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SU M M ARY
Closed adult M OET nucleus schemes with discrete generations o f single trait 

selection were investigated using Monte Carlo simulation. Simulated rates o f  response and 
inbreeding ranged from 0.17-0.35 phenotypic standard deviations and 3.2-9.3% per 
generation respectively. Simple predictors, assuming base generation variances and large 
population sizes, overestimated responses by 40-67%. More realistic predictors, accounting 
for the effects o f  finite numbers, inbreeding and selection, were within 4% o f the simulated 
responses. The benefits o f alternative breeding strategies were described. Factorial 
mating designs increased response while the use o f more than one male from a selected 
sibship reduced inbreeding. The combination o f these two strategies increased response 
and reduced inbreeding.

INTRODUCTION
Nicholas and Smith (1983) described two types o f multiple ovulation and embryo 

transfer (M O ET) nucleus breeding schemes; the juvenile scheme with selection before first 
breeding and the adult scheme with selection after the first lactation. Two aspects o f the 
adult scheme were examined in this study using Monte Carlo simulation. Firstly, 
following Nicholas and Smith (1983), schemes utilising hierarchical mating design with one 
son per dam eligible for selection (which will be referred to as hierarchical schemes) were 
simulated and results were compared with theoretical predictions. Secondly, the benefits 
o f employing factorial mating designs and/or using more than one male from each selected 
sibship were investigated.

M ATERIALS AND METHODS
Monte Carlo simulation was used to model the establishment and operation o f a 

closed adult nucleus scheme in dairy cattle with discrete generations o f single trait 
selection. An infinitesimal genetic model was assumed. The true breeding value (TB V ) 
o f  each individual was generated by

gi = gs/2 + gu/2 + m,
where g„ gs and gD represent respectively the TBVs o f an individual, its sire and its dam. 
The Mendelian sampling term, m„ was taken at random from a normal distribution with 
a mean o f zero and a variance o f (1/2 - (Fs + FD)/4)a2JO, where Fs and FD are the 
inbreeding coefficients o f the sire and dam and o Jgo is the genetic variance in the base 
generation.

A  closed nucleus herd was set up by selecting a small number o f  unrelated sires 
and dams at generation zero from a large pool o f candidates in which the correlation 
between TBVs and estimated breeding values (EBVs) was 0.88 and 0.65 for males and 
females respectively and the heritability and repeatability o f  the trait o f  interest was 0.25 
and 0.5.

Six discrete generations o f selection were carried out within the nucleus herd. Each 
generation, animals were eligible for selection only once, after the first lactation record was 
completed. In practice, this would give a generation interval o f  about four years. 
Selected females were kept in the nucleus for two further lactations to provide additional 
records for breeding value estimation. An individual animal model was used to provide
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Best Linear Unbiased Predictions (B LU P) o f  breeding values. Milk records from outside 
the nucleus herd were ignored after generation zero and consequently, candidates at 
generation one were evaluated without any ancestral information. For this reason, the 
scheme was considered to be fully operational after generation one. The results presented 
in this study were averaged over generations two to six (inclusive). Schemes with 16, 32 
and 64 dams selected were replicated 600, 350 and 170 times respectively.

Tw o areas o f interest were examined:
A ) Hierarchical Schemes:
(1) Simulation : Eighteen schemes were simulated. Four or eight sires were selected 
and mated in a hierarchical design to 16, 32 or 64 dams. Two, four or eight daughters 
and one son per dam were eligible for selection.
(2) Theoretical Prediction : Two methods were used to predict the selection responses 
expected from the six schemes with four daughters and one son per dam. The formula

AG = (rM iM + rF iF)o,/2
was used, where AG is the response per generation; o g is the genetic standard deviation; 
rM and rF represent the accuracies o f selection for males and females and iM and iF represent 
the selection intensities for males and females.

(i) Simple method : The selection intensities were derived assuming that there was a 
large pool o f unrelated selection candidates. The accuracies o f selection were calculated 
with selection index theory. The genetic standard deviation and the genetic variance used 
in the selection index were both base generation values.
(ii) More realistic method : The selection intensities were adjusted to account for finite 

numbers o f candidates (Becker, 1975). The effects o f selection and inbreeding on the 
accuracies o f  selection and the genetic standard deviation were accounted for using the 
method o f Wray and Hill (1989), modified to include the effects o f inbreeding on genetic 
variances. The inbreeding coefficients used were averaged values from the simulations.

B) Alternative Breeding Strategies
(i) Hierarchical Sibship Schemes : Because males have no records o f their own, the 

EBV o f each male and his full brothers is the same. Using more than one male from a 
selected sibship does not affect the proportion selected but should reduce inbreeding rates.

Tw o males were used from each sibship. Four or eight sibships (eight or 16 sires) 
were selected and mated in a hierarchical design to 16, 32 or 64 dams with four daughters 
and two sons per dam eligible for selection.
(ii) Factorial Schemes : Factorial mating designs increase the number o f  sibships so that, 

with one male per sibship eligible for selection, the number o f male candidates is increased 
(Woolliams, 1989). Four or eight sires were selected and mated in a factorial design to 
16, 32 or 64 dams. Each dam was mated to two sires with two daughters and one son 
per sibship eligible for selection.
(iii) Factorial Sibship Schemes : This combines the features o f (i) and (ii). Each dam 
was mated to two sires with two males used from each selected sibship. Four or eight 
sibships (eight or 16 Sires) were selected and mated in a factorial design to 16, 32 or 64 
dams. Tw o daughters and two sons per sibship were eligible for selection.

RESULTS
A ) Hierarchical Schemes : Simulated rates o f response and inbreeding per generation 
are presented in Table 1. Selection responses ranged from 0.17 - 0.35 phenotypic standard 
deviation units per generation, increasing as more embryo transfers were carried out. 
Selecting eight sires rather than four reduced inbreeding rates and the variance o f response 
substantially without adversely affecting response. Inbreeding rates ranged from 3.2 - 
9.3% per generation. These values were 1.4-3.3 times higher than predictions from the 
random selection formula AF = 1/8M + 1/8F, where M and F represent the number of
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sires and dams respectively.

Table 1. Simulated rates o f  response (AG) and inbreeding (AF) per generation in 
hierarchical schemes, expressed in phenotypic standard deviation units and in percentage 
units respectively. Assuming a 50% sex ratio and a 50% survival rate o f  embryos to 
selection, the average number o f embryo transfers for each scheme is (no. dams) x (no. 
daughters per dam) x 4.

No. o f sires
4 8

No. daughters No. o f dams No. o f  dams
per dam 16 32 64 16 32 64

2 0.170 0.207 0.231 0.149 0.197 0.231
AG 4 0.225 0.260 0.301 .0.210, 0.261 0.296

8 0.269 0.308 0.334 0.258 0.307 0.353

2 6.29 6.06 6.16 3.24 3.39 3.63
AF 4 7.93 7.77 7.36 4.25 4.60 4.79

8 9.30 8.92 8.54 4.94 5.64 5.85

Table 2 compares the simulated responses with theoretical predictions. When 
it was assumed that the number o f candidates was large and that the effects o f  inbreeding 
and selection could be ignored, response was overestimated by 40-67%. When these 
factors were accounted for, the predictions were within 4% o f the simulated responses. 
Most o f  the differences between simulated and predicted responses were due to reductions 
in the between family genetic variances due to selection.

Table 2. Simulated responses and theoretical predictions o f response per generation in 
hierarchical schemes. Each dam had four daughters and one son. The percentage 
difference between the predictions and the simulated values are given in brackets.

No. o f sires
4 8

16
No. o f  dams 

32 64 16
No. o f dams 

32 64

Simulation 0.225 0.260 0.301 0.210 0.261 0.296

Simple 0.368 0.434 0.494 0.295 0.368 0.434
Prediction (63) (67) (64) (40) (41) (47)

Realistic 0.226 0.269 0.311 0.205 0.250 0.292
Prediction (0) (3) (3) (-2) (-4) (-D

B) Alternative Breeding Strategies : Rates o f response and inbreeding per generation
are given in Table 3. By increasing the number o f male candidates, the factorial schemes 
achieved higher rates o f  progress while the use o f two males from each selected sibship 
reduced inbreeding. The combination o f these two features (in the factorial sibship
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schemes) increased response and reduced inbreeding.

Table 3. Rates o f response (AG ) and inbreeding (AF) per generation with hierarchical 
(H ), factorial (F), hierarchical sibship (HS) and factorial sibship (FS) schemes. Assuming 
a 50% sex ratio and a 50% survival rate o f  embryos to selection, the number o f  embryo 
transfers needed for each scheme is 16 x (no. dams)

AG

AF

No. o f  male sibships selected 
4 8

16
No. o f  dams 

32 64 16
No. o f  dams 

32 64

H 0.225 0.260 0.301 0.210 0.261 0.296
F 0.244 0.270 0.308 0.237 0.275 0.319
HS 0.229 0.277 0.300 0.204 0.258 0.304
FS 0.250 0.296 0.326 0.231 . 0.275 0.314

H 7.93 7.77 7.36 4.25 4.60 4.79
F 7.94 7.47 7.42 5.13 4.95 5.10
HS 6.66 5.71 5.31 3.90 3.50 3.18
FS 6.79 5.77 5.44 4.81 3.80 3.33

DISCUSSION
The results suggest that the rates o f response in closed adult nucleus schemes 

with discrete generations o f selection may be substantially lower than originally predicted, 
while the rates o f  inbreeding are likely to be far higher. Further research should 
concentrate on the possible benefits o f opening the nucleus and/or using overlapping 
generations. For schemes o f equal size, the differences between simulated and simple 
predicted responses were greater than found by Juga and Maki-Tanila (1987), because the 
effects o f  inbreeding were-ignored in their simulations. Realistic predictions o f response 
agreed vfery well with results from simulation. Although these predictors used simulated 
inbreeding coefficients, accurate predictions o f response were also derived when the 
inbreeding rate was estimated by doubling the prediction o f the random selection inbreeding 
rate formula.

In this study it was assumed that all selected cows had offspring and that families 
o f  equal size were generated. Investigation showed that, in both hierarchical and factorial 
schemes, changes in family sizes, brought about by differences in sex ratios, in survival 
rates and by variation in the number o f  eggs per donor had little (1-4%) impact on 
responses, provided all selected cows produced eggs. When some selected cows yielded 
no eggs, thus requiring the use o f genetically inferior animals, the impact on response was 
more substantial because o f reduced female selection intensities.
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