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SUMMARY
Different selection strategies were examined where subjective visual classing
data was combined with objective criteria into single or two-stage selection
indices. In the two-stage procedures, subjective criteria and/or greasy fleece
. were used at the first stage. The conclusions were, firstly, that the
a .ltl?n
subjective criteria to a single-stage selection system which contains
objectively measured variates can improve overall economic response; secondly,
gains will only be marginally decreased if subjective criteria are used to reduce
the numbers of rams to be tested to 70% in a two-stage selection programme.
INTRODUCTION
Traditional selection of Merino sheep replacements has been, and to a large
extent still is, based on subjective visual classing. Objective measurement is now
an important part of many breeders' selection programmes, in combination with
classing. However, objective measurement entails considerable cost in data
collection and wool sample processing.
The Australian national Merino performance testing and recording service,
WOOLPLAN (Lewer et al, 1986; Ponzoni, 1987) is designed to support the needs of
Merino breeders with a wide variety of breeding objectives, and provides a choice
of economic selection indices.
Guidance is given on the use of subjective data,
but no means of including them in selection indices.
This paper discusses ways of
combining subjective and objective data by developing a series of one- and twostage selection indices.
Two-stage index procedures have been examined for the
Australian Merino by Ponzoni (1987) and Atkins (1987), but neither of these
authors included subjective variates among their selection criteria.
MATERIAL AND METHODS
A combination of preliminary genetic and phenotypic parameter estimates
(Lewer, Woolaston and Howe, unpubl.) and those in WOOLPLAN (Ponzoni, 1988) were
used to formulate the indices, and are listed in Table 1. The resulting variancecovariance matrices were tested and found to be positive-definite.
The objective selection criteria were greasy fleece weight (GFW), clean
fleece weight (CFW), average fibre diameter (FD), and hogget liveweight (HBW). The
subjective wool variates were overall score (OA), underline (UL), lock (LCK),
handle (HND), character (CHR), visual fineness (FIN) and wool condition (CND).
The breeding objective consisted of CFW, FD and HBW with the current WOOLPLAN
relative economic values (Ponzoni, 1988).
This differs from all of the standard
WOOLPLAN breeding objectives in the omission of reproduction rate and mature
liveweight for which some relevant parameter estimates are not yet available.
The traits omitted typically account for less than 10% of the economic response.
RESULTS AND DISCUSSION
Results are presented in terms of responses to various ram selection
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procedures.

The responses will be diluted by ewe selection at a lower intensity.

First, the potential selection criteria were tested to determine their
importance in providing information on the traits in the breeding objective.
The
results of this analysis appear in Table 2. CND and LCK had a negligible effect on
total genetic gain and were therefore not considered further in the analysis.
Single-stage selection indices.
Single-stage indices were constructed as a basis
for comparison, and the results are shown in Table 3.
Index 1 is analagous to WOOLPLAN breeding objective option 1 which assumes
that the breeder includes in his objective a change towards finer FD while
increasing CFW, and with a minor increase in HBW, and index option 2. Under this
WOOLPLAN procedure, the breeder collects mid-side wool samples from visually
selected rams, submits them for processing and receives a selection list which is
derived from this index.
The preliminary cull is often of major proportions
thereby reducing the effectiveness of WOOLPLAN.
Indices 2 and 3 (Table 3) both increase the potential economic benefits by
improving CFW and HBW. Ideally, they require that culling be delayed until later
in the season, when shearing is completed and samples tested.
This would mean an
increased cost in feeding sheep which could otherwise have been culled earlier.
Index 4 uses only GFW as a selection criterion, and results in increased
fibre diameter and a 45% reduction in economic improvement. Subjective criteria
therefore have some value in helping to reduce FD, where that is the objective.
Index 5 requires that all rams be retained until after shearing, but some
flexibility in culling is possible as the delay which often occurs in sample
testing is avoided.
In addition, there is a major cost saving which may be offset
by a 29% reduction in economic gain compared with Index 1 . Response in FD is
negligible, while both CFW and HBW increases are higher than for index 1.
Conservative breeders might be attracted by index 6.
No mid-side sample
testing is required, and would therefore save considerable expense.
However,
there is a loss of potential improvement in lifetime progeny incomes of $10.96
(41%) below index 1, which would be partly recouped /by the reduced cost of
testing. Index 6 is an indication of the relative improvement which could be
expected from efficient application of classing alone, and is about 59% as
efficient as objective selection taken alone.
Although sheep classers use the
variates included in these analyses as criteria, they often consider them as part
of the objective, albeit without a defined economic value.
They have no way of
balancing the contribution of each to the breeding objective, and therefore index
6 probably over-emphasises the efficiency of the classers' practices.
Two-stage selection indices.
The two-stage selection indices were constructed
with the same breeding objective as above, to maintain continuity with WOOLPLAN.
CFW, FD and HBW only are used in the second stage and are combined with the index
values from the first stage of selection. That is,
Index -2

=

b 1 * Index 1 + b 2 * CFW + b3 * FD + b 4 * HBW

Variances and covariances corrected at stage 2 for the effect of selection at
stage 1 (Cunningham, 1975).
Response rates are similar for indices 1, 2, and 3
(Table 4) particularly given that for index 1 the calculated response is
underestimated by about 5% (Saxton 1983; MacLeod, unpubl).
As expected, Index 4
is least effective, using subjective OA alone.

62

Indexes 3 and 4 (Table 4) use only subjective selection criteria and may be
attractive to some breeders as they can be applied earlier in the life of the
sheep, reduce the cost of feeding, and retain a high proportion of the available
economic responses.
Index 4 was included because of its importance, as defined in
Table 1.
Only 3.2% of the economic improvement arose from stage 1, but overall
gain was equal to Index 1, table 4.
An alternative procedure would have been to include HBW in the first stage of
selection.
This was tested, and gave almost identical results to those in Table
4, giving the breeder considerable flexibility in the timing of body weighing.
Although the subjective variates have only a marginal effect on overall
economic response in traits in the breeding objective, they may have a larger
effect on ram sales, and hence the ram breeder will seek to improve them.
It is
not possible to develop the very marginal and questionable economic values for the
subjective variates, but as they all tend to be favourably correlated with the
traits in the WOOLPLAN breeding objective, desirable responses will occur.
CONCLUSIONS
Adding subjective classing information to a single-stage selection index
containing objectively measured criteria increased economic gains by 5-7%.
Using
subjective criteria alone depressed overall response by 59%, and with GFW, by 29%,
compared with objective criteria alone.
Two-stage selection indices are more
efficient than their single-stage equivalent, but all were less efficient than
single stage objective indices given the assumed breeding objective.
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Table 1

Genetic and phenotypic parameter estimates used in this study.

GFW
Phenotypic
stand, devn. 0 .42

OA

UL

(3.38

I.37

LCK

HND

CHR

FIN

CND

HBW

CFW

FD

(3.35

(3.23

!3.39

3.8

0.28

20.25

0.25

3.06

GFW
0 .35 0 .27 0 43 0,.06 --0 .01 0..39 -0,.17 0 .29
0 .20 0 .75 0..16
OA
0 .33 0 .07 0 25 -0..21 0..42 0..24 0,.05 0..18
0..67 0..08 -0.,32
UL
0 .36 0 .40 0 22 0..05 0..09 0..21 0,.12 0,.30
0..36 0..44 -0.,04
LCK
0,.24 0..20 0 22 0..21 0..09 0..24 -0,.11 0..38 -0..04 0..14 0..03
HND
0..02 0,.17 0 07 0.,04 0,.39 0,.69 0..41 0..41
0..15 0..05 -0. 36
CHR
0.,15 0..11 0 06 0..11 0.,36 0.,28 -0.,04 0..35
0..07 0..49 -0. 15
FIN
-0.,15 0.,00 --0 04 ■-0..12 0.,30 0.,02 0.,35 0..02 -0..11 -0..20 -0. 16
CND
0..14 0..17 0 12 0..08 0.,22 0..09 0.,03 0..28 -0..01 0..15 0. 10
HBW
0.,30 0..49 0 28 0. 11 0..07 0.,09 -0.,03 0..09
0..40 0..20 0. 1Q
CFW
0 .85 0.,35 0 34 0. 24 0. 04 0. 18 -0. 19 0.,13
0..30 0.,40 0. 25
FD
0.,13 0. 11 0 13 0. 20 --0. 18 --0. 04 -0. 22 0..03
0.,13 0..20 0. 50
Genetic correlations above, phenotypic below, heritability estimates on diagonal.
Estimates from Ponzoni (1988) shown bold. Abbreviations in text.
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Table 2 Percentage reduction in genetic gain arising from the deletion of each
potential stage-1 selection criterion from the index.
Variate

GFW
OA
CHR
HND
UL
FIN
LCK
CND

Percentage
reduction in genetic gain

Desription of
variate

22.6

Unscoured weight of wool
Overall impression before
detailed inspection
Staple structure and
crimp definition
Softness of wool
Quantity and quality of
underside wool
Visual fineness (crimps/cm)
Staple thickness
Wax content of wool

12.2
7.8
5.2
2.7
1.7
0.9
0.5

Table 3 Single-stage selection indices with and without subjective selection
criteria,
Responses are given for 21 selected.
Selection criteria
6.
5.
3.
4.
1.
2.
Subject
GFW
CFW,FD,HBW
+subject -•■subject
GFW
-♦■subject
+GFW
0.386
0.461
Accuracy
0.630
0.676
0.697
0.356
6.664
7.954
Index stand devn
10.879
11.673
12.031
6.143
16.00
19.24
Economic gain ($)
26.96
28.10
28.75
14.92
0.25
0.36
Trait gains - CFW
0.41
0.34
0.34
0.38
-0.31
-0.07
- FD
-0.94
-0.94
-0.92
0.28
1.05
0.99
- HBW
0.92
0.82
0.70
0.91
Table 4 First stage selection indices combining subsets of subjective variates
with and without GFW. At the first stage, 70% are retained, while at stage 2 2%
of the original number are retained.
St.aee-1 selection criteria
1.
2.
3.
Subject
GFW,subject
GFW

4.
OA

Standard deviation
Stage 1
Stage 2
Accuracy
Stage 1
Stage 2

7.959
9.535

6.144
10.272

6.452
10.495

1.651
10.914

0.461
0.585

0.356
0.615

0.374
0.631

0.096
0.634

Economic gain
Stage 1
Stage 1+2

4.18
25.73

3.05
26.50

Relative response* (%)
Trait gains - CFW
- FD
- HBW

89
0.32
-1.07
0.63

97
0.35
-0.95
0.68

* Compared with equivalent single stage index
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3.21
26.44

0.82
25.72

94

97

0.35
-1 .02
0.68

0.35
-0.85
0.94

