 

to changes in stocking rate and reproduction. The chapter provides a comparison of the 

model outputs with experimental and farm benchmarking data. The analysis of pasture 

growth rates and the comparison of productivity metrics are undertaken. The evaluation 

of the model outputs is a critical component in further providing the reader with 

confidence that the model output represents the farming system and can be used to 

extrapolate animal biology and maternal efficiency beyond that achieved experimentally. 

The exploration of the first component of maternal efficiency is undertaken in Chapter 

six, which explores the impact of ewe mature size on the economic, sustainability and 

maternal efficiency indicators. In addition to testing a range of mature ewe sizes, 
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sensitivity analysis with stocking rate, reproductive rate and lamb turnoff weight is 

included. Ewe mature size is an important component of maintenance costs and is also 

positively correlated with selection and genetic improvement of growth rate during 

immaturity.  

Chapter seven involves the second component of maternal efficiency, which tests the 

application of joining ewe lambs. Joining ewe lambs is rapidly being adopted by industry 

and in the analysis we establish the baseline value for a range of stocking and reproductive 

rates.  

The third component of maternal efficiency is undertaken in chapter eight when the 

concept of bending the growth curve from birth to maturity is tested. Sensitivity to 

stocking and reproductive rate and lamb turnoff weight is included in the analysis. The 

objective of modifying the growth curve is to increase early growth during immaturity 

without increasing mature size. Maternal ewes that are optimised for mature size and 

maintenance costs but can contribute high growth to progeny are likely to improve 

maternal efficiency and whole-farm profitability.  

Chapter nine provides a discussion on the modelling approach, the modelling of maternal 

efficiency and the specific outcomes from the components tested. Conclusions and areas 

for future development are described. 
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2. Literature review 

2.1 Introduction 

The ability of the ewe to achieve the multiple objectives of maximising lamb output, 

maintaining reasonable levels of wool production and managing animal health and 

nutrition under a stocking-rate-driven system with a variable feed supply best describes 

“maternal efficiency” (Ferguson et al. 2011). The importance of maternal efficiency has 

escalated due to structural changes in the sheep industry in the last 25 years. Prior to this 

period Australia ‘rode on the sheep’s back’, a reference to the predominantly wool 

focussed production of the national sheep flock and its importance as an export 

commodity to the world (Massy 2007). However, a range of factors, including 

mismanagement of the Reserve Price Scheme, led to high levels of substitution to 

synthetic products, ultimately leading to the collapse of the Reserve Price Scheme and 

plummeting prices in the early 1990s.  

The depressed wool market caused a movement in broadacre enterprises towards a greater 

proportion of cereal, pulse and oilseed cropping.  This resulted in a steady decline in the 

national sheep flock from approximately 170 million head to currently around 74 million 

(Meat and Livestock Australia 2012; Australian Wool Innovation 2011; Curtis 2009). The 

continued development of machinery and cropping technology increased productivity and 

labour efficiency but at the same time strengthened the relative unattractiveness of wool 

and sheep production. 

At around the same time as the collapse of the Reserve Price Scheme, the implementation 

of genetic selection programs for meat sheep breeds and a concerted effort to increase the 

size and leanness of lamb carcasses was undertaken (Banks 1990; Brown et al. 2007). 

This was matched with a marketing campaign to increase the consumption of lamb and 
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shift its reputation as a traditional, low value and over fat product (Russell et al. 2005). 

Trade development in export markets and ongoing research programs into sheep-meat 

eating quality resulted in an increased demand for lamb and sheep meat products over the 

last 20 years.  

The increased demand caused farm gate prices for lamb to increase and create a shift 

towards lamb production in sheep enterprises across southern Australia. It has also led to 

an expanded role for the ewe with greater emphasis on improving reproduction, lamb 

growth and carcass output, while maintaining resilience to disease and sub-optimal 

nutrition, and hence the all encapsulating term “maternal efficiency”. The shift towards 

lamb has meant that animal genetics, animal nutrition and farm management have 

increased in complexity compared to a wool based system.  

2.2 Maternal efficiency and farm management 

The general aim of ruminant production systems in southern Australia is to utilise pasture 

as a low-cost feed source to maximise the return on the capital invested or the return on 

assets of the farm business (Malcolm 2011). This is because a large proportion of the 

capital invested or the asset value is held in the land resource. Furthermore, the value of 

the land resource is largely determined by environmental factors (e.g. climate, rainfall 

amount and distribution, temperature, soil type) that in turn determine the potential for 

pasture production within and between years. Hence to maximise returns from the fixed 

land resource, high pasture and forage production is desirable.  

2.2.1 Pasture production and utilisation in southern Australia 

Southern Australia is broadly characterised as a Mediterranean environment that is 

subject to a forage deficit during the hot summer and cold winter months (Rossiter 1966; 

Birrell & Thompson 2006). Pasture quality is low during the senescent and dormant 
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periods from late spring to opening rainfall in the autumn (Doyle 1993). In the higher-

rainfall zones of southern Australia, annual pasture production can range from 5 to 15 

tonnes of dry matter per hectare (Reed 1974; Cayley et al. 1998; Saul et al. 2009). Despite 

the potential high productivity of the high-rainfall zone in southern Australia, only five 

percent of pastures in southwest Victoria are considered improved, and of those 

improved, 90% contain perennial ryegrass as the primary grass component (Quigley 

1991; Quigley et al. 1992; Schroder et al. 1992). Perennial ryegrass is sown with 

subterranean clover to provide a winter and spring dominant feed supply and is a popular 

mixture due to ease of establishment, the level of production, responsiveness to inputs 

and relative persistence in comparison to other species (Reed 1987; Lamp et al. 1990; 

Waller and Sale 2001). Despite the level of improvement and the pasture species, pastures 

experience a deficit in supply during the autumn and winter and an oversupply during 

spring that is associated with a quality decline during late spring and summer.  

Pasture must be utilised and converted into products to generate income. Pasture 

utilisation rates generally reach a maximum of 55-60% and can be as low as 10-20% 

(Young et al. 2010; Alcock 2006). In most cases, less than half the pasture grown is 

actually utilised by the animal to produce meat and wool. It is well recognised that pasture 

utilisation is inherently linked with the profitability of the sheep enterprise (White and 

Morley 1977; Thompson and Young 2002; Warn et al. 2005; 2006; Alcock 2006; Young 

et al. 2010). Pasture utilisation is a key indicator of profitability as it is a derivative of the 

stocking rate per unit of area, which has a direct relationship with the amount of meat and 

wool produced, and hence the level of income achieved. 

Maximum pasture utilisation and profitability is often achieved through a complex trade-

off between the stocking rate, time of lambing and lamb slaughter weight. Traditionally, 

wool dominant systems have chosen a spring lambing in September to avoid lambing 

during poor weather conditions in winter and to better match the stocking rate with the 
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feed supply. Enterprises orientated towards lamb production have historically chosen an 

autumn lambing to allow more time for lambs to grow and reach a larger size and heavier 

weight before the pasture supply and quality deteriorates in late spring and early summer 

(Fitzgerald 1976).  

However, lambing earlier exposes ewes and lambs to substandard nutrition during periods 

of high energy demand and these systems are forced to operate a lower stocking rate to 

avoid high feed supplementation rates due to the mismatch between feed supply and 

animal demand (Egan et al. 1977a, 1977b; Obst et al. 1991; Warn et al. 2006). 

Furthermore, ewes are mated during late spring and early summer when sheep can display 

anoestrus and often have lower conception rates and smaller litter sizes (McLaughlin 

1968; Fitzgerald 1976; Fisher 2004). As a consequence of a lower stocking rate and lower 

number of lambs, autumn lambing systems have a lower pasture utilisation and lower 

profitability (Warn et al. 2006).  

Economically efficient farms are more likely to have a lambing time between winter and 

spring and operate at a higher stocking to maximise pasture utilisation, product output 

and profitability (Thompson & Young 2002; Warn 2006; Kopke et al. 2008; Young et al. 

2010). However, high stocking rates and later lambing reduce the performance of 

individual ewes and lambs, and the time available to reach maximum slaughter weights. 

Efficient enterprises therefore trade-off some performance in individual ewe and lamb 

performance to achieve high levels of per-hectare and whole-farm profit. 

2.2.2 The trade-off between stocking rate and individual animal performance 

Stocking rate has an effect on four main areas of animal production; the voluntary food 

intake; ewe reproduction; the growth of lambs; and wool production.  
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Firstly, high stocking rates decrease pasture availability and in turn decrease the 

individual voluntary food intake and the performance of the animal. Voluntary food 

intake is affected by body size, physiological status, body condition, supplementation, 

forage preferences, forage availability and the grazing system (see review, Allison 1985). 

However, the restriction of food intake is primarily a function of intake volume and intake 

volume is closely associated with plant height.  

When plant height increases, the bite size of the animal increases linearly and the bite rate 

decreases (Allden and Whittaker 1970). When pasture height is low, sheep partially 

compensate by increasing their grazing time to maintain a constant intake (increasing bite 

rate but decreasing bite size) (Allden and Whittaker 1970; Armstrong et al. 1995; Prache 

1997). Furthermore, when sheep are subject to low pasture availability or low pasture 

quality they select a higher diet quality to meet their energy requirements but do not 

continue to maximise intake after requirements are met (Garcia et al. 2003).  

However, compensation for low pasture availability by diet selection or increased grazing 

time cannot overcome the decrease in pasture availability when stocking rate is increased 

to high levels. When stocking rate is increased, the total daily sheep intake becomes 

greater than the rate of pasture growth, and the pasture availability and plant height 

decrease. This decrease in pasture availability restricts the daily energy intake and 

decreases the performance and production of the ewe and progeny.  

Secondly, reproduction is negatively affected at high stocking rates and there is an 

indirect effect of stocking rate on reproductive rate. Donnelly et al. (1982) showed that 

due to high stocking rates, ewe body weight and condition were lower and a smaller 

number of lambs were born. Fitzgerald (1976) identified that the number of lambs 

produced was identical at low and high stocking rates over a 4-year period due to a higher 

number of lambs born per ewe at lower stocking rate and the greater number of ewes but 
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a lower number of lambs born per ewe at high stocking rates. Kleemann et al. (2006) 

concluded that variation in reproductive rate in South Australian Merinos is under 

nutritional control, and that weight and condition score are significant indicators of ewe 

performance. 

Thirdly, lamb growth rate decreases as the stocking rate is increased (Fitzgerald 1976; 

Donnelly et al. 1985). Individual lamb growth and performance is indirectly affected by 

the stocking rate through the effect on pasture supply and quality. Donnelly et al. (1985) 

showed that lamb growth declined linearly with an increase in stocking rate but the effect 

on lamb growth was an indirect result of lower maternal condition at lambing and 

subsequent poorer lactation due to the higher stocking rate limiting the pasture available 

to the ewe.  

Fourthly, fleece weight and fibre diameter both decrease as the stocking rate increases 

(Cannon 1972; White & McConchie 1976; Birrell 1982; Birrell 1981). The impact of high 

stocking rates on decreasing fleece weight and fibre diameter is proportional to the level 

of feed on offer and liveweight change of the animal, and ultimately the level of energy 

the animal is able to consume (Thompson et al. 1994; Ferguson et al. 2011). Thompson 

et al. (1994) reported that for an increase of one sheep per hectare, clean wool weight 

decreased by 9-17 grams, mean fibre diameter decreased by 0.02-0.05 microns and staple 

length decreased by 0.13-0.35mm. Ferguson et al. (2011) reported that for a 10kg loss in 

live weight from joining to mid-pregnancy, mid-pregnancy to lambing or during lactation, 

clean fleece weight decreased by 0.4-0.7 kilogram and fibre diameter decreased by 0.5-

1.4 microns. Increasing stocking rate reduces fleece weight and fibre diameter but these 

effects are mediated through a reduction in pasture availability and a subsequent reduction 

in live weight, which are closely associated with the decline in wool production. 
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The effects of increased stocking rate on lamb and wool production are mainly derived 

from an indirect response to reduced feed availability and a decrease in ewe live weight 

or condition score that decreases reproduction, lamb growth or wool production. 

However, the animal system will always experience deficits in pasture supply as the 

stocking rates required to maximise utilisation and profitability are in excess of the 

carrying capacity of pastures over the the summer and autumn period when pasture 

growth is limited and residual pasture mass is in rapid decline. To be economically 

efficient and to optimise individual production in order to maximise per hectare 

profitability, the allocation of pasture resources through grazing management and the 

supplementation of animals to fill shortfalls in pasture production is an important farm 

management activity. 

2.2.3 Grazing method and supplementation 

The grazing method usually refers to the movement of livestock in response to the growth, 

availability and quality of the pasture (Allen et al. 2011). It can also be used to limit and 

prioritise pasture resources for animals depending on their requirements in conjunction 

with the current pasture and seasonal conditions.  The grazing method generally describes 

a set-stocking or a rotational grazing system. Set-stocking is where animals remain in a 

paddock at a set stocking rate for extended periods of time. Rotational grazing generally 

involves the subdivision of larger paddocks into smaller ones where animals are moved 

in a larger group through individual paddocks that provides a rest period for pasture 

species while other paddocks are grazed. Movement within a rotational grazing system 

can be based on time or pasture conditions such as pasture amount or quality.  

The grazing method can have a significant impact on the stocking rate and the production 

of both the animal and pasture species. There are many studies in favour of rotational 

grazing for increasing per hectare production (Walton et al. 1981). Thompson et al. (2001) 
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showed that under rotational grazing a higher stocking rate and lamb production per 

hectare could be achieved compared to a set-stocking system, but this was at the expense 

of per head lamb growth and lower ewe live weight. These differences were attributable 

to a reduction in subterranean clover content and proliferation of the grass species in the 

rotationally grazed system.  

However, Briske et al. (2008) concluded that the benefits from rotational grazing may be 

overstated because continuously grazed systems were already operating at too high 

stocking rates at the introduction of rotational grazing to livestock systems and there are 

limited differences between systems if the stocking rate of the continuously grazed system 

is set at an appropriate level.  

Set-stocking systems experience continuous grazing and pasture decline and persistence 

is a major limitation to maintaining productive species in these systems (Kemp & 

Dowling 1991). Persistence is compromised when continuous defoliation reduces storage 

capacity and subsequent translocation of labile carbohydrates from roots and stem bases, 

which is required in the initial regrowth period before energy production can be 

undertaken by photosynthesis (Davidson 1978).  

Producers ranked persistence of pasture species only second to weed control and 

attributed dry seasonal conditions as the highest contributing factor to pasture decline 

(Reeve et al. 2000). Less than 20% of producers surveyed thought grazing management 

was important in maintaining desirable composition, but 82% thought that grazing 

management was worth doing to achieve desirable species composition (Reeve et al. 

2000). These results appear somewhat contradictory and highlight how producers are 

prepared to implement grazing management strategies to improve a poor performing 

pasture but compromise a productive pasture by not providing the required grazing 

management to ensure it remains productive. Little acknowledgement has been given to 
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grazing management as a factor contributing to the decline of productive pastures (Kemp 

& Dowling 2000).  

The decline of desirable pasture species from failed grazing management has a negative 

impact for a wide range of landscape management and sustainability indicators. A 

reduction in perennial species decreases biomass groundcover during the summer-autumn 

period, increasing water runoff, and the export of nutrients and soil particles (Greene et 

al. 1994; Tainton et al. 1996; Greenwood and McKenzie 2001). The decline of perennial 

species favours the proliferation of annual species and contributes to net gain of soil water 

(Hatton and Nulsen 1999), which leads to a greater risk of salinity. Ridley and Pannell 

(2005) identified that systems based on perennial species was one option to manage 

dryland salinity on the condition that they were economically competitive with annual 

based systems.  

Given the strong positive correlation between stocking rate and profitability and the 

negative correlation between stocking rate and sustainability there is likely to be a trade-

off between the economic position and the sustainability of the enterprise. A stocking rate 

that is sufficient to utilise spring growth is always in excess of the maintenance potential 

of the summer and autumn periods. Ultimately, increases in animal production to increase 

economic output are likely to lead to increased landscape degradation and a reduction in 

the long-term sustainability of the lamb production system. 

Flexible systems are therefore required to maintain productive pasture species in the 

farming system. Several authors have highlighted the importance of maintaining a 

variable botanical composition and species richness within the grazing system (Sanderson 

et al. 2004). However, the task is rarely achieved due to the complexity of managing the 

herbivore and plant species interaction and the plant-to-plant interaction under a 

production driven system. Tainton et al. (1996) states that, “where management can be 
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controlled it is advisable to reduce the spatiotemporal heterogeneity of the system in order 

to simplify management and maximise production”. Waller and Sale (2001) proposed that 

perennial ryegrass in south eastern Australia required flexible management, including 

combinations of grazing method and spelling, to achieve seed set and tiller production 

that would ensure survival over the summer months and maintain production. However, 

poor grazing management is often a combination of high stocking rates to improve farm 

profitability and an unwillingness to adopt intensive grazing management due to 

perceptions of increased labour and infrastructure costs.  

2.2.4 Stocking rate and labour requirements 

The amount of labour required is largely determined by the stocking rate of the enterprise. 

A higher stocking rate increases the total number of sheep on the farm and this increases 

the amount of labour required for animal management and husbandry (McLeod 1995; 

Alcock 2006; Doole et al. 2009; Rose 2011; Young & Thompson 2013). Most labour 

costs are incurred on a per animal basis and are similar between enterprises because they 

are generally independent of the animal type and class. For example, although sheep with 

different mature sizes require different volume of anthelmintic drench, the amount of time 

to muster and handle the animal to apply the drench treatment is similar regardless of the 

size difference.   

Any change in the sheep enterprise that affects animal numbers (e.g. stocking rate, 

reproduction) or the frequency of per head management activities (shearing, drenching, 

stock movement) will have an impact on the labour requirements. Generally, labour 

would not be considered as a variable cost, but due to the positive relationship with animal 

numbers and frequency of management activities, it is highly variable with changes in the 

enterprise scale or intensity.  Analyses of sheep systems that assign a fixed labour 

component are likely to either over or under estimate the costs of labour when they test 
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alternative management options or different animal genotypes. It is therefore important 

that labour costs are linked to individual animal management to capture differences in 

enterprise scale and intensity. 

2.3 Maternal efficiency and biological efficiency 

Maternal efficiency could be described as a biological efficiency metric. Biological 

efficiency is a metric used to describe the changes in productivity, relative to the level of 

cost or inputs incurred (Large 1970; Dickerson 1970; Robinson & Orskov 1975; 

Dickerson 1978). These metrics are often a ratio of product output to a proxy of the cost 

or input level. Several authors have illustrated the factors contributing to biological 

efficiency in the form of equations (Large 1970; Dickerson 1970). These equations 

attempt to capture all the costs and income of the production for a breeding female and 

her progeny. The costs and income are associated with key traits or parameters and are 

often directly related to a genetic component or are a trait that is under a high level of 

genetic control. Hence these metrics are useful for identifying and understanding how the 

efficiency of production may change with different levels of inputs and outputs and 

change in genetic parameters. 

2.3.1 Biological efficiency and genetic selection 

Since the early 1990s, genetic selection in the Australian sheep industry has been assisted 

by the genetic selection program ‘LAMBPLAN™’ for meat and crossbred populations 

and the latter version ‘MERINOSELECT™’ for wool breeds (Banks 1990; Brown et al. 

2007). These programs have assisted the sheep industry to achieve rapid genetic gain for 

selected traits by using estimated breeding values or “Australian Sheep Breeding Values” 

(ASBV’s) to select animals with superior genetic merit (Banks 2005). Until recently, most 

selection strategies in terminal sires for lamb production have focussed upon increasing 
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growth rate, improving muscling and decreasing fat to increase the lean meat content of 

lamb and overcome the consumer image of a low-value and over-fat product (Russell et 

al. 2005; Pethick et al. 2007).  

In wool-based flocks, which contribute the major proportion of maternal genetics across 

the Australian flock, wool traits are the primary focus and it is only recently that more 

emphasis has been applied to growth and carcass traits (Ferguson 2012). For maternal 

ewes, there is now more emphasis on selecting animals on a greater range of traits to 

match the objectives of the production system rather than selection based on only one to 

two traits. In order to select animals on a larger number of traits the use of selection 

indexes to rank animals on their relative merit is undertaken. Selection indexes 

incorporate weightings on traits (based on economic importance or the desired level of 

production) and the genetic correlations between the traits.  

The index sums the value of each trait usually based upon its economic contribution and 

incorporates the correlations between traits to derive an index value. The correlations 

between traits are important because not all desirable traits from a productivity 

perspective are positively related. Animals that display high traits values for important 

productivity traits that are negatively related are likely to rank higher on the index. 

Furthermore, if animals have high trait values for production traits and are favourable for 

traits that have an economic cost then these animals will rank higher and be more 

desirable to incorporate into the flock.  

In addition, ‘composite’ traits are also used to rank animals on their relative merit. 

Composite traits aim to sum the value of outputs and inputs in a single measurement. 

Examples include, the number of lambs weaned per ewe, the amount of lamb weight 

weaned per ewe, or the amount of lamb weight weaned per kilogram of ewe weight 

(Ercanbrack and Knight 1998; Snowden and Fogarty 2009; Ferguson et. al. 2011). These 
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metrics aim to increase efficiency by achieving a higher output per unit of input and both 

selection indexes and composite traits are favoured over selecting individual traits due to 

the complexity of managing the positive and negative correlations between multiple traits 

(Snowden and Fogarty 2009). The composite traits and selection indexes are similar to 

biological efficiency metrics used to identify the components of animal production that 

can increase output and reduce the costs of inputs in a single value to compare and rank 

animals.  

2.3.2 Biological efficiency of the ewe 

Biological efficiency of the ewe is largely determined by the maintenance costs, 

reproduction and the performance of the progeny (Large 1970; Robinson & Orskov 1975; 

Dickerson 1978; Thompson and Barlow 1986; Greef et al. 1995). Approximately 60-80% 

of the total energy requirements over the annual breeding cycle are for maintenance alone 

(Coop 1962; Dickerson 1978) and the maternal component of the sheep enterprise 

commonly exceeds 60 percent of total flock numbers. Large (1970) demonstrated that 

reproduction, mature size of the breeding female and the growth and final weight of 

progeny had a large bearing on the biological efficiency. They concluded that biological 

efficiency would be maximised from having a small ewe breed that produced large litter 

sizes and was mated to a large ram breed to ensure high lamb growth and final weight. 

Likewise, Dickerson (1970) emphasised that the cost of production depends on three main 

components; the efficiency of female production; the reproduction potential of the female 

unit; and the growth and weight of progeny at slaughter.  

2.3.3 The maintenance and efficiency of female production 

The cost of female production falls into three categories; the costs associated with annual 

energy intake for maintenance; the additional cost of pregnancy; and the additional cost 

of lactation. The maintenance of the breeding female is the largest component of the 
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annual energy intake of the ewe. It has been shown that the cost of maintenance is between 

60-80% of the total annual energy intake of the ewe (Coop 1961; Large 1970; Dickerson 

1972; Kleemann et al. 1984; Schoeman et al. 1995). The energy intake above maintenance 

is used for pregnancy and lactation and this has been shown to account for approximately 

30% of the total annual energy intake of a breeding ewe. Brockway et al. (1963) used 

pregnant and non-pregnant ewes managed similarly to show that pregnant ewes expended 

an additional 28% of energy during the pregnancy and lactation period. Approximately 

65% of this energy was for pregnancy and the remaining portion for lactation. However, 

because the pregnancy period was longer than the lactation period in this study (145 vs. 

50 days), the energy expenditure per day was 2.5 mega-calories for lactation and 1.8 

mega-calories for pregnancy. Over longer periods of lactation the energy expenditure for 

lactation is likely to be a larger proportion of the energy expended on the non-

maintenance components. Despite these differences between pregnancy and lactation, the 

maintenance component remains the largest portion of the energy consumption of the 

breeding female. 

2.3.3.1 Maintenance of female production 

The energy required for maintenance is primarily dictated by the size and metabolic 

weight of the animal (Brody 1945; Garret et al. 1959). Metabolic weight is the 

relationship between the weight of the animal and the proportion of the weight that is 

dedicated towards structure and function. This structure and function requires 

maintenance independent of the energy requirements for production. (Kleiber 1932,1947; 

Brody 1945). It is well accepted that the metabolic weight is derived by raising the weight 

of an animal to the power of 0.75 (W0.75). Although other variations exist, and the veracity 

of the 0.75 exponent has been challenged (Johnson et al. 2003), it is a generally accepted 

scaling law for different sized animals that produces a repeatable estimation of the 

metabolic rate or energy expenditure.  
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The main feature of metabolic weight is that when animals are compared on a per-unit 

basis, the metabolic rate or energy expenditure for maintenance are similar regardless of 

the size of the animal (Kleiber 1932, 1947; Brody 1945). Therefore, the maintenance 

requirements between small and large animals per kilogram of metabolic weight are 

identical (Brody 1945; Garret et al. 1959; Johnson et al. 2003). It is important to note that 

smaller animals have a higher metabolic rate than larger animals because they have a 

larger proportion of the total body mass dedicated towards structure (Kleiber 1932; 

Johnson et al. 2003).  

In essence the difference in metabolic weight between small and large animals decreases 

as the total metabolic weight increases. However, from a total body mass or total 

metabolic weight perspective, larger animals expend more total energy on maintenance 

than smaller animals. The size of the breeding female at maturity will therefore dictate 

the amount of energy consumed for maintenance and explain a large proportion of the 

cost of female production. An emerging issue in the sheep industry is the increase in 

mature size due to the high positive correlation between selection for growth during 

immaturity and the resulting increase in size as a mature animal.  

2.3.3.2 Mature ewe size  

The size of the ewe at maturity can be defined in several ways and is usually in reference 

to the final weight an animal achieves before the decline in weight with old age 

(Thompson 1986). Theoretically it has been defined as the asymptote of the exponential 

weight for age function (Brody 1945). The definition adopted by the ‘nutrient 

requirements of domesticated ruminants’ for Australian production systems is that mature 

size, or standard reference weight (SRW), is when skeletal development is complete and 

the animal is in the middle of the condition score range (CSIRO 2007).  



 24

2.3.3.3 Mature size and the live weight and condition score relationship 

Condition score (CS) is an assessment of the body reserves of the animal and is measured 

on a 0 -5 scale (Jefferies 1961; Russell et al. 1969). The use of CS allows an independent 

assessment of body and lipid reserves to be undertaken despite a range of physiological 

differences between animals (Swanson et al. 1993). The differences in mature size, 

pregnancy status or digestive contents that contribute to variations in live weight and the 

estimation of the nutrient requirements of the animal eliminated by the use of condition 

scoring. For example, a ewe that is mature at 50kg can be in CS 3.0, just as a ewe that is 

80kg can be in CS 3.0. 

An important relationship between CS and mature size is the amount of live weight that 

can be lost or gained by changing CS. This relationship is reported as 0.15 multiplied by 

the mature size (CSIRO 2007) and has recently suggested to be revised to 0.19 (van 

Burgel et al. 2011). Using the 0.15 value, a 50kg mature ewe would lose or gain 7.5kg of 

liveweight for a change in one whole unit of CS, whereas the 80kg mature ewe would 

lose 12kg of liveweight for the same change in CS. The energy cost to regain a CS is 

lower for the smaller ewe simply because it does not have to gain as much weight. 

Conversely, the benefit of energy gain by losing CS is greater for the larger ewe because 

it has more weight to lose. Borg et al. (2009) reported that larger ewes lost more weight 

during lactation but compensated for these losses post-weaning. These relationships are 

affected by the efficiency that energy is utilised for weight gain or loss. Energy sourced 

for maintenance by catabolism of body reserves is used at a more efficient rate than the 

energy used for weight gain from food consumption (CSIRO 2007). However, energy 

derived from catabolism will be required to be regained at greater expense. The 

differences in energy use between catabolism of stored reserves, energy use from grazing 

pasture and energy use from feed supplementation are important for how sheep nutrition 

can be managed to optimise profitability in the farm system.  
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These factors underpin the current recommendations on ewe feeding to optimise whole-

farm profitability in southern Australia (Young et al. 2011). In the short-term it may be 

more profitable at certain times of the year to allow animals to use energy for maintenance 

by losing weight than feeding grain or by eating pasture. For example, Young et al. (2011) 

determined that to optimise profit in the high rainfall zone of southern Australia, ewes are 

required to be approximately 90% of their mature weight at joining, are allowed to lose a 

quarter to half a CS until mid-pregnancy and are required to regain the condition before 

lambing. However, if the weight cannot be regained in late pregnancy by consuming 

pasture, it would be more profitable to maintain ewes from joining until lambing rather 

than allowing them to lose weight. This is due to the low efficiency of energy use for 

weight gain and any advantage in costs by allowing ewes to lose weight, principally 

requires that weight loss to be regained from the pasture, which is the cheaper food source. 

If pasture was a similar value as grain then there would be no advantage in losing weight 

and it would be more efficient to maintain weight with supplement rather than lose weight 

to maintain the animal. 

2.3.3.4 Mature size and growth  

Similar to most species, the mature size of sheep is positively correlated with body weight 

or ‘growth’ during immaturity (Thompson et al. 1985a; Safari et al. 2005; Borg et al. 

2009). In sheep production, the term ‘growth’ generally describes the relationship 

between body weight and age (can be used to describe other biological components such 

a wool growth rate). Genetic selection programs in Australia have a defined set of 

‘growth’ stages or age points that describe an animal’s genetic merit for weight at a set 

age (Table 2.1; Figure 2.1) These are used to compare animals within flocks, across flocks 

and over time (Brown et al. 2007).  
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Table 2.1: The weight traits and corresponding age used for genetic analysis in the 

Australian sheep industry.  

Trait Age (days) Age range of cohort (days) 
Birth weight (BWT) 1 0-24 hours 
Weaning weight (WWT) 100 42-120 
Early post-weaning weight (EPWT) 150 120-210 
Post-weaning weight (PWT) 250 210-300 
Yearling weight (YWT) 350 300-400 
Hogget weight (HWT) 450 400-540 
Adult weight (AWT) 550 >540 

 

 

Figure 2.1: The weight traits at the corresponding ages for the growth curve of an 

animal with a mature size of 60 kilograms. 

 

The weight at weaning and post-weaning growth stages are strongly correlated with the 

mature size (Table 2.2).  Phenotypically, the correlations between the mature weight and 

the weaning and post-weaning weight are lower compared to the genetic correlations. 

This is an indication of the greater residual variance not captured in the phenotypic 

correlation, whereas this variation is accounted for in the genetic analysis. These could 

be factors such as maternal performance or environmental effects such as differences in 

lactation or nutrition. Most notable is the lower phenotypic correlation between mature 
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weight and growth rate. Growth rate is a trait that is highly influenced by the nutritional 

environment and the lactation performance of the dam. Although phenotypically a lamb 

may have low growth rate due to environmental conditions, the genetic analysis takes into 

consideration the performance of cohorts and other relatives in determining the genetic 

correlation. 

Table 2.2 Genetic and phenotypic correlations between mature weight and growth 

traits (taken from Safari et al. 2005). 

Trait Genetic Phenotypic 
Birth weight 0.22 0.26 
Weaning weight 0.75 0.56 
Post-weaning weight 0.93 0.74 
Growth rate 0.78 0.34 

 

2.3.3.5 Mature size and wool traits 

Mature size is also positively correlated with wool traits (Table 2.3). As sheep get bigger 

they produce more wool and fibre diameter increases (Huisman & Brown 2008). The 

relationship between mature size and wool production is a factor of increased skin surface 

area (Adams & Cronje 2003). However, sheep have been subject to various selection 

methods and fleece weight can be increased by selecting for increase follicle density or 

wool growth rate. This may change the general size-fleece weight relationship and it is 

common for some larger mature sizes to have lower fleece weight than smaller sized 

sheep that have been primarily selected for fleece weight. 

Table 2.3: Genetic and phenotypic correlations between mature size and wool traits 

(taken from Safari et al. 2005). 

Trait Genetic Phenotypic 
Greasy fleece weight 0.22 0.37 
Fibre diameter 0.15 0.13 
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2.3.3.6 Mature size and reproduction 

Reproductive traits are moderately correlated with mature size (Table 2.4). Generally live 

weight is positively correlated with reproductive rate and is associated with higher 

fertility, higher number of lambs born and higher survival (Haresign et al. 1983; Haresign 

1985; Fogarty et al. 1994; Safari et al. 2005). However, selection for other traits may have 

obscured this relationship (Michels et al. 2000). The most notable example is the negative 

relationship between selection for fleece weight, reproduction and subsequent lamb 

output (Refshauge et al. 2006; Herselman et al. 1998). This is opposite to the positive 

fleece weight-mature size relationship and is a result of isolated selection of wool traits 

that has changed the physiological processes of energy metabolism at the expense of 

reproduction (Adams & Cronje 2003). Furthermore, the selection pressure towards meat 

production has reduced the emphasis on wool production.  

Table 2.4 Genetic and phenotypic correlations between mature size and 

reproduction traits (taken from Safari et al. 2005).  

Trait Genetic Phenotypic 
Conception rate 0.40 0.11 
Number of lambs born/ewe lambing 0.27 -0.02 
Number of lambs weaned/ewe joined 0.33 0.09 

 

2.3.3.7 Restricting the mature size of the breeding female 

Modifying the growth curve or “bending the growth curve” has been suggested as a means 

of restricting the mature size of the breeding ewe. Modifying the growth curve aims to 

limit the increase in size at maturity while increasing early growth rate during immaturity 

(Thompson & Barlow 1986; Fitzhugh 1976; Dickerson 1970). Although growth during 
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immaturity is strongly correlated to size at maturity, these are considered separate traits 

that can undergo independent selection (Fischer et al. 2006). The greater the time 

difference between traits, the more likely it is that these can be independently manipulated 

by selection. (e.g. time difference between early growth traits and mature size) (Fischer 

et al. 2006).  

 

The aim of restricting mature size in this manner is to reduce the maintenance costs of the 

breeding female without compromising the growth rate of progeny. If the increase in early 

growth can be achieved while limiting the correlated increase in mature size, then the 

benefit of the lower maintenance is achieved by a higher stocking rate, which will increase 

the output from the farm system. An example of a normal and modified growth curve 

showing the difference in early growth but similar mature weight is provided in Figure 

2.2.  

 

Figure 2.2 The growth curves of animals with a similar mature size (60kg) but with 

different paths to maturity. Solid line is a normal genotype and dashed line 

represents a genotype with a modified growth curve. 
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2.3.4 The reproduction potential of the female unit 

Historically, increasing reproductive efficiency was not an important selection, breeding 

or productivity driven objective. The sheep industry structure has not forced conscious 

selection or even aided unconscious selection to improve reproductive performance due 

to its extensive nature, pasture as a cheap nutrition source, its primary utilisation for wool 

production and the relative infancy and scale of meat production. As a consequence, the 

reproductive rate in the majority of sheep enterprises in Australia is low, with marking 

rates reported between 0.84 and 1.06 lambs per ewe mated (Curtis 2009). However, flocks 

based on non-Merino breeds can have fertility rates between 90-95 percent and litter sizes 

up to 1.6 lambs per ewe and weaning rates up to 1.4 lambs per ewe mated (Brash et al. 

1994; Kennedy et al. 2004). There is considerable range in reproductive rates across 

enterprises and the differences arise from both genetic and management factors. 

Reproduction has a major influence on biological efficiency. Overall ewe efficiency and 

the efficiency of feed conversion to carcass weight will depend on variation in 

reproductive rate (Kleemann et al. 1984; Greef et al. 1995). The efficiency of food 

conversion to carcass weight of ewes with twin lambs was 32-46% more efficient than 

single-bearing ewes (Kleemann et al. 1984). Likewise, Schoeman et al. (1995) reported 

that twin-bearing ewes consumed a lower amount of digestible dry matter per kilogram 

of carcass weight and were 43% more efficient than single-bearing ewes. This is in 

agreement with energetic studies that show twin-bearing ewes are between 20-35% more 

efficient than single bearing ewes (Lambourne 1955, Wallace 1955; Large 1972; 

Spedding 1976). Increasing reproductive rate and the number of twin-bearing ewes is a 

major function in achieving high biological efficiency.  

However, biological efficiency improves at a diminishing rate as weaning rate increases 

(Large 1970; Robinson and Orskov 1975). At low weaning rates, the fixed cost of 



 31

maintenance per unit of output is large, but as weaning rate increases the maintenance 

cost per unit of output decreases (Large 1970). In other words, as the weaning rate 

increases, there are more progeny to spread the cost of ewe maintenance and therefore 

gains from an incremental change of weaning rate at high reproductive rates are likely to 

be lower because the majority of costs have shifted from ewe maintenance to the cost of 

generating more progeny.  

2.3.4.1 Differences in reproduction due to genetics and nutrition 

Both genetic and nutritionally derived differences in reproductive rate are largely a result 

of evolutionary pressures due to environmental conditions and how sheep have been 

utilised as a food and fibre source. The genetic and nutritional differences are indirectly 

related to the seasonality of the breeding cycle. The seasonality of sheep reproduction is 

an evolutionary mechanism to manage the extremes in annual climate variation and 

ensure parturition occurs in favourable conditions for survival of both mother and 

offspring (Fournier et al. 1999; Rosa & Bryant 2003; Setchell 1992). Most sheep breeds 

originating from latitudes greater than 35° utilise decreasing photoperiod as a determinant 

for the onset of oestrous because it is a consistent variable between years that most closely 

represents the extremes in environment and the pattern of food supply.  

Alternatively, breeds originating from regions below 35° latitude often have a longer 

breeding season that loosely follows photoperiod because they have originated from 

Mediterranean, subtropical and tropical regions that have inconsistent feed supplies. As a 

consequence, photoperiod does not fully account for seasonal breeding in all sheep and 

the mechanisms for oestrous induction can depend on the environment and management 

at the place of origin. Studies on the domestication of livestock have identified how the 

movement away from a wild environment has led to morphological, physical and 

behavioural changes (Setchell 1992). For example, Martin et al. (2003) demonstrated that 
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rams with a weak photoperiod dependency derived from a Mediterranean environment 

showed greater response to nutritional cues than rams originating from a temperate 

environment and strong photoperiod dependency. It has also been demonstrated that 

short-term nutrition can influence reproduction, as illustrated by the application of short 

term nutritional supplementation to increase ovulation rate (Martin et al. 1986; Vinoles 

Gil 2003). The inconsistent nature of nutrient supply and the inability of photoperiod to 

mimic the supply in these environments have caused the breed to evolve with nutrition as 

an indicator for the onset of reproductive activity, which has weakened the strong 

photoperiod dependency. 

The evolutionary and management pressure on sheep breeds has led to two main features 

of reproduction that are important to current-day production systems. Firstly, there is 

large variation across sheep breeds in ovulation rate that is under genetic control. For 

instance, Merinos tend to have lower reproductive rates due to their evolution as wool 

breed and their origins from a dry Mediterranean environment. Breeds that evolved for 

milk production have high reproductive rates due primarily of the requirement to have 

repeated lactations and the ability to intensively raise offspring in small landholder 

situations.  

Secondly, depending on the origin and environmental conditions, some sheep exhibit a 

greater propensity to react to nutritional environment or energetic state. Differences in 

reproduction due to nutrition are mostly measured by changes in liveweight or body 

condition. This is because liveweight gains or losses are a result of either a surplus or 

deficit in energy supply given the ewe’s energy requirements. Generally, sheep 

reproductive rate increases at higher pre-joining condition scores and with a previously 

high nutritional history (Moore et. al. 1995; Ferguson et. al. 2011). 
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2.3.4.2 Improving reproduction by mating ewes at younger ages 

Historically, the replacement females in sheep systems are usually allowed to grow until 

18-20 months of age before they are mated. This is a direct result of the low priority 

directed towards reproductive efficiency and low lamb output in traditional wool 

enterprises. However, sheep can reach puberty and conceive at a much younger age, 

usually between 50-70% of their mature size (Hafez 1952; Dyrmundsson 1973). Rather 

than mating ewes for the first time at 18-20 months, it is possible to mate ewe lambs at 7-

9 months of age. 

Mating ewe lambs at 7-9 months of age can improve the efficiency of use of farm 

resources, increase lifetime productivity from individual ewes (Bowstead 1930; Spencer 

et al. 1942; Kenyon et al. 2004) and improve progeny survival at older ages (McCall & 

Hight 1981; McMillan & McDonald 1983). Mating ewe lambs is likely to improve the 

profitability of the sheep enterprise by increasing the amount of lamb produced. Young 

et al. (2010) showed that whole-farm profit could be increased by up to $100/ha if 

weaning rates above 83% were achievable. There appears to be considerable scope to 

improve whole-farm efficiency and profitability by mating ewes at a younger age.  

Despite the advantages, mating ewe lambs can yield variable conception and fecundity 

rates due to a range of genetic and environmental factors (Land 1978; Dyrmundsson 

1981). Reproductive performance of ewe lambs is largely related to the weight, condition 

score and the maturity at mating. The relative contributions of each of these factors are 

difficult to separate due to their inter-dependencies (Dyrmundsson 1981; Cave et al. 

2012), but in general terms the attainment of heavier weight at mating increases the 

conception and overall reproductive rate (Barlow & Hodges 1976; Kenyon et al. 2004; 

Gaskins et al. 2005; Fogarty et al. 2007; Rosales Nieto et al. 2011). Weight is a good 
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indicator of reproductive rate because it is a dependent variable in the relationship 

between condition score and maturity pattern.  

A potential option to increase the success of mating ewe lambs is to modify the growth 

curve. This would allow lambs to have accelerated growth and reach a heavier weight or 

reach the required mating weight in less time. The latter could be advantageous when 

seasonal conditions are poor and lambs achieve a higher weight before the seasonal 

decline in pasture availability and quality. Modifying the growth curve is also likely to 

lead to animals that mature earlier and to increase the rate of lamb growth. Increasing the 

rate of growth during immaturity will allow replacement ewe lambs to reach a higher 

weight at mating. A higher weight at mating is associated with a higher conception and 

reproductive rates (Barlow & Hodges 1976; Kenyon et al. 2004; Gaskins et al. 2005; 

Fogarty et al. 2007; Rosales Nieto et al. 2011).  

Achieving a high joining weight is likely to be affected by management at the whole-farm 

level. To fit in with the annual production cycle, ewe lambs must be mated at seven to 

nine months of age. The nutrition and growth rate of lambs will determine the ability of 

lambs to achieve the high joining weight.  

2.3.5 The growth up to and weight of progeny at slaughter 

Growth is a central factor in maternal efficiency due to its positive relationship with 

mature size and lamb weight. Lambs follow a weight increase over time that can be 

predicted or explained by a collection of growth equations, most notably those pioneered 

by Brody (1945). A modified version of this with an adjustment for allometric scaling 

(Taylor 1968) is adopted by the ruminant feeding standards (CSIRO 2007). We have used 

this equation to demonstrate the growth curves of different mature sizes and the difference 

in time taken to reach a similar slaughter weight (Figure 2.3). An animal with a size of 
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90kg would reach the slaughter weight in a quarter of the time it takes to mature, whereas 

a 50kg animal would achieve the same slaughter weight when close to 75% maturity.  

 

Figure 2.3: The differences in time taken to reach a set liveweight for 50 (dotted 

line), 70 (dashed line) and 90 kilogram (solid line) mature sizes. 

Lambs from the larger mature sizes reach the slaughter weight earlier in a less mature 

state and have a leaner composition than lambs from smaller mature sizes. Animals that 

are genetically heavier at maturity take longer to mature in size (Taylor & Fitzhugh 1971). 

This is due to different rates of allometric accumulation of bone, muscle and fat in the 

growing animal (Butterfield 1988). As the animal progresses to maturity, a higher 

proportion of bone and muscle is accumulated during the early growth phase, but it is not 

until the later growth stages when approaching maturity that fat accumulation begins to 

increase rapidly (Butterfield 1988; Thompson et al. 1985a). Animals that are less mature 

are generally leaner, and lambs from larger ewes are generally less mature at similar 

slaughter weights than lambs from smaller ewes.  

In a simulation exercise, Blackburn et al. (1991) showed that under intensive feeding, 

increasing the lamb slaughter weight across a range of different mature sizes increased 

the net profit of lambs. Salmon et al. (2004), demonstrated that to produce heavy-weight 
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lambs from large ewes, the stocking rate had to be reduced, and producing lighter weight 

lambs from larger ewes reduced profitability. Furthermore, Thompson (1986) suggests 

that larger mature sizes will require larger lamb slaughter weights to maximise the 

potential of the growth from a large mature size and the amount of weight produced per 

ewe.  

2.3.5.1 Mature size and lamb slaughter weight 

Increasing the slaughter weight improves the biological efficiency and it interacts with 

reproductive rate to affect the amount of weight that can be produced by a ewe. Increasing 

individual lamb weight improves biological efficiency, particularly in multiple born 

lambs, as it reduces the amount of the fixed maintenance costs that can attributable to 

each kilogram of lamb weight produced and it maximises the amount of total lamb weight 

produced by the ewe. However, multiple born lambs are smaller and grow slower than 

single-born lambs (Pitchford 1993). The individual lamb weight achieved by twin or 

triplet born lambs to achieve high biological efficiency is lower than those produced by 

single-bearing ewes (Large 1970; Dickerson 1978; Kleemann et al. 1984). 

At comparable slaughter weight, lambs from larger ewes will have grown faster, are 

younger and have leaner composition than lambs from smaller ewes (Thompson 1986). 

Rapid growth of lambs from birth to slaughter is desirable to reduce finishing costs and 

reach market specifications in less time, whilst leaner and younger animals are beneficial 

for consumer appeal and eating quality (Pethick et al. 2007). Kleemann et al. (1984) 

showed that when lambs are slaughtered at the same live weight, lambs from Border 

Leicester-Merino ewes were heavier and took less time to reach the desired weight than 

those lambs from Merino’s. Larger ewes allow the attainment of heavier slaughter 

weights and increase the individual lamb income.  
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The differences in liveweight achieved at a set age for different mature sizes are presented 

in Figure 2.4. At a set age of 200 days the larger mature sizes reach a higher liveweight 

and per head value. However, lambs that grow faster and reach the heavier weights at 

similar ages to smaller counterparts will have consumed more energy (Garrett et al. 1959). 

It remains unclear if this extra cost of energy consumption to produce heavier carcass 

weights is more expensive than producing lighter carcasses given the small price 

difference between carcass weights on a per-kilogram basis. In the whole-farm context, 

this will likely depend on whether the extra energy consumption is derived from the 

pasture resource and that extra pasture utilisation by lambs does not increase the 

supplementary feeding of ewes. 

 

 

Figure 2.4: The different lamb weights achieved at a set age for 50 (dotted line), 70 

(dashed line) and 90 kilogram (solid line) mature sizes. 

2.3.6 Modifying the growth curve 

Modifying the growth curve has two potential benefits for the sheep system. Firstly, an 

animal with a higher early growth could achieve a heavier slaughter weight within the 

constraints of the growing season and the seasonal decline in feed availability and quality. 

The benefit is realised from either a shorter interval to a set finished weight or from the 
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extra lamb weight by achieving a higher growth over a similar time period. Kleemann et 

al. (1984) showed that, when lambs from Border Leicester-Merino (BLM) ewes, Poll 

Dorset-Merino (PDM) ewes and Merino (M) ewes were slaughtered at the same age, the 

lambs from the BLM and PDM ewes were heavier than M ewes and had heavier carcass 

weights. The BLM and PDM lambs are considered to be breeds that exhibit higher growth 

and are bred specifically for lamb production. 

Secondly, increasing the growth rate during early life could allow lambs to reach their 

required slaughter weight earlier. Likewise, Kleemann et al. (1984) showed that when 

lambs from BLM ewes, PDM ewes and M ewes were slaughtered at the same liveweight, 

lambs from the BLM ewes were heavier and took less time to reach the desired weight 

(2-4 weeks less time).  

However, it is unclear what the impact of modifying the growth curve will have upon the 

individual and whole-farm energy intake. The improvements in growth to increase 

slaughter weight or reduce the time taken to reach a specified slaughter weight could incur 

higher energy costs. Lewis and Emmans (2010) found that animals with different mature 

weights had different feed intakes when they were measured at the same body weight. 

Further, Graham and Searle (1971) showed that young animals had a higher maintenance 

requirement and lower gross efficiency (gain/intake) than adults.  

2.3.7 Limitations of biological efficiency and genetic selection 

A major assumption of biological efficiency, genetic selection and selection index metrics 

is that the improvement of animal production is directly linked to enterprise profitability 

(Malcolm 2004). This assumption is questionable for two reasons.  

Firstly, the biological efficiency metrics and genetic selection indices are calculated on 

an individual animal basis. Individual performance alone is not a sound indicator of per 
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hectare or enterprise profitability and the association between per-head and per-hectare 

performance is weak. Atkins (1980) concluded that production per head has a poor 

relationship with per unit of land area or food intake due to differences in metabolic 

weight between different breeds and the respective differences in reproductive rate. They 

reported that 128 Peppin Merino ewes were the equivalent of 100 larger Border Leicester 

Merino ewes, and this difference could be larger due to the BLM ewes weaning 38% 

more lambs. Obst et al. (1991) showed that ewe breeds of different sizes had similar 

production when they were managed at a similar total liveweight per hectare, despite the 

larger breed producing more wool and more multiple born lambs on an individual basis.  

Biological efficiency metrics are not calculated under a constrained feed supply. For 

example, despite the high efficiency of the twin-bearing ewe in converting food into 

carcass weight on a per unit basis, twin-bearing ewes and lambs on an absolute basis 

consume more food and energy than single bearing ewes (Kleemann et al. 1984; 

Schoeman et al. 1995). In addition, animal nutrition is assumed to be sufficient to allow 

full expression of the potential of the animal. A major shortcoming of these assumptions 

is that animals with particular extremes in certain traits may perform differently under 

different nutritional regimes. Hegarty et al. (2006) found that lambs selected for high 

growth maximised their performance under high nutrition, whereas performance was 

lower than for control lines when subjected to low nutrition. The optimum live weight at 

maturity has been shown to differ with nutritional environment in beef cattle (Jenkins and 

Ferrell 1994), where cows with a high live weight at maturity were the most efficient 

during periods of unlimited nutrition, whereas under limited nutrition cows with a lower 

live weight at maturity were more efficient. Adams et al. (2007) showed that sheep 

selected for high fleece weight had lower body reserves under low nutrition than 

counterparts selected for lower fleece weight. Selection for fleece weight is correlated 

negatively with reproduction (Ferguson et al. 2007) and positive selection for fat depth in 
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maternal genotypes maintains reproductive output when ewes are nutritionally 

constrained (Ferguson 2012). Despite this, increasing fleece weight is actively promoted 

and fat depth is often negatively weighted in genetic selection programs and index 

formulation. 

Furthermore, although total lamb weight per ewe is maximised by producing twin lambs, 

lamb growth is lower and lambs are often marketed at lower weights. As a consequence, 

the biological efficiency metrics do not take into consideration the market requirements 

for minimum or maximum slaughter weights. Blackburn et al. (1991) found a negative 

correlation between biological efficiency and profitability because it was more profitable 

to increase slaughter weight and feed for longer due to the flat nature of carcass price and 

lack of penalties for over-fatness. 

Secondly, farm management is assumed to be optimised when biological efficiency and 

genetic selection indexes are calculated (Goddard et al. 1998). However, farm 

management is technically hard to optimise given the dynamic nature of the climate, 

availability and quality of resources and management skill. Individual animal 

performance alone as a measure of economic performance is misleading because farm 

management, stocking rate and pasture utilisation account for a large proportion of the 

variation in enterprise profitability. Furthermore, not all costs are directly associated with 

input and outputs, and changes in animal traits to improve biological efficiency could 

cause changes in labour requirements and management of the resource base from an 

environmental perspective. 
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2.4 Modelling sheep systems 

Bio-economic modelling is becoming an integral component of animal production 

research in Australia. It is used in pre-experimental phases to assist experimental design 

and to determine research priorities, assisting decision making in farming systems (Young 

& Thompson 2002; Masters et al. 2006; Warne et al. 2006; Alcock 2006; Moore et al. 

2007), and in post experimental phases to extrapolate results to larger scales and 

undertake economic evaluation (Young et al. 2010a; Young et al. 2010b). 

The models used to evaluate sheep production in Australia can be loosely categorised into 

two areas based upon their function. Firstly, static deterministic models like MIDAS, a 

whole-farm profit maximisation model (Kingwell & Pannell 1987; Young 1995), and 

secondly, dynamic simulation models such as GrassGro, AusFarm (Moore et al. 1997; 

Donnelly 2002; Moore et al. 2007) and the SGS pasture model and Dairymod programs 

(Johnson 2013; Johnson et al. 2008; Cullen et al. 2008). 

Dynamic simulation and biological models have been foreshadowed as useful tools for 

quality control and prioritisation in breeding programs and are a method for linking 

nutritional models and genetics to understand genotype by environment interactions (Ball 

et al. 1998; Bryant et al. 2005). Biological modelling has the advantage of including 

difficult-to-measure traits, non-linear biological relationships and relationships that 

developed due to genetic change (Kinghorn 1998; Ball et al. 1998). Whilst biological 

modelling can be unreliable in separating predictions of genetic and phenotypic 

relationships (Kinghorn 1998; Goddard et al. 1998), it can provide a detailed 

understanding of the interaction between breeding and production that single equation 

index models may over-simplify (Harris & Newman 1994, Bourdon 1998). 
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2.5 Summary of review 

Sheep enterprises are likely to trade-off per-head animal performance to maximise 

stocking rate, pasture utilisation and profitability. High stocking rates reduce the 

individual performance of animals through a reduction in intake or pasture supply and 

quality. High stocking rates contribute to a decline in sustainability through reduced 

groundcover and increased runoff. High stocking rates potentially have high labour costs 

due to a higher total number of animals on the farm and animal husbandry costs are 

usually incurred on a per-head basis. 

Pasture production is an integral component in providing a low-cost feed resource to limit 

both the maintenance expenses of the ewe and maximise the production of lambs. This 

may include the rationing of the pasture through grazing management and the allocation 

of supplementary feeding to maintain production during pasture limited periods. Ewe and 

lamb productivity are reliant upon farm management to maximise pasture supply and 

allocate both pasture and supplementary feed resources in the most economical efficient 

manner. Farm management is an integral component of maternal efficiency 

Genetic selection indexes and biological efficiency metrics suggest that mature size of 

the breeding ewe should be limited to counteract the concurrent increase in energy 

requirements and potential decrease in profitability through higher inputs. The mature 

size of sheep is implicated in most components of maternal efficiency and it generally has 

strong genetic and phenotypic correlations with important productivity traits.  

Although differences in maintenance requirements due to size can be explained by a 

scaling of weight, and on a per-unit-of-metabolic-weight basis the maintenance costs are 

similar between sizes, larger animals have a larger metabolic weight and from a total mass 

perspective and will consume more energy than smaller animals. Mature size is an 
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integral component of maternal efficiency and the impact at a whole-farm level of 

changing ewe mature size is unknown. 

It is unclear whether biological efficiency measured at the hectare level is a suitable 

indicator of enterprise profit or selection criteria. It does not capture the interactions and 

feedbacks between genetic selection, feed supply, farm management and economics of 

the whole farm. Biological efficiency and genetic selection are unlikely to be good 

indicators of enterprise profitability because they are calculated on an individual animal 

basis. 

Calculating the biological efficiency at the hectare or whole farm scale is of greater 

importance because it considers the interactions between animal performance, stocking 

rate and the feed resource.  However, it is unclear whether biological efficiency measured 

at the hectare level is a suitable indicator of enterprise profit or selection criteria. A 

modelling approach is required to test the complex interaction between grazing systems, 

farm management and the animal traits that define maternal efficiency. 

 

 

 

 

 

 

 

 



 44

 

 

 

 

 



 45

3. Specification of the whole-farm sheep model  

3.1 Introduction  

Specification is an important step in the process of constructing and reporting the outputs 

of a simulation model. The aim of chapter three is to provide sufficient specification of 

the model to allow the reader to understand the assumptions and methods that are 

implemented, and to enable the replication of the process and output if desired.  

A description of the whole-farm sheep model (WFSM) constructed using the AusFarm 

simulation tool and a brief overview and links to further information on the simulation 

software is provided. The important characteristics of the model that are relevant to this 

study area are discussed. Descriptions of the sheep system and the specification of input 

variables and relevant calculations are presented. 

3.2  AusFarm simulation tool 

AusFarm evolved from the development of decision support tools undertaken by the 

CSIRO Plant Industries group in Canberra, under the banner of the GRAZPLAN project 

(Donnelly et al. 1997). The GRAZPLAN project produces animal and pasture models for 

grazing systems in temperate Australia and applies these models in decision support tools 

such as MetAccess, GrazFeed, GrassGro (Donnelly et al. 1997).  

These decision support tools are constructed as applications for farmers, farm advisors 

and extension agents of state departments of agriculture and enable the testing of animal 

and plant genotypes and management decisions across different environments (Donnelly 

et al. 1997). For ease of use they have fixed user interfaces and have limited 

representations of farm management.  
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Unlike its predecessors, AusFarm is primarily a research tool. It specifies flexible 

management and represents detailed interactions between management, animal, pasture 

and cropping systems. The flexibility is achieved through the implementation of the 

common modelling protocol (CMP) (Moore et al. 2007). The CMP is a product of a 

collaborative project between the CSIRO Agricultural Production Systems Research Unit 

and CSIRO Plant Industries and is a protocol that enables a collection of sub-models or 

model logic to be represented in a modular and hierarchical framework.  

The modular and hierarchical framework enables components to be easily modified, 

replicated, and interchanged. A component containing user-defined management script 

represents discontinuous processes, such as farm management activities and 

interventions, whilst physical and biological sub-models represent continuous processes 

such as soil-water dynamics, and plant and animal growth (Moore et al. 2007). A full 

description of the management script used for the base simulation in this thesis is provided 

in Appendix I. In conjunction with the specifications detailed in this chapter, the 

management script would enable an external user to replicate the modelling results and 

scenarios from this thesis. 

The process models representing the physical and biological responses are linked into 

databases that provide parameters for animal, plant, soil, financial, and management rules. 

For example, the process model for animal intake requires the size of the animal as an 

input variable. The input variable for the particular animal specified by the user is sourced 

from the genotypic parameters and inputted into the process model. Likewise, a soil 

variable required for a water balance process model is source from a database containing 

the soil information. 

This modelling structure allows the underlying process to be ‘hard wired’ into the 

software but provides the user with the flexibility to define particular attributes for the 
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region, farm system, animal or plant as required. A list and source of documentation 

pertaining to detailed model nomenclature, processes and execution, and user information 

is provided in Table 3.1. 

Table 3.1 Documentation and source pertaining to the operation of the AusFarm 

simulation tool.  

Document Source 
 Common Modelling Protocol Specification. http://www.grazplan.csiro.au 

 Developing component models.  http://www.grazplan.csiro.au 

 AusFarm Tutorial. http://www.grazplan.csiro.au 

 The Common Modelling Protocol: A hierarchical 
framework for simulation of agricultural and 
environmental systems. 

Moore et al. 2007 

 GRAZPLAN: Decision support systems for 
Australian grazing enterprises. III. Pasture growth and 
soil moisture submodels, and the GrassGro DSS. 

Moore et al. 1997 

 GRAZPLAN: Decision support systems for 
Australian grazing enterprises. I Overview of the 
GRAZPLAN project and a description of the 
MetAccess and LambAlive DSS. 

Donnelly et al. 1997 

 GRAZPLAN: decision support systems for Australian 
grazing enterprises. II The animal biology model for 
feed intake, production and reproduction and the 
GrazFeed DSS. 

Freer et al. 1997 

 

3.3 Important characteristics of the model 

3.3.1 Achieving a dynamic model 

AusFarm is defined as a dynamic simulation model and executes model logic on a daily 

time step. It is deterministic in that biology is represented by mechanistic models that are 

initialised with known values. A major factor in the model becoming dynamic is the 

sourcing of input values from either historical or modified weather datasets. The weather 

information is primarily used by the pasture and soil sub-models, but other sub-models 
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may utilise this information. For example, the animal model requires input information 

on rainfall, temperature and wind to calculate chill indexes and subsequent rates of lamb 

survival and mortality. 

The model further becomes dynamic when information is transferred between sub-

models. This invokes feedback mechanisms, particularly between grazing animals and 

the pasture-soil-water complex. For example, the pasture available for grazing is 

transmitted to the animal model, animal intake is calculated, and the reduction in pasture 

mass is returned to the pasture model. On the next time step, growth is calculated by the 

pasture model and may be lower due to the reduced leaf area caused by grazing. Likewise, 

if rainfall occurs then runoff may increase due to the reduction in herbage mass caused 

by grazing. 

In addition, criteria imposed by the management component may add to the dynamic 

features of the model. Using the above example, the manager may merge two groups of 

livestock into a single paddock, creating a higher stocking rate that exacerbates the 

reduction in plant growth and increases runoff due to increased grazing pressure. 

Similarly, the manager may add supplementary grain feeding and cause substitution of 

grain for pasture and reduce the amount of pasture consumed. 

3.3.2 Animal model 

An important consideration of the animal sub-model is that it includes a stochastic 

component in the calculation of reproduction and mortality rates. Reproduction and 

mortality rates are applied randomly over the period at which they occur. For example, 

reproduction is not calculated at a single time point, and depending on the mating period 

defined, the reproduction rate is calculated several times during the mating period. The 

proportion of the total animals conceiving at each calculation point during the mating 

period is randomly determined until the overall rate is reached. 



 49

The implications of this stochastic component are that simulation results will differ 

between multiple executions of the same simulation. However, a seed for the random 

number generator can be specified and replicates the sequence of events in reproduction 

and mortality between years in a single simulation.  A single simulation executed 

repeatedly with the same seed will return the same output. Likewise, simulations with 

different initialisation variables will have the same sequence of reproduction and 

mortality events. In this thesis a seed is specified so that identical simulations executed 

separately will return identical output.  

Another dynamic feature of the model is that the animal sub-model uses the convention 

of ‘potential’ limits when initialising parameters. In a sense these could be described as 

‘genetic parameters’ that set the production potential of the biological characteristic. For 

example, the growth of young animals is determined by their adult weight and in turn 

their weight at a particular age determines their demand for energy and potential feed 

intake.  

If this potential feed intake is not satisfied then the energy required for maintenance, live 

weight gain, wool production and other requirements will not be met and the animal 

performance will be lower than its potential. Although this is a basic concept, it is an 

important function because other simple models of animal production often consider 

nutrition and energy supply as non-limiting. In particular, models that estimate the 

economic value of genetic traits often consider feed supply as non-limiting. 

3.3.3 Economic model 

An important distinction for this thesis is between the modelled bio-physical variables 

and the gross margin calculator that creates the economic output. The bio-physical 

variables are continuously modelled over the duration of the simulation period, whereas 
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the economic output is modelled for each financial year and reset to zero at the beginning 

of each period (Figure 3.1).  

  

Figure 3.1 Example of how gross margin is modelled discontinuously as separate 

years and is reset to zero at the beginning of each reporting period (a) and how 

biophysical elements are continuously modelled (b). 

This facilitates comparison of economic results from different runs of the model, as we 

can be confident that results for a year are due to returns and costs in that year, rather than 

carry-over of cash reserves from previous years. Effectively, results for multiple years 

represent multiple instances of a single uncertain year. Thus, they provide a probability 

distribution of results for that single year. Because the economic results are for a single 

year, discounting and depreciation are not included.  

The continuous modelling of animal biology is also an important factor as many changes 

in animal biology and farm management may be imposed in one year but exhibit their 

effect in the following years. This is important for capturing the dynamics of different 

age and flock structures. 

Although the model is able to generate datasets with between year and within year 

variation, the analysis of risk and seasonal variation are not within the scope of this study. 

Variation will be presented in the model verification chapter (Chapter 4), to provide 
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familiarity and confidence in the accuracy of the model output, but it will not be 

incorporated into other chapters in order to maintain brevity and focus on the comparisons 

of the animal factors proposed. For Chapters 5, 6, 7 and 8, mean values only will be 

presented for simulation results. 

3.3.4 Labour  

Historically, labour expenses are often not included in the gross margin budgets unless 

they are additional to the fixed owner/operator allowance, which is usually included in 

the overhead costs or accounted for separately after overheads have been deducted. Due 

to the perceived intensity of sheep production systems, the variability of labour 

requirements with changes in animal biology or farm management is an important 

assessment criterion. 

For sheep systems, labour costs are likely to vary with the intensity of the enterprise (e.g. 

stocking rate) and have been accounted for in the gross margin budget. Labour 

calculations are assigned to the different management events in the simulation and are 

based on the number of animals in the task, an estimation of how many animals can be 

processed per hour and how many staff would be required to undertake the task. 

As the model accounts for labour costs in the gross margin and the model represents a 

single enterprise, the economic output from the model closely resembles operating profit 

(a fix overhead deduction would return the operating profit). 

3.4 The model farm 

The model farm is based on the characteristics of a medium-sized sheep enterprise located 

at Hamilton in the high-rainfall zone of south-western Victoria (Figure 3.2). Historically, 

the region is dominated by fine-wool production on mostly unimproved pastures. More 

recently (10-20 years) lamb and sheep-meat production has increased from both specialist 
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meat producing and wool genotypes, and modelling studies have indicated that a mix of 

wool and meat production is likely to be more profitable than enterprises solely focussed 

on meat or wool production for this region (Young & Thompson 2002; Warn et. al. 2006).  

The model farm is comprised of a self-replacing wool genotype (Merino) with the primary 

aim to produce lambs for meat production (minimum 45kg under 12 months of age). The 

simulated enterprise contains improved perennial ryegrass and subterranean clover 

pastures with sheep only. Cereal, legume and oilseed crop production, or beef production 

are not undertaken. The model derives the historical weather information from the 

Hamilton airport weather station (37°65’S, 142°07’E) for a period from 1965 to 2005. 

 
 
 

 

Figure 3.2 Location of the modelled site (Hamilton) and the south west region 

(dashed lines), Victoria, Australia.  
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3.5 The sheep system 

The sheep system consists of Merino ewes mated to Merino rams from the 15th February 

for 43 days (2.5 cycles). All ewes are pregnancy scanned at 90 days from the start of the 

joining period. Non-pregnant ewes are sold out of the system, except the one-year-old 

age group and where reproductive rate is set at 100 percent or below. It is assumed that 

identification of pregnancy status and selling non-pregnant sheep does not occur in 

enterprises with a reproductive rate of 100 percent or lower.  

At weaning a replacement portion of ewe lambs are retained and managed as one group 

until transition into the main flock at joining. Ewe lambs in excess of those required to 

maintain the stocking rate are sold as slaughter lambs at weaning. Replacement ewe lambs 

are retained from the 2, 3 and 4-year-old age groups in the first instance and supplemented 

with each of the remaining age groups (1, 5, 6-year-old) as a proportion of each age 

group’s available number of ewe lambs. If the replacement number exceeds the number 

of ewe lambs that are available, then additional ewes are purchased externally.  

Cull-for-age ewes are sold after shearing in January each year. All male lambs are 

sold directly from the ewe when reaching the specified live weight or are sold at 

weaning if the slaughter weight is not obtained. The calendar of annual management 

events is presented in  

Table 3.2. 
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Table 3.2 The date and description of the annual management events. 

Date Event 
15 January Shearing, drench and jetting.  
20 January Cull for age ewes sold. Replacement females moved into main 

flock. 
15 February Joining begins for a period of 43 days. 
16 May Pregnancy scanning and selling of non-pregnant ewes (only 

applicable to potential reproductive rates of 125% and above). 
1 July Pre-lambing crutching, drench, vaccination and allocation to 

paddocks for set-stocking from lambing to weaning. 
15 September Lamb marking, drench, vaccination and fly treatment. 
Between lamb marking and 
weaning 

Selling unweaned male lambs that meet slaughter specifications. 

15 November or at weaning 
if it occurs first  

Ewe and lamb crutching, drench and jetting. 

Dry matter digestibility less 
than 60% 

All remaining lambs weaned. Male lambs are sold, replacement 
female lambs grouped and rotated through paddocks with highest 
feed availability. Female lambs in excess of requirements are sold. 

 

 
 

3.5.1 Animal groups and tagging 

Internally to the model, all animals in a simulation are arranged into groups and each 

group is assigned a unique index number. Animals are grouped together when they have 

the same genotype, age class, stage of pregnancy or lactation, and the same number of 

offspring. The number of groups and the type of animals in each group is dynamic and 

these change over time as animals enter and leave the simulation, and as physiological 

events like maturation, birth and weaning occur. To enable the user to identify and group 

of animals for management purposes, an external tag number is assigned to animals in 

the simulation. For the whole-farm sheep model the ewes are identified by the tag number 

that represents their age group. 
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At the point of culling ewes-for-age (CFA) and replacement with younger ewes 

immediately post-shearing each year, the tag number assigned to the sheep that represents 

its age group is adjusted accordingly. For example, tag 1 becomes tag 2 and tag 2 becomes 

tag 3, which is replicated through the remaining age groups with new replacement ewes 

becoming tag group 1 and tag group 6 (CFA ewes) being sold out of the simulation 

(Figure 3.3).  

Progeny from the ewe tag groups are also identified with a tag number and are used to 

manage replacement ewe and slaughter lambs. Lambs are sequentially allocated a tag 

depending on their ewe age group and sex. For example, lambs from ewe tag 1 are 

allocated tag number 7 if they are female or tag number 8 if they are male. Likewise lambs 

from ewe tag 2 are allocated tag number 9 if female and tag number 10 if male. 

Replacement females retain their tag number until movement into the main flock, where 

the tag number is reset and becomes tag number 1. 
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Figure 3.3 Diagram of the flock structure, how animals are tagged and the flow of 

animals in and out of the simulation. 
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3.5.2 Genotype parameters and parameter sets 

Genotypes in AusFarm can be handled in two ways. Firstly, an animal component can be 

included in the simulation that utilises the default set of parameters used for the 

calculations undertaken within the animal model. The default set contains parameters for 

several breed types and an initialisation interface allows a set of genotypic parameters to 

be modified and several genotypes are available simultaneously to the simulation (Table 

3.3). Reproductive potential can be set with the initialisation interface. However, to have 

full control over reproductive rate an external parameter set is utilised.  

Table 3.3 The standard genotype parameters that can be modified in the 

initialisation interface and the default values for four different breeds. 

Parameter Small 
Merino 

Medium 
Merino 

Large 
Merino 

Dorset Border 
Leicester 

Standard Reference Weight (kg) 40.0 50.0 60.0 55.0 60.0 
Potential Fleece Weight (kg) 3.60 4.50 5.40 3.47 3.78 
Maximum fibre diameter (µm) 19.0 21.0 23.0 26.0 26.0 
Fleece yield (%) 70 70 70 70 70 
Adult mortality (%/year) 2.0 2.0 2.0 2.0 2.0 
Weaner mortality (%/year) 2.0 2.0 2.0 2.0 2.0 

 

The range of parameters available to modify in the standard interface is sufficient to 

undertake most analyses, but to test more comprehensive biological processes the animal 

model can be directed to an external parameter set. The external parameter set contains 

input values for a range of biological calculations, including potential intake, relative 

intake, energy efficiency, protein metabolism (digestion), maintenance, pregnancy, 

lactation, wool production, chilling, weight gain, methane production and reproduction. 

A description of these parameters and their relevant calculations can be sourced from 

Moore et al. (1997).  
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The modularity and hierarchical framework of the CMP allows animal components in the 

simulation to be replicated with each component pointing to an individual parameter set. 

For example, a user may wish to place two distinctly different genotypes in the same 

paddock and compare their respective productivity under the same conditions. In the 

model farm, an external parameter set is used to specify parameters for the prediction of 

reproduction and mortality rates. 

3.5.3 Reproduction and mortality 

The reproductive rate is calculated at the mid-point of each cycle (17 days per cycle) for 

a period of 2.5 cycles (43 days) for all available ewes. Usually the reproductive rate is 

calculated by predicting the probability of an animal conceiving at least a given number 

of foetuses and the probability of conceiving specific numbers of foetuses is calculated 

by subtraction (Moore et. al. 1997). However, to have control over the total reproductive 

rate and the proportions of non-pregnant, single, twin and triplet bearing ewes, the 

parameters governing seasonality, the parameters that determine the effects of animal size 

and condition, and the parameters that determine mortality rates are modified to achieve 

the desired reproduction and mortality rates. 

The parameters for the range of reproductive rates used in the model are provided in 

Table 3.4. The parameters governing seasonality (CF1,1, CF1,2, CF1,3) are taken from 

the standard Merino genotype. The parameters for the effect of size and condition are 

modified for each reproductive rate to achieve the proportions reported in  

Table 3.5. These proportions are calculated at condition score three and after mature size 

has been reached. The mortality parameters for basal exposure and body condition (CD8, 

CD9) are taken from the standard Merino genotype. However, the parameters for chilling 

and the effect of multiple lamb’s (CD10, CD11) are taken from the crossbred genotypes.  
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Table 3.4 The modified parameters for reproduction and mortality. 

Parameter Description 
Reproductive rate (lambs/100 ewes joined) 
75 100 125 150 175 

CF1,1 Time of year (single) 0.23 0.23 0.23 0.23 0.23 
CF1,2 Time of year (twin) 0.39 0.39 0.39 0.39 0.39 
CF1,3 Time of year (triplet) 0.39 0.39 0.39 0.39 0.39 

CF2,1 
Size and condition (single): 
5% conception 

1.27 0.78 0.48 0.46 0.47 

CF2,2 
Size and condition (twin): 
5% conception 

1.82 1.55 1.06 0.73 0.36 

CF2,3 
Size and condition (triplet): 
5% conception 

5.00 5.00 5.00 2.36 1.86 

CF3,1 
Size and condition (single): 
95% conception 

2.34 2.34 2.34 2.34 2.34 

CF3,2 
Size and condition (twin): 
95% conception 

2.69 2.69 2.69 2.69 2.69 

CF3,3 
Size and condition (triplet): 
95% conception 

2.69 2.69 2.69 2.69 2.69 

CD8 Exposure (basal rate) -9.95 -9.95 -9.95 -9.95 -9.95 
CD9 Exposure (body condition) 1.71 1.71 1.71 1.71 1.71 
CD10 Exposure (chilling) 0.0081 0.0081 0.0081 0.0081 0.0081 

CD11 
Exposure (effect of 
multiple lambs) 

0.82 0.82 0.82 0.82 0.82 

 

Table 3.5 The proportion of non-pregnant, single and multiple lambs for each 

reproductive rate and the expected ranges in mortality and weaning rates. 

Reproductive rate (lambs/100 ewes joined) 75 100 125 150 175 
Non-pregnant ewes (ewes/100 ewes joined) 30 15 7 5 4 
Single ewes (ewes/100 ewes joined) 65 70 60 40 20 
Twin ewes (ewes/100 ewes joined) 5 15 33 54 73 
Triplet ewes (ewes/100 ewes joined)    1 3 
Mortality rate (lambs/100 ewes joined) 6 10 10-15 15-20 25-30 
Wean rate (lambs/100 ewes joined) 70 90 110-115 130-135 145-150 
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3.5.4 Managing ewe condition score 

The aim of the model is to maximise animal production from the pasture resource and 

often this requires supplementation to fill shortfalls in the animal’s nutritional 

requirements that cannot be met by pasture. Generally, enterprises require a certain level 

of supplementation to achieve the highest output and commonly, enterprises that are not 

supplementing are either running below the optimum or are compromising productivity 

from animals by allowing them to fall below the recommended condition score (CS) 

targets. 

The model implements the condition score recommendations from the Lifetime Wool 

Production project. These recommendations describe an optimum condition score profile 

that optimises animal performance to maximise whole-farm profit (Young et. al. 2011). 

The profile recommends that animals are in CS 3.0 for joining, are then allowed to lose 

quarter to half a condition score from joining to mid-pregnancy and then are required to 

regain condition back to CS 3.0 for lambing (Figure 3.4).  

The decision to implement feeding rules is based upon the average condition score (CS) 

of the designated age group or flock structure group. Supplementary feeding occurs from 

weaning up until the start of the lambing period when feeding is stopped. If condition 

score falls below CS 2.0 between lambing and weaning, feeding is reinstated to maintain 

condition. However, lambing is matched to the pasture growth during this period and 

feeding is unlikely unless there are extreme limitations in pasture supply due to poor 

seasonal conditions, high stocking rates or low pasture fertility. 
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Figure 3.4 The condition score (CS) profile for southwest Victoria derived from 

recommendations of the Lifetime Wool Production project (solid line is the 

recommended profile, dotted lines indicate the path CS may take depending on 

seasonal conditions). 

 

3.5.5 Supplementary feeding 

The feeding rules calculate the amount of supplementary feed required above the nutrition 

provided by pasture resources to reach the required target condition score. The rule 

calculates the required change in condition score at the current time step, based upon the 

required change in condition score to meet the next upcoming target. For example, an 

animal in CS 2.7 at day 90 that has a target of CS 3.0 at lambing will be required to gain 

0.3 of a condition score over 55 days. The extra daily requirement of metabolisable energy 

(ME) above maintenance for the desired condition score change is then calculated. 

When feeding is triggered, ewes are supplemented with whole barley grain (13.7 MJ 

ME/kg DM and 12.0% crude protein).  Feeding rate is determined by the consumption of 
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metabolisable energy from pasture and supplemented with grain to achieve a total ME 

consumption equal to requirements for maintenance (MEm) and gain (MEg).  

The maintenance energy requirement is not directly made available to the simulation as 

an output variable and equations are implemented within the management script to 

calculate animal requirements given both animal and pasture conditions.  

The metabolisable energy for maintenance (MEm) is calculated first in the management 

script from the following equations. 

MEm (MJ)= (0.26W0.75exp(-0.03A))/km + 0.09MEI + MEgraze 
 
Where: 
 
W = live weight excluding conceptus and fleece 
A = age in years 
km= net efficiency of use of ME for maintenance (km= 0.02 M/D + 0.5) 
MEI = total ME intake (MJ) 
MEgraze = additional energy expenditure (MJ) of a grazing compared with a similar 
housed animal, divided by km 
 

Secondly, the additional energy for gain (MEg) to meet the required condition score target 

is calculated using the following equations: 

 
MEg (MJ) = LWC*EVG/Kg 
 
Where: 
 
LWC (Live weight change) = SRW*0.15*((CStarget - CScurrent) /(Daytarget - 
Daycurrent))  
CStarget = Condition score target (e.g. CS 3.0) 
Daytarget = Day of target condition score (e.g. Day 90) 
CScurrent = Current condition score 
Daycurrent = Current day 
EVG (Energy Value of Gain) = 0.92(13.2+13.8W/SRW) 
Kg (efficiency of ME use for weight gain) = 0.043*M/D 
W = current weight 
SRW = Standard reference weight 
M/D = Megajoules of metabolisable energy per kilogram of dry matter 
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3.5.6 Paddock structure 

The simulation contains 18 pasture paddocks that are separated equally into three 

categories based upon the soil-water description and the position in the landscape. All 

paddocks are equal in size (40 hectares) and sheep are managed in age groups, with each 

age group allocated to a three-paddock system (Figure 3.5). Replacement ewe lambs are 

allocated to the paddock with the highest pasture availability across all 18 paddocks 

during the transition period between weaning and movement into the main flock. Other 

age groups are excluded from the paddock occupied by the replacement ewe lambs. 
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Figure 3.5 The paddock structure and the allocation of different paddocks to age 

groups, replacement ewe lambs and slaughter lambs. 
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3.5.7 Grazing management  

Historically, grazing management in southern Australia has been undertaken by set 

stocking, where animals are confined to the same paddock for extended periods of time, 

often for the duration of the year. Rotational grazing is an alternative method where 

animals are moved frequently based upon the conditions of the pasture. Rotational grazing 

is valuable from both a productivity and persistence perspective, particularly for perennial 

grass species.  

Despite the advantages, rotational grazing is not widely undertaken due to higher 

infrastructure costs, increased labour input for stock management, potentially deleterious 

effects of mismothering and lamb mortality during lambing, and poorer lamb growth. 

However, to prevent overgrazing of productive species during rain-limited periods 

(usually the summer-autumn period) and avoid the expense of frequent pasture 

renovation, mobs of sheep are often grouped post weaning and rotated through paddocks.  

Due to these constraints and advantages, a tactical approach using set-stocking and 

rotational grazing is commonly used to meet the conditions that the manager is exposed 

to at the time.  Based on these criteria, a timeline of annual grazing events is detailed in 

Table 3.6. The annual timeline is not totally static because lamb weaning is triggered 

when the lower limit of pasture digestibility (60% Dry matter digestibility) is met, which, 

depending on the seasonal and grazing conditions, can occur anywhere from November 

to the start of February. 

Set-stocking occurs from 15 days pre-lambing up to the point of weaning. During this 

period the animals within each age group are split into three equal groups based upon 

stocking rate. Each of these three groups is placed within one paddock of the three-

paddock system. In the rotational grazing phase of the annual timeline there are several 

grazing management rules that are implemented based upon the conditions of the pasture 
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(Table 3.7). These rules cover three phases in pasture conditions and are applicable during 

growth periods where the aim is to allow accumulation of dry matter and during the 

senescent dry periods to achieve an even utilisation of pastures across the systems.  

Table 3.6 Annual timeline of when set-stocking and rotational grazing is undertaken 

in the whole-farm simulation.  

 

 

Table 3.7 The criteria for implementation of grazing management rules and the 

subsequent action undertaken. 

Grazing rule Criteria Action 

Minimum dry 
matter rotation 

Available dry matter in 
all three paddocks is 
below 1000 kg/ha 

Selects the paddock with greatest available 
dry matter and places animals in the 
paddock for a 10-day period. When the 10-
day period finishes the next highest paddock 
is then selected. 

Residual dry matter 
rotation 

Available dry matter in 
all three paddocks is 
between 1000 to 2000 
kg/ha. 

Selects paddock with highest available dry 
matter and places animals in paddock until 
1000kg/ha is reached. The next highest 
paddock is then selected 

Maximum dry 
matter rotation 

Across all paddocks the 
maximum available dry 
matter is greater than 
2000 kg/ha 

Selects the paddock with the highest 
available dry matter and places animals in 
paddock for 10-day period. Once period 
elapses, the next highest paddock is selected 

Set stocking from 
lambing to weaning 

From lambing until all 
lambs are weaned or 
sold. 

Animals distributed on basis of stocking rate 
to each paddock and retained in paddocks 
for the specified period. 

 

Firstly, the time-based rule is implemented when pasture availability across the whole 

three paddock system is below 1000 kg DM/ha. The aim of the rule is to rotate to the 

paddock with the highest dry matter where animals remain for 10 days to enable other 

paddocks to accumulate dry matter. The rule does not cease until all three paddocks are 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Rotational Grazing Set stocking  
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above 1000 kg DM/ha. The rule attempts to emulate severe conditions where pastures are 

at the lowest level and continual movement and resting is used to minimise damage. 

The second rule deals with pastures between 1000-2000 kg DM/ha and allows the 

paddock to be grazed to a residual of 1000kg DM/ha before selecting the next highest 

paddock. Once a single paddock exceeds 2000 kg DM/ha the third rule is implemented.  

The third rule is for when pastures exceed 2000kg DM/ha. The rule places animals in the 

paddock with the highest dry matter where they will remain for a 10-day period. The rule 

attempts to keep a cap on pasture mass across the three-paddock system. The same 

paddock may be continually reassessed to contain the highest dry matter and animals will 

remain in the paddock for longer periods than the 10 days.  

3.6 Soil-water and pasture descriptions 

3.6.1 Soil descriptions 

Each three-paddock system allocated to an age group contains a single paddock that is 

higher in the landscape (Crest), a paddock intermediately positioned (Slope) and a 

paddock lower in the landscape (Flat). The three soil types are based upon soil 

descriptions at the Victorian Department of Primary Industries research site at Hamilton 

and are published on the Victorian Resource Online website (Victorian Resources Online 

2012).  

Bulk densities were estimated from both published and unpublished sources (McCaskill 

& Cayley 2000; M.R. McCaskill unpubl. data.). Some modifications to the lower limit 

and drained upper limit have been undertaken to achieve the desired pasture growth and 

these are reported in the soil’s initialisation values in Table 3.8 and Table 3.9 and Table 

3.10. 
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The Crest soil type is based upon soil pit ‘PVI6’ and has a high gravel content and water 

draining capacity in the first 500mm of soil layers (Table 3.8). The soil tends to have an 

initial fast infiltration rate, enabling wetting of the soil and faster establishment of pasture 

growth at the break of season.  

A hardpan area between 300-500mm below the surface and a lower saturation point cause 

the soil profile to become water logged as rainfall increases during winter. The high gravel 

content and high infiltration rate cause the soil to dry out earlier and pasture production 

is likely to decline sooner.  

Table 3.8 Initialisation values for the ‘Crest’ soil-water modules. 

Depth 
(mm) 

Bulk 
density 

(Mg/m3) 

Lower 
limit 

(mm/mm) 

Drained 
upper 
limit 

(mm/mm) 
Saturation 
(mm/mm) 

Soil 
hydraulic 

conductivity 
(mm/d) 

Clay 
proportion 

(g/g) 

Sand 
proportion 

(g/g) 

Initial soil 
water 

(mm/mm) 
200 1.40 0.25 0.41 0.44 200 0.23 0.70 0.15 
350 1.80 0.18 0.28 0.30 300 0.38 0.67 0.20 
500 1.50 0.26 0.39 0.42 10 0.69 0.27 0.32 
700 1.35 0.34 0.47 0.48 10 0.83 0.14 0.36 
900 1.25 0.36 0.5 0.51 2 0.80 0.18 0.40 

 

The soil type in the intermediate regions of the landscape (Slope) is based upon soil pit 

‘PVI2’ and is characterised by higher clay content than the crest soils, but with lower 

saturation potential and more drainage capacity than the flat (Table 3.9). The soil 

represents the best of both the crest and flat soils in terms of drainage and water holding 

capacity.  
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Table 3.9 Initialisation values for the ‘Slope’ soil-water modules. 

Depth 
(mm) 

Bulk 
density 

(Mg/m3) 

Lower 
limit 

(mm/mm) 

Drained 
upper 
limit 

(mm/mm) 
Saturation 
(mm/mm) 

Soil 
hydraulic 

conductivity 
(mm/d) 

Clay 
proportion 

(g/g) 

Sand 
proportion 

(g/g) 

Initial soil 
water 

(mm/mm) 
200 1.00 0.30 0.55 0.60 200 0.19 0.73 0.15 
400 1.00 0.08 0.26 0.60 200 0.19 0.80 0.20 
550 1.00 0.09 0.17 0.60 200 0.15 0.84 0.30 
650 1.20 0.24 0.40 0.53 10 0.62 0.37 0.44 
900 1.20 0.30 0.50 0.53 10 0.81 0.18 0.46 
1200 1.20 0.30 0.52 0.53 10 0.76 0.24 0.48 

 

The flat soil type is based upon soil pit ‘PVI9’ and has a higher clay content, higher 

saturation and less capacity for drainage in the first 1000mm of soil layers (Table 3.10). 

The soil has poorer drainage than the other soil types and coupled with a higher clay 

content has greater water holding capacity and pasture growth can be extended.  

Table 3.10 Initialisation values for the ‘Flat’ soil-water modules. 

Depth 
(mm) 

Bulk 
density 

(Mg/m3) 

Lower 
limit 

(mm/mm) 

Drained 
upper limit 
(mm/mm) 

Saturation 
(mm/mm) 

Soil 
hydraulic 

conductivity 
(mm/d) 

Clay 
proportion 

(g/g) 

Sand 
proportion 

(g/g) 

Initial soil 
water 

(mm/mm) 

150 1.10 0.09 0.38 0.56 200 0.18 0.74 0.16 
400 1.40 0.04 0.24 0.46 200 0.11 0.85 0.16 
550 1.40 0.13 0.30 0.46 20 0.34 0.68 0.16 
900 1.20 0.30 0.42 0.53 10 0.50 0.46 0.32 
1250 1.20 0.30 0.42 0.53 10 0.50 0.46 0.32 

 

3.6.2 Pasture species  

The WFSM uses the standard perennial ryegrass and subterranean clover (CV. Leura) 

parameter sets provided in the AusFarm software. Initialisation parameters for the pasture 

species are reported in Table 3.11. Fertility scalars for the subterranean clover on the slope 

and flat land classes were lower to achieve a consistent proportion of perennial ryegrass 

and subterranean clover in the sward. This was due to the soil-water characteristics of 
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these soil types that led to a depression of the ryegrass that favoured the proliferation of 

the subterranean clover when a higher fertility scalar was used for the subterranean clover.  

Table 3.11 Initialisation values for pasture species at the start of the simulation (1 

January 1965) 

 Crest Slope Flat 
Species Perennial 

ryegrass 
Sub-

clover 
Perennial 
ryegrass 

Sub-
clover 

Perennial 
ryegrass 

Sub-
clover 

Rooting depth 
(mm) 

800 400 800 400 800 400 

Fertility scalar 0.70 0.70 0.70 0.64 0.70 0.62 
Phenological stage Summer 

dormant 
Senescent Summer 

dormant 
Senescent Summer 

dormant 
Senescent 

Extinction 
coefficient 
(established plants) 

0.50 0.65 0.50 0.65 0.50 0.65 

Extinction 
coefficient 
(senescing plants) 

0.50 0.65 0.50 0.65 0.50 0.65 

Lagged daytime 
temperature (°C) 

20 20 20 20 20 20 

Green dry matter 
(kg/ha) 

0 0 0 0 0 0 

Dry and dead 
matter (kg/ha) 

1300 600 1300 600 1300 600 

Root mass (kg/ha) 2092 0 2092 0 2092 0 
Seeds (kg/ha)  41  41  41 

 

3.7 Financial and labour calculations 

AusFarm contains a gross margin component that accumulates income and expenses that 

are linked to events in the simulation. The user specifies the income and expense items 

and an associated price function. When an event has an income or expense item associated 

with it, the item is accounted by multiplying the item amount (usually a real value such 

as lamb number or sheep number) by the price function. The amount and the value are 

accumulated in the corresponding gross margin entry and the net cash surplus is then 

increased for income or decreased for expenses.  
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Price functions may have up to four real-valued parameters that are specified when each 

item is defined. For example, the sale of livestock may include parameters for age, weight 

and condition score that are used in a price function to determine the value of the 

livestock. These real-value parameters are also used to derive the commodity price from 

two-dimensional price grids.  

3.7.1 Price grids 

Two-dimensional price grids are used in the simulation to derive the value of livestock 

and wool. Separate grids for lambs and cull stock are implemented.  

The lamb price grid is derived from an analysis of historical prices recorded by the 

National Livestock Recording Service for the Hamilton livestock exchange from 1997 to 

2010. For the lamb price analysis, a repeated measures analysis was undertaken using the 

Residual Maximum Likelihood (REML) method. An autoregressive correlation model 

was fitted. Weight category was nested within fat category to account for correlation 

between larger animals being fatter and smaller animals leaner. Month within year was 

fitted to account for annual seasonal variation and prices were fitted for category of lamb 

(breed and type). The price grid was predicted from the model for December 2009 and 

for a grass finished lamb category (Table 3.12). 

Table 3.12 The lamb price grid (A$/kg) with carcass weight (top row) by condition 

score (left hand column).  

   Carcass weight (kg) 
   16 18 20 22 24 26 30 
  3.22 3.35 2.90 2.52 2.00 1.60 1.30 1.00 

Condition 
score 

1 
3.74 3.85 3.86 3.96 3.99 3.70 3.32 3.00 

2 
4.06 4.12 4.20 4.25 4.31 4.29 4.20 4.00 

3 
3.90 4.14 4.28 4.24 4.24 4.21 4.20 4.03 

4 
3.40 3.60 3.89 4.01 3.99 4.08 4.06 3.73 
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The grid for cull or non-pregnant ewes is from the National Livestock Recording Service 

reports for the Hamilton livestock exchange during December 2009 (Table 3.13). Values 

are for Merino ewes and data outside of the weight and condition score ranges are 

extrapolated linearly from the recorded data.  

Table 3.13 The grid for cull and non-pregnant ewe value (A$/head) with ewe live 

weight (top row) by condition score (left side column). Prices in bold represent those 

from recorded data others are extrapolated linearly from the recorded data. For 

example, a ewe that is 45 kg live weight and in condition score 2.7 would have a value 

of $76 per head. 

   Live weight (kg)  
   30 40 55  
  40 55 68 75 

Condition 
score 

1 
50 61 72 80 

2 
55 65 76 84 

3 
60 70 80 91 

4 
65 75 85 95 

  

 

The wool price grid is taken from prices sourced from the Australian Wool Exchange for 

the southern region of Victoria from 2005 to 2010 (K. Curtis unpubl. data) (Table 3.14). 
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Table 3.14 The grid for wool price with fibre diameter (µm) in the left column and 

the corresponding wool price (cents/kg clean fleece weight) in the second column. 

For example, wool with a fibre diameter of 19.6 µm would receive a price of 868 

cents/kg. 

 
1215 

Wool 
price 

(cents/kg) 

Fibre 
diameter 

(µm) 

17 
1091 

18 
961 

19 
868 

20 
836 

21 
810 

22 
800 

23 
756 

24 
650 

25 
600 

26 
550 

27 
500 

28 
400 

29 
350 

30 
210 
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3.7.2 Income calculations and assumptions 

There are four income streams in the model (Table 3.15). Cull and non-pregnant ewes, 

lamb and wool income are all calculated by referencing a price grid. The carcass weight 

is calculated by multiplying live weight by a standard dressing percentage ( 

Table 3.16). Lamb skin value is calculated at a set price of $10 per skin.  Cull or non-

pregnant ewes are sold on a per head basis and do not obtain a skin value. Income 

calculations are segregated for each age group and for both male and female lambs. 

Table 3.15 The income calculations for the model (items in brackets [ ] contain the 

variables used to reference price grids).  

Income item Calculation 
Cull and non-pregnant ewes number * sheep price grid [condition score, age] 
Lambs number * carcass weight * lamb price grid [condition score, 

carcass weight] 
Lamb skins number * skin price 
Wool number * fleece weight * wool price grid [fibre diameter] 

 

Table 3.16 The income assumptions for the model 

Item Assumption 
Carcass weight Lamb weight * dressing% 
Lamb skin price ($/skin) 10 
Dressing percentage (Ratio of hot standard carcass weight to 
live weight) 

0.46 

 

3.7.3 Expense calculations and assumptions 

The expense calculations are contained in Table 3.17 and assumptions are reported in 

Table 3.18. 



 75

Table 3.17 The expense calculations for the model 

Expense item Calculation 
Replacement ewe  Replacement ewe number * price 
Replacement rams Number of ewes * ram joining ratio / ram productive life * ram 

cost 
Supplementary feed Kilograms fed/1000 * supplementary feed cost 
Pregnancy scanning Sheep number * pregnancy scanning cost 
Fertiliser Total annual DSE * (Phosphorus requirement per DSE / 

Phosphorus % of fertiliser) * (fertiliser price / 1000) 
Drench Number * Live weight/dose rate * drench cost 
Vaccination Number * vaccination cost 
Selling expense Sheep, lamb and wool income * selling costs 
Pasture renovation Farm area * proportion area re-sown * pasture re-sowing costs 

per hectare 
Freight - wool Number * greasy fleece weight / bale weight * freight cost 
Freight – sheep and 
lambs 

Number * freight cost 

 

Table 3.18 The expense assumptions for the model. 

Item Assumption 
Replacement ewe ($/hd) 120 
Replacement ram ($/hd) 500 
Ratio of rams used per 100 ewes  1.25 
Ram productive life (years) 4 
Supplementary feed ($/tonne) 250 
Pregnancy scanning ($/hd) 0.8 
Fertiliser price ($/tonne) 500 
Phosphorus requirement per DSE (kg) 0.95 
Phosphorus per kilogram of fertiliser (%) 8.8 
Drench cost ($/ml) 0.0175 
Drench dose rate (live weight/ml) 5 
Vaccination ($/hd) 0.30 
Fly treatment - post shearing/crutching ($/hd) 0.45 
Fly treatment - lamb marking ($/hd) 0.60 
Selling costs (%) 5 
Freight - lamb ($/hd) 2.50 
Freight - wool ($/bale) 10 
Bale size (kg) 180 
Proportion area re-sown annually (%) 10 
Pasture renovation costs ($/ha) 350 
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3.7.4 Labour calculations and assumptions 

Hourly labour requirement is calculated for most operations by multiplying the number 

of sheep in the task, the number of hours it takes to process each sheep and the number 

of staff required to undertake the task. Labour is costed at $30 per hour to the enterprise 

and is assumed to cover all associated employee entitlements and insurances. For paddock 

feeding an interval parameter is included to allow for the frequency of feeding (e.g. 

feeding events usually occur every 3-4 days where an amount of grain is placed in the 

paddock to sustain animals for the period between feeding events). The labour 

calculations are described in Table 3.19 and the assumptions of processing time and staff 

requirements are presented in Table 3.20. 

Table 3.19 Labour calculations used in the model. 

Item Calculation 
Drenching sheep number / sheep per hour * staff number * labour cost 
Pregnancy scanning sheep number / sheep per hour * staff number * labour cost 
Pre-lambing husbandry sheep number / sheep per hour * staff number * labour cost 
Lamb marking sheep number / sheep per hour * staff number * labour cost 
Weaning sheep number / sheep per hour * staff number * labour cost 
Stock movement sheep number / sheep per hour * staff number * labour cost 
Paddock feeding sheep number / sheep per hour / feeding interval * staff number * 

labour cost 

 

Table 3.20 Labour assumptions 

Item 

sheep 
processed per 

hour (hd) 

Feeding 
interval 
(days) 

Staff number 
required for 

task 

Labour 
rate 

($/hour) 
Drenching 150  2 30 
Pregnancy scanning 150  2 30 
Pre-lambing husbandry 150  2 30 
Lamb marking 100  4 30 
Weaning 300  1 30 
Stock movement 300  1 30 
Mustering - ewes only 300  1 30 
Mustering - ewes and lambs 200  1 30 
Paddock feeding 800 3 1 30 
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3.7.5 Shearing and crutching 

Shearing costs are included in the gross margin budget but are segregated into the costs 

of shearing a single sheep and then the staff required to undertake the process, including 

shed hands and mustering. All rates and values are taken from the Shearing Contractors 

Association of Australia, Pastoral Award 2010 (SCAA 2010). The shearing and crutching 

costs are calculated in Table 3.21 using the shearing and shed hand rates detailed in Table 

3.22 and the assumptions provided in  

Table 3.23.  

The labour for mustering is calculated at the rate that sheep can be shorn and although 

this is an under-estimation of the speed that mustering is undertaken, it assumes that 

assistance with other tasks will be performed (penning, drenching, jetting post shearing). 

It is also assumed that between shed hands and wool presser, penning up will be 

undertaking in the absence of the staff mustering. Crutching is undertaken with a mobile 

crutching trailer and requires two additional staff for mustering and processing sheep.  

Table 3.21 The calculation of shearing costs. 

Item Calculation 
Shearing cost sheep number*shearing rate 
Labour shed hands sheep number/shearers/sheep shorn*shed hands*shed hand rate 
Labour wool presser sheep number * fleece weight / bale size * wool presser rate 
Labour mustering  sheep number/(shearers*sheep per run/hours per run)*labour rate 
Crutching (not in shed) sheep number*crutching rate 
Labour crutching sheep number*number processed * staff number * labour rate 
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Table 3.22 Shearing and shed hand rates. 

Item Rate Superannuation Workcover  Total 
Shearing rate (per head) 2.53 0.23 0.28 3.04 
Shed hand rate (per run) 47.23 4.25 5.28 56.76 
Wool presser rate (per bale) 48.18 4.34 5.38 57.90 
Crutching rate - not in shed (per head) 0.63 0.06 0.07 0.76 

 

Table 3.23 Assumptions used to calculate labour for shearing, shed hands, wool 

pressing crutching and additional labour. 

Item Assumption 
Sheep shorn (n/shearer/run) 38 
Shearers (n) 3 
Shed hands (n) 2 
Wool presser (n) 1 
Superannuation (%) 9.0 
Workcover premium (%) 11.173 
Crutching - sheep processed (n/hr) 100 
Crutching - staff required (includes mustering and in addition to crutcher) 2 

 

3.8 Model output 

Text output components are added to simulations that report variables from the simulation 

and place them in a tab-separated text file. Several text output components can be added 

to the simulation and configured to report data that is required for further external 

analysis. Data can be reported on a daily, monthly and yearly basis with aggregation 

(total, average, minimum, maximum), and can be additionally aggregated by specifying 

a reporting interval (e.g. report every 7 days for weekly or report every 2 months for bi-

monthly aggregation). Text output components are a considerable advantage for handling 

information from simulations that are testing multiple factors, where the set of output files 

are reported individually for each factor combination.  
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3.9 Chapter summary 

This chapter described the WFSM that was constructed using the AusFarm simulation 

tool and the important control points in the whole-farm management of a self-replacing 

sheep enterprise focussed on lamb production.  

Notable model processes were the dynamic simulation of the biophysical processes 

within and between years, the animal model that uses potential limits to describe an upper 

limit of animal production that is dependent on energy input, economic calculations that 

are calculated on an annual basis to provide a probability distribution that represents a 

single uncertain year and labour calculations linked to animal operations and grazing 

management. 

The WFSM implements management that attempts to replicate critical operations within 

a sheep enterprise. These included a dynamic lamb weaning date based on feed quality, 

detailed flock structures, management of animal energy balance to recommended industry 

standards and specification of reproduction parameters that allow sensitivity analysis of 

reproduction traits to be applied. 

The model includes comprehensive specification of soil types and has variable pasture 

production according to the position in the landscape that attempts to replicate the 

inherent variability in pasture production for the modelled region.  

Finally, the model includes a comprehensive specification of the calculations of the 

income cost sources within the enterprise. These income and cost sources are dynamically 

linked with the biophysical component of the model so that changes in the intensity of 

the biophysical components will be reflected in the economic component when sensitivity 

to biophysical parameters are applied.   
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Several areas of management that are constructed in the WFSM are worth summarising 

because they don’t appear in other simulation models or are unique to Australian 

production systems.  

 The simulation of condition score-based feeding and management. Most models 

have some method of feeding ewes, but the WFSM can feed to a specified 

condition-score profile. The management of ewe nutrition during pregnancy by 

condition score has recently been defined economically and is becoming an 

industry standard of management (Young et. al. 2011a; Trompf et. al. 2011) 

 The calculation of labour requirements linked to the number of livestock in the 

simulation allows the intensity of changes to stocking and reproductive rate to be 

pulled through into the economic model.  

 Multiple paddocks and flock structures with different age groups capture the 

production differences between landscapes and different classes of animals. The 

addition of grazing methods in direct feedback with the feedbase is not novel, but 

these replicate farm management beyond simple critical thresholds used in other 

models. 
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4. Verification of the whole-farm sheep model 

4.1 Introduction  

An important step in the implementation of a simulation model is its verification 

(Anderson 1977). Model verification is the process of establishing confidence that the 

model portrays the important processes and has sufficient detail to meet the objectives of 

the simulation study (Robinson 1997; Sargent 2007). Model verification usually describes 

the development of the conceptual model and the physical implementation of computer 

language and processes to create the simulation model in an executable form.  

In this study the programming and implementation of the modelling environment are 

bypassed by using proprietary modelling software. However, this is not a fixed 

environment and the software is used as a flexible tool to create a representation of a 

whole-farm sheep model (WFSM). The WFSM is an ‘untested’ representation of a whole 

farm and is open to similar errors in construction and programming that a model 

established from the outset may experience.  

Verification that the system represents an enterprise typical of the Australian sheep 

industry and the modelled region is therefore a critical process to the integrity of the 

model outputs. In this chapter the output from the WFSM is used to demonstrate the 

model’s capacity and provide confidence that the model accurately represents a typical 

sheep enterprise in the modelled region.  
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4.2 Methods 

4.2.1 Base analysis 

AusFarm version 1.4.4 was used and simulations were run from 1965 to 2005 using a 

base simulation set to run at 10 ewes per hectare and at a reproductive rate of 125 lambs 

born per 100 ewes mated. The simulation uses the weather, genotypes and farm 

management described in Chapter 3 and information on the animal parameters relevant 

for this chapter are reported in Table 4.1.  

 

Table 4.1 Animal parameters used in the base simulation. 

Parameter Value 
Genotype Merino 
Standard Reference Weight (kg) 50.0 
Potential Fleece Weight (kg) 4.00 
Maximum fibre diameter (µm) 19.0 
Fleece yield (%) 70 
Adult mortality (%/year) 2.0 
Weaner mortality (%/year) 2.0 
Potential reproductive rate (lambs/100 ewes joined) 125 
Non-pregnant ewes (ewes/100 ewes joined) 7 
Single ewes (ewes/100 ewes joined) 60 
Twin ewes (ewes/100 ewes joined) 33 
Triplet ewes (ewes/100 ewes joined) - 
Mortality rate (lambs/100 ewes joined) 10-15 
Wean rate (lambs/100 ewes joined) 110-115 
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4.3 Bio-physical outputs of the base whole-farm sheep model 

4.3.1 Pasture growth and the dynamics of soil-water complex  

Pasture production is the central factor linking climatic, soil and animal systems together. 

The pasture growth curve for the southwest region of Victoria typically follows a 

Mediterranean trend and this primarily determined by the winter-spring dominant rainfall 

pattern and the hot summer and cool winter months (Figure 4.1). The Hamilton location 

experiences occasional summer rainfall events that can be in excess of 80-100mm and on 

average it receives between 20-40mm per month during December, January and February 

each year.  

 

 

Figure 4.1 The rainfall (total/month - bars), the maximum daily temperature (dotted 

line) and the minimum daily temperature (solid line) averaged for each month for 

the simulation period from 1965 to 2005. Data derived from the Hamilton airport 

weather station (37°65’S, 142°07’E).  
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Generally, pasture growth is limited during summer and growth increases with opening 

rainfall in the autumn. A reduction in growth occurs during winter from increased rainfall 

and colder temperatures. Growth is maximised during spring as temperature increases 

and pastures use soil moisture stored during the winter and autumn. Pasture growth varies 

the most during autumn, late spring and early summer, and is primarily determined by 

rainfall variability and higher temperatures. The pasture growth and variation over 40 

years from the WFSM is presented in Figure 4.2.  

 

Figure 4.2 The mean monthly pasture growth rate (PGR) for the simulation period 

from 1965 to 2005. Error bars are ± 1.0 standard deviation and represents the 

variation between years for each month during the simulation period. 

The variation in pasture growth between years is equally important as seasonal variation 

in the context of simulating an enterprise over several years. This variation is represented 

by the standard deviation in the previous figure, but the full extent of between year 

variations is observed by plotting different years on a single graph (Figure 4.3). The main 

differences are between the commencement of growth during autumn and the peak and 

length of growth during the spring and early summer period. 
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Figure 4.3 The mean pasture growth rate across the WFSM for 1999 (dashed line) 

2000 (thin line) and 2001(thick line). 

 

Another source of variability in pasture growth is due to the differences between soil 

types. Although rainfall and temperature are essential for plant growth, it is the interaction 

of these variables with the soil-water system that ultimately determines the rate of pasture 

growth.  

The WFSM contains three different soil types and soil types higher in the landscape 

(Crest) are higher in gravel content and have greater drainage that reduces storage 

capacity, while soil types lower in the landscape (Flat) are higher in clay content, lower 

in drainage and possess greater water storage.  

These soil-related differences in pasture growth are mostly exhibited from November to 

January (Figure 4.4). The crest soil type has a combination of low storage capacity and 

high drainage, and water moves freely through the profile and is not readily captured. 

Decreasing rainfall coinciding with increased temperature in late spring coupled with the 

crest’s low storage capacity, results in plants exhausting available soil water sooner, 
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decreasing pasture growth. In contrast, the flat’s high-water storage and heavy clay 

characteristics reduce water movement and increase storage, allowing plants to use water 

for longer as the season ends.  

 

 

Figure 4.4 The mean pasture growth rate for the crest ( ,) slope ( ) and flat (

) soil types over the simulation period from 1965 to 2005. 

 

The interaction between rainfall, temperature and soil characteristics on pasture growth 

is captured in the differences in the amount of plant-available water in the soil profile. 

Plant-available water is primarily determined by the physical soil characteristics and 

controls the extent that plants are able to extract water from the soil profile. The available 

soil water for the three soil types is presented in Figure 4.5 and underpins the differences 

shown in pasture growth between the soils types.  
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Figure 4.5 The mean daily available soil water for the top 3 soil layers (500-550mm) 

for the crest ( ,) slope ( ) and flat ( ) soil types over the simulation period from 

1965 to 2005. 

 

The movement of water through the different soil types is reflected in the drainage profile 

during the year (Figure 4.6). The crest and slope soils are higher in total annual drainage 

(87mm) than the flat soil (74 mm). However, the profile of drainage is different for each 

soil type. Drainage in the crest soil occurs earlier and finishes earlier, while drainage in 

the flat soil begins later and finishes later. Drainage in the slope occurs between the crest 

and flat but declines at a similar time to the flat soil type. 
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Figure 4.6 The mean drainage (total/month) below 900mm depth for the simulation 

period for the crest ( ,) slope ( ) and flat ( ) soil types. 

 

The soil-related differences in pasture growth are an important aspect of managing the 

sustainability of the grazing system. Soil types that grow less pasture and have lower 

water-holding characteristics are exposed to an increased risk of overgrazing during the 

summer and autumn period. In the WFSM the crest soil type has the combination of 

factors that make it susceptible to overgrazing and these are reflected in the groundcover 

(Figure 4.7). Groundcover is built up during the active growth period from autumn 

through until spring and is maximised in late spring and early summer when pastures are 

senescent. Dry, dead and litter material is gradually reduced by consumption, trampling 

and weathering from early summer to mid-autumn and is at its lowest in April. 
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Figure 4.7 The mean groundcover (sum of green, senescent, dead and litter material) 

for the crest ( ,) slope ( ) and flat ( ) for the simulation period. 

Groundcover has a direct interaction with the soil-water dynamics contributes to the 

susceptibility of a soil type to degradation. The groundcover, the water intercepted, 

interception and runoff for the three pasture-soil systems are presented in Table 4.2.  

Intercepted water is the water directly captured by the sward, whereas interception is the 

amount of water that remains on plant material. The difference between the intercepted 

and interception amounts enters the soil profile and rainfall above that intercepted by the 

sward directly enters the soil or contributes to runoff if the soil becomes saturated.  

Table 4.2 The mean annual groundcover, mean groundcover for April, water 

intercepted by the sward and runoff from the soil type. 

 Crest Slope Flat 
Groundcover - annual (m2/m2) 0.87 0.89 0.92 
Groundcover - April (m2/m2) 0.75 0.79 0.84 
Intercepted (mm) 181 189 208 
Interception (mm) 51 49 63 
Runoff (mm) 27 0 0 
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Although the differences between the soil types presented above are relatively small in 

comparison to annual rainfall, the relationship is an important outcome of the grazing-

pasture-soil interaction. The differences are likely to be more pronounced in grazing 

systems where stocking, and potentially reproductive rates, are higher than those 

implemented for the base WFSM.  

4.3.2 Annual pasture production 

The culmination of the interactions of between the soil-water complex and pasture growth 

is the annual production of dry matter. The total annual dry matter production, the 

seasonal distribution and the variation attributable to soil type are presented in Table 4.3.  

The crest had the lowest production, while the highest production was from the flat. Dry 

matter production is maximised during spring and the lowest during autumn and winter. 

Although dry matter production is relatively high during summer, approximately 65 

percent of this was produced in December, when pasture growth is rapidly declining but 

not fully ceased. 

Table 4.3 Total annual dry matter production (tonnes/ha/year) and the dry matter 

production achieved in each season (tonnes/ha/season). Values in brackets are 1.0 

standard deviation and represent the variation between years. 

 Crest Slope Flat 
Total  9.8 (1.7) 10.6 (1.6) 11.5 (1.9) 

Summer 1.9 (1.0) 2.6 (1.2) 2.9 (1.3) 
Autumn 1.2 (0.8) 1.1 (0.8) 1.1 (0.8) 
Winter 1.8 (0.3) 1.8 (0.3) 2.2 (0.3) 
Spring 4.9 (0.8) 5.0 (0.6) 5.3 (0.7) 

Perennial ryegrass (%) 53 57 60 
Subterranean clover (%) 47 43 40 
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4.3.3 Pasture composition 

The WFSM contains perennial ryegrass and subterranean clover mixed pastures and the 

proportion that each species contributes to total pasture growth is reported in Figure 4.8. 

Both species contribute equally to overall growth rate during the normal growing season. 

The perennial ryegrass does extend production into early summer, while the subterranean 

clover displays the expected profile of an annual species with growth declining 

considerably by December and ceasing in January.  

It must be noted that the species lifespan and death is not modelled. Rather the model 

represents the dynamics of co-habitation and differences in grazing intensity are realised 

in changes of composition between the perennial ryegrass and subterranean clover 

components. 

 

Figure 4.8 The mean pasture growth rate for the simulation period split between the 

perennial ryegrass (black portion) and subterranean clover (grey portion) growth. 
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4.3.4 Pasture quality 

The annual cycle of growth and the proportions of green and senescent dry matter are 

important factors that are often summarised as the quality of the pasture. Pasture quality 

is commonly measured as dry matter digestibility (DMD) and crude protein (CP) content. 

The DMD is inherently linked with animal production because it is a major determinant 

of feed intake and the amount of energy that can be extracted by the animal from the 

consumption of plant material. The profiles of DMD and CP follow a similar trend to 

pasture growth, where green growth is highly digestible during winter and spring but 

begins to decline as plants become senescent during late spring and early summer ( 

Figure 4.9 and Figure 4.10).  

 

Figure 4.9 The mean dry matter digestibility for the simulation period from 1965 to 

2005. Error bars are ± 1.0 standard deviation and represents the variation between 

years for each month during the simulation period. 

The variation in the quality decline in spring is low compared to other periods and is 

indicative of the predictable nature of plant phenology to temperature and water stress.  

The largest variation exists between April and July and this is determined by the variation 

in the timing of opening rainfall after summer. If rainfall is early then plant growth 
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commences producing green growth and a concurrent increase in digestibility. If rainfall 

is late, growth is delayed and digestibility remains low. 

 

Figure 4.10 The mean crude protein percentage for the simulation period from 1965 

to 2005. Error bars are ± 1.0 standard deviation and represents the variation 

between years for each month during the simulation period. 

 

4.3.5 Dry matter availability and the proportion of green and senescent dry 
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quality than green pasture and is carried over from the previous year and eaten by 

livestock at a slower rate and succumbs to decay through weathering and trampling over 

summer.   

The mean proportions of green and dry pasture of the total dry matter available to 
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into the drier summer and autumn months. Across the whole farm, the mean available dry 

matter ranged from around 1600kg DM/ha to just over 4000kg DM/ha per day over the 

annual cycle.  

 

 

Figure 4.11 The mean pasture availability for the simulation period split between 

the green active growing dry matter (black portion) and the dry-senescent dry 

matter (grey portion) 

4.3.6 Stocking rate, pasture consumption and utilisation 

Farmers prioritise the use of pasture produced by the farm resource for animal 

requirements due to its relative low cost compared to feeding grain and conserved fodder. 

Farmers do this by matching the peak requirements of the sheep to the peak supply of 

pasture. The stocking rate of the enterprise is directly linked to the amount of pasture 

consumed and its profitability. Higher stocking rates that consume more pasture also 

produce more meat and wool. The breakdown of the stocking rate between the number of 

head and the DSE for each sheep class over the annual cycle are presented in Table 4.4.  
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Table 4.4 The mean monthly stocking rates for ewes, replacement ewe lambs and 

lambs over the annual cycle of production. 

Month 
Ewe stocking rate Ewe lamb stocking rate Lamb stocking rate Total 

DSE/ha n/ha DSE/hd DSE/ha n/ha DSE/hd DSE/ha n/ha DSE/hd DSE/ha 
Jan 9.4 1.5 14.0 1.4 1.3 1.9 2.2 1.6 3.4 16.1 
Feb 9.6 1.1 10.5 0.9 1.3 1.2 - 1.5 - 11.7 
Mar 10.0 1.0 9.9 - - - - - - 9.9 
Apr 9.9 0.9 9.1 - - - - - - 9.1 
May 9.7 1.2 11.4 - - - - - - 11.4 
Jun 9.6 1.4 13.9 - - - - - - 13.9 
Jul 9.5 1.6 14.8 - - - 2.2 0.0 0.0 14.8 

Aug 9.5 2.2 21.2 - - - 8.7 0.1 0.9 21.2 
Sep 9.4 2.9 27.8 - - - 9.8 0.7 6.4 27.8 
Oct 9.4 3.3 31.1 - - - 9.8 1.2 12.0 31.1 
Nov 9.4 3.3 31.0 - - - 9.8 1.4 14.1 31.0 
Dec 9.4 2.8 25.9 0.2 1.3 0.3 8.6 1.5 13.0 26.4 

 

The amount of pasture that is consumed is a relative measure of how efficient the sheep 

system is using the available pasture resource.  The amount of pasture used by the 

livestock compared to the amount of pasture grown is presented in Table 4.5. The sheep 

system consumes approximately 51% of the pasture grown and this varies widely 

depending on the time of year or season.  

The increase in utilisation during periods where pasture growth is limited (e.g. autumn 

and winter) is determined by low pasture availability and not an increase in animal 

demand. Utilisation is low during spring because of high pasture growth, even though 

animal requirements have increased and are maximised during this period. The low 

utilisation rate during summer is due to a combination of decreasing animal demand and 

the poorer quality pasture that limits feed intake. 

Lambs account for approximately 24% of the total annual pasture consumption, which 

occurs during spring and early summer coinciding with the period of lowest utilisation 

and greatest feed supply. The pasture consumption from the ewe is spread over the whole 

year and intake peaks during late winter and early spring. The requirement for supplement 
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coincides with periods of high utilisation and low pasture availability during autumn and 

winter.  

Table 4.5 Mean dry matter production, pasture intake, ewe intake, lamb intake, 

pasture utilisation and supplement intake for the annual period (kilograms/ha/year) 

and for each season (kilograms/ha/season). 

Season 
Dry matter 
production  
(kg DM/ha) 

Pasture 
intake  

(kg DM/ha) 

Ewe intake  
(kg DM/ha) 

Lamb intake  
(kg DM/ha) 

Supplement 
intake  

(kg DM/ha) 

Utilisation 
(%) 

Total 10655 5375 4162 1213 153 50 
Summer 2489 1340 929 411 7 54 
Autumn 1154 742 742 0 84 64 
Winter 1931 1144 1121 23 61 59 
Spring 5081 2150 1370 779 0 42 

 

4.3.7 Metabolisable energy intake 

The digestibility of dry matter is an important measure of pasture quality and from this 

the metabolisable energy value of the feed is derived. Metabolisable energy (ME) is the 

primary measure of the energy value of a feed and is the amount of energy available to 

the animal for use after accounting for losses contained in faecal material, methane and 

urine. It is measured in mega joules per kilogram of dry matter (MJ/kg DM) and is 

commonly referred to as M/D (CSIRO 2007).  

In addition to predicting the energy value of feeds, the metabolisable energy requirements 

of animals can be predicted based upon a range of animal and pasture factors. This enables 

the prediction of metabolisable energy intake (MEI) of the animal, a product of feed 

quality, feed availability and animal state. The amount of MEI consumed by the ewes and 

lambs in the simulation are reported in Table 4.6. 
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Table 4.6 The mean daily MEI per head and hectare for ewes, replacement ewe 

lambs and slaughter lambs over the annual cycle of production. 

month 
Ewe MEI Ewe lamb MEI Lamb MEI Total 

MEI 
(MJ/ha) MJ/hd MJ/ha MJ/hd MJ/ha MJ/hd MJ/ha 

Jan 9.9 93 11.8 17 13.8 30 140 
Feb 9.5 92 11.5 11 13.3 0 103 
Mar 8.8 87 - - - - 87 
Apr 8.0 80 - - - - 80 
May 10.3 100 - - - - 100 
Jun 12.8 122 - - - - 122 
Jul 13.7 130 - - 3.1 7 137 

Aug 18.8 178 - - 6.1 53 230 
Sep 19.9 188 - - 9.8 96 284 
Oct 17.9 169 - - 12.8 125 293 
Nov 15.9 150 - - 13.4 131 280 
Dec 12.1 114 11.6 3 13.4 116 232 

 

Ewe MEI increases as the animal progresses through pregnancy and peaks during mid-

lactation in September. The lamb MEI increases with weight and size, and peaks at 

maximum weight during the pre-weaning period. It is important to note that these are 

mean values over a 40-year simulation period and that the total ewe number in the 

simulation is larger than the number of ewes joined because the youngest age group enter 

the ewe flock structure at eight months of age but does not enter into a reproductive phase 

until approximately 2 years of age. 

4.3.8 Ewe condition score 

Achieving high animal production from the pasture resource often requires 

supplementation to fill shortfalls in the animal’s nutritional requirements that cannot be 

met by pasture. The WFSM implements the condition score recommendations from the 

Lifetime Wool Production project (Thompson et al. 2011). These recommendations 

describe an optimum condition score profile that optimises animal performance to 

maximise whole-farm profit (Young et. al. 2011). The condition score profile 
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recommends that animals aim to be in CS 3.0 for joining, are allowed to lose quarter to 

half a condition score from joining to mid-pregnancy and then are required to regain 

condition back to CS 3.0 for lambing (Figure 4.12).  

The condition score profile shows the decline from CS 4.0 in January to CS 3.0 at lambing 

in July. Animals reach the joining weight as a result of carryover condition and weight 

gain from the previous spring and on average are above the target condition score at 

joining. Supplementation occurs approximately during April, May and June when 

condition score falls below 2.7 and condition score is required to be regained to 3.0 for 

lambing. Once lambing begins, feeding is ceased due to the difficulty in logistics and the 

increased risk of mis-mothering for this region and climate.  

 

 Figure 4.12 The mean condition score profile for the 3.5-year-old age group over 

the simulation period. Error bars are ± 1.0 standard deviation and represent the 

variation between years for each month during the simulation period. 

Ewes are allowed to lose weight from lambing onwards and this period generally 

coincides with increased pasture growth, and weight and condition are regained before 

condition score falls below critical levels. The region generally has a reliable level of 

pasture production during this period and condition is quickly regained during the spring 
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period. Although extreme condition loss during this period is rare, the model will instigate 

supplementary feeding during lambing and lactation if insufficient pasture causes a rapid 

decrease in condition score below CS 2.0.  

4.3.9 Ewe live weight 

Condition score is used in management recommendations as it is relative insensitive to 

changes in weight that are due to conceptus or wool weight.  The differences in normal 

live weight and the conceptus and fleece free live weight can be large (Figure 4.13). 

Recommendations based on weight alone are misleading, particularly during late 

pregnancy when conceptus weight is peaking, animal intake is increasing and feed 

resources are constrained. 

 

Figure 4.13 The normal live weight (solid line) for the 3.5-year-old age group (tag 

group 3) and the mean conceptus and fleece free live weight (dashed line) over the 

simulation period. Error bars are ± 1.0 standard deviation and represent the 

variation between years for each month during the simulation period. 
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4.3.10 Lamb live weight 

The increase in lamb weight from birth to weaning is presented in Figure 4.14. The 

variation in lamb weight is relatively small and declines as time progresses. The decline 

in variation over time is due to the averaging of data over the 40-year simulation period 

and the determination of weaning time as being when digestibility falls below 60%. The 

frequency of seasonal conditions where digestibility is above 60% in late January and 

February is low, resulting in the reduced variation during these periods.  

 

Figure 4.14 The mean lamb live weight profile for lambs from the 3.5-year-old age 

group over the simulation period. Error bars indicate ± 1.0 standard deviation and 

represent the variation between years for each month during the simulation period. 

4.3.11 Lamb weaning 

The weaning of lambs is determined by the pasture quality across the farm. In the model, 

pasture dry matter digestibility (DMD) is monitored for each individual paddock. Lambs 

are weaned when the DMD falls below 60 percent across all paddocks. The weaning dates 

for the WFSM are presented in Figure 4.15. Here the dates have been plotted as a 

cumulative distribution function and show the distribution and cumulative probability of 

weaning occurring by a particular date. Weaning will have occurred before or by the end 
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of the first week in January in 20 years out of the 40-year simulation. On 80% of occasions 

weaning will have occurred before the 20th of January.  

 

 

Figure 4.15 Weaning date plotted as a cumulative distribution function for the 

simulation period. 

 

Weaning lambs according to pasture quality creates a more dynamic handling of how 

lambs are weaned and more closely resembles a farm manager’s decision making given 

seasonal variation. The decision rule allows lambs to take advantage of a longer growing 

season and gain more weight, or if the seasonal conditions are shorter than normal, it 

allows the farmer to wean lambs before excessive weight loss or supplementation occurs 

(Figure 4.16) 
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Figure 4.16 The relationship between lamb weight and weaning date for lambs from 

each ewe age group over the simulation period.  

 

4.3.12 Wool growth and fibre diameter 

The accumulation of greasy fleece weight is presented in Figure 4.17. Shearing is 

undertaken in February and from this point fleece weight increases throughout the year. 

Wool production is consistent during the year, slightly declining during autumn and 

winter, and increasing during spring to early summer. The variation increases consistently 

throughout the year following shearing and is largest in January, where the length in 

season and the reduction in both pasture growth and quality have a large effect on wool 

growth during this period.  
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Figure 4.17 The monthly mean of the accumulation of greasy fleece weight from the 

3.5-year-old age group over the simulation period. Error bars indicate ± 1.0 

standard deviation and represent the variation between years for each month during 

the simulation period. 

 

Fibre diameter is more representative of the variation in feed supply and quality (Figure 

4.18). Fibre diameter declines from the maximum diameter in spring and continues to fall 

through summer and into autumn as feed supply becomes restricted. It is the finest during 

the mid-winter period coinciding with mid to late pregnancy and increases again as spring 

is entered where feed quality and supply increases. The variation in diameter is relatively 

consistent over years for each month, but fibre diameter is highly variable within each 

year and this is caused mainly by seasonal variation in feed supply and the additional 

energy demands of pregnancy and lactation.  
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Figure 4.18 The monthly mean of daily fibre diameter from the 3.5-year-old age 

group over the simulation period. Error bars indicate ± 1.0 standard deviation and 

represent the variation between years for each month during the simulation period. 

 

4.3.13 Production outputs 

The production data from the simulation is presented in Table 4.7 and shows the 

distribution of production between each age group. Information for the one-year-old age 

group is absent due to these animals not entering into reproduction until 2 years old. The 

number of ewes joined declines as age increases and this is due to the natural loss of 

numbers over time from mortality and culling of non-pregnant females at pregnancy 

scanning.   

The condition score at joining is relative high and this has an effect on the reproductive 

rate. Although the base system is set at a reproductive rate of 125 lambs per 100 ewes 

joined, reproductive rate ranged from 132 to 140 percent. This is due to the modelling of 

reproductive rate in response to condition score and size of the animal. Generally, sheep 

reproductive rate increases at higher pre-joining condition scores and with a previously 

high nutritional history (Moore et. al. 1995; Ferguson et. al. 2011). This association 
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between increasing condition score and reproductive rate is exhibited in the three-year-

old through to the 6-year-old ewes.  

The size of the animal in relation to its mature size is incorporated into the modelling of 

reproduction. This allows reproductive rate to be predicted for immature animals and 

reflects the lower conception and ovulation rate of younger sheep. In the WFSM, two-

year-old ewes enter the reproductive phase in higher condition score due to the previous 

12 months in a non-reproductive state. However, they are still immature at 18 months old 

and reproductive rate is slightly reduced compared to older ewes in similar condition. 

The younger age groups run at slightly higher stocking rates in the farm system due to the 

flock dynamics and the requirement for greater replacement animals to counteract natural 

attrition. As a result, the younger age groups wean the highest number of lambs per 

hectare but have the lowest weaning rate to ewes joined. Likewise, the younger ewes have 

lower weaning weights, but have produced the highest live weight per hectare. The 

number of lambs produced per ewe joined increased with age and was reflective of the 

higher per-head reproductive rate and weaning weight of the older age groups. The 

amount produced was approximately 94 percent of mature body weight.   

Fleece weight and fibre diameter are relatively constant throughout the age classes, except 

for the one-year-old ewes that have slightly higher fleece weight and fibre diameter from 

being in a non-reproductive state. Coupled with the higher stocking rate, this age group 

produced an extra kilogram of greasy fleece weight per hectare.  
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Table 4.7 The mean production outputs for each age group in the WFSM.  

Age group (years) 1 2 3 4 5 6 total/mean 
Ewe number at joining (total) 1376 1347 1241 1151 1070 999 7184 
Ewe number joined (total) - 1347 1241 1151 1070 999 5808 
Ewe number joined (n/ha) - 1.9 1.7 1.6 1.5 1.4 8.1 
Condition score at joining (0-5 scale) - 4.1 4.0 4.1 4.2 4.4 4.1 
Pregnant ewes at scanning (total) - 1277 1179 1097 1021 954 5528 
Reproductive rate (lambs/100 ewes joined) - 132 135 137 139 140 136 
Ewe number at weaning (total) - 1245 1152 1071 997 932 5397 
Ewe mortality from scan to wean (%) - 2.6 2.3 2.4 2.4 2.4 2.4 
Lambs weaned (n/ha) - 2.2 2.1 1.9 1.8 1.7 9.7 
Weaning rate (lambs/100 ewes joined) - 118 120 122 123 124 120 
Lamb weaning weight (kg/hd) - 38.2 38.5 38.7 38.8 38.7 38.6 
Lamb weight weaned (kg/ha) - 84 79 75 71 67 377 
Lamb weight per ewe joined (kg/ewe joined) - 44.9 46.0 47.0 47.7 48.0 46.7 
Greasy fleece weight (kg/hd) 5.0 5.0 5.1 5.1 5.0 4.9 5.6 
Mean fibre diameter (µm) 19.5 19.2 19.3 19.3 19.2 19.1 19.3 
Greasy fleece weight (kg/ha) 9.3 8.6 8.2 7.5 6.9 6.3 47 

 

4.4 Economic outputs for the base simulation of the whole-farm sheep 

model 

The previous section has described the interaction between pasture production and animal 

performance. The culmination of this production is the economic output from the farm 

system. In this section the economic output from the base WFSM is reported. 

4.4.1 Gross margin, income and expenses 

The gross margin, income and expenses are presented in Table 4.8. Lamb income 

provided 54% of the total revenue and with the addition of cull ewes, sheep sales 

accounted for 72% of total income. The remaining 28% consisted of wool income. The 

majority of expenses were non-labour or consumable items and transaction costs, which 

accounted for 73% of all expenses. The remaining 27% of costs consisted of labour 

expenses. 
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Table 4.8 Summary of the gross margin, income and expense items of the whole-

farm sheep model. 

Item Whole-farm ($) Per hectare ($/ha) 
Gross margin  488254 678 
Income  793510 1102 
Expense  305256 424 
Income: Cull for age ewes 70834 98 
Income: Non-pregnant ewes 19669 27 
Income: Lamb sales   427201 593 
Income: Lamb skins 45313 63 
Income:  Ewe wool sales  203578 283 
Income: Lamb wool sales 19040 26 
Expense: Non-labour 228506 317 
Expense: Labour 76750 107 

 

4.4.2 Non-labour expenses 

The non-labour expenses are divided into individual components in Table 4.9. The cost 

of selling livestock and wool was the largest and was similar to fertiliser inputs, which 

when combined accounted for 34% of non-labour expenses. Selling expenses are costed 

at 5% of the commodity sale value and these expenses cover the engagement of 

intermediate agents who handle the transfer of the commodity from farm gate to 

purchaser.  

Ewe feed costs, pasture renovation and shearing were the next most expensive items and 

accounted for 35% of total non-labour expenses. Freight for livestock sales and crutching 

were third-tier expenses and accounted for 15% of non-labour costs. Apart from 

replacement rams, the remaining items on an individual basis were relative low 

contributors to total expenses. Collectively, these expenses accounted for 12% of non-

labour expenses. Generally, costs that are associated with animal husbandry such as 

anthelmintic drench, fly control and vaccinations are considered as high costs by farmers, 

but these are relative low contributors to overall expenses.  
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Table 4.9 Breakdown of non-labour related expenses 

Item Whole-farm ($) Per hectare ($/ha) 
Selling expenses  39676 55 
Fertiliser  38552 54 
Ewe feed costs  29666 41 
Pasture renovation  25200 35 
Shearing  24674 34 
Freight – meat 17101 24 
Crutching 15541 22 
Replacement rams 11000 15 
Fly control – Vetrazin 6225 8.65 
Drench  5771 8.02 
Pregnancy scanning  4623 6.42 
Fly control - Clik 4244 5.89 
Vaccination  4188 5.82 
Freight - wool 2045 2.84 

 

4.4.3 Labour expenses     

Labour accounted for 24% of the total expenses. The largest labour expense was for stock 

movement, which entails movement of livestock from paddock to paddock based upon 

grazing management rules (Table 4.10). Stock movements did not include labour 

associated with mustering of sheep for husbandry operations, which is included in the 

cost of the relevant husbandry practice. Crutching, shearing, drenching and lamb marking 

were all in a similar cost range. Combined they accounted for the majority of labour 

expenses (60%).  

Some of these operations are undertaken or combined with other management events. For 

example, drenching is undertaken during the pre-lambing husbandry and at shearing, so 

the cost of these husbandry practices is included in the cost of the event and is not 

replicated as a standalone practice. Hence, the costs of labour associated with drenching 

are the costs when this is the only practice undertaken. Likewise, vaccinations are listed 

as a consumable product, but the application is done in conjunction with other 

management events and it is not listed as a separate labour cost.  
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The remaining labour expenses are relatively small and they account for 16% of all labour 

costs and only 3% of overall expenses. Surprisingly, the labour cost of supplementary 

feeding ewes ranked the lowest of all labour costs. The value presented does include the 

mean of zero values from years where feeding was not required. After removing zero 

values, the whole-farm average increased slightly from $1905 to $2123 or $2.95 per 

hectare; it ranged from $82 to $10610 over the whole farm and feeding was required in 

35 years over the 40-year simulation period.  

The cost of feeding calculates the direct time required to undertake the operation and does 

not consider the indirect or transaction costs of employing staff for longer periods than 

required or a minimum fixed cost for instigating a feeding event. The cost of smaller 

feeding events could be underestimated as a result. 

Table 4.10 Breakdown of the labour expenses. 

Item Whole-farm ($) Per hectare ($/ha) 
Stock movement 17774 25 
Crutching 12433 17 
Drenching 8780 12 
Lamb marking 8488 12 
Shed hands 8082 11 
Mustering - general 4905 6.81 
Mustering - shearing 4272 5.93 
Lamb weaning 3620 5.03 
Pregnancy scanning 2312 3.21 
Wool pressing 2113 16 
Pre-lambing husbandry 2066 2.87 
Ewe feeding 1905 2.65 
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4.5 Chapter summary 

Model verification is the process of establishing confidence that the model represents the 

important processes and has sufficient detail to meet the objectives of the study. The 

WFSM is an untested representation of a sheep production system in the high rainfall 

zone of southern Australia. In this chapter we have reported a range of outputs from the 

model that demonstrated its capacity to represent the important processes of the sheep 

enterprise. These included: 

 The interaction between climate variables, soil water processes, pasture growth 

and pasture production.  

 The interaction and feedback mechanisms between animal grazing, pasture 

production, land classes and sustainability indicators.  

 The dynamics of animal energy intake and supplementary feeding to meet the 

required condition score profiles to maximise productivity of the ewes and lambs. 

 The dynamics between different animal classes and their relative levels of 

consumption and output in the context of the whole-farm. 

 The direct linkage between animal production and the income and costs of the 

enterprise. 

 The identification of the relative importance of the income and expense 

components of the enterprise based on their contribution to overall income and 

costs of the whole-farm. 

 The linkage of labour expenses to individual activities within farm operations that 

will enable changes in the intensity of management of the whole-farm to be 

captured and evaluated. 
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The simulation results also demonstrated the complexity of the day-to-day and strategic 

management of the sheep enterprise. We conclude and are confident that the WFSM 

represents the typical processes of a sheep enterprise in southern Australia and can be 

used to analyse the interactions between the soil-water, pasture production, animal 

production and the economic components from a whole-farm perspective.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 112

 



 113

5. The sensitivity, validation and evaluation of the 

model outputs 

5.1 Introduction  

Sensitivity analysis of a farm simulation model allows us to understand the direction and 

magnitude of the response to a change in management or biophysical parameters (Pannell 

1997). This is useful to aid decision making, prioritise alternative or new management 

strategies, or to understand the implications of management on an aspect of animal 

biology or a biophysical parameter (Pannell 1997; Robertson et al. 2012). However, to be 

confident that the model results for unknown parameters or parameters outside the normal 

range are representative of the actual systems, the model output should be compared and 

show agreement with empirical information in order to validate and establish credibility 

in the modelled results.  

Exploring the responses of a model to changes in key parameters and comparing these 

with empirical or expert information as a form of validation has been identified as a key 

step in the communication of research that utilise modelling approaches (Robertson et al. 

2012; Janssen and van Ittersum 2007; Tedeschi 2006; Huth and Holzworth 2005; Janssen 

and van Ittersum 2007). Sargent (2007) identifies the concept of ‘operational validity’, 

which is the exploration of the behaviour of the model (e.g. the direction and magnitude 

of responses within reasonable limits) and the comparison of output behaviours. If the 

model behaviour is not evaluated then there is the risk that model output is over-sensitive 

or under-sensitive relative to the real system.  

In this chapter, sensitivity analysis of stocking and reproduction rate is undertaken to 

demonstrate the sensitivity of model outputs and that the responses are within the 
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expected boundaries. A selection of bio-physical, production and economic outputs are 

used to describe the response to changes in stocking and reproductive rate. Validation of 

these responses and model outputs is undertaken by comparing the model output with 

empirical information taken from experimental and benchmarking data.  

5.2 Methods 

AusFarm version 1.4.4 was used and simulations used historical weather information 

from the Hamilton airport weather station (37°65’S, 142°07’E). Simulations were 

executed for a period from 1965 to 2005. The base simulation was set at 10 ewes per 

hectare and at a reproductive rate of 125 lambs born per 100 ewes mated. The animal 

parameters relevant for this chapter are reported in Table 5.1. The sensitivity analysis is 

undertaken by executing a simulation for each factor combination (Table 5.2). For 

example, the sensitive analysis in this chapter contains eight stocking and five 

reproductive rates, which equates to 40 individual simulations.  

Table 5.1 Animal parameters used in the base simulation. 

Parameter Value 
Genotype Merino 
Standard Reference Weight (kg) 50.0 
Potential Fleece Weight (kg) 4.00 
Maximum fibre diameter (µm) 19.0 
Fleece yield (%) 70 
Adult mortality (%/year) 2.0 
Weaner mortality (%/year) 2.0 
Potential reproductive rate (lambs/100 ewes joined) 125 
Non-pregnant ewes (ewes/100 ewes joined) 7 
Single ewes (ewes/100 ewes joined) 60 
Twin ewes (ewes/100 ewes joined) 33 
Triplet ewes (ewes/100 ewes joined) - 
Mortality rate (lambs/100 ewes joined) 10-15 
Wean rate (lambs/100 ewes joined) 110-115 
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Table 5.2 The factors tested in the sensitivity analysis of stocking rate and 

reproductive rate.  

Stocking rate  
(Ewes/ha) 

Reproductive rate  
(lambs per 100 ewes joined) 

4,6,8,10,12,14,16,18 75, 100, 125, 150 175 

 

5.3 Sensitivity to changes in stocking and reproductive rate 

5.3.1 Dry sheep equivalents (DSE) and ewes per hectare 

In the sheep industry (and other livestock industries) the requirement to compare animals 

of different physiological states led to the development of a dry sheep equivalent (DSE) 

metric. The DSE metric is a proxy for the energy requirements of the animal and one DSE 

is defined as the amount of energy required to maintain a mature 45kg male sheep in 

average condition (condition score 3) (CSIRO 2007). The definitions vary across the 

literature due mainly to the definition of animal size, but the conversion to the amount of 

megajoules (MJ) of energy is usually between 7.8-8.0 MJ per DSE per day.  

The DSE metric is useful to describe stocking rate changes as it incorporates differences 

due to physiological state, such as different reproductive rates, mature sizes, lactation and 

the energy intake by unweaned lambs in a single metric. For example, results from the 

sensitivity to stocking and reproductive rate show that the DSE increases proportionately 

as the number of ewes per hectare increases (Figure 5.1). However, there is an 

approximate difference of 2-3 DSE between the lowest and highest reproductive rates at 

low stocking rates and 4-5 DSE at higher stocking rates. The DSE per hectare is used in 

the following chapters to present differences in stocking rate while the amount of 

metabolisable energy consumed per hectare (MJ MEI/ha) will also be used to describe 

changes in per-hectare performance where necessary.  
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Figure 5.1 The relationship between the number of ewes per hectare and the dry 

sheep equivalent (DSE) for each level of reproductive rate (75 , 100 , 125 , 

150  and 175 lambs per 100 ewes joined) 

5.3.2 Pasture growth 

Increasing the stocking rate directly increases the amount of pasture consumed by the 

animal system. Both over-grazing and under-grazing can have negative effects on pasture 

growth. Under-grazing leads to the commencement of the reproductive phase sooner and 

a reduction in overall feed quality and growth. Under-grazing can cause the proliferation 

of perennial or spring dominant species, which commonly have an upright growth habit 

that reduces light penetration to species situated lower in the sward.  

In contrast, overgrazing reduces the leaf area, the photosynthetic capacity and the 

subsequent growth. Proliferation of annual plant species occurs by sustained over-grazing 

that leads to the decline in perennial species from the sward. For these reasons, the pasture 

growth curve can change in direct feedback with the stocking rate. 

The change in pasture growth between a low and high stocking rate is presented in Figure 

5.2. Higher stocking rates causes a reduction in growth during autumn and spring. 

However, high stocking rates increases the grazing pressure and maintains the perennial 
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species in a vegetative state for longer, which extends the pasture growth into late spring 

and summer. 

 

 

Figure 5.2 The pasture growth curves for stocking rate of 4 ewes per hectare (6-8 

DSE/ha) (solid line) and 18 ewes per hectare (28-30 DSE/ha) (dashed line).  

5.3.3 Pasture availability and annual pasture production  

The extent of a change in stocking rate and the increase in grazing pressure is 

demonstrated in the mean pasture availability over the annual cycle (Figure 5.3). At low 

stocking rates (8-12 DSE/ha) the average annual pasture availability is around 4000 kg 

DM/ha. This declines to 2000-2500 kg DM/ha at moderate stocking rates (16-20 DSE/ha) 

and falls to approximately 1000 kg DM/ha at high stocking rates (28-32 DSE/ha).  

The decline in total annual pasture production due to the stocking rate is provided in 

Figure 5.3. The difference in total production between the optimal and the lower and 

upper stocking rates is relatively small (0.5-1.0 tonne). It should be noted that these values 

represent the mean of 18 different paddocks, across three different soil types and over the 

40-year simulation period. The production from individual paddocks can range from 7 to 

15 tonnes depending on the year and seasonal conditions.  
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Figure 5.3 The response of pasture availability (a) and total annual pasture 

production (b) to changes in stocking rate. 

5.3.4 Pasture composition and groundcover 

Changes in dry matter availability and total production due to changes in stocking rate 

are directly linked to the composition of the species in the sward. The composition of 

perennial ryegrass is presented in Figure 5.4 and shows the shift towards subterranean 

clover content as stocking rate increases. The model does not represent death and lifespan 

of the pasture species; rather the grazing and soil-water related differences favour the 

proliferation of one species over the other. 

Although it does not represent death or lifespan, the model demonstrates a common 

artefact of overgrazing that favours annual species such as subterranean clover. 

Overgrazing creates a scenario where pasture availability is maintained at low levels to 

enable light to penetrate the canopy and suppress the competition from perennial species. 

Sustained grazing of the perennial species decreases its abundance in the sward. 

Although the model does not model plant survival, it does represent the change in 

proportion of perennial and annual plant species and captures the impact on sustainability 

indicators such as groundcover, drainage and runoff. It is commonly accepted that an 

increase in water runoff and soil degradation is likely to occur when groundcover falls 

a) b) 
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below 70% or when the ground covered by pasture declines below 0.7 m2 per 1.0 m2 of 

pasture area. The response of groundcover to changes in stocking rate is presented in 

Figure 5.4. 

 

 

Figure 5.4 The composition of perennial ryegrass (a) and the frequency of falling 

below 70% groundcover in April with changes in stocking rate (b). 

5.3.5 Lamb production 

Kilograms of lamb live weight per hectare is used extensively in both experimental and 

farm benchmarking to compare the efficiency of the system and as a quasi-indicator of 

economic output. The amount of lamb produced from the base scenario with sensitivity 

to stocking and reproductive rate is presented in Figure 5.5. The amount of lamb increases 

as both stocking rate and reproductive rate increase and the difference in lamb output 

between reproductive rates is greater at higher stocking rates. 

There are different combinations of stocking and reproductive rate that return a similar 

output of lamb weight per hectare. These relationships are explained by the different rates 

of stocking and reproduction. For example, a similar weight can be achieved by a high-

stocking low-reproduction combination or a low-stocking high-reproduction 

combination. In addition, the lamb weight curves in Figure 5.5 flatten out in each 

reproduction category at higher stocking rates. This is due to the effect of high stocking 

a) b) 
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rate on individual lamb performance. This is explained by the increase in stocking and 

reproductive rate, which constrains the amount of feed available and in turn reduces 

animal performance. 

 

 

Figure 5.5 The response in the amount of lamb live weight per hectare with changes 

in stocking and reproductive rate (75 ,100 , 125 ,150  and 175 lambs 

per 100 ewes joined). 

The reduction in animal performance is observed in the individual lamb weight (Figure 

5.6). Lamb weight is negatively affected by both low and high stocking rates. Low 

stocking rates cause a decline in feed quality due to large residuals of dry matter and high 

stocking rates cause a decrease in the amount of pasture available. The restriction of 

pasture availability by higher stocking rates has a larger effect on lamb weight than a 

reduction in feed quality due to under grazing. The decline in lamb weight due to high 

stocking and reproductive rates has a marginal effect on the total lamb weight produced 

per hectare because it is counteracted by the concurrent increase in lamb number per 

hectare as stocking and reproductive rate increase (Figure 5.6).  
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The lamb number per hectare increases in direct response to an increase in stocking rate 

and it increases at a greater rate when the reproductive rate is higher. At 75, 100, 125, 150 

and 175 per cent reproductive rate, the lamb number per hectare increases by 

approximately 0.37, 0.46, 0.52, 0.60 and 0.67 lambs per DSE or alternatively, 0.55, 0.74, 

0.88, 1.02 and 1.17 lambs per ewe respectively. This is consistent with published data 

that showed lamb numbers increased on average by 0.76 lambs per hectare when the 

stocking rate increased from 8.1 to 12.3 ewes per hectare and reproductive rate is 

approximately 110% (Fitzgerald 1976). 

 

Figure 5.6 The response in lamb weight per head (a) and lamb number per hectare 

(b) to changes in stocking rate and reproductive rate (75 ,100 , 125 ,150  

and 175  lambs per 100 ewes joined). 

5.3.6 Wool production 

The amount of wool produced per hectare is closely related to the stocking rate (Figure 

5.7). Minor differences in the amount of wool produced per hectare were evident between 

the different reproductive rates. This is a function of the different energy requirements 

between single- and twin-bearing ewes, where the higher requirements of multiple-

bearing ewes reduced wool growth. In addition, both the 75 and 100 reproductive rates 

retain the non-pregnant females at pregnancy scanning and these produce more wool than 

ewes that are pregnant.  

a) b) 
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Figure 5.7 The response in the greasy fleece weight per hectare to changes in 

stocking rate and reproductive rate (75 ,100 , 125 ,150  and 175  lambs 

per 100 ewes joined). 

5.4 Sensitivity of economic output 

5.4.1 Income, expenses and the gross margin 

As stocking rate increases, the income increases in a curvilinear manner (Figure 5.8). 

Above a stocking rate of about 8 ewes/ha, the increase in income diminishes with each 

additional increment of stocking rate and flattened at the higher stocking rates. The 

expenses increase in an exponential manner, whereas the income increases linearly as the 

stocking rate increased. The gross margin increases from 4 ewes per hectare up to a 

maximum value at 14 ewes per hectare and then it declines above 14 ewes per hectare 

when the rate of increase in expenses is greater than the rate of increase in income. 
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Figure 5.8 The response in the gross margin (solid line), income (dashed line) and 

expenses (dotted line) to changes in stocking rate for the 125% reproductive rate. 

 

Lamb is the largest contributor to income and increases rapidly at low stocking rates and 

flattens towards the higher stocking rates (Table 5.4). Wool income is the second largest 

income source and it increased linearly with the increase in stocking rate. Cull-for-age 

income decreases and the dry ewe income increases with increasing stocking rate. This is 

a function of the constrained feed supply at higher stocking rates. At the higher stocking 

rates, the cull-for-age ewes are lighter and have a diminished sale value that decreases 

this income source, while the decreased condition increases the proportion of non-

pregnant ewes sold at pregnancy scanning, and that increases the dry ewe income. The 

difference between income sources tends to diminish as the stocking rate increases.   
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Table 5.3 Summary of the gross margin, income and expense items with changes in 

stocking rate.  

Economic output ($/ha) 
Stocking rate (ewes/ha) 

4 6 8 10 12 14 16 18 
Gross margin  240 371 525 672 752 755 701 599 
Income  423 630 864 1102 1286 1423 1534 1626 
Expense  183 259 339 430 533 668 833 1027 
Income: Cull for age ewes 44 66 88 109 129 144 160 176 
Income: Non-pregnant ewes 10 15 21 27 35 44 53 62 
Income: Lamb sales   223 331 461 593 682 738 773 793 
Income: Lamb skins 26 39 52 63 72 81 89 97 
Income:  Ewe wool sales  109 163 222 283 335 380 420 455 
Income: Lamb wool sales 10 15 21 26 32 36 40 43 
Expense: Non-labour 137 190 248 317 399 509 649 819 
Expense: Labour 46 69 91 113 135 159 185 209 

 

When the reproductive rate increases the gross margin, income and expenses all increase 

in a linear manner (Table 5.4). The income increases at a greater rate than the expenses, 

which increase the gross margin as reproductive rate is increased. The gain in gross 

margin or income for each incremental change diminishes as the reproductive rate 

increases. Unlike stocking rate, the maximum value is achieved at the highest 

reproductive rate. 

Increasing reproductive rate has the largest impact on lamb income and it is the main 

component responsible for the increase in the income and gross margin. Wool income is 

insensitive to changes to reproduction apart from minor differences at each end of the 

levels tested, which are nutritionally derived differences due to changes in pasture 

availability and quality from either a decrease or increase in grazing pressure from the 

number of lambs per hectare.  

The non-pregnant income is zero for the 75 and 100 percent reproductive rates because 

these systems don’t pregnancy scan at these levels. For the remaining reproductive rates, 

the non-pregnant income decreases with the increase in reproductive rate. This is expected 
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as there are fewer dry ewes when the reproductive rate increases. Cull-for-age income is 

greater in the 75 and 100 percent reproductive rate due to a higher proportion of cull ewes 

that would normally be removed at pregnancy scanning during each reproductive cycle.  

Table 5.4 Summary of the gross margin, income and expense items with changes in 

reproductive rate.  

Economic output ($/ha) 
Reproductive rate (%) 

75 100 125 150 175 
Gross margin  457 571 672 767 832 
Income  827 964 1102 1226 1315 
Expense  370 393 430 459 483 
Income: Cull for age ewes 130 130 109 110 109 
Income: Non-pregnant ewes 0 0 27 22 20 
Income: Lamb sales   350 469 593 709 793 
Income: Lamb skins 38 50 63 76 86 
Income:  Ewe wool sales  286 293 283 283 281 
Income: Lamb wool sales 23 24 26 27 26 
Expense: Non-labour 268 287 317 343 364 
Expense: Labour 102 107 113 116 120 

 

For stocking rate, the non-labour expenses increase exponentially and the labour-related 

expenses increase linearly as the stocking rate increased. This is expected given that 

labour costs are linked to the number of animals in the simulation. The impact of 

reproductive rate on the expense items is relatively minor and the non-labour expenses 

increased more than labour expenses when the reproductive rate increases. Further 

breakdowns of the non-labour and labour costs are presented below.  

5.4.2 Non-labour expenses 

All the non-labour costs, except for ewe feed, increase linearly with the increase in 

stocking rate (Table 5.5). Ewe feed costs from 4 to 12 ewes are comparable with other 

major costs such as selling expenses and fertiliser. Above 12 ewes, ewe feed costs escalate 

exponentially and decrease the gross margin.  Ewe feed costs are the single largest 
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limitation above a stocking rate of 12 ewes per hectare and this is directly related to the 

higher utilisation and reduced pasture availability at these higher stocking rates. 

Selling costs, ewe feed costs and freight increase linearly with the increase in reproductive 

rate (Table 5.6). Selling costs are the highest non-labour cost followed by fertiliser 

expenses. However, fertiliser costs are relatively insensitive to reproductive rate because 

it is primarily determined by ewe stocking rate. Expectantly, non-labour expenses 

concerned with lamb management such as crutching, fly control and vaccination, increase 

with reproductive rate but are only responsible for minor differences in total expenses. A 

deficiency in the setup of the model is the flat assumption of pasture renovation costs 

based on a percentage of land area. In reality, lower stocking rates are likely to have lower 

costs than higher stocking rates, where the decline in the pasture from overgrazing is 

likely to be higher.  

Ewe feed costs increase with reproductive rate, which is explained by the higher 

proportion of ewes rearing twin lambs and the extra pasture utilisation achieved from the 

extra lambs. Twin bearing ewes have higher energy requirements during gestation and 

lactation. As a result, they don’t accumulate the same rate of body condition during spring 

compared to single-bearing ewes and enter the summer period in lower condition score. 

Additionally, the higher utilisation leads to lower feed availability during summer and 

supplementary feeding is likely to occur sooner and the feeding duration will be longer. 
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Table 5.5 The breakdown of non-labour expenses with changes in stocking rate 

Economic output ($/ha) 
Stocking rate (ewes/ha) 

4 6 8 10 12 14 16 18 
Selling expenses 21 32 43 55 64 71 77 81 
Fertiliser 24 35 44 54 60 69 78 90 
Ewe feed costs 3 8 19 41 82 154 255 387 
Pasture renovation 35 35 35 35 35 35 35 35 
Shearing 14 21 27 34 41 48 55 61 
Freight: meat 10 15 19 24 28 31 34 38 
Crutching 9 13 17 22 26 29 33 37 
Replacement rams 6 10 13 15 19 22 25 28 
Fly control: Vetrazin 4 5 7 9 10 12 13 15 
Drench 3 5 7 8 9 10 11 12 
Pregnancy scanning 3 4 5 6 8 9 10 11 
Fly control: Clik 2 4 5 6 7 8 9 9 
Vaccination 2 4 5 6 7 8 9 10 
Freight: wool 1 2 2 3 3 4 4 4 

 

Table 5.6 The breakdown of non-labour related expenses to changes in reproductive 

rate. 

Economic output ($/ha) 
Reproductive rate (%) 

75 100 125 150 175 
Selling expenses 41 48 55 61 66 
Fertiliser 52 53 54 53 54 
Ewe feed costs 27 31 41 54 63 
Pasture renovation 35 35 35 35 35 
Shearing 35 35 34 34 34 
Freight: meat 16 19 24 28 31 
Crutching 20 21 22 23 24 
Replacement rams 15 15 15 15 15 
Fly control: Vetrazin 7 8 9 9 10 
Drench 8 8 8 8 8 
Pregnancy scanning 0 0 6 6 6 
Fly control: Clik 4 5 6 7 8 
Vaccination 5 5 6 6 7 
Freight: wool 3 3 3 3 3 
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5.4.3 Labour expenses 

Stock movements are the highest contributor to labour costs across the range of stocking 

rates (Table 5.7). Labour associated with crutching, drenching and lamb marking are in a 

similar range below stock movements. Shearing costs would be in a similar range but 

these are broken down into its components (shed hands, wool pressing and mustering).  

All labour costs tend to increase linearly with increasing stocking rate, except ewe feeding 

costs which increase exponentially.  

Stock movement is the largest contributor of labour costs and decreases slightly with 

increasing reproductive rate (Table 5.8). As expected, activities associated with lamb 

management increase with reproductive rate. Crutching, drenching, lamb marking lamb 

marking and weaning all increase, but these are all minor contributors to overall costs.  

Table 5.7 The response of labour costs ($/ha) to changes in stocking rate. 

Economic output ($/ha) 
Stocking rate (ewes/ha) 

4 6 8 10 12 14 16 18 
Stock movement 13 19 23 25 28 33 39 43 
Crutching 7 10 14 17 20 24 27 30 
Drenching 5 7 10 12 14 17 19 21 
Lamb marking 5 7 10 12 14 15 17 19 
Shed hands 4 7 9 11 13 16 18 20 
Wool pressing 4 5 7 9 11 13 14 16 
Mustering - general 2 3 5 7 8 9 10 10 
Mustering - shearing 2 4 5 6 7 8 9 11 
Lamb weaning 1 2 2 5 6 6 6 6 
Pregnancy scanning 1 2 3 3 4 4 5 6 
Pre-lambing husbandry 1 2 2 3 3 4 5 5 
Ewe feeding 0 0 1 3 5 10 16 22 
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Table 5.8 The breakdown of labour expenses with changes in reproductive rate. 

Economic output ($/ha) 
Reproductive rate (%) 

75 100 125 150 175 
Stock movement 26 25 25 24 24 
Crutching 16 17 17 18 19 
Drenching 11 12 12 13 13 
Lamb marking 8 10 12 14 15 
Shed hands 11 11 11 11 11 
Wool pressing 9 9 9 9 9 
Mustering - general 6 6 7 7 7 
Mustering - shearing 6 6 6 6 6 
Lamb weaning 4 6 5 5 5 
Pregnancy scanning 0 0 3 3 3 
Pre-lambing husbandry 3 3 3 3 3 
Ewe feeding 2 2 3 3 4 

 

5.5 Selecting optimum systems 

Applying sensitivity to parameters aims to test the range of factors that covers the 

spectrum of alternatives available. A difficulty in applying sensitivity analysis in 

simulation models is the generation of a substantial set of results. Finding an optimum 

solution requires a purpose or objective function and in most analyses it is to maximise 

utility or in this case to maximise the gross margin. The optimum stocking rate or 

reproductive rate is therefore defined by when the maximum gross margin is achieved.  

The gross margin results from the sensitivity of stocking and reproductive rate are 

presented in Figure 5.9. It can be seen that the maximum gross margin is achieved at the 

top of most lines, a corresponds with the highest reproductive rate of 175%. In the 16- 

and 18-ewes-per-hectare series, the maximum gross margin is achieved at 150% and 

125% respectively.  

If we plot these maximum values we generate a response of gross margin to increasing 

stocking rate from which we can clearly identify that the optimum stocking rate that 

achieves the maximum gross margin is approximately 24 DSE per hectare (Figure 5.10a). 
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Likewise, the response of gross margin to changes in reproduction can be used to identify 

the optimum reproductive rate (weaning rate in this case) at the optimum stocking rate 

(Figure 5.10b). 

 

Figure 5.9 The response in gross margin as stocking increases for each series of ewe 

stocking rate; 4 ( ), 6 ( ), 8 ( ), 10 ( ), 12 ( ), 14 ( ), 16 ( ) and 18 (

) ewes per hectare. Each data point within a stocking rate series represents a level 

of reproductive rate corresponding to either 75, 100, 125, 150 and 175 percent. The 

arrows identify the maximum gross margin for each stocking rate series 

 

 

Figure 5.10 The response in gross margin to stocking rate at the optimum 

reproductive rate (a) and the response in gross margin to weaning rate at the 

optimum stocking rate (b).  

a) b) 
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Graphing each combination from the sensitivity analyses is computationally demanding, 

especially once several different parameters or factor values are applied. The optimum 

can be identified efficiently by calculating the change in value of the objective function 

per change in the parameter value. This identifies when the gain from a change in a 

parameter is positive or negative with the maximum value occurring at zero. If values are 

positive then the maximum is yet to be reached and if it is negative then the maximum 

value has been exceeded. It also indicates the rate that the objective function is increasing 

or diminishing for each incremental change in the parameter value.  

The sensitivity of the gross margin to changes in ewe stocking rate when optimised for 

reproduction are presented in Table 5.9. The gross margin increases as the ewe stocking 

rate increases to a point where it reaches a maximum value and then decreases. The 

maximum value is the point at where the optimum has been achieved. The table also 

includes the gross margin per DSE (GM/DSE) and the change in gross margin per change 

in DSE (ΔGM/ΔDSE). This highlights the limitation of the GM/DSE metric as an 

indicator of profitability as it is highest at a stocking rate and gross margin that are below 

the optimum. The ΔGM/ΔDSE metric identifies the optimum by calculating when the 

change becomes negative and shows the rate of increasing and diminishing gross margin 

as the stocking rate is changed.  

These two methods are used throughout the remaining chapters to identify the optimum 

and explain the diminishing returns with increases in stocking rate. A similar process is 

implemented with reproductive rate where the changes in gross margin are divided by the 

changes in weaning rate (Table 5.10). This is an effective method to limit the number of 

values that require reporting and quickly identifies the optimum and direction of the 

responses when several parameters are compared at once.  
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Table 5.9 The gross margin, stocking rate, gross margin per DSE and the change in 

gross margin per DSE for the range of ewe stocking rates tested in the sensitivity 

analysis.  

Stocking 
rate 

(ewes/ha) 

Gross 
margin 
($/ha) 

Stocking 
rate 

(DSE/ha) 

Gross margin 
per DSE 
($/DSE) 

Change in gross 
margin per DSE  

(Δ $/DSE) 
4 308 8.1 38 38 
6 477 12.0 40 43 
8 684 16.3 42 49 
10 831 20.1 41 38 
12 881 23.3 38 15 
14 828 26.0 32 -20 
16 722 27.7 26 -63 
18 604 29.1 21 -84 

 

Table 5.10 The gross margin, weaning rate, gross margin per weaning rate and the 

change in gross margin per weaning rate for the range of reproductive rates tested 

in the sensitivity analysis.  

Reproductive 
rate  
(%) 

Weaning 
rate  
(%) 

Gross 
margin 
($/ha) 

Gross margin per 
1% weaning rate 

($/1%) 

Change in gross margin 
per 1% weaning rate 

 (Δ $/1%) 
75 75 574 7.7 7.7 
100 94 696 7.4 6.4 
125 114 757 6.7 3.0 
150 136 826 6.1 3.1 
175 153 881 5.8 3.3 

 

5.6 Applying limits on labour and groundcover 

Undertaking sensitivity analysis for several factors and different factor levels in a 

simulation model generates a large amount of simulations of differing scenarios.  This 

large set of simulation results can be used to build subsets based on a particular element 

or output. For example, groundcover is often used as a natural resource management 

metric to categorise or discard simulations that don’t meet the required minimum 
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coverage (discussed in later chapters). The groundcover metric has been used to appraise 

farm systems for their economic and productivity outputs when the system achieves a 

desired level of groundcover (Warn et al. 2005; Lilley & Moore 2009). In this study a 

minimum groundcover requirement is used to appraise the systems for their sustainability. 

A similar process has been implemented for applying a limit on the labour expense. In 

this study the simulations are executed with unlimited labour and it is of interest to 

understand the impact of limiting labour on the productivity and economic outputs. It is 

also difficult and beyond the scope of this work to apply a constraint to all labour sources 

individually (There are 13 different sources of labour in these simulations).  

In this study, applying a constraint or limit on the labour is undertaken by selecting the 

simulation with the maximum gross margin from a subset of simulations that have been 

categorised base on their labour expense. For the whole set of simulations in the 

sensitivity analysis (in this case the sensitivity to stocking and reproductive rate), a 

cumulative distribution function (C.D.F) was calculated for the labour expense (Figure 

5.11). 

 

Figure 5.11 The cumulative distribution curve showing the probability of exceeding 

a particular labour expense. 
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Based on the cumulative distribution function, all simulations with a labour expense 

corresponding to a probability of 0.2 or less or the lowest 20 percent of labour expenses 

are included in a subset or category of simulations. Within this subset, the simulation with 

the maximum gross margin per hectare is selected (Table 5.11).  

Table 5.11 The subset of simulations that fall within the 20% lowest labour expenses. 

The shaded row highlights the simulation with the highest gross margin per hectare. 

Stocking 
rate 

(ewes/ha) 

Reproductive 
rate  
(%) 

Gross 
margin 
($/ha) 

Labour 
expense 
($/ha) 

Labour 
CDF 

Stocking 
rate 

(DSE/ha) 

Weaning 
rate  
(%) 

Lamb 
weight 
(kg/ha) 

4 75 159 40 0.06 6.7 81 95 
4 100 200 42 0.07 7.1 99 116 
4 125 241 45 0.07 7.4 125 143 
4 150 280 46 0.08 7.8 146 166 
4 175 308 48 0.08 8.1 162 182 
6 75 251 60 0.12 9.9 81 141 
6 100 314 62 0.13 10.5 99 174 
6 125 373 67 0.15 11.0 124 213 
6 150 433 69 0.16 11.6 145 248 
6 175 477 71 0.17 12.0 161 273 

 

The 20 percent value was selected as the base level and is used throughout the remaining 

chapters because the labour expenses at this level closely match the values reported for 

owner/operator allowances in the Victorian Livestock Farm Monitor Project (LFMP) 

(Department of Primary Industries 2012). The average operator allowance recorded for 

enterprises in LFMP was on average $68 per hectare and $54 per hectare for enterprises 

ranked in the top 20% according to earnings before interest and tax. 

Similarly, the selection of the most profitable simulation within the subset of simulations 

can be applied to other limits at 40, 60 80 and 100 percent of the total labour expenses to 

derive a response to labour expense (Table 5.12). This methodology is used throughout 

the remaining chapters of this thesis. 
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Table 5.12 The simulations selected for highest gross margin within each of the 

subsets of simulations as determined by the cumulative distribution function for the 

20, 40, 60, 80 and 100 percent categories.  

Subset  
(% labour 
expense) 

Stocking 
rate 

(ewes/ha) 

Reproductive 
rate  
(%) 

Gross 
margin 
($/ha) 

Labour 
expense 
($/ha) 

Stocking 
rate 

(DSE/ha) 

Weaning 
rate  
(%) 

Lamb 
weight 
(kg/ha) 

0-20 6 216 477 71 12.0 161 273 
21-40 8 216 684 93 16.3 160 383 
41-60 10 216 831 116 20.1 156 476 
61-80 12 216 881 140 23.3 153 540 

81-100 16 185 722 186 27.7 130 559 

 

From Table 5.12 and the response in Figure 5.12, inference on other attributes from the 

simulations can be made to understand the impact of limiting labour input. For example, 

it can be seen that as labour becomes limiting there is a large reduction in stocking rate. 

In addition, the maximum gross margin is achieved at approximately 80% of the 

maximum labour input. The most interesting aspect is that the simulation that achieves 

the highest economic return is achieved at a greater level of labour input ($140/ha) than 

that reported in farm benchmarking studies ($54-68/ha). Young and Thompson (2013) 

who used the MIDAS model to investigate labour requirements in sheep enterprises 

reached a similar conclusion. They found that sheep systems appear to be operating at 

low levels of labour input and increasing the amount of labour supplied could 

significantly increase the returns of these operations. This aspect is explored in later 

chapters, when the impact of different ewe mature sizes, the mating of ewe lambs and 

modifying the growth curve is investigated. 
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Figure 5.12 The response in gross margin for different proportions of labour input 

(percentage of maximum labour input). 

5.7 Evaluation of model results 

5.7.1 Comparison of pasture growth rate 

An important aspect of modelling the biophysical characteristics of grazing systems is for 

the model to emulate pasture growth rates. A difficulty for most modelling studies is 

obtaining reliable and accurately measured pasture growth information to allow 

comparison with model outputs. Difficulties arise due to differences in rainfall, soil 

characteristics and management between the measured and modelled site. Often pasture 

growth rates are published graphically and are difficult to analyse with model output. 

However, Saul et al. (2009) published a range of pasture measurements including pasture 

growth on a monthly basis from 1990 to 1995 for several sites across southwest Victoria 

in tabled form. The monthly rainfall for this data and the matching rainfall inputs for the 

model are presented in Figure 5.15. These show good agreement and we can be confident 

that the pasture growth rates are derived from a similar rainfall pattern as the inputs to the 

model.  
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Figure 5.13 The monthly rainfall for the measured data taken from Saul (2009) and 

rainfall inputs for the modelled site. The solid line represents the y = x line.  

The data from Saul (2009) includes measurements from a ‘typical’ pasture of the region 

based on volunteer annual species and low fertiliser input and an ‘upgraded’ pasture based 

on improved species of phalaris, perennial ryegrass and subterranean clover, with higher 

rates of fertiliser application. The monthly pasture growth rates from the ‘typical’ and 

‘upgraded’ pasture systems are compared with the daily pasture growth values from the 

model for the same time period and show a good match (Figure 5.14, Figure 5.15).  

Autumn production from the model is occasionally higher than the measured pasture 

growth. Spring production from the model does not appear to peak as high as the 

measured data, particularly during October, but the model does maintain higher growth 

into the early summer period during December. When the ‘upgraded’ and ‘typical’ 

pasture growth rates are compared with the modelled data separately, the difference in 

spring growth is accentuated by the ‘upgraded’ pasture and the ‘typical’ pasture is similar 

or falls below the modelled data. 



 138

 

Figure 5.14 The monthly pasture growth rate (PGR) for the “typical” system 

reported by Saul et al. (2009) (thick black line) and the daily modelled data (thin 

grey line).  

 

Figure 5.15 The monthly pasture growth rate (PGR) for the “upgraded” system 

reported by Saul et al. (2009) (thick black line) and the daily modelled data (thin 

grey line).  

Although visually the pasture growth rate from the model fits well with the measured 

data, further analysis of the predictive ability of the model is undertaken with a series of 

adequacy tests described by Tedeschi (2006). Similarly, Cullen et al. (2008) used these 
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metrics to assess pasture growth rates generated by the DairyMod and EcoMod 

biophysical models for different regions in Australian and New Zealand. 

The summary statistics are presented in Table 5.13 and report the mean values for the 

measured and modelled data, the mean bias, the coefficient of determination (r2), the 

mean percentage error (MPE), the variance ratio (V), bias correction factor (Cb) and the 

concordance correlation coefficient (CCC).  

Aspects of the summary statistics describe the relationship between the measured and 

modelled data well. However, there appears to be some bias towards production in spring 

when the model results underestimate the measured values. Typically pasture production 

is maximised during spring at levels above 100 kg DM/ha/day, yet the mean values for 

the simulated results fall between 80-100kg DM/ha/day. This is highlighted by the Bland-

Altman plot in Figure 5.16. 

Table 5.13 The summary statistics of model performance for simulating pasture 

growth rate. Presented are the mean values for the measured and modelled data, the 

mean bias, the coefficient of determination (r2), the mean percentage error (MPE), 

the variance ratio (V), bias correction factor (Cb) and the concordance correlation 

coefficient (CCC) 

 Measured 
mean 

Simulated 
mean 

Mean 
bias 

r2 MPE V Cb CCC n 

All data 33.1 30.7 2.5 0.45 43.5 0.52 0.95 0.63 55 
1990 31.6 31.3 0.3 0.45 41.3 0.60 0.97 0.65 9 
1991 20.2 27.9 -7.7 0.57 28.7 0.69 0.94 0.71 9 
1992 47.3 30.8 16.6 0.21 49.7 0.71 0.95 0.64 10 
1993 29.7 36.4 -6.7 0.46 60.3 0.39 0.88 0.56 9 
1994 32.6 30.6 2.0 0.91 35.2 0.61 0.97 0.75 9 
1995 37.5 27.1 10.4 0.56 45.3 0.33 0.77 0.58 9 

Summer 10.3 28.0 -17.7 0.02 89.8 1.08 0.86 0.11 8 
Autumn 8.8 12.7 5.9 0.22 22.7 1.92 0.66 0.31 11 
Winter 27.8 21.9 5.9 0.22 21.7 0.56 0.36 0.17 18 
Spring 85.7 60.0 25.7 0.09 57.5 0.39 0.93 0.27 18 
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Figure 5.16 The Bland-Altman plot for comparison of pasture growth rate and the 

model output. Dashed lines represent 2 standard deviations from the mean (solid 

line) 

 

Consideration must be given to the limited number of data points and that most of the 

bias and differences in r2 values are caused by a small proportion of data points. To 

overcome some of these biases, a regression analysis was undertaken with the measured 

and modelled data. Once values displaying a high residual variation were removed (n= 

7), which were mostly from the spring period, the model accounted for 95% of the 

variance between the measured and model values (appendix 2).  The predicted values 

from the regression model and the associated raw values with outliers removed are 

presented in Figure 5.17. 
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Figure 5.17 The predicted values from the regression model (solid line) comparing 

pasture growth rates between the ‘upgraded’ pasture from Saul (2009) and the 

model output.  Raw data with residual values removed are presented as open circles 

and dashed line is the y = x line.  

 

5.7.2 Comparison of annual pasture production 

The total pasture production produced by the model is similar to the pasture production 

measured by Saul et al. (2009). Over 6 years from 1990 to 1995, total annual production 

ranged from 5.5 to 12.3 and averaged 8.7 tonnes/ha per year. Seasonal production is 

similar with autumn production ranging from 0.41 to 2.0 (mean 0.9), winter production 

from 1.6 to 3.1 (mean 2.1) and spring production is between 3.4 to 7.2 (mean 5.7) 

tonnes/ha per year. The model results also match well with Hyder et. al. (2004), who 

measured between 8.5 and 11.8 tonnes/ha per year, while managing pastures at different 

levels of dry matter availability. 

The annual pasture production from the model also fits well with data taken from Cayley 

et al. (1998) who conducted a stocking rate and fertiliser experiment in the same region 
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(Table 5.14). The experiment used non-reproductive sheep for grazing and the model 

results are presented from the 75% reproductive rate as this would match the sheep type 

the most closely with these published results. The average values of the seven years match 

well between the datasets and although there are differences in some years, other years 

are remarkably similar given the differences in animal type, grazing management and 

climate variables. Most notably are the results from 1980 to 1982, which are particularly 

important as 1980 was a better than average year followed by a dry year in 1981 that 

worsened to an extreme drought in 1983. 

Table 5.14 The annual pasture accumulation (t DM/ha) for different stocking rates 

over several years from data published by Cayley et al. (1998) and similar data 

derived from the model. 

Study Stocking 
rate  

(ewes/ha) 

1979 1980 1981 1982 1985 1986 1987 Average 

Published 10 9.20 11.88 8.76 6.97 14.36 11.19 9.16 10.05 
Published 14 8.16 11.95 9.13 6.65 15.31 10.95 9.39 10.10 
Published 18 6.57 11.21 9.33 5.98 13.14 9.63 7.97 9.03 

Model 10 10.37 11.41 8.56 6.67 12.34 14.22 11.57 10.15 
Model 14 10.17 11.67 8.53 6.08 12.45 13.50 11.30 10.03 
Model 18 9.65 11.35 8.15 5.96 11.70 12.86 10.80 9.60 

 

5.7.3 Comparison of model outputs with benchmarking data 

A significant advantage for this modelling study is that modelled site resides in a region 

that has an established benchmarking program operated by the Department of Primary 

Industries Victoria. The Livestock Farm Monitor Project (LFMP) benchmarks 

biophysical and financial data for over 100 wool or sheep meat orientated farms across 

Victoria and it has operated in the southwest region since the early 1970s (Department of 

Primary Industries 2012). However, it is somewhat difficult to directly compare financial 

data with the modelled output due to the differences of inputs, management and 
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commodity prices between years and between enterprises. This is illustrated in Figure 

5.18 which compares the mean gross margin from the enterprises benchmarked in the 

LFMP with the gross margin from modelled results with a similar stocking and 

reproductive rate from 1970 to 2005. 

 

 

Figure 5.18 The mean gross margin for wool (diamonds) and prime lamb (circles) 

enterprises from the livestock farm monitor project (LFMP) and the modelled 

output from 1970 to 2005. Nominal values are used from the LFMP data which are 

adjusted for inflation to 2011 prices. 

 

An alternative use of the benchmarking data is to compare production benchmarks or 

biophysical metrics that are likely to change with indicators of farm profitability yet are 

independent of price and other accounting methods. For example, the amount of wool or 

lamb produced per hectare as stocking or reproductive rate is varied. Comparing these 

metrics over a range of stocking rates allows the behaviour of the model to be observed. 

The comparison of wool production per hectare between the model results and the LFMP 

show that the model output fits well with the benchmark data (Figure 5.19). 
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Figure 5.19 The amount of wool produced per hectare as stocking rate is increased.  

Farm monitor benchmarking program (open circles) and the mean values derived 

from the WFSM (solid line). 

 

Several other studies have made comparisons with the farm monitor benchmarking data 

and have highlighted that experimental results often record a greater amount of lamb 

weight per hectare (Kennedy et al. 2003; Warn et al. 2006). Most likely this can be 

attributed to the differences of intensity between small-scale experiments and farms in 

terms of management, labour and inputs. Furthermore, most experiments account for all 

lambs in the calculation of lamb weight per hectare, whereas farm monitor data accounts 

for the number of lambs marketed and does not include lambs used as replacement 

females or males retained for wool production. 

Farm monitor data is also likely to have variation in the lamb weight that lambs are 

marketed. In addition, the modelled data is for only one level of reproduction and one 

mature size and these are also likely to vary between farms. Furthermore, the estimation 

of DSE by the farm monitor project applies annualised values that may not accurately 
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reflect variation in intake and there may be measurement errors in the estimation of the 

sheep class. Despite these possible sources of variation, the model results intersect the 

LFMP data and the model appears to generate results within the expected range of sheep 

enterprises in the LFMP (Figure 5.20).  

 

 

Figure 5.20 The amount of lamb produced per hectare as stocking rate is increased.  

Farm monitor benchmarking program (open circles) and the mean values derived 

from the WFSM (solid line).  

 

5.8 Discussion 

The model output under sensitivity to stocking rate and reproductive rate behaved and 

responded as expected. The DSE per hectare increased proportionately with changes in 

the ewe stocking rate and it was greater for higher reproductive rates, which reflected the 

higher energy requirements. Higher stocking rates reduced the pasture growth rate during 

winter and during peak spring. Pasture availability decreased linearly as the DSE per 

hectare increased and annual pasture production was lower when both under and 
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overgrazing occurred due to low and high stocking rates respectively. Pasture 

composition changed from perennial ryegrass to subterranean clover dominance as the 

stocking rate increase, reflecting a common artefact in grazing systems ecology.  

The combination of increased subterranean clover content and increased pasture 

utilisation due to high stocking rates increased the frequency of falling below the 70% 

groundcover threshold in autumn. Groundcover is an observable metric that sheep 

producers readily acknowledge as a factor in decision making when considering stocking 

rate policies. The groundcover metric is used in the following chapters as a sustainability 

indicator because it is an intermediate measure that is directly affected by stocking rate 

and it has a direct relationship with runoff and water movement. 

The sensitivity analysis also demonstrated the model’s capacity to represents changes in 

animal productivity when stocking and reproductive rate were varied. As stocking rate 

increased the number of lambs increased proportionately. Likewise, the lamb number 

increase as the reproductive rate was increased. The model also demonstrated how 

individual lamb weight decreased at high stocking rates due to the decrease in feed 

availability. In addition, individual lamb weight decreased as reproductive rate increased 

demonstrating the impact of more twin-born lambs and decreased feed availability from 

more lambs per hectare.  

The economic output varied in response to changes in productivity from applying 

sensitivities to stocking rate and reproduction. Changes in the amount of lamb or wool 

produced caused the income to increase proportionately with the increase in each product. 

Similarly, the costs that would be expected to increase with changes in stocking rate and 

reproduction responded accordingly. Increasing the stocking rate increased pasture 

consumption and subsequent supplementation costs. The labour costs increased as 

stocking rate and reproductive rate increased as there became more animals to manage. 
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This is an important function of the model because most analyses ignore the extra labour 

costs associated with changes in stocking rate or treat it simply by increasing labour costs 

by an arbitrary figure. 

The model outputs for key parameters matched well with empirical information collected 

at the paddock scale and farm benchmarking data. Evaluation of pasture growth rates 

showed that the model results matched those recorded from paddock scale 

experimentation to a high degree of accuracy. This was confirmed by conducting a series 

of adequacy tests that compared the model output with published data that was recorded 

in the model region. Although the model results align very well, improvements in the 

model for pasture growth could be made to increase pasture growth during early spring, 

limit the extension of pasture growth at the end of the spring and increase the peak pasture 

growth during mid-spring. In particular, the adequacy tests highlighted a difference in 

peak spring growth that resulted in the model underestimated pasture growth during this 

period.  

A limitation of the comparison of pasture growth rates is the limited data available for 

comparison. Robertson et al. (2012) highlighted the difficulties in validation due to the 

limited availability of datasets for comparison, the variation in real-life and the myriad of 

uncontrollable factors in survey data that are not readily accounted for in the configuration 

of a model. Given the constraints in limited data availability and the likelihood the model 

does not represent all processes explicitly, the good agreement between the modelled and 

recorded pasture growth rates indicates that the model results represent a typical system 

in the modelled region. It is concluded that the model closely depicts a representation of 

the intended farming system and its expected pasture growth profile. 

The evaluation of wool and lamb production per hectare showed that the model results 

matched well with those recorded at similar stocking rates in the Farm Monitor Project 
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(DPI 2012). The Farm monitor Project (FMP) data matched very well when wool 

production per hectare was compared. Likewise, lamb production per hectare matched 

well with the FMP data but there was more variation in the FMP data. This is expected 

as the wool production data is closely aligned with the stocking rate and wool is directly 

harvested from each individual ewe, whereas lamb production is a factor of the ewe 

stocking rate, ewe reproductive rate and the individual weight of lambs. The model data 

was at a set reproductive rate and standard ewe mature size, whereas this is uncontrolled 

in the FMP data and a likely source of the increased variation in the lamb production data. 

Most importantly, the response of the wool and lamb production data from the model 

across a range of stocking rates fitted the FMP data accurately and the magnitude and 

direction of the response to changes in stocking rate matched the FMP data remarkably.  

Apart from aligning well with empirical information, the model displayed several key 

behaviours that are observed in real grazing systems. The model exhibited the effects of 

understocking and overstocking on pasture availability, pasture quality and animal 

performance. At low stocking rates the pasture availability was high, which favoured 

perennial species and caused a decrease in feed quality that reduced lamb performance. 

At high stocking rates, pasture availability became limiting although pasture quality was 

high, also limiting lamb performance. These effects of under and overstocking on pasture 

availability and quality, and their subsequent impact on animal performance are in 

agreement with a wide range of empirical studies (Brown 1977; FitzGerald 1976; Young 

and Newton 1975; Sharrow et al. 1981; Allison 1985 Cayley et al.1998, Cayley et al. 

1999; Chapman et al. 2003). 

For a farm manager, this is an important balancing act between maintaining a higher 

enough stocking rate to maintain the quality and desirable composition of the pasture 

without increasing pasture utilisation to a point where it decreases the proportion of 

perennial species and reduces groundcover below acceptable limits. It is also an important 
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concept in maximising animal production per hectare, where ultimately some individual 

performance is compromised at the expense of maximising per hectare productivity. The 

model represented both these characteristics that are readily observed in grazing systems.  

It is concluded that the sensitivity analysis showed how the model exhibited the important 

relationships between the animal system, pasture production, pasture composition and 

sustainability from a land-use perspective. The relationship between animal and pasture 

production were mostly mediated through changes in stocking rate and, to a lesser extent, 

reproductive rate. Changes in stocking rate and reproductive rate were the common link 

between animal production and income derived from the system. Stocking rate had a 

larger impact on the costs of supplementation and labour than did reproductive rate. We 

are confident that the model represents a typical farm system for the region and exhibits 

the important characteristics, behaviours and responses in biophysical and economic 

metrics that allow the further analysis to be conducted on aspects of animal biology and 

farm management. 
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6 The whole-farm implications of different ewe 

mature sizes 

6.1 Introduction 

Mature ewe size is implicated in four components of animal biology that affect the income 

and costs of lamb and wool production. Firstly, size at maturity is positively correlated 

with the growth rate and live weight early in life (Safari et al. 2005; Borg et al. 2009). 

Larger ewes produce lambs that grow faster and that are leaner compared to lambs from 

smaller ewes at the same slaughter weight (Thompson et al. 1985; Thompson 1986). 

Rapid growth of lambs is desirable to reduce the costs of finishing and the time to reach 

market specifications, while leaner and younger animals are beneficial for consumer 

appeal and eating quality (Russell et al. 2005; Pethick et al. 2007). Secondly, lambs from 

larger ewes can be finished to a heavier slaughter weight. Lambs slaughtered at heavier 

weights are more valuable than lighter lambs but the extra value is derived solely from 

the extra weight, as there is rarely a price premium for heavy carcasses (Hufton et al. 

2009). Thirdly, as mature size increases the fleece weight and fibre diameter of the wool 

produced by the ewe increases (Safari et al. 2005). However, the value from the extra 

fleece weight may be offset by the lower price received per kilogram of wool as the fibre 

diameter increases. Finally, the energy intake of the maternal ewe represents a large 

proportion of the food consumed in the sheep enterprise (Large 1970; Dickerson 1970), 

and 60 to 70% of this intake is used solely for maintenance requirements (Garret et al. 

1959; Coop 1962). The maintenance requirements of the ewe are directly related to its 

size and larger ewes require more energy to maintain larger body components than 

smaller ewes (Coop 1962; Dickerson 1978; Butterfield 1988). Increasing mature size is 
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therefore a tradeoff between the income from a higher growth rate and weight during 

immaturity, and the feed costs of the maternal ewe at maturity.  

The optimum tradeoff between the income and costs of increasing mature size will be 

affected by farm management decisions about selecting a stocking rate, the weight that 

lambs will be harvested for slaughter, and the reproductive rate of the flock. Stocking rate 

is the single most important variable affecting the amount of lamb and wool produced per 

hectare and the profitability of the sheep enterprise (White and Morley 1977; Thompson 

and Young 2002; Warn et al. 2005; 2006; Alcock 2006; Young et al. 2010). The 

profitability of the sheep enterprise could decline as mature size increases due to a lower 

stocking rate to accommodate the greater energy demand of larger sheep.  

The lamb slaughter weight is a compromise between the extra value from increased lamb 

weight or faster growth, and the reduction in stocking rate to accommodate a larger ewe. 

Heavier slaughter weights increase the lamb value by means of extra weight, but this 

requires large ewes and only increases the gross margin at low stocking rates (Salmon et 

al. 2004). Alternatively, lambs from larger ewes can be slaughtered earlier at a lower 

marketable weight due to faster growth.  

Reproductive rate is a longer-term decision influenced primarily by genetics but is 

affected in the short term by nutrition within each reproductive cycle and from carryover 

nutritional effects from the previous reproductive cycle (Ferguson et al. 2010). Increasing 

reproductive rate generates more lambs for slaughter but it increases the number of twin-

bearing ewes and twin-born lambs. Twin-born and twin-reared lambs grow slower and 

twin-bearing ewes have a higher energy demand during pregnancy and lactation, which 

increases food consumption and increases stocking rate (Thompson et al. 2010).  

Stocking rate, lamb slaughter weight and reproduction are all important farm management 

decisions because they interact with ewe mature size and require some level of 
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optimisation or juggling of trade-offs to maximise profitability. However, there are other 

factors that are implicated in these decisions that are not easily accounted for in the 

production or economic output of the enterprise. Although financial benefit is a pre-

requisite to enable decision making on a range of factors, farmers may not be solely 

motivated by financial gain and others factors play an important role (Pannell et. al. 2006).  

Two factors that are important to sheep enterprises are the sustainability of the resource 

base and the sourcing and use of labour. In this chapter we utilise groundcover as a 

measure of the sustainability of the resource base. Groundcover is an important factor in 

the sheep enterprise because it is inherently linked with the stocking rate of the enterprise. 

The stocking rate that maximises pasture utilisation during spring is far greater than what 

can be sustained during autumn and winter (Christian 1987). High stocking rates during 

autumn and winter lead to overgrazing, causing a decline in desirable pasture species and 

a reduction in groundcover (Tainton et al. 1996). These conditions increase the chance of 

soil degradation and water runoff, compromising the sustainability of the enterprise 

(Greene et al. 1994; Greenwood and McKenzie 2001). The sustainability of the enterprise 

is likely to be improved at a lower stocking rate than what is the economic optimum. 

Additionally, the effect of different mature sizes on this relationship is unknown, given 

larger ewes may have a beneficially lower stocking rate, but a larger individual energy 

and food consumption. 

Likewise, labour requirements are also directly linked to the stocking rate. For a given 

grazing area and sheep type, high stocking rates increase the total number of sheep on the 

farm and this increases the amount of labour required to manage animal health and 

production (Alcock 2006; Rose 2011; Young & Thompson 2013). If labour is limiting, 

the stocking rate and profitability are likely to be lower than when labour is unlimited. 

Labour is likely to interact with the mature size-stocking rate relationship because most 

labour costs are incurred on a per animal basis and they are generally similar regardless 
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of mature size. Producing heavy lambs and increasing reproductive rate to produce more 

lambs from fewer larger ewes could reduce the amount of labour required and increase 

the profitability when labour is limited. 

In this chapter we use the simulation model to explore the relationship between ewe 

mature size, stocking rate, reproductive rate and lamb slaughter weight. We explore these 

relationships in the context of constraints on groundcover, labour and variation in gross 

margin. We specifically hypothesise that:  

i) There is an optimum mature ewe size where the gross margin is maximised.  

ii) Limiting labour input will reduce the optimum stocking rate and favour ewes 

with a larger mature size and high reproductive rate due to relationship 

between stocking rate and labour input.  

iii) The economic optimum is achieved with a stocking rate that causes the 

groundcover to decline below 70% and compromise the sustainability of the 

enterprise. Systems that meet a minimum groundcover requirement will be 

less profitable due to the reduction in stocking rate. The lower stocking rate to 

achieve the minimum groundcover will dictate that larger ewes are more 

profitable due to their lower per-head stocking rate compared to smaller ewes.  

6.2 Materials and methods 

6.2.1 Analysis 

AusFarm version 1.4.4 was used and simulations used historical weather information 

from the Hamilton airport weather station (37°65’S, 142°07’E), and simulations were 

executed for a period from 1965 to 2005.  A full description of the farm system and 
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modelling approach is included in Chapter 3. The range in factors tested for mature size, 

stocking rate, reproductive rate and lamb slaughter weight are presented in Table 6.1.  

Table 6.1 The factor levels tested in the analyses of mature size. 

Mature size  
(kg) 

Stocking rate  
(Ewes/ha) 

Reproductive rate  
(lambs per 100 ewes joined) 

Lamb slaughter 
weight (kg/hd) 

50, 60, 70, 80 4, 6, 8, 10, 12, 14, 16, 18 75, 100, 125, 150, 175 40, 50, 60, 70 

 

Increasing mature size also affects the wool production traits differently. It was assumed 

that fleece weight increased by 0.1kg and fibre diameter by 0.2 micron for every kilogram 

increase in mature size (Table 6.2). These assumptions are comparable with phenotypic 

correlations in a similar sheep type (Huisman & Brown 2008). 

Table 6.2 The fleece weight and fibre diameter parameters for the different ewe 

mature sizes. 

Ewe mature size 
(kg) 

Potential Fleece Weight 
(kg) 

Fibre diameter 
(µm) 

Fleece yield 
(%) 

50 4.0 19.0 70 
60 5.0 21.0 70 
70 6.0 23.0 70 
80 7.0 25.0 70 

 

 

6.3 Results 

6.3.1 Mature size and the optimum lamb slaughter weight 

The analysis tests four maximum lamb slaughter weights (LSW) for each mature size. 

When systems reach these maximum weights, the lambs are harvested and sold out of the 

system. This provides a sensitivity of LSW, but also insights into the trade-off between 

producing light and heavy lambs, and the value of fast or slow lamb growth across the 
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different mature sizes. However, irrespective of the specified LSW, a 50 kg ewe only 

produces a maximum lamb weight in the range of 25.8 to 43.0 kilograms, whereas the 80 

kg ewe could produce lambs in the range of 38.8 to 65.0 kilograms (Table 6.3).  

The sensitivity to LSW for the smaller mature sizes is irrelevant because they have limited 

growth potential to finish lambs to heavier slaughter weights. As mature size increases, 

the mean weight increases accordingly to capture the potential of producing heavier lambs 

from larger ewes. Unlike the smallest ewes, the largest ewes could produce lambs across 

the whole range of the specified LSW’s. However, maximum gross margin is achieved at 

the highest LSW for the 80 kg ewes and the lowest LSW for the 50 kg ewes.   

In some cases, the maximum lamb weight is greater than the specified LSW. This is due 

to the sale of male lambs when the specified weight is attained and the retention of female 

lambs until weaning where a portion are retained and the remainder are sold. The retention 

of the female lambs for a longer time means they continued to grow and become heavier, 

thereby increasing the maximum LSW.  

The summary statistics and the economic data reveal that there is little value from 

including combinations of LSW above or below the optimum LSW based on the mean 

values. For example, including a 70 kg LSW for a 50 kg ewe or a 40 kg LSW for an 80 

kg ewe would deliver the same result or a result below the optimum.  Furthermore, the 

stocking rate or reproductive rate does not change with changes in LSW, so that even if 

a system is selected for a non-optimum LSW it would only affect the economic output.  

For the further analysis and consistency in the results, simulations are included for 

combinations of a 50kg ewe with a 40kg LSW, the 60kg ewe with a 50kg LSW, the 70kg 

ewe with a 60kg LSW and the 80kg ewe with a 70kg LSW.   
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Table 6.3 The gross margin, average, maximum and minimum LSW’s at the 

optimum stocking and reproductive rates for the different combinations of mature 

size and the specified LSW. 

Specified LSW 
(kg/hd) 

Mature size 
50 60 70 80  50 60 70 80 

 
Gross margin 

 ($/ha) 
 Average 

(kg/hd) 
40 881 822 750 732  36.6 41.3 43.7 48.3 
50 880 910 891 847  36.8 43.7 47.2 52.6 
60 880 914 914 935  36.8 43.7 48.1 55.8 
70 880 914 915 944  36.8 43.7 48.1 56.4 

 
Maximum 

(kg/hd) 
 Minimum 

(kg/hd) 
40 40.8 44.3 47.0 51.4  25.8 30.2 34.0 38.8 
50 43.0 49.3 51.7 56.4  25.8 30.3 34.0 39.0 
60 43.0 49.9 55.1 62.1  25.8 30.3 34.1 38.9 
70 43.0 49.9 55.1 65.0  25.8 30.3 34.1 39.1 

 

6.3.2 Mature ewe size, energy intake and the optimum stocking rate and 

reproductive rate 

The mean intake of metabolisable energy per day (MEI) for the ewes, replacement ewe 

lambs and lambs for the different mature sizes are shown in Table 6.4.  Across all 

simulations, the average increase in MEI per kg increase in mature ewe size is 0.18 

MJ/day for adults, 0.13 MJ/day for ewe lambs and 0.10 MJ/day for lambs.  The effect of 

mature size on MEI is greater for the adult ewes because the MEI is calculated for the 

whole year, whereas the differences in MEI of the lamb due to mature size are only 

calculated for a small proportion of the year.  The differences in lamb MEI due to mature 

size only increase as they become older and are closer to reaching maturity. 
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Table 6.4 The mean metabolisable energy intake per day (MEI) for the ewes, 

replacement ewe lambs and lambs for the different mature sizes across all 

simulations.  

Mature size  
(kg) 

Adult ewe 
(MJ/hd/day) 

Ewe lamb 
(MJ/hd/day) 

Lamb 
(MJ/hd/day) 

50 12.4 11.5 10.3 
60 14.3 13.0 11.5 
70 16.1 14.3 12.5 
80 17.7 15.4 13.2 

 

These differences in MEI for different classes of animals were irrelevant when energy 

intake per hectare is compared with the gross margin per hectare (Figure 6.1). The 

relationship between MEI per hectare and gross margin per hectare is similar, regardless 

of mature ewe size, and the gross margin is maximised when MEI is around 220 MJ/day 

per hectare.  The gross margin decreases rapidly when MEI is greater than the optimum.  

At a given number of ewes per hectare, increasing mature size of ewes causes the 

corresponding MEI and gross margin values to move further along the curve.  

In essence, the maximum gross margin is similar regardless of mature size and is achieved 

at the same MEI/ha per day. For larger ewes this MEI is achieved by a lower number of 

ewes per hectare and for smaller ewes it is achieved by a higher number of ewes per 

hectare. At the optimum MEI per hectare, the per-head stocking rate is different for small 

and large mature sizes.  
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Figure 6.1 The response in gross margin as intake of metabolisable energy per 

hectare per day increases for the 50 ( ), 60 ( ), 70 ( ) and 80 kg ( ) mature sizes. 

Values are derived for each stocking rate category at the optimum reproductive rate 

and lamb slaughter weight for each mature size. 

To identify the optimum per-head stocking rate for each mature size, the change in gross 

margin per DSE achieved by increasing the number of ewes per hectare and the weaning 

rate that maximised gross margin at each stocking rate level are compared (Table 6.5).  

The maximum gross margin per hectare for the 50 kg ewe is at 12 ewes per hectare, the 

60 kg ewe at 10 ewes per hectare, the 70 kg ewe at 10 ewes per hectare and the 80kg ewe 

at 8 ewes per hectare.  

The extra gross margin per hectare achieved from an incremental change in the number 

of ewes per hectare becomes smaller as the stocking rate increases towards the maximum 

gross margin. The rate of decline in gross margin once past the maximum gross margin 

is greater for the larger mature sizes. The weaning rate declines as the ewe stocking rate 

increases and once the maximum gross margin is reached the weaning rate declines 

rapidly. The decline in weaning rate is less for the smaller ewes as the stocking rate 

increases.  
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Table 6.5 The change in gross margin per dry sheep equivalent (GM/DSE) for an 

incremental change in ewe stocking rate at the optimum reproductive rate and lamb 

slaughter weight for each mature size. The weaning rate for each scenario is 

provided in the brackets.  

 Mature size (kg) 
Stocking rate 

(Ewes/ha) 50 60 70 80 
4 38 (162) 41 (162) 41 (162) 43 (162) 
6 43 (161) 46 (161) 48 (160) 47 (159) 
8 49 (160) 45 (158) 36 (156) 24 (153) 
10 38 (156) 22 (154) 3  (151) -17   (148) 
12 15 (153) -10  (150) -39  (147) -125 (109) 
14 -20 (149) -70  (129) -167 (108) -108   (89) 
16 -63 (130) -101 (108) -125   (89) -244   (65) 
18 -84 (109) -132  (89) -249   (65) -151   (64) 

 

The change in gross margin per 1% change in weaning rate by changing reproductive 

rate, and the corresponding ewe stocking rate is reported in Table 6.6. The value from 

increasing reproductive rate is largest at the lower reproductive rates and diminishes 

across all mature sizes as the reproductive rate increases. However, the value of increasing 

reproductive rate is lower for the smaller mature sizes. For the 50 kg ewe the value of 

moving from 75 to 100% reproductive rate is $6.4 for every 1% change in weaning rate, 

whereas this declines to $3.3 at a reproductive rate of 175%. For the 80 kg ewe, the 

corresponding values are $8.0 and $6.2 per 1% change in weaning rate for the 100 and 

175% reproductive rates.  

As reproductive rate increases, the ewe stocking rate reaches a point where it has to be 

incrementally reduced to the next lowest stocking rate to accommodate the increase in 

reproductive rate. Unlike for the changes in stocking rate, there is no optimum 

reproductive rate established across the range in reproductive rates tested and the gross 

margin for each mature size is maximised at the highest reproductive rate.  
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Table 6.6 The change in gross margin per 1% change in weaning rate (GM/WR) for 

an incremental change in reproductive rate at the optimum stocking rate and lamb 

slaughter weight for each mature size. The ewe stocking rate for each scenario is 

provided in the brackets.  

 Mature size (kg) 
Reproductive rate  

(lambs in-utero per 
100 ewes mated) 50 60 70 80 

75 7.7 (13.8) 8.0 (11.8) 7.9 (9.9) 8.4 (9.9) 
100 6.4 (13.8) 7.7 (11.8) 7.6 (9.8) 8.0 (9.8) 
125 3.0 (13.3) 7.0 (11.4) 7.0 (9.5) 6.8 (7.6) 
150 3.1 (11.5) 6.2   (9.6) 6.6 (9.5) 6.5 (7.6) 
175 3.3 (11.5) 5.9   (9.6) 6.1 (9.5) 6.2 (7.6) 

 

6.3.3 Mature ewe size and ewe and lamb production 

The stocking rate, expressed in terms of DSE/ha, that generates the maximum gross 

margin per hectare is similar regardless of mature ewe size, but the corresponding number 

of ewes per hectare decreases as size increases to account for the increased energy 

consumption of the larger sizes (Table 6.7). The optimum number of ewes is 11.5/ha 

when mature size is 50 kg compared to 7.6/ha when the mature size is 80 kg, which 

corresponds to a difference of 2800 ewes in total flock size. Despite similar weaning rates, 

ewes with a mature size of 50 kg produce 4.9 more lambs per hectare or 3500 more lambs 

per farm than those with a mature size of 80 kg.   

However, larger ewes compensate for the lower lamb number by producing heavier 

lambs. Lambs from ewes with a mature weight of 80 kg are approximately 20 kg heavier 

than lambs from ewes with a mature weight of 50 kg, and as a result the total amount of 

lamb weight weaned is similar at around 550 kg/ha regardless of mature ewe size.  The 

amount of lamb weight sold is also similar and the retention of ewe lambs as replacements 

reduce the amount of weight sold by about 80kg/ha to around 460-480 kg/ha.  
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The average condition scores at mating (3.6 to 3.8) and weaning (3.6 to 3.9) are similar 

between ewe sizes, and these are all above the minimum guidelines specified in the 

model. The high average condition score during the year translates into a higher wool cut 

and broader fibre diameter for all mature sizes. Although wool cut per head varies due to 

size differences, wool production per hectare is similar due to the differences in the 

number of ewes per hectare between the mature sizes.  

The amount of supplement fed is greater for larger ewes and varies from around 350 to 

550 kg per hectare or 35 to57 kg per head.  This feeding rate is equivalent to about 15-21 

kg of supplement per DSE. The amount of pasture grown (10.1 to 10.3 t/ha) and the 

amount of pasture consumed (6.5 to 7.0 t/ha) is similar between all sizes. This means that 

there is a high level of pasture utilisation at around 63to 69 per cent. The high utilisation 

is associated with a low groundcover of between 43 to 57 per cent.  



 163

Table 6.7 The production data for each mature size for the scenario that generated 

the maximum gross margin per hectare. 

 Mature size (kg) 
 50 60 70 80 

Stocking rate (DSE) 23.3 23.1 25.4 23.7 
Stocking rate (ewe/ha) 11.5 9.6 9.5 7.6 
Number joined (n/ha) 9.7 8.0 8.0 6.4 
Mating weight (kg) 54.3 65.9 74.9 87.6 
Mating condition score (0-5 scale) 3.6 3.7 3.6 3.8 
Weaning condition score (0-5 scale) 3.7 3.8 3.6 3.9 
Wean rate (%) 153 154 151 153 
Number of lambs (n/ha) 14.8 12.4 12.1 9.9 
Lamb weight (kg/hd) 36.6 43.7 48.1 56.4 
Lamb weight weaned (kg/ha) 540 539 582 556 
Lamb weight sold (kg/ha) 460 460 495 475 
Wool weight (kg/ha greasy) 59 61 71 67 
Fleece weight (kg/hd greasy) 4.8 6.0 6.9 8.3 
Fibre diameter (µm) 19.8 21.8 23.7 25.9 
Supplement (kg/ha) 399 352 545 373 
Supplement (kg/hd) 35 37 57 49 
Pasture grown (t/ha) 10.3 10.3 10.1 10.2 
Pasture consumed (t/ha) 6.5 6.5 7.0 6.7 
Pasture utilisation (%) 63 63 69 66 
Groundcover (m2/m2) 0.56 0.57 0.43 0.50 

 

6.3.4 Mature ewe size, income, expenses and gross margins 

The range in gross margin per hectare across all simulations is similar for the different 

mature sizes (GM/ha ranged from -$636 to $944). For the optimised scenarios, the gross 

margin increases with mature size and the difference between the 50 and 80 kg sizes is 

$63/ha or $45,000 per farm (Table 6.8). The gross income is very similar regardless of 

mature ewe size, and the only income source to vary with mature size is from sale of 

sheep.  The sheep income declines with the increase in size due to the lower stocking rate 

and lower turnover of non-pregnant and cull-for-age sheep.  Across all sizes, the lamb 

income is the highest income source, followed by wool and then sheep income. Lamb 

income is 2.7-2.8 times the amount of wool income and the inclusion of sheep sales 



 164

realises a meat to wool income ratio of about 76%. Despite the differences in the fibre 

diameter between sizes, there are only small differences in wool income per hectare. 

The differences in gross margin between different ewe mature sizes are mainly 

determined by differences in expenses, which range from $504 to $630 per hectare across 

all mature ewe sizes. The expenses decrease with the increase in mature ewe size and this 

is due to a decrease in labour expenses. The 50 kg ewe requires an extra $48/ha for labour 

than the 80 kg ewe, which equate to a difference of $34,000 per farm or about 80% of the 

difference in gross margin between the two extreme mature ewe sizes. The decrease in 

labour is related to the lower per head stocking rate of the larger mature sizes. The costs 

associated with stock movement is the largest contributor to the differences in low labour 

costs, and while the cost of the supplement is one of the largest expenses across all sizes, 

the labour cost of supplementary feeding is surprisingly similar across all sizes.  

Table 6.8 The sources of income and expenditure for each mature size that generates 

the maximum gross margin per hectare. 

 Mature size (kg) 
 50 60 70 80 

Gross margin ($/ha) 881 910 914 944 
Income ($/ha) 1500 1456 1545 1448 
Expenses ($/ha) 620 546 631 504 
Sheep Income ($/ha) 152 127 125 102 
Lamb income ($/ha) 987 981 1045 990 
Wool income ($/ha) 361 348 374 356 
Labour expense ($/ha) 140 115 117 92 
Non-Labour expense ($/ha) 479 431 513 412 
Supplement costs ($/ha) 134 116 188 122 
Supplement costs ($/hd) 11.66 12.12 19.80 16.09 
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6.3.5 Impacts of limited labour supply on optimum systems 

Applying the labour constraint causes an overall decline in the stocking rate. In 

comparison with scenarios where labour is non-limiting, the decrease in gross margin is 

greatest for ewes with a lower mature size. The number of ewes and DSE per hectare 

decreases by 50% for 50 kg ewes but only 24% for 80 kg ewes, such that the optimum 

number of ewes per hectare is the same when labour is constrained regardless of mature 

ewe size (Table 6.9).  The overall decline in the per-head stocking rate affects several 

productivity metrics and larger ewes are able to maintain a higher output at the lower per-

head stocking rates. The 80 kg ewe produces an extra 181 kg of lamb per hectare 

compared to the 50 kg ewes.  This is attributed to a heavier lamb slaughter weight (59.3 

vs. 36.8 kg) for the 80 kg compared to 50 kg ewes. The labour constraint and reduction 

in stocking rate has a larger impact on the wool production of the smaller mature sizes. 

The 50kg ewe produces 23kg/ha less wool than the 80kg ewe due to the lower per-head 

wool cut (4.7 vs. 8.6kg/hd) rather than per-head stocking rate.  

The decline in stocking rate also has a large effect on the mating and weaning condition 

score, which are well above recommended guidelines (mating 4.3 vs. 3.0; weaning 4.5 

vs. 2.5-3.5). These condition score targets are achieved with lower levels of 

supplementation than the unlimited labour scenario, but the supplementation increased 

with the increase in mature size under the limited labour scenario. The 80kg ewe 

consumes an additional 72kg/ha or 12.5kg/hd more than the 50kg ewe. The amount of 

pasture consumed also decreases from the unlimited labour scenario, but it increases with 

the increase in mature size when labour is constrained.  The 50kg ewe consumed 2.0 

tonnes less pasture than the 80kg ewe, which equates to a 19% difference in utilisation 

rate. The reduce pasture utilisation across all sizes has a positive effect on groundcover, 

with all sizes comfortably above the 70% threshold. 
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Table 6.9 The production data for each mature size when labour is constrained. 

 Mature size (kg) 
 50 60 70 80 

Stocking rate (DSE) 12.0 14.3 16.6 18.7 
Stocking rate (ewe/ha) 5.8 5.8 5.8 5.8 
Number joined (n/ha) 4.9 4.9 4.9 4.9 
Mating weight (kg) 59.3 71.5 83.0 93.4 
Mating condition score (0-5 scale) 4.3 4.3 4.3 4.3 
Weaning condition score (0-5 scale) 4.4 4.5 4.5 4.4 
Wean rate (%) 161 161 160 159 
Number of lambs (n/ha) 7.8 7.8 7.8 7.7 
Lamb weight (kg/hd) 35.0 42.3 51.2 59.0 
Lamb weight weaned (kg/ha) 273 331 398 454 
Lamb weight sold (kg/ha) 236 285 343 391 
Wool weight (kg/ha greasy) 30 37 45 53 
Fleece weight (kg/hd greasy) 4.8 6.0 7.3 8.6 
Fibre diameter (µm) 19.7 21.8 24.0 26.1 
Supplement (kg/ha) 39 54 78 115 
Supplement (kg/hd) 6.7 9.3 13.4 19.8 
Pasture grown (t/ha) 10.5 10.6 10.7 10.6 
Pasture consumed (t/ha) 3.4 4.1 4.8 5.4 
Pasture utilisation (%) 32 39 45 51 
Groundcover (m2/m2) 0.93 0.91 0.83 0.74 

 

When labour is constrained, lamb income explains most of the differences in the gross 

margin between sizes (Table 6.10). The lamb income for the 80 kg ewe is $312/ha greater 

than the 50 kg ewe, which translates into a difference in gross margin of $350/ha. This is 

despite the non-labour costs increasing with mature size, where the 80 kg ewe is $62/ha 

more expensive than the 50 kg mature size. The non-labour costs increase with size due 

mainly to the higher supplementation. The extra supplement required by the 80 kg ewes 

costs $4.03/hd, $23/ha or $16,000/farm compared to the 50kg ewe. The 80 kg has the 

highest wool production per hectare and this translates into a higher wool income per 

hectare despite the wool being broader in fibre diameter. There is no difference in sheep 

income between the different mature sizes due to the similar per-head stocking rates and 

similar labour expenses due to application of the constraint.  The 20% labour constraint 

equates to a labour costs of approximately $50,000 for the whole-farm. 
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Table 6.10 The economic data for each mature size when selected for the maximum 

gross margin within the 20% of all simulations with the lowest labour input. 

 Mature size (kg) 
 50 60 70 80 

Gross margin ($/ha) 477 605 721 827 
Income ($/ha) 756 901 1036 1165 
Expenses ($/ha) 279 296 314 337 
Sheep Income ($/ha) 78 78 78 78 
Lamb income ($/ha) 497 612 719 809 
Wool income ($/ha) 180 211 239 278 
Labour expense ($/ha) 71 71 69 68 
Non-Labour expense ($/ha) 208 226 245 270 
Supplement costs ($/ha) 11 15 22 34 
Supplement costs ($/hd) 1.82 2.55 3.77 5.85 

 

Varying the labour constraint shows that smaller ewes are affected more by limiting the 

amount of labour (Figure 6.2). At a 20% labour constraint the labour input corresponds 

to approximately $50,000 per farm across all sizes, but the difference in gross margin 

between the 50 and 80 kg ewe is $250,000 for the whole farm.  As the labour constraint 

is reduced to 40 and 60% of the total labour input, the difference between the 50 and 80 

kg ewes decreases to $186,000 and $80,000 per farm respectively. This corresponds to a 

labour input of approximately $66,000 at the 40% labour constraint for both ewe mature 

sizes. The labour input continues to increase to $83,000 at the 60% labour constraint for 

the 50 kg ewe, but the 80 kg reaches the maximum labour input at the 40% level and the 

labour input for the remaining constraints at 60 and 80% is $66,000 per farm. The 

difference in gross margin between the 50 and 80 kg ewes at the 80% labour constraint is 

$45,000 and the labour input for the 50 kg ewe increases to $100,000 per farm. At the 

100% constraint level where labour is not restricted, the difference in gross margin and 

labour input is the same as for the 80% labour constraint. 
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Figure 6.2 The response in gross margin for the 50 ( ), 60 ( ), 70 ( ) and 80kg ( ) 

mature size for different proportions of labour input (percentage of maximum 

labour input). 

The restriction of labour in response to two different weaning rates for the 50 and 80 kg 

ewes is presented in Figure 6.3. Applying the labour constraints at the lower weaning rate 

produces a similar response, but the differences between the 50 and 80 kg ewe are smaller. 

Although the differences are smaller at the lower weaning rate, they still remained large 

in the context of whole-farm profitability. The difference in gross margin at the 20, 40, 

60 and 80% labour constraints are $200,000, $98,000, $39,000 and $36,000 per farm 

respectively.  Labour input follow a similar trend where maximum input is reached at the 

40% labour constraint for the 80kg ewe and at the 80% labour constraint for the 50 kg 

ewe.   
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Figure 6.3 The response in gross margin for the 50 ( ) and 80 kg ( ) mature sizes at 

95% (dashed line) and 155% (solid line) weaning rate for different proportions of 

labour input (percentage of maximum labour input). 

 

6.3.6 Impacts of meeting a minimum groundcover of 70% 

In comparison to the scenarios that maximise gross margin, applying the groundcover 

constraint reduces the stocking rate by 4-5 DSE/ha or approximately two ewes per hectare 

(Table 6.11). The reduction in stocking rate causes a range of positive and negative effects 

on production. The positive effects are associated with individual production due to 

improvements in nutrition as a result of higher feed availability and less competition for 

pasture. These positive benefits include a higher mating weight and condition score (3.0-

5.0 kg; 0.4-0.5 CS), heavier lamb weight (1.5-3.0 kg) and heavier fleece weight (0.2-0.4 

kg). The negative effects include a decrease in the number of lambs produced per hectare 

(2-4 lambs/ha), lower amount of lamb weight per hectare (80-180 kg/ha) and an increase 

in fibre diameter (0.1-0.3 µm). 

The reduction in stocking rate allows an extra 0.3-0.4 tonnes of pasture to be grown but 

0.9-2.2 tonnes less is consumed and the pasture utilisation rate drops by approximately 
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10-15%. Supplementation decreases by approximately 250 kg per hectare or 17-44 kg per 

head. The decrease in supplementation is a combination of the direct effect of the 

decreased stocking rate on supplementation per hectare and the extra pasture available for 

grazing, which culminates in the ewes being maintained above the recommended 

condition score targets for longer periods and requiring less supplementation on a per 

head basis. 

There are two inconsistencies in the production data for stocking rate and reproductive 

rates across the mature sizes. First, the scenario that is selected for the 70 kg ewe has a 

lower stocking rate than the other sizes which impact on it maximising production. This 

is a result of the ewe stocking rate being incremented by two ewes per hectare in the 

analysis and the optimum stocking rate occurring between the incremented levels. For the 

70 kg ewe, a stocking rate of six ewes per hectare meets the minimum groundcover 

requirement, but eight ewes per hectare push the groundcover below the minimum 70% 

threshold. It is likely that seven ewes per hectare would be the optimum where the 

groundcover requirement is satisfied and the production is maximised.  

Secondly, the weaning rate decreases for the 50 kg ewe. This is due to the priority towards 

maintaining a high ewe stocking rate for sheep and wool production because there is 

limited capacity for the lamb weight per hectare to be increased from improving 

individual lamb weight. In addition, increasing the lamb weight per hectare by increasing 

lamb numbers and incurring a decrease in stocking rate is a lower value than maintaining 

a higher stocking rate and reducing the weaning rate to achieve the groundcover 

requirement. Despite the lower weaning rate, the 50 kg ewe still produces a high lamb 

number per hectare and produces a similar lamb weight per hectare.   
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Table 6.11 The production data for each mature size selected for a minimum 

groundcover of 70% and maximum gross margin per hectare. 

Mature size (kg) 50 60 70 80 
Stocking rate (DSE) 19.4 19.2 16.6 18.7 
Stocking rate (ewe/ha) 9.6 7.7 5.8 5.8 
Number joined (n/ha) 8.1 6.5 4.9 4.9 
Mating weight (kg) 57.2 68.9 83.0 93.4 
Mating condition score (0-5 scale) 4.0 4.1 4.3 4.3 
Weaning condition score (0-5 scale) 4.2 4.2 4.5 4.4 
Wean rate (%) 140 158 160 159 
Number of lambs (n/ha) 11.3 10.2 7.8 7.7 
Lamb weight (kg/hd) 38.2 45.1 51.2 59.0 
Lamb weight weaned (kg/ha) 433 460 398 454 
Lamb weight sold (kg/ha) 364 395 343 391 
Wool weight (kg/ha greasy) 51 51 45 53 
Fleece weight (kg/hd greasy) 5.0 6.2 7.3 8.6 
Fibre diameter (µm) 19.8 21.9 24.0 26.1 
Supplement (kg/ha) 177 151 78 115 
Supplement (kg/hd) 18 20 13 20 
Pasture grown (t/ha) 10.6 10.6 10.7 10.6 
Pasture consumed (t/ha) 5.6 5.5 4.8 5.4 
Pasture utilisation (%) 53 52 45 51 
Groundcover (m2/m2) 0.71 0.73 0.83 0.74 

 

The reduction in stocking rate causes all the economic outputs to decline across all the 

mature sizes (Table 6.12). The gross margin declines by $84-193 per hectare and this is 

due to a greater decline in income than there is in the expenses. A similar trend is seen in 

the non-labour and labour expenses to that of the maximised gross margin scenarios, 

where the higher per head stocking rates in smaller sheep leads to higher consumable and 

labour expenses. This is also the case with supplement costs per hectare and the stocking 

rate differences are emphasised by a similar per head supplement costs, with the exception 

of the 70 kg ewe. The lower economic performance from the 70 kg ewe is due to the 

reasons previously identified around the incremented of stocking rate in the analysis. In 

line with the production data, the 50kg ewe has the highest sheep and wool income, while 

only marginally compromising lamb income. The 50 kg ewe produces an extra $28/ha of 

sheep income and an extra $23/ha of wool income above the 60 kg ewe, which is a 



 172

difference of about $36,000 per farm in sheep and wool income. While the lamb income 

is only marginally reduced, it did amount to a difference of between $20,000 to 40,000 

per farm.  

Table 6.12 The economic data for each mature size selected for a minimum 

groundcover of 70% and maximum gross margin per hectare. 

Mature size (kg) 50 60 70 80 
Gross margin ($/ha) 766 826 721 827 
Income ($/ha) 1223 1230 1036 1165 
Expenses ($/ha) 457 404 314 337 
Sheep Income ($/ha) 132 104 78 78 
Lamb income ($/ha) 781 840 719 809 
Wool income ($/ha) 309 286 239 278 
Labour expense ($/ha) 113 91 69 68 
Non-Labour expense ($/ha) 344 313 245 270 
Supplement costs ($/ha) 55 46 22 34 
Supplement costs ($/hd) 5.73 5.97 3.79 5.86 

 

When the restriction on groundcover is varied, the gross margin declines as groundcover 

increases (Figure 6.4). However, the different mature sizes reduce stocking and 

reproductive rate by different extents as groundcover increases. The smaller ewe reduces 

stocking rate for several steps before reducing reproductive rate, whereas the larger ewes 

reduce reproductive rate by several steps before decreasing stocking rate. There appears 

to be no consistent process in how each mature size decreases the stocking rate or 

reproductive rate. However, when the MEI is regressed against groundcover (Figure 6.5) 

it is clear that the aim is to maintain the highest MEI for the given groundcover 

requirement. This is consistent with the approach throughout this chapter where systems 

balance the stocking rate and, in this case, the reproductive rate to achieve the maximum 

MEI to maximise profitability.  
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Figure 6.4 The response in gross margin for 50 ( ), 60( ), 70 (  ) and 80kg (

) mature sizes as the groundcover constraint is varied. 

 

 

Figure 6.5 The response in MEI for the 50 ( ), 60( ), 70 (  ) and 80kg ( ) 

mature sizes as the groundcover constraint is varied. 
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6.4 Discussion 

Any mature size could achieve high profitability but each mature size required a different 

per head stocking rate. There are limited differences between mature sizes when profit 

was maximised for each mature size and it is concluded that there is not an optimum 

mature size where profit is higher than other mature sizes. We therefore reject the 

hypothesis that there is an optimum mature size that maximises the gross margin. Profit 

was maximised at a similar metabolisable energy intake per hectare across all mature 

sizes. As mature size increased, the per-head stocking rate decreased to counteract the 

increase in the individual metabolisable energy (ME) requirement, so that the per hectare 

metabolisable energy intake (MEI) remained similar. The optimum MEI per hectare was 

achieved by small ewes with a high stocking rate, whereas it was achieved by the large 

ewes with a lower stocking rate. Achieving high profitability at the optimum MEI per 

hectare was also dependent on adjusting the LSW as mature size increased.  

The optimum LSW for each mature size was determined by a need to maximise lamb 

weight per hectare. The positive relationship between lamb weight per hectare and 

profitability is well established (Warn et al. 2006; Thompson & Young 2002; Young et 

al. 2010) and lamb was the dominant income source across all mature sizes. Maximising 

lamb weight per hectare is a function of lamb number per hectare and the individual lamb 

weight. In the analysis, the lamb number was determined by the stocking rate because the 

optimum reproductive rate was similar in all mature sizes. As stocking rate decreased 

with increasing mature size, the lamb number declined. Although the low stocking rate 

was a disadvantage for maximising the lamb number per hectare, the larger mature sizes 

had the advantage of higher lamb growth to maximise individual weight. As a result, 

larger ewes counteracted the decline in lamb number by increasing the individual lamb 

weight to maximise the lamb weight per hectare. Conversely, the small ewes had a low 
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growth potential and had to generate a high lamb number to maximise the lamb weight 

per hectare. Coincidently, small ewes could maintain higher stocking rates and produce a 

higher lamb number per hectare because they had a lower individual ME requirement. 

This is consistent with Salmon et al. (2004), who showed that to produce heavy weight 

lambs from large ewes required the stocking rate had to be reduced, while producing 

lighter weight lambs from larger ewes decreased the profitability due to lower amount of 

lamb weight per hectare. The increase in LSW as mature size increased was also 

consistent with the simulation studies undertaken by Blackburn et al. (1991). As a result 

of this interaction between stocking rate and mature size, larger mature sizes must harvest 

lambs at heavier weights and small ewes must maximise the lamb number per hectare in 

order to maximise lamb weight per hectare, at the optimum MEI per hectare.  

If there is an optimum slaughter weight then it is likely there will be an optimum mature 

ewe size. Recently, domestic supermarkets have shown preference to limit the range in 

slaughter weights to improve the consistency of size in meat cuts.  

In this analysis, the different stocking rates and LSWs are a balance of inputs and outputs 

between the different mature sizes at the per-hectare scale. When matched with the 

appropriate stocking rate and slaughter weight, there were no innate efficiency differences 

between large or small sheep. This is supported by Thompson (1986), who concluded 

that, at an individual level, the gross differences in efficiency between large and small 

sheep largely disappear when the differences are scaled for mature size. This is further 

supported by Obst et al. (1991), who found there was little difference in production per 

hectare between ewes of different sizes when these ewes were managed to a common 

liveweight per hectare. Anecdotal information from sheep producers suggest that 

selecting for high growth rates is increasing mature ewe size and they are experiencing a 

productivity decline from increased consumption and higher maintenance costs. Our 

results suggest that this may be a mismatch between the stocking rate, LSW and ewe size 
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and producers may be simply underestimating the correlated increase in energy 

consumption as ewe size increases, or they are not finishing lambs to the required 

specifications to maximise profitability. 

The dependency of smaller mature sizes to maintain high stocking rates and high lamb 

numbers meant they were more exposed to a decline in profitability when labour was 

limited. The small ewes maximised the per hectare production by maintaining a higher 

stocking rate to compensate for the lower wool cut per head and the limited potential to 

produce heavy lambs. However, because most management and husbandry operations are 

undertaken on a per-head basis, high stocking rates require a higher labour input that is 

independent of mature size. As a consequence, when labour input was limited the smaller 

mature sizes had a larger decline in per-head stocking rate to match the decreased labour 

input. The decline in stocking rate reduced the amount of wool and surplus sheep sold, 

but the largest impact was the reduction in the number of lambs produced per hectare. 

Without the capacity to increase individual lamb weight when lamb number was low, the 

lamb weight per hectare declined and decreased the profitability of the smaller ewes. 

In contrast, the larger ewes finished lambs to heavier slaughter weights and maximised 

lamb production per hectare by increasing individual lamb weight. This was preceded by 

the fact that with unlimited labour the larger mature sizes already had a lower labour 

requirement due to the trade-off between stocking rate and the higher individual ME 

requirements. When labour was limited, the larger mature sizes only had a small decrease 

in stocking rate and the lamb number. They compensated by marginally increasing 

individual lamb weight and maintained a higher lamb weight per hectare and higher gross 

margin than the smaller ewes. The hypothesis that reducing labour will favour larger ewes 

is therefore supported.  
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The relationship between stocking rate and labour is consistent with other studies (Doole 

et al. 2009; Rose 2011; Young & Thompson 2013) but to our knowledge this is the first 

that demonstrates an interaction with mature size and one that favours larger ewes when 

labour is limited. The analysis has highlighted the potentially large amount of profit that 

is forgone by not supplying enough labour, particularly for smaller mature sizes or high 

stocking rate systems. Young & Thompson (2013) reached a similar conclusion and 

suggested that reductions in labour requirements across the whole year rather than for 

short time periods would have a greater impact. The manipulation of mature size to reduce 

stocking rate and maintain profitability may be a means of achieving this reduction in 

labour across the whole year.  

When the gross margin was maximised, it was at a stocking rate that caused the 

groundcover to fall below the recommended 70% threshold. There was a mismatch 

between the management parameters that optimised economic output with the 

management that optimised groundcover. As a result of the requirement to meet the 

minimum groundcover threshold, the gross margin decreased primarily by a reduction in 

stocking rate. This is in agreeance with the results presented by Alcock (2006), who found 

that the economically optimal stocking rate reduced the groundcover below the 

sustainable level, whereas a more conservative stocking rate met the groundcover 

required but was less profitable.  There were minor differences in the gross margins 

between mature sizes; the lower per-head stocking rate of the larger ewes did not allow 

them to have a higher gross margin while meeting the groundcover threshold. The smaller 

ewes had a higher income from wool production and cull sheep than did the larger ewes. 

Although the weaning rate declined for the small ewe, the lamb number per hectare 

remained the highest as a result of maintaining the higher stocking rate. The hypothesis 

that the economic optimum is achieved at a compromise to groundcover is therefore 

supported. 
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When the restriction on groundcover was varied, the gross margin declined as 

groundcover increased. This was due to the greater sensitivity of groundcover to stocking 

rate and the subsequent decrease in income as stocking rate declined. However, the 

different mature sizes decreased the stocking and reproductive rate at different rates as 

the groundcover increased. The smaller ewes reduced stocking rate for several steps 

before reducing reproductive rate, whereas the larger ewes reduced reproductive rate by 

several steps before decreasing stocking rate. This was related to the grazing pressure 

applied by the different mature sizes, where a larger ewe that has a higher feed intake 

capacity and ME requirements can consume more than a smaller ewe. A reduction in per-

head stocking rate for larger ewes has a much larger impact on consumption than it does 

for smaller ewes. When the groundcover constraint was varied, the smaller ewes reduced 

stocking rate because it achieved the decrease in the groundcover requirement while only 

moderately compromising profitability, whereas the larger ewes reduced reproduction 

because a stocking rate reduction was too great for the corresponding decline in 

profitability. However, the decline in consumption from an incremental decrease in 

reproduction is smaller than from a reduction in stocking rate and the larger ewes had to 

reduce reproduction by several increments to meet the groundcover requirement (e.g. 

from 150% to 100% weaning). There was not a consistent response or priority to reduce 

either stocking rate or reproduction between mature sizes to meet the minimum 

groundcover requirement.  Each system reduced either stocking rate or reproductive rate 

to achieve the required reduction in grazing pressure and maintain the highest economic 

output.  In general, a reduction in a unit of stocking rate caused a larger decrease in both 

grazing pressure and gross margin than a unit change in reproductive rate. The secondary 

hypothesis that larger ewes would be more profitable when meeting the 70% groundcover 

threshold is not supported as profitability was based on maximising MEI per hectare, 

which was achieved by manipulating stocking and reproduction around the requirements 
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of the fixed mature size. When this is achieved, all mature sizes achieve similar levels of 

profitability.  

There were several general results that were not captured in the main outcomes but are 

worthy of further discussion. First, the analysis showed that there was no optimum 

reproductive rate as the gross margin continued to increase as weaning rate increased 

from 75 to 150 per cent. The larger ewes achieved greater value from the increases in 

weaning rate and this was due to the greater value that could be extracted from those extra 

lambs by finishing them to a heavier weight and therefore higher per-head value. The 

extra value from increasing weaning rate diminished as it approached the higher weaning 

rates and the largest incremental gains were from moving below to above 100% weaning 

rate. This occurred when moving non-pregnant sheep into a pregnancy category, whereas 

gains above 100% were the result of shifting more single bearing ewes into a twin-bearing 

category. The gain from shifting non-pregnant into pregnant sheep is the greatest because 

non-pregnant ewes consume the majority of their MEI for maintenance. Several authors 

have estimated that the maintenance requirement of the ewe is approximately 60-70% of 

their total annual energy requirements (Coop 1961; Dickerson 1978, Large 1970). The 

additional cost of reproduction is small in comparison to the proportion used for 

maintenance and it is offset by the value of producing the extra lambs. Large (1970) 

showed that as litter size increased, the biological efficiency decreased with each extra 

lamb, and that the effect of maintenance diminishes as lamb number increases. Essentially 

there is less value being achieved from additional lambs for the fixed maintenance cost. 

These arguments support the diminishing returns from the increases in reproduction 

shown in our results. These results are important for the Australian sheep industry and in 

particular systems using Merino ewes, which have notoriously low weaning rates at 

around 0.7-0.8 lambs per ewe joined (Curtis 2009). Although systems in the analysis were 
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optimised at high weaning rates, it has demonstrated that there is value in improving 

reproduction at any stage and in particular when a system has a low weaning rate. 

Second, as identified previously, there was an optimum (profit-maximising) stocking rate 

for each mature size that was achieved at an optimum MEI per hectare. Although there 

was an optimum identified, the rate at which the gross margin increased up to the 

optimum and then declined past the optimum was different for each mature size. The 

gross margin increased more rapidly towards the optimum for larger ewes as the stocking 

rate increased. In contrast the gross margin increased at a slower rate for the smaller ewes 

and they were able to have a much wider range of stocking rates that were closer to the 

optimum gross margin, even if these were past the optimum. This was a result of the 

trade-off between per-head stocking rate and individual ME requirement differences of 

the different mature sizes. An incremental change in stocking rate for a small ewe has a 

much smaller change in MEI per hectare than an incremental change in the per-head 

stocking rate for larger ewes. These results add weight to our argument for the 

underestimation of ME requirements of larger ewes and the anecdotal problems sheep 

producers are incurring as mature size increases. The larger ewes reach the optimum and 

decline past the optimum at a faster rate, and for a smaller increase in stocking rate. For 

larger ewes, the balancing of the optimum stocking rate is more of a ‘knife-edge’ scenario 

where there is less room for error.  

Third, as identified previously there was an optimum slaughter weight for each mature 

size.  This optimum was based on the whether the system could maximise lamb number 

per hectare or was required to maximise individual lamb weight in order to maximise the 

lamb weight per hectare. The optimum LSW increased with the increase in mature size 

but because the analysis included sensitivity to LSW, the effect of harvesting lambs at a 

lower LSW could also be observed. The analysis showed that harvesting lambs below the 

optimum LSW reduced the gross margin of the system. There appeared to be no 
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advantage in shortening the time taken to finish lambs to a lower weight due to a higher 

growth rate. The advantage was that higher-growth-rate lambs could finish to a heavier 

LSW within the time constraints of the feed supply as dictated by seasonal conditions. It 

appears that a higher absolute weight is more valuable than faster growth and earlier 

turnoff at a lower weight. However, the analysis does not include different lambing times, 

which could influence the results (e.g. later lambing flocks may benefit from faster growth 

to a lower LSW at weaning if they can increase stocking rate). A further analysis of the 

LSW and mature size interaction with a time-of-lambing overlay and smaller increments 

in the specified LSW would be beneficial to understand further the value of the ultimate 

weight in comparison to the value of the faster growth, given that there will be an upper 

limit on the time that lambs can be held on-farm before feed supply dictates they be 

harvested. 

Fourth, the ewe condition score at joining and weaning was well above recommended 

guidelines and other modelling studies to maximise profitability (Warn et al. 2005; Young 

et al. 2011; Thompson et al. 2011). The simulations are set up to follow an optimum 

condition score profile (Young et al. 2011), but this is defined as a lower limit to be 

achieved. As a result, feeding is initiated when condition score falls below this optimum 

profile. It does not trade-in or trade-out additional livestock to manage the feed supply 

and therefore does not produce extra income from a higher stocking rate that could be 

achieved during high feed supply periods. However, the simulation is a dynamic 

representation and does not implement any processes to limit the condition score from 

increasing if the feed supply or stocking rate allows ewe consumption to increase. This is 

quite different to analyses that use static models where the condition score profile is 

closely followed and feed resources are prioritised to achieve the minimum profile and 

spare feed could be deferred for later periods (Young et al. 2011). The simulation model 

does not restrict pasture allowance to animals and they can freely consume available 
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pasture up to their individual intake capacity and less deferment of pasture occurs. This 

possibly explains some of the differences in the condition score profiles between 

modelling approaches. Furthermore, the simulation model is executed over multiple years 

and carryover of biophysical conditions from one year into the next occurs. A high 

condition score in the previous spring period will be carried over into the summer and 

autumn, possibly affecting how much supplementation occurs during these periods. 

Anecdotally, the accumulation of body weight and condition score in spring and early 

summer which is then allowed to be lost over the summer-autumn feed limiting periods 

is a common strategy employed in crossbred and prime lamb systems. The static 

modelling often assumes that the allocation and deferment of pasture to strictly follow 

the nominated condition score profile is technically feasible, yet it is rarely achieved due 

to high level of skill required in grazing management. An analysis that incorporates the 

simulation of the biophysical outputs from scenarios with different seasonal conditions 

into a static model would be beneficial to further explore the value of extra condition 

score gain during periods of high feed supply. This would be of particular importance to 

ongoing efforts in selecting sheep that are more resilient to nutritional variation or those 

aiming to improve feed conversion efficiency, as the high feed intake required to 

maximise condition score gain during high feed supply periods may be antagonistic to 

these aims. 
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7. The value of mating ewe lambs at 7 months of age 

7.1 Introduction 

The replacement females in sheep systems are usually allowed to grow until 18-20 months 

of age before they are mated. This is a direct result from the low priority directed towards 

reproductive efficiency and low lamb output in traditional wool enterprises. However, 

sheep can reach puberty and conceive at a much younger age, usually between 50-70% 

of their mature size (Hafez 1952; Dyrmundsson 1973). Mating ewe lambs is also likely 

to improve the efficiency of use of farm resources, increase the lifetime productivity from 

individual ewes (Bowstead 1930; Spencer et al. 1942; Kenyon et al. 2008) and improve 

progeny survival at older ages (McCall & Hight 1981; McMillan & McDonald 1983). In 

the current sheep industry in Australia, where a large proportion of income is derived 

from lamb sales, mating ewe lambs could improve the profitability of sheep enterprises 

by generating more lambs for slaughter and improve the efficiency use of farm resources. 

Despite these potential advantages, mating ewe lambs can have variable conception and 

fecundity rates due to a range of genetic and environmental factors (Land 1978; 

Dyrmundsson 1981). The genetic and environmental factors governing the reproductive 

performance of ewe lambs is largely related to their weight, condition score and the 

maturity at mating.  The relative contributions of each of these factors are difficult to 

isolate due to their inter-dependencies (Dyrmundsson 1981; Cave et al. 2012), but a high 

mating weight is generally a precursor to achieving high conception and overall 

reproductive rates (Barlow & Hodges 1976; Kenyon et al. 2008; Gaskins et al. 2005; 

Fogarty et al. 2007; Rosales Nieto et al. 2011).  

The mating weight, including the contribution of the genetic and environmental factors, 

is largely influenced by farm management. Farm management decisions on stocking rate 
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and the nutrition supplied by pasture and supplementation all contribute to how the weight 

at mating is achieved and how the subsequent management of ewe lambs through 

pregnancy to weaning is undertaken. From a whole-farm management perspective there 

are two separate constraints that may limit the value of mating ewe lambs.  

Firstly, it is difficult to fit the mating of ewe lambs within the annual production cycle 

because it requires the ewe lambs to be mated at seven to eight months of age and at 

joining weights in the range of 50-70% of their mature weight. However, lambs do not 

commonly reach their mature weight until around two years of age. To meet the desired 

mating weight at younger ages, ewe lambs will require high-quality nutrition and achieve 

maximum growth rates from birth to the point of mating.  

Maximising the growth rate of ewe lambs during this period could be problematic as it 

coincides with late spring and early summer when pasture availability and quality is 

rapidly declining. In addition, ewe lambs are actively growing and require energy for both 

weight gain and maintenance. Depending on both the stocking rate and seasonal 

conditions, ewe lambs may require substantially more supplement to meet the desired 

mating weight, leading to higher supplementation costs compared with older age groups 

that only require maintenance nutrition during this period.   

Secondly, moving a whole age group from a non-pregnant state to a reproductive state 

will have implications for both energy consumption and labour requirements. It is well 

documented that the energy requirements for maintenance are a high proportion of the 

total annual energy requirements, somewhere between 60-80% (Large 1970; Dickerson 

1970; Garret et al. 1959; Coop 1961). This means that the reproduction component of the 

annual energy intake is in the vicinity of 30% and these are proportionately higher during 

lactation than during pregnancy (Brockway et al. 1963; Kleemann et al. 1984). Pregnant 
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ewe-lambs are therefore likely to have a higher energy requirement than non-pregnant 

ewe-lambs. 

Labour requirements will also increase due to the extra feeding and husbandry activities 

required to manage pregnant animals. Furthermore, extra labour will be required to 

manage the husbandry of the extra lambs generated by the mating of ewe lambs. It is 

unknown if the cost of the extra feed consumption and labour input will counteract 

income generated from the increase in lamb numbers and lamb weight from mating ewe 

lambs. 

The energy consumption of the additional pregnant ewes and lambs will increase the 

amount of pasture consumed and increase the grazing pressure. It is unknown what impact 

the increase in grazing pressure will have upon the level of groundcover. It is possible 

that the optimum stocking rate or reproductive rate may need to be reduced to counteract 

the increased grazing pressure from mating ewe lambs. Due to the direct relationship 

between stocking rate and profitability, mating ewe lambs may reduce whole-farm profit 

(relative to mating adult ewes) when sustainability constraints are imposed.   

Despite the potential benefits of mating ewe lambs, there has been limited evaluation of 

the production benefits and the economic outcomes under sensitivity to both stocking and 

reproductive rate. Furthermore, the value of mating ewe lambs across different mature 

sizes has not been undertaken and the implications of the additional labour demand from 

managing more pregnant ewes and lambs has not been explored. Similarly, the increased 

grazing pressure from the additional energy demand of pregnant ewes and lambs has not 

been considered from a groundcover perspective.  

In this chapter we explore the economic performance of mating ewe lambs allowing for 

different ewe mature sizes, stocking rates, and reproductive rates. We explore these 
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relationships in the context of constraints on labour and groundcover. We specifically 

hypothesise that:  

iv) The value from the increase in lamb numbers and lamb weight per hectare 

from mating ewe lambs is less than the additional cost of maintaining the ewe 

lamb during pregnancy and lactation, and managing the extra lambs generated. 

v) Mating ewe lambs increases labour requirements and decreases the optimum 

stocking rate due to the positive relationship between stocking rate and labour 

costs. 

vi) The increased energy demand from mating ewe lambs increases the grazing 

pressure and decreases the groundcover, causing a reduction in stocking rate 

and profitability. 

7.2 Methods 

7.2.1 Analysis 

AusFarm version 1.4.4 is used and simulations used historical weather information from 

the Hamilton airport weather station (37°65’S, 142°07’E), and simulations are executed 

for a period from 1965 to 2005. A full description of the farm system and modelling 

approach is included in Chapter 3. The range in factors tested for mature size, stocking 

rate, reproductive rate and lamb slaughter weight are presented in Table 7.1. 

Table 7.1 The factor levels tested in the analyses of mature size. 

Mature size 
(kg/hd) 

Stocking rate 
(Ewes/ha) 

Reproductive rate 
(%) 

Lamb slaughter weight 
(kg/hd) 

50 4, 6, 8, 10, 12, 14, 16, 18 75, 100, 125, 150, 175 40 
60 4, 6, 8, 10, 12, 14, 16, 18 75, 100, 125, 150, 175 50 
70 4, 6, 8, 10, 12, 14, 16, 18 75, 100, 125, 150, 175 60 
80 4, 6, 8, 10, 12, 14, 16, 18 75, 100, 125, 150, 175 70 
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7.2.2 Mature size parameters 

Increasing mature size affects wool production traits differently. There are many 

published correlations between the association of body weight, fleece weight and fibre 

diameter. These correlations vary widely due to differences in genetics and ‘strains’ of 

sheep that have been selected differentially for wool characteristics. For this analysis we 

have assumed that fleece weight increases by 0.1kg of fleece weight and fibre diameter 

by 0.1 micron per kilogram change in mature size (Table 7.2).  

Table 7.2: Parameters associated with the change in mature size.  

Ewe mature size 
(kg) 

Potential Fleece Weight 
(kg) 

Fibre diameter 
(µm) 

Fleece yield 
(%) 

50 4.0 19.0 70 
60 5.0 21.0 70 
70 6.0 23.0 70 
80 7.0 25.0 70 

 

7.2.3 Ewe lamb management 

Ewe lambs take priority over other age groups at weaning and are rotated through the 

paddocks across the whole-farm with the highest feed availability until the transition into 

the main flock in early February. Ewe lambs are not provided with supplementary feeding 

during this period, but on movement into the main flock are managed to achieve the 

minimum condition score profile described in Chapter 2. As mating closely follows the 

transition into the main flock, ewe lambs are not supplementary fed to a target weight and 

the joining weight is determined by their performance from the available pasture across 

the whole-farm.  

In the previous chapters the ‘ewe lamb’ group refers to the transition group of replacement 

ewe lambs from weaning until movement into the main flock in mid-February when the 

oldest age group has been sold out. At mating (whether the ewe lambs are mated or not) 
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the transition ewe lamb group are moved into the 1-year-old age group of the main flock 

structure (e.g. 1, 2, 3, 4, 5, 6-year-old groups). The one-year-old group is aged from 7 

months at their first mating to 19 months of age at their second mating when they 

transition into the two-year-old group (See Chapter 3 for detailed flock structure). From 

this point onwards, the term ‘ewe lamb’ will refer to the one-year-old age group in the 

main flock structure. The ewe lambs in the ‘transition’ phase will be specified as 

‘transition ewe lambs’. 

7.2.4 Calculating reproductive rate for ewe lambs 

In the animal model of the AusFarm software, the relative size and relative condition are 

used to predict the performance of immature ewes (Freer et al. 1997). Relative size (Z) is 

calculated as a ratio of current base weight to normal weight. The base weight is the 

conceptus and fleece free liveweight. The normal weight in a mature animal is the 

standard reference weight (mature size) and in a growing animal it is described by the 

equation of Brody (1945) with an allometric scaling of a time constant for skeletal 

development (Taylor 1968). This description of lamb growth is based on “genetic 

potential” or what is possible before effects of nutrition and environmental effects are 

applied. Relative condition (BC) is calculated as the ratio of the base weight to normal 

weight and this ratio is related to condition score by the method described in CSIRO 

(2007).  

The relative size and relative condition are used to calculate the reproductive rate in 

immature ewes, which is independent of genotype differences when farm management 

and animal nutrition are altered. Adult ewes reach maturity when their relative size 

reaches 1.0 and the reproduction calculation will be affected solely by relative condition. 

For ewe lambs that are immature, both relative size and relative condition are used to 

calculate the reproductive rate. For example, an immature ewe with a current base weight 
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of 40 kg and a normal weight of 50 kg, would have a relative size of Z = 0.8. The relative 

condition would equal BC = (50-40)/(0.15*50)/3. Where the weight change per condition 

score is equal to 0.15 multiplied by the normal weight and the normal weight is calculated 

at the middle of the 0-5 condition score range (e.g. condition score 3.0). Essentially, the 

use of relative size in the calculation of reproductive rate for immature animals allows for 

an adjustment based on the weight that is achieved at mating scaled for their mature size 

or weight as an adult. 

7.3 Results 

7.3.1 The optimum stocking rate to maximise the gross margin 

The optimum per-head stocking rate for each mature size is identified by comparing the 

change in gross margin per DSE for the number of ewes per hectare at the optimum 

weaning rate that maximised the gross margin (Table 7.3). The maximum gross margin 

per hectare for 50, 60, 70 and 80 kg ewes is at 12, 10, 10 and 8 ewes per hectare 

respectively.  

The optimum per-head stocking rate for each mature size is not different between the 

system that mated ewe lambs (EL) and the standard system that did not mate ewe lambs 

(STD). This is due mainly to the small difference in MEI between the systems and the 

size of the increments in ewe stocking rate when the sensitivity analysis is applied. If 

smaller increments of ewe stocking rate are used in the analysis it would be likely that 

mating ewe lambs would cause the maximum gross margin to be reached at a lower 

stocking rate compared to the STD system within each mature size. As expected, the 

larger mature sizes reached the maximum gross margin at a lower per head stocking rate 

as per the STD system.  
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Despite no differences in per-head stocking rate, there is a small difference in the stocking 

rate on a DSE basis and a difference in metabolisable energy intake (MEI) between the 

optimum systems of the STD and EL systems. There is a difference of approximately 1.7 

DSE/ha/day between systems, with the optimum stocking rate in the STD system at 

approximately 23 DSE/ha/day and 25 DSE/ha/day for the EL system. There is a 

difference of 17-18 MJ/ha/day in MEI between the systems, where the STD system 

consumes roughly 220 MJ/ha/day, while the EL system consumes approximately 238 

MJ/ha/day. 

Table 7.3 The change in gross margin per change in dry sheep equivalent 

(∆GM/∆DSE) for each level of ewe stocking rate at the optimum reproductive rate 

for each mature size. (Bold values represent the values past the optimum)  

Stocking rate 
(Ewes/ha) 

Mature size (kg) 
50 60 70 80 

STD EL STD EL STD EL STD EL 
4 38 42 41 45 41 46 43 47 
6 43 47 46 53 48 53 47 53 
8 49 56 45 50 36 40 24 26 
10 38 42 22 22 3 1 -17 -28 
12 15 12 -10 -18 -39 -54 -125 -187 
14 -20 -23 -70 -97 -167 -258 -108 -97 
16 -63 -97 -101 -131 -125 -111 -244 -115 
18 -84 -123 -132 -103 -249 -104 -151 -189 

 

7.3.2 The optimum reproductive rate to maximise the gross margin 

The optimum reproductive rate for each mature size is identified by comparing the change 

in gross margin for a given change in weaning rate. This is compared at the optimum 

stocking rate and maximised for the gross margin at each level of reproductive rate (Table 

7.4). The maximum gross margin per hectare for the 50, 60, 70 and 80 kg ewes is at a 

potential reproductive rate of 175%, which equated roughly to a weaning rate of 150%. 

As earlier chapters have found, there is no optimum reproductive rate and the highest 
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gross margin is achieved at the highest reproductive rate tested in the sensitivity analysis. 

This remained the same when ewe lambs are mated. 

For a 10% improvement in weaning rate, the STD system returns on average an additional 

$71/ha, whereas mating ewe lambs increases this to approximately $85/ha. This equates 

to an extra $15/ha for a 10% change in reproductive rate when ewe lambs are mated 

(Table 7.4) The value from increasing reproductive rate for both the EL and STD systems 

is largest at the lower reproductive rates and diminishes across all mature sizes as the 

reproductive rate increases. 

Table 7.4 The change in gross margin per 1% change in weaning rate for each level 

of reproductive rate at the optimum stocking rate for each mature size.  

Reproductive 
rate  
(%) 

Mature size (kg) 
50 60 70 80 

STD EL STD EL STD EL STD EL 
75 7.7 9.3 8.0 9.7 7.9 9.5 8.4 10.1 
100 6.4 7.6 7.7 7.9 7.6 8.3 8.0 7.5 
125 3.0 4.0 7.0 4.1 7.0 4.6 6.8 3.8 
150 3.1 4.5 6.2 4.3 6.6 5.1 6.5 5.7 
175 3.3 3.8 5.9 4.4 6.1 3.8 6.2 4.9 

 

 

The difference in gross margin between the STD and EL systems increase as weaning 

rate increases (Figure 7.1a). The gross margin advantage of EL over STD varied 

depending on ewe-lamb weaning rate, ranging from about $75/ha at 45% weaning up to 

about $187/ha at 125% weaning rate. On an overall flock basis, the addition of mating 

ewe lambs increased the gross margin by about $75/ha at 75% weaning rate and this 

increased to approximately $162-187/ha at approximately 150% weaning rate (Figure 

7.1b). 
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Figure 7.1 The difference in gross margin between the STD and the EL systems across the 

range in weaning rates in a) ewe lambs and b) the whole flock at the optimum stocking rate 

for the 50 ( ), 60 ( ), 70 ( ) and 80 kg ( ) mature sizes 

7.3.3 Mature ewe size and individual energy intake 

Mating ewe lambs increases the mean daily individual MEI by approximately 1.3 MJ/day 

across all mature sizes compared to the STD system (Table 7.5). The adult MEI also 

increases in the EL system but this includes the energy consumed by the ewe lambs and 

is consistent with their increased energy consumption. The MEI of the transition ewe 

lamb group decreases by about 0.2-0.5 MJ/day and similarly the lamb MEI decreases by 

0.2-0.4 MJ/day when ewe lambs are mated.  

Table 7.5 The mean individual MEI (MJ/day) for the ewe lambs, the adult ewes 

(mean of the 1, 2, 3, 4, 5 and 6-year-old groups), the transition ewe lambs and the 

lambs.  

 Mature size (kg) 
 50 60 70 80 
 STD EL STD EL STD EL STD EL 

Ewe lambs (MJ/hd/day) 11.9 13.2 13.9 15.2 15.9 17.1 17.7 18.9 
Adult ewe (MJ/hd/day) 12.4 12.9 14.3 14.9 16.1 16.7 17.7 18.5 
Transition ewe lambs (MJ/hd/day) 11.5 11.3 13.0 12.6 14.3 13.8 15.4 14.9 
Lamb (MJ/hd/day) 10.3 10.0 11.5 11.1 12.5 12.1 13.2 12.8 

The small differences between the mean individual MEI across all simulations persist 

when the response to stocking rate is varied. The extra MEI per hectare from mating ewe 

lambs is small and ranges from 0.2 to 3.8 MJ/ha/day as stocking rate increases (Figure 

a) b) 
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7.2a). As the stocking rate increases, the difference in MEI decreases due to the restriction 

on intake from the lower pasture availability at higher ewe stocking rates. The difference 

in MEI is greater in the larger mature sizes at low per-head stocking rates because larger 

matures sizes could consume more on an individual basis when a higher amount of 

pasture is available. At high per-head stocking rates, the difference in MEI is lower in 

larger mature sizes due to a lower intake as a result of the lower pasture availability. 

However, these differences in individual MEI due to ewe stocking rate have virtually no 

impact on the total MEI per hectare across the whole-farm (Figure 7.2b). The MEI 

increases by approximately 14-16 MJ/ha/day across all mature sizes when ewe lambs are 

mated. This is approximately a 6% increase in the MEI per hectare per day or 

approximately an additional 5500 MJ/ha/yr. 

Figure 7.2 The comparison of the mean daily ewe lamb MEI per day between the EL and 

STD systems on a per head basis (a) and on a per hectare basis (b) for the for the 50 ( ), 60 

( ), 70 ( ) and 80 kg ( ) mature sizes. Dashed line is the y = x line 

The small difference between the STD and EL system in MEI across the whole-farm is 

due to the minor increase in energy requirements when ewe lambs are mated. The extra 

MEI of mated ewe lambs is incurred mostly during the late pregnancy and lactation period 

when feed availability is increasing, particularly during lactation (Figure 7.3a). Larger 

mature sizes have a considerably larger per-head MEI, which peaks during mid-lactation 

at about 28 MJ/hd/day for the 80 kg ewe and about 17 MJ/hd/day for the 50 kg ewe.  

a) b) 
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Despite these large individual differences there is no difference between the per-hectare 

MEI of the different mature sizes when ewe lambs are mated or not mated because the 

different mature sizes have been optimised for stocking rate to maximise the gross 

margin, which occurs at a similar MEI regardless of the mature size (Figure 7.3b).  

 

 

Figure 7.3 The comparison of the ewe lamb MEI per day over the annual cycle 

between the EL (dashed line) and STD (solid line) systems for the 50 ( ) and 80 kg 

( ) mature sizes on a per head basis (a) and on a per hectare basis (b)  

 

Individual differences in the ewe lamb MEI over the annual period are presented in Table 

7.6. MEI increases with increasing mature size and the difference between a 50 kg and 

80kg non-pregnant ewe lambs is about 2300 MJ/hd/yr. The difference increases up to 

about 2500 MJ/hd/yr when the ewe lambs are mated. The difference in MEI between 

pregnant and non-pregnant ewe lambs is in the order of 503-714 MJ/hd/yr, which equates 

to a 9-13% increase in energy intake across all mature sizes. Converting the MEI into a 

DSE rating for the ewe lamb by dividing by a factor of 7.8 MJ per DSE gives an 

annualised DSE rating of 1.5 and 1.7 for a 50 kg ewe and 2.3 and 2.6 for an 80 kg ewe. 

a) b) 
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Table 7.6 The mean individual annual MEI (MJ/hd/yr) of the ewe lambs and the 

proportion of extra energy consumed when ewe lambs are mated for the mature 

sizes with the maximum gross margin. 

 Mature size (kg) 

 50 60 70 80 
STD (MJ/hd/yr) 4322 5114 5858 6633 
EL (MJ/hd/yr) 4848 5755 6360 7347 
Difference (MJ/hd/yr) 526 641 503 714 
Extra energy consumed (%) 12 13 9 11 

7.3.4 Ewe and lamb production from the optimum systems 

The performance of the ewe lambs from each mature size when selected for the maximum 

gross margin is presented in Table 7.7. The mating weight of ewe lambs is 1-2 kilograms 

lower than the slaughter weight of lambs (see Table 7.8 for slaughter weights) and 

compared to their potential weight at the same time point they are ahead in terms of weight 

gain. The additional weight above their potential weight realises a condition score that is 

0.2-0.3 above condition score 3.0. The mating weight ranged from 69-72% of their mature 

weight and larger mature sizes tend to have a lower proportion of mature weight. 

Conception rate is 88% which means that approximately 12% of ewe lambs are non-

pregnant. The scanning rate (foetuses per 100 ewes mated) ranges from 144-147 percent 

and weaning rates are from 122-126 lambs per 100 ewes mated, which equates to a lamb 

mortality rate of approximately 20 lambs per 100 ewes mated. These results are at the 

upper level of results achieved at commercial scales for a high reproductive potential 

genotype and are similar to levels of reproductive output achieved in research studies 

(Fogarty et al. 2007; Kenyon et al. 2014; Rosales Nieto et al. 2015) 
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Table 7.7 The weight and condition score, proportion of mature size and the 

potential weight at mating, and the scanning and weaning rate of the ewe lambs from 

the optimum systems within each mature size. 

 Mature size (kg) 
 50 60 70 80 

Mating weight (kg) 35.8 42.5 46.8 55.0 
Mating CS (0-5 scale) 3.2 3.2 3.0 3.3 
Proportion of mature size (%) 72 71 67 69 
Potential weight (kg at CS3) 34.6 40.4 46.3 51.7 
Conception rate (%) 88 88 87 87 
Scanning rate (%) 147 146 143 144 
Weaning rate (%) 126 126 122 125 

 

When systems are selected for maximum gross margin, the ewe stocking remains similar 

between the EL and STD systems across mature sizes (Table 7.8) The stocking rate on a 

dry sheep equivalent basis increases by approximately 1.7 DSE/ha and is due to the higher 

number of ewes joined as a consequence of mating the ewe lambs. An extra 1.6-2.3 

ewes/ha are mated, which decrease with increasing mature size. 

The mating weight decreases in the EL system but this is due to the addition of lower-

weight ewe lambs and the mature ewes remain a similar weight to those in the STD 

system. Mating ewe lambs reduces the overall flock mating weight by 4.7-7.6 kilograms 

and corresponds to an average decrease in condition score of 0.2-0.3 condition score units.  

The lower weight and condition score of the ewe lambs also reduces the weaning rate. 

The weaning rate in the EL system decreases by 4-5%, but the lamb number per hectare 

increases by 1.9-2.8 lambs, which is an artefact of the calculation method, where the ewe 

lambs are not mated in the STD system and are not included in the calculation of weaning 

rate. The increase in lamb number is higher for the smaller ewes due to the higher ewe 

stocking rate.  
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The individual lamb weight remains unchanged between the El and STD systems, 

although as observed previously, the lamb weight increases with increasing mature size. 

The higher lamb number in the El system contributes to a higher lamb weight per hectare. 

Lamb weight per hectare increases by 106-111 kilograms across the mature sizes. As the 

replacement ewe lambs are primarily derived from the 2, 3 and 4-year-old age groups, all 

the lambs from the ewe lamb group are sold. The amount of additional lamb weight sold 

is similar to the amount weaned. 

Table 7.8 The production data for each mature size for the scenario that generates 

the maximum gross margin per hectare. 

 Mature size (kg) 
 50 60 70 80 

 STD EL STD EL STD EL STD EL 
Stocking rate (DSE) 23.3 25.1 23.1 24.8 25.4 27.2 23.7 25.4 
Stocking rate (ewe/ha) 11.5 11.4 9.6 9.5 9.5 9.5 7.6 7.6 
Number joined (n/ha) 9.7 12.0 8.0 10.0 8.0 10.0 6.4 8.0 
Mating weight (kg) 54.3 49.6 65.9 60.1 74.9 67.9 87.6 80.0 
Mating CS (0-5 scale) 3.6 3.4 3.7 3.5 3.6 3.3 3.8 3.5 
Weaning CS (0-5 scale) 3.7 3.6 3.8 3.7 3.6 3.5 3.9 3.7 
Wean rate (%) 153 148 154 149 151 146 153 149 
Number of lambs (n/ha) 14.8 17.6 12.4 14.7 12.1 14.5 9.9 11.8 
Lamb weight (kg/hd) 36.6 36.7 43.7 43.9 48.1 48.1 56.4 56.7 
Lamb weight weaned (kg/ha) 540 646 539 646 582 696 556 667 
Lamb weight sold (kg/ha) 460 564 460 565 495 606 475 583 
Wool weight (kg/ha greasy) 59 60 61 62 71 71 67 68 
Fleece weight (kg/hd greasy) 4.8 4.9 6.0 6.1 6.9 7.0 8.3 8.4 
Fibre diameter (µm) 19.8 19.2 21.8 21.2 23.7 23.1 25.9 25.1 
Supplement (kg/ha) 399 482 352 420 545 656 373 442 
Supplement (kg/hd) 35 42 37 44 57 69 49 58 
Pasture grown (t/ha) 10.3 10.2 10.3 10.2 10.1 10.0 10.2 10.1 
Pasture consumed (t/ha) 6.5 6.6 6.5 6.6 7.0 7.0 6.7 6.8 
Pasture utilisation (%) 63 65 63 65 69 70 66 67 

Groundcover (m2/m2) 0.56 0.55 0.57 0.56 0.43 0.44 0.50 0.51 

 

There is a small increase in fleece weight and a reduction in fibre diameter in the EL 

systems. The decrease in fibre diameter is due mainly to a reduction in fibre diameter of 
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the ewe lambs. It is likely they have partitioned a greater amount of energy into conceptus 

and lactation and there is less available energy for wool production. 

The requirement for supplementary feed increases by about 68-111 kilograms per hectare 

or 7-12 kilograms per head when ewe lambs are mated. The pasture grown and the pasture 

utilised remain relatively unchanged and only differ by 100 kilograms per hectare. 

Utilisation rates only increase by 1-2 % in the EL system and groundcover is below the 

recommended 70% threshold, but this is not a result of mating ewe lambs and is 

determined by the overall ewe stocking rates and is similar to the STD system.  

7.3.5 Gross margin, income and expenses from the optimum systems 

Mating ewe lambs consistently increases returns across the mature sizes, by an amount 

that ranges from $162 to $187 per hectare. The largest impact from mating ewe lambs is 

the increase in lamb income from the extra lamb weight produced per hectare. Lamb 

income increases by $222-240 per hectare or up to $170,000 per farm (Table 7.9). The 

expenses increase by $48-65 per hectare and the majority of these consist of non-labour 

costs at approximately $40-56 per hectare.  

The increase in non-labour costs is largely due to the increase in supplement costs ($18-

30/ha or $2.09-3.19/hd). Labour costs increase by $7-10 per hectare, which is a result of 

the extra feeding and mainly the husbandry (lamb marking, drenching) of extra lambs that 

are generated by mating the ewe lambs. All other income sources remain relatively 

unchanged and other costs increase marginally (e.g. costs associated with extra lambs 

such as commission or freight).   
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Table 7.9 The economic data for each mature size when selected for the maximum 

gross margin. 

 Mature size (kg) 
 50 60 70 80 
 STD EL STD EL STD EL STD EL 

Gross margin ($/ha) 881 1043 910 1090 914 1091 944 1131 
Income ($/ha) 1500 1727 1456 1687 1545 1787 1448 1683 
Expenses ($/ha) 620 684 546 598 631 696 504 552 
Sheep Income ($/ha) 152 153 127 129 125 127 102 103 
Lamb income ($/ha) 987 1209 981 1205 1045 1285 990 1219 
Wool income ($/ha) 361 364 348 353 374 375 356 360 
Labour expense ($/ha) 140 150 115 124 117 126 92 99 
Non-Labour expense ($/ha) 479 534 431 474 513 569 412 452 
Supplement costs ($/ha) 134 161 116 135 188 218 122 140 
Supplement costs ($/hd) 11.66 14.07 12.12 14.21 19.80 22.99 16.09 18.40 

 

7.3.6 The impact of limited labour supply 

The ewe stocking rate remains the same across all mature sizes and between the EL and 

STD systems when labour is limited (Table 7.10). The DSE/ha increases in the EL system 

and the difference between the EL and STD systems increases as the mature size is 

increased. The difference is 0.9 DSE/ha for the 50 kg ewe and this increases up to 1.6 

DSE/ha for the 80 kg ewe. As expected, the number of ewes mated increases in the EL 

system and an additional 1.6 ewes are mated per hectare. The mating weight decreases in 

the EL system, a direct result of mating ewe lambs that have a lower weight and condition 

score due to their immaturity. The mean weight across all ewes decreases by 

approximately 4.1-7.3 kg and the difference becomes larger as mature size increases. This 

corresponds with a decrease in condition score at mating of about 0.1-0.3 of a condition 

score unit.  

As a result of the lower mating weight and condition score, the overall weaning rate 

decreases in the EL system. This is due to the lower conception and multiple births in the 

ewe lambs. On average the weaning rate decreases by about 5-6%. However, weaning 



 200

rate is not a good indicator of overall reproductive output and the number of lambs per 

hectare increases in the EL system although it has a lower weaning rate. The lamb number 

increases by about 1.3-1.5 lambs per hectare in the EL system and is a consequence of 

the calculation method, where the non-mated ewe lambs in the STD system are not 

included in the calculation of weaning rate.  

The increase in lamb number per hectare is the main factor in the increase in lamb weight 

per hectare. Although, individual lamb weight tends to increase in the EL systems, 

particularly with the increase in mature size, it is not a significant contributor to the 

increase in lamb weight per hectare (<1.0 kg difference in individual lamb weight). 

Mating ewe lambs increases the lamb weight per hectare by 50, 71, 82 and 95 kg/ha for 

the 50, 60, 70 and 80 kg ewes respectively.   

The fleece weight increases marginally and the fibre diameter decreases in the EL 

systems. The decrease in fibre diameter is due mainly to a reduction in fibre diameter of 

the ewe lambs and is a similar response to when labour is unrestricted.  

Feed supplement increases in the EL system and it increases as mature size increases. The 

additional amount of supplement consumed in the EL system is 6, 9, 16 and 26 kg/ha or 

1.1, 1.6, 2.9 and 4.7 kg/hd for the 50, 60, 70 and 80 kg ewes respectively. The amount of 

pasture remains unchanged and there is a small increase in pasture utilization as the 

mature size increases. The groundcover decreases with mature size, reflecting the 

increased pasture utilisation and greater intake capacity of the larger ewes. The 

groundcover remains above the 70% threshold across both systems and all mature sizes. 
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Table 7.10 The production data for each mature size when selected for the maximum 

gross margin within the 20% of all simulations with the lowest labour input. 

 Mature size (kg) 
 50 60 70 80 

 STD EL STD EL STD EL STD EL 
Stocking rate (DSE) 12.0 12.9 14.3 15.5 16.6 18.0 18.7 20.3 
Stocking rate (ewe/ha) 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 
Number joined (n/ha) 4.9 6.0 4.9 6.0 4.9 6.0 4.9 6.0 
Mating weight (kg) 59.3 55.2 71.5 66.6 83.0 77.0 93.4 86.1 
Mating CS (0-5 scale) 4.3 4.1 4.3 4.2 4.3 4.2 4.3 4.0 
Weaning CS (0-5 scale) 4.4 4.4 4.5 4.5 4.5 4.5 4.4 4.3 
Wean rate (%) 161 155 161 156 160 155 159 154 
Number of lambs (n/ha) 7.8 9.2 7.8 9.3 7.8 9.2 7.7 9.2 
Lamb weight (kg/hd) 35.0 34.9 42.3 43.4 51.2 52.0 59.0 60.0 
Lamb weight weaned (kg/ha) 273 323 331 402 398 480 454 549 
Lamb weight sold (kg/ha) 236 285 285 355 343 424 391 484 
Wool weight (kg/ha greasy) 30 30.4 37 38.6 45 46.7 53 54.3 
Fleece weight (kg/hd greasy) 4.8 4.9 6.0 6.2 7.3 7.6 8.6 8.9 
Fibre diameter (µm) 19.7 19.2 21.8 21.2 24.0 23.3 26.1 25.3 
Supplement (kg/ha) 39 45 54 63 78 94 115 141 
Supplement (kg/hd) 6.7 7.8 9.3 10.9 13.4 16.3 19.8 24.5 
Pasture grown (t/ha) 10.5 10.5 10.6 10.7 10.7 10.7 10.6 10.6 
Pasture consumed (t/ha) 3.4 3.5 4.1 4.2 4.8 5.0 5.4 5.6 
Pasture utilisation (%) 32 33 39 39 45 47 51 53 

Groundcover (m2/m2) 0.93 0.93 0.91 0.90 0.83 0.81 0.74 0.72 

 

The largest impact of the productivity differences when labour is limited and ewe lambs 

are mated is the increase in lamb number per hectare and the increase in lamb weight per 

hectare. As a result, the lamb income increases by $104, $149, $169 and $192/ha for the 

50, 60, 70 and 80 kg ewe respectively (Table 7.11). The increase in lamb income realises 

an increase in the gross margin of $87, $134, $153 and $174/ha for the 50, 60, 70 and 80 

kg ewes respectively. Similar to the previous chapter, the larger mature sizes are able to 

maintain higher profitability under limited labour due to their already low stocking rate 

and capacity to increase lamb weight. This is different to the smaller mature sizes that 

rely upon high stocking rates to produce a large number of small lambs to maximise lamb 

weight per hectare.  
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The small increase in energy requirements and the extra pasture consumed from mating 

ewe lambs is reflected in the small increase in supplement costs. The difference in 

supplement costs between the EL and STD systems is $2, $3, $5 and $8/ha for the 50, 60, 

70 and 80 kg ewes respectively. The largest cost is the husbandry and the associated 

labour for the extra lambs produced from mating the ewe lambs.  

Table 7.11 Economic data for each mature size when selected for the maximum gross 

margin within the 20% of all simulations with the lowest labour input. 

 Mature size (kg) 
 50 60 70 80 
 STD EL STD EL STD EL STD EL 

Gross margin ($/ha) 477 564 605 739 721 874 827 1001 
Income ($/ha) 756 863 901 1057 1036 1214 1165 1367 
Expenses ($/ha) 279 299 296 318 314 340 337 366 
Sheep Income ($/ha) 78 78 78 79 78 78 78 78 
Lamb income ($/ha) 497 601 612 761 719 888 809 1001 
Wool income ($/ha) 180 184 211 218 239 247 278 288 
Labour expense ($/ha) 71 75 71 74 69 73 68 72 
Non-Labour expense ($/ha) 208 224 226 244 245 267 270 294 
Supplement costs ($/ha) 11 13 15 18 22 27 34 42 
Supplement costs ($/hd) 1.82 2.29 2.55 3.13 3.77 4.75 5.85 7.25 

 

The results from varying the labour input are similar to previous chapter where the smaller 

ewes are affected more by limiting the amount of labour supplied (Figure 7.4). When ewe 

lambs are mated the response follows a similar curve to that of the STD system, except it 

is scaled higher due to the extra income derived from the extra lambs produced. There 

appears to be an effect of limited labour on the 50kg EL system, where the extra gross 

margin decreases as labour became more limiting. However, the 80 kg ewe displayed a 

scale effect, where the difference between the STD and EL is similar as the amount of 

labour input varies.  

For the 50kg ewe, the difference in gross margin between the EL and STD systems is 

$162/ha at 80% labour input and decreased to $87/ha at 20% labour input. The difference 
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in the value from mating ewe lambs between the two different labour inputs is $75/ha or 

$54,000/farm, whereas the difference for the 80 kg ewe is only $13/ha or $9,000/farm 

between the 20 and 80% labour input levels.  

 

 

Figure 7.4 The response in gross margin for the 50 ( ) and 80 kg ( ) mature sizes 

for the EL (dashed line) and the STD (solid line) systems for different proportions 

of labour input (percentage of maximum labour input). 

7.3.7 The impact of meeting the 70% groundcover constraint 

The ewe stocking rate remains unchanged but the DSE increases by 1.4-1.6 DSE/ha when 

the ewe lambs are mated (Table 7.12). Similar to the other analysis in this chapter, more 

ewes are mated, the mating weight and condition score decrease and the weaning rate 

declines when ewe lambs are mated and included in the calculation of these metrics.  

Likewise, the standout difference between the EL and STD systems while meeting the 

minimum groundcover is the extra lambs produced. Lamb number increases by 1.5-2.1 

lambs per hectare, which corresponds to an extra 82-97 kilograms of lamb weight weaned 

per hectare. Individual lamb weight remains unchanged. 

0

200

400

600

800

1000

1200

0 20 40 60 80 100

G
ro

s
s 

m
a

rg
in

 (
$

/h
a)

Labour input (%)



 204

There is an increase in the amount of supplement from mating ewe lambs. An extra 16-

31 kilograms per hectare or 3-4 kilograms per head is consumed. There are only minor 

changes in pasture production and pasture consumption increases by 100-200 kilograms 

per hectare. This increases pasture utilisation rates by 1-2 percent and decreases the 

groundcover by 1-2 percent. The groundcover remains above the 70% threshold. 

Table 7.12 The production data from systems selected for minimum 70% 

groundcover and maximum gross margin per hectare for each mature size. 

 Mature size (kg) 
 50 60 70 80 

 STD EL STD EL STD EL STD EL 
Stocking rate (DSE) 19.4 20.9 19.2 20.8 16.6 18.0 18.7 20.3 
Stocking rate (ewe/ha) 9.6 9.6 7.7 7.7 5.8 5.8 5.8 5.8 
Number joined (n/ha) 8.1 10.0 6.5 8.0 4.9 6.0 4.9 6.0 
Mating weight (kg) 57.2 53.0 68.9 63.7 83.0 77.0 93.4 86.1 
Mating CS (0-5 scale) 4.0 3.8 4.1 3.9 4.3 4.2 4.3 4.0 
Weaning CS (0-5 scale) 4.2 4.1 4.2 4.1 4.5 4.5 4.4 4.3 
Wean rate (%) 140 1.35 158 1.53 160 1.55 159 1.54 
Number of lambs (n/ha) 11.3 13.4 10.2 12.1 7.8 9.2 7.7 9.2 
Lamb weight (kg/hd) 38.2 38.6 45.1 45.9 51.2 52.0 59.0 60.0 
Lamb weight weaned (kg/ha) 433 516 460 557 398 480 454 549 
Lamb weight sold (kg/ha) 364 446 395 490 343 424 391 484 
Wool weight (kg/ha greasy) 51 53 51 52 45 47 53 54 
Fleece weight (kg/hd greasy) 5.0 5.1 6.2 6.4 7.3 7.6 8.6 8.9 
Fibre diameter (µm) 19.8 19.3 21.9 21.3 24.0 23.3 26.1 25.3 
Supplement (kg/ha) 177 206 151 182 78 94 115 141 
Supplement (kg/hd) 18 22 20 24 13 16 20 24 
Pasture grown (t/ha) 10.6 10.6 10.6 10.6 10.7 10.7 10.6 10.6 
Pasture consumed (t/ha) 5.6 5.7 5.5 5.7 4.8 5.0 5.4 5.6 
Pasture utilisation (%) 53 54 52 54 45 47 51 53 

Groundcover (m2/m2) 0.71 0.71 0.73 0.71 0.83 0.81 0.74 0.72 

 

Mating ewe lambs under the groundcover constraint returns an extra $147-178 per hectare 

(Table 7.13). This is mainly a result of the higher lamb income generated by the extra 

lamb weight per hectare. Lamb income increases by $169-203 per hectare across the 

mature sizes. The expenses increase by $26-36 per hectare and these consist mainly of 

extra supplementation, husbandry for extra lambs and the extra labour for these activities. 
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Non-labour expenses (consisting of husbandry and supplement costs) increase by $22-29 

per hectare, of which supplement costs consist of $5-9 per hectare. Labour expenses 

increase by $4-7 per hectare.  

Table 7.13 The economic data from systems selected for minimum 70% groundcover 

and maximum gross margin per hectare for each mature size. 

 Mature size (kg) 
 50 60 70 80 
 STD EL STD EL STD EL STD EL 

Gross margin ($/ha) 766 913 826 1004 721 874 827 1001 
Income ($/ha) 1223 1406 1230 1441 1036 1214 1165 1367 
Expenses ($/ha) 457 493 404 437 314 340 337 366 
Sheep Income ($/ha) 132 133 104 104 78 78 78 78 
Lamb income ($/ha) 781 957 840 1043 719 888 809 1001 
Wool income ($/ha) 309 316 286 294 239 247 278 288 
Labour expense ($/ha) 113 120 91 95 69 73 68 72 
Non-Labour expense ($/ha) 344 373 313 342 245 267 270 294 
Supplement costs ($/ha) 55 64 46 55 22 27 34 42 
Supplement costs ($/hd) 5.73 6.65 5.97 7.09 3.79 4.72 5.86 7.20 

 

Varying the minimum groundcover shows that the gross margin is optimised at around 

50% groundcover for all mature sizes (Figure 7.5a). This is not surprising given that when 

systems are maximized solely for gross margin, the groundcover is between 43-57 percent 

across the mature sizes. The difference in gross margin between the STD and EL systems 

decreases as the groundcover increases from about 50% up to about 95% (Figure 7.5b). 

This is a result of the negative relationship between groundcover and stocking rate, where 

to achieve a high groundcover, reducing the stocking rate increases the spring carryover 

of pasture and decreases the grazing pressure during the autumn. 
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Figure 7.5 The response in gross margin for the 50 ( ), 60 ( ), 70 ( ) and 80 kg ( ) mature 

sizes (a) and the mean response across all mature sizes for the STD (solid line) and EL 

(dashed line) (b) as the minimum groundcover increases. 

7.4 Discussion 

Mating ewe lambs increases the profitability across all mature sizes. The increase in profit 

was due to a direct increase in the amount of lambs per hectare, which led to an increase 

in the lamb weight per hectare and lamb income. These results are consistent with those 

reported by Young et al. (2010) who reported that mating ewe lambs increases the 

profitability by up to $100 per hectare if weaning rates of 83% could be achievable. At 

comparable stocking rates to those reported by Young et al. (2010) (approximately 18.5 

DSE/ha), the results from this analysis indicated a gross margin of approximately $115/ha 

are achievable for a ewe lamb weaning rate of around 80%. However, for this analysis 

the optimum stocking rate was approximately 25 DSE/ha, which extended the value from 

mating ewe lambs up to $130/ha at 80% weaning rate. Furthermore, at both the optimum 

stocking rate (25 DSE/ha) and the optimum ewe-lamb weaning rate (125%), the 

additional value from mating ewe lambs further increases to approximately $187/ha. This 

equates to an increase in the lamb income by up to $240 per hectare or $170,000 per farm 

and improves the gross margin by up to $130,000 per farm. A 10% increase in ewe-lamb 

reproductive rate realises an additional $15 per hectare in gross margin. This is similar to 

Young et al. (2010) who reported that a 10% increase in ewe lamb reproductive rate 

increased profit by $12 per hectare. 

a) b) 
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The large increase in profitability is also attributable to only a small increase in costs 

when ewe lambs were mated. The increase in costs is mainly due to the extra 

supplementation and the extra labour for feeding ewes, and the husbandry of the extra 

lambs that are produced. Husbandry of the extra lambs is the largest increase in costs and 

is somewhat unexpected. Generally, ewes require greater management and husbandry 

input in terms of time and effort simply because they are maintained across the full annual 

production cycle, whereas lambs are generally on-farm for approximately half the year 

before being on-sold. However, as the ewe lambs are already managed in the farm system 

without being mated (i.e. the STD system), the majority of inputs are already committed 

and there is only a small increase in extra requirements when they become reproductive 

(i.e. the EL system). In the case of extra lambs, each additional lamb is essentially a “new” 

unit that requires a full complement of husbandry and labour inputs.  The hypothesis that 

the value from the increase in lamb numbers and lamb weight per hectare from mating 

ewe lambs is less than the additional cost of maintaining the ewe lamb during pregnancy 

and lactation, and managing the extra lambs generated is therefore not supported. 

The low additional cost of managing the maternal costs of the ewe-lamb is due to the 

small increase in energy intake when ewe lambs are mated compared to non-mated ewe 

lambs. On average the extra energy intake by ewe lambs that are mated is about 12%. 

This could be considered low given that the extra energy required for a reproductive cycle 

is about 30% above the maintenance requirements of a non-pregnant animal. However, 

ewe lambs in the standard system are maintained or are able to consume more energy 

above maintenance and achieve a higher condition score profile. When ewe lambs are 

mated, they consume more energy but due to the extra demands of pregnancy and 

lactation they achieve or are managed at a lower condition-score profile. As a result, the 

smaller-than-expected difference in energy intake between the systems is captured in 

differences in the respective condition-score profiles. If the non-pregnant ewes are 
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restricted and have a similar condition-score profile to the pregnant ewe lambs, then it is 

expected that the difference in energy intake is larger.  Practically, ewe lambs that are not 

mated at 7-8 months of age, are managed as a lower priority animal class and are 

constrained at a lower condition score and lower intake than what is represented in the 

model.  

The small increase in costs when ewe lambs are mated has limited impact on labour 

requirements and the optimum stocking rate. Approximately half of the extra non-labour 

costs from mating ewe lambs is from supplementation costs of the ewe lambs and the 

remainder is for costs associated with the additional lambs generated from mating the ewe 

lambs. Likewise, most of the labour expenses from mating ewe lambs is associated with 

the management and husbandry operations for the extra lambs that are generated.  

Limiting labour affected the smaller ewes more than larger ewes. When labour is limited, 

the small ewes are forced to reduce the stocking rate and this affected the amount of ewe 

lambs that are mated and therefore restricts the amount of income they generate. The 

reduction in output from the ewe lambs in the 50 kg ewe under limited labour is mostly 

mediated by a reduction in stocking rate. Alternatively, the larger ewes that have greater 

capacity to mediate reductions in stocking rate by increasing lamb slaughter weight, 

benefited from the additional lambs generated from mating ewe lambs.  The extra lambs 

helped increase the amount of lamb weight produced per hectare in a system that is 

already at its stocking rate limit due to the constraints of the larger mature size. 

Although the labour costs increased when ewe lambs were mated, it was not large enough 

to change the optimum stocking rate. The hypothesis that mating ewe lambs increases 

labour requirements and decreases the optimum stocking rate due to the positive 

relationship between stocking rate and labour costs is not supported. However, under 

limited labour mating ewe lambs returns greater value to larger ewes, due to the ability 
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of the larger ewes to compensate for a low stocking rate by increasing the lamb slaughter 

weight. Likewise, the reduction in labour causes the stocking rate to decline in the smaller 

ewes, but these are unable to increase the lamb slaughter weight and as a result they have 

lower lamb weight per hectare and lower profitability.   

There is limited impact on the whole-farm energy supplied by pasture and supplements 

from mating ewe lambs. As the extra costs are mainly associated with extra progeny and 

not ewe costs during pregnancy and lactation, the extra energy required for ewes to move 

from a non-reproductive state to produce a lamb is relatively small compared to the value 

the extra lamb returns. As discussed earlier, the base energy requirements for the ewe 

lambs are committed regardless of whether they are mated. There are small changes to 

pasture consumption and the MEI of other age groups when ewe lambs were mated but 

these are relatively insignificant and did not affect their production outcomes.  

Mating ewe lambs increased the MEI of ewe lambs but the extra intake had little impact 

on the whole-farm feed supply and the costs of supplementation. The ewe lambs are only 

one of six management groups and account for approximately 17% of the total animals 

managed in the farm system. Unless the non-mated ewe lambs have their intake tightly 

controlled and are not allowed to gain weight and condition, then the difference in energy 

intake between the mated and non-mated animals is likely to be small. Even if the 

difference is larger by managing the non-reproductive ewe lambs at a lower condition 

score profile, the impact on profitability would be minimal as the additional energy 

consumption is only a small proportion of their total annual intake, and they are a group 

of animals that are a small proportion of the whole flock. 

The small changes in energy consumption had only a small impact on the pasture 

production and utilisation, and by default the groundcover. Although the systems 

maximised for gross margin are below the recommended groundcover thresholds, there 
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are only small changes when ewe lambs are mated. When the systems are constrained to 

meet the 70% minimum threshold there is limited differences (1-2%) between systems 

that either mated or did not mate ewe lambs. For only a small decrease in groundcover, 

the profitability is improved by up to $178 per hectare by mating ewe lambs. Mating ewe 

lambs is an alternative option to improve profitability for systems that have pushed the 

stocking rate to the minimum groundcover. The hypothesis that the increased energy 

demand from mating ewe lambs increases the grazing pressure and decreases the 

groundcover, causing a reduction in stocking rate and profitability is rejected. 

There is value from mating ewe lambs across all the reproductive rates and stocking rates 

tested. Some studies recommend that improvements in reproduction must proceed after 

the improvement of stocking rate. This is based on the premise that the relative 

profitability of changing stocking is higher than a relative change in reproductive rate. 

Even if enterprises are at a low stocking rate and not wishing to incur significantly more 

costs, this would be an alternative to generating more lambs whilst only incurring a minor 

increase in the energy demand of the system.  

There are some aspects of the analysis that could be improved. As described earlier, the 

non-mated ewe lambs in the STD system are managed to a similar condition score as 

pregnant animals. In reality these are likely to be managed at a lower condition score, a 

lower MEI and lower cost of supplementation, which is likely to lead to a larger difference 

in MEI between the systems. However, the benefit of mating ewe lambs was large and 

any trade-offs between lower condition score, cost savings and fleece value are likely to 

be small. In future analysis, there needs to be some consideration to test different 

condition score profiles of ewe lambs in both systems where they are either mated at 7 or 

19 months of age.  
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The analysis does not sell off non-pregnant females in the EL system which could 

potentially be lowering the difference in MEI between the ewe lambs in the STD and EL 

system. However, this probably reflects the majority of real-life systems where they mate 

ewe lambs and retain all ewes as the replacement drop. There are some producers 

beginning to adopt a system where they mate all ewe lambs and only retain those that are 

pregnant and sell off those that are non-pregnant (these ewe lambs are still young enough 

to fit into a lamb category to achieve maximum price). In the analysis the replacement 

ewe lambs are selected first and then the remainder are sold. The replacement group is 

then subsequently mated, which leaves a portion of ewe lambs that will be carried through 

in a non-pregnant status. This may contribute to the smaller difference in MEI between 

the STD and EL systems. 

In summary, mating ewe lambs increases the profitability of sheep systems at the 

optimum stocking rate and reproductive rate, and across a range of mature sizes. It also 

increases the profitability across the range of stocking and reproductive rates tested. This 

is driven by an increase in the income from the extra lambs generated for a relatively 

minor increase in costs. The cost of the increases in energy requirements of a pregnant 

ewe lamb were minor in proportion to the energy already committed to maintaining a 

non-pregnant ewe lamb over the annual period. Furthermore, the ewe lambs are only one 

age group of generally 5-6 age groups across the whole farm and the small increase in 

energy intake corresponds to only small change in feed consumption across the whole 

flock. The extra labour costs of managing pregnant ewe lambs and the extra lambs 

generated is not enough to reduce the optimum stocking rate. The increase in energy 

requirements and subsequent small increase in pasture utilisation is not enough to reduce 

the groundcover below the 70% threshold and force the ewe stocking rate to decrease. In 

contrary, mating ewe lambs increases the profitability of systems when they when 
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subjected to constraints on labour and groundcover in most cases, with the exception of 

the smaller ewes when they are constrained by labour supply. 
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8. The value of modifying the growth curve  

8.1 Introduction 

Some sheep scientists have advocated a strategy with the aim of modifying the growth 

curve to increase early growth rate during immaturity while limiting the increase in size 

at maturity (Thompson & Barlow 1986; Fitzhugh 1976; Dickerson 1970). However, 

growth during immaturity is correlated with size at maturity, and delivering the proposed 

growth curve has not been straightforward. Nevertheless, Fischer et al. (2006) showed 

that the correlations between growth traits at different ages decline as the age difference 

increases, so early and late growth could be considered as separate traits that can undergo 

independently selection.  

The growth of animals during immaturity and their final mature weight may be also be 

affected by other traits. Ferguson et al. (2011) showed that ewes with similar yearling 

weight breeding values and larger eye muscle depth had a lower mature weight than ewes 

with same yearling weight and smaller eye muscle depth. It has also been demonstrated 

that the selection for increased eye muscle depth reduces limb length and induces earlier 

maturity of skeletal growth (Cake et al. 2006). It appears that through independent 

selection of early and late growth, and possibly the selection of other traits that manipulate 

body composition, the growth curve from birth to maturity can be modified to exploit 

early growth while limiting mature size. 

Modifying the growth curve from birth to maturity is likely to improve maternal 

efficiency in three areas. Firstly, increasing the growth rate during early life could allow 

lambs to reach their required slaughter weight earlier, or achieve a heavier slaughter 

weight within the constraints of the growing season and the seasonal decline in feed 

availability and quality.  
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Secondly, if the increase in early growth can be achieved while limiting the correlated 

increase in mature size, then the whole-farm will benefit from the reduced feed 

requirements for maintenance, allowing a higher stocking rate. A common theme in this 

thesis is the focus on the maintenance costs of the ewe as a means of improving maternal 

efficiency. As previously stated, the energy requirements for maintenance are a high 

proportion of the total annual energy requirements and costs of the ewe (Large 1970; 

Dickerson 1970; Garret et al. 1959; Coop 1962). Any approaches that minimise this cost 

are likely to have a large impact on the whole-farm feed supply and ultimately 

profitability.  

Thirdly, increasing the rate of growth during immaturity will allow replacement ewe 

lambs to reach a higher weight for mating at 7-8 months of age. A higher weight at mating 

is associated with a higher conception and reproductive success in ewe lambs (Barlow & 

Hodges 1976; Kenyon et al. 2004; Gaskins et al. 2005; Fogarty et al. 2007; Rosales Nieto 

et al. 2011). The accelerated growth will also allow lambs to reach a higher weight before 

the seasonal decline in pasture availability and quality, so lambs can reach a higher 

proportion of their mature weight. This may realise a lower energy intake during the late 

spring and summer period as lambs will require less energy proportioned towards growth 

and the majority of energy intake will be for maintenance. 

However, there is little evidence to suggest that modifying the growth curve will lead to 

improvements in the economic output at the whole-farm scale. Thompson (1986) 

concluded that to maximise the biological efficiency of large mature sizes the slaughter 

weight had to increase to exploit the extra lamb growth. Similarly, results from Chapter 

6 showed that small ewes have limited capacity to increase slaughter weight, while larger 

ewes extracted the extra value from increasing the slaughter weight, rather than the faster 

growth to a lower slaughter weight.  
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It is questionable whether the value of increased growth rate in smaller mature sizes, as 

this will not change the absolute slaughter weight that can already be achieved within the 

constraints of the growing season. Modifying the growth curve may be more valuable to 

larger mature sizes to achieve a higher absolute slaughter weight, rather than extra lamb 

growth per se to finish lambs in less time to a lower slaughter weight. Modifying the 

growth curve to increase early growth and reduce mature size may be less valuable than 

expected due to the positive relationship between mature size and lamb slaughter weight.  

In this chapter we use the base simulation with the addition of mating ewe lambs from 

Chapter 7 to explore the relationship between ewe mature size with modified growth 

curves, stocking rate, reproductive rate and lamb slaughter weight. The results from 

Chapters 6 and 7 are used for comparison. We explore these relationships in the context 

of constraints on labour and groundcover. We specifically hypothesise that:  

i) The benefit of modifying the growth curve to increase early growth will be 

greater in larger mature sizes where the increased growth rate increases the 

slaughter weight and lamb weight per hectare.  

ii) Modifying the growth curve by increasing early growth and limiting mature 

size does not increase the profitability of smaller ewes compared to larger 

ewes with a standard growth curve because slaughter weight will remain 

unchanged.  

iii) Modifying the growth curve increases the mating weight of ewe lambs and 

increases the reproductive rate. 
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8.2 Methods 

8.2.1 Analysis 

Simulations with AusFarm version 1.4.4 used historical weather information from the 

Hamilton airport weather station (37°65’S, 142°07’E), and simulations are executed for 

a period from 1965 to 2005. A full description of the farm system and modelling approach 

is included in Chapter 3. The simulations use various levels of mature size, stocking rate 

reproductive rate and lamb slaughter weight, as presented in Table 8.1. 

Table 8.1 The factor levels tested in the analyses of mature size. 

Mature size 
(kg/hd) 

Stocking rate 
(Ewes/ha) 

Reproductive rate 
(%) 

Lamb slaughter weight 
(kg/hd) 

50 4, 6, 8, 10, 12, 14, 16, 18 75, 100, 125, 150, 175 40 
60 4, 6, 8, 10, 12, 14, 16, 18 75, 100, 125, 150, 175 50 
70 4, 6, 8, 10, 12, 14, 16, 18 75, 100, 125, 150, 175 60 
80 4, 6, 8, 10, 12, 14, 16, 18 75, 100, 125, 150, 175 70 

 

8.2.2 Mature size parameters 

Increasing mature size affects the various wool production traits differently. There are 

many correlations published between body weight, fleece weight and fibre diameter. 

These correlations vary widely due to differences in genetics and ‘strains’ of sheep 

examined. For this analysis we have assumed that fleece weight increases by 0.1kg and 

fibre diameter by 0.2 micron per kilogram change in mature size (Table 8.2).  

Table 8.2 Parameters associated with the change in mature size.  

Ewe mature size 
(kg) 

Potential Fleece Weight 
(kg) 

Fibre diameter 
(µm) 

Fleece yield 
(%) 

50 4.0 19.0 70 
60 5.0 21.0 70 
70 6.0 23.0 70 
80 7.0 25.0 70 
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8.2.3 Modifying the growth curve 

The normal weight in a mature animal is the standard reference weight (mature size) and 

in a growing animal it is described by the equation of the Brody (1945) with an allometric 

scaling of a time constant for skeletal development (Taylor 1968). This description of 

lamb growth is a “genetic potential” of the animal that would be achieved if there is no 

influence of nutrition or environment. (CSIRO 2008). 

To represent differences in the growth curve, the growth rate constant and the 

allometric scalar for growth rate are modified for each of the mature sizes by 

changing parameters Cn1 and Cn2 to 0.018 and 0.24 respectively (Freer et al. 1997) ( 

Table 8.3). The “genetic potentials” for live weight at different time points for the mature 

sizes and growth curves are presented in Table 8.4.  

The simulation with the modification of the growth curve (GC) utilises the existing 

standard simulations with the addition of mating ewe lambs. Comparisons beyond this 

point refer to the standard system (STD), the standard system with the addition of mating 

ewe lambs (EL) and then the standard system with the addition of mating ewe lambs and 

modification of the growth curve (GC). 

Table 8.3 The parameters and values for the standard growth curve (STD) and the 

modified growth curve (GC) systems. 

Parameter Description Value (STD) Value (GC) 
Cn1 Growth rate constant 0.0157 0.018 
Cn2 Allometric scalar for growth rate 0.27 0.24 

 



 218

Table 8.4 The potential live weight (kg) at different time points for the standard 

growth curve (STD) and the modified growth curve (GC) across the mature sizes. 

Day 

Mature size (kg) 
50 60 70 80 

STD GC STD GC STD GC STD GC 
1 4.3 4.3 4.8 4.9 5.3 5.4 5.9 6.0 
50 15.0 17.6 17.2 20.4 19.3 23.0 21.4 25.6 
100 23.4 27.2 27.0 31.7 30.5 36.0 33.9 40.3 
150 29.7 34.0 34.5 39.8 39.2 45.5 43.8 51.0 
250 38.3 42.1 44.9 49.7 51.3 57.2 57.6 64.5 
350 43.2 46.1 51.0 54.8 58.6 63.3 66.2 71.8 
450 46.1 48.1 54.6 57.3 63.1 66.5 71.4 75.6 
550 47.7 49.0 56.8 58.6 65.8 68.2 74.7 77.7 
650 48.7 49.5 58.1 59.3 67.5 69.0 76.7 78.7 

8.3 Results 

8.3.1 The optimum stocking rate and reproductive rate 

The optimum ewe stocking rate does not change across the standard system (STD), the 

ewe lamb system (EL) or the growth curve system (GC), except for the 70 kg ewe in the 

GC system where it decreases (Table 8.5). The optimum ewe stocking rate for the GC 

system is 12, 10, 8 and 8 ewes for the 50 60, 70 and 80 kg ewes respectively. These 

optimum stocking rates are achieved at the maximum reproductive rates.  

Although the optimum ewe stocking rate has not changed, it can be seen that the addition 

of the EL and the GC system causes the gross margin per DSE to decline at the optimum 

ewe stocking rate. For example, in the 50 kg ewe, the gross margin per DSE at 12 ewes 

per hectare is $15, $12 and $7 for the STD, EL and GC systems respectively. It is also 

evident that the addition of the GC system increases the gross margin per DSE at lower 

stocking rates and limits its decline at stocking rates past the optimum. However, the 

systems tend to lower the reproductive rate when exceeding the optimum to counteract 

the increase in stocking rate. 
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The change in gross margin per unit change in weaning rate for the GC is similar to other 

systems (Table 8.6). There is no optimum reproductive rate and there is value from 

increasing weaning rate up to the highest levels in the analysis. There is a small advantage 

of the GC system at the lower reproductive rates but this tends to diminish as reproductive 

rate increases. 
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Table 8.5 The change in gross margin per dry sheep equivalent ($/DSE) for an incremental change in ewe stocking rate at the 

optimum reproductive rate for each stocking rate. 

Stocking rate 
(Ewes/ha) 

Mature size (kg) 
50 60 70 80 

STD EL GC STD EL GC STD EL GC STD EL GC 
4 38 42 44 41 45 46 41 46 47 43 47 48 
6 43 47 49 46 53 55 48 53 55 47 53 54 
8 49 56 54 45 50 47 36 40 35 24 26 18 

10 38 42 37 22 22 16 3 1 -8 -17 -28 -44 
12 15 12 7 -10 -18 -26 -39 -54 -70 -125 -187 -66 
14 -20 -23 -28 -70 -97 -68 -167 -258 -82 -108 -97 -106 
16 -63 -97 -51 -101 -131 -60 -125 -111 -79 -244 -115 -133 
18 -84 -123 -50 -132 -103 -75 -249 -104 -139 -151 -189 -156 
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Table 8.6 The change in gross margin ($/DSE) per 1% change in weaning rate (lambs/ewe) for an incremental change in reproductive 

rate at the optimum stocking rate for each mature size. 

Stocking rate 
(Ewes/ha) 

Mature size (kg) 
50 60 70 80 

 STD EL GC STD EL GC STD EL GC STD EL GC 
75 7.7 9.3 9.2 8.0 9.7 9.9 7.9 9.5 9.9 8.4 10.1 10.5 

100 6.4 7.6 7.2 7.7 7.9 7.8 7.6 8.3 8.3 8.0 7.5 8.5 
125 3.0 4.0 5.2 7.0 4.1 5.7 7.0 4.6 4.8 6.8 3.8 5.4 
150 3.1 4.5 5.5 6.2 4.3 5.5 6.6 5.1 6.1 6.5 5.7 5.6 
175 3.3 3.8 3.6 5.9 4.4 5.8 6.1 3.8 5.1 6.2 4.9 4.3 
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8.3.2 Energy intake, condition-score profile and the change in feed supply of the 

optimum systems 

For adult ewes the metabolisable energy intake (MEI) remains similar when systems with 

the growth curve (GC) where compared with the STD and EL systems (Table 8.7) This 

was expected as the effects of modifying the growth curve are confined to the growing 

animal; mature size differences as adults remain unchanged. However, both the ewe lamb 

and lamb MEI increase in the GC system. Ewe lambs increase their intake by 

approximately 1.6-2.6 MJ/hd/day across mature sizes. Similarly, the lamb MEI increases 

by 1.1-1.6 MJ/hd/day. This highlights that the faster growth from modifying the growth 

curve have a concurrent increase in energy consumption to meet the demand of the extra 

growth.  

Table 8.7 The mean metabolisable energy intake (MJ/hd/day) for adult ewes, 

replacement ewe lambs and lambs for the different mature sizes across all 

simulations. Results are for the standard system (STD), the system where ewe lambs 

are mated (EL) and the system where the growth curve has been modified (GC).   

 Mature size (kg) 
 50 60 70 80 
 STD EL GC STD EL GC STD EL GC STD EL GC 

Adult ewe  12.4 12.9 12.9 14.3 14.9 14.9 16.1 16.7 16.8 17.7 18.5 18.6 
Ewe lamb  11.5 11.3 12.9 13.0 12.6 14.6 14.3 13.8 16.1 15.4 14.9 17.5 

Lamb 10.3 10.0 11.1 11.5 11.1 12.5 12.5 12.1 13.5 13.2 12.8 14.4 

 

The individual ewe MEI profile over the annual period is similar between the three 

systems in each of the mature size categories from the optimum scenarios (Figure 8.1). 

There is a minor increase in the GC system during the spring period corresponding with 

lactation and peak lamb growth and the MEI during the post-weaning, mating and 

pregnancy is slightly lower than the EL system and equal with the STD system. The 
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individual lamb MEI increases proportionately with the increase in mature size and the 

GC lambs has a higher MEI in the later growth phase. The increase ewe and lamb MEI 

in the GC system causes the total MEI per hectare to increase during the lactation period 

but this is minor and the difference between the EL and STD system is larger.  

 

 
 

Figure 8.1 The individual ewe MEI (MJ/hd/day) for a) 50 kg ewe b) 80 kg ewe; the 

individual lamb MEI (MJ/hd/day) for c) 50 kg ewe d) 80 kg ewe; and the MEI per 

hectare (MJ/ha/day) for e) 50 kg ewe f) 80 kg ewe for the optimum systems. The 

standard system (STD) (solid line), ewe lamb system (EL) (dashed line) and the 

modified growth curve system (GC) (dotted line) are represented in each graph. 

a) b) 

c) d) 

e) f) 
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Although there appears to be only small difference between the GC and EL systems in 

total MEI at the per hectare scale, this does not discriminate between the MEI that is 

consumed from pasture and supplement. The proportion of MEI consumed as pasture or 

supplement is provided in Table 8.8. The majority of the increase in MEI consumed as 

pasture is incurred as a result of moving from the STD to the EL system, and modifying 

the growth curve results in only a minor additional increase. The 80kg ewes consume 

more MEI per hectare from the pasture than does the 50kg ewes and the difference equates 

to approximately 1100-2200 MJ/ha/year. The amount of MEI consumed in supplement 

increases with the transition from the STD to the EL system and again to the GC system. 

However, the MEI of supplement is lower for the 80kg ewe compared to the 50kg ewes, 

which equates to a difference of 317-490 MJ/ha/year between mature sizes.  

Table 8.8 The MEI (MJ/ha/year) consumed (pasture and supplement combined) in 

the 50 and 80-kilogram mature sizes for the STD, EL and GC systems.   

MEI source Mature size STD EL GC 
Pasture 50 74705 80097 80863 
Pasture 80 75878 81468 83131 

Supplement 50 4858 5870 6521 
Supplement 80 4541 5380 6196 

 

The increase in supplementation in the GC system is a result of high pasture utilisation 

during spring and lower carryover of residual dry matter into the summer and autumn 

period. The decrease in pasture availability during this period causes the minimum 

condition score to be reached sooner, which increases the amount of supplement that is 

consumed during the autumn and winter period leading into lambing. This is more 

pronounced in the larger mature sizes where the lamb and ewe intake is higher (Figure 

8.2). 

 



 225

 

Figure 8.2 The mean pasture availability (kg DM/ha) for a) 50 kg ewe and b) 80 kg 

ewe; the mean condition score of adult sheep for c) 50 kg ewe and d) 80 kg ewe; and 

the supplement intake (kg/ha/day) for e) 50 kg ewe f) 80 kg ewe. The standard system 

(STD) (solid line), ewe lamb system (EL) (dashed line) and the modified growth 

curve system (GC) (dotted line) are represented in each graph. Thin dashed line in 

the condition score profiles represents the minimum condition score profile that 

ewes are maintained at in the simulation  

The mean pasture availability during February for the STD, EL and GC systems for the 

50 and 80 kg ewes  are presented Table 8.9. The total dry matter availability in the GC 

system is 59 kg DM/ha and 445 kg DM/ha lower than the EL and STD systems 

a) b) 

c) d) 

e) f) 
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respectively for the 50 kg ewe. In the case of the 80 kg ewe, the total dry matter 

availability in the GC system is 155 kg DM/ha and 472 kg DM/ha less than the EL and 

STD systems respectively. The differences in total dry matter availability between mature 

sizes and systems are derived from the differenes in the amount of dead dry matter that is 

carried over from the spring period.  

Table 8.9 The total, green and dead dry matter availability in February for STD, EL 

and GC systems across the 50 and 80 kg mature sizes.   

 Mature size 

 50 80 

 STD EL GC STD EL GC 
Total dry matter (kg DM/ha) 2322 1936 1877 2107 1790 1635 
Green dry matter (kg DM/ha) 237 237 236 238 234 238 
Dead dry matter (kg DM/ha) 2094 1706 1647 1877 1561 1403 

 

8.3.3 Ewe lamb performance from the optimum systems 

The one-year-old age group is immature, actively growing and yet to reach their mature 

weight, but relative to their stage of growth they had a lower condition score (Table 8.10). 

For the GC system, the one-year old age group is heavier at joining (~ 2.2 kg) and a higher 

proportion of their mature weight (~75 vs 70%).  

However, compared to their potential weight the GC system achieves a lower mean 

weight (-1.1 kg) and a lower mean condition score (-0.3 CS) across all mature sizes. 

Despite the one-year-old age group in the GC system having a lower weight than the 

potential and a lower condition score, the faster growth allows the lambs to reach a higher 

proportion of their mature weight at mating. This increases the overall pregnancy rate or 

scanning rate by approximately five per cent and contributes to an increase in the weaning 

rate of approximately three per cent. 
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Table 8.10 The weight and condition score, proportion of mature size and the 

potential weight at mating, and the scanning and weaning rate of the ewe lambs. 

 
Mature size (kg) 

50 60 70 80 
EL GC EL GC EL GC EL GC 

Mating weight (kg) 35.8 37.4 42.5 44.7 46.8 53.1 55.0 57.7 
Mating CS (0-5 scale) 3.2 2.9 3.2 2.9 3.0 3.1 3.3 2.9 
Proportion of mature size (%) 72 75 71 75 67 76 69 72 
Potential weight (kg at CS3) 34.6 38.5 40.4 45.5 46.3 52.6 51.7 59.0 
Scanning rate (%) 147 151 146 151 143 152 144 149 
Weaning rate (%) 126 129 126 129 122 131 125 128 

 

8.3.4 Production from the optimum systems 

The optimum stocking rate is not different between systems within each mature size, 

except for the 70 kg GC system, where the extra increase in energy consumption 

decreases the stocking rate and pushes it into a different stocking rate category compared 

to the STD and EL systems. This anomaly was identified in Chapters 6 and 7, where the 

increments of stocking rate in the analysis were sometimes too large and the optimum 

outcome fell between the incremented levels. A stocking rate of 9 ewes/ha rather than 8 

or 10 ewes/ha would have delivered a higher level of productivity. In this case, the lower 

stocking rate for the 70 kg GC system causes it to have lower levels of productivity in 

comparison to the other systems and mature sizes (Table 8.11). 

In the GC system, the mating weight is similar to the EL system but the condition score 

decreases slightly. There is also a minor decrease in weaning condition score but the 

weaning rate and the number of lambs per hectare are similar to the EL system. The 

decrease in condition score is due primarily to the one-year-old and to a lesser extent the 

two-year-old age group.  
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One of the expected differences from modifying the growth curve is in the individual 

lamb weight. For the GC system, the lamb weight increases and the difference becomes 

larger as the mature size increases. For the 50 kg ewe, the GC system increases the lamb 

slaughter weight by 1.1 kg whereas this increases to 2.7 kg for the 80 kg ewe. As there is 

no difference in the lamb number per hectare, the difference in lamb weight per hectare 

is solely due to these differences in the individual lamb weight. The GC system adds an 

extra 22 kg/ha or a 3% increase on the EL system and for the 80 kg ewe it increases by 

34 kg or 5 per cent more than the EL system.  

There are only minor differences in wool production apart from differences due to mature 

size, and any differences in wool production within mature size and between systems are 

due to different ewe stocking rates. 

The supplement intake for the GC system increases by approximately 53-66 kg/ha or 

about 5-9 kg/hd compared to the supplement consumed by the EL system. The amount of 

pasture grown is similar between systems, but pasture consumption increases in the GC 

system by about 0.4-0.5 tonne per hectare above that of the EL and STD systems. This 

equates to 4-5% greater pasture utilisation and a decrease in groundcover of 1-3 percent.  

8.3.5 Economics of the optimum systems 

The small increases in lamb weight per hectare and the increase in supplement intake 

from modifying the growth curve cause the gross margin to increase marginally and the 

benefit is greater when the mature size increases (Figure 8.3). The gross margin increases 

by $22-35 per hectare or about $15,000-25,000 per farm for the 60, 70 and 80 kg mature 

sizes but the gross margin decreased for the 50 kg ewe (Table 8.12).  
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Figure 8.3 The response in gross margin across the mature sizes for the STD system 

(solid line), the EL system (dashed line and the GC system (dotted line). 

The addition of the GC system increases the gross income by $36-59/ha and the increase 

is a direct result of the increase in lamb income, which increases by $36-60/ha. Sheep and 

wool income remain the same between systems. Expenses increase in the GC system by 

$27-37/ha, with the non-labour expenses increasing more ($23-27/ha) than the labour 

expenses ($2-14/ha). The supplement costs are the largest contributor to the increase in 

non-labour expenses and these range between $16-19/ha across the mature sizes.  

The performance of a smaller ewe with a modified growth curve compared to a larger 

ewe with a standard growth curve is not greater when ewe lambs are mated (EL system), 

but it is higher when ewe lambs are not mated (STD system). However, the gain in 

performance over the STD system is attributable to the mating of ewe lambs and not the 

modification of the growth curve. The exception is the 60 kg GC ewe, which achieves a 

higher gross margin than the 70 kg EL ewe. However, this occurs due to the higher than 

optimum stocking rate in the 70 kg EL system, which has been highlighted in the previous 

chapters and sections.  
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Table 8.11 The production data of each mature size for the standard system (STD), the ewe lamb system (EL) and the modified 

growth curve system (GC) when selected for the maximum gross margin. 

 Mature size (kg) 

 50 60 70 80 

 STD EL GC STD EL GC STD EL GC STD EL GC 
Stocking rate (DSE) 23.3 25.1 25.5 23.1 24.8 25.4 25.4 27.2 24.0 23.7 25.4 26.1 
Stocking rate (ewe/ha) 11.5 11.4 11.4 9.6 9.5 9.5 9.5 9.5 7.7 7.6 7.6 7.6 
Number joined (n/ha) 9.7 12.0 12.0 8.0 10.0 10.0 8.0 10.0 8.0 6.4 8.0 8.0 
Mating weight (kg) 54.3 49.6 50.0 65.9 60.1 60.4 74.9 67.9 72.3 87.6 80.0 80.2 
Mating CS (0-5 scale) 3.6 3.4 3.3 3.7 3.5 3.3 3.6 3.3 3.5 3.8 3.5 3.3 
Weaning CS (0-5 scale) 3.7 3.6 3.5 3.8 3.7 3.6 3.6 3.5 3.8 3.9 3.7 3.6 
Wean rate (%) 153 148 148 154 149 148 151 146 150 153 149 148 
Number of lambs (n/ha) 14.8 17.6 17.7 12.4 14.7 14.8 12.1 14.5 12.0 9.9 11.8 11.8 
Lamb weight (kg/hd) 36.6 36.7 37.8 43.7 43.9 45.7 48.1 48.1 54.6 56.4 56.7 59.4 
Lamb weight weaned (kg/ha) 540 646 668 539 646 676 582 696 655 556 667 701 
Lamb weight sold (kg/ha) 460 564 582 460 565 591 495 606 574 475 583 613 
Wool weight (kg/ha greasy) 59 60 60 61 62 63 71 71 61 67 68 68 
Fleece weight (kg/hd greasy) 4.8 4.9 4.9 6.0 6.1 6.1 6.9 7.0 7.4 8.3 8.4 8.3 
Fibre diameter (µm) 19.8 19.2 19.3 21.8 21.2 21.2 23.7 23.1 23.3 25.9 25.1 25.2 
Supplement (kg/ha) 399 482 535 352 420 477 545 656 339 373 442 508 
Supplement (kg/hd) 35 42 47 37 44 50 57 69 44 49 58 67 
Pasture grown (t/ha) 10.3 10.2 10.2 10.3 10.2 10.2 10.1 10.0 10.3 10.2 10.1 10.1 
Pasture consumed (t/ha) 6.5 6.6 7.0 6.5 6.6 7.0 7.0 7.0 6.8 6.7 6.8 7.2 
Pasture utilisation (%) 63 65 69 63 65 69 69 70 66 66 67 72 
Groundcover (m2/m2) 0.56 0.55 0.54 0.57 0.56 0.54 0.43 0.44 0.59 0.50 0.51 0.48 



 231 

 

Table 8.12 The economic data of each mature size for the standard system (STD), the ewe lamb system (EL) and the modified growth 

curve system (GC) when selected for the maximum gross margin. 

 Mature size (kg) 
 50 60 70 80 
 STD EL GC STD EL GC STD EL GC STD EL GC 

Gross margin ($/ha) 881 1043 1041 910 1090 1112 914 1091 1126 944 1131 1163 
Income ($/ha) 1500 1727 1763 1456 1687 1741 1545 1787 1634 1448 1683 1742 
Expenses ($/ha) 620 684 721 546 598 629 631 696 508 504 552 579 
Sheep Income ($/ha) 152 153 153 127 129 128 125 127 103 102 103 103 
Lamb income ($/ha) 987 1209 1245 981 1205 1258 1045 1285 1208 990 1219 1279 
Wool income ($/ha) 361 364 365 348 353 354 374 375 323 356 360 361 
Labour expense ($/ha) 140 150 164 115 124 128 117 126 99 92 99 101 
Non-Labour expense ($/ha) 479 534 557 431 474 501 513 569 409 412 452 478 
Supplement costs ($/ha) 134 161 177 116 135 153 188 218 104 122 140 159 
Supplement costs ($/hd) 11.66 14.07 15.53 12.12 14.21 16.11 19.80 22.99 13.51 16.09 18.40 20.92 
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8.3.6 The impact of limiting the labour input 

The ewe stocking rate does not change across all the three systems or across all the mature 

sizes due to the relationship between stocking rate and labour requirements. Although 

ewe stocking rate does not change, altering the growth curve increases the ewe and lamb 

MEI and therefore increases the stocking rate on a DSE per hectare basis (Table 8.13). 

The difference in the DSE per hectare becomes larger as the mature size increases. The 

DSE per hectare increases in the GC system by 0.4, 0.7, 0.9 and 0.9 DSE for the 50, 60, 

70 and 80 kg mature sizes respectively.  

Similar to the earlier results, the largest changes exhibited by modifying the growth curve 

is observed in the increase of individual lamb weight that leads to an increase in the 

amount of lamb produced per hectare.  Individual lamb weight in the GC system increases 

by about 1.8, 3.4, 4.6 and 4.6 kilograms for the 50, 60, 70 and 80 kg mature sizes. These 

increases in the individual lamb weight result in an increase in the lamb weight weaned 

of 19, 34, 45 and 46 kilograms per hectare for the 50, 60, 70 and 80 kg mature sizes 

respectively. These increases in lamb weight are larger than when labour is unlimited and 

are due to the higher feed availability as a result of the lower ewe stocking rate.  

The pasture consumption in the GC system increases by approximately 0.3-0.5 tonnes per 

hectare, which increases pasture utilisation by about 3-5% and decreases the groundcover 

by up to 4%. The increased utilisation decreases the groundcover for the 80 kg mature 

size in the GC system below the 70% groundcover threshold.  

The increase in lamb weight increases the lamb income and although the supplementation 

increases in the GC system, it is lower than when labour is unlimited due to the lower 

stocking rate (Table 8.14). The lamb income increases by $44-85 per hectare and the 

supplement cost increases by $8-30 per hectare and both increase as the mature size 
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increases. The increase in lamb income increases the gross margin by $40-72 per hectare 

or about $28,000 to $51,000 per farm. 

When the labour input is varied the GC system follows a similar trend to that of the EL 

system (Figure 8.4). There is a minor increase in gross margin at the lower levels of labour 

input for the 50 kg ewe. As described earlier the difference between the GC and EL 

systems for the 80 kg ewe is about $70 per hectare, which is maintained throughout the 

response to labour input.  

 

 

Figure 8.4 The response in gross margin for the 50 ( ) and 80 kg ( ) mature sizes 

across the standard system (STD) (Solid line), the ewe lamb system (EL) (Dashed 

line) and the modified growth curve system (GC) (dotted line) for different 

proportions of labour input (percentage of maximum labour input). 
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Table 8.13 The production data of each mature size for the standard system (STD), the ewe lamb system (EL) and the modified 

growth curve system (GC) when selected for the maximum gross margin within the 20% of all simulations with the lowest labour 

input. 

 Mature size (kg) 

 50 60 70 80 

 STD EL GC STD EL GC STD EL GC STD EL GC 
Stocking rate (DSE) 12.0 12.9 13.3 14.3 15.5 16.2 16.6 18.0 18.9 18.7 20.3 21.2 
Stocking rate (ewe/ha) 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 
Number joined (n/ha) 4.9 6.0 6.0 4.9 6.0 6.0 4.9 6.0 6.0 4.9 6.0 6.0 
Mating weight (kg) 59.3 55.2 55.8 71.5 66.6 67.2 83.0 77.0 77.4 93.4 86.1 86.5 
Mating CS (0-5 scale) 4.3 4.1 4.0 4.3 4.2 4.1 4.3 4.2 4.0 4.3 4.0 3.9 
Weaning CS (0-5 scale) 4.4 4.4 4.3 4.5 4.5 4.4 4.5 4.5 4.3 4.4 4.3 4.2 
Wean rate (%) 161 155 156 161 156 156 160 155 155 159 154 154 
Number of lambs (n/ha) 7.8 9.2 9.3 7.8 9.3 9.3 7.8 9.2 9.3 7.7 9.2 9.2 
Lamb weight (kg/hd) 35.0 34.9 36.7 42.3 43.4 46.8 51.2 52.0 56.6 59.0 60.0 64.6 
Lamb weight weaned (kg/ha) 273 323 342 331 402 436 398 480 525 454 549 595 
Lamb weight sold (kg/ha) 236 285 302 285 355 386 343 424 463 391 484 525 
Wool weight (kg/ha greasy) 30 30.4 31 37 38.6 39 45 46.7 48 53 54.3 55 
Fleece weight (kg/hd greasy) 4.8 4.9 4.9 6.0 6.2 6.3 7.3 7.6 7.6 8.6 8.9 8.8 
Fibre diameter (µm) 19.7 19.2 19.3 21.8 21.2 21.3 24.0 23.3 23.4 26.1 25.3 25.4 
Supplement (kg/ha) 39 45 53 54 63 73 78 94 111 115 141 171 
Supplement (kg/hd) 6.7 7.8 9 9.3 10.9 13 13.4 16.3 19 19.8 24.5 29 
Pasture grown (t/ha) 10.5 10.5 10.6 10.6 10.7 10.7 10.7 10.7 10.7 10.6 10.6 10.6 
Pasture consumed (t/ha) 3.4 3.5 3.8 4.1 4.2 4.6 4.8 5.0 5.5 5.4 5.6 6.1 
Pasture utilisation (%) 32 33 36 39 39 43 45 47 51 51 53 58 
Groundcover (m2/m2) 0.93 0.93 0.93 0.91 0.90 0.86 0.83 0.81 0.78 0.74 0.72 0.69 
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Table 8.14 The economic data of each mature size for the standard system (STD), the ewe lamb system (EL) and the modified growth 

curve system (GC) when selected for the maximum gross margin within the 20% of all simulations with the lowest labour input. 

 Mature size (kg) 
 50 60 70 80 
 STD EL GC STD EL GC STD EL GC STD EL GC 

Gross margin ($/ha) 477 564 604 605 739 796 721 874 946 827 1001 1073 
Income ($/ha) 756 863 910 901 1057 1124 1036 1214 1298 1165 1367 1454 
Expenses ($/ha) 279 299 305 296 318 328 314 340 352 337 366 381 
Sheep Income ($/ha) 78 78 79 78 79 79 78 78 78 78 78 78 
Lamb income ($/ha) 497 601 645 612 761 823 719 888 968 809 1001 1086 
Wool income ($/ha) 180 184 186 211 218 222 239 247 252 278 288 291 
Labour expense ($/ha) 71 75 76 71 74 76 69 73 74 68 72 72 
Non-Labour expense ($/ha) 208 224 229 226 244 252 245 267 278 270 294 308 
Supplement costs ($/ha) 11 13 16 15 18 21 22 27 32 34 42 49 
Supplement costs ($/hd) 1.82 2.29 2.76 2.55 3.13 3.62 3.77 4.75 5.52 5.85 7.25 8.45 
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8.3.7 The impact of meeting the minimum groundcover of 70% 

The ewe stocking rate is similar between systems within each stocking rate with the 

exception of the 50 kg ewe (Table 8.15). The stocking rate declines for the 50 kg mature 

size in the GC system to meet the minimum groundcover requirement. Across all systems 

and mature sizes, the stocking rate is between 18-20 DSE per hectare. 

Although stocking rate is relatively stable, the reproductive rate is reduced in certain 

scenarios when the groundcover is just below the required 70%. Reducing reproduction 

in these scenarios increases the groundcover above 70% without reducing stocking rate. 

Reproductive rate is reduced in preference to stocking rate because it minimises the 

reduction in gross margin.  

The individual lamb weight increases in the GC systems, but the lamb weight per hectare 

only increases if the lamb number remains unaffected. Apart from the 70 kg mature size, 

implementing the GC system causes a reduction in either stocking rate or reproductive 

rate. As a result, the lamb number decreases in these systems and although the individual 

lamb weight increases, the decrease in lamb number causes the lamb weight per hectare 

to decline.  

The extra lamb growth increases pasture utilisation by about 2-4% and because this is 

isolated to the spring period when pasture growth is high, the groundcover is similar and 

only varies in most cases by 1-2 per cent. 

The gross margin only increases for the GC system when the stocking rate and 

reproductive rate remain the same (Table 8.16). This only occurs for the 70 kg mature 

size where the GC system returns an additional $72/ha or $51,000 per farm. However, 

the gross margin decreases for the other mature sizes where the GC system is required to 

reduce either stocking rate or reproductive rate to meet the minimum groundcover. The 
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gross margin from the GC system for the 50, 60 and 80 kg mature sizes is $47, $51 and 

$24 per hectare lower than that achieved by the EL system.  

The main reason for the decrease in gross margin is the reduction in lamb income through 

a decrease in lamb weight per hectare. The lamb income declines by $29, $63 and $36 

per hectare for the 50, 60 and 80 kg mature sizes. The lamb weight per hectare is primarily 

reduced through a reduction in the lamb number per hectare, which in turn is determined 

by the stocking rate and reproductive rate. However, where the stocking rate is reduced, 

the lower income is also a result of less wool and sheep income. 

The response in gross margin to changes in the groundcover shows that below 

approximately 50% the larger ewes have an advantage over smaller ewes (Figure 6.4a).  

This is a replication of the results from when systems are solely selected on maximising 

gross margin, when groundcover is not considered as a constraint. When this occurs, the 

larger ewes can produce more lamb weight per hectare from the improved growth rate in 

the GC systems.   

At about 50% groundcover the impacts of the groundcover restrictions begin to reduce 

the gross margin. There is no consistent decrease in gross margin between mature sizes 

due to the systems either decreasing stocking rate or alternatively reproductive rate to fit 

within the groundcover restriction. If a large decrease in grazing pressure is required then 

it is likely that stocking rate is reduced, but if it is small then reproductive rate is reduced 

to meet the minimum groundcover and achieve the highest gross margin.  

Overall, the mean response in gross margin with changes in groundcover are very similar 

to the response of the EL system (Figure 6.4b). There was a small increase from the GC 

system when the groundcover was below 50%, but this is insignificant. Considering that 

the differences between mature sizes and any difference in the overall mean response 

occurs below 70% groundcover, it is concluded that there is minimal impact on the 
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groundcover from introducing the GC system when systems are managed with acceptable 

groundcover limits (e.g. 70% and above). 

 

 

Figure 8.5 The response in gross margin for a) the 50 ( ), 60 ( ), 70 (  ) and 80 

kg ( ) mature sizes as the minimum groundcover varies and the mean response in 

gross margin for  b) the standard system (STD) (Solid line), the ewe lamb system 

(EL) (Dashed line) and the modified growth curve system (GC) (dotted line) as the 

minimum groundcover varies. 

 

. 

b) a) 
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Table 8.15 The production data of each mature size for the standard system (STD), the ewe lamb system (EL) and the modified 

growth curve system (GC) with a minimum groundcover of 70% and the maximum gross margin per hectare. 

 Mature size (kg) 

 50 60 70 80 

 STD EL GC STD EL GC STD EL GC STD EL GC 
Stocking rate (DSE) 19.4 20.9 18.1 19.2 20.8 20.6 16.6 18.0 18.9 18.7 20.3 20.4 
Stocking rate (ewe/ha) 9.6 9.6 7.7 7.7 7.7 7.7 5.8 5.8 5.8 5.8 5.8 5.8 
Number joined (n/ha) 8.1 10.0 8.0 6.5 8.0 8.0 4.9 6.0 6.0 4.9 6.0 6.0 
Mating weight (kg) 57.2 53.0 54.9 68.9 63.7 65.3 83.0 77.0 77.4 93.4 86.1 88.0 
Mating CS (0-5 scale) 4.0 3.8 3.9 4.1 3.9 3.9 4.3 4.2 4.0 4.3 4.0 4.0 
Weaning CS (0-5 scale) 4.2 4.1 4.2 4.2 4.1 4.2 4.5 4.5 4.3 4.4 4.3 4.3 
Wean rate (%) 140 135 155 158 153 137 160 155 155 159 154 138 
Number of lambs (n/ha) 11.3 13.4 12.4 10.2 12.1 10.9 7.8 9.2 9.3 7.7 9.2 8.2 
Lamb weight (kg/hd) 38.2 38.6 39.7 45.1 45.9 49.0 51.2 52.0 56.6 59.0 60.0 65.3 
Lamb weight weaned (kg/ha) 433 516 491 460 557 534 398 480 525 454 549 538 
Lamb weight sold (kg/ha) 364 446 432 395 490 462 343 424 463 391 484 467 
Wool weight (kg/ha greasy) 51 53 43 51 52 53 45 47 48 53 54 55 
Fleece weight (kg/hd greasy) 5.0 5.1 5.1 6.2 6.4 6.4 7.3 7.6 7.6 8.6 8.9 8.9 
Fibre diameter (µm) 19.8 19.3 19.4 21.9 21.3 21.4 24.0 23.3 23.4 26.1 25.3 25.4 
Supplement (kg/ha) 177 206 124 151 182 173 78 94 111 115 141 144 
Supplement (kg/hd) 18 22 16 20 24 23 13 16 19 20 24 25 
Pasture grown (t/ha) 10.6 10.6 10.7 10.6 10.6 10.6 10.7 10.7 10.7 10.6 10.6 10.6 
Pasture consumed (t/ha) 5.6 5.7 5.2 5.5 5.7 5.9 4.8 5.0 5.5 5.4 5.6 5.9 
Pasture utilisation (%) 53 54 48 52 54 56 45 47 51 51 53 56 
Groundcover (m2/m2) 0.71 0.71 0.82 0.73 0.71 0.72 0.83 0.81 0.78 0.74 0.72 0.71 
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Table 8.16 The economic data of each mature size for the standard system (STD), the ewe lamb system (EL) and the modified growth 

curve system (GC) with a minimum 70% groundcover and the maximum gross margin per hectare. 

 Mature size (kg) 
 50 60 70 80 
 STD EL GC STD EL GC STD EL GC STD EL GC 

Gross margin ($/ha) 766 913 866 826 1004 953 721 874 946 827 1001 977 
Income ($/ha) 1223 1406 1288 1230 1441 1385 1036 1214 1298 1165 1367 1336 
Expenses ($/ha) 457 493 423 404 437 432 314 340 352 337 366 359 
Sheep Income ($/ha) 132 133 104 104 104 107 78 78 78 78 78 80 
Lamb income ($/ha) 781 957 928 840 1043 980 719 888 968 809 1001 965 
Wool income ($/ha) 309 316 256 286 294 299 239 247 252 278 288 292 
Labour expense ($/ha) 113 120 110 91 95 100 69 73 74 68 72 70 
Non-Labour expense ($/ha) 344 373 312 313 342 331 245 267 278 270 294 289 
Supplement costs ($/ha) 55 64 37 46 55 51 22 27 32 34 42 41 
Supplement costs ($/hd) 5.73 6.65 4.81 5.97 7.09 6.62 3.79 4.72 5.52 5.86 7.20 7.07 
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8.4 Discussion 

The value of modifying the growth curve to increase the growth rate of lambs while 

limiting changes in mature size improved the gross margin by approximately $15-25k per 

farm. This is a small-to-moderate effect from a whole-farm perspective considering the 

potential improvements achieved by mating ewe lambs (~120k per farm) or other factors 

such as stocking rate or reproductive rate.  

The small increase in gross margin was the result of two concurrent effects. First, the 

largest effect of modifying the growth curve was the increase in the metabolisable energy 

intake (MEI) of lambs. The increase in MEI caused a subsequent increase in pasture 

utilisation during the spring, which led to a decrease in pasture availability for ewes 

during the summer and autumn. The lower pasture availability caused an increase in 

supplementation and a decrease in the condition score of adult ewes in the proceeding 

reproductive cycle. The increase in supplementation increased the expenses and eroded 

the gains from the extra lamb production.  

Second, the increases in lamb production and the lamb income from modifying the growth 

curve were not large. The lamb income only increased marginally due to the small 

increase in lamb weight per hectare, which was a direct result of a small increase in the 

individual lamb weight. Increasing the growth rate by modifying the growth curve simply 

delivered small gains in the lamb weight per hectare and any extra gains in lamb weight 

indirectly increased the cost of maintaining the ewes. 

The small changes in individual lamb weight and lamb weight per hectare can be partly 

explained by differences between mature sizes. The value of modifying the growth curve 

within each mature size was minimal and in the case of the 50 kg ewe, it decreased the 

gross margin. However, there was a trend for the value of a modified growth curve to 
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increase as the mature size became larger.  Because the slaughter weight of larger mature 

sizes is constrained by the length of the growing season, faster growth from a modified 

growth curve enabled a heavier weight to be achieved. The faster growth had a minimal 

impact for the smaller mature sizes because they are innately constrained by a small 

slaughter weight, regardless of the time taken to reach that slaughter weight. Hence there 

was no value from finishing lambs earlier for the smaller mature sizes and the extra 

growth allowed more weight to accumulate in lambs from the larger mature sizes. We 

therefore accept the hypothesis that larger mature sizes benefit from modifying the growth 

curve more than smaller mature sizes. 

Modifying the growth curve was more valuable when labour was limiting. The average 

benefit in the unlimited labour scenario was in the order of $15,000-25,000 per farm, 

whereas this increased to $28,000-51,000 per farm when labour was limited.  Under the 

limited-labour scenarios, the increase in gross margin from modifying the growth curve 

was due to the combined effects of an increase in lamb weight and a decrease in 

supplementation. This was a direct result of the labour constraint reducing the stocking 

rate, which subsequently increased the pasture availability.  

The decrease in supplementation had a larger impact than the gains in lamb production 

on the gross margin. The supplement required in the unlimited labour scenario was $104-

177 per hectare compared to $16-49 per hectare when labour was limited. The supplement 

as a proportion of total expenses decreased from 25-27% in the unlimited labour scenario 

to approximately 5-13% under limited labour. In comparison, the lamb income remained 

similar or decreased from 71-73% for unlimited labour to 66-75% under the limited 

labour scenarios.  

Under limited labour, the larger mature sizes benefited more from the modified growth 

curve. This was due to the relationship between stocking rate and labour, and the ability 
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of larger ewes to finish lambs to heavier slaughter weights. The combination of extra 

pasture availability and extra lamb growth meant that lambs from larger ewes were able 

to increase their individual weight. This is a similar outcome to previous chapters where 

the larger ewe could maximise lamb weight per hectare to a greater extent by increasing 

individual lamb weight. The addition of the modified growth curve further accentuated 

this advantage where it returned up to $51,000 per farm more than the EL system. Small 

ewes also benefited when labour was limited, although not to the same extent as large 

ewes. The gross margin increased by $28,000 per farm for 50kg ewe in the GC system, 

but this gain was due mainly to a cost reduction associated with a lower stocking rate 

rather than significant increases in lamb income from extra lamb weight that was a result 

of modifying the growth curve. 

Although there were considerable benefits from modifying the growth curve when labour 

is limited, these gains when labour was limiting, are not as large as the gains from 

providing the required labour. For example, the gross margin decreased by $437 per 

hectare for the 50 kg ewe and $90 per hectare for the 80 kg ewe when labour was under-

supplied. In practical terms, supplying more labour to run higher stocking rates would be 

considerably more profitable than modifying the growth curve. Alternatively, if the 

environment restricted the ability to run higher stocking rates, then it may be more 

beneficial to increase mature size and growth rate to increase the amount of lamb 

produced from fewer ewes, which would also realise benefits from a lower labour input.  

Modifying the growth curve had a positive effect on ewe lambs, with them reaching a 

higher mating weight. There was approximately a 4-7 kilogram increase in the ewe lamb 

mating weight across the mature sizes, with the heavier mature sizes having the largest 

gain in mating weight. The higher mating weight led to a higher pregnancy scanning rate 

and higher weaning rate. The hypothesis that modifying the growth would increase the 

weight at mating and the overall reproductive rate was supported.  
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Although the mating weight increased and the proportion of the mating weight to the 

mature weight was larger, ewe lambs had a lower condition score. This was a result of 

having a higher potential weight due to their modified growth curve. The potential weight 

is essentially their “genetic potential” for growth rate, or the growth curve that could be 

achieved if the animal was uninhibited by nutritional supply or environmental effects such 

as cold or heat stress. For the ewe lambs that had a modified growth curve, their actual 

weight achieved at mating was below their potential weight and according to the method 

of calculating condition score from the difference between the normal weight and the 

potential weight, the ewe lambs achieved a lower condition score than their non-modified 

counterparts.  

It is worthy to note that the animals did not achieve their potential weight due to either a 

deficiency in pasture availability or feed quality. However, when systems were 

constrained for labour or groundcover which decreased the stocking rate and increased 

pasture availability, the ewe lamb performance improved and the mating weight exceeded 

their potential weight (these values were not reported). This highlighted the impact of the 

extra lamb growth on the extra feed required to achieve their maximum productivity and 

more importantly how it may impact on the feed supply for ewes in the following 

reproductive cycle.  

In essence the model has replicated a high growth genotype that for all intended purposes 

would achieve a higher liveweight, would be leaner and therefore less mature at mating. 

However, although this is a sound representation of the general relationship in actual 

sheep populations, it highlights the issue of “maturity”. We expected the higher growth 

animal to be leaner and less mature and it has not reached the point where growth is 

decreasing and fat deposition is increasing. Yet from a mature-weight perspective they 

have achieved a higher proportion of their expected end weight and have less time before 

they reach their mature size and would be expected to be more “mature” than lighter or 
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smaller counterparts. Although it is out of the scope of this thesis, future studies need to 

validate these equations with different genotypic parameters that cover the spectrum of 

animals that appear to have different growth curve and maturity patterns, and different 

reproductive outcomes. 

Modifying the growth curve increased the grazing pressure applied to the systems and, in 

all cases except for the 70 kg ewe, the reproductive rate and stocking rate were reduced 

in order to meet the minimum groundcover requirement. As a consequence, the gross 

margin for these systems declined below the EL systems when forced to meet the 

minimum groundcover of 70%. This was due to the extra grazing pressure applied from 

the higher intake of lambs during the spring period to meet their increased energy 

requirements of the extra growth. This aspect further demonstrates the carryover effect of 

the increased demand from higher growth lambs on the pasture availability as the 

groundcover metric is measured as an average value for the month of April, a period when 

lambs have since left the farm system. 

There was a similar effect observed in previous chapters where systems decreased either 

stocking rate or reproductive rate from the optimum economic system within each mature 

size depending on how much groundcover needed to be increased. For example, some 

systems that only required a small increase in groundcover reduced reproductive rate to 

reduce the grazing pressure. Larger increases in groundcover forced a reduction in 

stocking rate but reproductive rate remained at the maximum. As a consequence of either 

a reduction in stocking rate or reproductive rate the lamb incomed decreased due to the 

reduction in the number of lambs produced per hectare. If a reduction in stocking rate 

occurred, then this had a greater effect on profitability as it affected both wool and lamb 

income even though there was a reduction in the amount of supplementation required. 
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In general, this chapter has highlighted the impact of carryover effects from one 

production cycle to the next. Small differences in lamb weight from modifying the growth 

curve caused an increase in intake and a reduction in pasture availability that is 

responsible for a trade-off in ewe condition score and increased supplementation costs. 

This phenomenon is also demonstrated in the results from the constraints applied to labour 

and groundcover, where the lower stocking rates are associated with an increase in the 

individual lamb weight due to the increase in pasture availability. It also highlighted the 

trade-off between the individual growth of lambs and the priority to maximise stocking 

rate, which was a similar effect observed in previous chapters. In essence, it was more 

profitable to maximise stocking rate and reproduction than optimise individual lamb 

weight. 

The results demonstrate the importance of valuing genetic improvement from a whole-

farm perspective due to the carryover effects on the feedbase and more importantly the 

impact on the proceeding reproductive cycles. There is a deficiency in the literature 

around the carryover effects from one production cycle to the next and the impact that 

this is having on the profitability of the farming system. In particular, the valuing of traits 

in genetic selection programs needs to be considered in a whole-farm context where 

biological trade-offs can be assessed. For example, we demonstrated how a change in 

lamb growth rate from modifying the growth curve has seemingly small impacts on ewe 

productivity but these are enough to diminish any gains in lamb production from an 

economic perspective. Increases in early growth while limited mature size is readily 

promoted to improve efficiency but there is limited evidence from this chapter that this is 

any more profitable unless lamb slaughter weight is increased, which ultimately is 

governed by the mature size. 

There are two deficiencies in our analysis that are worth reporting. Firstly, lambing time 

was fixed in all these analyses and it is possible that a benefit of increasing early growth 
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is a decrease in the time to reach the designated slaughter weights. Although this analysis 

showed no benefit of earlier turnoff, the benefit may be realised if a later lambing is 

implemented, which may allow a higher stocking rate to be achieved. However, this is 

likely to increase the amount of pasture utilised and the reduction in ewe condition score, 

increased supplementation and decreased groundcover are likely to remain. 

Secondly, within each mature size and sheep system, ewes were mated to rams of the 

same mature weight. In reality, larger or higher-growth rams can be used to increase the 

progeny mature size and hence their slaughter weight. This may overcome the constraints 

observed in smaller mature sizes with their ability to increase lamb slaughter weight. 

However, there are practical limitations to how much the growth or mature weight of the 

sire can be increased due to the correlation with birth weight and implications for 

increased birthing difficulties, and it is questionable how much this could be manipulated.   

 

 

 

 

 

 

 

 

 

 



 248

 



 249

9. Conclusion 

9.1 Introduction 

Maternal efficiency in sheep production is a term used to describe the performance or 

productivity of a reproducing ewe. Maternal efficiency encapsulates a complex set of 

interactions between production and inputs and it is concerned with increasing output to 

capitalise on the fixed maintenance cost or directly minimising the maintenance 

requirements of the ewe. Maternal efficiency is improved through genetic selection and 

nutritional management, but these two components are generally considered in isolation 

and their interactions with farm management are rarely investigated.  

Ignoring these interactions may lead to recommendations to sheep producers that are 

focussed towards output maximisation or input minimisation without fully understanding 

the whole-system consequences in terms of economic position and other less easily 

measured factors such as labour use and land degradation. In this study I aimed to identify 

how changing components of maternal efficiency at an individual animal level affect farm 

management at the whole-farm scale within the context of profit maximisation, 

constrained labour and meeting a minimum groundcover threshold. 

9.2 Main findings 

9.2.1 Specification, verification and evaluation of the a whole-farm sheep model 

I used the AusFarm simulation tool to create a whole-farm model that included several 

important control points in the whole-farm management of a self-replacing sheep 

enterprise focussed on lamb production. These included a dynamic lamb weaning date 

based on feed quality, labour calculations linked to animal operations and grazing 

management, variable land units and detailed flock structures. The evaluation and 
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comparison of the outputs to experimental and benchmarking data showed that the whole-

farm sheep model closely represented a sheep enterprise in the modelled region.  

The whole-farm sheep model was used to test three components of maternal efficiency 

across sensitivities to stocking and reproductive rate. These components were: 

 The whole-farm implications of different ewe mature sizes. 

 The value of mating ewe lambs at 7 months of age. 

 The value of modifying the growth curve to increase early growth and limit 

mature size. 

 

9.2.2 The whole-farm implications of different ewe mature sizes 

Mature ewe size is positively correlated with the selection for growth rate during 

immaturity and although it is desirable to have fast growing lambs, there is an associated 

increase in energy requirements of the mature ewe. In summary, when matched with the 

appropriate stocking rate and lamb slaughter weight, there were no innate differences in 

efficiency or profitability between large or small sheep. It is concluded that there is not 

an optimum mature size where profit is higher than other mature sizes. However, if there 

is a preferred lamb slaughter weight, then it is likely there is an optimum mature size 

where profit will be maximised at a specific lamb slaughter weight and maximum lamb 

weight per hectare.   

 

Profit was maximised at a similar metabolisable energy intake (MEI) per hectare and 

lamb live weight per hectare across all mature sizes. However, the MEI per hectare was 

achieved by small ewes with a high stocking rate, whereas it was achieved by large ewes 

with a low stocking rate. This is due to the differences in individual MEI between the 

mature sizes. Maximising profit for each mature size is also conditional on matching it 
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with the optimum lamb slaughter weight. The optimum lamb slaughter weight increases 

as the mature size increases.  

Lamb slaughter weight increases as mature size increases in order to maintain the lamb 

weight per hectare and counteract the decrease in lamb number per hectare, as the 

stocking rate decreases with the increase in mature size. In contrast, small ewes are 

dependent on maintaining high stocking rates and high lamb number per hectare, because 

they cannot increase lamb slaughter weight due to their small mature size. As a result, the 

small mature sizes were more exposed to a decline in profitability when labour was 

limited. This is because most management and husbandry operations are undertaken on a 

per-head basis, and high stocking rates require a higher labour input that is independent 

of mature size. 

If there was a constraint on the availability of labour, the larger mature sizes were more 

profitable. At similar profit and energy consumption, the larger mature sizes had a lower 

labour cost due to the lower per-head stocking rate. The lower stocking rate had a lower 

number of per-head management or husbandry operations (such as shearing, drenching, 

stock movement). The difference in profitability between large and small ewes was not 

due to labour costs per se, but under low labour input the larger ewes could achieve higher 

lamb production and greater profitability. 

When the 70% minimum-groundcover constraint was applied there was a decrease in 

profit across all mature sizes due to a decrease in stocking rate. In other words, systems 

maximised for profit were below the minimum groundcover limit and had to decrease 

stocking rate to meet the 70% threshold. However, unlike the labour constraint, the 

reduction in stocking rate is undertaken to reduce intake and grazing pressure to meet the 

groundcover threshold. Hence, due to the difference in individual MEI between small and 

large mature sizes, the per-head stocking rates decrease at different rates to achieve a 
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similar MEI per hectare or pasture utilisation. As all mature sizes had a similar MEI that 

met the 70% groundcover threshold, there were no differences in profitability between 

the mature sizes.  

9.2.3 The value of mating ewe lambs at 7 months of age 

Ewe lambs are commonly allowed to grow until two years of age but they can achieve 

puberty and reproductive success at much younger ages. Mating ewe lambs has the 

potential to improve the efficiency of use of farm resources and the lifetime productivity 

from individual ewes. 

Mating ewe lambs increases the profitability across all mature sizes. The increase in profit 

was due to a direct increase in the amount of lambs per hectare, which led to an increase 

in the lamb weight per hectare and lamb income. The large increase in profitability is also 

attributable to only a small increase in costs when ewe lambs were mated. The increase 

in costs is mainly due to the extra supplementation and the extra labour for feeding ewes, 

and the husbandry of the extra lambs that are produced. 

The small additional cost of managing the ewe-lamb is due to the small increase in energy 

intake when ewe lambs are mated compared to non-mated ewe lambs. The smaller-than-

expected difference in energy intake between the systems is captured in differences in the 

respective condition-score profiles. When ewe lambs are mated, they consume more 

energy but due to the extra demands of pregnancy and lactation they achieve or are 

managed at a lower condition-score profile, whereas non-mated ewe lambs are 

maintained or are able to consume more energy above maintenance and achieve a higher 

condition score profile.  

Practically, ewe lambs that are not mated at 7-8 months of age, are managed as a lower 

priority animal class and are constrained at a lower condition score and lower intake than 
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what is represented in the model. However, even if the difference in energy consumption 

between the mated and non-mated ewe lambs was larger, the small increase in stocking 

rate and the extra energy demand from pregnancy and lactation of the mated ewe-lambs 

is a minor proportion of the total energy requirements of the farm system, and the majority 

of energy intake is committed for maintenance of these ewe lambs regardless of whether 

or not they are mated. 

The small increase in costs when ewe lambs are mated has limited impact on labour 

requirements and most of the labour expenses from mating ewe lambs is associated with 

the management and husbandry operations for the extra lambs that are generated. The 

extra labour did not change the optimum stocking rate of any of the mature sizes. Under 

the labour constraint, mating ewe lambs returns greater value to larger ewes, due to the 

ability of the larger ewes to compensate for a low stocking rate by increasing the lamb 

slaughter weight. Likewise, the reduction in labour causes the stocking rate to decline in 

the smaller ewes, but these are unable to increase the lamb slaughter weight and as a result 

they have lower lamb weight per hectare and lower profitability. 

Under the groundcover constraint the profitability was improved by the extra lamb 

production, while the associated increase in stocking rate and MEI had little effect on the 

groundcover. The small changes in energy consumption had only a small impact on the 

pasture production and utilisation, and by default the groundcover. When the systems are 

constrained to meet the 70% minimum threshold there is limited differences (1-2%) 

between systems that either mated or did not mate ewe lambs. 

In summary, mating ewe lambs increases the profitability of sheep systems at the 

optimum stocking rate and reproductive rate, and across a range of mature sizes. It also 

increases the profitability across the range of stocking and reproductive rates tested. This 

is driven by an increase in the income from the extra lambs generated for a relatively 
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minor increase in costs. The cost of the increases in energy requirements of a pregnant 

ewe lamb were minor in proportion to the energy already committed to maintaining a 

non-pregnant ewe lamb over the annual period. Furthermore, the ewe lambs are only one 

age group of generally 5-6 age groups across the whole farm and the small increase in 

energy intake corresponds to only small change in feed consumption across the whole 

flock. The extra labour costs of managing pregnant ewe lambs and the extra lambs 

generated is not enough to reduce the optimum stocking rate. The increase in energy 

requirements and subsequent small increase in pasture utilisation is not enough to reduce 

the groundcover below the 70% threshold and force the ewe stocking rate to decrease. 

Mating ewe lambs increases the profitability of systems when they are subjected to 

constraints on labour and groundcover in most cases. 

9.2.4 The value of modifying the growth curve to increase early growth and limit 

mature size 

Modifying the growth curve to increase the growth rate of lambs while limiting changes 

in mature size improved the gross margin, but it is a small-to-moderate effect from a 

whole-farm perspective in comparison to the potential improvements achieved by mating 

ewe lambs or other factors such as stocking rate or reproductive rate.  

The small increase in gross margin was the result of two concurrent effects. First, the 

largest effect was the increase in the MEI of lambs. The increase in MEI caused a 

subsequent increase in pasture utilisation during the spring, which led to a decrease in 

pasture availability for ewes during summer and autumn. The lower pasture availability 

caused an increase in supplementation and a decrease in the condition score of adult ewes 

in the proceeding reproductive cycle. The increase in supplementation increased the 

expenses and eroded the gains from the extra lamb production.  
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It must be noted that during the validation of the model (Chapter 5) it was identified that 

spring growth may be limiting in the model. It may be possible that some of these gains 

from modifying the growth curve could be larger if the spring growth curves were 

increased, thereby reducing the impact of the extra intake of the lambs with the modified 

growth curve and the subsequent reduction in carryover pasture. 

Second, the increases in lamb production and the lamb income from modifying the growth 

curve were not large. The lamb income only increased marginally due to the small 

increase in lamb weight per hectare, which was a direct result of a small increase in the 

individual lamb weight. Increasing the growth rate by modifying the growth curve 

delivered small gains in the lamb weight per hectare and any extra gains in lamb weight 

indirectly increased the cost of maintaining the ewes. 

There was a trend for the value of a modified growth curve to increase as the mature size 

became larger.  Because the slaughter weight of larger mature sizes is constrained by the 

length of the growing season, faster growth from a modified growth curve enabled a 

heavier weight to be achieved. The faster growth had a minimal impact for the smaller 

mature sizes because they are innately constrained by a small slaughter weight, regardless 

of the time taken to reach that slaughter weight. 

Modifying the growth curve was more valuable when labour was limiting. The increase 

in gross margin is due to the combined effects of an increase in lamb weight and a 

decrease in supplementation. The decrease in supplementation had a larger impact than 

the gains in lamb production on the gross margin.  

Under limited labour, the larger mature sizes benefited more from the modified growth 

curve. This was due to the positive relationship between stocking rate and labour, and the 

ability of larger ewes to finish lambs to heavier slaughter weights. The combination of 

extra pasture from the lower stocking rate and the extra lamb growth from modifying the 
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growth curve, meant that lambs from larger ewes were able to increase their individual 

weight. Although there were considerable benefits from modifying the growth curve 

when labour is limited, in practical terms, supplying more labour to run higher stocking 

rates would be considerably more profitable than modifying the growth curve. 

Modifying the growth curve had a positive effect on ewe lambs, with them reaching a 

higher mating weight. The higher mating weight led to a higher pregnancy scanning rate 

and higher weaning rate. 

When a minimum groundcover constraint was applied, the reproductive rate and stocking 

rate decreased in order to meet the minimum groundcover requirement. This was due to 

the higher intake of lambs in order to meet their energy requirements from the extra 

growth rate, which increased the grazing pressure on the farm system. As a consequence, 

the reduction in either stocking rate or reproductive rate decreased the lamb income due 

to the reduction in the number of lambs produced per hectare. If stocking rate decreased, 

then this had a greater effect on profitability as it affected both wool and lamb income 

even though there was a decrease in the amount of supplementation. 

The results from this chapter demonstrate the importance of valuing genetic improvement 

from a whole-farm perspective due to the carryover effects on the feed base and 

importantly the impact on the proceeding reproductive cycles. A change in lamb growth 

rate from modifying the growth curve had seemingly small impacts on ewe productivity 

but these were enough to diminish any gains in lamb production from an economic 

perspective. Increases in early growth while limited mature size are widely promoted to 

improve efficiency but there is limited evidence from this chapter that this is more 

profitable unless lamb slaughter weight is increased, which ultimately is governed by 

increases in mature size and contradictory to one of the main purposes of modifying the 

growth curve. 
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9.2.5 Implications and unexpected outcomes  

Introducing constraints on labour or groundcover altered both the economic outcome and 

management of the farm system. In general, placing a constraint on labour or groundcover 

caused stocking rate to decrease and the lamb slaughter weight to increase, resulting in 

an overall reduction in the gross margin. The constraints had the largest effect on smaller 

ewe sizes due to their reliance on high stocking rates and the limited capacity farmers 

have to increase lamb slaughter weight.  From a maternal efficiency perspective, the study 

showed that differences at an individual animal level can have a large effect at the per-

hectare scale and whole-farm scale. These results should be considered when calculating 

the value of individual animal traits, as on-farm constraints and management factors can 

have a significant impact on the value of individual traits. 

For these reasons, a generic recommendation about individual animal traits is simplistic, 

particularly for an optimum mature ewe size. Overall, genetic selection of animal traits 

(e.g. mature size) and management factors (e.g. stocking rate) are implicated in other non-

economic decision making in sheep production businesses. Any valuation or 

recommendation on genetic selection and farm management in the sheep industry should 

be from a whole-farm perspective and considered with other factors such as groundcover 

and labour.   

A large motivation for exploring mature size in the thesis was the general concern by the 

sheep industry that sheep were becoming too large as a consequence of genetic selection 

for growth rate. A question frequently asked by sheep producers is “what is the optimum 

mature size”. As shown by the results from chapter 6, there was not a clear optimum 

mature size if stocking rate and lamb slaughter weight were matched to the specific 

mature size. However, with recent interest from domestic retailers to source lamb 
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carcasses within a tighter weight range, if sheep producers were forced to target a specific 

market then it is likely that a particular mature size would be more profitable than others. 

An unexpected outcome was the difference in profitability of different mature sizes when 

labour was limiting. The difference is large and favours the larger ewes and is counter the 

current logic in the sheep industry where it is promoted to decrease ewe size and operate 

a higher stocking rate. Yet labour is a limited resource for Australian sheep producers 

and, to fully benefit from the decrease in ewe size, labour must increase to support the 

extra stocking rate. Farmers may or may not have the capacity to increase their labour 

across sheep production systems in southern Australia.  

Labour should be treated as a variable cost in the analysis of sheep systems as it can vary 

significantly when management and animal traits are changed. To do this appropriately 

labour calculations need to be linked to animal husbandry and management events. The 

calculation of labour requirements linked to the number of livestock in the simulation 

allows the intensity of changes to stocking and reproductive rate to be pulled through into 

the economic model. The large differences exhibited when labour was constrained 

indicates the potential problem of enterprises not supplying enough labour to maximise 

profit. 

The low value of modifying the growth curve is also unexpected. From a biological 

efficiency perspective, it is sensible to think that the extra lamb growth should lead to 

larger lambs and therefore reduce the portion of the fixed cost of maintenance for each 

kilogram of lamb produced. However, the results from Chapter 8 show two fundamental 

shortcomings for this argument. First, the mature size dictates the end size of the lamb at 

maturity, so if there is not capacity to increase this size (e.g. the smaller ewe), the value 

of extra growth rate is realised from the reduction in the time it takes to reach that weight.   

Second, the cost of the extra growth in terms of extra feed consumed, the extra 
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supplementation required by the ewe and the lower condition score profile, eroded the 

gains from the extra lamb growth.  In essence, the aim of modifying the growth curve is 

to be able to maintain lamb production, while reducing the cost of the ewe. However, I 

found that increasing the growth of the lambs indirectly increases the cost of the ewe and 

reducing the ewe size reduced the slaughter weight of the lamb. 

The simulation of condition-score-based feeding and management highlighted an artefact 

that is represented in grazing systems but is not captured well in existing analyses. Most 

models have some method of feeding ewes, but the WFSM feeds to a specified condition-

score profile. The condition score profile is taken from studies that have defined the 

management of ewe nutrition during pregnancy and that are the industry standard of 

management. These recommendations used modelling approaches based on linear 

programming, where the system is optimised based on animals being managed to an exact 

condition score profile. When these recommended condition score profiles are used in the 

simulation model, the profile becomes a set of minimum targets that are used to 

implement feeding events. A consequence of the simulation modelling is that animals are 

not constrained for intake or condition score when feed availability is high, and the model 

carries over simulation conditions from one reproductive cycle to the next. As such, 

animals actually operate at a higher condition score profile, rather than strictly following 

the recommended profile.  

9.3 Weaknesses 

There were aspects of the analysis and structure of the study that could be improved.  

Although the model results align very well with empirical observations, improvements in 

the model for pasture growth could be made to increase pasture growth during early 

spring, limit the extension of pasture growth at the end of the spring and increase the peak 
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pasture growth during mid-spring. In particular, the adequacy tests highlighted a 

difference in peak spring growth that resulted in the model underestimated pasture growth 

during this period. 

In Chapter 7 where ewe lambs are mated, the non-mated ewe lambs in the STD system 

are managed to a similar condition score as pregnant animals. In reality these are likely 

to be managed at a lower condition score, a lower MEI and lower cost of supplementation, 

which is likely to lead to a larger difference in MEI between the systems. In future 

analysis, there needs to be some testing of different condition-score profiles of ewe lambs 

in both systems where they are either mated at 7 or 19 months of age. In addition, the 

ewe-lamb model does not sell off non-pregnant females, which could potentially be 

lowering the difference in MEI between the ewe lambs in the STD and EL systems. There 

are some producers beginning to adopt a system where they mate all ewe lambs and only 

retain those that are pregnant and sell off those that are non-pregnant (these ewe lambs 

are still young enough to fit into a lamb category to achieve maximum price). This 

scenario could be implemented in future studies to better replicate real-life systems. 

In Chapter 8 where the growth curve is modified, the lambing time was fixed in all the 

analyses. However, it is possible that a benefit of increasing early growth is a decrease in 

the time to reach the designated slaughter weights. Although this analysis showed no 

benefit of earlier turnoff (including results from Chapter 6), the benefit may be realised if 

a later lambing is implemented, which may allow a higher stocking rate to be achieved. 

Additionally, within each mature size and sheep system, ewes are mated to rams of the 

same mature weight. In reality, larger or higher-growth rams can be used to increase the 

progeny mature size and hence their slaughter weight. This may overcome the constraints 

observed in smaller mature sizes with their ability to increase lamb slaughter weight. 

However, there are practical limitations to how much the growth or mature weight of the 

sire can be increased due to the correlation with birth weight and implications for 
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increased birthing difficulties. It is questionable how much this could be manipulated, but 

it needs to be addressed in future analyses. 

The economic component of the model could be constructed to allow short-term cash 

flow analyses and rather than treating each individual year as a single uncertain year, 

changes over time with carryover of cash reserves and discounting and calculations of 

depreciation could be incorporated into the model and analyses.  

The cost of feeding is based on the direct time required to undertake the operation and 

does not consider the indirect or transaction costs of employing staff for longer periods 

than required or a minimum fixed cost for instigating a feeding event. The cost of smaller 

feeding events could be underestimated as a result. 

9.4 Future research 

There are several outcomes from the thesis results that are worthy of further investigation 

and where appropriate validation or model development with data from new experiments 

or demonstration activities could be worthwhile. These include: 

1) Investigate the impact of different live-weight and condition score relationships. 

Currently, there are at least two different multipliers recommended across the 

literature and a sensitivity analysis is required to understand how much of an impact 

these could have upon the current industry recommendations. 

2) Explore the different condition score profiles between simulation versus the 

recommended profiles that are generated from linear programming and test whether 

the differences have implications for industry recommendations.  

3) Validate labour relationships with real data generated from on-farm activities, 

including the labour relationship with differences in mature size. 
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There are ideas that were considered or removed during the process of refining the work 

for this thesis that would be worthy of future work. These include: 

1) Incorporating animal variation into the simulation model. Although differences in 

animals are modelled as a result of events or interventions (e.g. different reproductive 

rates, age, condition score), the model does not represent differences between animals 

in their base set of parameters or “potential traits”, or correlations between these traits. 

For example, within each mature-size category tested in this thesis, all animals are the 

same mature size. A preliminary model was constructed that tested a bi-variate 

distribution of fleece weight and reproduction, with a negative correlation between 

increasing fleece weight and reproduction. The model showed that it was possible to 

represent a population within the simulation model. 

2) The simulation model generates data over multiple years and provides a dataset that 

exhibits within- and between-year variation. These datasets could be used to 

investigate the role of variation in the values of different traits. Preliminary analysis 

of the data showed that lower variation was associated with reductions in stocking 

rate and profitability. It would be worthwhile understanding these from a labour 

perspective; if there is a limit in the availability of labour, would the resulting 

reduction in stocking rate lower the variability of the system. Furthermore, are larger 

mature sizes a less risky option given that they operate at lower stocking rate and 

higher profit when labour is limiting?  

3) The simulations were executed at a single location and for a single environment. 

Given the potential for larger mature sizes to produce a higher economic return when 

restricted by labour, which was driven by a reduction in stocking rate, it would be 

worthy of understanding the impact of running different ewe mature sizes in a lower 

rainfall environment where pasture production is lower and the growing season is 
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shorter. The ability of larger mature sizes to maintain high production at lower 

stocking rates may transfer to a low rainfall environment that naturally operates at a 

lower stocking rate due to the lower pasture production. 
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Appendix I. Manager script of the base simulation 

The manager script is the integral component of the simulation model and is a code that 

describes the management of the sheep enterprise. The link provided below will direct 

the reader to an internet page that contains a word document with the full manager script 

for the base simulation. Along with descriptions contained in this thesis, the manager 

script will allow external users to replicate the simulation. 

 
https://drive.google.com/file/d/1sUwqBRg6GLydCAlsghvcXfkB-B_Tho2h/view?usp=sharing 




