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INTRODUCTION 
Following the introduction of the Texel into New Zealand in the mid 1980’s, a group of 20 
breeders formed a Sire Referencing Scheme (SRS) in 1997. The objective of the breeders was 
to increase the weight of carcass lean (LEAN) whilst decreasing the weight of carcass fat 
(FAT). A study of the flocks has found that only one is making sustained progress in achieving 
the overall objective, with the majority only making progress in increasing LEAN (Johnson et 
al., 2001). The study showed that an important reason for the poor responses was low selection 
intensity in a number of flocks. After an initial trial period of the SRS the breeders are now 
considering whether or not to continue the venture. 
 
Simulation models are an effective way of quantifying the genetic benefits of various selection 
policies (Roden, 1996). While there are numerous possible selection models, only four are 
evaluated and discussed herein. Within flock selection is widely practiced and is an option if 
the breeders choose to discontinue the SRS. Selection on phenotype in this model (model 1) 
represents the worst case scenario where breeders fail to account for environmental effects.  
Selection on estimated breeding values (EBVs) (model 2) takes into account these 
environmental effects. Although across flock selection was historically used by some breeders, 
strong across flock genetic linkages did not always exist so accurate between animal across 
flock comparisons could not be made. Selection on phenotype across flocks (model 3) 
represents this situation in that although linkages do exist they are not recognised. Using EBVs 
across flocks as selection criteria (model 4) represents the best situation as it uses genetic links 
which can take account of between flock environmental differences. 
 
The purpose of this work is to demonstrate through use of a stochastic simulation model the 
differences in rates of genetic gain given different policies of replacement selection and  
selection intensities. 
 
MATERIALS AND METHODS 
A stochastic simulation model was created using APL (APL, 1999). Although there are 20 
flocks in the SRS, due to limited records on two flocks only 18 flocks were included in the 
simulation models, with a range in size of 49 through 700 breeding dams, totalling 3300 dams. 
 
Five traits were assessed in the simulation model, number of lambs born (NLB), liveweight at 
six months (LW6), ultrasonic fat depth (UFD), LEAN and FAT. LW6 and UFD are the 
predictor traits for the traits in the objective of the SRS (LEAN and FAT). A base population  
of 6600 dams and 3300 sires was generated to produce enough breeding dams and sires to 
select an initial breeding population. Simulated flock sizes were set based on the number of 
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breeding dams in the 2001 flocks. 2001 actual EBV’s for LW6, UFD, LEAN and FAT were 
averaged within flock with standard deviations also recorded, these values were used when 
matching simulated base animals to flocks.  
 
Selection on EBVs involved selecting on a Lean Growth Index (LGI) made up of the EBVs for 
LEAN and FAT, with economic values per kilogram increase taken as $5.40 and -$3.00 
respectively (Johnson et al., 2001). Phenotypes were produced using the effects of sire genes 
(Gs), dam genes (GD), Mendelian sampling (φ), permanent environmental effects (envp) and 
temporary environmental effects (envt), thus phenotype=½ Gs + ½ GD + φ + envp + envt.   
Selection on phenotype involved selection on an index of unadjusted LW6 and UFD, they were 
weighted using the same economic values applied in the LGI. EBVs were obtained in 
ASREML (Gilmour et al., 1998) using a multiple trait animal model, adjusted for the effects of 
flock, birth rank, sex and age of dam. 
 
All simulations assumed the genetic parameters as described by Jopson et al. (1995) with the 
addition of NLB. The model assumes 2% natural losses per year. Replacement breeding dams 
and sires were selected as ranking highest for the selection criteria discussed above. 
Additionally all animals were culled at age eight years independent of the selection criteria. 
Dams and sires were 18 and six months old respectively when first mated.  The dam to sire 
ratio used was 100:1 for within flock selection and 500:1 for across flock selection, although in 
all cases a minimum of two sires per flock was used. In across flock models sires were 
randomly allocated with at least five sires used in all flocks. 
 
The annual rate of genetic gain for each of the four models was obtained by regressing 
EBV/phenotype on year of birth, this was carried out for each flock and by treating all flocks as 
one population. Rates of gain were determined for LW6, UFD, LEAN and FAT. Standard 
errors associated with the slope of the lines were also recorded.  
 
Predicted rates of genetic gain were estimated for each model using deterministic simulation. 
The average age of sires was 1.59 and dams 3.5 years. The selection intensity for replacement 
dams (top 55%) gave a standardised selection differential (i ) of 0.704. For sires thei was 
2.058 or 3.00, given selection of the top 2.4% and 0.3% within or across flock respectively.  
 
RESULTS AND DISCUSSION 
Selection on Phenotype. Selection on phenotype alone (models 1 and 3) resulted in slow rates 
of genetic gain for both LEAN and FAT due to the poor accuracy of selection. Within flock the 
rates of gain per year (±se) were 56±1g and 22±1g for LEAN and FAT respectively and across 
flock 35±1g and 15±1g per year respectively. Although the breeders objective of increasing 
LEAN was achieved it was much slower than the rates of gain achieved in models 2 and 4, and 
the objective of decreasing FAT was not achieved. Although this could be achieved by 
increasing the negative weighting of fat, this would further decrease the rate of gain for LEAN. 
Although expected, such results demonstrate to breeders that selection on phenotype alone 
results in less than optimal rates of genetic gain.  
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Selection within flock using EBVs. Within flock selection using EBVs (model 2) saw 
improvements in the rates of genetic gain for both LEAN and FAT compared with models 1 
and 3. The base flock averages and results from this model are presented in Table 1. The rates 
of genetic gain were 155±11g and 10±1g per year for LEAN and FAT respectively.  However 
there was a large range between the best and worst flock with values of 222±2 and 82±2g per 
year respectively for LEAN and –11±1g and 54±1g per year respectively for FAT. Although 
the objective of increasing LEAN was being met, the majority of flocks were not achieving the 
objective of decreasing FAT.  The predicted rate of gain for LEAN in this model was 165g per 
year and –7g for FAT. Although the rate of gain in the model for LEAN was close to the 
predicted, the rate of gain for FAT was far less, again this could be improved by increasing the 
weighting of fat, however this would decrease the rate of gain for LEAN.  
 
Table 1. Ten year changes in LEAN and FAT for 18 flocks and the overall change (All) 
using within and across flock selection on EBVs 
 

Flk Breeding LEAN(g) FAT(g) 
 dams (no.)  Within Across  Within Across 
  xA ∆G/YB ∆G/YB xA ∆G/YB ∆G/YB 

1 700 308±12 178±1 220±1 -107±4 16±0 -4±0 
2 480 916±9 152±1 168±1 -68±6 -11±0 -7±1 
3 275 -113±11 168±2 258±2 -80±4 26±1 -5±1 
4 260 372±12 222±2 212±2 108±7 -6±1 -23±1 
5 176 48±17 140±2 240±2 -101±8 54±1 -7±1 
6 174 360±15 165±2 208±2 -75±7 -7±1 -9±1 
7 157 286±11 145±2 222±2 -51±7 20±1 -10±1 
8 144 343±13 142±2 221±2 -104±6 5±1 -3±1 
9 134 164±21 145±2 232±2 -79±10 2±1 -6±1 

10 110 341±13 85±2 219±2 -26±6 -10±2 -11±2 
11 106 -238±27 127±3 266±2 -340±14 -6±2 13±2 
12 103 574±14 127±2 203±2 -22±8 28±2 -11±2 
13 93 630±16 128±2 199±3 121±7 5±2 -22±2 
14 85 424±22 177±3 213±3 -39±7 11±2 -8±2 
15 65 247±19 104±3 228±3 4±8 35±2 -14±2 
16 61 134±20 141±3 234±3 51±10 26±2 -26±2 
17 59 355±29 102±4 218±3 -15±12 48±3 -8±2 
18 49 275±36 82±3 225±3 -58±9 24±2 -7±2 

All 3300 300±4 155±11 217±1 -50±2 10±1 -8±1 
A Mean genetic merit in base flock (derived from 2001 flock EBVs)  
B Average annual change in genetic merit.  
 
Selection across flock using EBVs. Across flock selection using EBVs (model 4) provided the 
best method for achieving genetic change. The base flock averages and results from this model 
are presented in Table 1. The average rates of gain were 217±1g and -8±1g per year for LEAN 
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and FAT respectively. The predicted rate of gain for LEAN in this model was 241g, given 
variation between the flocks the simulation model was achieving close to the predicted rate of 
gain for carcass LEAN. The predicted rate of gain for FAT was –1g per year, the model 
achieved better than this. However there were large decreases in some flocks in early years, 
and once the asymptotic gain was achieved by these flocks the rate of gain was more in the 
order of –1g per year.  
 
Use of model 4 resulted in a 40% increase in the rate of gain for LEAN compared with model 
2, and an 180% improvement for FAT. The improved rate of gain in model 4 is due largely to 
increased sire selection intensity. 
 
The range in flock responses for LEAN was smaller using this model with the best and worst 
flocks achieving 168g and 266g per year respectively due to the use of the best sires from the 
entire population across all flocks. Flock 11 which had the lowest initial genetic merit for 
LEAN achieved the highest rate of genetic gain, having the largest potential for improvement, 
whereas flock 2 with the highest initial genetic merit achieved the lowest rate of gain.  All 
flocks with the exception of flock 11 achieved negative rates of genetic gain for FAT. Flock 11 
however, had the lowest starting genetic merit for FAT, and even though it had a positive rate 
of gain its Year 10 value still remained negative relative to the 2001 values. 
 
IMPLICATIONS  
Through the use of these stochastic simulation models, the genetic benefits of using a SRS are 
demonstrated.  Such a scheme enables the selection of the best sires across all flocks leading to 
improvements in the objective across all flocks. However individual flock benefits depend on 
the initial genetic merit of that flock. Although the model uses optimised selection intensities 
which the breeders do not currently implement, it shows the potential gains that can be 
achieved if they were to select the top EBV animals. The major change that would need to be 
made are the use of only the best across flock sires across all dams. It would also involve 
placing more trust in breeding values and selecting replacement dams more on estimated 
genetic merit. The models seek to maximise the rate of genetic gain, however the use of only 
the top across flock sires over all dams is an issue for practical and economic consideration as 
the use of artificial insemination is the only way this could be achieved. Inbreeding is an issue 
that would have to be investigated further if only a small team of sires was to be used across all 
flocks. However, further work is required to simulate other selection policies, such as dispersed 
open nucleus schemes which Roden (1996) suggested as being superior to SRS. 
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