


Experimental attempts to select for single fat depths generally agree with
the genetic correlation estimates. Results from Bennett et al. (1988b)
suggested that selection for back fat in Southdowns produced decreases in back
fat and total carcass fat but no change or an increase in total tissue depth
over the rib and kidney fat. Similar selection in Suffolks decreased all
measures of fatness. Kadim et al. (1988) reported some differences in the
distribution of reductions in fat based on genetic and phenotypic selection for
ultrasonic fat in Southdowns, but all fat depots and measurements were reduced.

Which fat depths should be used if all are positively correlated with fat
percent? To a large extent, the choice of measurements is made on practical
considerations: ability to define the measurement anatomically, a site not
subject to mutilation during normal slaughter and dressing procedures, easy
access to measurement in normal slaughter procedures or on the live sheep, and
low cost. Among those measurements considered to be practical, further choice
is generally guided by the precision of predicting carcass lean composition and
by stability of the regression (Kempster, 1981). Phenotypic correlations are
composed of both genetic and environmental components. Variance in fat depths
due to measurement error is included in environmental variance and should be
uncorrelated with measurement error of fat weight. Thus, it might be expected
that genetic correlations will be larger than environmental and phenotypic
correlations. It is also apparent that the ranking of genetic correlations can
be somewhat different from the ranking of phenotypic correlations. Response to
individual selection depends on both heritability and genetic correlation, but
response to sib or progeny test is much less dependent on heritability and more
so on genetic correlation.

Genetic, environmental, and phenotypic correlations between fat weight and
seven subcutaneous fat depths adjusted for carcass weight were compared to test
these ideas (Table 5). Estimated genetic correlations were larger than
environmental or phenotypic correlations by about .3 and .2, respectively.
Ranking of phenotypic correlations was not closely related to ranking of
genetic correlations. However, the estimated genetic correlation between a fat
depth and fat weight was closely and inversely related to its average fat
depth. It is often assumed that fat measurements with greater mean depths
should be better indicators of fatness. Perhaps smaller fat depths indicate a
more highly regulated fat depot whose regulation is more related to that of
total fat.

Table 5 Relationship between the mean of a subcutaneous fat depth and its
correlation with fat weight adjusted for carcass weight.

Correlation with fat weieht

fat denth Mean, mm Genetic Environmental Phenotvnic

Si 2.14 .72 .28 -39

c 2.52 .69 .44 .51

L3 5.39 .69 .45 .49

S2 6.17 .66 .40 .49

L1 6.47 .65 .29 -39

J 7.30 .64 .43 .48

L2 11.42 .55 .27 .34

Repression of correlation on mean

Constant 76 = .02 41 = .09 .50 = .06
Coefficient -.017 * .002 -.008 + .011 -.010 = .008

R* .93 .08 .22



SELECTION RESULTS

Results from several selection experiments have been published over the
last decade. Three experiments in New Zealand have selected for divergent
ultrasonic fat depth measurements over one or more generations. These
experiments clearly showed that changes could be made both in the fat depth and
in the proportion of the carcass that is fat by ultrasonic fat depth
selection. Bennett et al. (1988b) divergently selected rams within Southdown
and Suffolk flocks for repeated ultrasonic measurements of fat depth adjusted
for live weight. Their crossbred lambs differed in fat depth by .5 mm or 15 %
of the mean, and in weight of carcass fat by .43 kg or 10 % of the mean.
Genetic differences in the divergently selected sires are expected to be twice
the progeny differences. Lord et al. (1988) further selected rams from
Coopworth lines that previously had been selected for increased or decreased
ultrasonic fat depth adjusted for live weight. Progeny resulting from crossing
these rams with Romney ewes differed by 1.1 mm or 40 % in back fat and by .43
kg or 13 % in carcass fat. Genetic differences between the sires are expected
to be twice the progeny differences and the genetic difference between lines to
be less than the sire difference. Kadim et al. (1989) slaughtered 15- to
18-month-old rams from two Southdown lines selected for increased or decreased
ultrasonic fat depth adjusted for live weight. The rams themselves also were
selected. Fat depth differed by 3.5 mm or 50 % and carcass fat weight by .71
kg or 16 %. Based on the reported differences in the selection criterion
between lines and slaughtered rams, the genetic difference between these two
lines is probably two-thirds or more of the reported differences. In the three
experiments, genetic differences between sires and(or) lines were 30 to 80 %
for the carcass fat depth most closely related to the ultrasonic fat
measurement, and 16 to 26 % for weight of carcass fat.

Thompson et al. (1985) found that a high weaning weight line was less fat
than a low line when measured at maturity. However, at light weights, the
lines were more similar or reversed. Cameron and Smith (1985) progeny-tested
rams selected for high or low 100-day weight under artificial rearing. High
weight rams produced progeny that were leaner at equal weights.

EVALUATION OF SELECTION CRITERIA

What 1is the best way to evaluate the precision of indirect measurements of
lean tissue growth or proportion? Regression procedures accounting first for
live or carcass weight are recommended (Kempster, 1981). Simm et al. (1987a)
have shown that weight tends to dominate prediction of lean tissue growth.

This is expected because of the part-whole relationship. However, Bennett
(1989) has shown that the usual regression methods can put too much emphasis on
weight resulting in the correlation of weight with predicted composition being
larger than with actual composition. Since the difference between carcass and
lean weight is fat, overemphasis on weight results in an excess of fat.

Restricted regression procedures can be used to alter emphasis among
measurements. When the selection objective is lean tissue growth rate (LTGR),
it seems desirable to restrict the ratio of the regression of fat growth on
predicted lean tissue growth rate (PLTGR) to the regression of LTGR on PLTGR.
The same type of sheep (Fat:lean) will be selected regardless of the criterion
with this restriction. An example of restricted and unrestricted predictions
is shown in Table 6. Simm and Dingwall (1989) have also suggested evaluating
different criteria for increased weight of lean with no change in fat weight.
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Table 6 Prediction equations for lean tissue growth rate (PLTGR) and

regressions of fat and lean growth

on PLTGR.

Regression on

PLTGR
Prediction eauation3 R2 Fat Lean Ratio
Carcass weight (CwWT) .85 .79 97 .82
.36 CWT - .19 C .88 .74 .99 .75
.33 CWT - .18 C + .06 EMA .89 .73 .99 .74
.35 CWT - .13 C + .06 EMA - .02 J .90 71 1.00 72
.33 CWT - .55 ¢C .66 .46 .86 .54
27 CWT - .49 C + .15 EMA .70 .48 .88 .54
.34 CWT - .29 C + .13 EMA - .05 J 77 .50 .92 .54
Lean tissue growth rate (LTGR) 1.00 54 1.00 .54
a C and J are fat depths, EMA is eye muscle area.
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