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ABSTRACT 

Expected rates of genetic change in lamb growth and composition were calculated for 2 different selection goals; 
increase in lean growth rate (LRG) and decrease in weight-adjusted % fat (APF). Carcass fatness was measured 
in a number of ways on an animal’s own or its relatives’ performance. Under either selection goal, all selection pro- 
grammes resulted in reduced APF and increased carcass weight. When the goal was LGR, none of the selection 
programmes reduced % fat adjusted for age. All selection programmes for either selection goal improved lean weight but 
there was little improvement over selection for live weight alone. Alternatively, use of fat measurements did not 
decrease lean weight improvement and resulted in leaner carcasses. Changing carcasses from 13.5 kg and 25% fat 
to at least 15 kg and no more than 24% fat was most quickly achieved by selecting against APF. 
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INTRODUCTION 

Selection responses in lamb carcass weight and com- 
position depend on the usual factors-heritability, 
selection intensity and generation interval (Dickerson 
and Hazel, 1944). However, selection responses for 
leanness and weight are also affected by accuracy of 
the lean measurement and by the allocation of selec- 
tion emphasis between growth and leanness. Various 
tools are or will be available to breeders. These include 
the simple measures of weight and linear fat depth up 
to the developing technologies of computerised 
tomography (CT) scanning (Skjervold el al., 1981) and 
splitting embryos to make clones (Willadsen, 1979). 
Any combination of emphasis on growth and leanness 
is possible. The appropriate combination depends on 
the reason for selling lambs (age, weight or fatness), 
what a farmer is paid for (carcass or lean weight) and 
the cost of producing the lamb (Bennett and Kirton, 
1983). Biological objectives such as lean tissue growth 
rate have been suggested as a way to overcome short- 
term fluctuations in product prices and input costs 
(Fowler et a/., 1976), but this has been questioned by 
Tess et al. (1983). 

This paper compares some predicted selection 
responses contrasting the effects of different selection 
objectives, selection programmes and measures of car- 
cass composition. Two selection objectives, lean 
growth rate (LGR) and fat % adjusted for weight 
(APF), are compared for their effects on the close 
relationship between weight and fat that characterises 
animal growth and development. Selection pro- 
grammes compared are own, sib, progeny and clone 
performance. Composition measurements compared 

as selection criteria are ultrasonic loin fat depth (UFD), 
carcass rib tissue depth (CR), carcass specific gravity 
(CSG) and for clones, carcass APF. 

METHOD 

Numerous assumptions are necessary to make predic- 
tions of selection responses. Heritabiiities and genetic 
correlations in Table 1 for live weight (LWT), carcass 
weight (CWT), APF, loin fat depth (CFD), CR and 
eye muscle area (EMA) are based on a review of the 
literature and unpublished data from Ruakura. Heavy 
emphasis was placed on the results of Botkin et al. 
(1969), Botkjn et al. (1971), Wolfe et al. (1981) and 
unpublished Ruakura data on Southdown x Romney 
lambs. Each of these studies had 45 to 65 sires and 
included measurements of fat on half carcasses. 
Within-animal regressions of traits on age were from 
the Ruakura data in which lambs were slaughtered 
weekly as they reached randomly pre-determined 
slaughter ages of 21 or 26 weeks. Differences between 
the 2 slaughter ages were divided by 35 to estimate 
average within-animal development change/d. 
Between-animal phenotypic variances were also esti- 
mated from these lambs. 

UFD and CSG were included as possible selection 
criteria. Few reports on the genetic relationships of 
these criteria with carcass fat are available. A 
combination of assumptions and phenotypic relation- 
ships was used to synthesise the genetic parameters for 
UFD and CSG found in Table 1. UFD and CFD were 
assumed to measure the same thing, i.e., true loin fat 
depth. Assumed correlations of CFD and UFD with 
true loin fat depth were 0.9 and 0.8 respectively, yield- 
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TABLE 1 Genetic parameters assumed in calculations (heritabilities on diagonal, phenotypic correlations above and 
genetic correlations below). 

LWT CWT APF= CFD or 
GR” 

EMA= UFDa CSG” 

LWT .25 .95 
CWT .95 .25 
APFa - .25 - .25 
CFD or GRa - .I0 -.I0 
EMAa .oo .oo 
UFD” -.I0 - .I0 
CSG” .25 .25 

3.21 kg .I79 kg 

.oo .oo .oo .oo .oo 

.oo .oo .oo .oo .oo 

.35 .50 -.15 .45 - .70 

.55 .30 -.I5 .72 - .39 
- .30 -.30 .30 -.I3 .12 

.55 1.00 - .30 .24 - .35 
-1.00 - .55 .30 - .55 .21 

3.09% .93mmb .67sq cm .67mm .90d 

Average within- 
animal 
regression on 
age (Id) 

.1131 

kg 

.0641 

kn 

.1122c 

% 

.0329bC .0301C .0329’ - .0468cd 

mm sq cm mm 

Adiusted for weight bv slaunhter allocation or bv the estimated within animal regression. 
b Refers to CFD only. . - 
i Not adjusted for weight. 

CSG x loo. 
e Phenotypic standard deviation. 

ing a phenotypic correlation of 0.72 between them. 
CSG and APF were considered to measure the same 
thing, i.e., true chemical fat. This is an unsubstantiated 
assumption and probably over-values CSG as a 
selection criteria. Assumed correlations of APF and 
CSG with true chemical fat were 0.95 and -0.74 
respectively, resulting in a phenotypic correlation of 
- 0.70. The regression of CFD on UFD was assumed 
to be 1.0, and the regression of APF on CSG was 
assumed to be 240. Heritabilities, genetic correlations 
and phenotypic variances and correlations were 
derived from these assumptions. 

Selection objectives were APF and a linear approxi- 
mation of LGR derived as: 0.51375 CWT-0.135 
APF. The approximation is based on an average car- 
cass weight of 13.5 kg with an average of 25% fat. 
The 0.51375 is the marginal increase in non-fat 
CWT/kg change in CWT and -0.135 is the change 
in non-fat CWT/l% increase in APF at the average 
carcass weight. 

To quantify annual selection responses for large 
breeding flocks it was assumed that 1 sound ram lamb 
or 1 sound 2-tooth ewe were produced for each ewe 
mated and that 15 070 died or became unsound in each 
succeeding year of use. Ram lambs were assumed to 
be able to mate 40 ewes and 2-tooth rams were 
assumed to mate 70 ewes. Some selection programmes 
used outside flock ewes to produce half-sibs or progeny 
for slaughter only. The number of flock ewes used did 
not affect the total number of stud ewes. 

The 8 selection programmes studied were selection 
on: 

1. Own live weight (OLW): The top 5% of ram 
lambs and top 70% of 2-tooth ewes are selected 
on the basis of own LWT. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Own ultrasonic loin fat depth (OUF): All ram 
lambs are measured for UFD. The top 5% of 
ram lambs are selected on an index of LWT and 
UFD. The top 70% of 2-tooth ewes are selected 
on LWT. 
Sibs’ ultrasonic fat depth (SUF): All rams and 
ewes are measured for UFD. The top 5% of ram 
lambs and 70% of 2-tooth ewes are selected on 
an index of LWT, UFD, half-sib LWT and half- 
sib UFD. 
Sibs’ carcass rib tissue depth (SGR): Selected 
ram lambs are mated to 20 stud and 20 flock 
ewes. All progeny from flock ewes are slaugh- 
tered. Selection of the top 10% of ram lambs 
and 70% of 2-tooth ewes is on an index of 
LWT, half-sib CR and half-sib CWT. 
Sibs’ specific gravity (SSG): Same as SGR except 
selection based on LWT, half-sib CSG and half- 
sib CWT. 
Progeny test rib fat depth (PGR): The top 
13.5% of ram lambs based on LWT, are mated 
to 20 flock ewes and the progeny slaughtered. 
Selection of the best 25% of progeny tested rams 
for 2-tooth mating is based on an index of 
progeny CWT, and progeny GR. The best 70% 
of 2-tooth ewes based on LWT are selected. 
Progeny test specific gravity (PSG): Same as 
PGR except progeny tested sires are selected on 
an index of progeny CWT and progeny CSG. 
Clone Vo fat (CPR): We assume that identical 
twins can be reliably produced by splitting 
embryos. The best 50% of 2-tooth ewes are 
chosen on an index of LWT, and UFD and are 
assumed to produce male clones with a prob- 
ability of 40%. At birth, 1 of each male clone 
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is selected at random for slaughter at about 6 
months of age. Carcasses from slaughtered 
males are minced for APF and the best 25% of 
clone ram lambs are selected on the basis of 
CWT and APF. The best 70% of 2-tooth ewes 
on the basis of LWT and UFD are retained in 
the breeding flock. 

Equilibrium rates of response were calculated 
assuming a multivariate normal distribution. Effects 
of initial and continued selection on the multivariate 
distribution were ignored (Dickerson and Hazel, 1944; 
Bennett and Swiger, 1980). Large flocks were assumed 
to allow for maximum selection intensity with negli- 
gible increases in inbreeding. Ten years of response 
were determined by dividing 10 times the average 
superiority of sires and dams by their average age at 
the birth of their progeny. 

RESULTS 

Expected results of 10 years of selection are shown in 
Table 2. When interpreting these results it is important 
to realise that weight and age adjusted changes do not 
occur simultaneously and only simultaneously occurr- 
ing results have financial rewards. Responses in APF 
and EMA were calculated on a carcass weight adjusted 
basis using estimates in Table 1. Ratios of the within- 
lamb regressions of APF and EMA on age to the 
within lamb regression of CWT on age (Koch et al., 
1982) were used to derive age adjusted results. Non- 
fat carcass weight (Lean) was calculated by difference 
from the expected carcass weight and expected 5’0 fat 
adjusted for age. 

The interrelationships of CWT, % fat and age are 

shown in Figure 1. The slope of the line is the ratio 
of the average within-animal regressions of % fat and 
CWT on age and is an indication of the average % 
fat linear developmental trend over a 30-day period. 
Other lines represent expected CWT and % fat over 
the same 30-day period in flocks selected for 10 years. 
Age adjusted results can be compared by using the 
midpoint of each line, APF can be compared in the 
vertical direction and CWT adjusted for 070 fat can 
be compared along a horizontal line. 

Expected changes in age adjusted weight and carcass 
weight adjusted EMA and APF are favourable under 
all selection programs and both selection goals 

FIG. 1 Average within-animal developmental interrelation- 
ships of CWT and % fat over a fixed 30-day period following 
10 years of selection using different selection schemes (see 
text) and objectives (LGR and APF). 

TABLE 2 Expected genetic responses to 10 years of selection for LGR or against APF adjusted for CWT. See text for 
definitions. 

Selection 
programme 

OLW 

OUF 

SUF 

SGR 

SSG 

PGR 

PSG 

CPR 

Objective 

any 

APF 
LGR 

APF 
LGR 

APF 
LGR 

APF 
LGR 

APF 
LGR 

APF 
LGR 

APF 
LGR 

CWT 

(kg) 

2.1 

1.6 
2.6 

1.5 
3.1 

1.6 
2.7 

1.2 
2.7 

2.4 
3.3 

2.3 
3.3 

1.2 
2.3 

Age adjusted 

Fat EMA 

(070) (sq cm) 

3.2 1.25 

- .2 1.01 
2.4 1.31 

- 1.3 1.09 
2.1 1.57 

.3 .96 
2.9 1.32 

- 1.7 .I7 
2.1 1.33 

1.3 1.35 
3.5 1.62 

- .2 I .27 
2.5 1.63 

-2.9 .88 
.2 1.26 

Lean 

(kg) 

1.5 

1.2 
1.6 

1.4 
1.9 

1.2 
1.6 

1.2 
1.6 

1.6 
1.9 

1.8 
2.0 

1.3 
1.7 

CWT adjusted 

APF EMA 

(070) (so cm) 

-1.4 .oo 

-3.0 .25 
-2.2 .09 

- 4.0 .31 
-2.1 .I2 

- 2.6 .20 
- 1.8 .05 

-3.8 .21 
-2.5 .07 

-3.0 .20 
-2.3 .06 

-4.2 .19 
-3.2 .lO 

-5.0 .32 
-3.8 .18 
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(Table 2). Age adjusted EMA and Lean increased 
favourably for all selection programs and both 
selection goals. However, age adjusted % fat tended 
to increase with selection for LGR because CWT in- 
creased and less emphasis was placed on fatness. 

Selection for APF was improved by the use of UFD 
measured on rams only or on rams and ewes. Using 
slaughter sibs’ fat depth information (SGR) gave 
similar results to OUF while use of the more accurate 
CSG decreased APF about as much as SUF. PGR and 
PSG resulted in APF decreases similar to those for 
OUF and SUF, respectively; however, they also had 
greater increases in CWT. CPR was the most effective 
selection programme for reducing APF. 

Selection for LGR by OUF, SGR, SSG and CPR 
compared to OLW resulted in only 5 to 15% improve- 
ment in Lean. SUF, PGR and PSG resulted in 25 to 
35% improvements in Lean compared to OLW, but 
this was primarily due to increased carcass weight and 
not reduced APF. In other words, using sib or progeny 
information on LWT alone would probably give 
nearly the same increases in Lean. 

Table 3 gives the years it would take to reach these 
desired changes assuming that seasonal pasture growth 
requires that the 1.5 kg increase in CWT be put on 
by the same age as lambs are now slaughtered. The 
desired change in APF was generally the most rate 
limiting, especially under the LGR objective. For all 
selection programmes except CPR, selection against 
APF jointly achieved the desired changes sooner. CPR 
reached the desired changes sooner by selection for 
LGR. 

When interpreting the results of this paper it is 
important to remember that numerous assumptions 
were made. These assumptions affect OLW, SGR, 
PGR and CPR less than OUF, SUF and PSG. It was 
further assumed that maximum selection intensity was 
possible and there was no selection for other important 
traits. It should also be remembered that the fat 
measurements are only effective when combined with 
age structures and selection intensities that take 
advantage of their capabilities. For instance, cloning 
does not inherently reduce fat but it does provide for 
the opportunity to select against fat. 
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