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Comparison of weight-selected Romney hoggets for growth and
ultrasonic fat and eye muscle dimensions

J.N. CLARKE, J.L. DOBBIE, K.R. JONES, A.E. ULJEE AND A.L. WRIGGLESWORTH

AgResearch, Ruakura Agricultural Centre, Private Bag 3123, Hamilton, New Zealand.

ABSTRACT

Lines of Romney sheep selected for either weaning (WWW) or yearling body weight (TYW and HYW) for 25 years were
compared relative to their respective controls in a common environment using two unselected crops of male and femaldprogeny. T
weaning weight (WWW) line and one of the yearling weight (TYW) lines were derived from a common base flock, of diverse origin.
The WWW line maintained a similar body weight advantage of approximately 20% over its control at 5, 8, 10 and 14 months of age.
All control lines showed very similar average body weight trends with age (28.0+0.5, 33.9+0.05, 35.3+0.06 and 42.6+Qrastin con
the yearling weight lines showed increasing divergence with age from 22% in February to 28% (TYW) and 31% (HYW) at 13 months.
All lines, and especially the yearling weight lines showed some weight increase over the winter (May to July).

Eye muscle depth and width changed little over the winter compared with the previous autumn or the following springtin contras
to fat depth trends which increased in all lines but for which however, there was little divergence among the yearliimpseligtin by
the winter. All selected lines had significantly lower eye muscle dimensions at the same liveweight than their contrdits (bigl#%6
and 5% for depth). Lines also showed contrasting divergence in average weight-adjusted fat depth relative to their peciadtis, es
those derived from the same base population. As judged by reductions in subcutaneous fat depth, the WWW line lostdtmiedsal |
superiority (4% lower fat depth) during the winter, the TYW line increasing its superiority (16-17% lower fat depth) dwingethe
and spring. The other yearling liveweight line (HYW) showed only half the leanness superiority over its control at theBeuanes.
lines selected for improved growth alone had different patterns of muscle and especially subcutaneous fat developmeatilen a desi
direction for commercial lean lamb production, but responses were variable.

Keywords: selection lines; growth; fat and muscle development; genetic parameters.

INTRODUCTION more strictly 100-day liveweight soon after weaning at
) . i about 12 weeks of age). One of the yearling weight lines
Current selection practices in both dual-purpose anfliy\y) was established from a foundation flock of com-
meat breeds of sheep give high emphasis to increasii@cial Romney ewes at the Whatawhata Research Station
lamb growth rates through selection estimates of body sizg.1967, by the late G.K. Hight. It had its own control flock
Often considerable culling of flock replacements on si CO) in which replacements were selected at random
takes place prior to their first winter, and before their ﬁr%ghnsoret al.1994). Both were transferred to the Tokanui
mating at 18 months of age. While there is considerabigasearch Station in 1981 where the present study was
literature on the inheritance of liveweight at these ages, lg§$nducted. A second single trait line selected entirely on
is published on thg genetic relationships of Iiveweightwitpear”ng liveweight (TYW) was established at Tokanui in
carcass composition for New Zealand sheep. Waklrah 1973 |t had its own unselected control line (TCO), both
(1992) present compositional data for 6 month old lambs Hbming from a base population established in 1970-72 and
relation to their liveweight at commercial slaughter We@ht?epresenting more than 50 commercial and registered
Compositional relationships with live animal traits beyonqiaomney flocks (Clarke and Johnson 1993). The weaning
that age will need to rely on indirect assessments of Carcggsight line (WWW) also derived from this same base,
merit or on indirect assessment of relationships using ”\E%ing established at the Woodlands Research Station along-
animal information on relatives of the slaughtered animalg;qe its unselected control (WCO) in 1973. A sample of this
The present study uses ultrasound technology for thge representing half the original flock was transferred to
indirect assessment of body composition in live animals f@fokanui in 1991. Each of these lines had been maintained
three lines of New Zealand Romney sheep subject to longs 5 self-contained breeding flock based on up to 150 mixed
term selection for high liveweight growth, and their COmeage ewes mated to 5 new two-tooth rams each year.

sponding unselected controls. All surviving ram and ewe hoggets born in these 6
selection and control lines in 1993 and 1994 were weighed
MATERIALS AND METHODS and ultrasonically scanned in March (6 months of age),

. . . May (8 mo.), July (10 mo.) and October/November (14
The lines studied are described by Clarke and Johns%_) in the year following their birth. Scanning was done

(1993). Two lines were selected on yearling liveweighl, e same operator using an Aloka scanner (model SSD
(YW) and a third selected on weaning weight (WW, or
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500) with BMHz transducers (mode|s UST-588U and UST-FIGURE 1. Developmental trends of selection and control lines in
5017M) purpose-built offsets and animal-confining crate@djusted ultrasonic dimensions by age and liveweight: A = muscle width
(animals free-standing). A transverse image of the eyd™™): B = muscle depth (mm), € = subcutaneous fat depth (mm).
muscle and overlying fat was taken on the right side of

each animal, immediately posterior to thé& tiB. Muscle - F_..;;j-j!' - ) ;,-""
width (A) was measured as the widest lateral width of this A 2
muscle. Muscle depth was measured as the greatest depth’ ,’: - : ' ....e_i"'“'f:""

at right angles to A. Subcutaneous fat depth (C) was =, A

measured directly above B.

Growth and development trends of the 6 lines to 14
months of age were estimated from a least squares mixed
model analysis fitting sires as a random effect within lines
while adjusted for the additional fixed effects of year of
birth, sex, year by sex, birth-rearing rank, age of dam and LR o
birth day. Genetic parameters were estimated by restricted Lame v;_;'_'-.'- R L
maximum likelihood using an animal model fitting the i F
same fixed main effects and average information methods !
(AIREML - Johnson and Thompson 1994; ASREML - i
Gilmouret al.,1995). Yearling liveweights for all parents @ et
of the scanned animals were included in the analyses in an
attempt to accommodate the effects of selection and pro-
vide within-line estimates across all selection and control . - .
lines. -

RESULTS , LT o

Growth Trends el e 2570

Age trends in liveweight are presented in Table 1. . o L L _
They were very similar for all control lines regardless of T s ) T 4
their source. The WWW line maintained an 18 to 20%
superiority over its control at all ages but was significantly RS
(P<.01) lighter than the lines selected on YW at 14 months A
of age. The YW lines by contrast, showed increasing
divergence in liveweight with age, to 28% (TYW) and

31% (HYW) at 14 months. on-going winter development during the winter in contrast
i to the other lines), both YW lines showing similar devel-
Developmental Indicators opmental superiority at each age. The WWW line showed

Line differences in the developmental trends of mus-enhanced (P<.05) eye muscle development in March (the
cle and fat dimensions with age and liveweight are preage closest to the time of selection), but reduced (P<.05)
sented graphically in Figure 1. eye muscle development at other ages in comparison to the

By contrast to the control lines which showed similar TYW line selected from the same base popu|ation but on
development in A with age, the weight-selected linesjiveweight taken at a later age. On a liveweight basis, the
displayed higher eye muscle development (P<.01) oveselected lines showed lower (P<.05) A measurements than
their respective controls (on average by 3 mm). Developtheir controls, the difference being of the order of 5% at
ment of A was highest in the HYW line (which displayed marketing liveweights for heavy-weight lamb production

TABLE 1: Adjusted liveweight means (kg) of the selection and control lines and their standard errors (in brackets).

Approximate date measured

Selection line No. March 3 May 6 July 2 October 22
Source Criterion Animals
Woodlands Con (WCO) 100 28.2(0.46) 33.9(0.50) 35.3(0.51) 42.3(0.63)
Tokanui Con (TCO) 99 27.8(0.57) 33.8(0.63) 35.4(0.63) 42.8(0.78)
Whatawhata Con (HCO) 98 28.1(0.50) 34.1(0.54) 35.3(0.55) 42.7(0.68)
Woodlands WW (WWW) 123 33.9(0.41) 40.3(0.45) 41.7(0.46) 50.9(0.56)
Tokanui YW (TYW) 161 34.3(0.42) 41.4(0.46) 44.0(0.46) 54.1(0.57)
Whatawhata YW (HYW) 133 34.7(0.42) 42.2(0.46) 44.9(0.47) 55.8(0.58)

WW = weaning weight; YW = yearling weight
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(40-50 kg). The HYW line displayed developmental supe-TABLE 2: Animal model REML estimates of adjusted liveweights and
riority (p<_05) over the other lines during the winter on scan dimension (average of March and May estimates) pooled within all

. . . . selection and control lines: heritabilities on diagonal (bold), phenotypic
this basis, the other selected lines tendmg to be less Weliorrelations above and genetic correlations below diagonal (standard errors

developed than this line. in brackets).

Patterns of development in B were very similar to
those for A, although there was greater variation among W A B C
the control lines. (kg) (mm) (mm) (mm)

At all ages fat development was highest in the HYW
line, the divergence over its control increasing markedly
with age, especially after winter. Of the two lines selecte
from a common base population, that selected at th
younger age (WWW) was considerably fatter than its
control in May and July (P<.01), but not in March or °
November, than that selected later (TYW). However, deX
spite their similar growth rates, its control line (WCQO) was w= liveweight; A = eye muscle width; B = eye muscle depth;
significantly leaner (P<.05) than the other control lines inC = fat depth over eye muscle
the late autumn, winter and spring. On a liveweight basisgp = phenotypic standard deviation; x = mean
fat development was reduced in the selected lines relative
to their controls and in the WCO control compared with
the other control lines (P<.05). At marketing weights for ~ Selection for YW produced more extreme changes in
heavy-weight lamb production the advantage of the Tywultrasonically scanned eye muscle dimensions than did
line over its control was of the order of 0.8 mm (30%). Theselection soon after weaning. Muscle cross-sectional di-
other yearling weight line had only half of this commercial mensions were increased on an age basis and reduced
advantage. The WWW line had no advantage relative to it¢hen comparisons were made at the same liveweight.

0.48(0.058) 0.58 (0.019) 0.65 (0.017)  0.33 (0.024)
0.75(0.082) 0.28(0.063) 0.73 (0.013)  0.24 (0.026)
0.71 (0.072) 0.86 (0.056) 0.37(0.065)  0.29 (0.025)
0.68 (0.21) 0.39 (0.42)  0.59 (0.46) 0.08(0.053)

4.5 4.9 2.8 0.84
35 52 25 2.6

control (WCO), over this liveweight range. Selection line differences in the development of subcuta-
neous fat depth showed similar general trends but were
Genetic parameters even more heterogeneous. One of the YW lines showed

Pooled within-line estimates of genetic parametersonly small age-related fat depth changes relative to its
for autumn liveweights and scan dimensions (average o¢ontrol during the autumn and winter, but was leaner by 14
the estimates for March and May measurements, coveringionths and considerably leaner than its control on a
the period of greatest interest to sheep breeders in thi§/eweight basis, most of the divergence arising during the
country), are presented in Table 2. winter. This leanness response was also in contrast to the

Heritabilities were high for autumn liveweight, mod- line selected for WW from the same base population,
erate for muscle depth and width but low for fat depth, inwhich on a liveweight basis showed a similar level of fat
the range of published values for young lambs (Nebab ~ development to its unselected control. This control flock
1994; Conningtoret al. 1995; Fogarty 1995), but at the Whichhad been bred in a different environment (Southland)
lower end of the range for fat depth. Genetic correlationghan the others (and different from the environment
were higher than the corresponding phenotypic values(Waikato) in which the lines were compared), consistently
especially for associations of other traits with fat depth, forshowed a reduced level of fat development on both an age
which standard errors were also high. Of special note foend liveweight basis.
the genetic improvement of carcass leanness using ultra- ~ Within-line estimates of genetic parameters coming
sound selection was the greater genetic independence of fsom this study go some way to explaining line differences
with C than of B with C (as found for carcass measuredn the development of fat and eye muscle dimensions with
ments (Waldronet al. 1992). This feature, together with age, although low heritabilities were found for fat devel-
the relative size of their heritabilities, indicate that both opment in comparison with previously published evi-
muscle indicators have potential to assist in the genetiglence. This evidence is also compatible with the observed

control of body composition by selection. ‘maturity’ effects of liveweight selection at different ages
on fat and eye muscle dimensions relative to liveweight.
DISCUSSION These predict that liveweight selection at later ages tends

to give lower ratios of correlated responses in fat and

Selection at the later (yearling) age brought aboutmuscle dimensions relative to the corresponding corre-
greater improvement in early lamb growth than earlierlated response in liveweight, than the ratio (i.e. weight-
selection (shortly after weaning). While this is to be ex-adjusted dimensional responses) observed in unselected
pected from most age trends in published estimates ainimals, at these earlier stages of development.
heritability and phenotypic variation (e.g. Clarke & Johnson The genetic parameter estimates also give guidance
1993), the pooled within-line estimates of heritability for to developing selection indices capable of improving lean
the animals scanned in this trial did not predict this trendgrowth without concomitant changes in fat dimensions
being higher at the younger age even when allowance wg#&non 1994). However, as pointed out, there is a “cost” to
made for litter effects which are expected to be of greatethis approach which is reflected in the reduced genetic
importance in young animals. gain in liveweight in comparison with that which could
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