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Genetic paramceters were cstinated using 3,313 half-sib
rccords Crom 62 sires and 1720 daughlcr-dam pairs. The
data uced were cobhtained over the period 1957 to 1972.

The cotimates of heritability oy paternal hall-sib
and dansghter-dam regression analysis were respcctively: -
weaning weight (0.20 and 0.16); hogget body weight
(0.27 and 0.4);); flececce weisht (0.32 and 0.30); quality
number (0.26 and 0.31):; fibre diameter (G.5L and 0.47);
staple length (C.49 and G.35); character (0.23 and 0.23).
An cestimate of 0.03 was obtained for lambs weaned/cwe
lanmbing (IW/EL) by the daughter-dam regression analysis
from €65 daughter-dam pairs.

sstimates of genetic correlations were in the following
ranges:-

Medium negative . Hogget body weight with
(=0.4 to -0.6) character.
Quality number with staple
length.
Low negative ' oo " Weaning weight with quality
(=02. to =0.L4) number, fibre diameter and

character.
Guality number with fleece

weight and fibre diameter.

Low positive X Hogget body weight with wecaning

(©.2 &8 weight and guality number.
Staple length with character.

Medium positive oo Fleece weight with fibre

(0.4 to 0.6) diameter and character. -

High positive o Fleece weight with staple

(0.6 and over) length.
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Fhenotypic and cavironmental correlations were also
cstimated, Fahenotynic correlations gencrally agreed with
vhe genetic correlations. Important exceptions were hogget
body weipght with fleecce weight, staple length and fibre
diametecr.

Among the environmental factors studied, age of dam
and rearing rank effects for the wool traits were gencrally
Sia Ll . These effects had a marked influence on weaning
weirht and hogget body weizht. At weaning, singles were
l}.2 kg heavier than twins, while at 14 months. this diffcerence
had veen reduced to 2.1 kg. “lhen comparing a two-year-old
and maturc age of dam effects, a 1.44 kg difference at
weaning in favour of the mature age of cdam reared animals,
was redueced to a 1.41 kg Aifference at 14 months.

The c¢otimated parameterc and cnvironmental cffects were
discusced with reference to their implications in selection
Programmes.

Rclationships between hogget traits and the ewves life-
time rroductiocn (four consecutive years) were analysed.
Records Trom 158 sheep were used.

Correlation coefficients indicated that hozgget Iflecce
weight, quality number, fibre diameter and staple length
were zood indicators of lifetime ewe performance for trese
traits. The results indicated tnat a poor relation exists
between hozzet body weight and number of lambs weaned by the
cwe over four lambings.

A regression analysis of hogget traits on life-time
cconomic value of the ewe indicated that fleeccc weight and
hogget body weight were the most important variables
influencing life-time economic value.

Implications of the results were discussed with il
reference to selection and culling programmes at the hogget
age in ram breeding and non-ram breeding flocks.
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L. INTRODUCTION

A study of the inheritance of productive traits is
desirable for breed or flock improvements. Information
on the heritability of productive traits, and the
genetic correlations between them, is essential for
the formulation of breeding plans.

To predict changes, the proportion of the differences
between shecep which are of genetic origin needs to be
known. Sources of genetic variation in production
measures fall into two main classes :

(1) differences between groups of animals which
have been genetically distinct for some time
(breeds, strains and studs); and

(2) differences between individual animals
within a flock.

Genetic improvement in production may be achieved
by exploiting one or both of these sources of
differences. Use of the first often involves
crossbreeding, which may change production simply

through more complex interactions between genes
("heterosis"), while use of the second involves

selection of parents and the subsequent decisions as to
which of these selected parents arec to be mated together.
This selective breeding, changes the "mean", which is a
function of the genotypic values and the frequency of
desirable or undesirable genes in the population.
Crossbreeding the Romney and Cheviot breeds and selection
within the crossbred progeny has resulted in the present-
day Perendale.

The breeder is confronted with the problem of
choosing between alternative breeding methods. When
practising selection he may use either tandem selection,
independent culling levels, a selection index or a
combination of these. To guide him in predicting the
responses due to a particular breeding policy, knowledge



of various phenotypic and genetic parameters are
required.

Knowledge of genetic and phenotypic parameters in
sheep breeding has increased considerably in the last
25 years. The work has been done in different countries
and over a wide range of flocks., Information has
accunulated for different sets of "typical" conditions.
Genetic parameter estimates may vary from flock to
flock, and also change with selection, so further data
are of value. In New Zealand, information is available
from only a few Romney flocks. As yet no published
work is available on genetic parameters for the Perendale
breed.

Rae (1964) wrote "the geneticists' immediate
contribution to animal improvement is in the clear
definition of objectives and the most effective use
of selection". This still applies today. For any
livestock breeding programme to be well founded, it
is necessary to have knowledge of the inheritance of
the various characters and their relative economic
importance in a given set of circumstances, and then
use this information to devise systems of selection
which will be most effective in increasing production
within animal husbandry practice.

The Perendale is an easy-care breed producing both
meat and wool. Both factors must be considered with
the objective of an optimum balance between them.

Selection may lead to two avenues of improvement:

(1) in the lifetime performance of the selected animals
by selecting superior animals which will maintain
superiority for the remainder of their lifetimej

(2) in the progeny by selecting superior animals
whose offspring will demonstrate a high

proportion of their parents? superiority.

Sheep farmers who buy all their rams are concerned
more with the current flock improvement. The usual
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practice is to carry out the major proportion of
selection on ewe hoggets. Consequently it is of
interest as to what proportion of the variation in
ewe hogget performance will be related to lifetime
production. These farmers generally rely on the
purchase of young rams genetically superior to their
ewes, to improve the next generation.

Ram breeders must put emphasis on both the current
flock and the progeny, for it is their responsibility to
ensure that a regular supply of young rams genetically
superior'to the ewes to which they are mated are available
to the industry as well as for their own flock. They
need to make progressive genetic improvement in changing
economic circumstances. As a consequence,ram breeders
nced to be well informed of the objectives of selection
and the most efficient breeding plans in relation to
genetic and phenotypic parameters, costs of evaluation
of their sheep and applicability to their farming system.

The purpose of this thesis is to make some of this
information available for the improvement of Perendales.
Its aim is to estimate genetic parameters for the
following traits:- fleece weight, fibre diameter,
quality number, character, staple length, hogget body
weight, weaning weight and number of lambs weaned per
ewe lambing. Also it aims to examine the relationships
between the observed characteristics of the hogget and
their subsequent lifetime performance.

The records available for this analysis cover
20 years. They come from a foundation flock for the
Perendale Breed, a flock managed in "typical Perendale
country".

The thesis is timely because, with sheep breeding,
many facts have been accumulating which may improve
selection. A study of the inheritance of some productive
characters in Perendales is needed to confirm the general
applicability of recommendations arising from the
findings already published and to guide breeders in the
clarification of the objects of selection.
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II. REVIEW OF LIEBSHR S PUR.E

A, PERENDALES

The development of the Perendale has its origin with
an investigation of the productive traits of Cheviot-
Romney cross sheep, started at Massey Agricultural College
in 1939 by Professor G.S. Peren.* The foundation breeders
were concerned with the low lambing percentages achieved
from the Romney breed and a high percentage of ewes
failing to develop sufficiently to be mated, when farmed
under hill country conditions. .

Crossbreeding was used in an attempt to produce a
type of sheep which was more closely adapted to the
particular complex of environmental and economic conditions
of hard hill country. Hewitt (1947) presented some of the
earliest data. Details of the establishment work and how
from 1938-43 it was decided to directly compare the Cheviot
X Romney half-bred with the Romney was reported by Peren,
Hewitt, Ballard and Phillips (1951). From the outset, the
Cheviot x Romney half-bred showed an increase in fertility
and other productive traits.

The objectives in establishing the Cheviot x Romney
half-bred as a breed were outlined by Rae (1957).

Published papers on Perendale sheep have been
reviewed by Dalton (1971). The majority of papers have
drawvn conclusions based on the comparison of Cheviot x
Romney half-breds and the Romney when farmed on hill
country. Features have been, increased number and weight
of lambs weaned, improved growth rate of lambs and hoggets,
and the general ability of this breed to thrive under
harder conditions.

The Perendale is a sheep intended for use on hill
country and thus must be bred as a self-replacing flock.
The advantages of the Perendale in terms of low labour
requirement and suitability for management as an easy-care
sheep have been reported (Peren, 1972).

* Sir Geoffrey Peren, K.B.E., C.B.E.
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A description of 'desirable' Perendale wool was
given by Regnault (1972). Barton (1972) and Dalton and
Kirton (1973) have discussed the Perendale's suitability
as a producer of lamb.

B. ENVIRONMENTAL EFFECTS

The effectiveness of selection in producing genetic
improvement depends on the degree to which the phenotype
on which selection is based reflects the underlying
genotype. The hogget's phenotype is a measure of both
genetic and environmental effects. Thus, total variations,
with certain qualifications, is the sum of the components:-
6%2 AT oo+ 6§t 5 ‘ﬂ:
where,

is the phenotypic variance

is the additive variance component

is the interaction variance component

is the genotype-environment interaction
variance component

2
G,
(Az
6: is the dominance variance component
Gf
Gac

oL . . .
and 6} is the environmental variance component.

The effect of the environment is complex. An animal
1s subjected to environmental effects from the time of its
conception to the time when it is measured. A hogget has
had contributions to the environmental variance component
from the pre-natal, pre-weaning and post-weaning environ-
ment.

When records for different groups of individuals are
to be used Jointly for purposes such as the estimation of
population parameters, it is essential to know the effect
of various environmental factors influencing the
manifestation of that character. In sheep breeding
studies, it 1s possible to estimate the effects of some
environmental factors and to use these estimates to correct
the production records. Both the accuracy of estimated
genetic differences and selection for genetic merit is
thus greatly increased.
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Numerous studies are available showing the effect of
such factors as year, rearing rank, age of dam, age and
sex ol individuals. The New Zealand data applicable to
this study are those of Ch'ang and Rae (1961 and 1970);
Tripathy (1966); ZLundie (1971); Baker, Clarke and
Carter (1974) for the Romney and Hight and Jury (1971)
for the Romney and Border Leicester x Romney breed.
Results for relevant traits are summarised in Tables 1
and 2.

The effect of year-to-year variation can be
appreciable. This emphasises the necessity of either
expressing corrected measurements as a deviation from
the flock-year average or carrying out a within-year
analysis. The '"year" effect is a measure of the influence
of many factors which are difficult to isolate and measure
separately. These include the level of nutrition,
climatic conditions and management peculiar to the records

made in each year.

The effect of year may also contain a genetic
conmponent (Ch'ang and Rae, 1970). This occurs with
genetic changes in the average merit of the animals where
the sires and ewes have been selected for any productive
traits, or when the level of inbreeding changes. The
possibility of confounding of genetic differences
between groups of ewes born in different years or from
different sources, with the true environmental differences
between age of dam groups was pointed out by Baker et al.
(1974).

Age and rearing rank have usually been the major
sources of variation in weaning weight (Hazel and Terrill,
1945q,19460 ; Ch'ang and Rae, 1961, 1970; Clarke, 1967;
Fahmy, Galal, Ghanem and Khishin, 1969; Hight and Jury,
1971; Baker et al., 1974) but have less influence on
hogget body weight (Ch'ang and Rae, 1970; Baker et al.,
1974). Age of dam moderately influences weaning weight,
though this effect tends to persist undiminished well
beyond weaning and by hogget age the extent of its
influence on live weight may be comparable to that of
rearing rank (Ch'ang and Rae, 1970).
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TABLE 1
ESTIMATES OF ENVIRONMENTAL EFFECTS

Weaning Weight (kg)

Reference (1) (2) (3) (%) (5) (6)
Mean 24,1 25.26 25.53 19.32 19.73 20.4
S.D. on3 3.5 - 2.9 2.9 3.2
Year (range) - 8.4 74 - - 4,0
Age of Dam
3=y - 2-yT - 0.4 1.4 1.1 1.2 -
feyp ~ 2-yT - 2.0 2.0 1.5 1.8 -
Mature - 2=-yr - - 2.3 1.6 1.8 13
Rearing rank

S = T 4,6 4,2 4.4 3.4 4,7 4,2
S - TRS 2.0 2.9 1.6 1.6 2.7 2.5
Reg. on age 0.13  0.12 0,17 0.12 0.12 0.12

Hopret body weight (kg)

Reference (2) (&) (5) (6) (7)
Mean 39.1 5541 57 % 43,2 38.9
S.D. 5.0 Ba'? 4,2 4,7 =
Year (range) 6.1 - - ¥ P 6.1
Age of dam
3-yr = 2=yT 0.95 =0.54 0.48 0.9 -
feyr - 2-yT 2.4 -0.14 0.02 1.3 1.2
liature - 2-yr - =-0.14 1.3 - -
Rearing rank
S -1 2.2 0.09 2.0 2.10 0.77
S - TRS 0.4 - - 1.5 0.45
Reg. on age 0.08 0.06 0.11 0.05 0.02

* S, single; T, twin; TRS, twin raised as single.
References: (1) Ch'ang and Rae (1961); (2) Chtang and Rae
(1970); (3) ZLundie (1971); (4) Hight and Jury (1971) -
Romney data; (5) Hight and Jury (1971) - R x BL F3 data;
(6) Baker et. al. (1974); (7) Tripathy (1966).




TABLE 2
ESTIMATES OF LENVIRONMENTAL ETFFECTS

Fleece Weirht (kg) - hoggets
Reference (1) (2) (3) (+) (5)

Mean 3.6 DaD 5671 L) 3.9

SUiDI - - 0.48 O0.46 0.5
Year (range) 1.49 1.36 - - y )
Age of dam )

3-yr - 2=yr 0.15 0.18 -0.06t -0.04 0.0

Yeyr - 2-yT 0.23 0.23 =0.04t 0.13 0.0

Mature - 2-yr - 0.30 =0.07t 0.15 -
Rearing rank

S -1 0.12 0.24 O0.14 ~ 0.23 0.1

S - TRS 0,06 @2 - - 0.0
Reg. on age - 0.01 0.01 0,01 0,01 0,01

From Tripathy (1966) - hogget traits
Mean fibre Staple Crimps Medullation
diameter length perinch
( m) (cm)

Mean 35.81 14,14 Bein 789
Year (range) 6.69 2.22 0.78 5.40
Age of dam

3=yr = 2-yr 0.50 0.11 0.02 0.26

feyr - 2-yT 0.%1 -0,01 0.07 0.34
Rearing rank

S = T 0.11 0.41 =0.24 1.7

S = TRS 0.56 0.16 -0.,30 1.02
Reg. on age -0.06 -0,01 0.0 -0.,04

——

*'Large standard errors.
(1) Tripathy (1966);
(3) Hight and Jury (1971) - Romney data;
Jury (1971) - R x BL Fz dataj

References:

(5

(2) ZIundie (1971);
(4) Hight and
Baker et. al. (1974).
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Age of dam and rearing rank are thought to reflect
the preweaning maternal handicap (Chtang and Rae, 1970).
The causes of maternal handicap have been discussed by
Dun and Grewal (1963), Lax and Brown (1967) and Bradford
(1972). It results in part from the lower milk production
of young dams (Barnicoat, Logan and Grant, 1949 ; Owen,
1957) or in the case of twins, from intra-uterine

competition for nutrients and reduced milk intake per
lamb (Hunter, 1956).

Both Ch'ang and Rae (1970) and Hight and Jury (1971)
have reported that twin lambs grew faster than singles
between weaning and hogget measurement. This is in
agrecment with other published work. The maternal
influence on growth and absolute live weight of the
progeny changes with the offsovring's development
(Dickinson, 1960; Vhite, Legates and LEisen, 1968).
Dickinson (1960) suggested that as a morphological
character approaches maturity it becomes progressively
more independent of the environment. After weaning the
maternal handicap effects could progressively decline
with advancing age as a result of compensatory growth
(Schinckel, 1963; Dun and Grewal, 1963; Lawrence and
Pearse, 1964; Young, Brown, Turner and Dolling, 1965;
Drinan, 1968; Ch'ang and Rae, 1970).

The New Zealand studies of the estimates for effects
of age of dam and rearing rank on live weight and fleece
weight for early life are within the range of other
published works (Hight and Jury, 1971),

Generally negligible effects of age of dam have been
found on greasy fleece weight at weaning and hogget
shearing (Vesely, Peters and Slen, 1965; Vesely, Peters,
Slen and Robison, 1970; Hight and Jury, 1971; DBaker et al.,
1974). Both Tripathy (1966) and Lundie (1971) found that
age of dam and rearing rank were significant for greasy
fleece weight.

Significant effects of age of dam and rearing rank
on mean fibre diameter and medullation have been found
(Tripathy, 1966). Only the effect of rearing rank was
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significant for staple length and crimps per inch.
Vesely et _al. (1970) reported that these were not
significant sources of variation for staple length,

wool grade and yield. Price, Sidwell and Grandstaff
(1953) found the effect of age of dam highly significant
on staple length.

llaternal handicap lowers greasy and clean wool weight
(Turner, 1961; Dun and Grewal, 1963%; Lax and Brown,
1967), the effect being noticeable even in maturity,
though in general diminishing with age. Lowered total
follicle number has been shown to be the main contributing
factor. ©Such a handicap might persist throughout adult
life (Brown, Turner, Young and Dolling, 1966). If the
young ewe were well-grovm the handicap might be eliminated
(Turner, 1961) for the provision of adequate post-natal
nutrition may eliminate the difference (Doney and Smith,
1964; Gallagher and Hill, 1970).

Istimates of effects of age on hogget fleece weight,
after animals have been shorn at weaning, range from 0,004
to 0,014 kg (Hazel and Terrill, 1946b; Tripathy,
1966; Hight and Jury,1971; Baker et. al, 1974). In
other wool traits age effects are less important. Small
estimates have been reported for fibre diameter and staple
length by Tripathy (1966) and Lax and Brown (1967). After
a study was made with lierino, Corriedale and Polwarth
sheep on eight different properties, Mullaney and Brown
(1967) concluded that in general correction for differences
in age was not likely to increase the precision of selection
for wool traits at 18 months.

Ch'ang and Rae (1970) reported that effects of year
of birth and age of dam showed no definite pattern on
fertility measurements. Estimates of rearing rank indicated
that twins on average were more fertile than singles whether
at first lambing or over several lambings. This result was
in agreement with others (Reeve and Robertson, 1953; Turmer,
Hayman, Triffitt and Prunster, 1962; Clarke, 1963; Dun and
Grewal, 1963; Lax and Brown, 1968).

An important consideration is that partitioning the
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components of variance for reproductive rate results in
extremely large error variance with only small amounts

of variation controlled by main effects and interactions
(Goot, 1952; Dunlop, 1963; Vesely and Peters, 1965;

De Haas and Dunlop, 1969; Lundie, 1971). Ch'ang and Rae
(1970) noted that their results implied that estimates of
the effects of rearing rank on a ewe's fertility contain
a genetic component in addition to the environmental
difference between those born and reared as singles or
twins. They suggested that adjustments should not be
made for difference in type of birth if the aim is to
study the genetic variation and covariation in fertility
of the ewe.

In the absence of interactions, estimates of
environmental effects may be used as additive correction
factors. In the studies by Ch'ang and Rae (1970); Hight
and Jury (1971) and Lundie (1971) first order interactions
between years, age of dam and rearing rank effects, were
statistically non-significant.

Use of additive correction factors is the most
convenient and widely adopted procedure for reducing
the amount of environmental variation in data prior to
genetic analysis. Both Shelton and Campbell (1962) and
Turner and Young (1969) have discussed correction factors
in relation to the practical use of the estimated genetic
parameters in sheep breéding.

C. REPEATABILITY

A knowledge of repeatability is useful in that it
indicates the gain in accuracy to be expected from multiple
measurement. It can be used for predicting the increase
in lifetime production that may be achieved through early
selection based on one record or the mean of several.

Repeatability expresses the proportion of the
variance of a single measurement that is due to permanent
differences between animals, both genetic and environmental.

Many estimates of repeatability for various traits in
different breeds of sheep have been made. Much of the
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published information was reviewed by Morley (1951);

Turner (1956, 1969) and Turner and Young (1969). When

the first record is at the hogget age, these reviews

give ranges for repeatability estimates of 0.4 to 0.8
(fleece weight); 0.5 to 0.8 (staple length); 0.5 to 0.7
(fibre diameter); 0.5 to 0.8 (body weight). Repeatability
estimates of 0,46 to 0.51 and 0,60 to 0.78 have been
reported respectively for character and quality number.

Estimates greater than 0.6 are considered to be high,
and those from 0.5 to 0.6 medium levels of repeatability
(Turner and Young, 1969).

After comparing the relative efficiency of single
record selection with that based on the mean of two records,
Turner and Young (1969) concluded that in Merinos,
production traits such as greasy and clean wool weight,
percent clean yield, fibre diameter, staple length and
body weight are highly repeatable or nearly so, for adult
animals. It was considered tkhat selection for production
based on the earliest adult record at 15-16 months would
be almost as efficient as selection based on the mean of
two records. A slightly lower efficiency of a single
record would be compensated by a higher gain per year
from earlier selection and the early disposal of surplus
stock.

Although estimates for traits in breeds other than
Merino and allied breeds are scanty, they suggest that
levels for the same trait do not differ widely (Turner
and Young, 1969).

It has been widely recommended that hogget wool
production records be used as reflections of genetic worth
for they will have been produced during a common growing
period without having been subjected to age, pregnancy or
lactation effects.

The repeatability for lambing rate and its components
has either been estimated by the usual intra-class
correlation, or by the regression of subsequent on early
performance. Full details of analyses reported was given
by Turner (1968). Generally subsequent lambing rate is
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positively related to early performance, however the
relationship is not linear. Methods of estimating
repeatability by intra-class correlation assume linearity,
so that the estimates, and the prediction of selection
gains based on them, will only be approximate.

Estimates of repeatability for lambs weaned per ewe
Jjoined have usually been low. Values between 0.01 to 0,17
have been reported (Young et al., 1963; Purser, 1965;
Kennedy, 1967; Inskeep, Barr and Cunningham, 1967;
Lundie, 1971). The estimates based on ewes lambing rather
than ewes mated are generally higher. Turner (1969)
considered that, among the components of lambs weaned per
ewe Jjoined, lambs born per ewe present seemed to be the
most profitable criterion of selection for gain in the
current flock.

D. RELATIONSHIP BETWEEN HOGGET CHARACTERS AND LIFE-TIME
PERFORMANCE .

The breeder who buys all his rams from an outside
source 1s limited in what he can do to initiate genetic
gains. ©Such a high percentage of ewes have to be retained
that the selection differential is low and consequently
gains (independent of any genetic gain or loss from the
rams used) will only be modest. Emphasis is put on the
gain in production which will remain throughout the life-
time of the flock as a result of picking better ewe
replacements.

The degree to which lifetime gains will be made
depends on the repeatability of the character in question.
However, the usefulness of this parameter is limited.

A review of literature shows few studies of the
relationship of hogget characters to life-time production
over a number of generations.

Two early studies were those of Gartner and
von Ungern-Stenberg (1938) and Wolf (1951) with,
respectively, Mutton Merino and Bavarian Land«Merino sheep
breeds. Correlation coefficients between yearling and
lifetime wool production of 0,61 and 0,63 were reported.
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Both concluded that yearling fleece weight formed a
practical basis for the determination of the average
lifetime wool production.

More extensive studies are those of Terrill (1939)
with 18 years of Rambouillet ewe data, and Wright and -
Stevens (1953)_With 16 years of data from Romney and
Corriedale ewe records. Reported correlation
coefficients between hogget measure and mature lifetime
wool average (i.e. second to fifth year) for fleece
weilght were 0.59 (Rambouillet), O.44 (Romney) and 0.72
(Corriedales). Wright and Stevens (1953) had adjusted
their data for lambing performance. Coefficients
calculated within~year of birth were roughly 0.05 higher.

When hogget data are included in the total lifetime
flecce weight, the correlation involves a part-whole
relationship. ZTIor this measure correlation coefficients
of 0.62 (Romney's) and 0.84 (Corriedale's) were reported
by Wright and Stevens (1953).

Terrill (1939) also reported a correlation coefficient
of 0.69 for staple length and regression coefficients for
hogget measurements on lifetime mature averages of 0.50
(fleece weight) and 0.61 (staple length). The correlation
coefficients were highly significant and Terrill (1939)
considered that yearling measurements appeared to have a
useful predictive value for lifetime wool merit.

More literature has been reported where the interest
has been on the extent that the performance of ewes could
be affected by culling ewe hoggets on body weight records.
Studies by Terrill and Stoehr (1942) with 15 years of
records on ewes of the Columbia, Corriedale and Rambouillet
breeds; Purser and Roberts (1959) with Scottish Blackface
records; Shelton and Menzies (1968) with Rambouillet data
and Basuthakur, Burfening, van Horn and Blackwell (1973)
involving Targhee and Columbia sheep, have been reported.

Shelton and Menzies (1968) results came from 36 years
of records. Some of their results are reproduced in
Table 3 along with those of Basuthakur et al. (1973)
because of the similarity of findings. These studies
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showed that yearling body weight was positively related

to all measures of lamb and wool production.

In general

the relationships were significant but of low magnitude.

TABLE 3
RANGE OF SIMPLE CORRELATIONS AMONG TRAITS
Trom Shelton and Menzies (1968) and Basuthakur et al. (1970).

Yoarling |Fumber of lambs |Yumber jlean |Total Total
Weight | born |raised |Tultiple|fleecefwool lamb
births |weight|product |product
. -ion -ion
. . 0.58 0.10 | 0.08 0.09 0.06 | 0.10 0.06
xzigigg to to to to to to
0.66 = 0.09 0.13 0.27 | 0.15 0.10
Yearling 0.06 | 0,08 0.11 0.10 | 0,07 0.08
weight to to to to to to
0.13 0.12 0.15 0.30 | 0.15 0.11

All analyses were made on a within year-of-birth basis
with no adjustments of data. lean fleece weight, as used
by Shelton and Menzies (1968) represented the mean of a
minimum of 3 annual weights taken between the ages of

5 and 7 years. Lifetime production came from sheep aged
removal from the flock being a result of
death or from normal culling. Approximately 85% of the
sheep records were from sheep less than 77 years of age and
45% were greater than 3 years. Basathakur et al. (1973)
made their study with ewes borm over a 12 year period;
however they made no mention of age distribution or when

ewes were finally culled.

2 to 10 years;

Higher, significant correlation coefficients between
hogget body weight and the average weight of lambs weaned
per ewe year for the first 4 lambings were reported by
Terrill and Stoehr (1942), with Columbias (0.25),
Corriedales (0.31) and Rambouillets (0.29). It was
concluded that ewes which were heavier as hoggets, on
average wean more pounds of lamb per ewe year during
their lifetime. This advantage was due more to a higher
percent of lambs weaned, than to heavier weaning weights.
A slight advantage in the lifetime average fleece weight
in favour of ewes which had been heavier as hoggets was




16,

also shown, but there was practically no difference for
fleece lengths.

Corresponding regression coefficients have been
reported. Both Purser and Roberts (1959) and Shelton and
Menzies (1968) results indicate that for 1 kg increase in
hogget body weight there was 0.02 kg increase for mean
fleece weight.‘ Shelton and Menzies (1968) indicate that
for a 1 kg increase in hogget body weight there was a
2.54 kg increase in total lamb production which compares
with the previously reported 0.25 kg to 0.31 kg (Terrill
and Stoehr, 1942) and 0.17 kg (Purser and Roberts, 1959)
yearly average increase in weight of lamb weaned.

Further points of interest arise from these studies.
Purser and Roberts (1959) noted that regression
coefficients, in general, decreased with increasing age
of ewe, so that the relationsnips were greatest in the
first year or two of production. Terrill (1939) and
Shelton and Menzies (1969) respectively showed correlation
coefficients of 0.68 and 0.67 and regression coefficients
of 0.72 and 0.59 between hogget and mature body weights.

General conclusions are that small changes in
subsequent lifetime production can be brought about by
increasing hogget body weight through selection. The
effect of increasing the weight by feeding may be quite
different.

B ESTIMATES OF HERITABILITY

Estimates of heritability for different traits of
sheep have been reported by a large number of workers.
In their review of published estimates, Turner and Young
(1969) drew attention to the extremely large range of
values for each trait. Since estimates of heritability
depend on both the genetic and environmental variances, it
is not surprising to have different values for the same
trait in different flocks, particularly when the flocks are
situated in different environments and have different
selection histories. At least part of the large variation
in values of published estimates is due to the inclusion
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of estimates with large sampling errors. With early
sheep breeding experiments, poor estimates based on a
small amount of data were unavoidable. Because of this,
only estimates pertinent to this study will be reviewed
here.

Ixcellent reviews of earlier works are those of
Morley (1951), Rae (1956) and Turner (1956). A summary
of heritability estimates appear in Tables 4, 5 and 6.

Values of 0.3 or more may be regarded as high levels
of heritability, those between 0.1 and 0.5 intermediate,
and those below 0.1 as low (Turner and Young, 1969).

1 Estimates for Wool Traits.

In general, wool traits are regarded as highly
heritable. From Table 4, the following ranges exist:-
fleece weight (0.11 to 0.84); quality number (0.10 to
0.47); fibre diameter (0.17 to 0.57); staple length
(0.22 to 0.56) and character (0.12 to 0.39).

Estimates by Schinckel (1958) came from strong-
woolled Australian Merinos while liorley (1951, 1955a,
1955b); Young, Turner and Dolling (1960b); Beattie (1962)
and Brown and Turner (1968) made their estimates with
various strains of medium to strong-wool Merinos.

Rae (1964) summarized the available estimates of
heritability for the Romney breed. He concluded that
the fleece characteristics other than fleece weight had
heritabilities of a similar order to those found for other
breeds in other countries. The main discrepancy was in
fieece weight where early estimates were substantially
lower than those obtained for other breeds, particularly
the Merino. Later estimates, Tripathy (1966); ILundie
(1971) and Rae (1958) were higher. These were in line
with a fleece weight selection experiment, where
preliminary assessment of the progress suggested that
heritability was higher and that useful progress could be
made (Rae, 1964).

Fibre diameter has been neglected in most studies.
The Australian work shows it to be highly heritable. It
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TABLE 4 |
SOME ESTIMATES OF HERITABILITY FOR WOOL TRAITS

Refer Nethod of

Breed Fl.Wt Qu.No. F.D. St.L. Ch. _gnee Estimat—
10N
Romney 0,10 = 0.15 0,35-0.40 = - oLaE @)
0.17 0.27 = 0.35 0.24 (2)
0.31 0.34 - 0.50 0.16 (3) D.D.Reg.
0.32 0.47 - 0.48 0.12 (3) Pat.}-sib.
- 0.43 - 0.17 0.46 - (4) D.D.Reg.
0.23 - - - - (5) Pat.}-sib,
Merino 0.39 - - 0,22 - (6) D.D.Reg.
0.67 - 0.26 0.24 - (6) Pat.z=sib.
0.40 - = 0.56 - (7) D.D.Reg.
0. 44 - - 0.52 0.38 (7) Pat.}-sb,
0.45 - 0.45 0.37 - (8) D.D.Reg.
0.35 - 0.57 0.50 - (9) D.D.Reg.
0.42 - 0.47 0.43 - (10) D.D.Reg.
0.30 0.32 0.49 0.31 0.32 (11) D.D.Reg.
Corriedale 0.22 0.37 O.44 O.44 0.37 (11) D.D.Rege.
Polwarth 0.4 0.36 0.30 0,53 0.39 (11) D.D.Reg.
Navajo 0.34 - 0.35 0.23 - (12) D.D.Reg.
Rambouillet 0.59 - - 0.49 - (13) Pat.Z-sib.
0.11 - - 0.46 - (13) Pat.}-sib.
0.31 0.10 - 0.25 - (14) Pat,3-sib.
Romnelet 0.48 - - - - (15) D.D.Rege.
0.29 0.45 - 0.39 - (14) Pat.3-sb.
Welsh 0.6 - - 0.73 - (16) D.D.Reg.
o%ggggaln 0,12 - 0.39 O.44 E (17) Pat.}-sib.
Average 0.3%6 O.34 0.40 0.40 0.3%9

Source: (1) McMahon (1943); (2) Rae (1946); (3) Rae (1958);
(4) Tripathy (1966); (5) Lundie (1971); (6) Morley

(1951); (7) Morley (1955a, 1955b); (8) Young et al.(1960Db);

(9) Beattie (1962); (10)Brown and Turner (1968); (11) Mullaney

et al. (1970); (12) Hall et al. (1964); (13) Basset et al.

1 (1967); (14) Vesely et _al. (1970); (15) Vesely and Slen (1961);

(16) Doney (1958); (17) Gjedrem (1969).
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would appear from Table 4 that the heritability of staple
length is fairly high for all breeds of sheep reported.
The heritabilitics were determined under widely different
environmental conditions; hence considerable reliance can
be placed on the conclusion that staple length is highly
heritable.

It is of interest to know heritabilities of characters
concerned with "quality" of wool. Istimates for, number of
crimps per inch and degree of definition of staple crimp
(character), colour and handle, usually range from
0.3 to 0.6 in Merinos (llorley, 1955b; Schinckel, 1958;
Beattie, 1962; Young et al. 1960b). In Romneys, colour
and character appear to have a low heritability (Rae, 1958).
Very high heritabilities have been found for expressions
of medullation:- 0.34 to 0.87 (Rae, 1958; Tripathy,
1966), 0.45 to 0.57 (Purser, 1963, 1966); and 0.67 to 0,74
(Gjedrem, 1969).

2. Estimates for Weaning and Hogget Body Weight.

From the estimates given in Table 5 it can be seen
that the average heritability estimate for weaning weight
is about 0.25 to 0.30 with a range 0.10 to 0.59; and for
hogget body weight 0.45 to 0.50 with a range 0.3%6 to 0.82.
The situation found by Ch'ang and Rae (1970) is typical:-
there is a tendency for the value of heritability to rise
with increasing age of the individual from weaning to
about 14 months old. They suggested that this trend may
have resulted from a greater opportunity for the
individuals own genetic constitution to express itself
independently of the maternal effects, with increasing
intervals of time from weaning. Ercanbrack and Price;s
(1972) paper is concerned with the change in expression
of genotype with maturity and showed that distinct trends
were evident in magnitude of heritabilities and
correlations involving body weights.

A difference in heritability estimates for weaning
weight between singles and twins was reported by Gjedrem
(1967) with estimates 0,04 + 0.03 for twins and 0.26 t 0.14
for singles. He suggested an environmental difference may
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SOME ESTIMATES OF HERITABILITIES IFOR WEANING WEIGHT
AND HOGGET BODY WEIGHT

Breed \’J‘\Vt HoB.\Vt I"‘IethOd of Reference
Estimation
Romney 0.35 - Ch'ang & Rae (1961)
0.30 0.51 Pat, 4-sib Ch'ang & Rae (1970)
0.23 0.46 D.D. Reg. Ch'ang & Rae (1970)
0.35 - Pat. }-sib ILundie (1971)
Merino 0.45 - D.D. Corr. Young et al. (1965)
0.10 - Pat. Z-sib Young et al. (1965)
- 0.18 0.40 Pat. }-sib Pattie (1965a, b)
0.28 0.47 D.D. Corr. Pattie (1965a, b)
- 0.65 D.D. Reg. Brown & Turner (1968)
- 0.36 D.D. Reg. Morley (1955a)
- 0.09 Pat. 4-sib Morley (1955a)
- 0.54 D.D. Reg. Beattie (1962)
Rambouillet 0.27 - Pat. 4-sib Hazel & Terrill (1945b)
0.34 - D.D. Reg. Hazel & Terrill (1945D)
0.38 0.82 Pat. }-sib Basset et al. (1967)
0.45 0.62 Pat. 4-sib Ercanbrack & Price
(1972)
0.18 - D.D. Reg. Blackwell & Henderson
(1955)
0.14 0.45 Pat. 4-sib Burfening et al. (1971)
0.13 - Pat. }-sib Veseley et al. (1970)
Romnelet 0.28 0.37 D.D. Reg. Veseley & Slen (1961)
Corriedale 0,59 - Full sibdb Botkin (1964) &
corr.
Welsh )
Mountain 0.68 0.59 D.D. Reg. Doney (1958)
0.48 0.16 D.D. Rege. Doney (1958)

(corrected)
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be the most important reason for the diffcrence.

It is generally concluded that once the environmental
factors have been corrected for, then the heritability of
weaning weight indicates that reasonable gains from selection
can be expected. It appears that hogget body weight is a
highly heritable character.

ZHR Estimates for Number of Lambs Weaned.

As a measure of a flock'!s productivity in relation
to reproduction rate, the number of lambs weaned per ewe
joined per year, is the most practical. VWhen using
"number of lambs weaned" as a measure of fertility, it
must be recalised that this measure has been confounded
with effects associated with the viability of the young
and with other factors which are not associated with an
animal's potential reproductive capacity.

A summary of estimaltes of heritability for number
of lambs wecaned can be scen in Table 6. Vhere both
estimates are available for the same flock, the heritability
of lambs born per ewe joined is usually higher than for
lambs weaned, e.g. Young, Turner and Dolling (1963). For
lambs born per ewe lambing the estimate is in general
higher again, though estimates are not on the same flock

(Turner, 1969).
born,

For number of lambs, Young et al. (1963) and Purser
(1965) have shown that the age of the ewe affected the
value of heritability. In both cases the heritability
estimate was low for the first lambing but for later
lembings it was sufficiently high to predict that there
would be a response to selection. With Australian
Merinos, Young et al. (1963) found the heritability estimate
rose from 0.03 at 2 years of age to 0.35 at 3 years of age.
Purser (1965) working with Scottish Blackface and Welsh
Mountain sheep found an increase in heritability of litter
size with age, though this was significant (P<0.01) only
in the case of the Velsh flock. The highest heritability
estimates were at the third lambing for the Velsh ewes
(0.32) and at the fourth lambing for the Blackface (0.31).
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TABL

t:4

NUMBER OF LALBS WZANED/E/E JCIXZD.

Breed Estimate S.E. |Aze of Zwes Relerence et of Tstimstics
(years)
Merino 0.03 + 0.06 2 Young st.zl. Pat. J=-sib,
(123

Merino 0.15 + 0.10 3 Young gt.al. Fat. d=8i®
ngea)

Merino 0.09 + 0.10 2& 3 Younz et.al. Fat. f-sib
1805

Merino 0.06 + 0.083 2 XKennedy (41967) Fat. isib

elsh Mountain 0.03 + 0.0 2 -4 Purser (1S85) Pat, X-sib

S. Blackface 0.00 + 0.03 2 -6 Purser (19&5) Pat. }-sib

Rambouillet 0.22 + - Lifetims [Shelton & Fat. 1-sib

' ‘enzies (19463)

Rambouillet 0.27

1+

~r
4 EHS)

Co
~

- Lifetime Shelton &
Menzies i

Intrasire
rogression.,
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Similarly Johansson and Hanson (1943%; cited Ryder
and Stephenson, 1968) reported a figure for one lambing
in Cheviot ewes at 0.04, while if three lambings were
considered, heritability for this breed increased to
0.18.

Ch'ang and Rae (1970) found that the estimates of
heritability, if calculated by daughter-dam regression,
rose when they considered the first three lambings
(0.045, 04111 and 0.205). However, this was not the case
if the heritability was calculated by paternal half-sib
correlation (0.053, 0.121 and 0.032 respectively).

Young et al. (1963) also found that the heritability of

the sum of the first two lambings was higher than the first
alone (0.19 versus 0.03) but was not as high as for the
second lambing alone (0.35); corresponding figures for
lambs weaned are 0.09 versus 0.03, with second lambing,
lambs weaned heritability estimate being 0.15.

'or the Rormey, estimates for number of lambs born
or weaned (O to 0.17) indicate it to be a lowly heritable
character (Rae and Ch'ang, 1955; Ch'ang and Rae, 1970;
Clarke, 1963; and Lundie, 1971).

F. ASSOCIATION BLTWEEZN PRODUCTIVE TRAITS.

In studies on the breeding of farm animals,
considerable emphasis has been placed on the investigation
of covariance between traits. Hazel (1943) pointed out
that a phenotypic correlation may occur for two reasons.
First some of the genes affecting one character may also
affect the other character. Secondly, the two traits may
be correlated because some of the external and internal
environmental influences affecting one may also affect the
other.

The phenotypic correlation can be partitioned into .
genetic and environmental correlations. Unless the
phenotypic correlation is separated into these two parts
it is impossible to forecast the genetic effects which
selection will have on a population (Rae, 1952). If the
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environmental effects are large they may either mask or
enhance the genetic effects, but only the latter will be
demonstrated in the next generation (Turner and Young,

1969).

A phenotypic correlation between two traits therefore
does not necessarily mean that they have a common genetic
basis; 1i.e. selection for one character does not always
bring about an increase in other characters positively
correlated with it phenotypically. In fact the opposite
may occur if the genetic correlation is negative even
though the phenotypic correlation is positive. FIor this
to be the case, the environmental covariance between the
two traits would have to be positive and larger in
absolute value than the negative genetic covariance
between the traits.

Estimates of phenotypic and genetic correlations
between wool and body characteristics in klerinos and
their crosses have been given by Morley (1955a, 1955b),
Schinckel (1958), Beattie (1962), Turner (1964), Young
et al. (1965), Brown and Turner (1968), lMullaney, Brown,
Young and Hyland (1970) in Australia and Bosman (1958)
in South Africa.

Estimates of the genetic correlations for wool
traits have been generally similar in sign and magnitude
to the phenotypic correlations for the same characteristics
(Mullaney et al., 1970).

Phenotypic and genetic correlations between
reproduction rate and other traits in Australian Merinos
have been reported by Young et al. (1963) and Kennedy
(1967).

The range of these correlation estimates have been
sumnarized by Turner and Young (1969) and Turner (1972)
and those pertinent to this thesis appear in Table 7.

Turner and Young (1969) point out that the two sets
of estimates available for correlations between numbers
of lambs born and weaned and some wool and body
characteristics in Australian Merinos, are not in agreement.
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: [
Rody wt. L. wt. F.D. st. L. LR/zJ £Z | mwfEs
0.26 0.12 0.0L
P1. Vt. 0.2L to SRR 0.13 to -0.02 fe 0.74 (-0.52)] 0.3 (-C.85)
0.36 0.h7 0.70
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#¥1! ool and body characteristics measured at 15-16 months.
%2 Lambing data, estimates from performance at Tirst three lambings (2-L years of
age) or for figures in brackets, at 2 years of ago.

Sources:- Morley (1955a, 1955b); Schinckel (1952); 3Bosman (1953); Beattie (1962);

Young et.al. (1963); Young et.al. (1965); Kennedy (1987); Brown and
Turner (1968) lullaney et. al. (1970).
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Young et al. (1963) rcport positive phenotypic and genetic
corrclations between greasy [lcece weight and reproductive
traits, the latter being the average for ewes aged 2-4
years. Kennedy (1967) found negative correlations in
all cascs, with lambing data on ewes aged 2 yecars. They
suggest that this discrepancy could be due to the difference
in age, or to differcnce between the two flocks.

Shelton and lenzies (1958) noted a consistent
negative relationship between fleece weight and all
measures of fertility and lamb production in an analysis
of the association in mature shecep over a lifetime
performance. Turner (1972) discussed the association
between wool weight and reproduction rate and drew
attention to the fact that sometimes the wool weight
used in a correlation has been from a shearing before
the ewes have been mated; sometimes it has been from
shearings at older ages, after the ewes have entered the
breeding flock. The number of lambs born or weaned has a
marked influence on the ewe's fleece weight (for a review
see Turner and Young, 1969) and unless a correction is
applied to the ewe's wool weight, a negative estimate of
genetic correlation will be obtained through this
environmental effect. Shelton and lMenzies (1968)
reported that no adjustments to their data were made.
Their ewe records were from ewes in a breeding flock aged
from 2 to 10 years, consequently some error may exist in

their result,

More pertinent to this thesis is Table 8 summarizing
the results of Rae (1958), Tripathy (1966), Sumner (1969),
Ch'ang and Rae (1970) with Romney data.

G, SELECTION FLOCK RESULTS

Given the necessary estimates of genetic parameters,
population genetic theory allow certain inferences to be
made concerning the rate of genetic improvement possible
under specified selection procedure. Heritability,
combined with the selection differeential provides an
estimate of the permanent genetic improvement to be
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0.22 .33 .
Fibre diameter " {029 0.53 ~0,63 X 0.68
| Staple length 0.01 to 0.22 to| -0.L6 to 0.4 to] ....
OLi2h: 0.51 -0.69 0.48
(Character 0.05 to -0.09 to}0.06 to =027 W ome 8%
0.26 O 21 0.38 0.20

No. lambs born {|0.13 tofl 0.23
0.15

Source :- Rae (1958); Tripathy (1966); Sumner (1969);
Wickham, Ross and Cockrem (unpublished).

Ch'ang and Rae (1972);

*l2
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expected among the progeny. Conversely heritability
estimates can be checked by examining the actual changes
induced in a population, following the application of a
measured selection intensity. This may be considered as

a dynamic application of population genetic theory, and
heritability estimated in this way has been termed the
realized heritability by TFalconer (1960). This method

is perhaps the most effective way of estimating the
proportionate amount of additive genetic variance, and

in addition is no doubt the best way of assessing the
practical utility of proposed breeding schemes. However,
when one or more generations of selection have been made,
the precise measurement of the genetic response actually
obtained introduces several problems. These are matters
of procedure rather than principle and have been discussed
in detail by Falconer (1953, 1960), Henderson et al. (1958),
Smith (1962) and Hill (1971, 1972a, 1972b, 1972c).

It is of interest to note indications of the rate
that responses to selection in sheep breeding accumulate
with time; also the reconciliation between "realized
heritabilities" and correlated responses, to the
predictions from estimated heritabilities and genetic
correlations. ©Selection experiments are also of value,
in indicating the biological components of the responses
achieved, and in providing material for an experimental
analysis of the physiological processes that have con-
tributed to any genetic changes produced. This has been
extensively covered by Turner, Brooker and Dolling (1970).
Aspects of it will not be discusscd here, nor will any
attempt be made in discussion of results. This will be
covered later.

Peters, Slen and Hargrave (1961) wrote "reports on
the effectiveness of selection for economic traits in
farm animals have generally indicated less response than
expected on the basis of estimated heritability of those
traits". To some degree this could be due to the accuracy
of early parameter estimates.

In emphasizing the importance of environmental effects
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such as age of dam, type of birth, year of birth, sex
and age of the animal, Hazel and Terrill (1945a) pointed
out that the selection effectiveness was reduced to
one-half when the records for weaning weight were not
adjusted for these effects. Shelton and Campbell (1962)
found heritability estimates for weaning weight by the
intrasire regression method ranged from 0.138 to 0.251
depending on methods of adjusting parent and offspring
records, and 0.264 to 0.422 by half-sib correlation.

The better understanding and improvement in correcting
for environmental effects has meant more accurate
heritability estimes.

Whilst estimates of phenotypic and genetic parameters
are mainly based on ewes and wethers, comparisons of
these parameters between sexes has failed to show any
marked differences between rams and ewes (Young, Turner
and Dolling, 1960b; Beattie, 1962; DPattie, 1965a;
Gjedrem, 1969; and the same estimates are used for
predictions of gains in either sex. It is to be noted
that Kyle and Terrill (1953) found lower heritability
estimates in yearling rams than in yearling ewes for
wool weight and some of its components; though
differences were not significant. If lowered heritability
estimates for rams were confirmed, predictions of genetic
progress based on ewe estimates would require modifications.

In a review of selection theory and experimental
rcsults, Chapman (1973) cmphasised the importance of a
control population when estimating the genetic shift in
upward or downward selection lines. He states that
realized heritabilities tended to be smaller than the
half-sib correlation and offspring-parent regression
estimates of heritability; that there was a tendency
for fitness traits to decline with selection in either
direction and that genetic maternal effects have played
a prominant role in some experiments. With regard to
domestic animals, an explanation for the fact that many
populations do not actually change as rapidly as
heritability estimates and selection differentials indicate
they should, may be due to the heritability not being as
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high, and selection rarely being as intense as thought
to be.

Single trait selection in sheep has, as a rule,
given results that seem to be consistent with expectation
based on heritability and genetic correlations (Chapman,
197%). Preliminary results have been reported (Rae,
1956; Turner, 1958; Terrill, 1958; Purser, 1963;
Pattie and Williams, 1966, 1967). Longer-term selection
response for wool and body traits have been analysed and
reported in detail in only a few cases. These have been
trials with Australian llerinos:-

(1) Pattie (1965a, 1965b) analysed results for direct
response to selection for weaning weight and
correlated responses in the productive traits after

four generations had elapsed;

(2) Robards and Pattie (1967) reported on changes in
crimp frequency during five gencrations of direct
selection for high and low crimp frequency;

(3) Pattie and Barlow (1974) have reported the results
of direct response for high and low clean fleece

weight after 14 years (approximately 5 generations);

while

(4) Barlow (1974) reported the correlated responses.

(5) Turner, Dolling and Kennedy (1968) have discussed
selection for high clean wool weight with a ceiling
on fibre diameter and degree of skin wrinkle from 18 years

of records;

(6) Mayo, Potter, Brady and Hooper (1969) report
response to partial selection on fleece weight

after 14 years of selection;

(7) Turner, Brooker and Dolling (1970) have given a

very detailed analysis of response to single
character selection for high and low values of wool weight
and its components. Both direct and correlated responses
have been reported in 10 traits and 8 pairs of lines for

hogget characters.



Patterns of responsci~-

Although Pattie (1965a) had found no significant
sex differences in the estimates of heritability, both
the actual weights and resvonses were more erratic for
rans and they showed little response to selection for
high corrected weaning weight in the last two (i.e. third
and fourth) generations. In contrast, the ewes responded
steadily and consequently showed a significant greater
realized heritability for corrected weaning weight;
(0.31 for ewes compared to-0.19 for rams). Estimated
heritabilities had been for ewes 0.28 and 0.18, and for
rams 0.32 and 0.19, by respectively dam offspring and
paternal half-sib methods of estimation. No significant
asymmetry of response occurred. After 10 years, percentage
deviation from the random flock for ewes was + 185 for
high and -8% for low weaning weight selection with cumulated
selection differentials of + 50% and -25% respectively.

A significant initial direct selection response in the
expected directions for hogget body weight was reported by
Turner et al. (1970). This occurred in both sexes and
symmetry was showvm. However, continuing downward response
was greater than upward response.

With eight pairs of lines (clean wool weight per head,
clean wool weight per unit skin arca, body weight, wrinkle
score, fibre diameter, fibre number per unit skin area,
staple length and percentage clean yield), Turner et al.
(1970) observed significant initial direct selection
response in the expected direction for both sexes in all
lines., There were two exceptions; clean wool weight per
head Minus and percentage clean yield Plus in ewes. There
was a considerable variation in the symmetry of initial
response. Continuing response varied considerably.

Of interest, is that Turner et al. (1970), observed
symmetry for fibre diameter and a high positive response
for wool weight per head and fibre number., Two lines
(staple length Plus and fibre number Minus) showed no
continuing response at all, although the initial response
had been marked (+ 12.8% and -14.4% respectively). Ewes
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in the staple length liinus and percent clean yield Plus,
wihich had little initial response, showed marked continuing
response. The symmetry of continuihg response varied;

wool weight per head, fibre diameter and staple length,
continuing downward responsc was greater than upward,

wiile upward response trend in fibre number was variable
and downward negligible.

Both Robards and Pattie (1967) and Pattie and Barlow
(1974) showed that the pattern of response could not be
predicted before selection commenced.

Response to selection was markedly different in the
crimp Plus and crimp liinus flocks (Robards and Pattie,
1967). In the former, steady response followed selection
and the overall realized heritabilities agreed well with
estimates for a base flock. In contrast the crimp Liinus
flock showed a marked initial response in the first
generation, with realized heritabilities of 0.96 and 0.89
for ewes and rams rcspectively, but in the following four
generations there was a much slower rate of change,
particularly with rams, realized heritabilities were 0.30
and 0.12 respectively. Previous estimates had shovn crimp
frequency to be highly heritable, heritability being
0.4 to 0.6 (Morley, 1955a).

A marked non-linearity of response to selection for
greater fleece weight was shown in the results of Pattie
and Barlow (1974). This necessitated separate estimates
for realized heritability for the two periods, generation
1 and 2 and generations % to 5. Good agreement between
rcalized and theoretical heritabilities predicted from a
combination of selection differentials existed for the
fleece lMinus flock and for the first two generations of
the fleece Plus flock. Realized heritabilities
respectively were O0.41 and 0.59. Estimated heritability
was 0.47 (Morley, 1955a). However, the realized
heritabilities after the second geheration, were
considerably lower in the fleece Plus flock (0.07) and
response practically ceased despite continued selection
pressure.
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The results of llayo et al. (1969) emphasized the
importance of identvifying genotypically superior animals
and conscquenvly applying the desired selection pressure.
They compared the efficiency of two bases of selcction for
incrcased wool production. Selection on the basis of an
index of nct merit computed from mecasured characters of
cconomic importance, viz. fleece weight, body style, staple
length, quality, yield, and absence of undesirable economic
faults (malformed jaws, faulty hocks, excessive skin
development) resulted in a realized heritability of 0.43.
This was in agreement with heritability estimate (liorley,
1955a). However, the visual appraisal selection method,
as used by normal commercial methods and on similar
standards, only realized a heritability of 0.253.

Correlated responses:-

Where a genetic correlavion existed (i.e. at a
level of 0.2 or higher) and where direct response occurred,
there was in general a correlated response in the expected
direcction (Turner ct al., 1970; Barlow, 1974). Similarly,
recasonable agreement in reciprocal selections for all wool
weigcht components were found (Turner<g§_§l., 1970). One
exception to the previously reported correlations, was
that the negative correlation between fibre number and
staple length was not exhibited under selection in either
character.

In only one case, in the study by Turner et al. (1970),
was a correlated response greater than a direct one and
that was in the line selected for fibre diameter Ilinus.
Here an increase in fibre number per unit skin area was
slightly greater than under direct selection. It was
significant that thec negative fibre number x fibre
diameter genetic correlation is the strongest among those
relevant in their study.

Turner et al. (1968); Mayo ct al. (1969) and Barlow
(1974) found that when clean fleecce weight was increased
by selection, the largest correlated responses were in
staple length and fibre number per unit area. This was
as expected from reported genetic correlations.
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Realized genetic correlations between weaning
welights and other traits were reported as having values
between estimated dam-offspring and paternal half-sib
correlations, but closer to the dam-offspring figures
(Pattie, 1965b). Their results, as summarized in Table 9,
indicate some inheritance of maternal effects.

TABLE 9
SOME PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN
CORRECTED WEANING WEIGHT ‘AND OTHER CHARACTERISTICS
FOR LIERINO EWES (Pattie, 1965b).

Characteristic g%i?gzzgign Genetic Correlation
Dam- Paternal. Besidzed
Offspring half-sib

Greasy wool wgt Ol *E 0.06 0.48 0,08

Clean wool wgt O8] =& 032 0.55 0.24

Crimps/inch 0.01 =0.7 =1.%2 =0.17

17 mth body wgt OmES &* 0.93% 0.50 0.72

Fleece weignht selection:-

A significant initial direct selection response was
shown by Turner, et al. (1970). With restrictions imposed,
Turner et al. (1968) showed a fluctuating response about
a steadily rising line, indicating increasing average

fleece weight of 2.6% per annum. Further, Mayo et al. (1969)

confirmed that clean fleece weight can be increased by
selection with a 0.23 kg per head advantage with 'index
selection', compared to 'visual appraisal'. So did Pattie
and Barlow (1974) where both ewe and ram result patterns
were similar. After 5 generations, response for fleece
Plus were approximately 1.0 kg and fleece linus =~ 2.0 kg
with accumulated response (A G) equal to approximately 1.0

for fleece Plus and -2.0G for fleece Minus, and accumulated

selection differentials of approximately 5§ .

Fertility selection:-

Long term response to selection for number of lambs



N
N
.

born and wcancd have becen reported by Turner, llayman,
Triffitt and Prunster (1962); Turner (1962, 1966 and
1968) with the Australian lerino; and by Wallace (1958,
1964) and Clarke (1972) with the New Zealand Romney.

From studies on barrenness and lamb survival rate, it has
been concluded that the most profitable criterion of
selection to raise reproduction rate is through selection
for high incidence of multiple births, Turner (1968, 1969)
and Chl'ang (1973). Young et al. (1963) and Clark (1963)
recsults indicate that twinning and barrenness did not
seem to0 represent a similar underiying genctic phenomena.
Turner (1973) wrote '"more recent information (Ch'ang,
personal communication) has provided hisher estimates

fof the heritability of survival rate’, She suggested the
conclusion that sclection should be directed to raising
numoer of lambs born rather Than number weaned because of
the low heritability of survival rate, nay nececd revision.

Success 1n selecvion for twinning was first reported
by Wallace (1958). Clarke (1972) reported that in this
samg flock, from 1948-1970, a gradual but erratic increase
for a line selected for hign incidence of twinning occurred
with an annual rate of response at 1.75 lambs born per 100
ewes lambing. Every indication that the response was
continuing over tne last few years was reported. Response
was not quite so good for number of lambs docked; however
a cumulative response with 1.5 lambs per 100 ewes lamoing
resulted.

Similar success has been reported in lierinos, 2.3
lambs born per 100 ewes lambing has been the annual rate
of response reported by Turner (1968). Selection for
multiple births has lead To faster results than had gencrally
been thought possible from earlier low estimates of
heritability. Even more remarkable was a response reported
by Turner (1973). The annual increase was 10 lambs born
per 100 ewes Jjoined for a line selected for high multiple
births, i.e. triplets or more, when compared to a line where
selection is for twins, while the difference between twin
selection and single selection snowed an annual rate of
1.2 lambs born per 100 ewes Jjoined.



Selection and changes in genetic parameters:-

The long-term valuc of breeding plans depends on
the constance of the genetic parameters used in theilr
construction. One important consideration is the possible
effcct of selection on cstimated heritability of a
character under selection. ©Since heritability is a
ratio of additive genctic variance and phenotypic variance,
changes in heritability may arize from changes in either
of these variances. Brown and Turner (1968) found no
evidence of any appreciable change of heritability after
12 ycars of selecvion for clcan fleece weight. They also
concluded that selcction can be considered to have had a
negligible effect in so far as phenotypic relationships
ade concerned. This is supported by Turner et al. (1968)
and Pattie and Barlow (1974), the latter writing that
mean variances for average clean fleece weight fluctuated
with changes in seasonal conditions but did not show any
consistent trend. 7The variances tended to change in the

same direction as the means.

llowever, Brown and Turner (1968) did find significant
changes in the estimated genetic correlations between
traits from selected and unselected sheep. The genetic
correlations between

(1) clean wool weight and body weight increased
from 0.2 to 0.5

(2) clean wool weight and fibre number per unit
skin area decreased from O.4 to 0,0

(3) fibre number and fibre volume increased from
-O¢5 tO -009, alld

(4) fibre number and fibre diameter increased
fI‘OIII -006 tO -008.

Such changes in genetic correlations have an important
bearing on breeding plans and so in any selection programme
re—estimates should be made at intervals of a few years
(Turner and Young, 1969).

Conclusion:-~

The above selection responses give support to estimates



of heritabilivty and genetic correlavions as parameters
which are of valuc for prediction of selectlion response

in sheep breecding. However, variances can occur. These
would emphasize tlwe importance of the need for large
nunbers of animals to decrecase standard errors; also

the need for accurate correction of data for environmentval
effeccts. Then follows the nced for accurate recognition
of genotype so that an effective sclection differential
can be obtained.
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I1T. SO URCE OF B Ay ek

The data studied in the present investigation have
been obtained from a flock of Perendales established at
the llassey University hill country property "Tuapaka",

in 1953.

The "Tuapaka" farm has becen described by Peren et al.
(1951). It is 1,050 acres, of which 800 acres is hill
country; 270 acres being poor, hard, steep hill country.
The remaining hill country has an easy nature with an
altitude of up to 700 feet and is regarded as second
class hill country.

Initial establishment of the flock consisted of
300 first-cross ewes selected from several different
sources. These were mated to first-cross rams. On
attaining a balanced age composition of second generation
shecp, some selection was directed towards prolificacy and
on eliminating sheep showing excessive hairiness and lack
of "character" in wool. ©Selection procedures used within
the flock have varied from time to time.

In 1961, at the time the Perendale Sheep Society was
founded, this flock was split, one group being chosen to
form the basis of a Perendale Stud. The data from 1961
to 1972 are from sheep within the Perendale stud.

From time to time there has been introduction of
ewes, mainly first-Cross sheep. OSome rams have been
introduced from outside studs. On average, rams are used
for two seasons. In earlier years, good rams have been
used for up to five seasons, but in later years a more
frequent turnover has becn practised. These features
favour the assumption that inbreeding has not been an
important source of variation in this data. Since the
flock has been established for a longer period it is
probably more interbred than most Perendale stud flocks.

The flock is run essentially as a commercial enter-
prise. Normal culling practices were carried out : sheep
with visible defects were eliminated from the flock.



I'ew ewes are culled prior to 16 months of age.

Lambs were born in August and September and remained
with their dams until weaning took place in December.
Hogget shearing occurred in October while ewe shearing
occurred approximately one month later. Lambs were shorn
in January, consequently the measurements of hogget fleece
production represent only ninec months wool growth.

In this analysis the wool traits, FLEECE WEIGHT,
QUALITY NUMBER, FIBRE DIAMETER, STAPLE LENGTH and
CHARACTER were studied along with LANB WEANING WEIGHT,
HOGGET BODY WIEIGHT and either NUMBER OF LALBS WEANED or
LAMBS VWEAITED PER EVE LAMBING.

Fleece weight is a measure of greasy-fleece weight
measured immediately after the fleece was removed from
the sheep; belly wool was included in this weight.

Staple length, mean fibre diameter and quality
number were measured from a nidside sample of wool
(Turner, 1956) obtained from the fleece after shearing.

Staple length was measured with a rule. Since the
tip of the staple in Perendale wool tapers toward a point,
the measurement was made from the base of the staple to a
position midway between the point where the staple starts
to taper and the tip, care being taken to not stretch the
staple unduly.

Quality number is a visual appraisal of the
spinability and hence fineness of wool. It is based
nainly on staple crimp frequency and lustre (Henderson,
1965; Wickham, 1971).

Character, graded in a range from 1 to 9, was
assessed mainly on the clarity and evenness of staple
crimp, absence of tapering tip and medullation.

Mean fibre diameter was determined by airflow method
(Anderson, 1954). The relationship between airflow and
fibre diameter is not perfect. These estimates of diameter
will be affected by other characteristics such as
medullation and crimp. There are considerable discrepancies
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between projection microscope and airflow determined mean
diameters of Cheviots (Wickham, 1971), and data for Romney
sheep have shown the airflow technique to be unsuitable
for the measurement of individual animals on account of
bias (Sumner and Revfeim, 1973).

Vleaning weight is the weight of lambs at about
14 to 16 weeks of age.

The hogget body weight 1s the post-shearing weight,
usually obtained within two weeks of shearing; therefore
the measurement is at 14 to 15 months of age.

This study makes use of data collected over 16
consecutive years from 1957. TFor the estimation of
genetic parameters, hogget records were used plus the
weaning weight record. These included 33515 records of
half-sibs from 62 sires, 1720 and 665 daughter-dam pairs.
In the latter daughter-dam regression analysis the two-
tooth lamb weaning record was also used. Records from
458 sheep, each having one hogget and four consecutive
adult ewe records, were used for the hogget-lifetime
performance study.

All F4 animals were excluded from the analysis since
their performance is likely to be affected to a greater
degree by non-additive genetic effects than is the case
with the interbreds. Wickham (unpublished) found that
the first cross animals in this flock were substantially
higher in hogget live weight, fleece weight and number
of lambs weaned than were the interbreds. The effect
of these non-additive effects on estimates of genetic
parameters cannot be predicted with any accuracy without
some knowledge of the nature of the gene interactions.
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IV. BSTIM®TION or HERI@MABDLT Il I '@ A
AND EDNLE DR LE CORRELATIONS

A. IHNTRODUCTION

\There differences between animals are quantitative in

nature and characters are measured in a continuous scale
there is interest in the mean value of a metric character
and in the variance about that mean. The partitioning of
phenotypic variance into separate components (as shown in
IT B) serves to explain the derivation of variation between
animals, for a trait, in a population.

Genetic parameters may be estimated by an analysis of
the variance and covariance that exists in a population.
Use is made of the fact that variation from additive
genetic effects, arising from the summed effects of
individual genes, contributes directly to the resemblance
between parents and offspring.

The sets of relatives most commonly used for
estimating heritability and genetic correlations are
those used in this study -

(a) Analysis of variance and covariance methods
for half-sibs.

(b) Parent-offspring analysis using regression
and correlation techniques.

The rationale underlying each method of estimation is
that genetically related individuals tend to be more alike
than individuals chosen at random from the same population.

B. PATERNAL HALI-SIB ANATLYSIS OFF VARIANCE AND COVARTANCE.

(Method 1): All currently available methods for
estimating variance components from unbalanced data use
in one way or another, quadratic forms of the observation

Y =X B + ¢
where Y is a vector of observations
X is a matrix of kmown values
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f; is a vector of parameters (including both
fixed and random effects) and

€ 1is a vector of customary error terms
(Searle, 1971).

The covariance components required in estimating genetic
corrclations can be obtained from an analysis of
covariance by an cxtension of the procedures used in

the analysis of variance.

The technique used in this thesis was to define a
model including the effects under study and to estimate
the elcments in this model by the method of least-squares.
For each trait, the model was

ikl = #4 v 0+ 8+ G+ de + Qg
where .- | )
1:"-'-"vp) J:’l"’"?/) k:lllafﬂT

Lzleoveo 8, m = Tlikk
71,jtf denotes the number of observations in the
subclass,

Y:;k€m is the record of the m™ individual, born
in the * year, sired by the ;™ sire within that
year with the k™ age of dam, and reared in the £
rearing rank group.

M = the population mean; an effect common to
all records of a trait.

Q= the effect of the 1™ '"year" class. The O}
is an effect common to all records of a trait measured on
3 s : A
individuals born in the 1 year.

Ct+ = the effect of the 4" "age of dam" class.

L 7
the effect of the ¢ A sire within the 1 year.

The age of dam subclaasses were &, = 2-year olds (two-tooths),

8, = 3-year olds (four-tooths), Q3 = 4=year olds (six-
tooths) and A, = S5-year old and older ewes (mature ewes).

di = effect of the zg”\”rearing rank'" class. There
were 2 classes;} i = hoggets reared as single lambs and
d2 = twin lambs. Any triplets were included in thecﬂ,sub-
class because of their very small number.
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@i kLm = random error term peculiar to each datum.

It rcpresents the discrepancy between the actual value of
a datum and its expected value based on sum of the effects
stated in the model. This discrepancy is caused by the
effects of many factors not included in this study.

The 4.5 and CijAlm were assumed to be random
variables distributed normally with zero mean and constant
variances. The a;, ¢ and dj are fixed effects in the
model. Consequently, the model can be described as a
"mixed model" (Searle, 1971).

The model could be improved if an age correction had
been included, but the early data did not include birth
dates. Age in days at measurement is particularly
inportant for estimates involving weaning weignt for
age contrioutes towards total variance. The incorporation
of age correction factors are unlikely to make any major
change in the estimated genetic parameters.

Interactions between main effccts were not included.
These would have considerably increased the complexity of
comnputation. Ior most purposes little error will result
from assuning interactions to be insignificant (Yalcin and
Bichard, 1964).

The efficiency with which the variance components
are estimatced depends on the assunption that interactions
are negligible. Also, non-normality of error terms is
likely to be accompanied by the loss of efficiency in the
estimation of treatment effects for a linear model. More
serious though is the possible correlation between mean and
the variance in the data. No information for this data
about these points is availlable.

The problem is to obtain unbiassed estimates of
variance and covariance components for this mixed model
with unequal subclass frequencies.,

Disproportionate subclass numbers always cause the
different classes of effects to be non-orthogonal. This
means that the different effects -(year, sire-within-year,
age of dam and rearing rank) cannot be separated directly
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without cntanglencent (Harvcy, 1960). In order to frec
these effecects from the entanglement or confounding, it

is nccessary (o resort Lo simultaneous consideration of

all effecects. ©Statistical methods have been developed to

do this and one of importance is the '"least squares method"
of analysis originally put forward by Yates (1934).

The general theory involved with using least-squares
procedures in the mixed model with unequal subclass numbers,
has becen discussed by Henderson (1953); King and
Henderson (1954); Searle and Henderson (1961); Searle
(1968); Grossman and Gall (1968) and Searle (1971).
Computational techniguces techniques with worked examples
arc given by Harvey (1960 and 1970).

For this analysis, a computer programnme was written
following larvey (1960, 1970) to compute the variance and
covariance components by liethod 3 (Henderson, 1953).
llethod 3 is the most satisfactory for mixed models when it
is computationally feasible because 1t yields unbiassed
estimates. This teciinique is based on the method of fitting
constants traditionally used in fixed effects models. All
random effects in the mixed model other than the random
errors, are temporarily regarded as fixed. After using the
method of fitting constants to compute the reductions in
sums of squares desired,due to fitting different subgroups
of factors in the model, these effects are again regarded
as random and the expected values of the computed reductions
in sums of squares are determined. These will be linear
functions of the variance components. The computed values
are equated to the expected values and the resulting
equations are solved to obtain estimates of the variance
components. Similar reasoning is followed in the estimation
of the variance components.

The expectations of sire and error mean squares are 3

Sire liean Square = Geo + K s

Error liean Square = Oe E
3ire lican Cross-products = COV QQ' A K coV 44
Error Mean Cross-products = COV €€

where the prime ( /) denotes the corresponding trait in the

cross-product.



IFor both heritability and genetic correlation
cstimation, the following must be calculated from the
data, for each trait.

(1) The coefficient of the variance component K .
(2) The sum of all the squared observations

Z y:j'kﬁm

ik dm
(3) The reduction in Sums of Squares due to fitting
all effects.
R (M)[l;‘, A3, G, de >
(4) The reduction in Sums of Squares due to fitting
all except effects for sires within year.

R(ﬂ)a;)ck,clg\)
The sums of squares associgted with Aﬁﬁ was computed as
a difference between reduction in sums of squares due to
fitting all constants F{<;¢,a;) Ay, Ck)clf\) and that
due to fitting all except the g,  effect- R{um,a. ¢y, de)e

For the computation of covariance components required
in the genetic correlation estimation, the following
additional figures must be claculated from the data.

(1) The sum of cross-products

Z Xijk &m y,')-/( Lon

igklm

*

where X . «¢~ and Y . k¢, are the 2 traits involved.

(2) The reduction in cross-products for fitting all
constants except the sire effects.

C </,()C\;\C,< ,dz)

(3) The reduction in cross-products for fitting all

constants C (,M)a; , K),'J‘) Ck ) o(z >
For this model the
ERROR DEGREDS OF FRETDONM = Neveu =t =7 -51+t2 )

where MN.... is the total number of records.

The degrees of freedom for the "sire-within-year"
class = t-P = DEGREES of FREEDGM S .

Estimation of heritabilities and genetic correlations follows
from these calculated quantities -
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Z
= 8 9 Ao >
1.  EREOR SUNS of SQUARES = %h}daﬂ R(#,8,0,;, 6, dx
2.  LBRROR LBATN SQUARE = ZRROR SULS of SQUARES
/. 5(E)/ ERROR DEGREES of FREEDOL
%3.  ERROR COVARIAICE = E Xt Yiin = (06,0, Lo dl)

ERROR DEGRELS of TREUDQ
-« SUM3 of SQUARES for S R(MHL)OJ,QUJQ)__R(M‘Q_C})dz>

(i.c. sircs-within-years)

5. HEAN SQUARE S = SULIS_of SQUARES for S
LM.S(EN] DEGREES of FREEDOLI S

.C</Ja :J)C/(I(Ii)‘c(r/’(va")(-’(u Jl»
DEGRELES of FREEDOLL S
The sire-within-year variance component

. MeB.(8) ~ H.8.(E)
K

G, COVARIANCE SIRLG

The sire covariance component  Cov Jx Ay

= COVARTIANCE SIRES = LRROR COVARIAICE

K
Lrror variance component equals mean square error,
i.e. = M.S.(E).

Heritability = e sire-within-year variance component
sire—-within-year . error variance
variance component , component

Consequently ;@ 4 0 '5

~ 0o + 0o’
and the genetic correlation
2N
7/t = Cov /dx »ﬁg

&

N G+ Gy .
The steps involved in the computation of R(M»&,&@CMJQ)

Ré&axjcx,dfl C(“ﬂvﬂuﬁm44>and C-(“ﬁ“,cn,df)appear in more
detail in Appendix T. Appendix II shows the calculation
of the coefficient K.

/\
The approximate sampling error of h® was derived from

the corresponding intra-class correlation based on the formula
given by Falconer (1960). The sampling error of 7~ was
computed using the method described by Tallis (1959).



C. DAUGIHITER-DAL] REGRESCESTION

(Method 2)

Several methods of cstimating heritability and
genetic correlations are based on parent-offspring
covariance. The mevhod used in this thesis 1s similar
to that used by Chtang and Rae (1970, 1972). The
regression of daughter on dam ignoring sires was used.

This method recquired the assumption that sires used
constitute a randonm sample of: tlie population of sires,
matings arc at random,and all sire groups are run together.
With these assunptions, between sire components in the
covariance analysis have zero expectation and the analysis
is simplified by ignoring sires and calculating the
regression coefficient directly (Turner and Young, 1969).

To calculate the regression of daughter on dan, the
records were initially sorted into groups according to
the daughter's year of birth. Within each formed year of
birth group, the records were further subdivided depending
on the dam's birth year, the dan's record being repeated
for ecach additional daughter. If any subgroup contained
less than three pairs, the subgroup was excluded.

In a subgroup so formed, the dams were all comparable
for year of birth, and the daughters for year of birth and
age of dam. In addition, the data of the daugnter, being
already comparable for age of dam, were corrected for
rearing rank, whereas thosc of the dam were corrected for
age of dam and rearing rank. No adjustments were made for
"number of lambs weaned'. The correction factors applied
to the data were those estimated in the paternal half-sib
analysis.

Because each female is mated several times in her life,
she usually has a number of offspring even when multiple
births are uncommon. Consequently some bias to the estimates
may result. Turner and Young (1969) discussed three ways of
estimating heritability in such cases. In .this analysis,
the regression of individual offspring on parent, repeating
the parent value as many times as there were offspring, was
used. Kempthorne and Tandon (1953) pointed out that this
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would be wvalid only if the corrclation anmong the offspring
of a parent wcre zcro. This is not quite the case, con-~
sequently this proccdurc may not be optimal in the sense
of minimwn variance. I'rom the studies by Bohren, licKean
and Yamada (1961) and licKcan and Bohren (1961) it is
suppested that a gerious loss of ¢fficicney in estimates
of heritability based on the effcctive range in number of
offspring per dam expeclnd in The present data, is unlikely
to occur. The values oi heritability found using the
relationship between daugnter and dam thercfore, were

not verified by the weignted regression method proposed

by Kempthorne and Tandon (1953). A similar approach was
followed by Ch'ang and Rae (1970) and Brovm and Turner
(1968).

Like in the paternal half-sib analysis, only weaning
weight, hogget body weight and hogget wool traits were
analysed. DBecause of the requirement of equal numbers
for the computation of covariances between traits, the
only records used were itnose wnere all traits in the
study were present. As a consequence of culling or
failure of some hoggets to lamb as a 2-year old, the
number of records available was greatly reduced by adding
the trait number of lambs weaned per evic lambing (ILW/EL).
Consequently two runs were made. The first ignored using
LW/ZL so enabling the degrees of freedom of the sample to
be much greater than when ILV/EL was included.

The term LVW/ILL differentiates the difference between
one or two lambs only. Because the data from ewes Having
zero lambs weaned were ignored, this term has a different
-meaning to the normally used definition of "number of lambs
weaned" which differentiates between O, 1 and 2 lambs.
This latter term is used in the hogget-lifetime ewe

performance study (section V).

A computer programme was written to carry out the
analysis. The sums of squares for the daughters and dams,
the cross-products between them and the degreces of freedom
were computed within subgroups and then pooled to find
the heritabilities and genetic correlations.
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The formula used for the estimation of heritability
of the 1™ +trait was

A~ — '
hz 2 ( cov (= 4. >
i - Gy
where cov (X, ¥: ) = covariance between dam

and daughters rccord for the 1% trait;
2
and, 0x; = variance of the dams record.

The formula used for the estimation of genetic
correlations for all combinations of the ;™ and e

traits was
cov(x;%\ « cov (X ¢; )

FN
7 = -
G [cov(x;g;). Cov (X ‘f.i)
where o = dan's record;
Yy = daughter's record;
and, ¥ and ; vrefer to the ;" and j* trait.

P
The standard error for }\? was computed from a formula

given by Fa}goner (1960) while the approximate standard
error for VZQ was computed by a formula developed by
Reeve (1955) for a large sample.

Phenotypic correlations were also estimated using
the covariances and variances estimated by this programme.

The formula used was
A

coV Y Y,

Te, = 7
id & 2
6;f © Oy,

In an attempt to gain some knowledge into possible
reasons for the discrepancies between the genetic and
phenotypic correlations, environmental correlations were
claculated using the formula given by Searle (1961):

77 = (R=7JoH [/ SLO-N-H)

fa s . 8
where 7" is the environmental correlation between

two traits;

R is the phenotypic correlation calculated
by the. daughter-dam regression method;

77 1is the genotypic correlation, calculated
from the same data and method as 3 and

A and M represent the heritability estimates
in the narrow sense of the two traits.
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BB I RWSULTS AMD DISCUSSION

I\ e

il - Invirommcrital Bffacts

The esliumtes of environmental effcels icxpFcesed
ac deviations fram the ovsrall mean, tcgether with thelir
standard deviations derived Trom the crror mean scuare,
<4
[

Cor each trait, pre presented in Tehle 10.
ne results are in general aggreement wiith cther

published estimates

o A A 19 1~ £ +a .
Age of dam and rearing rank eifects:-

The estimates for wocl tiraits show that the influence
age of dam and rearing renk are low comparecé to trhe year
eTTects., This agrees with Tripathy (1966) vhere year
accounted Tor L73 of the total variation in oreasy flcece
weight, 357% in fibre diameter and 4 t

0,5 for staple length;
unmown sources of variation were responsibtle for a larzge
propertion of the total variation, particularly for staple
length. Tripathy (1G&6) renorted the effcets aze ol dam

i
and pesrimg rank were negligible for these traitss

For the wool itraits, the present estimatezs of age of
5 rc lower than those repcrted by
1 ), particularly for Tibre diameter. In
general, the maternal handicap of litter size is greatcr
than that of age of dam (Turner and Young, 196%) as in
the present data.

The magnitude snd sign of the resring rank efifcct on

“

hogget Tleece weight, are consistent with those Tor Romney
data rcported by Tripathy (1566); ¥ight and Jury (4974)
ané Baker et al. (1974) vut lower than Lundie (1974) and

the Romney x Border Leicester F. data of Fight and Jury

(1971); and sre within the range reviewed by Turner and

The difference between the mature and 2-year old age



TABLE 10

ESTIMATES OF ENVIRONMENTAL ErFFECTS
V. Wt Hgt B.Wt F. Wt Qu. N F. D. Br e Char
(kg) (kg) (kg) () (cm)
Mean 22.8 37.% 2.4 52.24 %0.98 a4 ¥75 5.0%
S.D. 5.0 3.9 O.4 1.9 2hic2 1.4% 1.12
Year of Birth
U957 -0.21 -0.16 -0.02 1.25 0.29 @L127 0.42
1958 =-3.43% -4,30 -0.47 e 70 =2.%2 -0.45 0.88
1959 1539 1.24 -0.20 0.78 -0.76 -1.39 -0.3%5
1960 1.92 1632 -0.11 1.11 -1.04 -1.57 O0.46
1961 .55 -2.39 0.25 0.70 -0.9% 0.3%6 0.92
1962 -1.16 0.%5 -0.20 1.64 -1.48 -0.57% 0.18
1963 -1.90 -0.42 0.28 0.86 -0.06 . 0.97 0 0%
1964 -2.21 -%.08 0.15 -1.26 0.1% 1.11 0.28
1965 -2.67 -4,38 -0.03 -0.67 -0.44 0.57 0.40
1966 -0.8% 2. 44 -0.15 -0.65 0.62 0.17 -0.53
1967 2.10 =2.46 0.38 -0.46 1. 54 1.87% -1.57
1968 0.88 4,8% O.46 0.48 2.5%8 0.07 -1.10
1969 1.574 2.87 -0.25 -0.66 -0.51 -0.76 -0.3%2
1970 O.u4 2.58 -0.25 -1.72 0.29 -0.58 TidS
1971 -0.5% 1. 48 -0.13 -1.15 -0.%5 -0.3%9 0.%6
Age of dam
2-yr -0.95 -0.68 -0.04 -0.07 -0.10 0.01 -0.03
3-yr -0.04 -0.05 0.00 0.00 -0.02 -0.01 0.00
f—yr 0.49 0,30 0.03% 0.02 0.20 0.01 -0.02
Mature 0.49 O.43 0.01 0.04 -0.07 -0.01 0.05
Rearing rank

- Single 2.10 106 0.06 0.10 -0.0% -0.10 0.07
Twin -2.10 -1.06 -0.06 -0.10 0.03 0.10 -0.07

Yo



of dam effect on their offcpring hogmet fleece weight is
less than half the size of that given by Turner and Young
(1969) and those of other puvlishcd ilew Zealand works

with two cxceptions. 1Ilo effect was reported by Baker et al.
(1974-) and a negative result with a large stvandard error
was reporbed with the Romney data by Hight and Jury (1971).

In iicrinos the lowered clean fleece weight in tvwins
and thc progeny ol two-ycor old ewes was duc mainly o a
lowered total follicle number (Turncr, 1961; Dun and
Grewal, 196%). This difference arose from a deficiency
in secondary follicles. The remalining difiference in wool
welignhe may be atuoribuvadle vo lower body size or other
factors lowering the output per follicle (Ryder and
Stephenson, 1968). In a sbtudy of wool follicle development
vith Romneys, Surmer and Vickham (1970) observed no
noticeable effects of age of dam at weaning or hogget
shearing. A significant birth rank effect on the
secondary/primary follicle rasio was recorded at weaning.
Their results indicated a delaying of sccondary follicle
naturavion among the twin animals, but this delay was only
transient for by one year of age a similar secondary/primary
racio was oobserved.

Resul<ss from this data indicate that the natsure of
the effects of recaring rank and age of dam on fleece
weight for Perendales compared to lerinos and Romneys,
may be intermediate for thosc in thesc two later breeds.

It is of dinterest that in this study singles have
heavier fleece weights, improved character, shorter staple
length and finer wool (based on both mean fibre diameter
and quality number). Similar results occurred in hogget-
lifetime performance relationships, except that no
difference occurred for wool fineness.

The rearing rank effecits on fibre diameter and staple
length are opposite to Tripathy (1966) but are in agreement
with ewe hogget results of Lax and Brown (1967).  The
lowered total follicle number of twins could perhaps
explain these results. Lax and Brown (1967) observed an
increased (p < 0.01) number of fibres per mme for singles.



Their conclusion, that output per follicle, as estimated
from fibre diameter and staple length, is slightly higher
in the twins bub not high enougn to compensate for the
decrcased number of Tollicles, may apply o sheep in

this study. DBut for any conclusion it must be appreciaved
that rfearips rank effechs on staple lengbh and fibre
diameler are negligible. Also, staple length is not an
accurate indicator of average fibre length (Vhan, 1972).
The wool bearing arca for twins 1s cxpected to be less than
singles and this is supported by the rearing rank effects
on hoggete body weight where a 2.1 kg difference favouring
the singles occurred.

The cstimates of age of dam and rearing rank on
weaning and hogset body welghts show That twins and the
progeny of younier ewes are lignter. These are thougnt
to reflect the preweaning maternal handicap (Ch'ang and
Raec, 1970). Their sign and magnitude arc in general
agrecment vwith those found in other brecds (Turner and

d under New Zealcnd
conditions (Ch'ang and Rae, 1981, 1970; Iundie, 1971;

Hight and Jury, 1971; Baker ¢t al. (1974), but age of

Youns, 1969) and with those studie

dan effects are smaller than in previous ilew Zealand

studies,

In the present data a difference of 4.2 kg in body
welght between singles and twins at weaning was reduced
to 2.1 kg at the hogget age. Vihen comparing 2 year-old
and mature age of dam effects, a 1.44 kg difference at
weaning was reduced to a 1.11 kg difference at hogget age.
Trese indicate thav after weaning some compensatory growth
occurs with animals maternally handicepped by both effects.
This is at variance witn the findings of Ch'ang and Rae
(1970) who showed age of dam effects tended to remain
undiminished well beyond weaning. Ch'ang and Rae (1970)
presumed that the age of dam effect on weaning welght was
insufficiently severe, conmpared with type of birth and
rearing effect to trigger post-weaning compensatory growth.
This statement has some support when age of dam effect for
two-year and threc-year ewes are compared. The small
three-year ewe handicap remained while the larger handicap
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with the two-ycar dam has been reduced.

If selection was practised for weaning weight and/or
weight of lambs weaned, correction factors would need to be
applied (Shelton and Campbell, 1962; Younsg et al., 1965;
Pattie, 1965a). This is an accepted practice. Tor example,
the Wational Tlock Recording Scheme adds 4.5 kg for a twin
lamb rcared as a twin, 2.3 kg for a lamb born to a two-year
old and 0.9 kg for a lamb.born to a three<year old ewe.
Results from this thecis show a 4,2 kg difference between
singles and twins which agrees guite well with the NNational
Flock Recording Scheme'!s correction factors. However, the
National I'locl: Recording Scheme's correcivion factors for
age of danm effects would over-correct the data in this study.
The difference betwecn mature ewes and two-year and three-
year ewe dams was 1.4 kg and 0.5 kg respecvively.

At the hogset age, the rearing rank and age of dam
cffects are of varying vractical significance. Turner
(1961) calculated the influence on genetic progress and
current producvion in wool weight. It was found to be
negligible with the magnitude found in ierinos, but
selection on wool weight alone could result in differential
culling of twin lambs. Vhen selection is practised at the
hogzet age, corrcctions for recaring rank and the progeny
of two-ycar old dams on hogset body weight and Ileece
weight data are Ttiae only corrections that should gencrally
deserve attention. Iitlhiout these corrections, gains fronm
selection for shorn fleece weight and/or hogget body weight
may be affected because :

(1) a lowering in genetic selection differential would
occur if genetically supcrior animals were culled

because of their lowered phenotypic value for either body

weight or fleece weight due to the handicap of being

reared as a twin or Dy a 2-year old ewe.

(2) these rejections would in effect Dbe selection against
twinning if these animals happened to be twins. ’

(3) rejection of the progeny of two-year old ewes will
tend to increase the gencerasSion interval anddecrease
genetic merit since these animals would have a higher
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generation numoer than the progeny of older ewes.

The maternal effects considered are also environ-
menval complications in cstimating genetic paraneters
and a point for considcration is, should estimates ol
genetic parametsers be made on data adjusted for these
environmental influences. Adjuscnents for maternal
handicap lowers the environmental fraction of the
variance and so incrcases the heritabilisy estimave,
Genectic gain predicted from such adjusved heritability
values would be over-escvimaved in flocks where birth
data are nov avallable and corrections for tvhe handicap
cannot be made. DBecause it is the relative size of the
parameters and the sign of the genetic relationship which
are of importance, their use for correction is generally
Jjustified.

In this analysis no disvinction is made between twin
born lambs reared as singles and those reared as twins.
or were adjustvmentcs made for age. Heritabilility
estimates should pe made wivih the end use in mind and
under exvensive hill country conditions where Perendales
are usually grazed and an easy-care managemnent policy
followed, the date of bpirth and any twin deaths may not

be known.
Year effects:-

The results are as expecved. However, a point of
practical value arising is that quality number shows a
coarsening trend from 52/54t's to 50/52's over the data
collection period but fibre diameter remained about the
same over the 15-yecar period. These estimates appear in
Figs 1. In earlier years the fibre diameter trends are
closely in line with quality number but are inconsistent
after 1964.

This may indicate a response to selection. The
influence that selection procedures have on changing
the fibre diameter/quality number relationship with a
Romney flock was reported by Wickhaa (1971). For three
sub-flocks (selection of sheep entirely (1) at random;
(2) for heavier fleeces; and (3) towards open faces)



Fig. 1.

YEARLY VARIATION IN QUALITY NUMBER
AND FIBRE DIAMETER

The points on the graph are least-squares estimates
expressed as deviations about zero i.e. the mean,
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reported quality number did not relate to similar changes
in fibre diameter.

It is evident from Iig. 1 that wide divergence can
exist between fibre diameter and quality number. The
rclationship between quality number and mean fibre
diameter of individual fleeces within a clip is not strong
(Wickham, 1971). Whan and Paynter (1967) reported that
48% of the variation in fibre diameter within flocks is
assoclated with differences in appraised quality number.

The average fibre diameter within flocks varies with
season and level of nutrition. Roberts (1970 ) reported
how the sensitivity of diameter to lower nutrition
resulted in a diameter much less than would have been
expected from the visual quality number appraisal.
Previous results reported by Sumner and Wickham (1969)
had suggested that a change in stocking rate may have
affected the relationship between quality number and
fibre diameter. They considered that this effect was
apparently due to the wool being more lustrous at the
higher stocking level.

The 1969 season's measurements indicate a favourable
season nutritionally, for hogget body weight was 4.87 kg
above the mean, and hogget fleece weight 0.46 kg above
(Table 10). The reverse trend is evident in the 1958
and 1965 year of birth records (Fig. 1) where hogget
body weight and fleece weight are below the mean.

The results of the 1968 year of birth (Fig. 1) may
support the findings that "nutritional effects cause a
greater change in fibre thickness than in staple crimp"”
(Roberts and Dunlop, 1957). But any such effect with
the present data would infer a strong relationship between
staple crimp and quality number. Quality number in greasy
wool is defined in terms of several wool attributes
(Ryder and Stephenson, 1968). Trade estimates of quality
number are mainly influenced by the frequency of crimping
in greasy-wool staples (Lang, 1947; Dunlop and Young,
1960; Hopkins and Whiteley, 1973); with reliance also
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on lustre (Wickham, 1971). Consequently this inference

does not scem unrcasonable.

A genetic point of interest is how diameter can be
SO responsive (o cnvironnenual changes and yet quality
nuaber so insensitive to them. Roberts and Dunlop (1957)
consider that normal selccltion procedures practised on
Kerinos ainm in each flock at an idcal crimp Ircquency
(quality number) which has an intermediate value.
Selection toward vhis in seasons of varying nutrition
would, to some extent be effectvive family selection for
small responsce to environmental variation. If there is
1little genetic correlation between responses to environ-
ment in the two Traits, the present environmental
stability of crimp and lability of diameter may Lhave
resulted. A similer selection practvise could have
applied over a long period in the parent Romneys and the
present Perendale flock as guality number has probably

always been a selection criterion.

This result indicates that i fiobre fineness 1is an
objective of selection, vhen for accurate evaluation,
neasured fibre dianeter is essential. It further
nighlignts the difficulty for accurate identificavion
of genotype from phenotypic expresssion and the need fto
consider environmental correction factors.
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2e Ileritability LEstimates.

The estimates of heritability calculated by both
paternal half-sib (lMethod 1) and daughter-dam regression
(Miethod 2) analysis, along with their standard errors and
degrecs of frecdom appear in Table 11.

Accumulated heritability estimates were estimated
for various intervals over the total years of the
daughter-damn regression analysis. These results appear
in two sets of graphs (Fig. 2). Estimates in Fig, 24
come from ewe hogget records before hogget selection has
occurred. The 1971 estimates are those accumulated
over the full time period as presented in Table 11.
Results in Fig. 2B include the trait LW/EL from the
two-year old ewe performance and consequently does not
include data from ewes that were either culled or failed
to lamb as a two-tooth. -

It can be seen that :

(1) these heritability estimates are in close
agreement to the average of the heritability
estimates reviewed in Tables 5, & and 7;

(2) the standard errors are low compared with their
corresponding heritability estimates; and

(3) differences in the heritability estimates exist
between the two methods of estimation.

The standard errors may be considered low in comparison
to the heritability estimates and the standard errors for
other studies. This was to be expected because of the
large number of observations and the closeness to optimum
family size for experimental evaluation of genetic
parameters (Robertson, 1959 ). Consequently errors
due to sampling may be considered small and reliance
may be placed on these estimates.,

The accumulated estimates from the daughter-dam
regression analysis shown in Fig. 2A and 2 B would
indicate that at least 500 degrees of freedom were required
before estimates become consistent. The consistency of
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TABLE 11
HERITABILITY LSTIMATES

_ Method 1 Method 2
T Paternal half-sib Daughter-dam
regression
+ S.E. + S.E.
Weaning wt 0.20 0.008 0.16 0.045
Hgt body wt 0.27 0.010 0.4 0.028
Fleece wt 0.32 0.010 0.30 0,034
Quality No. 0.26 0.009 0.3%1 0.035
Fibre diameter 0.54 0.014 0.47 0,016
Staple length 0.49 0.013 0.35 0,038
Character 0.23 0,009 0.23 0,032
LW/EL* 0.03
No. of records d.f.
Paternal half-sib 55 3194
Daughter-dam regression 1720 pairs 1651
D-D regression LW/LL 665 pairs 604
* Represents number lambs weaned from those ewes
weaning lambs.
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Fig. 2A
HERITABILITY ESTIMATES

(Daughter-dam regression study)
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Fig. 2B
HERITABILITY ESTIMATES

(Daughter-dam regression study).
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results in Fig. 24 from 1968 on {1185 d.f) add weight to
the accuracy of these heritability estimates.

An examinacsion of the differences between tae
heritability estimates obtaincd by the two methods of
estimation in rclation to their standard errors, sugzests
that the differcnces for weaning weisht, fleece weight
and quality number are notv significant. A real difference
exists with hogget body weisht, staple length and fibre
diameter.

L recognised diffcrence bevween the daughter-dan
regression method and the paternal nalf-sib metrod is
that maternal effecss may convribute to the former
whereas the latier does not contain variance due to
naternal effects.

llaternal effects: -

The influence of a dam on ner offspring is due to
both genes transmivted and by the mabternal environment
provided during the suckliing period; the latter may in
itsell be partly heritable. Consequently, there will be
one genetic and one eavironmental influence. The environ-
mental influence of some of the maternal effects such as
rearing rank and age of dam have been corrected for in
this analysis but other maternal effects may be present
and included in the heritability estimate. These may
cause additional resemblance between dauzhver and dam,
particularly for weaning age measurecments.

Post-weaning measurements may also be affected by
the presence of carryover maternal effects. Ch'ang and
Rae (1972) showed that carryover maternal effect had made
a small and in most cases negligible contribution to the
estimates of heritability of post~weaning livewelght
measurements. A similar or smaller contribution may
therefore be expected on other hoggetv trait heritability
estimates.

The magnitude of the variance due to maternal effects
included in the heritability estimatve will depend on the
correlation between "maternal ability" and the expression

of the particular trait in the dam (Doney, 1958). The
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role of this correlaticn is quite independent of the
heritability of That trait.

[l

The presence of maternal effects, if genetically

controllced will caucsc furvher bias. XKoch and Clark

(1955) showed the cssumpbtion that environmental variance
is uncorrclated to genctic variance may not be appropriate
if the trait is subjectv to an infliuence of maternal
environment which is itself heritable. Owen (1957)
obtained an estimate of O.SO'i 0.07 for the heritabilitvy
of milk production in ewes wviich would support the tTheory
that maternal ebility is innherited. A heritability estimate
for maternal effect at weaning of 0.12 + 0.06 was found by
Gjedrem (1967). Additional evidence for genetic variation
in maternal periormance cones from crossbreeding experiments

(Holtmamn and Bernard, 1969).

As a conseguence, a complicated situation with
several coefficient componencs of the daughter-dam co-
variance exists when direct and maternal eifects are
considered, wita even more existing woen direct, maternal
and grand maternal effccis are considered (Viill ham, 1972).
These will affect both neritavility estimates and the
fraction of the selection differential realized (Willham,
1963; Ch'ang,and Rae, 1972).

In theory it is possible vo estimate the maternal
contribution to parent-offspring correlation as the
difference between the estvimated additvive genetic variance
by the two different methods. In pracitice sampling errors
may confuse the comparison. However theoretical considerat-
ions would suggest that 1f maternal effects are present
then daughter-dam regression estimates would be bilased
upwards in relation to those by paternal half-sib

analysis.

The heritability estimates for weaning weight by
the daughter-dam mevhod have been greater than those by
the paternal half-sib method when estimates by both
nethods have been reported (Hazel and Terrill, 1946b;
Pattie, 1965a, 1965b; and Young et al.,1965). In this
study and that of Ca'ang and Rae (1970), weaning weight
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heritability estimates are smaller for daughter-dam

regression analysis (see Table 12).

Although standard

errors do not permit making an accurate interpretation

of the result, the consistency between these two results

may confirm this apparent difference.

TABLE 12

COMPARISON OF RESULTS OF CH'ANG AND RAE (1970)
AND OF TIIIS THBESIS FOR WEANING WEIGHT AND HOGGET
BODY WEIGHT HERITABILITY ESTIHATES.

Method 1
Paternal half-sib

Method 2
Daughter-dam regression

Weaning wt Hogget body | Weaning wt Hogget body
wt wt
Results 0.20 + 0.01 0.27 + 0,01 | 0,16 + 0.05 O.44 + 0.03
1
Chl88  0.30 £ 0.12  0.51 £ 0.12 | 0.23 + 0.1 0.46 + 0.1
(1970)

This result may suggest the possibility of a negative
genetic correlation between the direct and maternal
effect on weaning weight for Perendales. Many studies
in domestic mammals have suggested a negative genetic
correlation between direct and maternal effect (Willham,
1972). Ch'ang and Rae (1972) reported a negative genetic
correlation between maternal effect and weaning weight
of the order -0.76 for Romney sheep. If a negative genetic
correlatvion exists it would not be possible to state in

detail the consequences of selection for weaning weight.

The largest difference (0.17) that exists between
the heritabilities estimated by the two methods is for
hogget body weight. Carryover maternal effects may have
made a small contribution to the daughter-dam regression
estimate (Ch'ang and Rae, 1972). A further possibility
is that the paternal half-sib correlation is biased due

to selection.
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Selection cffects: -

Selection of sires is considered a possible reason
for estimates by the paternal half-sib correlation method
being lower than those found by the daughter-dam regression
nethod (Gjedrem, 1969). This downward bias increases
with incrcasing heritability and intensity of selection
(Ronningen, 1972a). Tollowing Ronningen (1972a), if
dircct selection was for hogget body weight, then at
the observed heritability estimate of 0.27 and with
595 of rams being selected, a negative bias of -0.10 to
-0.20 is not unreasonable. However, for any bias to
have been present due to this cause, it would have to
be assumed that the choice of rams was in effect selection
for hogget body weight. As there was no intended selection
for hogget body weight, any bias present can be regarded
as small.

It has previously been mentioned that little
selection had taken place prior to the agé of collection
of this data. Natural deaths and the little culling of
lambs that may have occurred would cause a small negative
bias according to the degree that these causes may be
considered as selection of progeny on body weight.
However, this bias would be about the same size for
both methods of estimation (based on deductions from data
presented in Ronningen 1972a, 1972b). Also, any bias to
the daughter-dam regression estimate due to selection of
dams would be minimal for a heritability estimate of <this
size and expected degree of selection intensity applied.

The effects of selection in biasing heritabilities
egtimated by the daughter-dam regression analysis has
been reported by Ronningen (1972b). Some support for
this bias may be indicated from comparison of the final
neritabilities shown in Fig. 2A and Fig. 2B. The
difference between the two figures is due to records
being excluded from the data for Fig. 2B of those ewes
that had hogget records but were either culled before
entering the breeding flock or failed to rear a lamb to
weaning as a 2-year old. Consequently, a portion of the
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differences in heritebilities may be due to selection.
Caution in drawing conclusions though arises for the
seccond sample is a subgroup of the daughter-dam sample
uscd previously.

Cf interest is thce unexplained trend present in
Pig. 2A and Fig. 2B for character and also the difference
in final heritavilivy estimates for weaning weight
(0.16 and 0.09), hogget body weight (0.44 and 0.28)
and character (0.23 aad 0,045). Iurther, if estimates
in FMipg. 2B are bilased dowvaward, then similarly it nay
inply the possibility of the estimate for LW/EL is
biased dovnward.

1

Istimete values:-

If individual selection is ©to be of wvalue, pheno-
typic differences amony individuals nust be nighly
heritable, and heritability will need To be greater than
0.2 before it can be considercd as having a nigh value,
(Turner and Young, 1969). Tarey considered that high
levels of heritability were those greater then 0,3,
intermediate levels of heritability were those in the
range of 0,1 to 0.3, and low values were those less than

Ol’].

Using these values to express the magnitude of tae
heritabilities calculated in this thesis, the following
applies:

2

(1) hogeget body weight, fleece weight, fibre diameter

and staple lengbh have high levels of heritability;

(2) weaning weight, guality number and character may be

regarded as having medium to low heritability; and
(3) IW/EL has a negligible heritability.

Comparing these estimates with those estimated from
Romney data (Rae, 1958; Tripathy, 1966; ILundie, 1971;
and Ch'ang and Rae, 19671 and 1970), these estimates are
very similar for fleece weight and staple length, lower
for weaning weight, hogget body weight and quality number,
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while that for fivre diameter is nigher,

Because no corrections for age at weighings were made,
this would contribute wo an error (Blackwell and Henderson,
1955) and could account for the lower heritabilities for
weaning and perhans hogzet body welght found in this study

compared to {those of Ch'ang and Rac (1970) where age

corrcctions were applied (sce Table 12).

Results here, like thcse of Calang and Rae (1970)
and others (see review) show a higher heritability for
hogget body weight when compnared with the heritability
of weaning weilgnht. ©his difference is considered to arise
from the greater opportunity for tne individual's own
genecic constitution to express itself independently fron
the maternal effects (Ch'lang and Rae, 1970).

1T has »reviously been menvioned vhat fibre diamever
data was obtained by Tthe ailr flow method which has
assocliaved errcrs compared tc the projection microscope
method from which obther estimates have been coxpused.
However the estvimate in Trhis svudy compares with fibre
diameter herivablilities estimated fron ilerino and ovher
fine wool breeds. The only esbtimate for Romneys (0.17)
by Tripathy (1966) is very much lower than any other
estinates and gives doubt to 1ts accuracy.

No other reporved heritabilities exist for the trait
IV/ZL for 2-year old ewes. A standard error could not
be calculated for the computed information and as it is
expected to be relatively large compared with the
corresponding heritability estimate, only tentative
conclusions can be made about the statistic. However,
the value is similar to other estvimates for number of lambs
weaned for 2-year old nerformance. Like the Romney, it
can be cxpected that with the Perendale, fertility is a
character of low heritability and thav direct selection
for genetic improvement can be expected To be relatively

slowe.

In conclusion, there may be some differences between
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the heritability cstinmates in this vhesis and vhose of
prcvious Romney estimates. DBut in all cases the standard
errors will also vary. IU 1s difficult in practice to

cstimate the diffecrence tevween herivability in a synthetic
breed (like the Perendale) and those of its parental

breeds (Romney and Cheviots in tinis casc) with acceptable
precision in order o predict future performence and
compare meriss of the breeds concerned. Vhen heritabilitie
have been esvimaited in new breeds, vhelr values were not
found to differ from vhose in' their parentval breeds
(Lopez-Fanjul, 1974).
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Ore Association Between Traits.

The genctic, phenotypic and environmental correlations
obtained in the analyses are presented in Table 13. The
genetic correlations estimated by the two methods (paternal
half-sib correclation and daughter-dam regression) are
presented separately with their standard errors.

The results from this analysis will be discussed
bearing in mind that it is the genetic correlations that
are of primary interest. The phenotypic and environmental
correlations have been calculated to provide supporting
information.

It can be seen that
(1) the standard errors are relatively high;

(2) differences in the genetic correlation estimates
exist between the two methods of estimation;

(3) some phenotypic correlations are not in agreement
with the range of genetic correlations; some
negative environmental correlations exist.

The results will.be discussed with reference to these

points.

Standard errors.

The standard errors of the genetic correlations
(excluding those for associations involving LW /EL are
all relatively large compared with the corresponding
estimate.

Where magnitude and signs of the estimated genetic
correlations by the two methods are in agreement, then
conclusions may be considered with more confidence.

The large standard errors may account for differences
in many of the associations. With some other factors
must be considered.

The standard errors of the genetic correlations
involving LW/LL are high. Consequently, no reliance
may be placed on their wvalue.
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ASSOCIATION BETWEEN TRAITS

7.

i Correlations
; Traits Genetic Correlation
i Pheno- Environ-
! Pat. %-sib. D-D. Reg. | typic mental
|
' + o5.0. + S.E.
Hgt B. Wt x
. Vit 0.13 0.14 |. 0.66 0.10 O.44 0.08
Char. =0.47 0.20 -0.31 0.11 0.00 O.14
Sk L -0.,06 0.15 0.22 0.08 Ole 13 0,06
F. D -0.02 O 14 0,00 0,08 0.15 0.12
Qu No. 0.37 0.15 -0.10 0.09 | =0,0% -0.04
F., Wt -0.,07 0.15 0.18 0.09 0.39 0.12
I'leece Vit x
W. Vit 0.01 0.16 0.27 0.15 0.21 0.03
Char. 0.52 0.17 O OL12 0.23 0.03%
S. L. 0.76 0.17 O.44+ 0,06 OolHt 0.00
Qu No. =-0.48 0.16 0.09 0.12 | =-0.16 =-0.11
F. D. 0.43 0.14 O.44 0,07 0.50 0.04
Fibre D. x
W. e -0.32 0.15 0.15 0.13 0,04 -0.04
Char. .0.09 O.14 0.10 0.10 0.12 0.01
S. L. 0.53 O.14 0.31 0.08 0.34 0.02
Qu No. -0.46 0.15 =0.27 0.11 | =0.26 0.03
Quality No. x
W. W -0.40 0.17 =017 0,16 0.01 0.05
Char. -0.13 0.16 O.44 0.13 0.13 0.11
So Lo -0065 00116 -o.Ll'/l 0015 -0045 0.0’l
Staple L. x
Vi. Wit -0.19 0.15 QLB 0,15 0.00 0.10
Char. 0.47 0.19 0.0%3 0,12 0.10 0,03
Character x -0.24 0.17 =0.21 0.19 0.04 0.06
W. Wt
No. Lambs Weaned x
Vi. Wt =0.47 1.11 O 1® 0.04
Hgt B. Wt +0.80 1.41 0.08 0.11
Fr. Wit 0.47 0.87 0,04 -0.05
F. Do 0.40 0065 0002 -0006
Qu No, -0.86 1.23 0.02 0.11
S. L. 0.23 0.62 0,00 0.03
Char. -0.,88 1.97 0.03% 0.08
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The large standard errors are expected because of the
low parent offspring covariance for LW/EL. VWith a
heritability estimate of 0.05 for LW/EL, large numbers
of parent-offspring pairs would be required to narrow
the confidence intervals that can be placed on the
estimate.

Because no reliance may be placed on the gentic
correlation estimates involving LW/EL, no further discussion
will be entered into.

Phenotypic correlations.

liany of the phenotypic correlations fall into the
negligible range defined by Brown and Turner (1968) as
~0.2 to 0.,2. Following Browvn and Turner (1968), those
outside this range may be sucmarized as follows:

High negative oo None
(~=0.,6 and over)

lMedium negative oo Quality number with

(=0.4 to -0.6) staple length

Low negative oo Quality number with

(-0.2 to -0.4) fibre diameter

Low positive oo I'leece weight with weaning
(0.2 to 0.4) weight, hogget body weight

and character.
Fibre diameter with staple

length.
ledium positive oo Hogget body weight with
(04 to 0.6) weaning weight.

Fleece weight with fibre
diameter and staple length.

High positive e None.
(0.6 and over)

The sign of these phenotypic correlations and in
general the sizes, are similar to those reported in

Tables 7 and 8.
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It is of intercst that the phenotypic correlations
between hogget body weight and other traits are lower
than the reportcd Romney figures but are closely in line
with those for the Merino breed. Significant among these
arc The medium-sized positive phenotypic correclations for
hogget body weight with weaning weight and fleece weight.

Of particular interest to selection programmes are
the negative associations of fleece welght with quality
number and the associations of fibre diameter with staple
length and fleecce weight. '

The phenotypic correlation (-0.16) for fleece weight
with quality numoer is lower than the range of -0.3%4 to
-0.45 reported for ilerino, Corriedale and Polwaorth =
(Mullaney et al., 1970), but within the range of -0,03
to =0.33 reported for Rommneys (Rae, 1958; Vickham, Ross,
Cockrem, unpublished; Sumner, 1969). A higher phenotypic
correlation than the range of 0.13 to 0.36 reported from
llerino data occurs though for fleece weight with fibre
diameter. The figure of 0.50 is in agrecment to the
Romney figure of 0.53 (Tripathy, 1966).

The phenotypic correlation between fibre diameter
and staple length (0.34) is lower than those for Romneys
with the range of 0.41 to 0.48 (Ross, 1964; Tripathy,
1966) but higher than most for llerinos where the range
of reported estimates is =0,11 to 0.44,

It would appear that phenotypic correlations for the
Perendales may be considered intermediate between Romney
and llerino breeds.

The following points are of practical significance :.:

(1) The low phenotypic correlation between quality
number and fibre diameter further supports the
conclusion that for accurate assessment of wool fineness,

fibre diameter should be measured.

(2) Hogget body weight has only a low (0.10) phenotypic
correlation with LV/EL.

(3) The very low positive phenotypic correlation of 0.04
for ILW/EL with fleece weight.
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Environmental correlations

Positive environmental correlations greater than
0.09 are :

Hogget body weight x fleece weight (0.12)
Hogget body weight x fibre diameter (0.13)
Hogget body weight x character (0.15)
Wleaning weight x staple length (0.10)
Quality number X character (0.11)

Negative environmental correlations exist for :

Vleaning weight x fibre diameter (-0.05)
Hogget body weight x quality number (-0.08)
Fleece weipght x quality number (=0,03)

The environmental correlations between weaning weight
and staple length or fibre diameter may be due to an age
effect while that between quality number and character
may be due to an observer effect.

Apart from quality number, the environment can be
considered to be acting with a similar masking or
enhancing of wool traits and hogget body weight in
allowing the expression of the genotype.

Some significance could be attached to the fact that
environmental correlations involving weaning weight are
mainly smaller than those with hogget body weight. This
is shown in Table 14. The difference in age is considered
to be the most important reason for this difference in
magnitude of environmental correlations,

TABLE 14
ENVIRONMENTAT CORRELATIONS BETWEEN THE TRAITS
WEANING WEIGHT AND HOGGET BODY WEIGHT WITH OTHER TRAITS

Trait W. Wt H.B. WVt
F1.Vit 0.02 0.12
Qu.No., 0.05 -0.,08
P.Ds =0,05 0.13
Sele 0.10 0.06
Char, 0.04 015
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The environmental component of the phenotypic
correlation results from a developmental environment
shared by the two traits; individual sheep reared on
poor nutrition for example, are likely to have both a
low body weight and a low wool weight (Falconer, 1960).
Consequently it can be expected that part of this above
diffcrence 1s a result of the removal of the maternal
contribution at weaning. These Perendale hoggets have
had to develop under hill-country conditions. After weaning
it is solely this environment that will determine the
cexpression of genotype and consequently the resulting
phenotype.

Comparison of phenotypic and genetic correlations.

Differences occur between genetic and phenotypic
correlations. Those considered of most practical
importance are -

Hogget body weight and fleece weight 0,39 =0,07
Hogget body weight and staple length 0.15 -0.06
Hogget body weight and fibre diameter 0.15 =0.02

* * * * *
Weaning weight and quality number 0.01 =0.,40
WVeaning weight and character 0.04 =0.24

Once again an age effect may be responsible for the
differences where weaning weight is concerned.

The closeness between phenotypic and genetic
correlations involving flecce weight with staple length
and fibre diameter, and fibre diameter with staple length,
is of practical significance.

The genetic and environmental correlation relationship.

Bearing in mind the standard errors, it can be said
that a difference in sign between genetic and environmental
correlations occurs with the following associations

Weaning weight with chracter and quality number
Hogget body weight with character and probable

with quality number.
Quality number with staple length and fibre diameter.
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A difference in sign betiveen the two correlations
shows that genetic and environmental sources of variation
effect the traits through different physiological
mcchanisms.

Patecrnal half-sib v. Daushter-dam Regression analysis

estimates:

At least 9 associations exist where standard errors
can not explain the discrepancies between genetic
corrclations estimated by paternal half-sib and daughter-
dam regression. Xactors causing bias must be considered.

The same conclusions drawn for the heritability
cstimates may be applied to the genetic correlations.
It is considered that results obtained using the paternal
half-sib analysis are not complicated by the presence of
maternal sources of variation.

Theoretical considerations suggest that maternal
convribution is a source of complication in using the
relationship between daughter and dam. This effect causes
the values found to be higher than paternal half-sib
estimates (Ch'ang and Rae, 1972). This is evident for
all traits involved with weaning weight. For the genetic
correlation of hogget body weight with fleece weight and
staple length, discrepancies between the two methods may
be due to carry-over maternal effects.

It is noted that a negative environmental correlation
exists where there is both a change in sign for the
genetic correlations and large differences existing
between the two methods of estimation. For the other
assocliations where a change in sign exists, there tends
to be large environmental correlations present. This can
be seeny in the following Table “15.

Although the standard errors would indicate that the
accuracy of several genetic correlations is less than
satisfactory, where there is general agreement between
the two methods, some prediction of the magnitude of
genetic correlations is permissible.
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ENVIRONMENTAL CORRELATIONS WITH THOSE ASSOCIATIONS
WHERE GENETIC CORRELATION ESTIMATES DIFFER IN SIGN

Association Pat. %-sib D.D. Reg.
o TG YE
H.B.Wt x Qu.No. + 0.37 - 0,10 - 0.05
F.Wt x Qu. No. - 0.48 + 0.09 - 0.0%
W.Wt x F.D. - @.352 + 0.15 - 0.05
H.B.Wt x St.L. - 0.06 + 0.22 + 0.06
Qu.No. x Char. - 0.13 + 0.44 + 0.11
W.Wt x St.L. - 0.19 + 0.30 + 0.10

The Estimates of Genétic Correlations:

These may be

High negative
(-0.6 and over)

Medium negative

Low negative

(=0.2 to -0.4)

Low positive
(0.2 to 0.4)

Medium positive
(0.4 to 0.6)

High positive
(0.6 and over)

summarized in the following ranges :-

None

Hogget body weight with character.
Quality number with staple length.

Weaning weight with quality
number, fibre diameter and
character.

Quality number with fleece weight
and fibre diameter.

Hogget body weight with weaning
weight and quality number.
Staple length with character.

Fleece weight with fibre diameter
and character.
Fibre diameter with staple length.

Fleece weight with staple length.

With the genetic correlations estimated here, no

associations are at any appreciable variance with
previous reported estimates (Tables 7 and 8).
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A difference of practical importance is that Ch'ang
and Rae (1972) reported higher genetic correlations in
their Romney data for weaning weight with hogget body
weight, 0.74 (paternal half-sib method) and 0.90 (Daughter-
dam regression method) compared to 0.13 + 0.14 and
0.66 + 0.10 for the respective methods in this analysis.

An important association not mentioned in the
summary above, is the low genetic correlation found for
hogget body weight with fleece weight (0.07 + 0.15 and
0.18 + 0.02 by paternal half-sib and daughter-dam regression
methods respectively). The only Romney estimate is much
higher at 0.54 + 0.17 estimated by a daughter-dam regression
analysis (Tripathy, 1966), while Vesely et al. (1970)
reported 0.54 + 0.20 for the Rambouillet. The range
reported in the review for Merinos is -0.11 to 0.26,
which is more in agreement. Contributions were +0.26
and -0.11 by paternal half-sib and daughter-dam regression
anlaysis (Morley, 1955a), 0.20 + 0.24 by dam-offspring
correlation (Beattie, 1962), and 0.26 + 0.07 by daughter-
dam regression analysis (Brown and Turner, 1968). These
tend to indicate a positive association in Merinos.

Slight positive responses in body weight during
selection for fleece weight have been reported which would
confirm a positive genetic correlation between fleece weight
and hogget body weight (Dun, 1958; Brown et al. 1966; and
Turner et al. 1968).

Turner (1958) found that selection for clean fleece
weight was associated initially with a slight decrease in
tody size. She presented evidence which suggested that,
while the genetic correlation between clean fleece weight
and body weight appeared to be negative, there was a positive
environmental correlation between these two characters. Sub-
sequent selection for clean fleece weight in this flock
produced the correlated increase in body weight reported by
Brown et al. (1966)

However, no consistent association between hogget body
weight and fleece weight was observed by Barlow (1974)
during a fleece weight selection trial. There was evidence
of a small negative association in the flock with downward
selection imposed for fleece weight.
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It may be concluded that the association hogget body
weight x fleece weight in Perendales must be considered
to have a low genetic correlation which is possibly
negative, with a strong positive environmental correlation
favouring the association and so causing the higher
positive phenotypic correlation. The environmental
association is to be expected and Morley (1955a) drew
attention to examination of its value in selecting for
fleece weight.

Support for this coynclusion comes from the negligible
genetic correlation of hogget body weight with fibre
diameter (-0.02 + 0.14 and 0.00 + 0.08) and the similar
genetic correlations between hogget body weight and staple
length (-0.06 + 0.15 and 0.22 + 0.08), for the genetic
correlations between fleece weight with staple length and
fibre diameter are consistently strongly positive.

For the hogget body weight x staple length association
Tripathy (1966) reported a genetic correlation of 0.26
+ 0.16 (by daughter-dam regression method) for Romneys which
is similar to the estimate for this analysis. But Merino
estimates range from -0.25 to 0.04. Morley (1955a)
reported estimates at -0.25 (paternal Z-sib) and -0.12
(daughter-dam regression); Beattie (1962) 0.01 + 0.17;
while -0.,06 + 0.07 (daughter-dam regression) was reported
by Brown and Turner (1968). Once again a conclusion must
be one of a negligible association.

The most significant practical finding with the wool
traits is the high positive genetic correlation of fleece
weight with staple length (0.76 and 0.44). This is higher
than the range reported for the Romney (0.25 to 0.40).
With Merinos, Morley (1955a) found a low association of
0.17 and -0.02 while Brown and Turner (1968) reported
0,29 + 0.08 and Mullaney et al. (1970) 0.13 + 0.14 (Merino),
0.20 + 0.16 (Corriedale) and 0.47 + 0.28 (Polwarth).
Beattie (1962) found a high genetic correlation estimate
of 0.70 + 0.17 whi¢h gives support for a possible high
correlation.

Of importance with regard to wool fineness is the
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consistent medium-sized positive genetic correlations

for fleece weight with fibre diameter. This is supported
by a negative fleece weight x quality number genetic
correlation; a negative genetic correlation exists for
quality number with fibre diameter.

A medium-sized positive genetic correlation exists
for staple length with fibre diameter which is in agreement
with the Romney estimates; Tripathy (1966). This estimate
does not support an independent inheritance of fibre
diameter and staple length.

Merino estimates show a wide variance from positive
to negetive values for the genetic correlation staple
length with fibre diameter. Turner (1956) stipulated
that if further information supported her finding of a
lack of genetic correlation between staple length and fibre
diameter, and between staple length and fibre number per
unit area, it should be possible to select for any
desired combination of fineness, length and number.
Support had come from Turner et al. (1970) who concluded
that an absence of genetic correlations between fibre
diameter x staple length and fibre number per unit area
x staple length indicated that selection could be for
high fibre number/unit area with high staple length and
low fibre diameter - in other words, a desirable fleece -
with no impeding genetic correlations. TUnfortunately
the former part of the statement (Turner, 1956) cannot
be supported by these Perendale estimates.

Genetic correlations for Perendales, reported here,
show antagonism to the attainment of the desirable
comvination of heavier fleece weight and longer staple
length with finer wool.

The positive genetic correlations of fleece weight
and staple length with character signifies that any selection
for fleece weight and/or staple length will be complimented
by an improvement in character. This receives some support
from an observed slight improvement in wool character as a
correlated response to selection for clean fleece weight
with Merinos (Barlow, 1974).
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V. R A LeENSH T P O 2 HO G&BET
CHARACTLERISTTICS
T I F &80 N B PERIFORNMANCE

Do IMNIEODUCTICON

In brcecding flocks, the number of ewe hoggets
eveilleble in esch yeer usually exceeds the number
required for revleccments. This surplus provides the
breeder with some opportunity for culling, a voractice
generelly regerded as a means of maintaining or improving
performance within the current flock.

A pert of the eveilable selection potentiel will
be devoted, both before and at the hogget stage, to
climineting the obviously deformed or unthrifty sheepe.
Following this, selection altention by fermers is
usuclly on body size with some attention devoted to wool.
Rem breeders follow similer culling practices, though
verying emounts of emphesis mey be put on records of
hogget production znd pedigrec.

Clearly, the value of culling at the hogget stage
for phenotypic rcesponse, will devend greatly on the
nhenotynic relstionship between hogget characters and the
subsequent performance of ewes.

Examination of the relationship has been approached
by two methods : |
(1) by a study of the correlation between
individuel hogget traits and lifetime
ewe treitss; and

(2) by a multiple regression onslysis of lifetime
economic value end hogget characteristicse
In both studies, only those sheep that had a
hogget record and four succeeding records vere used .
Eleven yecsrs of hogget records were anelysed.
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This involved 458 gheep.

Records were avcileble on the following traits :-
hogget body weight, d{lecce weight, quality number,
fibre diemecter, staple length, cheracter, and in
addition for ewes, number of lambs weaned (either
O, 1 or 2).



L. lMethodes.

l. CORR&TATION BETWEEN HOGGET AND IIFETIME EWE
PihIFCRNANCLE

A Tortren computer nrograsmme wes written for a
Burroughs B6700 computer to esnalyse the dats. The
progremme calculeted

(1) The meen of each hogget treit within each
JCET

(2) Ieen lifetime ewe performance..for the treits
studied, within each birth-yeere.

(3) Correlation coefficients; by calculating
corrected sums of squeres and cross products
on a within year basis and then combining
to obtain the correlstion coefficients over
ell years.

(4) Degrees of freedom associated with the
correletion coefficiente.

Ilo corrections of any kind were made on the data.
To avoid spurious correlations, the hogget record was not
included in the lifetime performance record.

2. NULTIPILE REGRESSION ANAIYSIS OF IIFETINE
LCONONMIC VAIULL ON HOGGET CHARACTERISTICS-e.

Using the same records as in the previous study,
2 numoer of multiple regression analyses were run using
aveilable BASIS (Burroughs Advanced Statistical Inquiry
System) computer progremmes.

The multiple regression equation had the following
form
y = 3 <+ bl Xl + b2 XZ '+oooooooooooo+bn Xn 4+ €
where
'}

lifetime economic value for a ewe

a = constant



70 X5 eeee.. Xyrefer to indevendent variates. In
this case X1 = hogget liveweight, X2, X3, X4, X5,
and X6 béing hogget wool treits, respectively,
fleece weight, quality number, staple length,
character and fibre diemeter.
17 b2...... bn denotes the vertial regression
coefficient of y on variable Xn'
e= error term; oassumed to be normally and independently
distributed with a mean of zero and constant
varience.

The lifetime economic value was derived from the

eguation
Jifetime economic - Total wool N Total lemb
value value value

Four different multiple linear regression
analyses were cerried out, each with different economic
values.

These were czlled
(1) 1972/73 values;
(2) 1970/71 veslues;
(3) average values; and
(4) estimeted values.

Lamb vslues were derived after a review of data
contained in the Annual Reports of the New Zealand lMeat
Producers Boserd, and in the "Annual Review of the Sheep
Industry" published by the New Zealand Meat and Wool
Economic Service. Seasonal lamb prices were

196€/69  «. 85.50

1969/70 <. 6.00

1970/71 oo 575

1971/72 .o 4.50

1972/73  «+ 8450

i



The aversge volue used the mecn of these five seasons.
The estimcte velue is an approximation of the value of
21l lambs at weening using 1972/73 season's value.

The value for twin lambs wes obtained by
subtrecting 20% of e single lemb value snd then doubling
the reculting value. The subtrection wes an anvroximetion
to corrcct for the reering rank effect on liveweight and
fleece vieight =t weaning sge.-

The total wool velues werc calculated from the
couation

wool vaelue = fleece wcight x price/kilo.

The estimetes of vnrice/kilo were derived from
averege vrices cuoted ennuelly in the statistical
analysis of NZ wool production end disposel
(Anonymous 1969, 1970, 1971, 1972, 1973)

I'or the five seesons in which lamb values wvere
quoted, &avercge vrices of greasy wool sold at auction
in New Zealand were

cents/kilo
1068/69 .. 62 .0
1869/70 .. 565
127G/71 .. 535
O | B 66 .5
1972/73 <. 114.0

Average = 76.5 cents/kilo.

The four vealues were similar to those lamb values
1used. They were the 1972/73 and 1970/71 wool values,
with avercge value being the mean of the last five years
figures svaileble (i.e. 1968/6S to 1972/7%). The
estimete values were those of 1972/73 multiplied by 1.2.
This wes en approximation to attein a value for Perendale
viool.

To obtein price/kilo for the four values, tables
titled “"Tyves of Fleece Wool in the New Zealand Clip"
were consulted.



Prices of greasy wool in cents/kilo for the range
of ouality number groupings wes obtained from the
following flecce wool groups :-

(1) Carding and Prevaring

(2) Ccarding

(3) sShort Cerding

(4) second Shecer Good Iength

(5) Sccond Shear Aversge Length

(6) sSecond Shear Skort Iength
Ly the use of the table titled "(uelity znd Iength
Brockets!y in which stevle length is graduated in % to
2 inch units for various guality numbers, values vere
plotted on 2 graph to allow estimates of price increment
ner staple length increment for each quality number
groupings.

This technique waes remeated for the four wool
values used. The informetion obtained from this graph
is presented in Teble 16. These data were incorporeted

into the computer nrogramme for transformation purposes.

Using the equetion
Price/kilo = Ag + Bg L

where : -
Ao revrecsents the zero length value for each
auality number, '
Bq the regression coefficient of price increment/
stanle length, and
L. the stanle length record,

The vnrice/kilo wes calculated for each ewe record on

entering the constents approprete to the auality number.

As 2 consruence wool velue wes determined from
flecece weight, ’gtaple length and queality number; the
influence of fibre dismeter in effecting price/kilo
could only be represented by substituting average fibre
diemeter for the corresponding coded quality number values.



NeRnR 1€
ZERC LENOTH VALUES AYD PRICE INCREMENT PRR STAPLY LENATH INCRZMENT CCZFTICIZINS
FPCR CCRRRESPCNDING ~TUALITY MUNBER ZECCIDS

Cuality 1972/73 values 1970/71 values Average values ll Zstimate values

Mumber [ :

Code ![ "
nn 14,9.00 | 0.05C 50.00 0.025 i 76,00 0.010 ' 178.3 0.050
L5 14,6.00 | 0.150 B, 2 0.130 ( 76 .20 0.020 W75 B Okl B9
L6 142.00 | 0.300 53.50 0.250 76.48 0.027 170.4 0.300
L7 137.00 | 0.800 52.25 J0.3585 76 .80 0.050 164 .0, 0.820
L8 130.50 | 1.350 52.40 0.475 5.20 0.0€7 15¢.6 1.35C
49 122,20 | 2.330 Bi255 0.575 73.60 0.840 1L6.6 2.330
50 108.50 | L4.800 54 .30 0.730 72.50 1.250 126 B L .820
51 90.00 | 7.800 55.30 0.775 ‘ 69.50 2.200 108.0 7.300
52 71.30 [10.€70 55.80 0.800 6l .85 2.8290 855 10.670
53 75.00 [11.400 5550 1.100 €L .00 3.180 S0.0 11 .540C
54 78.00 |12.000 54.70 1.,30C 63.75 3.350 93.6 12,000
55 A8.00 (13.000 53.50 1.650 6L .60 3.550 81.6 13,000
56 66.50 |14.000 51 .40 2.010 €€ .25 3.750 79.8 14 .000
57 64.00 |15.000 " 50.50 2.300 €8.C0 4 .000 76.8 15.000
58 61.50 {16.000 L2.60 2.6C0 £9.40 L .200 B8 16.000

'LQ
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Wiool chr rocter doecs not enter into determining
nricec/kilo. Dota were not evailable for estimeting the
contribution of character to wool value for New Zealznd
Tlecceese
Tvo Lurther onclyses were carried out to check the accuracy

of this method. They were;

(1) +two multinle regrescions were reneated
on a within-yecr-bassis for comverison
with the overaell enslysisj; and
(2) two stepwise multinle regression analyscs
were ccrried out using, seperately, quality
number and fibre diemeter as the basis of wool

veluation.

Throughout this siudy, coded wool auelity nunbers
correspond to the quelity numbers snd average fibre

diemeters shown in Avnendix III,
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C. DRuUSULLS AND DISCUSSION

l. Correlestion study.

The mean hogget body weights and the mesn lifetime
cwe nerformesnce for the traits number of lambs wesned and
ewe flecce weight for each year of birth areshown in TI'ig 3.
Points sbout the data that may be deduced from this graph
are )

(1) Number of lambs wesned increased from 0.9 to
l¢3 during the period of the snalysis;

(2) MNean lifetime ewe fleece weights were erratic;

end

(3) Hogget body weights, which m2y be considerd as

en indication of nutrition, varied quite
considerably between seasons.

Fig. 3
Production Statistics - mean performance
“Og ——T No. L.W,
3-8kq — B lifetime)
36k —F
. L
34k3 % 4 Ewe F. VWt.
32k3-—_______; (1ifetime)
F. Wi g ﬁrSSkj
V )
I_D_~36tj Hgt. B. Wt.
EL
09—
NLW '
| ! | 1 { ! t ' T e Cm——
1957 '59 '61 '63 '65 '67

‘Birth year



Corrclotion coefficientis between hogget traits
cnd the lifetime performonce of the ewe appear in Table 17,
clong with the degrees of freedom associated with the
correclations.

They mey be congsidered under two headingse.

Ao Direct correlotionse. the

These correlrtion coefficients indicate thetphogget
traite in this study, with the exception of character,
would be of useful vredictive value for lifetime merite.
Correlztion coefficients for fleecce weight, ouality number,
steple length end fibre diemeter, are between 0.49 and 0.60.
This indicates that around 24% to 36% of the variation in

lifetime production can be predicted from hogget performancee.

The value obtained for fleece weight (0.56) is
within the range of 0.44 to 0.72 previously reported
(Gertner &nd von Ungern - Stenberg, 1938; Terrill, 1939;
Wolf, 1951; Viright and Stevens, 1953). The correlation
coefficient for staple length at 0.49 is lower then the
previously revorted figure of 0.69 (Terrill, 1939). No
literature can be found to compare the other resultse

The low value for character reflects the sensitivity
of this trait to enviromental influences and inconsistency
associated with the technicue of appraisale.

Be Indirect correlationse

The correlations between different traits are all of
e relatively low value compared to the direct correletionse.
They indicate that there would be no advantage gained by
indirect selection as opposed to directly selecting for a
trait at the hogget age,for gain in lifetime ewe performencee.
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Ewe Traits

Hogget
Bt No. of HifEEEE cuality FPibre Starle Character
lambs weight Mumber Diameter Tength
weaned
Hgt. b. wt. 0.07 0.12 ~0.03 0.02 080 -0.C3
Fl. wt. ~0.01 0.56 -0.22 0.25 .26 0.19
Qu. No. -0.01 -0.14 0.52 =0.29 -0. 32 0.01
F.D. 0.04 0.1 -0.26 0.59 0.11 : -0.07
St. L. 0.03 0.23 -0.33 0.16 0.49 . 0.06
Char. -0.02 0.15 0.08 -0.02 0.01 0.28

fLifetime = Four consecutive records from 2-yr old ewe to 5-yr old ewe (inclusive)

Degrees of freedom for the correlation coefficients = L45
"Direct correlations" are those coefficients on the diagonal;

correlations"

are the off-diagonal cocificients.

"indirect

4
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‘‘he sign ond size of the correlstions zre of interest.
The lergest are the inter—relationéhip between fleece
weiphty, otaple length and fibre diameter. These
correletions are of similer sign and nroportionally of
similcor size (though lower in value) to the genetic and
nhenotynic correlstions. It mey indicate that similer
genetic ond environmentel fectors which give rise to the
hogget phenotypic correlctions remain responsible in
latcr life.

The correlation coefficient shows that the relationship

between hogget fleece weight and nuwieber of lambs weaned
by the ewe, ccn be considered negligible.

No other litereture is available for comparative
purposes with these indirect correlations involving wool

traitse

Emphasis is often placed on liveweight during hogget
selcctione Relationship between this trait and ewe
lifetime performence for other treits are low. e
highest is that between hogget body weight and lifetime
ewe flecce weight. The value of 0.12 would indicate that
eny indirect gein in fleece weight would be minimal
comvered to the gain attained when attention is directly
placed on fleece weighte. This value is similsr to the
results found in other breeds (Terrill and Stoehr, 1942;
Shelton and Kenzies, 1968; Basuthakur et. 2al., 1970)
where in general positive relationships were found that
were significent but of low magnitude. Only a slight
adventege in lifetime ewe fleece weight may be expected

from heavier hoggets.

Of vracticsl importance is the low correlation
between hogget bodyweight and number of lambs weaned.
Once again this figure is within the range reported by
Shelton and Menzies (1968) and Basuthakur et. al. (1970),
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I1 is lowver thon 1ne nhenotypic correlstions reported

between hogpetl body weight and the total number of lambs

born over the ewe's first three lembings;- Young etal.(1963)
0.12 for Nerinos,while Ch'ang and Rae(1972)

reported an f% 0.23 in the Romney breed.

A
reported en T
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2 Nultinple Regresaion Study.

The results obteained for mean ewve lifetime economic
volues

with thce four multiple linear regression analyses
nonerr in I'ble 1€ nlong with the contributions made by
Ttotnl l1omb ond totnl wool productione A retio of lamb
to wool velue is also preccentede.

TABTE 18
I'SAN TIFPETINS VALUES
Regression enealyses | Beconomlc Lamb Wool Ret1o0
velue velue velue Iemb : Vool

botimate values $60.85 £27.85 $33.00 1 ¢ 1.18
1972/73 values 62430 34.85 27«45 1 : 0.79
Averoge velues .25 24 .60 13.65 1 : 0.55
1970/71 values 32.90 | 23.60 9.30 1 ¢ 0.39

The retios show thet the vool velues in nrovortion to
lcmb ranged from avnproximately 40% to 120%. This range
covers the likely future proportions under New Zecland

nroductione.

The results for the multiple linear regresseion
enelyses are presented in Table 19.

Before drowing conclusions from this study, it must
be renlised thet the cocfiicients of determinction (Tablel9)
indicatc that the hogget varisbles used in the multiple
lineer recgression, contribute to only a small proportion
of the possible fectors contributing to the determination
Also, not all

i)
. . . . . . 4
pertial regression coefficients are statistically ‘

of the ewe's lifetime economic value.

significant.

The vartisl regression coefficients measure the
average or expected change in the lifetime economic value
when e hogget varisble increases by one unit end other
hogget veriables in the equetion remain unchenged.



TABLTE 19

IWLTIFPLYE RECGRESSICON ANALYSIS RESUL

o

Values
Variable Tstimated 1972/73 Aversge 1S70/71
A. Partiesl Regressicn Coefficients
. % *
Rody Weight £.65 8.60% 550 1,76
b A * * I<
Tleece Teicht 18783 150.15 73.58 LS.28
~unlity Tumber 79.75 38.80%  16.41  10.15
Pihre Diameter -A.22 -1 .6 L.13 7 .20
Stanle length -21 .86 2.98 12.97  20.60
X ¥
Character 7.3 -32.3L -36.92° -LL .17
Constant 2969, 9, 2027 .9 2033%.56 1859.27
Tconomic Value 608!, .56 6232.16 382,60 3287.88

Fa

tu

Body #leizht 0.11
Flecce Jeight 0.22
~uality Number J0.10
Mibre Diameter -0.04
Stanle length -0.05
Shayaelter -0.01
Standard Error of
Tstimate 782.28
Coefficient of
determination 0.07
Coeflficient of
determination (adj) 0.05
lmiltiprle corre-
1ation coeffic-
ient 0.26
Miltiple corre-
iation coef.
(ad3.) 0.23

Coefficients.
0.10 0.09
0.17 0.11
0.09 0.05

-0.,01 0.02
0.01 0.04
-0.05 -0,08
898 .64 610.54
0.04 0.03
0.03 0.02
0.20 0.18
0.17 0.14

. DReta Coefficients - Standard Fartial Regression

0.09
0.08
Oro5
0.03
0.06
-0.10

oyl 2

% OStatistically significant

( t- test 5% level of t

)




These indicetce that, on increoase in hoggret flecce
velyht by one mound would result in @n increzse in lifetime
cconomic volue of ennroximetely 50 cents (1970/71 values),
74cents (evercge values)y 21.50 (1972/73 values) end
21.20 (estimrted velues).  Similer but negative values
would ammly if hoggel volues were one pound lighter in
weighte.

Similer deductions cen'be made concerning the other
trcits. llogrets thot were one vound hesvier in body
veight show cn increase in ewe lifetime economic volue of
4.76 to C.65 centse In 211 cases, improvement in
hoggset wool cherecter shows & decrease in eve lifetime
cconomic velue renging from 7 to 44 cents per cheracter
grade. eising quality number of hogget wool will
increose evie lifetime economic valucse

The portiel recgression coefficients are not stetistic-
2lly significent for deeductions to be made about staple
length snd fibre diemeter; ond similerly aquality number
2t the average and 1270/71 velues (i.e. those values where
wool is relatively of low velue in reletion to lamb values).

In 1his situdy, interest lies in the reletive
importence of the hogget veriables in determing the
lifetime economic vslue of a ewve. The standerd partial
regression coefficients are the martial regression
coefficients vihen eech variable is in stendard measure;
i .e. when expressed 2s o deviation from the mean in units
of its stenderd deviation. Since each stendard voertial
regression coefficient is independent of the original
units of measurement, @& comparison of eny itwo indicates
the relative importance of the hogget variables involved.
This ranking of the hogget traits may be seen in Fig L.
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Fig. 4

A graph of standard partial regressicn coefficients

V ratio wool

lamb value from four multiple

linecar regression analyses.

F. B,
F1. Wt.

. . g
gtandard partial regression coefficients

80 0.55 0.404

Ratio. wool/lamb value
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|
- I
0.14 _ :
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|
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0002 —
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!
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Estimate 1972/73 Av. £/71 .
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#ige 4 shows the stendard partial regression

cocfficients from the four multiple regression analyses

nlotted on a graph, These are spaced apart on the horizontal
exls in accordence with the value of the ratio vw001/lemb 4
from ecch multinle regresseion analysise A wide range of

contributory wool end lemb values are represented from which
cen be deduced the relastive importance of the hogget traitse

(1)

(2)

(3)

From observation of Fig.- 44 indications are that :-
When wool velues are low in comparison to lamb values,
hogget body weight is of slightly greater importance
then the hogget fleece weight.

With increasing importance of wool valueé in relation
to lcmb value, Tfleece weight becomes markedly
greater in importence thaen body weight.

ALt low wool velues reletive to lamb values, the
standerd partiel regression coefficients for the
hogget wool traits, staple length, quality

number and fibre dismeter are all positive end
comvnared to fleece weight are relatively importaente.
But with increasing wool/lamb value they have
decreasing relstive importence when compared with
fleece weight. The standard pertial regression
coefficients actually become negative for fibre
diemeter and staple lengthe. Fleece weight which
always has the highest ranking, becomes the dominant
trait in importance. This result is in agreement
with Dunlop and Young (1960) who enalysed the control
of price for wool by the wool variesbles, fibre
dicmeter, crimps vper inch, staple length, aquality
number, cheracter, colour, soundness and handle, They
reported that in a highly competitive season when
wool prices are high, there was a much less reference
than usual to the normal standards of wool quelity.
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(4) 1In 211 cases, the standard pertiazl regression
cocfiicients for hogret wool character has a
negative velue.

The resulting stendcrd martial resression coefficients
from the multinle lincer regression carried out on a within
yerr-besig, were very similar to the previous coefficients
with one excentione. With cheracter, the negative steandard
nertiel regression coefficient of -0.08 was decreased in
velue to -0.003, indiceting it 1o be of negligible
imnortencec. The chenge in velue for this coefficient
may reflect veristion by awnnreisers from yeer to year
in their evzluetion of character.

The standard nsrtial regression coefficients from
the stepwise multinle regression enalysis were reletively
consistent with the results from the multiple linear
regression enalysese. This indicates that discussion
based on the multinle linecer regression enalysis will be
cccentable as accurate rankings of the hogget vaeriables
in importance.

\then fibre dismeter was substituted for quality
number as thce besis of wool valustion, increased
standard nartiel regression coefficients were observed
for staple length (the coefficients are now 2ll vositive
and of some importance). It also resultecd in decreasced
standard partial regression coelfficients for guality number
and fibre diameter.

For comperison the stendardised partial regression
coefficients resulting from both analyses are presented

in Teble 20 for the average and estimate values.
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It cen be concluded that when wool fineness is
velued using quality number, then fleece weight, hogget
body weight and staple length are important hogget
variables in determining lifetime economic ewe value
at the lower wool vzlues in relation to lamb values.
M higher wool values relative to lomb values, fleece
weight is the most influencing trait, Hogget body weight,
is ¢l1so important. Quelity number enters into considerction
with a relative importance similar to hogget body weight.
Staple length is no longer of relative importance.

All other hogget variables may be considered of negligible
importance.

If fibre diameter instead of quality number is the
basis of wool valuation, the variable staple length is
also important at the higher wool values relative to lamb
valuese Fibre dieameter is then significantly négative to
warrant its consideration as suche

TABLE 20
STANDARD PARTIAL REGRESSICN COEFFICIERNTS USING
AUALITY NUMBER AND I"IBRE DIALETER AS
THE BASIS OF 'VCCL VALUATION.

Average Values Estimated Values

Trait 0 S— A —— . | S cu—" NS

fu. No.| Fib.Diam. |Nu. No. Fib. Diam.
Body weicht 0.09 0.10 0.11 0.08
Fleece weight 0.1 0.09 0.22 L2
nuality Number 0.05 0.01 0.10 =5 o’
Staple length 0.04 0.06 -0.06 0.07
Fibre Diameter 0.02 -0.04L -0.04 -0.13
Character -0.08 -0.10 -0.01 0.00
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DISCUSSIOCN

In considering improvement within the Perendele
breed, the uccfulnccs of 1lhe present results depend
on the exicnt to vhich they ccn be epnlied. An aim
of this discuscion will bc to consider breeding molicy
in light of the results nresented.

setimetes cf genetic neremeters .apnly to s
norticulcr monuletion from vhich the dete wviere dravne.
In theory, these mey very from one noonuletion to
cnother beccuse of fectors which mey ceuse differences
in either the genetic or environmental variancese.
ftoplicetion of the results in this study to other flocks
of Perendelec sheep thus involves the essunption thet
the vlenotynic end genetic reletionships ere similer

to those found in the nresent flock.

The e2ccurecy or the estimated phenotypic and
genctic parameters can be considered
setisfectory with the excention of those involving
La/EL Beceuse of this)and the fact thet the results
generally cgrec with other extimetes, eprlied policy
besed on them mey be cccepted with confidence.

It must be reclised thet in addition to the
peramcters thet heve becn estimeted, vitel statistics
such as lembing vocrcentaege, death rates in =2all
clcsses of stock @and the annusl replecement rate of
the 2-yr-old ewee ere necded to compute exvected gains
end to comvere the efficiency of various selection plans
viithin a flock.

The sttribuites neccaecd for efficient sheep
production will vary in relctive importance according to
the ferming system. Desirable characteristics include:
fertility, wool production end the ability to survive
and reproduce with the minimum of shepherding.
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GConelic Selceition for Wool Troits.

The heritebility of fleece weight, stanle length
ond {ibre diemeter arc high end consenuently these traits
will resmond to seclectione. Because they cen be
obscrved in both scxes, improvement Tor each trait

Iud v

ually wonld mnct simply De achieved by mass
snloetion falloved Ty randem mating.

wueclity number end checracter heve a medium to
low heritevility. Resvonse to selection will conseguently
be slowver than with the nrevious traits. Selection
nrocedures will ncedto te more comnliceted then mess
selcetion bascd on nerformence records, if setisfectory
resvonse is desired. The low heritsbilities vnartly
reflect the inaccuraccy essociated with & visusl eppreisal
systemo Conse~uently, 1if it is thought desireble to
sclect for cither of these traits, +then some form of
femily sclection would 2id in e more accurate identificetion
ol enimels with suvcrior genotynes, This should be
folloved by reandom meting or some form of like to like
matinge

#lcece weightl selection is ccncidercd the most
satisfactory, mwnroven way of influencing the profitability
of wool production by sheep breeding (Wickhcm, 1973)
Information from this thesis and thet of other
literazture indicates thet

(1) Tleece weight is clearly of primery
economic importancee.

(2) It is a trait which is not difficult to
measure, requiring only simpnle scales and
some tempnorery method of identifying sheepe.

(3) Tleece weight is highly repeatable 2nd gains
in the current flock are possible from
selection / culling procedures based on
the hogget record. Information from the
correlation between hogget a2nd lifetime
ewe performance, support the latter part
of this statement.
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(4) “the results of, for cxemnle, Turner eizl.
(1968), Iiecyo etal. (1970) nd Pettie snd Terlow (1974)

outlined in the revicw of literature,have shovin

]

p)

worthwvhile selection resnonsce. The heritsbility estimete
indicates thei similer results are likely to occur.

(5) Sheep with high fleece weights also have a
high efficiency oI conversion of food 1o wool end it

hes been shovn thet seleciion for increesed wool weighw

oy

25 in fact lead to incressed efficiency (Dolling and
Lloore, 1960; Dolling =nd Piver 1S6&; Ahmed, Dun end
Winston, 1963; Williems and ‘/inston, 1265; Williems,
19663 Ssville =nd Roberds, 1972).

This informetion indicctes thet selection should
. . improvement, )
be directed for fleece weightaA Correlated cheanges in
other wool traits #nd the meens of improving fleece
weight selecction Yy indirect selection cnd / or sclection

on one of its comnonents needs to be considerede.

the genetic correletions among the wool ireits
estimeited in this thesis, indicate thet with imnprovement
in fleecc welght associzted changes will be increases in
fibrc diemeter, stenle length and cheracter, with e
decrease in guality numbeér.

Lusirelien work hrs indicated that with IMerinos,
the genetic correlstion between fleece weight end fibre
diemeter is lowe. Also thelr work has indicated
indevendent inheritence of fibre dismeter and staple
length. This is not the case with these Perendale
estimctes. They indicete antegonicms between fleece
weight end wool fineness,which with fleece weight
improvement may bring about correleted chenges detrimental
to Perendele wool s & product. The phenotypic correlation
(0.50) betwcen flecce weight end fibre dicmeter is also
similer to the genetic correlstion (0.43).
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The extent to which this antogonism will interfere
with imnrovement, denends on the heritebilities, genetic
ond phenotypic correlsations, end the reletive economic
importonce of rel: ted traitse.

Considerantion needs to be given to the effects of

indirect selection.

The releotive efficiency of two methods of selection
in terms of gcnetlic gain cen be simnly compared by the
ratio (@) of the two geinse.: Therefore

Q = gein by indirect selection

-

goin by direct selection

A&J-l _ A, /‘)1 72‘,1&; 7'. _ 7 /71
- - 1 . - &
A&z /\.1 7; Y 8 /71
- 8 h§ ond h§ ere the heritabilities of the two traits;

-7~'1 is the genetic correletion between them;

7 is the stonderdized selection differenticlj;

G 1is the phenotypic standard deviection;
A).dg'l = predicted genetic gein in trait 2
under selection for trait 1 § end
C>G2 = predicted genetic gain in trait 2

under selection for trait 2.
Turner and Young (1969)

Estimotion of the relative efficiencies of indirect
selection as opnosed to direct selection,shows that with
the wool traits considered in this thesis, there is no
case vhere indirect selection will lead to a greater
response then will be achieved by direct selection. n

Cf interest though is that if staple lengbh is used
to indirectly select for fleece weight, relative efficiency
in terms of genetic gain is 0.94 (paternal half-sib estimates)
or 0.47 (dsughter - dem regression estimates). This hes
two practical implications for ram breeding flocks :-



105.

(2) where it is considered uneconomic to record
fleecce weight, the loss in efficiéncy in terms of genetic
gein will be between 6% and 53%, if a staple length record
is ugsed as 2 cubstitute.

(b) Improved ctaple length is a desirable
component contributing towsrd improved fleece weight.
Vihere rams are identicael in ranking, efler consideration
of &ny index including fleece weight, e measure of staple
length would be useful as a base for a final selection
criteri=. It would indicate the ram(s) with the longer
staple os opwnosed to a less important component moking
up fleece weighte.

A study of selection indices (Apvendix V) using the
genetic end phenotyvnic perameters estimated, along vith
essumed relstive economic velues, indicated that greater
genetic gein for fleece weight will be attained by
including fleece weight, staple lenglth and either
auelity number or fibre diameter, In a selection index,
then would be attained by direct seledtion for fleece
weight.

However, Dby using these selection indices, some
genctic chenge towerds coarser wool occurs. The index
study ( Appendix V {1) )indicztes that a "restricted index"
which includes fleece weight, staple length and fibre
dismeter (restricted variate) will:

(2) eattain slightly less genetic gain for fleece
weight compared to an "unrestricted index" containing
these traits;

(b) Dbe of equal efficiency as the "unrestricted
index"; and

(c) attein slightly more gentic .gain for fleece
weight than will direct selection for fleece weight .

A "restricted index" which includes fleece
weight, staple length and guality number (restricted
variate) will :-
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(2) attoin much less genetic gein for fleece
weight comnered to en "unrestricted index" containing
these treits; ,

(b) be much lower in efficiency than the
“unrestricted index"

(c¢) attrin less genetic gein for fleece

weight then direct selection for flecce weighte.

Genetic Sclcction -for Hogget Body Weight
Yleening Velght.

The heritebility estimates of hogget body weight
ere of medium value. This indicetes that reesonable
gains from selection can be expected if attention is
placed on it.

Weaning weight wes found to have a heritability
in the medium to low level. However, the results
indiceste thst a negative genetic correlstion between
direct &nd mctiernel effect on weaning weight mcy occur.
If this is the case, it would not be possible to state
in detail the consecuences of selection.

Indirect selection for weaning weight besed on
hogget body weight is exvected to cause a faster rate of
genetic chenge in weaning weight then would direct
selection ( Ch'eng =nd Rse, 1972; Young ct.als (1965).
This has been suggested because of the higher heritability
of hogget body weight compared to weaning weight combined
with the high estimetes of the genetic correlation between
the two traits.

However, the vpresent estimates of the genetic
correclction are lower than those reported by previous
euthorse. If the daughter - dam regression analysis
estimates (which contein some bias due to maternal
effects) is more correct, indirect selection will be
relatively more efficient than direct selection.
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If the poaternel hslf-sib estimetes is neer the true vealue,
the indircct meens is very much less effecient in terms
of genetic gein.

The genetic correlations between hogget body weight
tnd the veol traeits, fleece weight, stanle lengilh: znd
Tibre diemecter ore ol negligiole size. The estimotes
chovi thet there erc dificrences between mhenotypic end
gencetltic correlations for these escocietionse. Generelly,
the genetic correletions a2re lower then those previously
reported (see Table 7 and Teble €).

Direct seclection for hogget ooly weight is now
exnected to csuse imporient chnenges in wool productione.
- The reculvss indicete thet there vould be no envegonism
to improving fleece weight end hogget body weight
simulteneously .

Sclecticn Indcex

In shecp breeding, the problem is to decide which
combinetion of treits gives ihe grecstest improvement in
rrofitobility, while keeping the cost of cerrying out
the selectiion within certein economic limits. One cspect
of this i1s considerstion of the type of selection scheme
to cmploy.

It hss previously been mentioned thst genetic
varameters are rcquired to guide & breeder in the choice
of breeding methods. The relative efficiency of using
independent c¢ulling, tondem selegtionsgmportance hove
teen compercd by Young (1961). He concluded thet the
index wes superior to the otner methods, its superiority
increasing with the number of treits under selection.
The index wes never less efficient then independent
culling but in some cases it was no nore so. This
depended on the relstive importence of the tréits in the
index and the various associetions between the traits.

In preciice it is common to include only the most
important economic treits in the selection index.

¥ o7 a Se\emt{on u'nc‘Qx when %a(ﬁ. are cocre\aﬂol and of vam/fng
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T'ertility ond fleece wcight must be among them. However,
in some instences il may be worth ihcluding e treit of
negligeble economic velue that is correlated to important
cherocteristies. (Gjedrem 1967 a4 1967b.)

Selection indices usuelly do not incluie. other viool
treiteo encrt from flecce vieighte This hes nertly, arisen
becouse of the cost of meesuring these additionel traits on
lezrge numbers of enimelsgs. Also 1t hes Dbeen due in pert
to & leck of boih relctive economic weights to apply, end
good estimetes of genetic correlstions between the traitse.
Using the genctic pesrameters calculated in this study and
some essumptions on fertility peremeters, besed on results
from other brecds, mnossible selection indices have been
celculeted (Anpendix Ve(2)). By including hogget body weight,
the cfiiciency of 2 selection index comprising number of

lembs weened end fleece weight, was . 1increased by
neerly 115% when:= the assumed genetic correlation between
hogget body weight end number of lembs used wes O.4y5y the
¢ssumed relative economic values of hogget body weight wes

o

.03y &nd reletive economic values weighted according to
lemb values being high relstive to wool valuese. ¥ith
these values, 1little would be geined by the addition of
stevle length, quality number or fibre diameter to the
indexe.

However, when:-the {enetic correlation between
hogget body weight end number of lambs weaned wss
reduced to 0.23 the rclative economic value for hogget
body weight given 2 negative value of = 2.0 cents; the
relative economic velues vieighted so thet lemb values
were lescened reletive to wool velue; plus the fleece
weight components sieple length end fibre diemeter given
more imnortencej;.. then the efficiency of a selection
index comprising number of lembs weaned end fleece
weight would be 1little increased on adding hogget
body weight, end staple lengthe. However, the study
indiceted that the addition of fibre diesmeter would improve
the index, esvpecielly if it were constructed with a restric-

tion so that no genetic chasnge would occur for fibre



10Y.

diometer.

I"inol conclusions as to whet selection index will
be the moot efficient, eaweits eccurate estimetion of the
genetic corrclotions betvween fertility and hogget body
veigcht, m~nd fertility end the wool traits, along with
the clrrification of the correct relative economic values

1o be ucede.

Imnrovement of Rem Erecding Flockse.

WWhere the eim 1s to immrove future generations of
sheen, the most desirsoble method of selection for 18 —month-
0ld rsms end ewes, will include ‘conmsideration of 2 selection
index involving numver of lambs weaned besed on the dams
record, the hoggrets own fleece weight record end
nosecible hogret body weight after correcting for reering
renk and reering by & tw-year-old dem. The index will
give & ranking besed on these traits with the object of
providing informetion on which to base selection.

Pinal selection mey be influenced by other wool
treits such as fibre fineness, colour, stenle length
and hendle, end e2lso criteria involved in current flock
improvenment (esneecislly those sssociated with fertility

e.g. nogget oestrus ectivity).

FPleece weight has & relative economic value which
is much greater thoen ceither fibre diameter or quality
number . In orectice the ebove policy msy imply that
some smell decrease in fibre fineness may be justifieble
in order to gain greater efficiency in selection for the
more remunerative traits.

It may be desireble to use an independent culling
3 0 d . n g 3 . e
level to meintain fibre flnggss and so limit increases in

fibrec diameter or decreases in quality number. - Because

of its simplicity and relatively low cost, an independent .

culling level for fibre fincness based on quality number
appraisal is likely to be used for the selection of females,
and in the less importent studs, the rams as well.
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The accurecy of cuclity number evnnraisel as an
indicrtor of fibre fineness i3-questionable. Agar and
- Themnson (1974) rcported that with sale lots of halfbred,
merino end crossbred wools, cu2lity number classing
within clins clecrly showed that e registered classer
wege 2ble to divide 2 single farmer's clip into lots

vith en average differnce in mean fibre diemeter of 1.3

=3

il (1

o

VIR

0

(]
(O
o .

l'ean fitre cdiameter cf the wool ranzed frono .

AN d.
v %

s

T Crens . Tnis indicates that reascrizable accuracy

B .

coild be attained in ceping fibre fineness from changing.

This thesis nresents information though, which
suggests thet 1f fibre fineness is an objective of
selection, then for eccurate evaluation, meesured
fibre fincenesc is essentiel. Also, if selection for
fibre diemeter is done.indirectly by selecting on
quélity number verformence, the relative efficiency
in terms of genetic gein is cnly 22 to 32%. Further,
the inclusion of fibre diemeter in a selection index
will improve the efficiency of an index to a greater
extent then will quality number. Also, the cost
in terms of total genetic gain of providing a restriction
to chenge in wool fineness is much less when fibre
dimmeter is the treit under attention.

Consequently, 1in rem breeding flocks, particularly
nucleus flocks essociated with lerge scale breeding
progremmes (Hight and Rac, 1970) messured fibre
diemeter performence of ram hoggets should be used
as supnorting information on which to base selection.

Zurrent lcek Improvement

Among the traits studied, fleece weight snd hogget
vocdy weight are the two of most importance on which culling
should be directed where the aim is for imovrovement in
lifetime ewe performance. The difference in the

relative importance of these traits will depend on the
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ratio of wool to lamb values attained from a particular
Tlock.

The two most important ewe traits (number of lambs
weanced and flecce weipht) appear in Table 21 to show the
relative importance of the relationship of the hogget traits
to the lifetime cwe performance for these two traits.

TAPLE 21

CCREELATICK COEFRICIBNTS ICR HCZGET TRAITS

ce=mTT PR bnlinh B ianiiRnitien) — ST D -
.'A'J_TA L..L.l;:z‘l. FOPSREBURE N ].J.{FURL.AI.CL.

Nogeet Lifetime Ikwe Performance
trait No. lambs weaned "lecce wt.
Body wti. 0.07 .12
Pl. wt. -0.01 0.56
S"G. 16 0.03 0.23
Qu. ‘TO. -0001 -O.1LI-
= Di. . 0.0L ©i 4
Char. - 0.02 0.15
Important points are :-
(1) the correlation coefficient between hogget fleece

weight and lifetime ewc Tleece weight (0.56) when compared
to the range of repeatability estimates (0.5 to 0.8) is at
the low end of the rangc;

(2) only a low correlation exists between hogget body
weight and lifetime ewe performance for number of lambs
weaned;

(3) the results indicate that where an attempt is made
to imnrove the lifetime ewe performance for number of lambs
wvweaned by basing culling on any of the hegget traits
included in the study, negligible improvement can be
cxpected; and

(L) culling hoggets on fleece weight is expected to
result in an improvement of lifetime ewe performance for
fleece weight and 4 negligible change in number of lambs
weaned.
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country sheep nroduciicon not present in

- ey ) P S ~ o 2
producing on bhetter c¢lass land

s £ 2 3% b T = 3

in this thegis,; rolationships were not roeorded
i S —— ~ . & 5+ 5 it o & em Y = o & i o4 ~1r
hgtyecn hopoet traits niid successive ages of ewes.

o]

Nowever, it can he expected that they decrease with age
(Purscr and Roberts,1959). Classical mcthods of
cstimating repeatability by intra-class correlation
assume linearity. Though subisequent performance is
positively related to early performance the relationship
nay rnot be linear and so repeatability estimates will
only be aprroximate.

Carryover effTects from a previous seasons

production may effect a current seascns producticn.

Shelten and lenzies (1970) rerori on results

from eves in e ooy srvirennmessii. THEY sagsested thav
arpaversly Lme nrdesen F suepessii] wepr glugler,sueln

s paising exne o0 more ofTsnring;cean heave an adverse
glfocet on the dax resulting in 2 lowering of repeaitaniiity,
espacially in the cass whers scme element of nuitriticnal
strese 1is involvad.

need in hill country flocks to offset the effect of the
previous years lambing on the more fertile ewes by
substantially increasing thelr weight Trom weaning lambs
until the next mating.

Coop and YWayvman (49G62) considered it would be

mnusual. 1T complex relaticnships ¢id not exist between
size of animal and production such as fertility, milk and
wool production.

S

Further, the known limits tc achicvemant of
rotential under hill country conditions are lsrgely
nutritional and are inherent in the low guality and
ciclical nature of utilizable food supply. Annual inter-
actions apnly not only within the annual animal cycle but
also over an animzl's lifetime (Gunn, 1975).
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cvled@e of gunebtical, nkysioleziecal ard envirenmexntal
Tactors influencing nrcduction and conseguently management

Taetows influcrcimng lifevime preduevion.
The low correlstion between hogget hody weight and
he [t 7

~ “r . AP - ' 3 - =)
dime ewe penformance Tor munber of lambs wWeaned,
’],“

e PN o} " 5] 0 Ol L . :
uestions the weing of hozget hody welight as a criteria
g 3 m o 3 6 e 4..9 I T, 1 S0 s 2 o~
FMorl cRRiNing . The recression swudy shicws that if culling

0
low livewveiznt animals results in an inerease (lTA”UeﬂFe
+

of change in other traits) to the mean cwve horngzet hody
welzhts hy one Iz, only about an additicrnal 1C to 28

cents/ewe is gained over her lifctime.

This is iz agreement with Purser =2nrnd Rote
who considered culling on the basic o
months of age in a EScottish Blacitlace Tlociz.
that ineresszsing cullinzg level T
ile mean Rogred boad¥ Welshe By 4 lo,but The nett elfe
flocik vroduc s
the nractice was only Justified from accumulated gene

gains over several generaticns.

Several hozzet wintering studies have shown that

rzsidual greater livewelght and therefore bhody concition
at 18 months in bhetier wintered@ grcups resultecé in a higher
incldence of multinple births in the Tirst nroductive year

But over five years,as a whole,there was virtually :
difference {(Gunn, 1958; DTradford et.al. 1961; Purser
and Roberts, 1961). Gunn(196€8) concluded that feeding

shecp at a high level during their first winter to face
hard hill country concitions, was cguite unnrofitablc in
terms of thelr subseqguent performance as breeding ewes.

ILverything vointed to the lcw level of nutrition in spring,

joT]

sunmer end autumn as being the sreatest drawback to

improved rperformance.
Ch'arg and Raec (1272) using Romney data locked at
the phenotypic relationshins hetween, weaning weight,
March liveweight, June liveweight, hogget liveweight



(14 months), number of hogrret cestruses, the various
livewecirht gains between weaning and hoggzet measurement,

<4 N

and the ewes Tertility (number of lambs born) over three

lambings. The data had been adjusted for environmental
Aiff erenecs. ™c phenotynie correlation estimate at 0.23

Tor the hogret liveweisht showed that the absolute

Areciletive value of potential fertility of the ewe was

low at this age. 11 correlaticns between liveweight
chiaracters and measurements off Tertility used, exhibited

an ace ren Trhe valu tended to rise with increasing
ame of the individual Trom weaning to the hogget liveweight.

The abvove inTvormetion leads to the supzestion,
that with this Perencale data,there may exist considerabdle
growth Jdifferemces between i: dlv1ouqlo from hogget weiching
until first mating. LAs 2 ccnsequence of thigc, combined
with thepescdhiiity ‘'of canrsever effects friom the previeus

gears producticn, rerneatavnility for the hogoet liveweight

fith later pre-mating liveweights may not be high. Also,
age corrgetiens, rearing rank and age of dam correction

factors have not been apnlied to the hogget records. It
secms reasonable to suggest that these factors have

ccntributed to the low correlation recorded between hogget

S}

body weight and number of lambs weaned by a ewe over her
lifetime.

Thus, in commercial flocks, which do not have a
sonhisticated recording scheme, at the hogget aze, culling
should bhe directed azainst low fleece weight animals only.
Cther literature suggest that one or more overt oestruses
a2t the hogget stage 1s associated with above-average life-
time lamb production (Hulet, Wiggans and Zreanbrack, 1969;
Cr'ang and Rae, 1G72). As this wculd only require
temporary individual identification (sirefsign crayon),
this is another hogget character that may be considered

in a culling programme at the hogget  age.
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{(Young ot n1., 3; Shelton .ané Menzies, 19G8; Ch'ang
and Rae, 1972) and number of rczset ocesiruses (Ch'ang and
Rae, 1972). Corseége=rntly, when il ecmes %0 seligeilon
decisions at the hossiet sze & combination of records of
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ca® e Expeated Bo procuceé dvwrcves Lertility

The small offTecets at normal culli
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rnic liveweizht performance éccs not necessarily
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nradict the gengiic 2ffects Lrom this type of culling
(Bight and Jury, 41973). Toey sugEesiy tkat bt el culling
rates the selection of the heaviegst young ewes could

aigisisit il itkel Fermatie? oF a Blleckl wviith fa hilss Incidenee

of muiltiple births fTor reccrding in large-scale breeding

Pinally, the accerntabllity of any nlan for increased
fertility will narily dcpend on the extent to wiiich maternal
handicap reduces the productive guality of sheep born in
multiple births. The relative nroduction and economic

values of single and multiple bvorn animals havc been

ing Turner (1961), Dun

907), Purser (1960) and
co

onclusion is that

scussed by various authores inclu
and Grewal (1963)
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twins are bpetter pr

Appendix TV indicates support for this conclusion.
e in lifetime wool weight is negligible while
2d 37 more lambs over their lifetime. Conse-
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¥ that weuld prejudice the retention of twins.
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APPENDTICES

APFENDIX I: COMTUTATION OF R(4,a: /’chmo(ﬂ Rx,a; Cx. Jﬂ
clwai d; code) & c(m,as Cide)

Using the model outlined in the thesis, a computer
programme was written which carried out the computations
as follows. As the data were read in, the matrices for the
least-squares equations were accumulated.
two components.

These comprised

(1) the 'variance-covariance matrix' of coefficients.
This was obtained by counting the number of times
cach parameter occurs in the subclass totals for
cach subclass in the model.

(2) the 'right hand members' (RHM) column vectors, one
for each trait. The value in this RFM is the sum

value for each trait over all the data belonging to
the subclass.

Only those hogget records were used when observations
Tor all 7 traits in the study were present. Consequently,
the variance-covariance matrix was the same, and was used, for

both variance and covariance ccmponent analysis.

Computation of f?(ﬂj a5 247 5 Ty ,o(,(l)

The following steps were followed.

(a) Absorption.

Because the number of &; (15) and /ij (115) subclasses
were large, an indirect approach had to be used to solve the
lecast—-quares equations; the key feature of which, when
applied to the model under consideration is the sweeping
out or absorption of the equations for the 4 + G *'/OV
The working model was partitioned as

Y = X B + ZF + e

Constants to be fitted were arbitrarily divided into two
sets. The B, set included only those constants that
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could be conveniently absorbed, and the/gz set of constants
included all constants to be Titted.other than those
absorbed. The least-squares equations for this model can
be represented in matrix notation as

where for the present example -

D is a diagonal matrix whose diagonal elements
comprised the number of records for each sire-within-
vear subclass and was of the order t x t (i.e. 115 x 115);

/N
N is a matrix of coefficients for Cx & deg in the
MU+ a + b equations of the order t x (r +§) 1i.e.
115 x (4 + 2);
/
K 1is the transpose of N

Y, is the matrix of RHM's for the M + A 1.4

equations of the order t (i.e. 115 x 1 vectors)s and

ﬁ,ls thc matrix of RHM's for the other equations
i, et Ck and CQ subclass value totals, of the order r +
(i.e. 6 x 1 vectors).

The absorption process follows from the following
matrix operations.

(i) Calculation of '"new coefficients" - a- 6 x 6

matrix S _ N’ D_, N

(ii) Calculations of "new RHM" a set of 6 x 1
¥ i
2-NDY

(b) Imposing Restrictions.

vectors.

o

Before a unique solution of the equations can be
obtained, it is necessary to impose certaln restrlctlons.
The restrictions imposed were that ;C Zc{l = O where
the A denotes "the estimate of". For this restriction
to be imposed, the coefficient of one equation in the
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C, and one cquation in the d& had to be subtracted f{rom
other coefficicnts by columns and rows of the variance:
covariance matrix. The last coefficients, é; and d. were
subtractcd by column and row, only within the C, and CX@
coclfficients, resocecctively. The last member for Ck and

A ¢ classes for the RI'M's was then cubtracted from the other

C, and cfe members, respectively.

(¢) HZstimation of Constants.

The method of solving the simultaneous egquations was
as follows. The estimates of constants included in the

sct were obtained from

oy

B. - s —N'D”/\/] {YJ—N'D"“/,}

[4)‘.1_,] [4x ] [+ x1]
-~ 2\
Recause ECk = 2ds = O 5 the remaining constants were
i< 2
computed from ~

:—(6'*62*’63\)

A~ N
Ualc! 0. = - o
Zostimates of the constants inecluded in the ii set

vvere then computed from
A -—[ ~
Bi = D ( - N Bz 3
[I)SXl] S:HS X\]

Te B consists of least-squares subclass means. In
order to obtain separation cf the constants, the restriction
£ay = & A; = O was imposed, and the averages of the

Ko+ A4 +,&J were computed

A~ ~ //A{ T+ (i\i 1t 4/:
Tron //( i a\. = Z ( ] )
J 7
N p ( y + 5; - /OA
2 = 2 | i J )
3 J - .
Then éi’
42: = /2 + 3; + /éb — LI + Qs
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(a) Calculation of Reduction in Sums of Sguares.

The R (K4, & , Jij , Ce , de ) was calculated by
the summation of the constant estimates multiplied by the
original REM values.

RHEM |

Y,
AA A A A ~ A ”~ A = #a, A'., ?
G b, B diy e dgd | |y R(#.9,44,G,,de

~y :

e B2 o< Y - R(M,a;,/d,-d-,c“dz\

Sompmatation of Bls, 0, Co 2

™ +

e steps of agbhsorption, restriction and estimation

9]
5

sed again, similar to that used in the
ion of R ( “oy Ay Ay , Cp )(14‘) except that now

[

constanis werce
i

e mocdel had teen reduced by the exclusion of the sire-
within-year effects. Conseguently, after carrying out
these steps, .the finagl matrix multiplication gives

= < Moy Gy Gy, da ) - the reduction in sums of
sguares- ARG %%

r4a
A ~ A (

”<””C‘" dl""(/(/b X \ = R (M)a;)cl‘)OIﬂ)
| i

Comrutation of C(M,a£vﬂu‘,Q(,de‘\ and C(x&,a(,ag,dl;L

U Gi.... Gy

)

These were computed by ithe transmnosed vector of constant
gstimates for one trait being multiplied by the RHM vector

another trait with each model, respectively.
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ATFENDIX II: CALCULATION QOQF THE COEFFICIENT, K.

The indirect method was used in computing K for the
sire-within-year component.

Koo e £ 2 R"N;

Degrees of Freedom S
where,

Neeo.o.is the total number of records used d

Degrees of Freedom S is equal to t - p = 115 = 15 = 100.

2’% R J'\/SJ is computed from the sum of the diagonals
in the matrix resulting from the multiplication N/Rf'A/
where,

N is the segment of the original complete set of
least-squares equations which contained the coefficients
associating the effects under consideration with all others

in the model; and

R l is the inverse of the variance-covariance matric
where all cffects cxcept the set for which the variance
component coefficient is to be computed (i.e. the Ay % )
arc cxcluded from the model. i.e. the inversed variance-
covariance matrix derived in the process of computation of

R(u,as , ¢, de ). If the matrix inverse of the
variance-covariance matrix under the reduced model is
partitioned as follows -

D N =1 A &
AR

then C is the inversed restricted matrix after the absgrption
process for the reduced model. This matrix had to be
first built up from a L4 x 4 to a 6 x 6 by setting
i;ck - {;eié o ) (the original restriction imposed).
Then P
G =-D0D N C and
A

_ o i3 NG ) where I is an identity matrix.
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CODED_WCOL_QUALITY NUMBERS
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The coded wool quality numbers and their corresponding
quality number as well as the average micron value and
range,that were used throughout the analysis of the data,

appear in the following Table.

TABLE III (1)
CODED WOOL QUALITY -NUMBERS

AND

ILICRON VALUES

Code Quality Number Fibre Diameter (microns)
Average Range
L LiL's 38.3 37.8 - 38.8
L5 LL4/L6's 37.2 36.7 - 37.7
L6 LE's 36.2 35.8 - 36.6
L7 L6/L48"s 35.5 Bl = 355
L8 L8's It 34.0 - 34.8
L9 L3/50's 3245 33.1 - 33.9
50 50's 32.6 32.3 = 35.0
N 50/52's 51 = N3 - 321
B2 52YS 30.8 30.5 = 31.2
53 52/54's 30.1 29.8 - 30.4
54 54's 29.4 A 29.1 - 29.7
85 5L/56's 28.7 28.4 - 29.0
56 56's 28.0 27.7 — 28.3
57 56/58"'s 27.3 27.0 - 27.6,
58 58's

26 .6 26.3 - 26.9
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APPENDIX TV: FPRRFOPMANCE OF T.WINS v SINGLES

Data from the correclation study involving the
relationship between hogget and lifetime ewe performance
does allow some points to be noted on the comparison of
twins and singles. '

Mean values of hogcet and lifetime ewe records for
singles and twins are presented in Table IV (1).

TARLE TV (1)
MEAN VALUES FOR RECORDS FROM TUINS AND SINGLES

Mean Values

Trait
Singles ¥ S.E. Twins ¥ s.E. Differences
Hogpet traits
Body Wt. (kg) 37.89 0.62 36.20 0.80 1.59
Fl. wt. (kg) 2.53 0.05 2.38 0.07 0.15
Qu. No. 52,94, 0.12 52.91 0.15 0.03
F.D. 30.75 0.13  30.28 0.16 0.47
St. L. 11 .81 0.10 12.03 0.13 0.22
Char. 5.52 0.08 5.16  0.11 0.36
Ewe traits
Fl. wt. (kg) 3.56 3.47 0.09
Gu. No. 50. S0 50.86 0.04
F.D. 34.93 3L .96 0.03
St. L. - 13.96 14,10 0.14
Char. 5.52 L .88 0.6L
No. lambs 2

weaned 1.10 1.3 0.03

For the hogget traits, it can be seen that rearing
ranX differences occur. Twins are lighter in both body
weight and fleece weight. Also they have finer wool,
longer staple length and a lower wool character grade.
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These rearing rank differences are in agreement to the
earlier reported rearing rank effects calculated in
estimates of environmental effects (Table 11).

A small difference is evident in the mean lifetime

cwe performance values Cor flecce weight, staple length
and character. Standard deviations were not available
for the lifetime ewe performance. Consequently standard
errors could not be computed. It is expected that only
character would be significantly different.

Dun and Grewal (1963) wrote that generally twin-born
ewes show a reduced productivity at maturity of the order
of two to eight percent of clean fleece weight, principally
due to a reduction in the total number of wool fibres
possessed by the animal. They point out that the magnitude
of this production deficit is largely governed by season
and environment to the extent that these affect the
pre-natal and post-natal nutrition of the lamb.
Consequently, the twin and single born mean lifetime ewe
fleece weights for each year-of-birth group are presented
i Fig. TF {43 .

Fig. IV (1)

Life-time Twe Fleece Weight.

P2
6/’Sing1es

34

Twins

N2 %Es

1957 '59 '61 '63 '65 '67

Birth year
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It can be seen from I

g. IV (1) that values are very
61 and 196L. The similarity
in production over most years would support Turner's

similar except for 1259, 19

nostulation that if thc young cwe were well grown the
effect of maternal handicap might be eliminated, (Turner,
1961) . Evidence of compensatory growth in fibre volume
has been obhserved in several ezperiments wheredensity has
heen reduced by nutritioral stress (Henderson, ROSIA.
Short, 1955). .

ITo information on components of fleece weight is
available from the data to explain the differences. When
CGiscussing Tlezce vweignt recovery from handican situations,
Dun and Crewal (19€3%) suprose discrepancy between results
from Tield and laboratory cen be explained on the basis of
QifTerential altcration of density and surface areca. This
situatior may cxist here to explain the rearing rank
differcnces in 1C61 and 196L. ool production has
been reduced permanently by a nutritionally induced
reduction in fcllicle density (Schinckel ané Short, 1961).
Turner's (1961) results suggest that reduced density could
become increasingly impoertant in less favoured sheep
country wherc larger prcoductive difference between twins
and singles can be expected.

Eowever the results of Sumner and Wickham (1970) led
them to conclude that a situation in which permanent
changes in the Tollicle population could te induced, would
be extremely rarc for Romney sheep under New Zealand
grazing concitions.

it may e supposeé that the ewes born as twins in

—w

QR4
- |

;M

and 496l either did not show sufficient compensatory
arowth in fibre volume to compensate Tor any permanent
reduction in follicle density or that in these years they
did not recover from their rearing rank handicap of reduced
wool producing surface area.

l'ean lifetime values (Table IV (1))show that twin ewes

weaneé 35 more lambs over their lifetime. The differences

between singles and twins for ewes from each year of birth
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anpear in Fig. TV (2). In mos% years differences were
negligible. It may be seen that in some year-of-birth
groupings, singles weancd slightly more lambs over their
lifctime than did twins. In only four cases (1958, 1959
1961 and 1965 birth years) did twins wean more lambs than

singles. The largest difference (12%4), an advantage for
the twins, occurred in 1961.

Fig. V .(2)
Life-time Ewe Lambing Performance
(Lambs weaned)

Singles
1.3
Twins
1.2
1.1
1.0
OfSe)

1957  '59 '61 63 '65  '67
Birth year A
It must be appreciated that the statistical .
significance of the results shown in Fig. IV (1) and

Fig., IV (2) could not be calculated from the information
computed. ’
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Some diflfercnces were also evident in the correlation
coefficients for the relationships between hogget and

lifetime ewe verformance.

Hogget trait

Body weight

Tleece weight

Fody weicht

[

I3 3 %Y
welght

"leece

3

Pipre diameter
At

()

13

Body wei

leece weight

Twe trait

Mo.

veanec

lambs
Fo. lamb
weaned

Tlecece weizht
Fleece weight
leece welgnt
Tibre diameter

Fibre diameter

Some of

interest are :

Correlation Ceoefficients

Cverall Singles T™wins
0.07 0,06 0.11%
_0001 OQOL;. -O-oa
On12 0016 —0.06
0.56 0.62 .41
0.11 0.15 =0.02
0.02 0.76 -0.16
0.25 0.37 -0.03
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APPENDIY V: ERLECTION TWUDEY STUDY

(1) A sctudy of genetic nrogress from a selection index

involving fleece weircht, staple length snd quality

number with one involving flcece weisht, stanle length

and filkre diameter and their ccmparison with direct

oain Trom macs selection for flecce weisht onlyve.

In censideration of rrogrammes designed for sheep
improvecment, Tlecece weight is one trait to which attention
is uvsually directced. With Perendales, it is regarded that

an increasec in Tlecce weirht while maintaining or improving

wcol fimenesics e desirapld. The genetic paranciers that
have been calculatcecd suggest that with fleccce wcight
inpgrovement, ccntinucé corrcleted changes in gquality mumber
and fibre diameter may be detrimental to the whole product.

In this study, interest lies in the relative efficiency
of selection for fleece weight using an index with either,
(1) fleece weight, staple length and quality number or
(2) fleece weight, staple length and fibre diameter in it,
with and without restrictions™ on guality number and fibre
diameter for (1) and (2) respectively, compared to mass
selection for fleece weight.

The following two indices with thc parameters as listed
below, were computed using a compuver programme following
Cunningham (1962).

* SNERILEE t‘ﬂn index may e resiricted by reguiring that
the genelic changes it rroduc in one or mere traits
egqual zero or some predevernined valuc, or are of
speeified sign \uunn1ﬂ"ham, Moen and Gjedrenm, 1970).
Il elhkhs sclbct on index situdy, an "index with restriction"
%ill he one vhere 1C07 “euurLotlon orn the trait concerned
has tecen applied. It implies zero change (i.e. no
genetic gain) in the trait on which the restriction
has been placed.
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Selection Index one

Fleece weight, staple length, quality number.

A Phen. 2 Correlations
Trait etV S.D. o Phenotypic Genetic
1. Fleece wt 100.0 0.89 0.32 (1M)x(2) 0.44 0.76
(kg)
2. Staple 1e88TR 3.0 4.5t 0.49 (1)x(3)-0.16  -0.48

Selection Index two

Fleece weight, staple,length, fibre diameter.

Prait R.E.V. gh%?° ne Correlations
Phenotypic Genetic

1. Fleece wt 100.0 0.89 0.32 (M)x(2) 0.44 0.76
(kg)

2. Staple length 5.0 1.54 0.49 (Mx(3) 0.50 0.43
(cm)

3. Fibre diameter
(u) -10.0 2.30 0.54 (2)x(3) 0.34 0.53%

This was followed by the construction of restricted indices
which kept respectively, quality number or fibre diameter
unchanged for selection index one and two.

The results are shown in Table V(1).
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TABLE V (1).

Results for the four selection indices under study.

Unrestricted Index Restricted Index
Variate
ye; Value of % of B Value of 75 of
Value Variate Gain Value Variate Gain
Selection index one:
Fl‘ Wt. 23.3 17-7 9907 18001 22.78 95.0’4
St. Lt. M 7 10.6 %5 6.11 6.2 L .96
N, No. 0.3 0.0 6.2 55 L3.06 0.00
Dumny :
Nu. No. -40.8 2,03
Selection index two:
Fl. Wt. 28.7 25 a9 95.5 30.10 59.54 %155
Sitl. Wit 11.4 12.5 9.5 10.67 11.78 8.6
FoDo -5.7 6.3 —500 -7.’46 63.’47 0.00
Dummy :
*.D. 3.04 -0.76
where:

A value is the weighting factor for the index.

Value of variste is the contribution which each variate
makes to genetic gain, or percent reduction of overall genetic
gain if that variate is omitted.

i)
% _of gain is the percentage of total economic gain
accounted for by the gain in each trait.

Dummy: 1indicates the trait on which the restriction
has been placed. To impose the restriction that the index
shall produce no change in Y; (the additive genotype of
the trait concerned) the index equations are solved subject to
Cov (Y{, I) = O
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Part of the procedure to augment the basic unrestricted
equations is to add a dummy variable to the index
(Cunningham et.al. (1970).

The results indicate that flecece weight has consider-
nble preater rclative importance in terms of the percentage
of total economic gain and for the value that each variate
makes to genetic gain.

Staple length makes a valuable contribution to genetiec
gain, though the total economic gain that it acecounts for
is small.

It is of interest that with selection index one

(unrestricted) the value of the variate quality number was
O15(0 1 |8 This indicates that it makes a negligible

contribution towards genetic gain for the aggregate genotype.

In both cases a negative value of variate exists for
the Dummy variate. This indicates the percentage increase
in genetic gain in aggregatc genotype if that particular
restriction is 1lifted. In effect it indicatcs the genetic
cost of the restriction. Consequently, by removing the
restriction on cquality number in the index containing fleece
weight, staple length and quality number, the expected
genetic gain will increase by about L273. In contrast, the
effect of removing the restriction on fibre diameter, or
conversely, the genetic cost of including the restriction,
is negligible.

For selection index one, the correlation of the index
(I) with the aggregate genotype (H) i.e. 7y , was cqual to
0.65 (unrestricted index) and 0.45 (restricted index).

For selection index two, ’C;f was equal to 0.65 for both

the unrestricted and restricted index. 5 &
The efficiency of indices is represented by 7;1 Ty
0.65° = 0.42 and ‘0.452 = 0.20 |

Therefore, the selection index which includes fleece weight,
staple length, with a restriction on quality number is 1less
efficient than the other three indices.
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The genetic gain (AG) from mass selection for fleece
weipght, is represented by

AG = ¢ néi

where:

0 = phenotypic variance = 0.89

h2 = heritability of fleece weight = 0,32

i = standardized selection differential = 1.0
Therefore

NG = 0.28

The genetic gain for fleece weight (traiti) in an index
is reprcsented by

ZBHRI O;

D H =
where:
lgmx = regression of fleece weight on index
0r = standard deviation of index

Values for A H; are :-
Selection index one Unrestricted index Restricted index

4= s 0.33 Q.2 .

Selection index two

These results indicatc that the genetic gain/year
for fleece weight will be increased, when compared with
mass selection, by including staple length and either
quality number (wWithout restriction) or fibre diameter 4
(with or without restriction) in an index with fleece
weight.

(2) A study comparing a selection index with its series
of reduced indexes.

It is desirable to know the relativc contribution of
each trait to genetic progress for the defined aggregate
genotype. The cost of including that trait can then be
measured against its effectiveness in the index.
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The relative economic values of traits give some
indication of the relative imnortance of including a
traiv in o selection nrogramme. However, the combined
ctfect of genetic and phenotypic parameters is
rclatively comwnlicated. It is only by constructing a
selcction index that the relative efficiency of either
including or excluding a trait (s) can be determined.

_1: At first a sclection indcg was constructed including
91ll available traits. Then the extent to which the
unimnortant traits gave additional information ol the
genetic variance of the more important traits was
investigated.

The traits included were number of lambs weancd,
flcecec welght, rogget body weight, stapvle length, gquality
rumber and Tibre diameter. Parameters used were thosec
egstimated in thec thesis plus some assumed values as shown
in Tablec V (2).

TABLE V (2)

Parameters used in construction of the main index.
(study 2 1)

. - 2 Then. Co lations
Trait R.Z.V. h X ola

SEDE Phenotypic Genetic

-

. No. lanmbs +
¥  800.0 0.12 0.60

weanea 4 x 2 0.0, 0.00"
2. FTleece wt. 100.0 0.32 0.89 4 x 3 0.08 o0.4ot
3. Booget body wt., 0.0 0.27 8.73 1 x4 0.00 0.00%
L. Staple length 3.0 0.49 1.34 1 x5 0.02 0.,00%
5. quality Yo. 5.0 0.26 1.95 1 x 6 0.02 0.00%
6. Fibre diameter -10.0 0.54 2.30 2 %x 3 0.39 =0.07
2 x L 0.4y 0.76
2 x 5 =0.16 =0.48
+ Assumed values. > % 6 0.50 0.L3
¥ The index was constructed 3L 0.3 =0.06
S e S Sas om0
three mating seasons of the S I
dam, with repeatability 0.3. Lt B SomlB: Eolon
= L x 6 0.34 0.53
5 x 6 =0.26 =0.46
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The results for the main index are shown in Table V(3).

TABLE V (3)

Results for the main index

V] : -
. Value of AHL [ % of
Y : /
SHREEe Value Variate Regression Gain
2. Pleces'Wt, 15.56 1.85 0.0018 18.35
3. Hogoet body wt. 3.03 10.2¢ 0.02L5 0.00
Ly« Staple length C.® 2.5G 0.GC039 1.17
Sl @ealdsty e -0.18 0.00 -0.000%4 -0.20
6. Tibre diameter -5.71 2.06 -0.0004 0.LL
S.D. of index * 54 .89
S.D. of azZregate gecriotype 172.50
This is the value in economic units of the genetic gain in
agrregate genoctyne achieved by one standard deviation of
selection on the irdex.

To get an indication of tre value of each trait, a
scries of recduced indices were produced, dropping out each
time the last trait listed in Table V(3). The efficiency

=)

of the reduced index relative to the original index is the
ratio of the standard deviations of the two indexes
(Cunningham, 1969).

The stsndard deviations and relative efficiencies were -

Trdex Traits 5.D. %%%%%%%ﬁcx
NMain index (1,2,2,,,5 and 6) 54.89 1009
Reduced index 1,2,3,4 and 5) iy g7.95%
" . (“,2,3 and L) 53.74L 97.97%
" " (1,2 and 3) 52,24 95.L;%
" T (1 and 2) L6.38 8L .57

These results show that although hogget body weight

has in this case no economic value, its inclusicn in an
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index coumprising number of lambs weaned and flecce weight
will incrcase the efficiency of the index by nearly 11%.
This is Pecause of the medium heritability of hogget body
wecisht, and the generally positive associations with
number of lambs weaned and fleecc weight. '

The addition of stanle length to an index comprising
nunber of lambs weaned, fleece weight and hogget body weight
further increases the efficiency of the index by about 37.
ith an index containing these four traits (number of lambs
weaned, fleece weight, hogget body weight and staple length)
the addition of quality numter does not increase the
efficiency, while the addition of Tibre diameter to this
index plus quality number, will cause a further 27 increase.

The cost of including a trait in the main index of this
study can be measured against its effectiveness in the index.
The relative cost of reccrding the traits must be in
proportion to the above percentages before it is worth
retaining the variactes in the index.

If the assumed rclative economic values and genetic
parameters are close to the actual values, then these
results indicate that the most favourable selection index
would include number of lambs weaned, fleece weight and hogget
bedy welght.

=], The investigaticn was then repeated with some changes.

The relative economic values were changed to give more
importance to the weol traits. The staple length and
Tibre diameter R.Z.V's were doubled; and the R.E.V. for
number of lambs weaned was reduced to 600. In addition
9 negative R.T.V. was placed on hogget body weight, and
the assumed genetic correlation between hogget body weight
and numbter ol lambs weancd was reduced to 0.2

The values used are shown in Table V(u)
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TABIF V ()
Tarameters uscd in construction of the main index

(study 2n)

- Then. Correlaticns
Taugidt R.E.V. - Slers) « . .
v ‘ L < Thenotypic Zenetic

1. TNa. lamhs ¥ + N
wiaaned €00.0 0.12 0.60 1 %z 2 0.04 0.00
2. Tlecee wt.  100.0 0.32 0.89 1 x 3 0.03 0.20"
3. Fog~etw DRody &+
wal , -2.0 0.727 S.73 1 iy [OpE 0.05
. Ctanle length £.0 C.49 1.5, 4 =5 0.02 o.00F
5. Fibre
diameter -20.0 0.5, 2.30 2 x 3 0.39 =0.07
2 x L. OJi4 C.76
4+ Assumed values. 2 x5 C.50 O.li3
¥ The index was constructed 3 x4 0.5 -0.06
undcr the assumpiion that MNo. 2 %25 045 =0.02
lambs weanecd is the mesn of Lx5 0.24 0.53
thres mating seasons of the
dam with repeatability 0.3
A similar study to that of 2(a) was carried out. This

was followed Dy constructing a restricted index, which
ineluded the same values as above with the restriction
vlaced so that no genetic change could be made for fibre
diameter.

The results for both selection indices are summarized
in Tadle V (5).




TARLE V (5)
Toesults Tor the main and restricted indices

(stuay 2ob)

Varintc TTmrestricted Tndex Rectricted Index

/A Value of Ayl lcf A Value of AwI ). cf
Value Variate =Zegr. GAin|) Value Variate Regr. Gain

0 A 66.77 24.07 C.0207 39.9| €£.82 25.04 90.0007 LO.77
PJK. 35.96 15,99  0.00L4 Ll.1 %%.50 14.89 0.0052 52.02
}?-B--T- _0052 Oo).] } -O¢OO56 1 '1 —O¢61 Oo62 -000069 1 c39

5 BTG 9.55 L4.30 0.0074 L4} 10.95 6.26 0.0027 5.82
= -14.5€ 13.73 =0.0052 10.5 -3.03 28.67 -0.0000 0.00
Dumny:

I ID) ~ -6.17 -1.65

The standard deviations and the relative efficiencies
of the main index and rcduced indices (unrestricted index
only) were :-

Index ekt S.D. Relative
efficiency
Main index (1,2,3,4 and 5) Ll .95 100.05%
Reduced index (1,2,3 and L) 38,78 86.3%
" " (4,2 and 3) 37.50 83.5%
i L (4 and 2) © 37.38 83.27%

The results show that with these assumed values, the
inclucsion of hogget body weight to an index comprising
number of lambs weaned and fleece weight has a negligible
effect on increasinz the efficiency of the index.

Also, the efficiency of an index containing the traits,
nurbher of lambs weaned, fleece weight, hogget body weight and
staple length, would be increased by about 1435 if fibre
diameter is included. Cf more importance, is that with a
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sdand: Lag JhCluuALQ, hut tris time with a "restriction" to
inhibhit genetic change Tor fibre diameter, the elTiciency

el the index would be increased by abhout 2%
Like in the nrevicus study where a restriction was

<

vlaced on fenctic change in fihre diameter, there was a
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Terence in the efficiency of the two main

indices ("restricted" and "urresiricied" indices centai
Eal

ning

sumber ol lambeg weshed, flecce weight, hozzet vtody weight,

h . . Kol A
staple length and Tibre diameter).

I the assumed relative ccericnic values and

()]

naranGters uscd are cloze to the real wvalues, tnen thi

informntion would incdicate fibre dlameter nakes an
imnertant contributicn and may warrent it being recorded.

The study nizhlights the need for accurate relative

econonic values anc genctic parameters of traits involved

L

in a sclecetion incex.
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