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ABSTRACT: There have been many advances for the 
sheep industry in the last two decades with large improve-
ments in technology for more efficient and reliable data 
collection and measurement and more information and 
analysis available for better informed ram selection deci-
sions.  With much focus on increasing genetic gain, ease of 
management and reduction in cost there has been much less 
focus on ewe selection within flocks for lifetime perfor-
mance. This paper discusses the opportunities (using simu-
lation and prediction models with optimising capabilities) 
to make better use of information already available to pro-
ducers, which not only enables higher economic benefit for 
current production from animals but also complements ge-
netic gains for future generations, at little or no extra cost. 
Selecting the best ram is high priority but also of  im-
portance is making better use of current and historical 
measurements of ewes in commercial sheep flocks. 
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Introduction 
 

Traditionally, the rate of change in the sheep in-
dustry has been much slower than in other agricultural in-
dustries. ABARE (2002) showed that cattle and cropping 
increased at a rate of 2.1% and 3.6% respectively from 
1982 to 2002, whilst the sheep industry only increased at a 
rate of 0.6%. Cropping has a history of continual adaptation 
to ensure it remains competitive with the rest of the world 
and they rely on many improvements in technology as well 
as management strategies to ensure optimal production. The 
sheep industry seemed to lack this drive for rapid improve-
ment from competition and price fluctuations. When profit 
margins became tighter in the sheep industry more empha-
sis was placed on the need for change and producers and 
researchers were looking for ways to increase production, 
lower costs, lower labour and ultimately increase profits. 

 
Atkins et al. (2006) noted that the majority of 

gains in the past were made from labour productivity, land 
use and a less dramatic increase in animal productivity, and 
that these past gains were no longer adequate. Large im-
provements have been made in technology for ways of cap-
turing and recording measurements in an efficient manner 
and less labour intensive to make it become feasible for 
larger commercial flocks The advantages of collecting vari-
ous measurements and using genetic information in com-
mercial sheep flocks have been largely unidentified and 
underutilised. Traditionally, most genetic progress in com-
mercial flocks has been derived from ram selection (Atkins 
et al. 2006) and few measurements have been made on 

ewes. Flocks were managed with limited data collection (to 
reduce costs) and animals were managed as a single entity 
(flock level management with animals managed as single 
homogenous groups). 

 
As our understanding of genetics and flock struc-

ture and management improves, our breeding schemes re-
flect these changes. Arendonk et al. (1998) noted that 
breeding schemes in the late nineties were very different in 
structure and size than those that were in place decades 
earlier, and this is still true for today. Arendonk et al. 
(2006) understands that many of these changes have been in 
response to better adaptation of technologies, but also rec-
ognises that there is a large scope for improvement by mak-
ing better use of the currently available technologies, which 
is one of the main issues this paper aims to highlight. There 
have been many more advances in technology since this 
comment was made in his paper, and yet not much im-
provement in using them any more efficiently. 
 

Current generation improvement 
 
There is a large amount of variation in traits that 

can be exploited within each flock for fast current genera-
tion improvement (Atkins et al. 2006), which will then flow 
through future generations. This range of variability within 
a flock questions the traditional management of treating the 
whole flock as one. Currently most maiden ewes are select-
ed to enter the breeding flock via visual classing methods 
and once selected, remain in this group until the whole 
group exits at a certain age. Throughout their lifetime these 
animals are treated as a single group and are run with an 
aim of maintaining them at minimal cost. Rowe and Atkins 
(2006) suggest this may not be best practice and provide an 
alternative view of using precision sheep management to 
increase productivity and profitability in the Australian 
sheep industry. They believe it is important to identify the 
animals which contribute the most to profitability as well as 
those that are costing the system the most. 

 
Decision support tools have been used to predict 

the impact of current decisions on potential future decisions 
and the future production for whole flock changes over time 
(Kelly et al. 2006). They have highlighted the benefits of 
optimising flock structure to ensure optimal genetic pro-
gress as well as identifying selection options to achieve 
desired breeding objectives (Atkins et al. 2006). Ewe selec-
tion is often perceived to be of little benefit due to the low 
genetic gain it achieves. However, current generation gains 
from selection can be quite large (and profitable), with ge-
netic progress an added advantage.  



The financial benefit of these opportunities has 
previously been hard to quantify and the value has often 
been undervalued and overlooked. More recently studies in 
the area of precision sheep management have shown that 
there are large opportunities for current generation gains 
and most of this work has focused on selecting animals 
from an early age and the impact on the combined current 
and future gains for overall flock performance. There is 
potential for further opportunities of reusing this infor-
mation later in life to make more selection decisions with 
little or no extra measurements required, such as culling on 
performance rather than age, resulting in even more produc-
tion (or economic gain) of the flock. 
 

Reproduction example 
 
Increasing flock reproduction is a good example of 

where this concept can be applied. Reproduction is lowly 
heritable and low-moderately repeatable. Therefore, most 
benefit of selection is made in current lifetime performance. 
By identifying the better performers (ie those that produced 
more lambs) early, the poor performers (or dry ewes) can 
be removed from the system early. This is reducing costs of 
keeping ewes that don’t contribute to the reproductive per-
formance of the flock and increases the resources available 
for the more productive ewes. Many producers use this 
knowledge by culling ewes that are dry once (or sometimes 
dry twice) to make the most of this advantage at a young 
age. Research has shown this to be a good approach as Lee 
and Atkins (1996) found that ewes that produced lambs in 
their first two joinings subsequently reared twice as many 
as those that didn’t rear any lambs in their first two joinings 
and would therefore be keeping more reproductive ewes. 

 
There is potential to gain further benefit from this 

information though, with recording lifetime records of those 
ewes rather than basing it on a single decision when a ewe 
is dry early in life. Lifetime records are now much easier to 
collect using tools such as Pedigree MatchMaker (Richards 
& Atkins 2007) requiring little labour. By recording life-
time reproductive performance of the ewes the decision to 
keep a ewe longer or cull her earlier can be made later in 
life rather than the more common approach of culling on 
age irrespective of reproductive performance and potential. 
Many factors impact the decision of when it’s best to cull a 
ewe. Such factors include 

 
possible decrease in reproductive performance after a 

certain age 
impact on selection intensity (with keeping older ewes 

longer there are less maidens entering the flock) 
probability of survival decreasing with age 
balance of proven performance of older ewes and po-

tentially better genetic merit of younger animals, 
and  

number and age of the surplus animals for sale.  
 
In order to help predict the impact of all of these issues, and 
the impact on production and economic values, simulation 

of flocks and predicting future performance is a useful 
technique. 
 

Lee et al (2006) have shown through flock data 
from three sites that there is certainly potential for keeping 
higher performing ewes for longer as a way of increasing 
net reproduction rate. Their paper showed a difference of 3 
to 6 times between the top and bottom quartile of three 
flocks in net reproduction rates. By using this information 
they suggest that removing poor performers earlier and 
keeping the higher performers longer, the achievable flock 
reproduction rates by Merino ewes could be much higher 
than current expectations based on whole flock means. This 
trial shows there is benefit in collecting and using this type 
of information, but identifying which is the most optimal 
tactic of selecting these ewes (ie how many in each age 
group or which ewes to keep or cull across age groups) is 
much more difficult.  

 
Simulation, prediction and optimisation 
 
Simulation allows a range of scenarios (flocks and 

environments) to be developed and future trait prediction 
enables a range of options to be examined without the large 
resources required for many field trials over time. Another 
very beneficial value of using models to identify the oppor-
tunities is that genetic algorithms can be used for finding 
the optimal solution. Rather than using trial and error to 
find ways of improving flock production or increasing fi-
nancial gain, the selection of the flock can be valued in 
terms of fitness and the optimal solution can be found. This 
means that the value of the improvements need to be related 
to economic value (as a measure of fitness) and then the 
objective can be based on the scenario resulting in the high-
est fitness. In this example used, each lamb had a value per 
head and the objective for the flock was to find the best 
selection strategy that would produce the highest reproduc-
tion for that flock, ie the highest economic return (or high-
est fitness) was obtained with the highest number of lambs 
produced.  

 
This optimal strategy can be found by using an 

evolutionary algorithm such as differential evolution (Storn 
& Price 1997). This method selects solutions that perform 
well and uses them to make a new generation of solutions, 
with iteration over generations to convergence.at the high-
est average flock reproduction (the desired objective in this 
case). The other benefit of using this simulation and predic-
tion approach is that the best solution can be found for a 
range of different flocks with varying risks, environmental 
conditions and genetic potential that can be factored into 
the model. Additionally, sensitivity analyses can be under-
taken to see what impact changes in underlying conditions 
have on the optimal solution, leading to identifying which 
solution gives the best overall outcome with accommoda-
tion of risk. This technique is valuable because general ad-
vice on the best approach for all flocks is not really appli-
cable with all the considerations that should be made for 
each flock in different conditions. 



This concept is obviously not just suited for repro-
duction and can be extended to other traits as well. The 
model just needs to be adjusted for impact of age on the 
trait measured (such as the broadening of the micron of a 
flock with increasing age) and correlations between traits 
used for the impact on other traits. The value of the whole 
process is increased when both reproduction and production 
traits are included, aiming for example to maximize total 
carcass value from the whole flock.  This is because it is 
under these circumstances that the best solution is least ob-
vious.  By modifying the value of outcomes and the result-
ing fitness a range of objectives can be examined using this 
approach. 

 
Conclusion 

 
With the strong focus on genetic gain and ad-

vancement in various measurement and data capture tech-
nology it is important not to overlook the value of using this 
same information for current generation gain. The current 
generation can provide immediate financial gain and can 
complement the genetic gains for future production without 
requiring much extra measurement or management in many 
instances. Flock simulation, lifetime trait predictions and 
algorithms for optimising current measurement and selec-
tion decisions provide a very useful technique for identify-
ing the best opportunities for increasing economic value 
that can be implemented for each individual flock (in vari-
ous scenarios). Current generation gains are more than just 
a keep or cull decision early in life. Using these measure-
ments later in life allows animals to be kept on performance 
(rather than dictated by age) and can provide financial ad-
vantage with little extra cost to the system. The benefits 
have been shown, and a method to find the optimal strategy  
has been identified with implementation now starting. 
There are large opportunities for gains in lifetime produc-
tion and economic value when combining current infor-
mation for lifetime improvement with resources for im-
proved genetic contribution in later generations. There is 
room for rapid change with lots of improvements in tech-
nology, but this information and technology needs to be 
utilised better. Using methods such as this optimizing pro-
cess is very important for advancing our ability to identify 
opportunities for better decisions and ultimately increased 
production and profit within commercial flocks. This ap-
proach is useful for any trait or species if the correct corre-
lations and adjustments for age are used within the model 
and an appropriate objective set. 

 
 
 
 
 
 
 
 
 
 
 

Literature Cited 
 

ABARE (2002). Australian Commodities, ABARE. 
Atkins, K. D., J. S. Richards, et al. (2006). 8th World Con-

gress on Genetics Applied to Livestock Production. 
Kelly, M., A. Swan, et al. (2006). Wool Meets Meat – Pro-

ceedings of 2006 Aust Sheep Industry CRC confer-
ence: 86-90. 

Lee, G. and K. D. Atkins (1996). Australian Journal of Ex-
perimental Agriculture 36: 123-128. 

Lee, G. J., K. D. Atkins, et al. (2009). Animal Production 
Science 49: 624-629. 

Richards, J. S. and K. D. Atkins (2007). Proceedings of the 
Association for the Advancement of Animal Breeding 
and Genetics 17: 403-406. 

Rowe, J. B. and K. D. Atkins (2006). Proceedings of the 
Australian Society of Animal Production 26th confer-
ence: short comm. 33. 

Storn, R. and Price, K. (1997) Journ Global Optim 11:341. 
van Arendonk, J. A. M., C. Van Rosmeulen, et al. (1996). 

Livestock Production Science 46: 163-171.Cundiff, L. 
V., MacNeil, M. D., Gregory, K. E. et al. (1986). J. 
Anim. Sci. 63:27-33 

	  


