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"The gqualitative, or enumeration data, are classified on
the 'passed' or 'failed' basis. The little Victorian servant girl,
who confided to her mistress thiat she was just a tiny bit pregnant,
would fall straight into the 'pregnant' class. In gquantitative

aata, every individual has a class, or measurement of its own."

- H.H. Holman (1962)
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Chapter I

INTRODUCTION

Barly in the 1920's, fisher, wsright and Haldane provided the
theoretical basis for studies in quantitative inheritance which was
later extensively applied to animal breeding problems by Lush (1937),
Dickerson ana Hazel (1944) and others. The pioneering work of these
authors led to tne basic concept of modern animal oreeding in which the
objective is to change the mean value of a 'population' instead of
putting emphasis on obtaining an ideal 'individual' as was common 1in
the Mendelian era. with tne occurrence of this shift of emphasis from
individuals to populutions, the measurements suitable for non-discrete
variation had to be designed so that the production figures could be
averaged and subjected to various statistical analysis. The importance
of measurement in animal breeding has been aiscussed by McBride (1954)

and ‘Turner (1964).

Most of the economically important characters in farm animals
are quantitative, and in most cases their inheritance is polygenic. The
phenotypic manifestation of such characters is subject to considerable
modifications by environmental influences. It is therefore customary in
animal breeding experiments to try to account for environmental differences
when making a genetic assessment of a certain character. The differences
may be eliminated by using estimates of the effects of known components of

environmental variation and adjusting the records accordingly or by design-



ing the experiments in such a way that the comparisons can be made on

an equivalent basis.

The breeder of livestock is confronted witn the problem of
choosing between alternative breeding methods and it is therefore
important for him to have the knowledge of various genetic and pheno-
typic parameters to guide him in predicting the responses due to a

particular breeding system.

Morley (1951) emphasized the importance of these parameters,
especially as applied to tne sneep breeding industry in which the
breeder has to satisfy a market which fluctuates considerably in its

relative emphasis on meat and wool.

Rae (1958a) indicated the lack of such information in the
New Zealand Romney Marsn sheep despite the importance of this breed

in the sheep industry of New Zealand.

Groenewold (1963), pointed out the ever present danger of
deterioration of a trait while tne other traits are being improved,
and suggested the desirability of selection buased on the knowledge of

interrelationships between the different performance traits.

Rae (1964), in outlining the genetic problems in increasing
sheep production in New Zealand, has emphasized the importance of
breeding of rams under the present stratification of the sheep industry
where there are a relatively small number of Stud farms supplying the
breeding rams, and where increase in sheep numbers is sought through

higher stocking rates, thus reducing the opportunity of ewe culling.

Thus theoretical considerations as well as practical necessity



justify any investigations that provide information on different genetic
and phenotypic parameters for productive traits, especially in dual-
purpose sheep such as New Zealand Romney Marsh, where index selection
combining various wool and mutton characters, as suggested by Lush (1945),
Terrill and Hazel (1953), Karam et al. (1953) and Groenewold (1963), can

be the most efficient way of increasing over-all productivity.

Lush (1945), pointed out that the following information was

needed Ior constructing an index:-

1. Heritability of each trait.

2e Relative economic importance of each trait.
ok Pnenotypic and Genetic Correlations between tne traits.
b, standard deviations of each trait.

Inis stuay proviaes information on the magnituae of various
genetic and pnenotypic parameters for greasy fleece weignt, hairiness,
and staple length of Romney iMarsh sneep which may be compared with the
estimates published by Rrae (1958a). A considerable amount of data has
accumulated at Massey University since his work was published, and records
for hogget live-weight, mean fibre diameter and crimps per inch were also
available for analysis. Therefore, it is also intended to obtain para-
meters for these additional traits for which no information pertaining to

Romney Marsh sheep of New Zealand appears to have been published.
The summary of the scope of this work is outlined below.

1. Characters under consideration -
(a) Greasy fleece weight (Y1).
(b) Hogget live-weight (YZ)'

(¢c) Hairiness (Y,).

3



(d) iean fibre diameter (Yq).
(e) Staple length (Y5).

(f) Crimps per inch (Y6).

2. Znvironmental factors -
(a) Year of birth.
(b) 4age of dam.
(c) Type of birth.

(d) kKegression on date of wirth

e sstimates of phenotypic parameters -
(a) Means.
(b) Variances.

(c) Correlations.

b4, ustimates of Genetic parameters -
(a) Heritability.
(b) Genetic correlations.
4 brief review of literature, metnod of analysis, results

and discussions are included and are presentea as shown in the [able

of Contentse.
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Chapter II

REVIaw © L W E-T AR R URE B

A. INIRODUCTION

vWhen the obvious causes of variation have been removed, we
expect that the phenotypic average of a group of animals would also be
its genetic aversge since the plus and minus deviations of the environ-

ment would cancel each other out.

There is an abundance of estimates of various environmental
effects especially for American breeds of sheep such as Rambouillet,
Columbia, Targhee etc., reported throughout the literature. (Hazel
and Terrill, 1945; Hazel, 1946; Terrill et al., 1947, 1948; Karam

t al., 1953; Cassara et al., 1953 ana others).

lorley (1951), Rae (1956), Turner (1996) and Terrill (1958)
have made extensive reviews of the literature on sheep breeding and have
given the magnitude of different environmental effects, heritabilities,
genetic and phenotypic correlations for various productive traits of

different breeds of sheep.

Heritability, defined as the proportion of the phenotypic
variance due to the average effects of genes, is the fundamental genetic
parameters Combined with the selection differential it provides an

estimate of the permanent genetic improvement to be expected among the



progeny.

Information on genetic and phenotypic associations among the
important economic characters are especially valuable in sheep improve-
ment where selection for the simultaneous improvement of two or more

chzracters is the rule rather than an exception.

The present review is intended, mainly, to deal with environ-
mental factors such as year of birth, age of dam, type of birth and
regression on agee. The estimates of heritabilities and genetic and
phenotypic correlations reported in the literature have been presented
in Tables 1, 2 and 3. A brief outline of these will be given separately

for each trait.

B. GREASY FLpaCE woIGHT

flle tnvironmental effects

Tfurner (1956) noted that in the australian Merino, tne American
Rambouillet and allied breeds, the coefficient of phenotypic variation of
greasy fleece fell in the range of 10 - 17 percent. Though exact figures
for the environmental component of this variation is not known, the 1lit-

erature is suggestive of the fact that it is quite significant.

Apart from variations caused by suint, dirt, moisture etc., the
less obvious causes such as variations in shearing technique and errors
in measurement and recording are likely to make significant contributions

toward environmental variations (Freney and Turner, 1938; Morley, 1951).



TABLE 1
Some estimates of heritability of the traits under study
Traits Breed Heritability Remarks rReference
NeZ. Romney 0. 31 Dam-dtr. regr.
0.3%2 Paternal Z—Zib cor. Rae (1958)
Rambouillet 0.28 1622 Dam-off- Terrill & Hazel
Greasy spring pairs (1943
Fleece wt Aust. iierino 0.40 Parent-off-
spring regr. Korley (1955)
0. 44 Paternal _-sib cor.
0.35 Dam-offspring cor. 3eattie (1962)
S.Afr. Merino 0.09-0.47 Paterrnal ;-sib cor. 3osman (1958)
N.Z. Romney - - -
Rambouillet 0.40 1622 Dam-off- Terrill &% Hazel
spring pairs (19433
Hogget Aust. Merino 0.36 Farent-off-
Live wt spring regr. Morley (1951,
C.C2 Paternal :—sib COLse
C.5h Dam-offspring cor. Beattie {(1962)
S.4fr. Merino 0.42-0.54 Paternal Z-sib cor. Bosman {1958)
N. .7 Romne- 8 Dam - acor
N.Z. Romney = - =
o - Rambouilllet 0.57 Paternal {-sib cor. Shelton et al.,
Hean Fibre (1954 )
Diameter |y st. Berino 0.57 Dam-cffsyring cor. Beattie (1962)
S.4fr. Merino Ce29-0.34 Paternal --sib cor. Bosman (1958)
N.Z. Romney 0.35 Dam-dtr. regr. \
0.48 Paternal ~-sib cor. Rae (1958)
Rambouillet 0.36 1622 Dam-off- Terrill & Hazel
Staple spring pairs (1943)
Length Aust. Merino 0.56 Parent-off-
spring regr. Morley (1955)
0.52 Paternal #-sib cor.
0.50 Dam-offspring cor. Beattie (1962)
S.Afr. Merino 0.45-0.52 Paternal 7-sib cor. Bosman (1958)
N.Z. Romney - . -
Aust. Merino 0.47 Parent-off-
Crimps per spring regr. Morley (1955)
inch s 0.28 Paternal #-sib cor.
0.57 Dam-offspring cor. Beattie (1962)
S.Afr. Merino 0.32-0.41 Paternal Z-sib cor. Bosman (1958)




Some estimates

TABLE 2

of

genetic correlations reported in the

literature

Greasy Hogget . liean Fibre . S Crimps per
Fleece wt Live wt Hairiness LT . Staple Length inch
.20 + .24 (Beattie, | .28 + .16 (Rae,| «19 + .20 (Beattie,| .25 + .19 (Rae, -.87 + .20 (Beattie,
T 1962) 1958) 1962) 1958 1962)

Greasy = -.11 (Morley, 1955) <70 + .17 (Beattie,|-.56 (Morley, 1955)
Fleece wt 1962)
-.02 (Morley, 1955)
.30 (Doney, 1956)
-.00 + .16 (Beattie,| .01 +.17 (Beattie, .15 + .18 (Beattie,
Hogget 1962) 1962) 1962)
Live wt - .68 (Bosman, 1958) |[-.26 (Morley, 1955) .05 (Morley, 1955)
-.09 (Zosman, 1958)
Hairiness - 41 + 012 (kRae, -

T1958)

Mean Fibre
Diameter

-1

-.b42

+ «14 (Beattie,

T1962)
(Bosman, 1958)

-.17 + 13 (Beattie,
1962)

.19 (Bosman, 1958)

Staple
Length

.18 (Morley, 1951)
-.75 + .12 (Beattiey

1962)
(Morley, 1955)
(Bosman, 1958)

-. 354
-.73

Crimps per
inch




Some estimates of ghenotypic corrzlationc reported in the literature

Greasy Hogget R o ‘ Mean Fibre e Crimps per
Fleece s Live o Halr LRSS .,-i;;meter wluapie .L.zeﬂbth lnch
Greasy 0.36 (Morley, | 0.0k (Rae, [0.15 (Forley, 1951) | 0.45 (Rae, 1928) -0.21 (¥orley, 1955)
Fleece wt 1955) 1938) 0.3C (Morley, 1955)
Hogget 0.15 {¥ories, 1951) | 0.10 (Morley, 1955) | ©.05 (Morley, 1955)
Live wt - C.46 (Besmun, 1958) |1 0.30 {Bosman, 1938)
Hairiness - 0.1% (Rae, 1958) S
Mean Fibre 0.03 (Morley, 1951) |-0.30 (Morley, 1951)
Diameter 0.09 (RBosman, 1958) |-0.07 (Bosman, 1958)
Staple -C.22 (Morley, 1951)
Length -0.22 (Bosman, 1958)
Crimps per
inch
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These sources of variation, however, can probably be considered to be
unimportant, because the repeataoility of greasy fleece weight has been
reported to be high (Morley, 1951; .Jright and Stevens, 1953; Blackwell
and Hendaerson, 1955; Doney, 1955; and Young et al., 1960) . Most

figures reported lie in the vicinity of 0.60.

Yearly differences have been reportea to be the most important

environmental source of variation in greasy fleece weight in American

Columbia and Targhee sheep (Terrill et al., 1947). Years accounted
for 16 and 14 percent of the total variation in these breeds. Terrill

et al. (1948) found significant year effects on greasy fleece weight iun
xambouillet sheep. Price et al. (1953) reported that 2.5 percent of

the total variation in Navajo and Navajo crossbvred ewes' fleece proauction

vas due to the differences in years.

Lype of oirth, age of dam, and regression on age have all been

shown to have significant effect upon greasy fleece weight.

Rae (1950) showed that in the New Zealand Romneys, fleeces from
those hoggets born as singles were 0.10 pounds heavier than fleeces from
twins, ana twins reared singly produced O.22 pounds more greasy fleece
than singles. His results also show that hoggets born from 3-year-old
dam surpassed the fleece production of hoggets born from 2-year-old dam
by 0.16 pounds.

In a recent paper, Brown et al. (1966) observed that in the
Australian Merino, greasy and clean fleece weight reached a maximum at
3% years, then declined by O.3 - 0.2 pounds per years Twin-born ewes

cut 0.21 pounds (4.2% of the mean) less clean wool per year over their

life-time than single~born ewes, while the progeny of 2-~year old ewes
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cut 0.32 pounds (6.4% of the mean) less than the progeny of adults.

2o Lstimates of parameters

In general, the estimates of heritability for fleece weight
fall within the range of 0.3 - 0.5 for most breeds (see Table 1).
Heritability for this character in the New Zealand Romneys has been
found to be generally low as compared with other breeds. Rasmussen
(1942), Mckahon (1943), and Kae (1943, 1950) have all reported the
heritability of greasy fleece weight in Romney ranging from 0.10 - 0.17.
Possible reasons for this discrepency were put forward by korley (1951).
Rae (1956) has made some critical cemments on lMorley's hypothesis in
deferring the possible cause of this until further information became
available. In his later work with Romneys however, Rae (1958a) reported
the heritability of 0.31 and O.32 for greasy fleece welight as aetermined
by regression of offspring on hogget record of dam and paternal half-sib
method respectively, but the sampling errors of these estimates were

high.

Reports on phenotypic anc genetic correlations between greasy
fleece weight and other characters are few in the literature. No figures
are available on the New Zealand Romneys for comparison with the pheno-
typic correlations obtained by Morley (1951, 1955) except for the
phenotypic correlation between greasy fleece weight and staple length
in which case Rae's (1958a) figure of 0.45 compares favourably with

Morley's 0.30 (Table 3).

As would be obvious from the Table 2, Morley (1955) and Beattie

(1962) have reported contrasting figures for genetic correlations between
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greasy fleece weight and other characters, although lorley's low
figures are fairly within the range of sampling errors of Beattie's
estimates except that the correlation between greasy fleece weight

and staple length by torley (-0.02) appears to be too low.

The only comperable estimate of genetic correlation between
greasy fleece weight ana the characters under present investigation
in Romney sheep is & correlation of 0.25 + 0.19 between greasy fleece

weight and staple length reported by Rae (1958a).

There does not seem to be any other work published on genetic
correlations of greasy fleece weight with hairiness and fibre diameter,
for which Rae (1958a) znd Beattie (1962) have reportea the figures of

0.28 + 0.16 and 0.19 + 0.20 respectively.

Bosman (1958), in his study of heritabilities wund genetic
correlations between cuaracteristics in the ocouth african Kerino sheep,
reported the phenotypic correlations of greasy fleece weignt only with
clean fleece weight (0.085) and staple formation score (0.35). Unfort-
unately, he excluded from his study tne genetic correlations between

greasy fleece weight and other characteristics.

O'Ferrall and Vial (1962) working with four different breeds
of Irish sheep, found a positive body weight-fleece weight relationship
for all breeds with the exception of Oxford Downs and two of eight

groups of Galways which gave slightly negative results.

3. Summary

The evidence available so far indicates that response to

selection for greasy fleece weight will be fairly rapid on account of
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its high heritability in most breeds, and that with the exception of
negative genetic and phenotypic correlations between greasy fleece
weight ana crimps per inch, other correlation figures do no- show any
major antagonism to precluce selection for greusy fleece weight in

combination with other characters.

Ce ROGGEI LIVwu w~uIGHT

1. znvironmental effects

Stuaies carriea out over a number of years demonstrate that
body weight at weaning ana yearling stages are definitely influenced
by some non-genetic sources of variztione. Hazel and Terrill (1945),
in emphasizing the importance of environmental eifects such as age of
dam, type of birth, year of birth, sex and age of the animal, pointed
out that the selection effectiveness was reduced to one-half when the

records for weaning weight were not adjusted for these effects.

In American Columbia and Targhee yearling ewes, Terrill et al.
(1947) noted that type of birth had an important effect on body weight,
accounting for 7 and 135 percent of the total variation in Columbias and
Targhees respectively. Single ewes weighed 7.12 pounds more than twins
and 2.37 pounds more than twins raised singly in Columbia breed. The
corresponding differences for Targhees were 4.70 pounds and 7.42 pounds
respectively. With farm flocks, a tendency towards a gradual disappear-
ance of type of birth effect as the age of sheep advanced has been

reported by Phillips and Dawson (1940). Phillips et al. (1940), however,
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found that in range sheep, singles were heavier than twins throughout
the first year. In a more recent publication, Harrington et al.
(1958) showed that differences in lamb weights aue to type of birth
and rearing in aifferent Ramoouillet crossbred lambs became relatively

less important as tue lambs grew older.

iWorking with yearling and mature Rambouillet rams, Terrill
et al. (1948) cemonstrated that the environmental factors accounted
for U4 percent of the total variance, this beiny greater than for any
other trait in their stucies. Years, ase of dam, and type of birth

were all shown to exert significant influence on body weight.

3idwell and Grandstaff (1949) stucied the environmental
effects on weaning weignt, whereas Price et al. (1953) made observations
on yearling vody weiynt for Navajo end Navajo crossocred sheep. In coth
cases, the effects of age of dam and type of birth were significant,

tne magnitude of the effects veing greater for weaning weight.

Rae's (1950) work with the New zealand xomney iarsh sheep
revealed that 15 percent of tine total variance for yearling body weight
was caused by environmental differences, this being tne largest velue
compared with the percentage of environmental influences on the other
traits studies by him. oingle-born hoggets weighed 6.65 pounds heavier
than twin-born ones, while twins raised singly weighed 2.24 pounds less
than those born single. The offspring from 3-year old dams were heavier

by 1.38 pounds compared with those born from 2-year old dams.

2. Estimates of parameter

Heritability estimates for yearling body weight have been
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reported by various workers (Terrill and Hazel, 1943; Morley, 1955;

bosman, 1958; Young et al., 1960, and Beattie, 1962).

In the Australian Merino, the estimates obtained by Young
et al. (1960) for their control group of 15 - 16 month old ewes is
unusually high at 0.72, but the lower limit of their estimate, 0.52
compares favourably with the estimate of 0.36 by korley (1955) and
0.54 by Bezttie (1962). Terrill and Hazel's (1943) estimate of
0.40 for Rambouillet and Bosman's (1958) 0.42 for nis Stud-A (plain-

bodied) South african lierino are quite consistent with other figures

reported.

Ihe genetic ana phnenotypic correlaticns between hogget live
w2lght and greasy fleece weight have already been discussed in the

previous section.

Turner (1956) nus reviewed the work on phenotypic correlations
tetween body weignt and other characters. she observea that the values
for phenotypic correlations between body weight and staple length and
between obody welgnt and fiore diameter, though reported to have a wide
range of -0.18 to +0.34 and -0.17 to +0.23, respectively, were predomin-
antly positive in sign. Bosman's results in 1958 support this trend.

A low phenotypic correlation of 0.05 between body weight and crimps per
inch has been reported for the Australian Merino (Morley, 1955). It
appears that no further information on this correlation has been

published to provide a comparisone.

In general, the genetic association of yearling body weight
with other characters under consideration has been found to be fairly

consistent. Negative correlations have been reported between body
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weight and staple length (see Table 2). Beattie (1962) found a

negligible genetic correlation between these characters.

e summary

Apart from a wminor genetic antagonism between hogget live
welight and staple length, the high heritability estimates and mostly
positive phenotypic and genetic correlations suggest tnat hogget live
weight seslected singly or together with other characters under study

will show positive response to selection.

D. HAIL{iNwos

1. wnvironmental effects

qguite a lot of work has been done on the inheritance of
birth coat characters, especizlly after Duerden's discovery of sickle-
tip fibres in Merino in 1927 and later, the full classification of
birth-coat fibres by Dry (1933, 1934). Rae (1956) has outlined, in
detail, the inheritance of halo hair abundance and mode of action of
the N and nr genes. Referring to the work of Dry (1940) in which he
discovered a major gene affecting the abundance of halo hairs in the
lamb, Rae (1956) has warned against the too facile acceptance of the
technigues of population genetics which are applied under the assumption

that the inheritance of a quantitative character is polygenic.

The information on environmental effects, especially for

later kemp and non-kemp hairiness, is scanty.
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Grandstaff and wolf (1947) found that difference between
ages, years, lambs within years, and also the interaction of years x
ages were highly significant for both Navajo and Navajo crossbred
sheep. They saiipled the fleece of these sheep at 28 day intervals
from birth to one year of age ana found a reduction of 5.9 percent
of kemp and 20.7 percent of other meaullated fibres in the fleeces
of Navajo lambs. The reduction was slightly greater for both types
of fibres for the crossbred lambs. Their results showed that a
major part of the change occurred vetween the ages of 28 znd 84 days.
Lariier, Grandstaff and Blunn (1944) had reported that the average
amount of kxemp in the fleeces of Navajo lamos decreased from 15 percent
at 20 days of age to 4.5 percent at 84 aays, then maintained a fairly
constant level until the lambs reached yearling age. Pohle et al.
(1945) observea a rapid aecrease in percentage medullation of nairy-
fleeced lambs of the xambouillet, Targhee, Jorriedale ana Coliumbia

breeas, between 2 ana 5 months of age.

wilson et al. (1959), in studying the effects of environments
on tne birth coats of Rambouillet, Targhee, and Columbia lambs, noted
that males had significantly less hair and wool at birth than females.
Single Rambouillet and Columbia lambs were more hairy than twins but
type of birth had no significant effect on wool covering. In general,
the offspring of younger dams exhibited significantly less hair and wool
than the offspring of older dams, but Targhee lambs from 6-year old dams

exhibited significantly more wool than lambs from 7-year old dams.

Goot (1945a) demonstrated that variations in the amount of

hairiness in the fleece of New Zealand Romney Marsh sheep were due to
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level of hairiness or individuality (51%), age (17%), season (4%) and
various interactions among these sources (205). The 'wet' ewes were
found to be slightly, but statistically significantly less hairy than

'dry' ewes.

Rae (1950) attributed 3 percent of the total variance in
non-kemp hairiness in New JZealand Romney ewe hoggets to environmental
effects. He found that twins and twins raised singly were .08 and
«05 log-units more hairy than singles. fdis value of regression on

age for this trait wvas negligible.

2e Lstimates of parameters

In analyzing scores for oirth-coat in a flock of .elsh
mountain sheep, Renael (1954) found a regression of offspring score
on midparent score to be 0.6 showing that the character was highly

heritablee.

Morley (1959) founa that heritabiiity of coat score in the
Australian Kerino was 0.80 and 0.59. These two values were obtained

by parent offspring regression and half-sib correlation respectively.

The only estimates of heritability of percentage medullation
(non-kemp hairiness) reported for yearling sheep are those published
by Rae (1948, 1950) for New Zealand Romney ewe hoggets. His previous
figure of 0.50 - 0.70 is quite consistent with his later estimate of

0063.

Phenotypic and genetic correlations between hairiness and
other characters have not been published for any other breed except

the New Zealand Romney. Rae (1958) has reported the phenotypic and
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genetic correlations between hairiness and quality number, staple
length, fleece guality and fleece weight. To mention the magnitude
of correlations concernea with this study, Rae's values for pnenotypic
correlations between hairiness ana greasy fleece weight and between
hairiness and staple length were 0.04 and 0.11 respectively. The
corresponding genetic correlations were 0.28 and 0.41 (see 'l'able 2 and

3).

Pnenotypic and genetic association of hairiness with nogget
live weight, mean fiore ailameter and crimps per inch has not been

reported in tne literature.

BN Summary

fnere is not enough information available as yet to include
hairiness as a component in a selection index. Ine genetic correlations
mentioned above have large saupling errors but tney in.icate that
selection for increasea greasy fleece weight will result in longer
staple and increased hairiness. if individual selection was to be
done with a view to reduce hairiness in the offspring, tne neritability

figures suggest strongly that individuals with high hairiness be culled.

E. MuAN FIBRE DIAMETER

e Environmental effects

Specific information on environmental influences, such as

type of birth and age of dam, on mean fibre diameter do not appear to

'CIBRARY, MASSEY UNIVERSITY,
PALMERSTON NORTH, N.Z.



20

be available in the literature. However, a substantial amount of
information on the regional variations in tne thickness of fibres

has been reported (Turner, 1956).

with the exception of the Indian obreeds, wool on the rump
or thigh has generalily been found to be coarser tnan on the shoulder

(Turner, 1956).

Reimers and Swart (1930) reported that wool from 'on' a

fold was more variable in diameter than wool from 'in' a fold.

Ensminger (1942) sampled 9 regions on shropshire and
Southdown sheep ana found the general boay region to be uniform with
finer wool on the head and stronger on the rump and breech. In tne
Finnish sheep, tne shoulaer wool was finest and the thigh wool strong-

est (Vainikainen ana Hakola, 1952).

Turner et gi. (1953) recommended trne midsiae for general
use with two adaitional sites, one near the hipbone and the other just

behind the front leg, on the edge of the belly.

In studying the aspects of heavy stocking in the australian
Merino sheep, it was observed (C.5.I.R.0., 1965) that in the Canberra
environment, wool fibres tended to be finest in Summer and variable in
Winter. This seasonal variation in fibre diameter was found to be too
great to have been contributed by stocking rate alone and much of its
cause was attributed to the low quality of the phalaris annual grass

sub clover pastures in Summer.

Short et al. (1958), working with the Australian Merino,

showed that the effect of falling feed level on the ratio of mean
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diameters of primary (P) and secondary (S) fibres was proportionately
greater when the diameter ratio exceeded 1.0 than when it was less
than 1.0, tnus lending support to Lang's (1945) conclusion that under
stress conditions producing 'tenderness' in wool staples there is a
differential response of fibre diameter, particularly in those wools
with a wide range of fibre diameters. Their analysis of variance

of 3/P ratio revealed tnat under considerable nutritionzl stress
there had been no cessation of fibre formation, unless of course
cessation was distributed amongst the secondary and primary I{ibres

in the ratio 5/P.

The results of short et al. (1958) are not in agreement
with those of Lockart (1956) who found no indication of primary and
secondary fibres difiering markedly in their responses to change in

nutrition.

Schinckel (1953) reported that in the Australian lerino,
coarse birthcoats were associated with increased variability of fibre
diameter and decreased crimp rate, the increased variability of fibre
diameter being tiie result of a significant increase in the diameter of
primary fibres and a small, but statistically non-significant decrease
in the diameter of secondary fibres. Earlier, Lockart (1956a) had
found a correlation of 0.83 between birthcoat grade and primary-secondary

diameter difference in the adulte.

2. Estimates of parameters

In most studies, mean fibre diameter has been neglected in

favour of other characters which give a reflection of this character,
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and are also easily measured. These other characters, for example,
crimps per inch, quality number and fleece quality, have a more direct

bearing on the commercial value of wool.

The heritability of mean fibre diameter reported in the
literature range from 0.28 to 0.57 (see iable 1). No heritability
estimate of this trait has been published for the New Zealand =Romneys,
though tnis parameter is available for the related traits, quality

number and fleece guality (Rae, 1958a).

Quality number or 'spinning count' 1is the trade assessment
of fibre diameter for which grading is mainly aone on number of crimps
per inch. Lang (1947a) and Roberts and ovunlop (1955), however, have
shown thst the relationship between crimp ana aiameter is by no means
constant, and that tne assessment of diameter on the basis of crimp
can be erroneous. wstimates of heritability of guality number for
the New Zealana kKomney are:- 0.%5 - 0.40 (Mckahon, 1943%), 0.41 (Rae,
1948) and 0.27 (Rae, 1958a). iiorley (1951) reported the heritability
of this trait for the sustralian Merino to be 0.28 and 0.40 as determined
by paternal half-sib correlations and parent offspring regression,
respectively. Bosman's (1958) figures for the South African Merino

are, respectively, 0.20 and 0.19 for Studs A and B.

Fleece guality includes a number of features that are con-
sidered as important in manufacturing and is related to wool buyers
concept of 'style' (Henderson and McMahon, 1947). Estimates of
heritability of this trait for the New Zealand Romneys are 0.14

(McMahon, 1943), 0.14 (Rae, 1948) and 0.22 (Rae, 1958a).

The genetic and phenotypic correlations between mean fibre
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diameter and greasy fleece weight, hogget live weight and hairiness
have been dealt with in the previous sections of this chapter.
Information on the magnitude of these parameters are non-existent

for the New %ealand Romney Marsh,

The correlations between mean fibre diameter and staple
length, and mean fibre diameter and crimps per inch are not numerous
in the literature for any breed (see Table 2) and, again, such

information is entirely lacking in the New Zealand Romney.

vavenport and Ritzman (1926), while studying crosses between
various breeds of sheep, arrived at the conclusion that fibre length
and fibre diameter were innerited independently. Basing her statement
on her unpublished work, Turner (1956) suggested tne possibility of

indepenuent inheritance of staple length anc fiore number.

3. Summary
Apart from what has already been aiscussea about mean fibre

diameter in relation to the other characters, there is no worthwhile

addition to be made.

Turner (1956) has stipulated that if further information
supported the indications of lack of genetic correlation between staple
length and fibre diameter, and between staple length and fibre number,
it should be possible to select without difficulty any desired combin-
ations of length and number. As Table 2 shows, there does not seem to

be such a lack of genetic correlations.
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Fo oTAPLs LoNGTH

1. mnvironmental effects

Pohle and Keller (1943) considered the importance of staple
length in wool production, and reviewed tune literature. lciiahon (1948)
showea that staple length was important in relation to fineness, since
wools which were too long for their fineness could fetch lower prices

because tusey were zbnormal and a repeat order could not be relied one.

Some estimates of environmental effects on staple length have
been reported for some american breeds of sheep (Terrill et al., 1947,

1948; and Price et al., 1953).

Year differences were the most imgortant cause of variation,
accounting for 11 percent of the total variation in Columbias and 9
percent in Targhees (Terrill et al., 1947). The type of birth effect
was greater for Targhees than Columbias. In both breeds, singles had
longer staple than twins and twins raised singly, and twins had longer
staple than twins raised singly. Age of dam, age at shearing, and

inbreeding had no significant effect on staple length.

In Rambouillet rams, Terrill et al. (1948) found years and
age at shearing the only two environmental factors having significant
influence on staple length, years accounting for 5 percent and age at

shearing 1 percent of the total variance.

Price et al. (1953) stated that in Navajo and Navajo cross-
bred ewes, differences between breeding groups were the most important

source of variation accounting for about 24 percent of the total
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variance. As yearlings, the progeny from mature dams had 0.18 cm.
longer staple than those from 2-year old ewes. Hazel and ferrill

(1946) found this difference to be 0.12 cm. in Rambouillets.

Rae (1950) found 3 percent of the total variation being
caused by type of birth, age of dam ana regression on age. Twins
anad twins raised singly had, respectively, 0.42 cm. and 0.30 cm.
longer staples than singles. The difference due to age of dam
was very small, the offspring of 2-year old dams having 0.04 cm.

longer staple than the offspring of 3-year old aamse.

25 tstimates of parameters

deritability estimates of staple length, measured as a
yearling trait, have been puvlished by Hazel znd rlerrill (1945,
1946a) for Rambouillets; by .lorley (1951, 1955) for the australian
lierinos; by nae (1948, 1958a) for the New Zealand Romney iarsh and

by Bosman (1958) for the 3outh sfrican ierino sheepe.

as would be clear from lable 1, the neritability of stagple
length is fairly high for all breeds of sheep reported in the
literature. The reported neritabilities were determined under
widely different environmental conaitions; hence, considerable
reliance can be placed on the conclusion that staple length is highly

heritable.

The genetic and phenotypic correlations between staple
length and other characters (greasy fleece weight, hogget live weight,
hairiness and mean fibre diameter) have already been mentioned in the

preceding sections.
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The additional information, genetic and phenotypic corre-
lations between staple length and crimps per inch, has been given by

horley (1955), Bosman (1958) and seattie (1962). (See Table 2).

3 Summary

A strong genetic antagonism between staple length and crimps

per inch sug.ests that these traits can not be improved simultaneously.

From the evidence published so far, there also appears to be

a moderate genetic antagonism (rg = -0.26; Iorley, 1955) between staple

length and hogget live weighte.

G. CR1iPs Puit INCH

il. snvironmental effects

Variation in crimp number in aifferent body regions has been
studied by Reimers and Swart (1930), Narayan (1951), Turner et al. (1953)
and Lockart (1954). Reimers and sSwart (loc.cit.) gave the midside
value higher than the value for shoulder or rump for the South African
Merino. Narayan (loc.cit.) found considerable regional variation in
wool character including crimps per inch for the Indian Pattawadi sheep.
In both sets of Australian data, the latter workers observed a dorso-
ventral trend and found that midside value was higher than the value

for shoulder or rump area.

Lang (1947) has discussed the question of whether number of

crimps is reliable guide to fineness, and has summarized the literature.
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2e fistimates of parameters

The heritability estimates of crimps per inch for different
breeds of sheep have been summarized in Table 1. The genetic and
phenotypic correlations between crimps per inch and other traits under
investigation have been dealt with in the preceding sections. Genetic
parameters for crimps per inch have not been published for tne New

Zealand Romneys.

Do summary

Preponderance of the negative genetic and phenotypic corre-
lation between crimps per inch and the other characters studied
indicates that {ineness (as inaicatea oy the number of crimps per

inch) «ill ocecrease when other fleece characters are being improved.
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Chapter III

I'ne investigations are based on the records collected over
the years (1956 to 1964 inclusive) from College Progeny Tlest zwe hoggets
maintained at Massey University. This flock of Romney Marsh sheep has

been described by Ch'ang (1955), Rae (1958a, 1958b) and Clarke (1963).

Management, typical of ltanawatu area, was agpliea to all
animals. Young replacement ewes were selected at random and were
mated to lamb for the first time as two-tooths. Young rams were
obtaineda from different sources of Homney JStud flocks in the itanawatu-
walrarapa area. imature ewes were cast for age at about five-and-a-
half years. No aeliberate selection was practised for any character

throughout the history of the flock.

''he flock can therefore be considered to be a fairly repre-
sentative sample of the Romney sheep of Manawatu. I'he chance of
inbreeding in this data is very small on account of acquiring breeding
rams from different Stud flocks and therefore it has been assumed that

inbreeding is not a source of variation in the present study.

The records used in this investigation do not allow the
estimation of a sire x year interaction as different sires were used

each year,

Because of nonavailability of records for certain traits in
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certain years, the estimates of environmental effects are based on
different degrees of freedom. Complete records were available for
the traits greasy fleece weight, hogget live-weight, hairiness and
staple length from year 1958 to 1964, and therefore, environmental
factors have been estimatea for tnese traits with greatest aegrees
of freedom. Recoras on crimps per inch were not available for the
year 1958 and tue hoggets born in 1964 had no records for mean fibre

ailametere.

In vam-Daughter regression analysis the dams born in 1956
and 1957 were incluaed, but those born earlier were discarded because
tney had records for only a few cnaracters and their use would
inevitably complicate tne analytical procedure without offering a

great deal of increasea accuracy of the analysis.

lhost lambs were oorn in august and September. Coding the
date of oirth as one for 15 July, the average date of birth was 45,
indicating that the majority of lambs were born between the last week

of sugust ana thne lirst week of ceptember.

The lambs were shorn at weaning in January. I'he measure-
ments of fleece production used in this work therefore represent the
growth of about 10 months between weaning and hogget shearing in
October. Records for greasy fleece weight were taken immediately
after shearing and recorded to the nearest tenth of a pound. Belly

wool was included in the measurement.

The hogget live-weight used in this study is the post-
shearing weight of the hoggets usually obtained within two weeks of

shearinge. The measurement was made to the nearest pound.
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The amount of hair present in the fleece was determined by
the use of medullameter as described by kchahon (1937). Samples
obtained from position No.5 on the hind-guarter prior to shearing
were used for the determination of hairiness. This position has
been shown to be highly correlated (0.92) with total hairiness

(Goot, 1945).

'he mean fibre diameter was measured on samples from the
midsice position obtained from the fleece after shearinge. One
hundred and fifty fibres were measured for each sample in microns

by using the method described by Lang (1947), and a5TH (1955).

S5taple length was measured on the midside sample taken
from the fleece after shearing and was recorded to the nearest half-
centimeter. In actual analysis the figures for staple length were
rounded off to whole numbers in order to facilitate proper organiz-

ation of fields on I.3.M. data cards.

Lang (1947) has described the method of measuring the
trait : crimps per inch. The measurement was done with the staple
straightened, but at rest, as suggested by Lang, ana the number of
crimps was counted in relation to length of the staple in centimeters.
This was later converted to crimps per inch by multiplying with the
factor 2.54. For example, if a 10 cm long staple had 20 crimps, the

crimps per inch was obtained as %% X 2.54 = 5.08 crimps per inch.
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Chapter IV

M & THOD OF ANaLYSIS

4 N D RasULTS

A, 2olIMatION OF oNVIRONMLNIAL wLiFullsS

To meke a meaningful genetic assessment of a guantitative
character, it is esseiitial to know the effect of various environmental
factors influencing the manifestation of that character. In practical
sheep breeding, it is possible to estimate the effects of some known
environmental factors and to use these estimates to adjust the pro-
duction recordse. These environmental effects obscuring genetic
differences vetween sheep are thus eliminated, and accuracy of selection

for genetic merit greatly increased.

In the present stuay, the effects of age of dam, type of
birth, year of birth and regression on date of birth have been determined.
The age of dam classification was divided into three classes: two-tooths,
four-tooths and six-tooths or full mouths. The type of birth classifi-
cation was also divided into three classes: singles, twins, and twins

reared as singless

Regression on date of birth was included as an independent

variable.
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1. Least sguares model

The number of ewe hoggets in each of thne classifications can
be seen from Matrix 4 (Table 4). Mmatrix A was used to determine the
above environmental effects for the characters greasy fleece weight
(Y1), hogget live-weight (YZ)’ hairiness (YB) and staple length (Yq).
Because of missing records (see Chapter III) Matrices B and C (Tables
5 and 6) had to be formed to estimate the environmental effects on

mean fibre diameter (Y, ) and crimps per inch (Y,) respectively.
4 6

Yates (1934) put forward the method of least sguares for the
analysis of multiple clzssification tables with disproportionate sub-
class numbers. Hazel (1946) extended Yates' method to include

indegendent variables.

Tne wetnod used in tne present study is similar to that of

dazel (1946) and Kempthorne (19352).

oimilar mathematical models were used to solve the normal

equations snown on [able 4, 5 and 6.

In the case of matrix » tne conszstants fitted were 7 for years,
5 for age of dam, 3 for type of birth and one for regression on age,
whereas the constants fitted for years in B and C matrices were 6 for

years, the number of other constants being the same as in Matrix A.

The linear model assumed was:-

Yijkl = u+ .+ aj + tk + f3(Xijkl = X + eijkl,

i=1, 2, eeey D
J=1,2, ¢eey @

k=1, 2, ...,I‘
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and l=1, 2' eoey IN.

ijk
where,
th L th
Yijkl = record of the 1 hogget of k type of
birth, belonging to jth age of dam classi-
. . o . .th
fication and vorn in 1 years
M = Overall mean.
r, = Lffect of year i.
aj = wffect of age of dam j.
tk = wffect of type of birth k.
N\ - = . o5) S. 3~ - . i < 3, ]
5’(xijkl X) is regression on date of birth with CERD s

measured avout their mean X.

eijkl's are assumed to be uncorrelatea random errors with

mean = O ana variance =g .
Interactions were not included in the model Dbecause their
inclusion would greatly increase tne amount of computztion and also

because the review of literature inaicated that they were not important.

Under the assumptions applied to the e, 's ana considering

Jkl
that there are no interactions, Kempthorne (1952) has suggested the

validity of the use of least squares. 's must further be assumed

®ijkl
to be normally distributed for testing the differential effects amongst

the classifications.
Theoretically, the least squares estimates of the population

parameters u, Ty aj, tk and P are obtained by minimizing the sums of
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squares of deviations -

g = }Ejaijkl - u-ryo-ag - t, - ﬁixijkl - ?l] -
ijkl

and then setting up the normal eguations by differentiating with
regard to each parameter and eguating to zero. For example, the
normal eguation for y is derived by differentiating the expression
w With respect to g and then equating the partial derivative to
Z€eroe. Tnis proceaure is repeated for tne remaining parameters.
The normal eguation for p + r, in Matrix A (lable 4) reads 13 a, +
38 8y + ees ¥ (=306.307)F = 894.6 = 9862.0 = 1093.1 = 1626.0.

In actual practice tne wmatrix coefficients for various
subclasses are obtained by actually counting the number of animals
belonging to each subclass for each eyuation to form the variance -
covariance matrix. In the present analysis the coefficients were
obtainea by punching different identifications on I.B.F. cards and

sorting them on the sorter of the I.B.M. data processing unit.

In order to reduce the amount of work involved in matrix
operations, use was made of the absorption method given by Henderson
(1948). This method consists in combining the y with the various
r.. In the r. equations, all terms except the p and r, are trans-
posed to the right hand sides of the equations and are then divided
by the common coefficient of iy and the specific r.. These u + r.

1

values are then substituted in all the remaining equations.

Solution of normal eguations

Examination of normal equations in Matrix A (Table 4)
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reveals the fact that they have no unijyue solution as such because the
coefficient matrix is not of full-rank. For example, out of six aj

and tk equations, there are at most four linearly independent equations

because the sum of a‘j ejuations is equal to that of t, eguations.

k

Therefore, independent equations which are estimable must be found.

The most common way to obtain these ejuations is to establish an

auxiliary relationsnip such as Eaj = Ztk = O which is more commonly
known as ‘'imposition of a restriction'. Under this assumption

- a3 = a, + a2 and

- t3 = t,I + t2.

Now, instead of 6 eguations for aj and tk classifications, there are

only four (aq, t, and t2) equations wnich easily yield a solution

8 Yy

by the ordinary methods of solving simultaneous equations. The value

of a, and t, are obtained by proper substitution of the values of a

) 3

as ana tq, t2 in - a§ ana - t3 eguationse.

11

Having obtained the estimates for aj, and B equations

tk’

tne estimates for u + r. are easily aerived by substituting the estimates

of aj, tk’ and [ in the absorption eguations.
The individual year effect is calculated by subtracting the
value of 4 from each u + r, estimate. Supposing X to be the total value

of u + Ty the estimate of y is obtained by the formula:

(u+ ri) X

or ny + Zr. = X
H i

since Eri = 0 as explained earlier,

n,, X e g é where n = number of years.
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The various environmental effects mentioned above were
obtained by the extensive use of I.B.M. 1620 II computer. mach
matrix coefficient was punched on separate cards ana the identifi-
cation numbers (as shown on Tables 4, 5 and 6) were punched on the
last few columns in order to sort the cards row-wise and column-
wise in proper sequence for estimating the effects, testing the

accuracy of estimates, anc for the testing of significance.

Lhe accuracy of the estimates was testea by substituting
the values of tne estimates back into the equations. Tne difference
between the sum of values obtained after the substitution and the
right hand side of each eguation gives the accuracy for the respective
estimates. The differences in most cases were in the vicinity of

0.001 confirming a high degree of accuracy of these estimates.

o solve the simultanszous equations after applying the
restriction, the iterative method was used. inis method consists in
repeating tue process of calculation until eventually the entire set
of values is duplicated exactly. fhese are then accepted as the

correct values of the unknown.

The reduction in sums of squares due to fitting all constants,
R( p, Tir @4 tes ), was obtained from the estimates of the effects.
The various sums of squares (ssq.) for the test of significance of the
effects were obtained in the following way.

2
Error ssq: E X - R(u, T aj, t

.. £)
1. Lkl

k’
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'Year' ssq: R(y, iy ag £ ) - R(pu, 2y £ E)
'hge of Dam' ssg: IR ro, aj, tk’ B) - R(u, ., o R)
'Type of Birth' ssg: R(u, T, aj, tk’ £) - RQpu, ro, aj, e)
'Regression' ssq: R T aj, £y £) - R(pu, PRI tk)
2
Yi'k
The quantity R(m, r., a., t,, B) = EE:——J— + R(B)
i J k .
ijkijk

The test of significance is presented in Table 8.

2o xesults and discussion

The leust sguares estimates of the various effects have been
presented in Table 7 and their tests of significance have been summarized
in Table 0. It is apparent from the tables that most of the effects
have nighly significant (P<.01) influences on sll characters studied.
Type of virth and significant effects (P'<.05) on mean fibre diameter
and crimps per inch. I'ne effects of age of dam on staple length and

crimps per inch, ana the effect of regression-on-date-of-birth on crimps

per inch were non-significant.

The comparison within the classes, regarding the magnitude of

the effects, can be represented by the following Table (Table 9).

The values of regression in this Table are the same as in
Table 7 but their signs have been reversed because of the fact that the
estimates of regression values in Table 7 are based on the coded values
of date of birth in which the earlier born animals have higher values

than the late born ones.

The estimates and their tests of significance show that in the
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New Zealand Romney sheep, like in other breeds of sheep, the accurate
genetic assessment can only be possible if the observable sources of
environmental variation are eliminated. fhe regression on date of
birth nas most significant effects on hogget live-weight ana greasy
fleece weight. Its effects on other traits are very smzll to be of

much importance, although they are statistically significant.

nfter estimating environmental effects it was considered
aesirable to carry out a variance component analysis to estimate the
relative importance of each effect on the various traits. Henaerson's
(1953) Fethod 1 was used to estimate the components: cri, Uf and.di.

The regression component oi was calculated by tne method suggested by

Ree (Pers. Comm.).

The results expressed for each effect as the percentage of

the total variation have been summarisea in [fable 9a.

Year accounted for 47.22 percent of the total variation in
greasy fleece weight, most of the remaining variation being caused by
other effects not includea in this study. In terms of the percentage
of the total variation, the variance component of type of birth was

negligible for greasy fleece weight.

Type of birth was a major component of variation (49.85%)
in hogget live weight, year and regression components being only of
the magnitude of 6.01 percent and 2.54 percent respectively. The
magnitude of the variation not accounted for is less for hogget live-

weight (41.61%) than for any other traits under study.

Only about 9 percent of the total variation in hairiness

was due to the effects studied, the rest being due to unknown sources
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of variation. Out of 9 percent of the variation accounted for, the
year component was of the highest magnitude (5.96/%). The other

components had low values.

Year was the major component in the variation of mean fibre
diameter (34.62») while the regression accounted for 3.14 percent of
the totul varisation. The values for age of dam and type of ovirth were

negligible.

Almost all variations in staple length sccounted for in the
present study were due to year (19.265%). Unknown sources of variation

were responsible for a large portion of tne total variation (81.345).

A largze portion of tue total variation (82.54,4) in crimps per
inch was also due to unidentified sources. Of acout 16 percent of the
total variation attributable to the different sources, year, type of
birth and regression components were 11.1 percent, 3.17 percent and 1.58

percent respectively.
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Least syuare estimates of various effects

43

Greasy Hogget . Mean Fibre 1 Crimps per
Category Sub-class Fleece wt Live wt H;lrlnezs Diameter o;aple leng;h inch
Y1 1b Y2 1b B, Yu u 5 Y6 No.
1958 —O. 124 2.322 1.696 —00756 00291 -
1959 -1.892 4,152 3.348 -3.635 -1.712 0.500
Y a 1960 -1.567 -5-557 -10427 -1.078 -0.003 -00114
ear 1961 0.055 -3.823 -1.538 -0.032 0.198 0.145
1962 1.178 6.972 -2.147 3.053 0.512 -0.094
1963 1.357 3,244 -1.149 2.468 0.364 -0.157
1964 0.992 -7.306 1.217 - 0.380 -0.281
Z-tooth -0028 —1091 -0020 -0027 -0003 -O.o}
L-tooth 0.06 0.06 0.06 0.23 0.08 -0.01
Age of Dam 6-tooth & " \
Full mouth 0.22 105 0.1 0.04 -0.04 0.04
Single 0.17 1.89 ~0.91 -0.22 -0.19 0.18
Birth Rank Tw;n -0.20 -3.00 0.80 -0.11 0.22 -0.06
Twins
reared as 0.03 1.11 0.11 0.34 -0.03 -0.12
Singles
Regr. on
B Date of - 0.02 -0.23 0.04 -0.06 -0.01 -0.001
Birth
1] Mean G035 85.707 7.893 35.812 14,142 3.248
No. of Animals
e ko = 801 801 801 686 801 689

Estimation
of Effects




Summary of analysis of variance for the least square estimates of various effects

NABLE &

(Mean squares only)

Ly

Greasy Hogget . Mean Fibre Crimps per
S°u;°e Fleece wt Live wt iaamoes Diameter EILEpHE IEnEER inch
o
Variation . Mean Mean . Mean Mean Mean Mean
D.F,. . DjyFYs . D.F.
Squares sSquares squares Squares Squares
Total 800 2.65 800 | 134.32 800 59.25 685 | 195.65 800 316 688 | 2.11 j
Years 6 167.52** 6 |3070.10** 6 L60,49** 5 567.33%* 6 60, 45** 5 8 47
Agem°f ) 14 ,46%* 2 | 850.50%* 2 6.88%* 2 11.07** 2 1.11 NS 2 | 0.32 Ns
a
Type of 2 12.27%* 2 |2086.95** 2 | 247.61%* 2 Lo 2ks 2 |[14.10%* 2 | b.56%
birth
@ 1 45,91+ 1 | 4478, 30** 1 112.15** 1 2L6,33** 1 8.85%* 1 0.15 NS
Error 789 1.37 789 | 105.59 789 55. 64 675 8.31 789 2.68 678 | 0.5271
* Probability of chance occurrence L .05
** Probability of chance occurrence <:.O1
NS Not significant
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Comparison of various effects on different traits between subclasses within classes

Greasy Hogget gl Mean Fibre - Crimps per
Fleece wt Live wt e Diameter REgNe EeeEt inch
Single minus twin 0.37 4,89 -1.71 -0.11 -0.41 0.24
Single minus twin A
. . 0.14 0.78 -1.02 -0.56 -0.16 0. 30
raised singly
6-tooth and F.M.
Y . o. LI’ Ou 1 - L[] 1 °
minus 2-tooth 0.50 3.76 3 3 0.0 0.07
6-tooth and F.M
ce . 1. 0.08 -0.1 -0.1 .
minus 4-tooth 0.16 79 9 e e
Sigeer HEssehe ol 0.02 0.23 ~0.0k4 0.06 0.01 0.001

on date of birth
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Percentage of total variance attributable to different sources of variation®*

Source of

Greasy

Hogget

P

Mean Fibre

Crimps per

Variation Fleece wt Live wt R Uiameter BIEENIEE pESHgeh inch
Year Ly,22 6.01 5.96 34,62 19.26 11.11
Age of Dam 1.39 (=) (-) 0.75 (=) (=)
Type of _ B
Y (=) 49.85 2.15 (-) (=) o 31174
Regression
of Age 2.43 2.54 0.21 3.14 (=) 1.58
Remainder L8,96 41,61 91.67 61.46 81.34 82.54

* The cells marked (-) indicate that the effect in terms of the percentage of the

total variation is negligible.
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B. CORRECTION FACTORS

(| o= Introauction

The principle of the least squares model has already been

explained in the previous section.

'ne data of this study could be arranged to form a number
of dam-daughter groups in such a way that the dams were comparable
with respect to year and age. T’his grouping obviates the necessity
of having to correct the dam's records for the year effects and the

daugnter's records for the yeur and ayge of aam effects.

ne estimates presented in lable 7 were obtuined by the use
of least squares wmodels in which the year components (ri) were included.
But since the data are analysed, as mentioned earlier, in within-group
basis, the correction for year is not reguired; and the estimates of
the other effects obtained with the inclusion of year effect in the
model are invalid for obtaining correction factors for adjusting dam's
as well as daughter's records. A4S mentioned before, while the dam's
records need adjustment for the age of dam and type of birth effects,
the daughter's records do not have to be adjusted for the age of dam
effects. This difference necessitates the use of different models
for obtaining correction factors for dams and daughters. Both dam's
and daughter's records need to be corrected for regression on date of

birth. The regression values are obtained from the appropriate models.
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2o Correction factors for adjusting dam's records

(a) Least squares model

The following mathematical model was assumed:-

ijl = p+oay+ t, + ﬁ\Xjkl - X) + © k1

The various terms have still the same meaning as in the
previous model. I'he obvious difference between the previous and
this model is that in tnis case the year component (ri) is missing
anda therefore u znd aj are absorbed instead of u and r. The
procedure of solving the normal ejyuations for this model is exactly

the same as in the model aescribed in the preceding section.

IThe sum of u + aj, now, has to be divided by % (because
j =1, 2, 3), after making tue usual assumption that Saj = 0, to
derive the value of u . Ine individual aj's are ovtained by substi-

tuting the value of py into the y + a‘j equationse.

(b) Results ana discussion

The estimates derived by using tne new model are presented

in Table 10.

Instead of correcting the records separately for a‘j and tk

classifications, these two were combined to form the following classes:-

21 = Age of Dam - 2-tooth; Birth rank - single.

22 = Age of Dam - 2-tooth; Birth rank - single.

23 = Age of Dam - 2-tooth; Birth rank - twin raised
singly.

41 = Age of Dam - L4-tooth; Birth rank - single.

L2 = Age of Dam - L4-tooth; Birth rank - twin.
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Least squares estimates of aj,

and ﬁ(xj

kl

correction factors to adjust dams' records

- X) effects for obtaining

49

Greasy

Hogget

Mean Fibre

Crimps per

Category Sub-class Fleece wt Live wt Hilrlnezs Diameter S arlie leng;h inch
Y1 1b Y2 1b 3 Y4 u ) Y6 No.
2—tooth -0031 -1.99 -0.31 _0024 "0005 -0.03
Age of 4-tooth 0.1k 0.19 0.03 0.35 0ok -0.03
Dam
6-tooth &
Full mouth Lol 1.80 0.28 0,11 -0.09 0.06
Single -OQOO 1-9“ —0075 -0047 -0029 0019
Birth Twin -0.10 -2.29 1.01 -0.08 0.20 -0.03
Rank
Twins
reared as 0.10 0436 -0.26 0.56 0.09 -0.16
Singles
Regr. on
- Date of 0.006 -0.099 0.014 -0.001 -0.004 0.002

Birth
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L-tooth; Birth rank - twins raised
singly.

of Dam

43

1}

x>
(0]

(0]

61 = Age of Dam

6-tooth and F.l; Birth rank - single.

62 = Age of Dam - 6-tooth and F.M; Birth rank - twin.
63 = sge of Dam - 6-tooth and F.M; Birth rank - twins raised
singlye.

after combining the estimates in the manner shown above, the
factors were expressed as deviations from the 61-class. In other words,
the records were adjusted to the mature-dam and single birth classificationse.
In orainary machine calculations, this would mean that the individuals
belonging to the 61-class, which are usually most frequent in the data,

would not have to be corrected.

The correction factors, shown in Table 11, are the aeviations
of the various effects from the 671-class with their signs changed, und
the figures rounded off. In actual calculation, the actual computer

print-outs with eight places after the decimal point were used.

The correction for the regression on date of birth was applied
to tnose individuals wiich differed from the mean age (the mean age was
45 for A matrix and 46 for matrices B and C). The regression value
was multiplied by this difference and records adjusted accordingly. The
writer is grateful to his supervisor Mr Ch'ang (1966) for suggesting
this method which made it very convenient to apply some modifications

in his computer programme to include regression as a correction factor.
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[ABLE 11
Correction factors for adjusting the dams' records to 'Single' type
of birth and '6-tooth or F.M.' age of dam classifications
Model:- ijl = U+ ay + LA ﬁ(xjkl - X) + € k1
aj and tk Regression
ey : on

lassifications 21 22 23 41 L2 L3 61 62 63 Date OF
Characters Birth
Greasy fleece wt +0.480 | +0.588 | +0.370 | +0.027 | +0.134 | =0.084 O | +0.108 | =0.111 -0.006
Hogget live-wt 434792 | +8.021 | +5¢370 | +1.604 | +5.834 | +3.183] 0 +4.23%30 | +1.578 +0.099
Hairiness +00588 -1.166 +O.10Lf +O.252 -1.502 -00232 0 -10751" -00484 -00014
Mean fib. dia. +Oo131 -00256 -00904 -0.468 -00518 "1.502 O -00387 -10034 +0.001
Staple length -0.047 | =04531 | =0.426 | =0.235 | =-0.719 | -0.614 | O -0.483 |-0.378 +0.004
Crimps per inch +0.086 +0.440 | +0.088 |+0.317 -O.##Z{ 0 |+0.214 |+0.327 -0.002

+0.315
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C. CORRECIION FACTORS FOR ~ADJUSTING
DaUGHT®R'S RuCORDS

1. Least squares model

Since the records of the daughters need adjustment for the
type of birth and regression on date of birth only, the estimates
obtained by using the models which include year (ri) and/or age of

dan (aj) components are no longer valid.

The mathematical model used for this purpose was,

_ e § ith ti TP .
Ykl = u+ tk + 5\(kl X) + €1’ with the usual definitions of the terms

T'he absorption eguations, in this case were formed by zbsorb-

ing uana t . The s+ tk) was, after assuming It = O, divided by
3 (because k = 1, 2, 3) to obtain u. 2ne t._ were calculated by
substituting the value of p into the o + tk eguations.
e Results and discussion
m 3 D _ Y _—
he estimates based on the model, Ykl = U+ tk + r(xkl X)
e have been presented in Table 12,

All the daughter's records were adjusted to the 'single' type
of birth classification by expressing the correction factors as deviations
from this sub-class. The correction factors are shown in Table 13, after

reversing the signs of the deviations mentioned above.

The correction for regression on date of birth was performed

in the same way as in correcting the dam's records.



TABLE 12

Least squdres estimates of tk and ﬁ(xkl - X) effects for obtaining

correction factors to adjust daughters' records
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Greasy

Hogget

Mean Fibre

Crimps per

Category Sub-class Fleece wt Live wt Halrlnegs Diameter SESolie) lcwech inch
Y, 1b Y, 1b Yy E Y cm Y No
1 2 y M 6 :
Single -0.06 1.45 -0.82 -0.49 -0.27 0.18
Twin ~0.07 -1.98 1.06 -0.09 0.19 -0.03
Type of
Birth
Twins
reared as 0.13 0.53 -0.24 0.58 0.09 -0.15
Singles
Regre on
Date of 0.004 -0.115 0.012 -0.001 -0.004 0.001

Birth




[aBLE 13

Correction factors for correcting the Daughters' records by adjusting

to 'Single!

type of birth classification

Modeli- Y . = u+ t, + B(Xkl - X) + €1
t, classification Regression
k o I .
Singles Twins fwins reared on

Characters singly Date of
Birth
Greasy fleece wt 0 +0.015 -0.187 -0.004
Hogget live-wt 0 +3. 430 +0.919 +0.115
Hairiness 0 -1.878 -0.586 -0.012
Mean fibre diameter 0 -0.397 -1.063 +0.001
Staple length 0 -0.463 -0.362 +0.004
Crimps per inch 0 +0.208 +06336 -0.,001

Sh



25

D. HoRITABILITY &5TIMaATES

e Introduction

T'he practical animal breeder is mainly concerned with
heritability defined, in the narrow sense, as the ratio of the
aaditive genetic veriance to the total or pnenotypic variancee. The
conseguences of gene action which differs from the additive scheme

have been discussed by Lush (1937, 1949) and Lerner (1950).

'he additive genetic variance is the component of total
variance thought of as arising from the average effects of the genes.
It reilects the variationr that is transmitted from parent to offspring
and is therefore considered responsible for the resemblance between
relatives. The estimation of the amount of aaditive genetic variance
aepends on the measurement of the degree of resemblance between
relatives. ‘'he most common relationships are bvetween offspring and

their parents, and between full or half-sibs.

It can be theoretically shown that the degree of resemblance
between relatives, measured as a regression or correlation coefficient,

is related to the heritability (h2) as follows:-

Regression of:

Offspring on one parent = % h2
Offspring on mean of 2 parents = h2
Intraclass correlation of:
. 2
half sibs = z h

full sibs

I
Vv

ol
B
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The intraclass correlation of full sibs is not confined to
the additive variance, and therefore the correlation is augmented by

part of the non-adaitive variance if any is present.

The most serious complication in estimating additive genetic
variance arises from the fact that there are often non-genetic causes
for tne resemblance between certain relatives, which may increase the
regression or correlation and lead to an overestimation of the
heritability. It i1s mainly in the full-sibs that resemblance tends
most often to be augmented by nongenetic causes, as they always have
the same mother and are generally subjected to similar environmental

conditions.

I'he absence of non-genetic causes of resemblance in a re-
lationship is the most imoortant criterion in choosing a method for

estimating the heritability.

2e Method of analysis

Lush (1944, 1949) has described various methods of estimating

heritability.

Several dam-daughter pairs had observations on all characters
under study and therefore, it was possible to obtain covariance between
the records of dam and daughter to estimate one half the additive genetic
variance by regressing the daughter's records on dam's. This regression

coefficient was then doubled to give the heritability estimatese.

Prior to obtaining the regression value, the measurable non-
genetic differences were eliminated from the records by applying appropriate

correction factors (Tables 11 and 13) and by performing analysis on a
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within-group basis to remove year effects from all records and age of

dam effects from the daughter's records.

The general formula used in the estimation of heritability

was: -
5 cov(Xi, Yi)
g - Ex =g
gX.
i
i = 1, 2, o0y 6.
where, cov(Xi, Yi) = covariance between dam's and daugnter's records

L2 .
and Uxi = variance of dam's recordse.

The covariances used as the numerator in the formula are
the same as those used as the denominator in the formula for calculating
genetic correlations and are represented by the diagonal elements in
lable 18. ‘he syuare root of the denominator, i.e., thne standard
deviations of dams' records, are represented by the diagonal elements

of lable 19 (upper figures).

The following example illustrates tue use of the formula for

estimating the heritabilities.
The heritability of greasy fleece weight (say, 1) is obtained
as follows:-
5 cov(X1, Y1)

2
GX1

_ 0.27 _
= 22X (7.72)° - i

The covariance 0.27 and the standard deviation 1.12 were extracted from
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Tables 18 and 19 respectively.

The standard errors of the heritabilities were obtained by
doubling the standard errors of regression coefficients. The latter

were calculated by the method given by 3nedecor (1956).

$e rfesults and discussion

The estimuates of heritabilities obtained by doubling the

regression of daughter on dam have been presented in Table 20,

In the analysis, the records of tihne dams having twin aaughters
nave been repeated over the caughters' records. I'he metnod generally
used in a situation wnere there is a difference in family size is to
combine tne sums of sguares and products from families of eifferent size
according to a weighting factor appropriate to tne family size. The
derivation of the weighting factors is explained by Kempthorne and
landon (1953) and xeeve (1955). l'he present aata has a very low
proportion of dams which had twin daughters. Kemptnorne and Ilandon
did not tind any significant difference between the estimates of
keritability obtained from linear regression analysis by repeating
dam's records with each of her daughter's and by applying weighting
factors, when major proportion of dams, like in the present data, had
only one offspring. Rae's (1958) data contained 15 percent of dams
which had twin ewe offspring. He considered that such a low proportion
of dams with twin offspring were unlikely to make the heritability
estimates obtained from regression analysis by repeating dam's records
much different from those derived from the method of Kempthorne and

Tandon, i.e., by using weighting factor.
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Heritability estimates from regression of offspring on
parent are usually considered more reliable than those based on
half-sib method. +hen the environment is random for all individuals
in a population, the variance among dam-daughter pairs contains one-
half of the adaitive genetic variance whereas the variance among
half-sibs contains only one-fourth. This 1is why the regression of
offspring on parent 1s doubled to obtain the heritability estimate
but the correlation among half-sibs is multiplied by 4. Sampling
and non-random errors are thus inflated by only a factor of 2 in the

former, but by 4 in the case of the latter estimates.

Ihe parent offspring method excludes tne effects of environ-
ment more effectively thun those based on full or half-sibs, as the
parent and offspring are not contemporary ana are tius not subjected
to the same environment as may be the case with sibs. In the data
obtained from a population where selection is practised amon, the
parents, the regression method nas an adaitional advantage of yielding

unbiased estimates of heritability.

Theoretically heritability may be estimated using the
regression of the offspring on either parent but, in most animal
breeding data, dams far outnumber the sires, and therefore, the estimate
is usually obtained from the regression of offspring on dam. In
sheep breeding data, regression of daughter on dam is more commonly
applied because of the availability of dam-daughter pairs in substantial
numbers and also because the method of dam-daughter regression does not
require the estimation of effects of sex, and hence there is no necessity

of correcting the records for sex differences.
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The ueritability estimates of various traits obtained from
the present data by dam-daughter regression analysis are, in general,
consistent with those published in the literature (compare Tables 1

and 20).

The outstanding feature of the estimates is the high
neritability (0.43) of greasy fleece weight which is higher than
any other estimates regorted so far for the New Zealand romney Marshe.
However, the present estimate appears to be more in line with the
preliminary results of a selection experiment for fleece weight being
carried out at kassey University which nas been ceommented on by Rae

(1964).

The heritability of mezn fibre diameter (0.17) is the lowest
of all the traits studied but is comparable with 0.28 for tine asustralian
herino (Young et al., 1960) and 0.29 for the South african Merino

(Bosman, 1958).

’he neritability of crimps per inch (0.72) appedars to be
nigher in the New Zealand kKomney than any other estimates rcported for

other breeds of sheep.

The present estimate of heritability of nairiness (0.87)
confirms the previous study made by Rae (1958a) in which he noted that
hairiness was a highly heritable trait in the New Zealand Romneys,

capable of responding rapidly to selection.

It is evident from Table 20 that individual productive traits
of the New Zealand Romneys are strongly inherited and will respond
rapidly to mass selection. The main limitation to progress is the

genetic antagonism existing between some characters. The discussion
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pertaining to this aspect of selection will be presented in the

following section.

K. PHEINOIYEFIC aNU GONETIC CORRuLATIONS

Te Introduction

A phenotypic correlation is the correlation between records

of two traits on the same animal.

fhe following diagrammatic representation (Lerner, 1958)

snows the basis cf phenotypic correlation between two traits » and 3.

€ B > G
A GA GB B
nA hB
A & g R N B
s , —
A S A
eA eB
E < r > E
A EA EB B

In the diagram, it has been shown that the phenotype for a
given trait (A) is determined by its genotype (GA) and its environment

(EA), respectively connected to A by paths hA and e, Trait B has
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similar genotypic and environmental components. hA and hB are the
square root of the heritabilities of traits A and B, respectively;

and €4 and eg are their respective environmental components.

A phenotypic correlation between two traits in a given
individual may be in part tne result of their genetic association
resulting from common sources of genetic variation, such as pleiotropy,
linkage, and the association of loci and blocks located on different

chromosomes. It can also be in pert the result of common environment.
The followinyg exampgle will further illustrate this point.

oupposing each of the traits A and B as being the sum of a
genetic term and an environment (including error) term, and neglecting

tne general means,

cesesecses (1)

The genetic correlation r is the correlation between g and
G; the phenotypic correlation R is the correlation between A and B,

1
i

and that between e and ¥ is the environmental correlation, say r'

3ince a correlation, whatever its nature, is the ratio of

the appropriate covariance to the product of the two standard deviations,

we have,

cov (g, G)

U'g'O'G

R - cov (A, B)

O’AoO'B
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and t oo Sov (e, E)

g * g

where, cov (g, G) is the

covariance between g and G ando‘g ando‘G are their respective standard

deviations. The othner terms nave similar notations.

The phenotypic correlation R is that between 4 and B and can

be directly obtained from (1) as -

cov(g, G) + cov(g, &) + cov(G, e) + covie, E)

2 2 2 = : 2
’\/E;—é + 2 cov(g, e) + o, J [o;& + 2 cov(G, E) + G4 ]

il

s#ssuming h and H to bz tne heritabvility estimates in the narrow
°)
e

sense, of the two traits A and B3, aefined as 6“2 / (3:2 + T and
) &
2 pag 2 . . . . e = .
5. /(. +o0 7) respectively, Lerner (1950) established the following
T o4 ",

relationsnip between phnenotypic, genetic =znd environmental correlations,

by using the method of path-coefficients.

R=r il + r' 4’(1—h)(1-H)

Searle (1961) has further shown that:

(1) the environmental correlation is negative when R and r have
the same sign only if R/r is less than «’ h d; it is negative

vhen R and r are of opposite sign and R is negative;

(2) equality of the heritabilities implies that when any two of

the correlations are equal there is equality of all three, and;

(3) the phenotypic correlation exceeds (or is less than) the genetic

correlation according as the ratio r'/r exceeds (or is less than)



64

the value of (1 -AfJn ) /41(1 - h) (1 - H)

2e Method of analysis

it is clear from the foregoing discussion that the confcunding
of genetic and environmental covariation in the estimation of phenotypic
correlation does not allow for any apporoximuation as to the magnitude or
even the si n of genetic correlation. For this reason, a separate
analysis was carried out to obtain genetic correlations between traits
after calcuiating the phenotygic correlations by the usual product-
moment method. Tne use of different sets of data, owing to missing
records, follows tne similar pattern as in obtaining genetic correlations.

The phenotypic variances and covariances have been presented in [able 16,

lne estimation of the genetic correlation between traits by

the reciprocal correlation of one trait in the dam with another trait

in the offspring has been aescribed by Hazel (1943). His formula was -
B M., - B X
i, g i g
r'o g = - - where, Xi’ X, are the
A X. X, « K, J
i1 J J

corresponding traits in the offspring and Xi|, Xj, are the corresponding

traits in the dam.

Koch and Clark (1955) have shown this formula as invalid where
the situation is complicated by maternal environment in which case the
expectation of the formula given above is not r's g.°

i3
The method of estimating the genetic correlation and the

importance of this parameter especially in designing selection indexes
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have been discussed by Hazel (1943), Hazel et al. (1943), Reeve (1953),
Jerome et al. (1956), Falconer (1960), Searle (1961) and Van Vleck and

Henderson (1961).

Considering the situation aescribed by the following table

for two traits A and B,

Trait Dam Daughter
£ K1 Y1
B Ka Y2

Van Vleck and Henderson (1961) showed that the genetic correlation

between the traits can be estimated by the following four methods.

2’ f,])
1. r =

G, GB /V-COV(X,l, Y'l) 5 COV(KZ’ YZ)

cov(X

. ) cov(X1, YZ)

) "G, Gg R cov(X,, Y.) . cov(X., Y.)

“ »\/ 3% 2 "2

= e o = cov(X1, Y2) £ cov(XZ, Y1)
A 9B cov(X,, Y1) . cov(XZ, Yaji

COV(X,] q YZ) + COV(XZ, Y1)

* N PY e e e

1’ 1 & 2’ 2

Van Vleck and Henderson (loc.cit) noted that all four methods of
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estimation provided unbiased estimates of the genetic correlation when
the sample size was large. For small size (N = 100) and low herit-
ability (0.20) of at leust one trait, however, the estimates appeared
to have been biased upwards, especially in the case of the estimate

obtained by using the third method.

In the present analysis the fourth method has been used to

estimate all genetic correlations.

I'ne records of dams and daughters were corrected in the way
mentioned earlier, before obtaining various covariances which have
been presented in Table 18. Ihese covariances are based on different

number of dam-daughter pairs because of tlie missing data mentioned in

Chapter III. #our different sets of data haa to be analysed separately

to obtain covariances as follows:-

(1) All combination of covariances between greusy fleece
weight, hcgget live-weipght, hairiness and staple length.

(2) All combination of covariances between mean fibre diameter
and other traits mentioned in (1).

(3) &all combination of covariances between crimps per inch and
other traits mentioned in (1).

(4) Covariance between crimps per inch and mean fibre diameter.

All covariances obtained from (1) were utilized in calculating

genetic correlations between the traits greasy fleece weight, hogget live

weight, hairiness, and staple length. These are based on maximum number

of dam-daughter pairs (508) in the data. In the case of (2) and (3),
only covariances containing mean fibre diameter and crimps per inch,

respectively, were used, although other covariances between additional
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right hand sides (see Table 14) were available. The genetic
correlations associated with mean fibre diameter are based on 401
dam-daughter pairs while those associated with crimps per inch are
based on 292. Because of small number of dam-daughter pairs (185)
available to obtain covariance between crimps per inch and mean fibre
diameter, the only covariances used from (4) were the ones forming
the numerator of tne formula, the appropriate terms of denominator
being obtained from (2) and (3). The covariance in the numerator

was obtained by forming a new matrix D (Table 15).

A1l covariances required £for czlculating genetic cor

L]

elations

between the traits unuer study, have been presented in [fable 18.

Representing aam ana daughter by X and Y respectively, the
general formula for calculating genetic correlations can be written as

follows: -

cov(X., Y.) + cov(X., Y.)
r J J L

i
G, G. ..
i %Jbov(xi, Yi) : cov(Xj, Yj)
As an example, genetic correlation between greasy fleece weight

(say, 1) and hogget live weight (say, 2), 0.54 (Table 19), is derived as,

cov(X1, YZ) + cov(XZ, Y.)

1

0

1
24/éov(X1, Y1) . cov(Xa, 5

Using the covariances from Table 18,

1.40 + 1.30
r

= 0. 54

G, G.
B 21/0.2? x2%.28
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Additional right hand sides incluued in iMmatrices B and C to obtain phenotypic
covariance of Y4 and Y6 with other characters

R.H.S.'s added to Matrix B

ReHeSe's added to Matrix C

Equation
V- Y Y Y Y Y 4 Y Y
1 2 3 5 1 2 3 5
1 894.60 | 9682.0| 1093.10 1628.0 631450 9163.0 | 1148.90 | 1270.0
2 631.50 | 9163.0| 1148.90 127040 819.20 | 10036.0 706.00 | 1715.0
3 819.20 | 10036.0 | 706.00 | 1715.0 | 1093.90 | 10993.0 905.00 | 1953.0
4 1093.90 | 10993.0 | 905.00 | 1953.0 966.90 9676.0 692.30 | 1589.0
5 966.90 | 9676.0 | 692.30 | 1589.0 " 997.20 9358.0 729.90 | 1542.0
6 997.20 | 9388.0 | 729.90 | 1542.0 || 10u44.00 9012.0 | 1054.70 | 1675.0
7 1265.80 | 14044.0 | 1210.00 | 2338.0 | 1336.90 | 14375.0 [ 1219.50 | 2433.0
8 1542.40 | 16654.0 | 1537.10 | 2771.0 | 1552.70 | 16037.0 | 1412.50 | 2710.0
9 2595.10 | 28420.0 | 2528.10 | 4588.0 [ 2663.10 | 27856.0 | 2604.80 | 4601.0
10 2262.90 |25360.0 | 1922.20 |3984.0 [2400.10 | 25829.0 | 1997.80 | 4142.0
11 2913.40 | 31318.0 | 3184.50 [5310.0 || 2914.40 | 29964.0 | 3015.40 | 5192.0
12 227.00 | 2440.0 | 168.50 | 403.0 238.20 2475.0 223,60 | 410.0
13 1207.59 [=9952.0 [2212.12 |-308.41 | 474,22 |-12652.90 | 3176.93 | 1066411
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Leas

TaBLn 15

t squares eguations for obtaining covariance between
mean fibre diameter (Yq) and crimps per inch (Y6)
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Lfotal No. 574
Modeli- Y, = u+ 7T, +a, +t + B - X) + €1 ikl
MATRIX D Ly Y6

| 2 22 2z % t2 ty P, = igka | PYigia
102 £5 22 55 i L7 Sh 1 ~136.99 3270.97 | 388. 44

121 33 34 Sk 5 76 37 8 -1221.41 L253.66 | 388.77

136 33 35 68 | b 85 7 +93.04 | 4840.80 | 464 .91

109 33 38 38 L2 64 3 +1354.20 4138.47 | 349.08

106 25 27 Sk 41 60 5 -88.84 4LOL6.78 | 331.85

a, 149 0 0 86 58 5 +250.37 5277.29 | 498.19

a, 0 156 0 5 73 8 +102.67 5642.39 | 515.70

as 0 0 269 89 169 11 -353.0k4 9631.00 | 909.16

t, 86 75 89 250 0 0 | -226.51 8876.59 | 863.68

t, 58 7 169 0 300 0 +307.89 10789.61 | 983.89

t 5 8 11 j 0 0 2L -81.38 875.48 | 75.48
B(xijkl -X) ‘+250.37 +102.67 | =353.04 2-226.51 l+3o7.89 -31.38 93730, 50 =126.83 | 154415
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[~BLE 16

Phenotypic standard deviations, variances and covariances

(upper and lower figures on diagonal elements are variances

and standard deviations respectively and figures above the
diagonal are covariances)

Greasy Hogget Mean Stapl Crimps
Characters Fleece Live Hairiness Fibre i aptﬁ Per
Weight Weight Diameter eng inch
Greasy 1.37
Fleece wt 1.1,7 ?029 Oo[+5 1-79 0-91 -0014
Hogget 105.59 N
oo Wb 10,27 0.80 8.79 L.o8 -0.68
. 55.64
Hairiness S k6 2.4 0.89 -0.52
Mean Fibre 8.31
Diameter 2.88 2.32 0.79
2.68
Staple Length ok I -0.74
Crimps per 0.53
inch 0.73
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The genetic correlations between other pairs of traits have

been similarly derived.

The 3tandard irror (S.s.) of the genetic correlations were
obtained by the method given by Zae (1950). The firet bracket of his
formula, wnich tazkes the following form uncer the present notation,

contributes most to the variance : var(rG G ) .
i3]

2 2 2 2 2 g2 2
(rG. G.) oy -0, T+ o .o‘,l,i +{cov(Xi, Yj’} +{cov (Xj’ Y.)

i
n {cov(x., Y.) + cov(X., Y.}Z
B Jj i

e} *c .
X o3
X, b v i
i i AL i

+ i _r J J B

h{cov(){i, Yi)}a Q(C':ov(xj, Yj)}z

where n = degrees of freedom associated with the genetic correlations.

F
[ )
| ~
(8]
[}

o2

[V

Rae (loc.cit.) has shown that the second bracket of the formula,
containing the terms arising from the covariances, could be neglected with-

out seriously altering the results,.

The standard errors obtained by the use of the first bracket of
Rae's formula are presented in Table 19 (below diagonal). These values

are derived by taking the sguare root of the value for var(rG G i
i3]
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Be Results and discussions

The estimates of phenotypic and genetic correlations obtained

in this study are shown in lables 17 and 19 respectively.

If only the phenotypic correlation is known, it can become
a misleading statistic. For instance, a highly positive phenotypic
correlation may mask behind it a negative genetic correlation or vice
versa. ror a time it may mzke a trait epgpeasr static or beyond improve-
ment when actually genetic imjprovement 1is being maue. However, if it
is accompanied by either tne genetic or the environmental correlations,
it becomes helpful in making at least a falr guess as to tne missing
correlation. frius, if the phenotypic correlation sas zero znd the
environmental correlztion nighly positive, we would expect the genetic
correlation to be highly negative unless dominance accounted for a large

part of the genetic covariance.

{he present phenotypic correlations between the characters
are juite consistent with those reported for the same flock of sheep by
Rae (1958a) and those reported for other breeds. All phenotypic corre-
lations between crimps per inch and the other characters under study
are negative. This is, again, in good agreement with the results
reported in the literature (Table 2). The only positive value (0.05)
of phenotypic correlation between crimps per inch and hogget live weight

was reported by Morley (1955) for the Australian Merino sheep.

The low correlation between fleece weight and hairiness (0.05)

is similar to those reported by Goot (1945) and Rae (1958a).

At the phenotypic level, there is some additional information
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Phenotypic correlations among the various characters

73

from zero at P <.05 and P { .01 respectively.

Greasy Hogget Mean Stapl Crimps
Characters Fleece Live Hairiness Fibre Lezpti Per
Weight Wwelght Diameter = inch
Greasy Tee 1 o Tes Sus
Fleece wt 0.61 0.05 0.53 0.48 0.17
Hogget _ 1 2*;. 1‘* 3‘
Live wt 0.01 0.29 O.24 0.09
Hairiness 0.112*‘ 0.071* -0.103“
Mean Fibre 279 b,
Diameter On e
Staple Length -0.633‘*
Crimps per
inch
1 Based on 789 degrees of freedom
2 Based on 675 degrees of freedom
3 DBased on 678 degrees of freedom
4L Based on 564 degrees of freedom
* and ** indicate that the correlation is different
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28

TABLE 18
Daughter Genetic Covariances*
3 = = 2,3,.--,6
Y. - 1 = 1,2,...,6
= Greasy Hogget Mean Fibre Crimps per

. ‘ ' Hairiness i N Staple length PSP

Fleece wt| Live wt Diameter inch

Xi -1 = 1'2,.-0’6
X. - Jd = 2,3,...,6
J

Greasy fleece weight 027 1. 40 -0.28 0.37 0.10 -0.02
Hogget live weight 1.30 23,28 -5.79 1.26 0.74 -C.26
Hairiness -0.41 -12.1€ 14,08 (19 -0.01 -0.33
Mean fibre diameter 0.10 0.03 0.9% 0.60 N0.17 -0.08
Staple length 0.23 0.56 -CoZh 0.65 0.65 -0.28
Crimps per inch -0.0k 0.06 -0.09 -0. 34 -0.26 2% ks

*(1) The diagonal elements are: cov(xi, Yi); where i = character 1,2,...,6 and

cov(}{j Yj); where j = 233500046,

(2) The elements above the diagonal are: cov(xi, Y.); where i = character 1,2,++.,5, and

J j = eharaeter 2,3msesy0n
(3) The elements below the diagonal are: cov(Xj, Y.); where i = character 1,2,++.,5 and

'j = character 2,3,...,6.




I4BLe 19

Genetic standard deviations, pgenetic correlations and standard errors®*
9’ (&)
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rGiG_ Greasy Hogget Mean Fibre Crimps per
S.E J Fleece wt Live wt fHairiness Diameter Staple length inch
Greasy 112 - -
Hogget 10,05 | 4 - -
lee wt 0017 11.57 Oo -9 +u.16 +O.C1 "0005 v
. 5.67
Hairiness 0.1k 0.1k A +0.24 -0.06 -0.12
e e 0.36 0.26 0.22 2.66 +0.68 -0.63
Diameter ° : N 3,14 . .
‘ 1.68
Staple Length 0.15 0.16 5 O.k41 0.34 1.67 -0.76
Crimps per | 0.71
. o1 0.10 0.34 A
o 0.15 0.16 | k: 0.18 0.69

{
\
‘

* Diagonal elements

Above diagonal elements -
Below diagonal elements -

- Upger figures, std. deviations
deviations of daughters.
Genetic correlations.

Standard errors ol the genetic

of dams;

lower figures, standard

correlations.
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ABLE 20
Heritabilitieszs estimuted from the regression of
daughter on dam
Characters Heritabilily Remarks
Greasy fleece weight 0.43 + 0.10 Based on 508 dam-dtr. pairs
Hogget live-weight 0.46 + 0.10 Based on 508 dam-dtr. pairs
Hairiness 0.87 + 0.12 Based on 508 dam-dtr. pairs
Mean fibre diameter 0.17 + 0.10 Based on 401 dam-dtr. pairs
Staple length 0.46 + 0.02 Based on 508 dam-dtr. pairs
Crimps per inch 0.72 + 0.06 Based on 292 dam-dtr. pairs
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reported for the New Zealand Romney sheep. Barton (1954), Coop (1956),
Cockrem et al. (1956) and Inkster (1956) reported positive phenotypic
association between face cover, fertility, growth and fleece weight.
They found that open-faced ewes produced more lambs than closed-faced
ewes. wallace (1961) and Coop (1962) have reported positive phenotypic
association between live weight at mating and fertility in the same

Seasone.

ins stated earlier, thougyn the association between the characters
at the phenotypic level may be important from the point of view of flock
nutrition, it does not provide a clue as to the nature of genetic relation-

ship between them.

The genetic correlations gresented in able 19 suggest that if
several cnaracters are to be selected, progress may ve restricted vecause
of genetic antagonism between certain traits. Though tnere is no unanimity
on the desirable jualities of the New Zealand Romneys, Rae (1964), in
stressing the need of defining objectives in sheep breeding, has outlined
the ranking of productive traits based on the relative economic imgortance
of the various characters. "he importance of ranking of production traits
according to their commercial profitability, and some of the difficulties
involved in this approach have been discussed by Rae (1954, 1958c, 1962).
He noted that lamb production ranked first, followed by fleece weight within
the range of suitable quality numbers and fleece grade. On the basis of
relative economic value, he suggested that comparatively minor significance
should be attached to body conformation or other characters except in so

far as they are correlated to the characters of major importance.

The picture emerging from the present genetic correlations
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(Table 19) is that, if selection was entirely concentrated on greasy
fleece weight, the hogget live weight and staple length would increase,
the medullation in the hogget fleece would decrease and the fineness

(as indicated oy more number of crimps per inch and less fibre thickness)

would decrease.

The genetic correlation between greasy fleece weilght and
hairiness (-0.18) in this work is different from the estimate of Rae
(1958a) which was 0.28 as determined by dam-dzughter regression. His
estimate based on paternal half-sib correlation was, however, -0.28.

This inconsistency in the magnitude and sign of this statistic may well

be due to sampling errors which can be expectea to be large in the analyses
in which the genetic correlations are basea on four different covariances,
eacn having its own sampling error. nnother inconsistent estimate, 1is the
present genetic correlation of -0.06 between staple length and hairiness

in comparison with Rae's (1958a) 0.41. No otner estimates have been

regortea in the litersture to provide comparison to these figures.
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Chapter V

DISCUSSION

An estimate of heritability, in conjunction with the known
selection differential, in uniform environment, gives the expected
gain per generation; but i1t coes not indicate tae effect which

selection pressure applied for the improvement of one trait may have

on tiie improvement or decline of another trait. A numper of investi-
gators nave studied tiils aspect of animal breeding. Recently, Young

t ale (1965) suypgested tnat, in the australizn ierino, with nigh
genetic correlations between traits meusured at weaning and at hogget
age (fleece weight und live weight), together witih high heritubilities

for both trazits at aogget age, due consideration be given to the relative

efficiency of selection in terms of genetic gzain at the two ages.

Turner (1959) and searle (1963) have discussed the relative
gains under indirect and direct selection. If two characters &4 and B
with heritabilities hi and hg have the genetic correlation between them,

r then we can write -

AB?

B
b}
hA AB

R = AA-
QA

o

=

where, BA.B = predicted genetic gain in A under selection for B and
A iA.A. = predicted genetic gain in A under selection for A., If A

represents a character measured at one age and B the same character
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measured at another age, the above formula can be used to estimate the

efficiency of selection at two different ages.

Rae (196ha) Las recently suggested the usefulness of body
welghts other tnan at weuning. Ine hoggyet weignt after shearing would
oe cf special interest because of its phenotypic and genetic association

witn fleece weight, fertility and other pgroductive traits.

Using heritability estimates of 0.35 (Ch'ang and Rae, 1961)
and O.46 (this study) for weaning and hogget weights respectively, znd
assuning a iilgh genetic correlation between these weights, say, 0.9

Young et al., 1965), we have,

R = V.46 X +9 = 1,02, so taat an indircct selection for
«35
weaning weight 1s slightly more efficient than direct selection. a

great amount of zccuracy can not be guaranteed in predictions based on
genetic correlations unless they have bec¢n derived by using a large

amount of data to reduce tne sampling variations to the minimum. Young
et al. (1965), however, have made some empirical observations that
selection for greasy fleece weight and body weight at weaning was unlikely
to be rewarding, at least in the Australian lkerino, and that selection

should be based on measurements at 15 - 16 months of age, even when it

is desired to have high body weight at weaning.

As mentioned before, lamb production ranks first in regard to
its economic importance, but this trait is lowly heritable in the New
Zealand Romney (Rae, 1964) as it is in other breeds (Reeve and Robertson,

1953; Young et al., 1963) and also shows a negative genetic correlation
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with fleece weight (Ch'ang, 1955). However, Cockrem's (1959) experiment
with mice in which he obtained substantial progress by selecting against
the direction of genetic correlation, presumably by utilizing the genetic
variation not controlled by the correlation, serves to avoid undue
pessimism among the breeders when they find genetic antagonism between
the traits. Cockrem's results witn mice, however, will have to be
substantiated by experiments with larger animals before they can be of

practical value in commercial animal production.

S reported in the discussion of the appropriate sections,
various genetic antagonisms between traits have been found in this study.
I'he zdvantages of using a selection index, in sucn a situation, to improve
the over-all proauction of New Jealand Romney, have been discussed by Rae

(1954).

.nile incex selectioxun takes into account tne various genetic
and phenotypic parameters ana tne economic aspects of animal breeding, it
aoes not include the aspect of efficiency in the animals, a factor which
is of considerable importance in a grassland system of farming. It is
possible, for instance, that the highest producers may not in fact be the
most efficient. The concept of animal efficiency has a considerable
economic importance but unfortunately this attribute in an animal does
not lend itself to an easy definition and measurement. Measures of
efficiency have been suggested by Wallace (1956) for butterfat production

and by Ferguson (1956) for wool production.

Ferguson defined efficiency of wool growth as the percentage
of the food crude protein which is converted into wool, Since food intake

was proportional to body weight, it was shown that in fact wool weight per
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unit body weight was a better measure of efficiency than wool weight per
head. Ferguson has discussed efficiency of wool production from two
points of view. Firstly, from the point of view of selection of more
efficient sheep and, secondly, from the point of view of the grazing

management of improved pasture.

3chinckel (1956) suggested using wool per unit of surface area,

estimated by (body weight)'6 as an alternative to wool per pound of

boay weight.

Turner (1958) gave formulae for the heritabiliity of a compound
cnaracter (X =§}xi) ana the correlation between X and X, in terms of the
variances znd covariances of thie components. The method of estimating
corresponaing heritabiliity and correlations when X is considered as the
ratio of two characters was also developed (iurner, 1959). ohe examined
the conseguences of the use of the ratio of wool weight (W) and body weight
(B) as measure of efficiency of wool production. It was shown that the
genetic correlation between « and ./B was consistently positive for a wide
range of values of the parameters of . and B, so that selection for high
wool weight would also increase efficiency as measured by the ratio ./B.
Consistently negative and sometimes very strongly negative genetic corre-
lations were found between B and /B which shows that selection for high
values of %/B would decrease body weight. The following results obtained
from the present data exhibit a similar pattern of relationship of the

ratio W/B with W and B. The procedure followed is outlined below:-

Suppose

el
1}

log W

log B, so that the ratio (say, X) = log i

and p 4 B
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or X = 1log i - log B = X, = X

Turner (1959) has shown that if,

P11 = Phenotypic Variance of X
P22 = Phenotypic Variance of X5
P12 = Phenotypic Covariance of X, and X5
G12 = Genetic Covariance of X, and X5
2 o
h1 = Heritability of Xqs
h2 = Heritability of x
2 - y 2’
Ty = Genetic Correlation between X, and X5
and ry = Phenotypic Correlation between X, and X5

the neritabvility of the ratio X,

=2
h2.—_ Gl,] <1+k
X

1 +

i ]
k-Berhk) ,
K

- 2 rp

2
h
kZ
the genetic correlation between the ratio x and greasy fleece
welght x

1’

1 - rG kh k

rG(X.x,]) - 5 =
’\/1+k,k-2rkk
h G

the genetic correlation between the ratio X and hogget live weight x

2’
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and the phenotypic correlation between the ratio X and greasy fleece

weight Xq

1 - rpy k
rP(X.x1) = 5 - where,
1+ k- -2 rP k
h2
k2 = _2 and k - Coefficient of variation of B
h h2 e Coefficient of variation of W.
1

The values of the present parameters are as follows:-

P,y = 137, P, = 105.59
P, = 7.29, Gip = 1440
nS = 0.43, Y
ry = 0.54, r, = 0.6
ki = 1.07, and k> = 0.82

The substitution of these values in appropriate formulae
gave the following results:-

2

b = 0.52.
rG(X.x1) = 0,53
rG(X.xa) = -0.43

S rP(X.x1) = 0.5%

These results, as mentioned earlier, are quite consistent

with the findings of Turner (1959).
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Though it is decidedly more important to base selection of
livestock on simple additive theory, the other factors such as dominance,
epistasis, and maternal effects etce. would eventually have to be included
in the genetic studies of livestock to give a fuller genetic description

of the enimals.

Performance recording for use on stud and commercial farms has
a great need of development in New Zealand. Rae (1964) has analysed

the problems of recording, especially as applied to ram breeding flocks.

A substantial amount of work has been devoted to the problems
of raising production when response to selection ceases. One approach
assumes that selectiorn operates on additively genetic variance and
response ends when no more variation of this kind is readily available.
nowever, it may oc posgsible to expose some concealed variation by various
forms of paysical disturbances or by introducing and later removing single
genes with major effects (Turner, 19w6). another approach is to increase
genetic variability by inducing gene changes by radiation. 4 tremendous
amount of research is also airected to finding the exact nature of gene
transmission. These techniques are still in their experimental stages
but it is obvious that opportunities arising from such techniques are

indeed great.



CEaPTER VI

SUMMARY
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Chapter VI

SUNMMARY

4 study was made to determine the genetic and phenotypic
parameters of greasy fleece weight, hogget live weight, hairiness,
mean fibre diameter, staple length and crimps per inch in the New
Zealana HRomney marsh sheep. The least syuares method described by
Yates (1924), Hazel (1946) snd Kempthorne (1952) was used in estimat-
ing the effects of year of birth, age of dam, type of birth and
regression on date of birth (lable 7). Most of these effects had
a significant influence on all characters studied (lable 8). Lhe
only nonsignificant effects were those of age of dam on staple length

and crimps per inch and the effect of regression on crimps per inch.

The correction factors for adjusting dam's ([able 11) were
based on the linear regression model with no component for year effects,
because the design of experiment was such that no adjustment for year
effects was necessary in dam's records. The daughter's records did
not require any adjustment for the year and age of dam effects, so that
the correction factors for daughter's records (Table 13) had to be
derived from the estimates based on a different linear regression model

with no components for year and age of dam effects,

Heritability estimates of all the traits under study (Table 20)

and the phenotypic and genetic correlations between them (Tables 17 and 19)
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were computed. The method of analysis for obtaining each of these

parameters has been given and the results discussed.

In general, the results of this work confirm the conclusions
of the review papers that the level of heritability is high for characters
associated with wool production. The heritability estimate of hogget
live weight (0.46) for the New Zealand Romney, obtained in the present
study, is in good agreement with the estimates published for different

breeds.

''The consistent estimates of heritability of traits unaer study,
for widely different breeds of sheep raised under aissimilar environmental
conditions, indicate that these are strongly inherited traits whicn will
show a rapid response to selection for individual traits. 3ut, even with
selection for one character, however, and still more with selection for
more than one, the genetic correlations between the characters would have

to be taken into consideration.

A genetic antagonism has been founu between crimps per inch and
all other traits under investigation. Negative genetic correlations have
also been found between hogget live weight and hairiness, greasy fleece

weight and hairiness and staple length and hairiness.

The genetic correlations obtained in this study (Table 19) show
that the genetic improvement of one productive trait by selection is liable
to alter several others, some favourably, others unfavourably, e.g. the
effect of selecting for higher greasy fleece weight would produce unfavourable
side effects in terms of increased fibre thickness and smaller number of
crimps per inch. Selection for increased hogget live weight would also
have similar but less drastic effects on mean fibre diameter and crimps per

inch.
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The present data are not adeqguate for deriving accurate
estimates of the genetic parameters, but this work serves to point
out certain obstacles to progress from selection in the New Zealand

Romney Marsh sheep and to indicate the need for further investigations.
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