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A STUDY OF THE PLEIOTROPIC EFFECTS OF THE DOMINANT GENE N
IN THE NEW ZEALAND ROMNEY SHEEP.

Summary

Recearch on the ceauses of medullation of the fibres from
the New Zeclend Romney sheep by Dry (1940), lead to the descript-
ion of a dominant gene, N, causing a high abundance of halo-hairs
in the birth coat of the lerb. Sheep showing this characteristic
were called N~type sheep.

This thesis has been concerned with the possible pleiotropic
effects of this gene &and with their relationships, bosh to the
economic potentialities of H-type sheep and to their possible
use in research on genetic and phenotypic correlations.

The investigetion involved lambs from matings made in
two consecutive years. Those from the first year were used
primarily for e study of lamb's growth and a general survey of
the problem, while the seccnd yeer's lambs were used to examine
hypotheses which arose from the first year's results and which
concerned the relationships between birthcoat type, body growth
and the hogget fleece cheracteristics.

The results, which are based on statistical analysis, can be

summarised as follows:

1. The hypotkesis of a single dominant gene was not disproved.

2. Growth in the first year showed

(a) There were no differences of weight or body size at
birth attributable to the presence of K in the genotype.

(b) Differences in body weight occurred st T30 dsys of age,
R-type sheep being lighter than the ordimary Romney.
These differences were proportional in the sub-groups
of sex and birth rank (single or twin lamb)

(¢) These differences were confirmed at the mean ages of
67, 100 and 144 Adays. For thece ages the differences
were greater between the groups of single lambs than
between the groups of twin lambs, being of the order of ten
of more pounde for single lambs at the final age.
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(d) These later differences were probably to a
large extent the result of those already present at
30 days and this initial effect was found to be the
more important when the data was analysed in terms
of relative growth,

(e) Differences of weight could not be attributed to
differences in the skeletal size of the animals.

(f) Brfects may have been present, associated with the
homozygous animals (Hﬂ that were not the sole result
of the gene N,but were also the result of possible
inbreeding an& selection associated with the develop-
ment of these animals for the productionof carpet wool.

Examination of the carcasses of ram lambs from this experi-
ment indicated no differences not associated with those of
weight corrected for age.

These results were not confirmed in the second year when
no effect of the gene N on growth was detected in a com-
parison of heterozygous (E}% and ordinary (++) lambs.

The major difference between the two years' experiments

being one of environment, it is suggested that there is an
interaction between the genotypes containing N and the
environment. Comparison of the growth curves of the ordinary
lambe for the two years and consideration of the different
conditions suggests that this interaction may well be one

of climate conditions and birthcoat type.

The long dorsal spines of the thoracic vertebrae of N-type
sheep appeared to be associated with the presence of horns,
although further information is required on the early devel-
opment of bosth the horns and these spines.

Fleece Characters:

Te
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When corrected for body weight, the greasy fleece widght of
N-type lambs and hoggets was greater than that of ordinary
animals. The difference was greater for twin than for
single lambs.

In the first year:

Wool from ewe hogget twins had a greater staple length and
more 'hairiness' %benzol test) than single lambs (70 lembs)

There was a negative association between body weight at 30
days of age and the percentage of coarse continuously
medullated fibres in the hogget fleece. In heterozygous
animals a greater density of halo-hairs at birth was
associated with more coarse fibres in the hogget fleece.

Medulla diameter at constant fibre diameter was found to de=-
crease with greater body weight (or faster growth) in both
years.

Results in the first year suggested penalisation of the
secondary follicle population in N-type sheep following
the poor growth of the lamb with the resulting coarse
fleece of low density . This was shown, for instance, in

the coarser fleece with longer staple length of twin animals.
This hypothesis formed the basis for the major part of the
second years “work. '
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The second year's work:

Ordinary lambs had more fibres per unit esrea (density) at
birth and at 25 weeks of age.

The lower fibre density of N-types at birth was interpreted
as the result of the higher density ofhhlo—hairs sy 88 &
high proportion of halo-hairs was found to be associated
with a low birithcoant density of all finhres.

N-type twins had a higher halo-hair density than N-type
single lambs, and larger animals (meassured by the height at
withers) had a lower total deneity.

These results were agsumed to follow from the different
ekin expansions in the last few weeks of pre-natal life.
This, with a suppressing effect of large vrimary follicles
on tlie formation of (or production of fibre from) new
secondary follicles, could sccount for the observed density
differencee and assocliations at birth.

The varience amongst N-type lambs of halo-hair density was
not fully accounted for and 1t is suggested that other
unknown factors, genetic or otherwime, may affect the number
of primary follicles which are originally of sufficient

size to produce halo-hairs.

The fleece density at slx weeks of post-natal age would

depend on the density at birth, the skin expansion and

the number of new fibres added. The results for different

relative skin expansions were:

(a) Skin expansion less than two (times birth area): the
number of new fibres were penalised by high birth fleece
édensity or by many hslo-hairs.

(b) Skin expansion greater than two tor N-types and 2.5
for ordinery lembs: fibre numbers added were independent
of initial densities and, in sddition, at expansions
greeter than 2.5, the N-types added more fibres per unit
area than did the ordinary lambs.

(¢) 8kin expsnesion greater than four for N-types and three
for ordinary lambs: a maximum o sbout E00C fibres
edded to an initial square centimetre for N-types and
of gbout 3000 fibres for ordinary iambsa, 1s reached.

The results under section 16 above ere similar (with
additinong) to those obtained by other suthors and suggest
penalisation of secondary follicle formation or of fibre
growth from these follicles(no actual follicle counts were
aveilsble) under the circumstances detailed.

®* Note: The wool samples were fromﬁatandard loin poeition,

being carried out in duplicete for the determination
of sampling and other errors.

e
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The density of the hogget fleece, sampled at about 25
weeks of age, after shearing, depended on that at six
weeks and the intervening skin expansion. Only a small
proportion cof new fibres were added to the fleece over this
period.

Weighted mean fibre diameters were inversely proportional

to the fleece density at each sampling time except for the
ordinary lambs at birth. R-types showed a greater diameter
for a given density and in sddition, for bokh types of
hogget, the diameter at constant density was greater for

a faster growing snimel.

At birth higher helo-halr denaity was associated with a
smaller mean dismeter of the unmedullated fibres.

When the component fibre types (A,B & O; after Burns 1953)
from which the overall mean welghted diasmeters were calculated
were examined, 1t was found that there was & large increase
after birth, this being proportional to the maximum dismeter,
which wag attalned &t six weeke. It should be emphasised

that the mean diameter frequently used in work on fleece
characteristics may be based on & trimodal skewed distribution
and thias does not reflect the true pattern of diameters.

There was & tendency for the fibre diameter mean and variance
to be reduced in the N-types at 25 weeks of age and the

means of the N-type and ordinary lambs tended to converge

at this age.

Unmedullated fibres (O types) from N-type hoggets were
smaller than those from ordinary hoggets.

It wes reasonable to suppose that halo-hairs were generally
followed by coarse medullated fibres and the importance of
these in the hogget fleece depended on the original halo-

hair density and the number of other fibres added to the fleece.
Consequently the hogget fleece characters depended in turn

on the early growth of the lamb,

An exemination of fibre dismeters =2t the thinnest pre-natal
portion and at six weeks for both N-type and ordinary
sheep end the various fibre typese from them, 1ndicated
that the proportional reduction in diameter was similar

in both types of sheerp. Fibfes had a reduction in pre-
netal diameter which was proportional to the diameter at
slx weeks,

It was suggested that the 'pre-natal check' and the fibre
tyre array phenomene are in part the morpholggical end

point of the different pre-netal and post-natal fleece
dencities, the lambs' growth at the two periods and the
distribution of potential fibre sizes which can be pro-
duced by the follicles. Consequently further investigation
in these terms and in terms of follicle ratios end measure-
ments are likely to be profitable.

The reletionships between medulls diemeter, fibre diasmeter
and body welghts were similar for the hoggets from both
years' work. There was a greater medulla diesmeter for



a given fibre diameter at birth and at six weeks than

at the hogget stage. Differences in 'Hairiness' observed

in the fibre type arrays would be the result of the fibre

diameters which in turn would depend on the factors in
gect. 25 above.

From these results a suggested plan of the pleiotropic
effects of the gene N has been constructed.

If the initial action is one producing large primary
follicles, then it is possible to account for the results
obtained above. S8ome confirmation is naturally required on
various points by repeated or more detailed work, but the general
plan seems clear. These large follicles will produce the
halo-haire and in addition affect the formation of secondary
follicles or the growth of fibres from them. The effects which
follow this show considerable variation as a result of inter-
actions with other genetic effects or with the environment.

The environmental interactions are shown markedly by the differ-
ences between twin and single lambs in the various character-
istics and slso by the different results of the growth experi-
ments in the two years. The various factors affecting the
fleece density et s8ix weeks will also be dependent to a consid-
erable extent on the environment, and on other genetic factors.
These interactions sre included in this plan of pleiotropy
which can thus follow various paths. These paths are not,
however,discpetﬁhnd separate, but form the pattern of
continuous variation observed in the hogget fleeces. Thus by
establishing connections between the growth of the lambs and
the fleece chrracteristics, much of the variation in the N-type

hogget fleece can be accounted for. In addition, some over-

lapping between the characteristics of N-type and ordinary



hogget fleeces found in particular in the first year is
explained although there is a gene difference with marked pheno-
typic manifestation at birth.

The thesis concludes with a discussion on the possible
research uses of N-type sheep and suggests various investigations
in which they could be of use. The important research use lies
in the possibility of producing two groups of lambs of very
different wool types from one group of ewes, it being known
that this difference 18 a genetic one and that £ll maternal
and similar effects are randomised amongst the two groups.

Some suggestions for an N-type experimental flock and for 1its

part in sheep and wool research are made.
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INTRODUCTION

In dealing with probtlems of inheritance in domestic
enimals the emphasis tends to be placed on those factors
which ere of economic importance. Such factors are likely
to be the resuvlt of many interacting and related causes,
both genetic and environmental. This hes resulted in the
use of an approach besed on the concepts of multifactorial
and population genetics of Fisher, Wright and other workers.
Using these concepts, the existence of certain genetic and
phenotypic correlations cen be shown and the results of
certain selection policies predicted. However it is of
considerable interest to know the mechenisms whereby these
correlations arice. One such mechanism is pleiotropy,
and it is proposed in this thesis to show how N-type Romney
sheep (Dry e&nd Fraser 1547) csn, by a study of the pleiotropy
of the gene N, be used to investigate the chain of events
leading to various genetic and environmental correlations
amongst fleece and body characters of the sheep;

The first part of the thesis is concerned with pre-
liminary investigations of the growth of the N-type sheep, which
were initiated as part of a study of the carcass quality of
lambs from these sheep. It was a8 a result of this study
that the potentiaslities for the second year's work were
realised, The second part is concerned with realising
these potentialities in a study of the relationship of the

body growth of the lemb and the development of the fleece.



The history of the K-type sheep has been described by
Dry and Fraser (1947); briefly they are New Zealand Romney
sheep*, either heterozygous or homozygous for a dominant gene
with the symbol N or homozygcus at a different locus for a
recessive gene, nr. The dominant gene N only is considered
in these investigations. The phenotype of these animals is
simply recognised from the birthcost of the new-~born lamb,
which has a high abundance of coarse fibres known as halo-
hairs (Dry 1935#). The adult fleece type is considered
extremely useful for the production of wool for the menufact-
ure of carpets and the use of N-type sheep for this purpose
was being considered.

Before commercial exploitation could be attempted, it
was necessary to examine the sheep on which this wool was
grown, for the system of farming in this country requires a
sheep suitable for the production of lambs as well as of wool.
Alternetively, a sheep suitable for difficult hill country con-
ditions is required, and in either case the 'thrift' of the
sheep is of paramount importance. Doubts had been expressed
on both the body conformation and the thrift of these sheep
and investigation was required before the use of these sheep
as a new cerpet wool 'breed' could be considered.

This was the initial problem although Rae(1952a) had
pointed out the possible uses of these sheep as outlined in

the opening paregraphs. Thus it also seemed desirable to

®* All the sheep used in these experiments were of the
New Zealand Romney breed and will be referred to as
'sheep' or 'lambs'. Sheep of other breeds referred
to in discusgéion will be given their full title.
'Ordinary sheep' meens those cerrying the normal
alleles +/+
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examine and open up what appeared to be a profitable field of research.
Thus this thesis is divided into two parts, representing

the two years' work:

(1) A general investigation of possible pleiotropic effects
of N on the growth and carcass of the lamb.

(2) A more detailed investigation into the effects of
different birthcoat types and different rates of body

growth on the development of the fleece.



PLATE I

An Ordinary Romney Ram

A Heterozygous N-type Ram



PART ONE
A GENERAL INVESTIGATICN OF PCSSIBLE PLEIOTROPIC EFFECTS

OF N ON THE GROWTH AND CARCASS OF THE LAMB

I. INTRODUCTION

The occurrence of multiple effects of a single gene
have been shown in particular by Griineberg (1938) in his
investigation of a lethal cartilsge anomaly in the rat. In
other work on mutants in the mouse he has shown that an
epparent diversity of charecters cen be traced besck thrcugh
developmental sequences to &n original single developmental
fault. Ls & result he assumes that pleiotropy is a result of
various branching develormental sequences which depend on an
original single event effected by the locus concerned. Whether
true pleiotropy, multiple action of the gene itself, exists
or not, thie wider definition is a convenient one and will be
adopted throughout this thesise.

Wﬁen this investigation started, previous work had shown
thet the pleiotropic effects of the gene N were high halo-~hair
abundance with brown pigmented fibres at the bese of the neck
at birth. In sddition, horns were grown by homozygous and
heterozygous rems and with a few exceptions by homozygous
ewes (Dry and Freser 1547). General observation had also
suggested that N-type cheep were 'unthrifty' and had poor body
conformation; i.e.; they had body proportions unsuitable for the
production of good quelity meaet cercssses. A perticular example was

the 'pointed withers' usually associated with long dorssl thoracic



spines. Thus a syndrome was suggested involving both fleece
and body characters. Previous investigations have tended to
separate these two main economic products under the general
headings of fleece biology and carcass quality studies, and

it is therefore convenient to divide reviews of past work into
these two main classes. These reviews wilIBSresented at the
beginning of this part of the thesis although they cover the
field of both parts.



I1I. REVIEW OF LITERATURE

A. Wool Biology

1. Papers published prior to 1939.

The review can be conviently divided into two parts
determined by the papers in which Carter (1939a and b) described
a standardised method for treating skin samples and analysing
follicle populations. Except for Wildman (19 32), Tanzer (1926)
and Teodoranu (1934), most work prior to Carter's had been
carried out on the wool fibre rather than on the follicle.

Much early work was concerned with classification and
description of the fibres of the fleece of the various breeds
of sheep. A publication by the Research Association of the
Woollen and Worsted Industries (1926) contains a summary by
various authors of knowledge of kemp at that time. The
medullation of the fibres was shown to be caused by air spaces
in the centre of the fibres which reached a maximum in kemp
fibres of which a description is given. The birthcoats of
Welsh mountain sheep were described and the abundance of halo-
hairs (birthcoat kemps) was correlated with the amount of kemp
in the adult fleece.

This type of work was extended in a classification of
fibre types of the Merino fleece by Duerdesn and Seale (1927)
They divided the fibres into kemp, hair, wool (non-medullsted)
and heterotype fibres which were partially medullated. These

long partially medullated heterotype fibres were found to be
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the cherecteristic long fibres of cerret wocl and of some long-
woolled sheep by Duercden (1929). This primary clessification of
fibre types was used for work on the fleece by Lockner (1931)
and Derling (1932). They bcth found that new fibres were
formed after birth but no fibre measurements were given.

I.ockner described the birthcoat of the Blackface lamb, which

wes very similar to thet of the N-type lemb, and Darling also
noted that the wool was ‘'exceptionally fine' when the hair was
well developed. Bryant (1936) described the distribution of
kemp over the body of the Scottish Blackface ewe and cor.cluded
that the occurrence of kemp is inherited on a multifactorial
basise.

Descriptive work on the lambs' fleece hés been carried out
by many authors, but few hesve seen the necessity for measure-
ment, Of these Crew and Blyth (1922) divided fibres from the
skins of Scottieh Blsckface lambs into three groups A, B, and C,
corresponding to kemp, heir, and wool, of which the proportions,
densities, and meen diameters were determined. Duerden and
Boyd (1930) described the birthcoat fibres of the Fersian
Blackhesd lemb &nd of the Merino, defining in particular the
sickle fibre, so named after the shepe of its tip. This
tip shepe was ettributed to the mechenicel effect of the fibre
forcing its wey out of the ekin when it was first formed and
wes deperdent on the fibre diameter at the time. Rudsll (1924)
found a similar effect in fibres regeneresting after epilation.
Duerden and Boyd (1$30) also described the thinning of the
fibres st or about the time of birth, and they attributed this
to the environmental effects involved in a lamb's being born.

No evidence is offered as to the exact birthpoint but mesan

messurements of pre- and post-natal fibre diaemeters are given.



A classification method, similar to that of Crew and Blyth
above, was also used but with a different terminology. Barker
(1933) pointed out that the classification of fibres macro-
scopically can be deceptive and suggested that the thinning of
sickle-fibres can be an illusion due to their twisting. He
confirms an increase of diameter post-natally.

The major development of work of this type has been due
to Dry (1935) working on the New Zealand Romney lamb, He
first described various fibre types: the halo-hair or birth-
coat kemp, sickle-fibres (after Duerden and Blyth) and fibres
with curly tips. These last were further sub-divided according
to presence or absence of medulla in the different regions.
Fibres without any definite tip structure are called histero-
trichs, By placing these fibre types on a black background
in order of probable appearance in the fleece, various classi-
fications can be obtained according to the presence or absence
of different fibre types and their individual characteristics,
These are called arrays, which fall into five groups which have
been given the names of topographical features. Thgse arrays
are described by Stephenson (1955) and their form is attributed
by Dry to the pre-natal check, 'a restricting or checking force'
which is 'manifold in its effects upon the development of the
coat.' The thinning of the neck of the sickle-fibres is
ettributed to this force, ss is the form of the other fibres,
depending on when, relative to the 'check', the follicle was
first 1laid down. By assuming variations in the time of onset
of the check, the intensity of the check, the decline of the
Check and the vigour of the follicle, the fibre types could be
explained. In addition these factors are then assumed to

have a permanent effect on the follicle.
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The shedding or decrease in diameter (crisis thinning') of some
fibres in the first few months of post-natal life was also
described. Medullation was held to be a sign of vigorous growth
of wool from the follicle. Shedding was also held to be a
sign of follicle vigour, for 'if a follicle works extremely
hard it is compelled to take a rest's Galpin (1935) has
described the distribution of these fibre type arrays over the
body of the New Zealand Romney lamb.

Whereas a fibre type classification system can be useful in
the initial stages of work on the fleece, there is a danger of
eye artefacts and any detailed work requires the use of
objective measurement techniques. The most obvious of these
is fibre diameter, and Duerden and Seale (1927) determined the
distributions of diameter for three fibre types in the Merino.
These distributions increased in both mean and variance as the
fibre types became more medullated. Duerden and Bosman (1926)
obtained similar.results when comparing strong and fine -woolled
Merinos, the distribution of fibre diameters tending to become
trimodal as the mean and variance increased. Northcroft (1929)
working on New Zealand Romney-Lincoln cross sheep, obtained a
similar trimodal curve for length measurements. He also
described methods for measuring fibre and medulla diameters.

Wilson (1929) described the use of glycerine for measuring
the medullation of wool. When immersed in glycerine the cortex
is rendered invisible while the medulla shows as a black or
white line in transmitted or reflected light respectively. This
effect is true for any medium of similar refractive index to the
cortical material, and Elphick (1932) developed the method using
benzene (commercial benzol) to obtain quantitative estimates of

medullation. This was further developed by McMahon (1936)
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who used a photo-electric cell to measure the light reflected
from a given weight of wool immersed in benzol. This is known
as the benzol test, the results being expressed as a percentage
on an arbitrary scale. Duerden and Ritchie (1923) commented
on a connection between fibre diameter and medulla diameter,
while Thommaset (1938) also emphasised the importance of consider-
ing frequency distributions of fibre diameters rather than means,
if maximum information is to be obtained, because of the tri-
modal form of the distribution. He also stated that medullated
fibres tend to increase in diameter by increase of the diameter
of the medulla rather than by increase of the cortex.’

The most comprehensive use of the measurement techniques
available is that by Bosman (1937) on the fleece of the South
African Merino,. Fibre diameters, fibre lengths, fibres per
unit area and the area occupied by fibre are all determined and
the inter-relationships discussed; from these a description of
the fleece in biometrical terms is obtained but no detailed
analysis of it is attempted. Re Burns (1935) discusses methods
of measuring skin area increases in sheep but errors are not
determined nor are body weights given so the results cannot be
appliedkor other work.

Summarising at this stage}the gradual placing of wool
research on a basis of measurement rather than subjective
description is shown, while the dangers of the latter are
indicated by the work of Barker (1933). In this biometrical
description the occurrence of a trimodal distribution of fibre
diameter associated with the higher values of the mean and
variance is of importance as a basis for any statistical

analysis, an approach which does not seem to have been

exploited although powerful techniques were available by
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1930, This is probably becausSz of the wide use of purely
descriptive techniques and the difficulty of obtaining
sufficient measurements to make analysis worthwhile.Sampling
techniques have also been discussed by many of the above authors
and the use of suitable techniques has emerged as an important
aspect of any work on the fleece.

Factors affecting wool production have also been considered
by many euthors over this period, the emphasis being on nutrition.
Many suthors have obtained an increesed weight of wool from the
feeding of additional rations and this has been essociated with
increased body weight and fibre diémeter( Fraser and Nichols
1934, 1935; Wilson 1931; Weber 1932; and others), Fraser and
Roberts (1933) found no response to an increase in the protein
fraction of the diet nor in this case wes there an increase in
body weight,. A relationship between fleece weight and body
weight has been found by many workers , the value of this
relationship varying for different breeds. Bosman (1935)
examined seasonal factors using three Merino wethers which
were left unshorn for three years with constant rations over
the whole period but with widely varying seasonal conditions of
tempereture and humidity. He found no varistions in wool
production between seasons or over the three years,snd concludes
that seasonal trends in wool prcduction were the result of
correlated effects of changing feed ccnditions., This appears
to be the only experiment on seasonal trends not confounded by
the possible shearing effects suggested by Rudall's (1935)
experiments in which one side only of & number of sheep wes
shorn. The shorn side showed an increase of hairiness which
could well be correlated with an increase in diameter &nd

esmount of wool grown. This effect was also found in areas
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as small as eight square inches, snd Rudall interpreted the
increase as a temperature effect as it could be prevented by
covering the clipped area. Rudall (1934) also tried the
effect of epilation but obtained no positive results.

Dry (1935%) in the study of some 'poorly grown' lambs
found failure to add the normal number of histerotrichs to
the coat and a reduction of fibre diemeter and medullation.
In addition he suggests that there is no relation between
birth weight and hslo hair abundance in 'normal' lambs.Galpin
(1936) related the fibre type array determined from a wool
sample from a perticular position on a lamb to the foetal
growth. She suggeets that follicle size was related to the
relative rate of growth of the part of the animal underlying the
follicle at the time it was formed. She also suggests that
the pre-natal check is the result of crowding of follicles
before birth.

Leslie (1935) examined the effect of factors such as
birth rank, birth weight and plaene of nutrition of the ewe
on halo-hair abundance of the lamb estimated on a five point
scale. No positive results were obtained but the resulte
for birth rank andﬁﬁiane of nutrition of the ewe suggested the

need for further investigation.

2. Papers published after 1939.

The work of Certer (1939 a and b) gave a fresh inpetus
to wool research, in particular with respect to the connect-
lon Dbetween the development of the sheep and the fleece. These
papers described a convenient and accurate histological mgthod
for analysis of the follicle population. Follicleg can be
divided into two major groups, primary and secondary, variable

numbers of the latter being associated with a primary central



and two primary laterel follicles. The primary follicles
are formed first in developmental order and the determinstion of
their number per unit area and of the number of secondary follicles
associeted with a primary group, gives a biometrical description
of the follicle population. This can then be used to compare
breeds, individual sheep, or in particular, the development of
the gecondary follicle population. The ratio of secondary to
primary follicles is commonly used and symbolised as the S/P
ratio. L

Carter (1943) and Carter and Hardy (1943) developed the
technique in an eccount of the pre-natal development and
general histology cf the follicle groups of the Merino sheep
and clarified some previous misconceptions. Gradients over the
body are determined and as a result & standard sempling area
suggested.

M. Burns (1949, 1953, 1954a and b) used these methods in
the examination of the post-natal development of the follicle
population of the Kent Romney Marsh, English Leicester, Scottish
Blackface and Suffolk breeds of sheep. Various estimates of
skin expansion and some more detailed examinations of individ-
ual follicle groups were also made. The results were analysed
on a developmental basis but the small numbere of sheep used
and the poor growth of lambs in scme cases allows only limited
inéuction from the results. Schinckel (1953) reports from
studies of the Merino breed , that twine and the progeny of
young ewes have a lower S/P ratio than single lambs and the
progeny of mature ewes. The results indicate pre-natal and
post-natal environmental effects on the development of secondary

follicles, these being further confirmed by a significant
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correlation between bvirthweight and S/P ratio. Conversely
Henderson (1953) exemined the development of the fleece of
the Kent Romney Mareh sheep in relation to various nutritional
treatments. He finds that the ultimate wool production per
unit area corrected for body wéight or skin srea (&8s a function
of weight) was not affected by the treatments, nor did a low
plane of nutrition affect the numbers of new fibres added to
the fleece after birth. This latter result, which conflicts
with those of other suthors, could be attributed to the first
semple heving been taken when the lambs were four weeks of age.
The number of fibres added over these firet four weeks was
then estimated from the number of histerotrichs orahse of =a
fibre type array technique. Goot (1941) and Burns (1954) both
report that some fibres classified as histerotrichs appeer
before birth and this possibility combined with the use of twin
lambs for the low plane treatment and single lambs for the high
plane treatment may well account for the result observed.

Later work by Schinckel (1955a) has shown that for the
Australisn Merino the primary follicle population is complete
at birth, and subsequent changes in the density of this pop-
ulation merely reflect the skin expansion. This validates
the use of the S/P ratio as a measure of the increase in the
number of seccndary follicles post-natelly. Schinckel (1955b)
showed further that all follicles were initiated prior to birth
but that the number of secondary follicles maturing wes dependent
on body growth between birth snd one month. The number of
follicles initiated depended on pre-natal growth and other
factore.

These findings have been confirmed by Short (1955a) who

also investigated the effect of adverege nutriticn of the ewe



15
on its lamb's fleece development (Short 1955b). He confirmed
Henderson's (1953) finding that subsequent fleece production of
the lamb was not affected, but found that those lambs which were
smaller in the initial stages of growth as a result of poor
maternel nutrition, had fewer follicles in the mature fleece
with consequent lower density and coarser fibres. From this
he deduces that weight of wool per unit area is not determined
by the density of the fibre population but is, as suggested by
Galpin (1947) a constant value. Further, he suggests that
this result supports Fraser's (1953%) theory of follicle
efficiency which is reviewed below.

Somewhat indirect evidence on the development of fibre
populations is presented by Pohle, Keller and Hazel (1945)
who examined the fleeces of 'heiry' lambs and compared their
yeerling fleeces with those of 'non-hairy' lambs. Rambouillet,
Targhee, Corriedale and Columbia breeds were used and it wes
found that visual impression was misleadingﬁf&here were only
a small proportion of very coarse fibree in the hairy lambs'
fleeces. 'Hairiness' and fibre diameter decreased rapidly
after birth, leeding to similar yearling fleeces in the two
groups.

Hardy and Wolf (1947) found that in Shropshire sheep
the fleece density at 20 weeks was highly correlated with that
at 52 weeks of age. However their indirect method of esti-
mating fleece density involving mean fibre diemeter, mean
staple length, the specific grevity of wool, clean fleece weight,
two body measurements and body weight seems likely to lead to
considerable errors.

Grandstaff and Wolf (1947) working on Navajo and 'cross-

bred' sheep found a 5.9% reduction in kemp and a 20.7%
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reduction in other medullated fibres over the period 28«364
days; the major psrt of these reductions hsd occurred by
the 84th day.

Burne end Clarkson (1949) made a detailed histological study
of a few follicle groups from four Kent Romney sheep of both
gEXE8e Detailed examination of all follicle dimensions and
keratinisation regions were made and papilla shapes were
claessified but no relationship was found between these and
fibre diameter andé medullation. From 'a general examination
of the material' medullation was reported to be independently
controlled in primary and secondary follicles and, within the
secondary follicles, more medullation was observed in those on
the ectal margin (first formed) of the group, this being in
accordance with an observation of Carter (1943) for the Merino.
They also found that different animals of the same breed with
follicles of similar size had fibres with different degrees of
medullation. In gddition they found that primary follicles
are generally deeper in the skin than secondary follicles, this
being confirmed by Fraser (1952a}

Auber (1650) made a detailed histo-chemical study of fibre
formation in the follicle of Herdwick and Kent Romney sheep.
Medulla formation was also examined in detail and the results
will be discussed in the text in relation to results obtained
on factors affecting medullation.

In the study of the factors affecting the amount of wool
grown on adult sheep Galpin (1947, 1948) followed wool growth
in the Cambridge experimental Romney flock over a period of
four years. A technigue of repeated sampling of a tattooed
8quare was used. The square was tattooed on the lamb at one

month of age and the weight of wool and subsequent area of



17
these squares were studied. For a particular region of the
sheep and under maximal environmental conditions a constant

positive relationship was found between the tattooed area and
the weight of wool grown on it Thus the sheep that increased
moat in body size also produced the most wool and under ideal
environmental conditions weizht of wool produced for a particular
area would be constant. Under poor conditions the weight of
wool produced falls below this maximum constant value by a
factor depending on the skin expansion of the region and sheep
concerned. The less this skin expansion factor then the greater
the falling off in production per unit area,

In Galpin's second paper the argument is extended and
lamb growth and seasonal effects are considered. The method
used of calculating variables seems unnecessary in some cases
where the actual measurements have apparently been taken,
particularly where these calculations involve the specific
gravity of wool when medullated fibres may be present.
Conclusions from this work are that the area covered by fibre
increases in proportion to the increase in size of the tattooed
square and also that the mean cross-cectional area of fibres 1is
inversely proportional to fleece density. The number of fibres
in the square at seven months of age was proportional to the
number at one month and the relative skin expansion between
the two times of sampling. The mean leng'th of fibre grown
per day depends on this initial skin expansion and the condit-
ions at the time.

Marston (1948a,b,and ¢) carried out detailed metabolic
studies of two Merino sheep and followed this with a study of
the relations of nitrogen intake and available energy to

wool growth. It is concluded from the results that, at low
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nitrogen intakes, wool formation competes with the basal
metabolism, while at high intskes it competes with the laying
down of tissue proteins. The two sheep differed in the
utilisation of nitrogen and in efficiency of conversion, the
first converting to keratin about 5% and the second 10% of the
available protein. He concludes that the substrate in tissue
fluids and not the follicles is the limiting factor in normal
wool production. Increases of wool production took place by
increases in both diameter and length of the fibre, and the
frequency distribution of the diameters changed in form as
the mean diameter increased. The importance of considering
the distribution as well as the mean diameter is emphasised.

In the third paper copper deficiency effects are studied and
it is concluded that the chemical processes involved in keratin-
isation depend fundamentally on this element.

Ferguson, Carter and Hardy (1949) in exploratory work to
determine a measure of the wool-producing capacity of the sheep
for use in genetic work, examined the asymptotic value of the
weight of wool in a given square when it is plotted against
the nitrogen intake of the animal. Environmental factors
likely to affect this curve were also examined. They found
a positive correlation between temperature and the weight
of wool grown but this is confounded with other seasonal
trends and requires experimental verification. They also
confirmed the result of Duerden and Bosman (1927) of a
reduction in cross-sectional area of the fibre as fleece weight
increases, this being attributed by Ferguson et al. to increasing
tissue hydrostatic pressure. The temperature effect, it is

suggested might be due to induced <vasodilation inecreasing the
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blood supply to the follicles, Rudall's (1935) shearing results
being quoted. Both these are preliminary hypotheses, 'experi-
mental verification being required’.

However Wodzicka (1954) found a marked increase in skin
thickness in Romney ewes for a short period after shearing.

In addition, Ferguson (1949) using a technigue of unilateral
thoracic sympathectomy thus causing vasodilation on one side of
five sheep, obtained an increased wool growth on that side for
ten weeks, After this period there was an increase in air
temperature which possibly counteracted the treatment effect
by causing increased vasodilation on the control side. This
approach therefore, vossibly using shearing as a simple treat-
ment, could yield interesting results.

A general point of interest from the results of Ferguson
et al. of detailed studies of wool growth in relation to
nitrogen inteke is the curved nature of the relationship, which
tends to become asymptotic to the wool growth axis, while studies
of fleece weight relative to body weight have given straight
line relationships.

Further studies of food intake in relation to wool growth
by Daly and Carter (1955) showed a gradual decrease in intake
until the time the sheep were shorn after which there was a
sudden increase. The food intake and wool growth per unit
area were found to be related, but itfbossible that this was a
iPurious association of seasonal trends.

Coop (1953) has reviewed and presented results on factors
effecting wool growth rate in the New Zealand Romney. He
used the tattooed square technique and found that repeated clipp-

ing 4id not have an effect on the weight of wool grown, but also
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found that on areas clipped monthly a greater length of wool
was grown than on areas clipped annuslly. Seasonal trends
are then examined although the possible effect of the annual
shearing of the sheep has not been considered. Using nutritional
treatments,and, with Hart, light cycle effects and some tempera-
ture treatments, it is concluded that the annual cycle of wool
grovith cannot be entirely explained by the effects of the annual
cycles of temperature, variations in length of day, or of
available feed. The results of Ferguson et_al.(%949) were not
confirmed but a treatment varying the rhythms of light and dark-
ness gave increased wool growth.

The remainder of this section of the review of literature
. will concern work relevant to New Zealand conditions and N-type
Romney sheepe.

De Ross (1950) in a study of the benzol test for hairiness
found it unreliable for higher values of hairiness due to effects
of uneven lighting. (The apparatus has since been redesigned)

In a study of factors leading to a particular benzol tzst
percentage vslue, he plotted the frequency distributions of
fibre diameters in the N-type Romney and obtained multimodal
relationships. He also found a relationship between fibre and
medulla diameter but did not examine it in any great detail.

Goot (1945) gave an account of variations in hairiness in
the New Zealand Romney and discussed biological and genetic
concepts. He appears to confuse genetic and phenotypic
correlations between ‘'hairiness' and fleece weight, and also
suggests that an observed decrease of hsiriness from three months
to a year of age 'follows the law of constant growth'.

Rae (1952b) reported negative genetic correlations between

count and staple length, count and fleece weight, and also a
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positive correlation between hairiness and fleece weight.

The gene N in the New Zealand Romney has been reported
by Dry in a series of notes (1940a and b, 1941). The
recessive gene nr with similar phenotype was reported by Dry
(1944 ) and results showing that the dominant and recessive
genes were not allelic were reported by Dry, Fraser and Wright
(1947). These were reports of work in progress and a complete
account of the breeding experiments and results obtained has
now been published (Dry 1955a,b,c). The interpretation of
Olbrycht (1941) based on a system of polygenic modifiers does
not appear to have been substantiated.

Dry and Fraser (1947) give a general summary of conclusions
from work on N-type sheep, reporting horns as a pleiotropic
effect and also giving a method of distinguishing phenotypically
between homozygous and heterozygous dominant N-type lambs using
the presence or absence of a high density of halo hairs in a
small region behind the shoulder.,

Schinckel (1951) reports the possible occurrence of a
dominant gene causing high halo hair density in Merino sheepe.
Chapman, Mﬁle and Richards (1954) give a review of three cases
reported of mosaics in Merino sheep. These took the form
of a small area of coarse fibres in an otherwise normal sheep.
If these are considered to be the result of somatic mutation
then they offer supporting evidence for a single gene condition-
ing an abrupt change of fleece type in the Australian Merino
sheep.

Fraser and Hamada (1952) correlate birthcoat fibre types
with follicle types and report a high correlation between
P/S ratios estimated by the two methods. They suggest from

the informstion available that P/S ratios are the same in all
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breeds at birth and (from Fraser's data) that N-type lambs and
ordinary Romney lambs have the same P/S ratio at birth. It
should be noted that the method used for calculating the
average ratio gives s biased result unless equal numbers of
primary follicles were counted in all sheep. Also, in view of
Schinckel's (1953) results, effets of maternal age and birth
rank should also be allowed for before this hypothesis can be
confirmed.

It is suggested that the difference between 'coarse' and
'fine' birthcoats in different breeds is due to the presence or
absence of Dry's pre-natal check and slso to another epigenetic
system determining the length of the fibres. The differnce
between longwool and shortwool sheep is attributed to this
system and ;o a different amount of fibre substrate. A third
system affecting fleece type is that controlling the density of
secondary follicles which is considerably higher in the Merino
and associated breeds, On the basis of these three independent
systems, a soqewhat speculative theory of evolution of the main
sheep breeds is suggested.

These idea; are developed by Fraser (1953%) into a general
theory of fleece structure based on the relative 'efficiency'
of a follicley which 1s related to its time of initiation.
Available substrate is divided amongst the follicles according
to their 'efficiency', and if the number of follicles of each
'efficiency' is considered and also their density, four p&ggﬂfﬁ%§5
are obtained,

By consideration of these variables frequency distributions
of follicle ‘'efficiencies' for different fleece types are
obtained. These appear to be closely related to those of fibre

diameter, which is to be expected when the relation of fibre
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length and diameter is considered and also the relation of
follicle size to age of initiation (Carter and Hardy 194 3;

Burns and Clarkson 1949) An evolutionary scheme rather similar
to that of Fraser and Hamada (1952) is suggested based on changes
in substrate, P/ ratios and densities of follicles.

Fraser (1952a) used N-type lambs' wool and related the
shapes of fibre tips in the fibre type array to the different
rates of growth of the fibres. The rapid increase in rate
of growth of body weight of lambs after birth is quoted (Winters
and Feuffal 1937) and it is suggested that this is correlated
with an increased rate of fibre growth. He estimeted that a
check in growth of fibres frqm primary centrel follicles occurs
at the time that the fibres from primary lateral follicles enter
the fleece snd from this deduces the form of the 8ickle fibre
and the cause of the pre-nstal check; that is, a check in
growth rate of the fibres due to competition by new follicles
starting to produce wool.

Fraser (1952b) ergued that the primary effect of the gene
N is to increase the efficiency of the first formed follicles,
i.e. the primary follicles., By assuming similar follicle
populations and fleece weights for N-type and ordinary sheep, he
demonstrated from fibre length measurements thet the efficiency
concept is sufficient to explain the dift'erence between N-type
ané ordinery fleece types. In support of this, the lowering
of efficiency of the laste formed secondary follicles in N-iypes
to compensate for the incressed efficiency in the remainder, is
shown by the observation that histerotrich diemeter is less in
N~type then in ordinary sheerp. Von Bergen and Mausberger (1948)
and Lang(1947) sre quoted as having obtained similar results

with other breeds; that is, an incresse of diameter in one
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group of fibres wes compenseted by a decresse in the comple-
menitary groupe

Fraser &nd Short (1953) gave evidence of competition in
terms of follicle diameters, finding a negetive correlstion
between the egize of a fibre and the size end distance of
adjacent fibres. Maximum distances for this interference
effect are given for three sheep of different breeds.
Short also reported a negative correlation between P/S ratio
ard primary follicle size for sheep of two breeds.

LY
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B. Body Growth and Carcass Quality

The basis for a scientific study of the meat carcess of &n
animal has been laid by Hamrond and co-workers, starting with
a study by Hammond (1932) of how the relative development of the
various perts and tissues of the sheep lesd to the final product
of a good or poor quality carcass, This work, accompanied
by an extensive review of the knowledge at the time, laid down
certain general principles concerring the time of maximum
development of parts of the carcass relative to the whole and
the consequent relstionships between them.

McMeekan (1940) using the pig, end Wallace (1948) and
Palsson and Verges (1952) using sheep, have examined the effect
of varying the plaene of nutrition of the animals at the time
of maximum relative growth of certain parts. From his results
Mclieekan cleimed that the concept of allometric growth (Huxley
1932) was only valid for & particular plare of nutrition. He
d@ié not however, analyse the data on a logarithmic scale.
Wallace, from his own data and from that of MicMeekan, concluded

that within a given tissue, for example the skeleton, the
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relationship btetween a psrt and the remainder was the seame
regardlees of the nutritionsl plane. Palsson and Verges
found differences in the regressions of perts of the skeleton
on the remainder of the skeleton, but alsq\used an erithmetical
scale, Their main methods of analy§is of the effect of the
trcatment on the different parte of the body make use of a retio
of the high plene weight to the low plene weight, which ratio
is then expressed as a percentage of a similar ratio for =«
'standard part'. This 'standard part' is one shown to be
unaffected by the treatment. This type of analysis is difficult
to interpret in biological terms.

Whetever the final biological explenation of these results,
it is clear that in an experiment to determine differences in
cercass quality between two grcups of lsmbs, growth must be a
primary congsideration. If one group of lambs reaches slaughter
weight before another then differences may be expected and the
mere demonstration of such differences is of very little use in
the solution of the problem.

Weight geins sre not in themselves sufficient for thie
purpose, partly because of errcre involved in weighing animals
under field conditions (Walker &nd McNeekan 1944). These,
however, cesn be minimised, but a large thin animal can hseve
the same weight as a small fat ocne and this type of éifference
will not be reflected in the data, The use of other body
measurements is therefore desireble.4 Such measurements should
meet certain requirements; they should be sufficiently accurste
to detect differences between sheep in relstion to the errors
involved end also, if differences are found they must be capable
of interpretation either biologically or in terms of prediction.

The remainder ocf this review will therefore deal with live



26
animal messurements and their meanings, methods of assessment
of cercess quslity, and genersl aspects of growth and its
messurement,

Although live enimal meesurements hasve been very extensively
used there hsve been few systematic studies of the errors involved,
nor have there always been estimates of the errors for the
particulsr conditions under which the meassurements were finally
taken for experimental purposes. One of the more comprehensive
studies ueing sheep was thst of Fhillips end Stoehr (1545) who
compeared direct measurement with a photographiec technique,

They found the former the more accurate and of fhe messurements
takep/'height at withers' was the most accurate while width of
shoulder, length, depth of chest, heart girth and various

other messurements were of 'sufficient accurscy'. They

used freshly shorn sheep and the standard errors and coeffic-
ients of variation are given for all the measurements tried.

In contrast, with csttle, Snith,Hobbs, Werwick and Whitaker
(1950) found s photographic technique slightly better than direct
meesurenient, They give the repeetability for various measure-
mentse.

Lamont (1934) carried out a large nurber of measurements
on shorn sheep to determine the correlations between them.

Where repeated measurements were teken he gives the average error
es being sbout L4%. Ree (1946) slso meesured shorn sheep snd
analysed the errores in sorme detail and concludes that height

at withers was the most accurate of those messurements tried.

He also correlated the live aninmal measurements with certain
cercaes measurements sand found that height at withers was likely
to be of the most use, being correlated with the lengths of the

csnnon tone and redius ulna, There viee also a negative correlation
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btetween this meesurement and points awerded the cercass on
the Cambridge Bloek Test (hicMeeken 1939b),but the errors of
estimate from the regression equetions were too high for prect-
ical use.

Bonsma (1939) made extensive use of live animal measurements
for studying the growth of various sheep breed crosses for
producing fat lembs. Their meanings sre discussed and are
expreesed in terms of measurements of the carcess. He concludes
that heert girth is 'essentially an index of constitutional
development' but that height at withers conveys little inform-
stion apart from comperative size. Many of the measurements
taken appeer only to serve the purpose of confirming results
already obtained. He also concludes that there is sn effect
of plane of nutrition on skeletal dimensions but this is of
doubtful validity beceuse of the wide variation due to the
many breeds &nd crosses used.

Ritzman and Davenport (1920) used live animel meesurements
for a genetical investigation and conclude that the proportions
of the heed are a dominant characteristic. This was followed
by further work on the Southdown and Rambouillet breeds by
Ritzman (1923) who discusses body meesurements in relation to
the anatomy of the cercess, He analyses the heart girth
messurement in releticn to a cross section of the cercass at
the point where this meesurement is taken and frcm hie snalysis
decides that the thickness of fleeh anéd broadness of the back
are not determined by the 'spring of rib' but by the length of
the spinous process snd the length of costel cartilage relative
to the length of the rib. Verious other conclusions are

drawn, it being emrhasised that externsl messurements should be
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besed on definite skeletal units.

Von Borstal (1952) found thet the sharrness of withers in
the Cheviot ewe was associeted with heavier fleshing on the
shoulcéer. It was the result of longer thoracic spinous pro-
cesses and the apparently pcor conformsation of the live sheep
in the shoulder region was not reflected in the carcass.

liore work has been done on the measurement of csattle
than of sheep but the two are sufficiently similar to make
the former results worth corsidering. Moulton, Trowbridge
end Haigh (1921) found thast a low plsne of nutrition from birth
affected heert girth measurements in the adult steer, but did not
affect those measurements concerned with the length of skeletal
partse.

Brody (1945) discusse§ measurements on cattle and concludes
that height at withere is little affected by plane of nutrition
or environment and is therefore the best estimate of genetic
size of 2n snimal.

Black ,Knapp and Cook (1938) found that the ratio of weight

3
to height at withers gave the best estimate of 'performance'
in beef cattle, and also that 50% of the increase in the
heiigght at withers took place pre-natally.

Pontecorvo (1939) using Chianina cows, f ound simple allo-
metry between height at withers and length af trunk, Using
dathn other breeds, he found a similar value for the growth
ccnetant for six different breeds; as Huxley (1932) had
pointed out that the value of the growth constant for grazing
memmals must be greater before thsn after birth to account for
the long limbs, it is suggested that differences in conform-
ation could arise through the timing of the change of this

growsth constant value. He considers thst height at withers
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ie a sufficiently reliable measure of the growth of forelimb
length in cattle, quoting a paper of Engelers (1935) to show
that the two principal angles in the 1limb do not change very
much with age.

Kidwell, Gregory and Guilbert (1952) using Hereford cattle,
took measurements at intervals of four months starting at
birth. Using heart girth as a standard, they calculsated
allometric equations for various other measurements and using
the half-sib method, calculated the heritability of the growth
constants. They concluded that in the equation Y=bXa (wnere
X is the heart girth, Y the measurement under consideration
and a and b are constants) b and a cannot be modified by
selection but that the 'a-b complex' can be so modified.

An approach that might well be repeated for carcass
measurements and live sheep measurements, is that of Tanner
and Burt (1954) who showed by the use of factor analysis that
many of the measurements being widely used on cattle are
contained in a few simple measurements, height at withers
being one of the most important from this point of views. 4s
well as considerab%e saving of labour in the future there are
also biological ccnclusions to be drawn from this type of
approach,

Work on carcass quality has mainly come from the original
work of Hammond (1932) and has been developed by Hirzel (1936)
and Palsson (1939) for sheep and McMeekan (193%) for pigs.The
carcass can be assessed by certain standard measurements and
its composition estimated by means of the dissection of sample
Joints. From the measurements, in particular those of the
cannon bone, indices of quality can be calculated. However,
Walksr and McMeekan (1944) disagree with some of Palsson's
(1939) results on suitable indices. McMeekan (1939b) suggests

a points system known as the Cambridge Block Test for large
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scale carcass assessment, This is based on measurement and
eye judgemeut and its use is illustrated in the work of Clarke,
Barton and Wilson (1953). The various technijues availsble
in meat production studies are surmarised by Mcieekan (1942).

The work of Huxley (1932) and D'Arcy Thompson (1942) is
too well known to require discussion here and methods used to
measure growth will be discuseed later in justification of the
method of analysis used in the first part of this thesis. The
many difficulties and pitfalls have been discussed and methods
of overcoming them suggested in a recent symposium of the
Royal Society led by Zuckerman (1950). This symposium and
the reviews of Brody (1945) cover most of the important mathemat-
ical aspects of the huge amount of literature on growth which
it is outside the scope of this thesis to summarise. Biological'
aspects will also be discussed in the text where they are
relevant, and two quotations on this aspect will complete this
review, The first (J.Z.Young 1950) is from the symposium
mentioned above:

'Nevertheless, today, although we spend much time on
the mathematics of "form" there are few who feel the
urgency of the need to link the form with its biochemical
determinants, '

The second is from Paul Weiss (1949):

'At any rate, a purely formal treatment of growth, as
is often attempted through the interpretation of growth
curves, is only a valuable guide to and supplement of, but

never a substitute for, a precise analysis of the different
forms in which growth manifests itself,'



III. THE CONPARISON OF THE GROWTH AND CARCASS OF
N-TYPE AND ORDINARY LAMBS

A, Preliminary Trials on Live Animal ileasurements

Before the growth of the lambs was studied, a preliminary
investigation was cerried out to determine the accuracy of
certain body measurements on the live animal. In addition
it was necessary to find if there were any difficulties which
might prevent their use under field conditions. It should
be noted that the effect of the use of a measurement of low
accuracy is a failure to detect a real difference that exists
between sheep or groups of sheep. Large differences may be
detected however inaccurate the measurement and therefore the
size of the difference likely to be present should be considered
as well as the size of the errors of measurement.

Eleven shorn N=type lambs aged seven months were used for
a trial group of meassurements. The measurements finally
selected for use in the field were also tested by repeating
them on a few lambs during the experiment. All measurements
of the experimental animals were taken by the author so it
was his accuracy that was of importance. Differences between
observers, where taken, were for comparison with the results of
other worksers.

Various measurasments were rejected as unreliable or imprac-

ticablfor field conditions and only those finally used are
discussed here. Further results on the accuracy obtained

from lambg under the conditions of the experiment are also

included.



Table 1.

Analysis of Variance cf the Height at Withers

Expected %
Source d. fe Mean Square \'A Mean Squeres Component Component
Sheep 10 12.58 S E +2F +2G +4S 2.90 60.0
Observers 1 G.38 0] E +11{ +2G 4220 0. 36 7.5
Repeats 1 6 55 R E +11A +2G +22R 0.22 L.6
Sheep - Obs. 10 1.33 F E +2F 9.02 0.5
Sheep - Repe. 10 0.95 G E +2G ~0.17 -
Rep. - Cbs. 1 1.79 A E +11A 0.05 1.0
Error 10 1.28 E E 1.28 26+ 5

V = Variance component symbol
d.f. = Degrees of freedom
Standard deviation 1.13 cms.
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1¢ The height at withers.

This measurement was taken with special calipers designed
by Rae (1946) for the work already described. The bottom bar
of the instrument rests on the ground and the top bar is then
brought down to rest on the back of the sheep, just behind the
line of the fore legse. The top bar is then clamped and the
distance between the bases of the two bars measured with a
metre rule.

The accuracy of a similar instrument had already been
analysed by Rae (1946) but a further trial was carried out.

The sheep were taken in random order and two observers measured
each sheep twice. As the differences between sheep as well as
the errors of measurement are of interest, the analysis of
variance was divided intopts components (Fisher 1948). This
analysis is shown in Table 1 with the method of arriving at

the components. The standard errors of these components

have not been calculated but it should be remembered that they
are estimates and are therefore liable to errore.

From Table 1 the coefficient of variation calculated from
the error term is 2.04% and although rather a high proportion of
the variance is attributable to error, there is no interaction
and only a smell percentage of variance is due to repeated
measurements., When considered with other workers' results, it
was decided to use this measurement, That this was Justified
is shown by results obtained in the field, a repeatability
trial being carried out on ten lambs at the end of a day's
measuring when unusual care would not be taken. The lambs
were taken in rasndom order for the second measurements after
being measured normally with the remainder of the lambs. In

this field trial 81% of the variance was attributable to
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differences between lambs and only 1.6% to the repeated

measurementse. The standard deviation was 1.05 cms.

2. The depth of thorax.

For this measurement the height at with=rs instrument was
used, the measurement being taken directly behind the fore-
legs, the instrument being held vertical and the bars being
against the upper and lower surfaces of the cheste. An
initial attempt using large caliperé was found to be unsatis-
factory when analysed by the method shown in Table 1. However
the method with the height at withers instrument showed 81%
of the variance attributable to sheep and 15% to repeated
measurementse. This latter high figure was not found in trials
under the field conditions described above, when 88% of the
variance was ascribed to differences amongst lambs and the
component due to repeated measurements was negligible. The

standard deviation in this last trial was L.O mms,.

3¢ Conclusions.

Although methods of measurament were also developed for
heart girth and head size, it was later found that they did not
add sufficient information to justify their use. There were
some difficulties(yhich were eventually overcome)with heart
girth because of the length of the fleece. However results
presented with the data collected at birth indicate that
little additional information would have been added by its use.

Under the field conditions of the experiment only a few
measurements could be taken with speed and sufficient accuracy
and the height at withers and depth of chest fulfilled these
requirements. The interpretation of these has been discussed

in the review of literature.



B. The Plan for the 1952 Experiment.

1 General.

This first year's experiment was essentially a survey of
possible differences between N-type and ordinary sheep with
the main emphasis on the growth of the lambs. The lambs
available fcr study came from matings already decided upon and
techniques had to be adjusted to fit in as far as possible with
normel farming routine, This was the result of the experiment
being started at short notice and the necessity for the sheep
to be run on a private farm. The sheep described in sections
IV and V were also from the matings to be described, the ewe
hoggets being kept after the finish of the experiment on lamb
growth in January. The carcasses described were from ramilambs

slaughtered at this time.

2+ The matings.

These were intended for some other genetical research and
for the maintenance of the N-type stocks, as well as for the
growth experiment, It was decided to use all the sheep
available, however, as the maximum number was required at
this survey stage. The available ewes are classified by geno-
type in Table 2. In addition, homozygous Erfype rams were
available, but only two heterozygous rams, one of which was
anomalous in that it was of the homozygous (yg) phenotype,
but known from breeding results to be N+

It is possible from these available sheep to plan matings
to compare lambs of different genotypes and also allow for
possible effects of the dams' genotype, while at the same time

ensuring that there will be sufficient lambs in each sub-class



Table 2

Ewes Available for A4ll Experiments

Genotype NN N+ ++

34 L3 7€

Table 3

Metings and the Numbers of Lambs Expected

Mating number I II ITI Iv \'s
Ram genotype NN (1) NN (1) N+(1) N+(1) N+(2)
Ewe genotype 34NN 18N+ 25N+ 26++ 50++
Lambs NN 34 9 6 c =

N+ - 9 12 13 25

++ - - 6 13 25
Notes:

The same rem is used in groups I & II and groups III & IV,

The N+(2) rsm is the one of homozygous phenotype.

The ewes in groups II & III differed in that the latter
group were derived from ordinesry ewes and the former
from N-type ewes.,

The ewes in groups IV & V were from one group divided
at random.

The number of lambs is calculsted on the assumption of
100% lambing.
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for analysis. Such a mating scheme would not have allowed
for the other purposes for which the mstings were primarily
intended, and the actual matings are shown in Table 3.

It can be seen that the lambs are classified in two ways,
by their own genotype and by the mating from which they came.
The ten possible sub-groups of lambs will therefore be referred
to as the genotype-mating groups throughout this thesis. The
scheme shown in Table 3 enables some of the comparisons described
above to be made, but mating III in particular had sub-class
numbers, which when sex and birth rank are allowed far., were
liable to be of little use. It was clear that the analysis
~of such a plan was liable to be somewhat complicated and it
was decided to analyse weights and measurements at given
points in time rather than attempt analysis of actual growth
curves, The practical planning of the taking of weights and
measurements was therefore based on this approach; that is,
if a difference occurs, then at what point in time can this

difference be established as a real effect,

3¢ Practical details and husbandry.

The farm on which the sheep were run was en flat, undrained
country in the Msnawatu district and was normally used for the
breeding and raising of fat lambs. The N-type ewes arrived
on March 19 and were in genersally poor condition.

The ordinery (++) ewes were cast-for-age hilil country
animals in good condition. Their previous hiestory was
unknown in detail, but they could be conesidered a sanple of
the New Zealand Romney ewe normally used for fat lamb pro-
ductione

Table 4 shows the distribution of ages by mating groups;

the ages of the ordinary animals were estimated from their



Table 4

Numbers of Ewes in Each Age Group

Mating group I II III Iv \'
Age

Cver 6 years 3 nil nil 18 32

6 yrs. 5 5 1 B 2

5 yrs. L 1 14 3 6

L yrs. 9 L 7 nil 5

5 yre. 13 8 3 2 5

Totals 3y 18 25 26 50

Table 5

Mean Weights of Ewe Groups during Fregnancy

Mob number T I III
Ewe group I II III Iv \'s
May 19 117 116 136 142 141
June 19 116 119 148 53 149
July 15 152 129- 149 154 144
Differernce +14. 6 +12. 2 +13.0 +12.7 +2. 8

Mgy - July
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teeth and are therefore only approximate, while those of the
N-types were available from the reccrds.

It is clear from Table 4 that the N-types had considersbly
more young animals in the mating groups (I,II and III) and
that therefore the age of ewe should be considered if lanmbing
percentages are to be compared.

On arrivel at the farm, the meting groups were made up,
the ewes for groupe IV and V being allotted at random from
the 76 ordinary ewes available. The ewes were then run with
the appropriate rams which had been raddled so as to mark these
ewes served.

The rams were taken out on May 19 and the ewes weighed and
returned to the same paddocks. The weighing wes repeated on
June 19 when considerable paddock differences were apparent;
this was counterbalanced by rearranging the ewes amongst the
paddocks. They were weighed again on July 15 and all ewes
- allotted at random to one of the three paddocks, so that
nutritionel effects over the six weeks prior to lambing can be
ccnsidered es random effects aﬁ}t’from those effects carried
over from the previous poor condition of the N-type ewes.
Wallace (1548) concluded that this last period was the most
important in determining the effect of the ewes nutrition
on the lamb's birth weight end subsequent growth. The rendom-
“isation was besed on the tables of Figsher &nd Yates (19&9). No
weights could be taken after this period due to the wet condition
of the paddocks and yards. Those of the last weighing (July
15) were therefore used for &ny correction purposes. The
weights on these three dates are given in Table 5.

The initial differences could be due to a number of

causes which will not be considered further. Overall weight
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gains were very similar for the two months from May to July
except for Group V, but there were considerable differences in
the absolute mean weight when the ewes were rsndomised. The
possible effects of this sre considered in the interpretation
of the results.

During the last two months of pregnancy (July and August)
the weather and paddocks were very wet, but from September to
early December, when the weather is likely to affect lamb
growth, it was generally fine and feed was plentiful,

The first lamb was born on August 11 and the procedure
during lambing was as follows: a round was made every day by
the author and an sssistant and all new lambs were ear-tagged,
weighed, and the height at withers and depth of chest and
heart girth measured§ the lamb was then classified for halo
hairs according to the system of Dry (19§§§ and the ewe was -
caught, its ear tag read and the udder checked for milke.

The possibility of ewes exchanging lambs was considered and
the lambs concerned in the one probable case were rejected
from the experiment. An additional check on parentage
occurred in the ﬁbrmal lambing rounds of the farmer. The
last lamb used for the growth experiment was born on October 2
and there was thus a considerable spread of lambs' ages. Causes
of death up to three weeks of age were estimated in the field
or by veterinary examinetion but nothing unusual or consistent
was found.

Weights and measurements were taken every three weeks from

the birth of the first lamb, only those lambs over a week old

being considered. A spring belence and tripod was used in
the yards until the lambs were large enough to make the use

of a weighing crate practicable. The effect of the lambs
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teing awey from the mothers for different periods is assumed
to be random amongst all groups. £fter the initial stages
weights &nd messurements were taken at longer intervals &néd
a timeteble of all evernts is set out below. It wes not possible
to take learmb weights st shearing or within a few days owing to
difficulties sssociated with the wet weather st the time. The
body weights used to correct fleece weights sre discussed in the
relevant section. At the end of lambing the animels were
randomised over the three paddocks by the simple expedient of
lesving the geates between them open so thst effectively they

were in one peddock.

TIMETABLE
Date Event
Msr.19,1952 Arrival of N-type ewes
Mar. 21 Rame Joined with ewes
May 19 Rems removed, ewes weighed
June 19 Ewes weighed
July 15 Ewee weighed and randomised
Aug. 11 Start of lesmbing
Sept. 2 All lambs over week o0ld weighed and measured
Sept.2L Weighing
Oct.15 Lembs weighed and meesured
Nov.5 Lamrbs weighed =nd mesasured
Dec. 8 Lambs weighed and mesasured
Dec, 30,31 Ewes &nd lambs shorn. Greasy fleece weights taken

Horris messured. Fleeces grsded on 3point scale.
Jan. 21,1953 Lambs weighed and messured and marked for

drafting.



i Table 6

The Coverage Gradings

Shoulder
Reductions on:- Withers Shoulder Patch Grade

None None None 0]
None None Slight 1
None Slight Medium
None _ Reduction continuous
Slight " 2
Medium " 2

Large continuous reduction
N-grede restricted to the beck
Grade VI

o N O U F W N

Note: Grade VI is included as animals of this grade
are frequently found to be N+



Ce Results from Gradings at Birth

1 The grading system.

The system of grading lesmbs for the abundance of halo-
hairs on the back has been fully described by Dry (1955 a
and b), In the first of these papers the grades I - VI
are illustrsted, these being the grades that were originally
found in the ordinary Romney lamb. The maximum grade is
called N-grade which appears as a complete mat of halo-hairs
and lambs showing this grade can be considered to be homozygous
or heterozygous for the N-gene,

A second system of grading was also used (Dry 1955b)
which makes use of variations in the area over the body of
the lamb which is covered with hslo-heirs of N-grade
abundance, The grading system which is based on that of
Dry (1955b) is shown in Table 6.

The homozygous N-type lemb invariably has N-grade
abundance of halo-hairs over its entire fleece-bearing area
(Dry and Fraser 1947) while the heterozygote has a reduction
from this abundance in a region behind the shoulder (the
" shoulder patch) which may extend over the shoulder and
withers. Exceptions to this such as the N+ ram with no
shoulder patch used in mating V are fully discussed by
Dry (1955b) This greding system is therefore one of
reductions from the complete coverage of halofhairs of the
NN phenotype and it is known as the coverage grading

(Stephenson 195€)

2. Results.
(i) Genetic differences.

Table 7 shows all the lambs born, dead or slive, divided



Table 7

Number of Lambs Born

Group I II1 KET Iv \'4 Total
Ewes 30 NN=* 18 N+ - 25 N+ 26 ++ 50 ++ 149
Sex d 9 @ 9 d o o' q S 9 -
Lambs ' NN 17 13 L 3 L - - - - L2
Pheno- N+ - 1 7 3 5 6 7 12 16 20 i
S = = I 5 11 16 19 57
Totals 29 17 22 35 71 176
Deaths 7 L L 3 ) ) 2
Live lambs 93 72 80 123 136 108

as % of ewes

* |, ewes were removed during pregnancy for other experimental purposes.

The lamb of heterozygous phenotype included in Group I was st first
thought to be anomalous but a check on the records indicsated
possible doubt as to the ewe psrent's genotype.



according to their genotype*snd the mating group of the
ewe parent. The deaths up to three weeks of age include
those lambs born dead.

Reasone for expecting some difference in the lambing
perceritage have already been given, but the marked contrast
between N-type end ordinary ewes indicated the need for
further investigstion before the N-type animals could be
concidered for economic purposes. |

There were no consistent causes of lamb deaths, but
if all csuees are included, then the desth rate as a
percentage of all lambs born was 15% for N-type lambs and
5% for ordinary lambe.

The numbers of lambs of the varioues genotypes expected
in each meting on a hypothesis of a single dominsant gene
can be estimated from Table 7. In group IT 8.5 lambs of each
genotype would be expected and in Group III 5.5 of each of
the homozygotes and 11.0 of the heterozygotes. It is clear
from the tsble witheut further testing that there is no
gignificant deviation from these expected numbers. The
remaining matings should give equal numbers of heterozygous

N-type lambs and ordinary lambs. Table 8 shows these results

* 3ome lambs in mating group V were of NN phenotype
but they must have been heterozygotes from such
a mating. These have been regarded as hetero-
zygotes of coverage grade O throughout this thesis.
The genetic problem is diszussed elsewhere (Dry 1955b)



Table 8

Tests of the Ratios of N-type and

Ordinary Lambs

Number of lambs
N+ ++ Total

X2(1 a.f.) P

1952  Mating IV 19 16 35 0.257 0e5-0e 7
Mating V 36 35 71 0.014 0.9
Mating 1 16 22 38 0.947 Qe s
Mating 2 23 14 ol 2.189 Oe1=042
Heterogeneity Test (Mather 1949)
Source daf. 'Xz P
Deviation 1 0271 Oe5 = 0e7
Heterogeneity > 30137 Oe3 = 045
Total L 3. 408
Note: 1953 mating 1 was the same as 1952 mating IV.
1953 mating 2 was an ordinary ram X N+ ewes.
Table 9
Tests of Sex Ratio of Lambs by Ram N+(1)
Number of Lambs 5
: 1 (1 a.£.)
1952  Mating III 7 15 22 2,909
Mating IV 12 23 35 3.457
1953 Mating 1 15 23 38 1,684
Totals 3 61
Heterogeneity Test (Mather 1949)
Source ds £, X2 P
Deviation 1 7.674 0e01 = 0,001
Heterogeneity 2 Oe 377 0e8 - 0.9
Total 5 8¢ 051
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with the Chi square (Z_) and the probability of a deviation
from this expected result. The results from the matings
made in 1953 have been included here for the purpose of the
heterogeneity test. The methods used for testing were
those of Mather (1949). The analysis shown in Teble 8
indicates no reason to doubt that the rams concerned were
not heterozygous for a dominant gene causing high halo-
hair abundance, The second mating of 1953, that of an
ordinary ram with N+ ewes had not been made before and the
slight excess of N-type lambs is of interest. The X? for
heterogeneity between the two 1953 matings is 3.021 which
has a probability of 0.1 - 0.05, This result
should be treated with reserve with such small nmmbers
of lambs but it suggests that further matings of this type
would be of interest.

A further point of interest was a deficiency of male
lambs in the offspring of the heterozygous ram of expected
phenotype. This ram was used in both years and Table 9
summarises the numbers of each sex and the appropriate
tests for deviations from the expected 1 : 1 ratio.

The test indicates that there was a real deficiency
of ram lambs from ewes mated to this particular ram. The
cause is not clear but was presumably the result of pre-
natal mortality. The results of Rasmusson (1941) suggest
that there is ﬂpigher pre-natal mortality of twin ram lambs
than of other groups,but the data here were not sufficient
to test this satisfactorily. No departure from the expected
sex ratio was found in any of the other groups and it is
therefore possible that this deficiency of males was genetic

in origin.



Table 10

Birth Rank snd Sex Effects on Halo-Hair Coversge

Males Femsles Total
Grades (Table 6) 0O-34-8 0-34-8 0-34 -8
Single lambe 6 7 2 1 & 18
Twin lambs 10 L 18 L 28 8
Totals 16 11 20 15 36 26
Analysis of Heterogeneity
Source defe 'X? P
Birth rank 1 2, 704 Less than 0,001
Sex 1 2. 809 0.1

Total 2 16.510
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(ii) Varistions within genotypes.

The varizticn in coversge of heterozygous leambs has been
described in the section on the greding system. Some of this
varistion could possibly be explained by differences in pre-
natal environment which would be expected to show as differences
between single and twin lembs, In Table 10 the heterozygous
larbe alive et birth (dead lambs were not always greded in
detail) have been classified by sex, birth rank esnd by high
or low halo coverage. The K? analysis for heterogeneity
between coverage clessification shows a merked difference for
birth rank but not for eex. This difference is the result of
the greeter coverage of the twin lembs which shows thet there is
some effect of pre-natal envircnment on halo-hair asbundance.
This will be further discussed in Part II of this thesis where
results on halo-hsir density at birth are presented.

The finsl point to be mentioned here, which confirms
results from larger numbers of lambs (Dry 1955b), concerns
the ordinary Romney lambs from these matings. These have a
higher average halo-hair grsding (2.5) than those of a sample
from ordinery flocks (1.66; Dry 1955b). It will be shown in
Part II that such a difference rerresents sn increase of only
five hslo-heaire in e squere centimetre of skin, in a total of
2500 other fitres. It is not therefore likely to be of
importance to the assumption that these animsls are, for birthcoat

type, ordinery New Zealand Romney lambe.
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D. Methods of Analysis of the Growth Dats

1 Review and protlems.

The problem weae one of differentisting between the
growth, measured in terms of weight and selected body
measurements, of the ten groups of sheep. Esch group was
divided into four sub-groups, male singles end twins and
female singles snd twins, twins resred as singles being
treated as if they were singles (Hammond 1932). To
treat the problem gs one of regression as suggested by
Brody (1945) weas unsstisfactory as sny differences might
be the result of the irregulsr growth of one or more
groups over certain periods, and if so, the identificstion
of these periods was of major interest, Also Medgwar (1950)
points out that aversge growth curves can be different in
form from the individual growth curves of which they are
made up, particularly if there are abrupt changes which
occur at different ages for different individuals. Sholl
(1950) indicates various dsngers in applying statistical
methods to constants obtained from growth formulae, while
Yetes (1950) at the same symposium also discussed dangers of
spPurious regularity resulting from the fitting of growth
curves.,

Further problems to be considered were disproporfion in
the sub-cless numbers, the relationships of weights snd body
messuremente snd the necessity for corrections for different
birth dates and other variebles, ell of which pose problems
when a method of comparirg regressions is used,

The method used, therefore, has been the considerstion

of weights and measurements at certain points in time, it
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being assumed that if a difference was found at, say, the
fourth point, but not the third then this was the result of
differences of growth during the intervening period. In
cases where groups differed at toth these points, the second
difference may merely be the result of the first and the
weight or measurement wes therefore corrected for the
corresponding previous one. It cen be shown (Appendix I)
that correction of weight gains over the period for the
initial weight would give an identical result. The birth
date (coded from August 1) was used as an independent
vearisble throughout and can be interpreted as an environ-
mentel correction confounded with one for &ge.

The problem then, was to develop a suiteble computat-
ional method for use with a number of variance and covariance
analyses with unequal sub-~cless numbers and at the same time
obtain estimates of the genotype-mating group effects (see
page 35 and Table 3) and eex-birth rank effects, as a two way

classification.

2« Statistical end computational methods.

The final computational method was not arrived at
directly and the first analysis carried out was that of the
estimated weight of the lambs at 30 days of age. The method
was modified for the subsequent analyses of birth weight and
of the actual weights at the leter weighing times.

Both methods of analysis are computational variations
of the solution of sets of equations set up under the general

linear hypothesis (Kempthorne 1952).



For the analyses of variance the following model was

considered:

Ypig = B+ Ep + B3 + ep44

where Y¥pij = the individual observations
P = the general mean
Ep = the genotype - mating group effect
84 = the gex - birth rank effect

and r is 41 - 10 and 1 is from 1 = 4

€rij is the error term.

The necessary assumptions are:
(1) That the g and s effects are additive
(2) That the errors are independent and normelly dietributed

with zero meen and constant variance.

Becaucse of this first assumption it ie necessary to test
for interacticn between the g and s effects before they can
be tested for significance, If interaction wes present then
the results for egingle and twin lamps were analysed separately
and if the first assumption still 4id not hold, then a simple
orthogonal snalysis was carried out for esch sex &nd birth
ranke.

The four sex - birth raenk clesses for the vealues of 1
were:

1. Ram singles
2. Bwe singles
3« Ram twins

L. Ewe twins

L5
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The methods of computetion described below were used for
all cases where a linesr model has been set up including
those cases where different or sdditional effects have
been estimated.

The first computetional method used was due to
A, Carter (Personal communication) and was used to analyse
the weights at 30 days of age. This method has been shown
by Rae (Pereonal communication) to be a computational
variaticn of the direct solution of the above model,

The system is &8s follows:

The symbols of the above model sre used with, in

addition n being the number observations in the ri th

ri.
class, The notation for summation is that used by
Kempthorne (1952) e.g. ype. indicates the values of y
summed over i and J.

A system of tabulation is followed:

Table I gives values of nnj, and 5}1,

Table II gives values of wﬁ)[= nri.nrk./nl‘..
snd §W§'ﬁ= Wik

TableIII gives values of d§i= Yri, - Yrk.

Also Y{ = 4£Djx where Djy = éwﬁ)( afy
Kt («#0) Y

A check on computation at this point is %Yi =0 andg{wik =n 3,
4}

Then if Wio =$%wik then a matrix can be formed with the Wi

as the leedirg terms and the Wik forming the remaining

terms (i# k) these being negative.
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If the inverse of this matrix is Vi then:
gg = éﬁgth are unbiased estimates of the effects of the sy

Residual sums of squares (82) are then calculated as
o~ 2 n
52 = é%{yrij— £or.Yypr.— £6nYn
Ly [d A
these having (N - ¢ - 1 + 1) degrees of freedom

icee N-(r-1)-(i-1)=4

The second sums of squares required (S1) is within the

sub-sub-classes:

éé{y?ij -éénri}";“i with ri - 4 G.f.
b =

r Lty

The test for interaction is now (Sy - S4)/S, expressed as

the appropriate mean squares.

If interaction is not present, then ignoring the first
factor, a residual sum of squares S, is calculsted
and then the second effect is tested as (5, - Sz)/S2

in the form of the appropriate mesn squares.

These are the usuel tests based on the likelihood
ratio and will have the F distribution, for the appropriate
number of degrees of freedom,

The covariance analysis for this method follows directly
by the use of residusl sums of squares after the &ppropriate
sums of squares due to the required regression(s) have been
subtracted, These residuals are as follows:

(1) Within sub-sub classes (S'1) obtained in the usual way
from the total sums of squsres and cross products and those

between the sub-=sub classes.

(2) Within main classes (8'2) by subtraction of the sums of
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squares and cross products between main clesses from the
totals. The sums of squares between main classes are
those obtained by the method above, being calculated for each
independent variable; while the cross products are derived
from the appropriate Cg times.the Yy, of the corresponding
variate,

The tests are then the same as for analysis of variance
with these alternative residuel sums of squeres from the
regreesion analyses being used. If no interaction is present
then the residuals for the various effects are obtained in
the similar manner. The degrees of freedom will be one
less for each independent variate corrected for and the
F test is used to test the ratios of mean squares.

This method was not found to be the quickest for
computational purposes or the most ccnvenient for obtain-
ing some of the estimates of genotype-mating group effects
which were required. The method used for the analysis of
all the data apart from the weight et 30 days was there-
fore modified as follows,.

Equetions of the linear model for estimation of
genotype-meting group and sex - birth rank effects were
set up and solved for each variable. These estimates were
subject to the usual assumptions and the calculations were
arranged so that in the case of interaction then the
appropriete sums of squares for analysis by the separate
groups were available. As the sub-class numbers were the
same throughout one inveree matrix of these could be used for
the solution of the equations for all analyses involving

this model.
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From these estimates sums of squares for the analyses
of variance could be obtained in the usual way end the
covariance analyses made in the way described for the method
above, The cross-products required for these covariance
analyses from which the residuel sums of squares were obtained
were calculsted from the estimated constant multiplied by
the corresponding total of the required independent varisable.
It can be shown by direct algebraic manipulation that this
gives the same result as the method above and as the result
obtained by including the required regression coefficients
in the original linear model. Such a method as this has
the advantage of giving estimates of all—the variables
after which analyses of covariance can be cerried out on
any combination of them which seems desirable.

Where interaction occurred and single and twin lambs
were considered separately, the resulting analysis involves
a matrix of sub-class numbers of the order 2 X 10. In
this case when the seme matrix of sub-class numbers is to
be used for many varisbles & simple computational method
is available to solve for the various effects.

The solutions are obtained by simple algebra from the

setting up of the equations and are as follows:(notation

as above)
Where W = n11n12/n1. + n21n22/n2, + &c
D = £nyoFy, - V.2
then 8 = D/2W (84 = =862)

Where a,= (nr1 - nr2)/nr'

then (g, + p) =y, - &pb
W snd a will be the same for all variables so these forms lead

to a simple computational procedure for lerge scale computational
purposes.
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If, in any analysis, a difference is indicated amongst
the genotype-mating groups, it is of interest to find which
of theee groups are likely to differ. It should be remembered
that in such a case there will be 9 + 8 + 7 + eeee + 1
possible comperisons &nd therefore one or differences &t the
5% level amongst these will be expected by chance.

Where covariance analysis was used the regressions
corresponding to the S, residual (within sub-sub classes)
were used to correct the weighted means. The differences
between these means were then examined with the above problem
in mind.

This problem and that of deciding which groups differ
has been discussed by Tukey (1949) The standard errors of
individual estimates can be used as a guide in the present
case but considerable computation is required for their est-
imation where a 14 X 14 inverse matrix is involved. This
would not be worth while unless an exact method of comparing
the individual estimates was available.

The approach has therefore been to consider the genotype-
mating group estimates empirically, bearing in mind the
standard deviation from the residual error variance and the
sub-class number involved. A second series of analyses
has then been carried out ignoring the mating groups and
with the classifications of lambs' genotypes and sex -
birth rank only. This then helps to confirm analytically

the results deduced for the genotype-mating group analysis.



Table 11

Pertial Regressions of Birth
weight

On Birth Date On Ewes' Weight

Partial regression +0.037 - C.00163
Standard error 0,014 0.00974
t 97 d.f. 2. 64 Less than 1
P, 0.01 Non-significant
Table 12

Numbers in the Sub-clssses and Mean Biith W¥eights
Genotype o?singles g singlqg 0”twin§. Q twiE§
Dam Lamb n y n Y n y n y
NN NN 6 11.6 6 11,2 6 Sel- 7 9.3
NN N+ - - L 10.6 2 11.0 2 7.6
N+ N+ 7  10.7 6 99 3 94 2 2 7.k
Ne 4+ 1 10.7 2 9.3 - - 3 8.7
++ N+ 9 11.3 9 11,0 h2 9.5 20 9.1
++ ++ 6 12.1 7 11.3 13  10.0 19 Y3

The meane are in po:inds weight,



Table 13

Analysis of Variance of Interaction

Source def. Sums of squares m.g, F

Totsl T 151 15)65“»0 83

Fitted constants Sy 7 15,430, 82

Sub-sub-clacses CP) 23 15,442, 55

Interaction So - S4 16 11.73 0. 7331less

Residual T - Sp 128 212,28 than
1

Table 14

Analysis of Variance of the Sub-groups

Source d.f. Sums of squares me.s. F
Total T 151 15,6544 83
Fitted constents Sy L 15,430, 82
Fitting D & S Sg 5 15,425, 21
Fitting G & S Sq 5 15,4418, L1
Lambs' genotype By = 3 2 5.62 2.806 1.80
Dams' genotype Sq4 - s§ 2 12,41 6.205 3.99
Residual T - 31 144 224,01 1.556
F veluess 2 & 144 d.fe P = 0e1 is 2.35

B = 0:05 %8 30/

D stands for dams' genotype, G for lembs' genotype, and
S for sex - birth rank.
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E. The Results from the Analyses of the Growth Data

1. Data collected at birth.

(1) Birth weight.

As the analyéis of the 30 days weight had been carried
out before the analysis of birth weight, and as this latter
had been used with the ewes' weight and lambs' birth date
to calculate inter-relationships, the values of these relati%;q?
were used in order to decide the analysis method.

The partial regressions of ewes' weight and of birth
date within the genotype-mating groups and sex - birth rank
groups are shown in Table 11. There is no effect of the
weight of the ewe and re-calculation ompiitting this variate
gave a significant value for the simple regression of
birth weight on birth date. This showed that on average
for each day later that a lamb was born, the weight increased
by 0.029 ponnds. As the maximum difference between groups
in birth date was only 10 days it was decided to carry out
an analysis of variance only and to allow for this small
difference in the interpretation of the estimated means.

The analysis of variance was based on a linear model to
estimate effects due to genotype of lamb, genotype of dam
and sex - birth rank, This classification with the mean
weights and number of lambs is shown in Table 12, The
analysis of variance to test interaction is shown in
Table 13 where it can be seen that it is not significant
and therefore the analysis was continued on the assumption
that the sub-classification effects were additive.

Bstimation of the weighted means and the resulting



Table 15

Bstimated Mean Birth Weights and Dates by Lemb and Dam

Genotype
Genotype dam NN N+ N+ N+ ++ ++
Genotype lsmb NN NN N+ ++ N+ ++
Mean weight 10. 38 10,08 9.30 9.61 10.28 10.59
Mesn birth date 25,2 25¢4 295 2840 3Le6 35.3
Table 16

Estimated Mean Birth Weights by Lambs' Genotype and

N

ating Group

Mating Group II III Iv \'
Lambs' Genotype
NN 1038 10,70 9.03 o =
N+ - 917 9455 9.97 10,43
++ - 9.41 10651 10, 64

From Teble 14 the standerd deviation (s.d.) is 1.245



52
sums of squares gave the analysis of variance shown in
Table 14. The additional calculation to test the sex -
birth rank effects was not considered worthwhile as the
interaction test hed shown that these were the same for all
groupse. It can be seen from this analysis that there is
no effect associated with genotype of lamb but that there
is a significant effect associated with genotype of the
dam. The estimated mean weights under the classification
of dam and lamb genotype are shown in Table 15 with the
mean birth date of the group. The significant result
appears to be due to the lighter birth weights of those
lambs from N+ mothers and fhis difference is not accounted
for by the different birth dates. It is possibtle that
the homozygous lambs were heavier and that this nas counter-
acted a general effect of the poorer condition of the N-
type ewes. This, however, is not supported by the absence
of a relationship between ewes' weight and birth weight or
by the absence of a significant lambs' genotype effect.

To obtain further information on the significant
differences amongét dams a model involving the classificatioﬁs
of genotype - mating groups and sex - birth rank groups
was solved. A significant difference amongst the genotype -
mating groups was shown by the analysis of variance and the
estimated mean weights from the analysis are shown in Table
16. There was no interaction but this and other analyses
are not presented as all the numerous analyses of variance
follow the same form and it would not be economic to present
them in full.

Table 16 shows a similar picture to that obtained from

the first analysis, 1.e. the only consistent difference is



Table 17.

Analysis of Differences amongst Groups of the Regressions
of Birth Weight on Body Measurements

Leg Length Source d.fe. Mean Square
Pooled regressions 10 9.987
Differences 9 2.975
Residual 132 1.864

Depth of thorax Pooled regressions 10 17.661
Differences 9 1.026
Regiduel 1352 1.283

5¢36
1.60

kT
Less than 1

For 10 and 132 degrees of freedom the F value at the 0,001 level is 3.3

For 9 and 132 degrees of freedom the F value at the 0.1 level is 1.66

The measurements are in centimetres, the weizhts in pounds.
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that of lower birth weights of lambs from mating group
III which was made up of N+ ewes. Further experiments
using ewes of different genotypes, which have been reared and
grazed together, are required to interpret this result
which could have arisen from the different treatments of
the ewes prior to this experiment.

(ii) Body measurements.

For this analysis an estimate of 'leQ}ength' was obtained
by subtraction of the depth of thorax from the heizht at
withers and the values obtained were then analysed by a
similar classification to that in Table 12, The depth
of thorax was also analysed in this way and neither
measurement showed an effect of interaction, genotype of
lamb or of the genotype of the dam.

As differences between the genotype - mating groups
were shown for birth weight, it is of interest to know if
the relationships of this weight to the measurements are
the same for these groups. An analysis of differences
amongst the simble regressions of birth weight on each
of these two measurements was therefore carried out and
is shown in Table 17, The method is that given by
Mather (1949). No differences are shown amongst the
regressions on either measurement and it was concluded
that the relationships with birth weight were similar in
all genotype - mating groupse it being remembered that this
type of test is not very sensitivee.

A separate analysis for the sex - birth rank groups
gave a similar result there being no difference in the

regresB8ions amongst these groups for e€ither measurement.



Table 18.

Partial Regression Coefficients of Weight
on Certain Measurements

Body Measurement Heart Girth Leg Length Depth of Thorax
Coefficient +0e 245 +0.104 +0.485
Standard error 0.00127 0.,00159 . 0.00954

All messurements were in centimetres.

Analysis of Variance

Source d.f. Mean Square F
Due to regressions 2 81.130 96.03
Residual 148 0.847

For 3 and 148 d.f. the F value at 0,001 level is 5.79

Table 19,

Reductions of Sums of Squares due to
Individual Partial Regression Coefficients

Depth of
Measurement Heart Girth Leg Length Thorax

Reduction L3.442 6e 315 22,644
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In the review of literature and in the account of
the preliminary investigation, it was suggested that if
body weight was used to measure growth, then the most
informative body measurements would be those that were
least associated with weight. Three measurements. taken
at birth, have been examined for their association with
birth weight by means of a multiple regression on them of
birth weight. This was calculated over all lambs ignoring
the sub-groups and the results are shown in Table 18 with
an analysis of the variance accounted for by the regressions.
Fisher (1948) gives a method whereby the reduction 1in
sum of squares due to a partial regression coefficient can
be calculated from the value of the coeffieient and the
leading terms of the inverse of the variance - covariance
matrixe The reductions calculated in this way are shown
in Table 19,

If the most informative body measurement 1s one
which reflects body weight the lesst, then in statistical
terms it is the one which accounts for the least variance
of body weight. On this criterion leg length is the most
satisfactory,then presumably, height gt withers, and then
depth of chest, with heart girth as the least satisfactory.

Summary of section E.1.

The analysis c¢f birth weight showed no differences
resulting from the genotype of the lamb,

A lower birfh weight wes found in lambs from hetero-
zygous ewes but further experiments are required to explain
this.

No differences amongst any groups were found for body
measurements or in the relationships of these measurements

to body weight.



Table 20

The Number of Lambs in each Sub-class.

Mating Lsmbs' a7 A

Group Genotype Singles Si%gles Twins Tw?ns Total
I NN 5 8 5 5 23

II NN - 3 1 - L
N+ L 3 1 - 8

TiL NN - 1 - 2 3
N+ 2 3 2 1 8

o 1 2 - 3 6

v N+ L 5 2 6 17
++ 1 5 2 6 14

\'f N+ 6 6 6 11 29

++ 3 5 10 9 27

Totals 26 L1 29 L3 139

Table 21

Analysis of Varience of the Weight at 30 days.

Source de T me 8, F
Interaction 27 Te 356 Less: than 1
Sub-classes residual 99 10. 544
Genotype - mating groups 9 28.125 2.85
Sex - birth rank 3 360.979 36960
Fitted constants residusal 126 9.862
F valuves. 9 & 126 d.f for P = 0,01 is 2.65. For P tb0.001
is 3.bL2
3 &. 126 dcfo fOP P = 0001 is 3095. FOP P = 00001
is 5. 79

Table 22

Estimated Mean Weights of Genotype - Mating Groups st
30 days of Age.

Mating Group I II TLT Iv \'s

Lambs' Genotype

NN 21. 76 20, OO® 206 37* - =

N+ - 21,72 2L4.08 23.05 236 21

he o - 23.23 23.74 26417
g.d. 3.140

* indicates groups with less than 5 lambs
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2. The larmbs' weight &t 30 days of sge.

The methods for the anslysie of thie weight heve already
been described (p.ué6). The liveweight was estimated for each
lamb by proportion from the weighings before and after it was
20 dsys old.

The clessifications and the numbers in each sub-class for
this and for subsequent enalyses are shown in Table 20, while
Table 21 gives the analysis of variance. This gives no evid-
ence of interaction but does show significant differences amongst
genotype - mating groups and amongst sex - birth rank groups.

The latter is to be expected as twin and female lasmbs sre usually
the lighter. The estimates for the weighted means of the former
are shown in Table 22 and show a trend in fsavour of ordirary
lambs.,

To decide which veriables to use for an analysis c¢f
covariasnce to compare these groups on a uniform basis, multiple
regression coefficients on ewes' weight, lambe' birth date and
birth weight were calculested within the genotype - mating and
sex - birth renk groups. These are shown in Table 23 and as
there is no significant reletionship for ewes' weight it was re-
jected, and an analysis of covariance carried out for the other
two variables. Table 24 shows the analysis of the residusls
after ellowance for the regressions and agein there are signifi-
cant genotype - mating group effects. These effects, shown in
Table 25 show similar relationships to those of the uncorrected
weights, These corrected velues are the ssme ss gains in weight
corrected to the same initial weighty, with a constant term added
(Appendix I) In additien they sre corrected to the same mean

birtl: date.



Table 23

Partial Regressions of Weight at 30 Days of Age

On Birth Date On Ewes' Weight On Birth Weight

Regreseion + 0.0836 +0. 0131 + 1.333

Standard error 0.0235 0.0157 O.164

£ 96 d.f. 3.56 less than 1 8.14

P 0. 001 Non-significant 0,001
Teble 24 -

Analysis of the Covariance Residusls of 30 Days' Weight

Source defe. me e F

ess
Interaction 27 2. 823 than 1
Sub-class residual 97 5. 244 _
Sex - birth renk 3 129.699 27.50
Genotype - meting groups 9 18. 292 3.88
Constants residual 124 Lo 717

F. values. 3 & 124 4d.f. P
9 & 124 d.f. P

0.001 is 5.79
0.001 is 3.42

Table 25

Estimasted liean Values of 30 days' Weight Corrected for
Birth Weight and Birth Dste

Mating group I I II IV \'

Lembs' genotype

NN 292.28 20.06* 21,89 - -
N+ - 22, 81 24, 76 2313 22. 81
++ - - 23. 81 23. 68 25.1}4

From Table 24 s.d. = 2,172
®* indicates groups with less than 5 lambs.
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Therefore, bearing in mind those groups where the number
of lambs is small, it is possible from Tables 22 and 25, to
compare msting groups for a particuler lambs' genotype &and
lambs' genotype for a particular mating group,both for sctual
weights and for weight gains from a constant initial weight.
The only consistent differences are in both cases those of
ordinary lambs being heavier than N+ 1lambs which in turn are
heavier than NN lambs. The same is true for weight gains and
as, in addition, there were no detectable differences of birth
weight, it can be concluded that N is in some way detrimental to
lambs' growth over the first few weeks of life. This state-
ment is, of course, only true for the particular envirormental
conditions prevailing over the time these weights were taken.
As there were no interactions it can also be concluded that
these effects were proportional for single snd twin lambs of

both sexese.

Summary of E. 2.
Ordinary lambs showed grester weight gains than N-type
lambs over the first 30 days from birth.
N+ lambs showed greater weight gains than NN lambs.
Theee effects were proportional in the sex = bLirth rank

groups.

3. Iive weight end body measurements at 67, 100 and 144 days of age.
(1) Differences between genotypes within the mating groups.
This section contains the results of analyses made of the
genotype - meting groups and the methods used are those given

in Section D. 2.

The mean age of the animals, which differed for singles and



Table 26

The Mean Ages of the Lambs at the Different Times of

Analysis
Number of analysis 1 2 3 L 5
Age in days 0 30 67 100 144
Age in weeks 0 4,0 9.5 14.0 2045
Table 27

The Covariance Analyses made in Section 3

Dependent variable Independent Variables

Body weight Birth date
Birth date and previous body weight
Birth date snd height et withers
Height at withers Birth date

Birth date and previous height
at withers




I. Body We ight

Table 28

Tests of Interaction

Independent Variables Interaction Residual F
Mean Squsare Mean Square
30 days
B. date and Ht. at Withers <1 bl £A
67 days
Birth date 65.572 24.895 2, 63
B. date & previous Wt. 7.216 7.038 Ta05
B. date & Ht. at W, 11.218 20,237 <«
100 days
Birth date 92.117 L2.586 2. 16%*
B.date & Prev. Wt. 154510 7.868 1o bily
B. date & Ht. at W. 18.967 3264553 <4
144 days
Birth date 129.936 51.565 24 52%x%
B.date & Prev.Wt. 11.941 150031 <4
B.date & Ht. at W. 31. 251 La2.440 <1
II. Height at Withers
30 days
Birth date 32,101 L. 885 Bo 5T 4%%
67 days _
Birth deate 42,625 L.565 9, Bl
B. date and Prev.Ht. at W. 10. 376 3,174 3, 27 %k
100 days
Birth date 556012 30363 164 36%%x
B.date & Prev.Ht. at W. 233 2.23 1.04
144 days
Birth date 52. 240 3.591 14, 55%x=*
B date & prev, Ht. at W, 8. 359 1.806 Lo 63%mn
Degrees of freedom:
1 independent variate 27 97
2 independent varistes 27 96

Vakues of F for various probability levels:

P F
0.2 1.29
0.05 1.65 =
0.01 2.04 %=

0.001 2. 54  wamx
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twins by only 0.6 of a day, iﬂbhown in Table 26 according to
the five points in time at which they were analysed. The last
three of these correspond to the last three weighing dates of
the lambs shown in the time-table of events. It is to these
mean ages that all lambs' weights and measurements, including
those cases where singles and twins have been analysed separ-
ately, have been corrected by the appropriate regression on
birth date.

The analyses are based on the classification which has
been presented with sub-class numbers in Table 20, except that
one ewe twin lamb reared as a single, from mating group I, died.

Body weight and'height at withers have been analysed at the
last three points in time and in addition height at withers has
been analysed at 30 days of age. The verious covariance
analyses made in this section are shown in Table 27.

(a) Tests of interaction.

The results of these tests have been summarised in
Teble 28 which shows the mean squares and the values of F
for all the analyses in this section. For the body weights,
interaction is shown at each time of analysis but the interaction
disappears when corrections are made for the previous weight or
for the height at withers. The reasons for the interactions
will be discussed later when further tests involving lambs'
genotype only, have been made. The height at withers results
all show interaction except for the corrected gain from 67 to
100 days.

As the differences in weight at constant age were to be
examined first and as these showed interaction, it was decided

to analyse all the results in this section for single lambs and



Teble 29.
Tests of the Genotype - Mating Group
BEffects for Single Lambs
I. Body Wweight

Independent Variables Effects esidual F
Mean Square Mean Square
30 days )
B. date and Ht. at withers 29,386 5¢ 711 5o 1L
67 days
Birth date 75.110 26. 761 26 81
B, date & Prev. Wt. 20%«443 9. 245 24 21%
B. date & Ht. at W. 7% 239 19. 319 Lo 4Ok
100 days
Birth date 129.183 43¢ 954 24 QL
B, date & Prev. Wt. 9.379 e, 719 .0
B. date & Ht. at W. 169. 823 28.183 6o Q2% 3%
144 days
Birth date 140. 872 56.125 26 51*
B.date & Prev. Wt. 356512 14. 709 2:41%
B, date & Ht. at W. 164.079 L0.012 Lo 1 Ot

II,Height at Withers

30 days

Birth date L.461 6. 442 1.0
67 days

Birth date 2.325 L.748 1.0

B. date & Prev. Ht. at W. 32,010 3,831 1.0
100 days

Birth date 4.021 36512 1.14

B.date & prev.Ht. at W. L. 626 2. 707 1.71
144 days

Birth date 5.856 3.943 1.49

B.dste & Prev. Ht. at W, 3, 360 1.728 1.94

Degrees of freedom:

1 independent variste 9 sS4
2 independent variates 9 53
Values of ¥ for various probability levels:
P F
0.2 1.41
0.05 2. 00 P
0.01 2.66 ek

0. 001 3. 64 N
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twin lambs separately. This then leads to a simpler inter-
pretation where ten genotype mating groups are concerned.

No interactions were found, on analysis, between sex and
the genotype - mating groups for any of the analyses of singles .
and twins in this section. The estimates and results of analyses
for the two birth rank groups will now, therefore, be considered.

(b) Single lambs.

The method used for enalysis was that described in
Section D for the cese when there are only two groups in one
of the clessifications. The results of the covariance analyses
of the genotype - mating group effects are shown in Table 29.

It can be seen that the differences in weight amongst these
groups persisted until 144 days. Differences in corrected gain
were also present from 30 - 67 days and from 100 - 144 days.
There were no differences in the height at withers except
possibly in gains from 100 - 144 days, while the highly significant
differences for weight at constant height at withers suggest
that growth differences were not ones of skeletal size. In
general terms this could mean that the groups showing lower
weights were not smaller animalg, but either had longer legs
for their weight or a lower proportion of fat or muscle to
the skeleton. In any case the results presented in the review
of literature would suggest that animals with a lower weight

for a given height at withers were likely to produce a less
desirable carcass.

Before studying the individual differences amongst the
genotype - mating groups, it is of interest to see the values
of the regression coefficients within the estimated groups at
the different points in time. The values for the twin lembs

will slso be given for comparstive purposes ard the coefficients



Table 30
Regression Coefficients within Genotype - Mating Groups and Sex, for Single and Twin Lambs

The standard errors are given in parenthesis.

Mean Age at Analysis

67 days 100 days 144 days
Dependent Variate
Body weight
Independent Variate(s)*
Birth date singles -0.37 20.063 -0. 30 §0'08; -0. 20 20.093
tWinS -O. u? Oo 05 -Oo ’46 00 07 ‘O. L].O Oo 08
Birth date & prev.wt,
singles +1.29 50.13§ +1.13 &o.oag +0.97 (o.oeg
twins +1.59 (0.10 +1.17 (0.07 +0.93 (0.07
Birth date & Ht. at withers
singles +1.28 (0.273 +2.15 50.39; +2.06 (0.43)
twins +0. 82 (0. 26 +1.52 (0.37 +1.47 (0.42)

Dependent Variate
Height at withers

Independent Variate(s)*

Birth date singles -0.08 Eo.osg +0, 08 éo.ozg +0.06 50.02;
= — = twins -0.10 (0.03 -0.10 (0.0C2 -0.04 (0.02
B.date & prev. Ht. at withers
sinzles +0. 39 50.10; +0.42 (0.10) © +0.80 50.103
twins +0.72 (0.09 +0.49 (0.09) +0.68 (0.08

#*Where there is more than one independent variable the coefficients are partial regressionones
All the coefficients are significantly different from zero. /for the variates underlined.
The standard errors are based on 53 or 54 degrees of freedom.
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with the standerd errors are shown in Table 30. All the
velues given are significantly different from zero by the
t test (Fisher 1948).

The regreseion velues for weight on birth date reflect
the age of the animal end environmental effects associsted
with the time the lamb was born. They show a decrease with
increesed mean weight of the lanmbs, while the standard errors
incresase. This reflects the lessening importance of age and
time of birth as the animals beccme older. At all weighing
times twin lambs show a grester effect than single lambs.

Those regressions correcting height at withers for birth
date show thet at the mean sges of 100 days and 144 days, later
born single lembs had a slightly greater hLeight at withers,
while later born twin lambs had slightly less height. The
reason for this is not clear and requires a more detailed
experiment, planned with this point in mind. However the
effect is a very small one and would have little real import-
ance except over a large range of birth dates.

The partial regression coefficients for weight on previous
weight at constent age, are a measure of the weight gain in
relation to the initisl weight. They showed a steedy decrease
ss the animasls became older. Twins showed a greater gain of
both weight and height at withers from 3C to 67 days, which
was not unexpected as there was & tendency for twins to approach
the size of sinéle lembs &s they became older.

The regressions showing the correction for weight at
ccnstant size indicate that an increasce of size led to a
greater increase of weight for single lembs than for twin

lambs, This could be the result of weight increases with



Table 31

Estimates of Mean Body Weight at Constant Birth Date

Mean Age at Time of Estimation

67 Days 100 Days 144 Days
Lamb Mating
Genotype Group
NN I 8.8 61.9 69.3
II Li.7 52.0 68 2
III= L7.1 60. 3 715
N+ II 49.2 62.1 715
III 52. 4 6l4. 6 70.7
Iv 5262 66.5 735
v 50¢1 64.3 71.6
++ III 54.5 715 83.8
Iv 5L4e 7 70.5 81.3
v 55a 7 69.0 78. 4

% One lamb only in this group.
The weizhts are in pounde.

Table 32

The Genotype - Mating Group Estimates Corrected for
Birth Date and Previous Weight

Mean Age at Time of Estimation

67 Days 100 Days 144 Days
Lamb Mating
Genotype Group
=]
BN I 50 2 5 71.7
II LY4e9 S 80. 2
~ III® 500 1 . 754
N+ 11 50. 1 S 73.6
I1I 507 o b 7063
Iv 51.9 >3 713
v 50.4 :;5 = 71.6
++ III 5441 = 7647
IV 52,9 2 7502
v 51. 0 73.9

®* One lamb only.
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only smsell increases in size bveing sn indicstion that the lamb
had resched the fettening or 'finishing' stege. If this is so
then twin lembs resch this stage of laying down primarily fat
and muscle lster than do single lambs.

The regrescsiona can be used to correct the estimeates of
the genotype - mating group effects obtained from the original
equations. These corrected estimates are the same as those
which would be obtained if the regression values had been included
in these equsations, The estimates of mean body weights corrected
for birth date sre shown in Table 31. Exemination of this table
shows no consistent mating group differences except for the
greater weights in group IIY than in group II. This would
mesn that lembs from N+ ewes themselves derived by outcrossing,
grew better than those from N+ ewes derived from the N-type
stock. This is, however, confounded with ram differences and,
in addition, there is only one NN lamb in meting group III.

Lt 67 days it seems that ++ lambs are heavier than N+
lambs which are in turn heavier than the NN lambs. By 144
days the difference is mainly between the ordinery lambs and
the N-type lambs of both genotypes, this difference being of
the order of 10 poundés.

Table 32 shows the estimates in Table 31 corrected for the
weight st the previous mesn age. Those for 100 days have been
omitted as no differences were shown by the anslysis (Table 29).
The mean weights shown here can be interpreted as gains corrected
to constant weight at the start of the period. They can be
expressed as such by subtraction of the overall meen weight
at this time (Appendix I) but the differences between groups

would still be the same and it is in these that the interest

“lies.



Table 33

Genotype - Mating Group Estimetes Corrected for Birth
Date and Height at Withers

Mean Age at Analysis
30 days 67 days 100 days 144 days

Lamb Mating
Genotype Group
NN I 27.6 4L8.0 60. 2 66. 8
II 25.4 12,3 51. 2 68. 6
III= 27. 8 L7.2 62.3 69. 6
N+ II 28, 3 L8e3 59¢ 3 70.9
III 806 53.0 66.5 72,58
IV 30.8 51¢ 2 68.9 76. 4
v 29. 6 5067 639 73.8
++ III 29.7 5509 71.1 81.6
v 3.1 54 3 7161 80.9
\ 33.8 554 68.3 79. 2

®* One lamb only
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The differences from 30 to 67 days show a slight superior-
ity of the ordinesry lambs, which i1s emphesicsed by the low gains
of the NN lembs in group II. This group &ppears to make a
reccvery over the finel period, after weaning, and as there
ere only three lambs in the group, it is posgible that all
their dams had a low milk production, and this retarded their
growth prior to weaning. A slight increase in the rate of
growth was observed for twin lembs in the following year's
exreriment, which suggests that this type of effect can occur.
Apart from this group and the one KN lamb in group III, the
results suggest that the ordinary lambs showed greater gains
than the N-type lambs over the last period, after they had
been weaned and shorne
Finally the estimated mean weights have been corrected
for height at withers and these estimates, including those
for 30 days of sge are shown in Table 33 snd are illustrated
in Figure 1 by a graph of weight and height at withers for
lamb genctypes. The lower values of body weights for mating
group II and also those differences resulting from the lambs'
genctyre sre emphasised when considered at constant size. The
low vslue for mating group I could be associated with this group
or it could be sn effect of the lambs' genotype. It might also
be an additive effect of these two. The former effect could
be psrtially a maternel one, but thig is unlikely as it does not
show until the time ofweening (100 ¢gys) or later. It ie,
therefore, more likely to be sssocieied with other genetic effects
connected with the N-type carpet wool flock which effects
emphesisge the lower body weight for a given height &t withers.
The smell number of NN lambs in groups II and III makes it

impossible to confirm this with a separate snslysis compsring
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them with group I lambs, but some confirmation is offered by
the values for N+ lambs in group II (ewes from N-type stock) which
sre lower than those of N+ lambs in the other groups (outcross
stock).

Thus Table 33 shows that the weight differences shown in
Table 31 cannot be explained by differences in the size of the
enimals. This was ccnfirmed by the direct analyses of height
at withers at constant age which showed no differences in this
charscteristic, nor were differences found in the corrected

gains of this messurement over eny period.

Summary of conclusions, Section E3 (i) b.

(1) Differences in mean weight at constant age were found
between the various groups at the times weights were taken.
These hsesve been interpreted as being the result of the genotypes
of the lambs, homozygous N-types being lighter than the hetero-
zygotes which were in turn lighter than the ordinary Romney lsmbs.
(2) These differences were not the result of possible variation
in the size of the animals as they were still found when the
animals were compared at constant size. Confirming this, no
differences in absolute size as measured by height at withers,
were found.

(3)_ It is possible that there were lower weights at constant
size associgted with the N-type cerpet wool flock and resulting
from genetic effects other than the gene N.

(4) The differences in absolute weight were the result of
differences in weight geins from birth to 30 days of &ge, and
possibly, to a more limited extent, between 30 - €7 days and

100 - 144 days. The initial effect is considered the more
important one as the lster effects could be associated with the

response of an already 'unthrifty' lamb to its environment.



Table 34

Tests of the Genotype - Mating Group Effects for

Twin Lambs
I. Body Weight
Effects Residual F
Independent Variables Mean Square Mean Square
30 days
B. date & Ht. at Withers 13.121 4,079 36 22%*
67 days
Birth date L1.,401 20. 237 2,05%*
B, date & Previous Wt. 7.639 L 473 171
B, date & Ht. at Withers 32, 768 17.913 1.83
100 days
Birth date 81.216 3U4e 312 2. 36
B. date & Previous Wt. 10.153 6. 882 1.48
B, date & Ht. st Withers 83,669 26, 840 36 1 2%%
144 days
Birth date 750967 L2, 207 1.80
B. date & Previous Weight 15,620 12.903 1.21
B, date & Ht. at Withers 100,712 32,261 36 12%%
II. Height at Withers
30 days
Birth date 6. 821 3.985 171
67 days
Birth date 3. 005 L.530 .0
B. date & Prev. Ht. at W, 1. 760 2. 484 4.0
100 days
Birth date 9.046 3. 301 2 T4*
B. date & Prev., Ht. at W, 5.403 2.273 2. 38*
144 days ’
Birth date 6. 297 3-183 1098
B. date & Prev. Ht. at W 1,950 - 1.674 1.16
Degrees of freedom
1 independent variate 9 60
2 independent variates 9 y 59

Values of F for various probability levels

P F
0.2 1.43
0.905 2.08%*
0. 01 26 Thr*

0.001 Lo OT7%%x
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(¢) Twin lambs.

The method of analysis was the same as that used for the
single lambs, The results of the analyses of the genotype -~
mating groups are shown in Table 34. It can be seen that there
are no further weight gain differences amongst these groups and
that by 144 days the differences in weight between the genotype -
mating groups are of doubtful significance. Significant
differences in height at withers occurred at 100 days as a result
of differences in gain of this measurement from 67 to 100 days.
The presence of the interactions shown earlier in Teable 28
appear therefore to be the result of the differences occurring
between single lambs not always being found for the twin lambs.

The estimated values of the mean weéights and height at
withers corrected for birth date are shown in Taeble 35. Only
those times when significant differences occurred are shown,
except for weight at 144 days which is given for comparison
with the values for single lambs. Group II has been ommitted
as there was only one lamb of each genotype in it.

NN lambs from both mating groups are lighter than the
other lambs. The N+ lambs are lighter than the ordinary lambs
by a small amount, except in mating group III where the weights
are similar,. In general the results follow those for single
lambs, the differences between genotypes, however, being con-
siderably smaller and no longer significant at 144 days. For
mating groups IV and V the differences between ordinary and
N+ lambs are.of the order of three pounds compared with ten
pounds for the single lambs.

The differences in height at withers at 100 days appear

to follow the differences in body weight except for thoseg lambs



Table 35

Estimates of the Genotype - Mating Group Means
Corrected for Birth Date

Height at
Body Weight Withers
Mean age ‘67 days 100 days 144 days 100 days
Lamb Mating
Genotype Group
NN I L2, 36 52451 62496 51.86
I1I 39. 38 51.00 59.16 L7.73
N+ III L5638 59.03 66¢ 90 L9.94
Iv Lo. 36 53. 61 62.71 L9, 07
\'4 L3.48 55 30 66¢ 37 50.07
Iv 4y.18 56.79 66. 52 L49.97
\'A L5.96 58. 62 68. 84 51672

The body weight is in pounds and the height at withers in cms.

Table 36

Estimates of the Genotype - Mating Group Means of
Body Weight Corrected for Birth Date and for Height
at Withers, and of Height at Withers
Corrected for Birth Date and the
Previous Height at Withers

Height at
Withers
Body Welight
Mean age 20 days 100 days 144 days 100 days
Lamb Mating
Genotype Group
NN I 23,79  50.41 61. 2 514 54
III 24.94 54,18 62.91 L8. 81
v 22,99 5507 63.97 49.57
' 23. 77 55.49 66. 20 y9.87
IV 24, 23 5713 67+ 30 L49.70

\ 25,47 56. €9 67.90 5128




from mating group I. These show a lower body weight for a
given height at withers which is confirmed by the results in
" Table 36. This table also shows the height at withers at 100
days corrected for that at 67 days, and indicates that the
larger size of lambs from mating group I at the former time was
the result of their faster growth over this period. It also
shows the lower weight for size of the NN lambs, in particular
those from group I at 144 days. In addition, a small difference
is shown between N+ and ordinary lambs within the mating groups
IV and V,

There was only a small difference in size between single
and twin lambs and comparison of this difference with the
differences in weight showed that twin lambs had a lower weight
for a given height at withers. This is presumably an environ-
mental effect and the contrast in these and the body weight results
for single and twin lambs suggest an interaction between N and

the environment.

Summary of conclusions, Section E3 (1) c.

(1)Differences in weight between lamb genotypes for twins
followed the same pattern as for single lambs.

(2) These differences were smaller and became non-significant
at 144 days.

(3) These results and the relationships of weight to height at
withers, suggest the presence of an interaction between the
environment and the genotype of the lamb.

(4) Results for mating group I confirmed results for the single
lambs in that other factors besides N affecting growth were

indicated in matings derived from the N-type stock.



Table 37

Sub-class Numbers for the Analysis
of Lambs' Genotype

o'Singles ¢ Singles o7’ Twins 9 TwinsTotal

Lambs' Genotype

NN 5 11 6 7 29

N+ 16 17 11 18 62

++ 5 12 12 18 L7

Total 26 Lo 29 L3 138
Table 38

Expected and Observed Values for Weight
at 100 days

o'Singles ¢ Simgles o Twins 9 Twins

Lambs'
Genotype
Expected 64,28 55¢ Tk 52. 86 L4719
W beervea  62.86  54.98 51,02 49.63
Expected 68. 74 60, 20 5732 51.66
= Observed 6784 5991 58469 50¢ 32
- Expected 73.01 6lU. 47 61.59 55692

Observed 75. 26 6U4. 15 60616 55.22
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(11) Differences between genotypes pooling the mating groups.

(a) Body weights.

As the differences present appeared to be mainly between
the lambs of different genotypes and not between the mating
greoups, i1t was decided to pool the mating groups and examine
the differences between the three genotypes only. The method
of analysis was the same as in the previous section with the
three genotype groups in place of the ten genotype - mating
groups. These results will not be presented as fully as those
shown in the tables in the previous section, as in general they
only confirm or extend these analyses.

The advantege of this further analysis is to conf;rm the
results deduced empirically from the tables of estimated means
and also to have an analysis based on larger sub-class numbers.
This should increase the accuracy of the estimates of the geno-
type effects when the mating group effects are of little importance.
The sub-class numbers and the classification for these analyses
are shown in Table 37,

Unlike the previous analyses no significant interactions
were found between the sex - birth rank effects and those of
lambs' genotype. This was therefore examined further by com-
parison of estimated and observed mean values for both methods
of classification. For the analysis by genotype - mating
groups some difference in the results for singles and twins
has already been shown, but in addition, groups with small
sub-class numbers tended to differ in their expected and
observed values. Examination of the present results showed
a tendency for the expected values to underestimate the geno-
type differences for single lambs and overestimate them for

twin lambs. Table 38 shows this for the values at 100 days



Table 39

Estimated Values of Mean Weights of Lamb Genotypes
Corrected for Age

Mean Age 30 Days 67 Days 100 Days 144 Days

Lambs' Genotype

NN 26.13 L43.59 55 06 6L4o 47

N+ 26. 74  L6.39 59.48 68.50

++ 28, 65 49,81 63. 74 73.43
Table LO

Interactions Shown by the Analysis of Weight
Corrected for Previous Weight

Period 30-67 Days 67-100 Dé&ys 100-144 Days

Interaction between
Genotype and:

Sex - Birth rank Present Present Present
Sex (Single lambs) Fresent Present Absent

Sex (Twin lambs) Present Absent Absent
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of mean age, where it can be seen that the observed values
indicate a smaller difference between genotypes for twin lembs.

Although these comparisons indicate a slight interaction effect,
it was reasonable to analyse on the basis of the non-significant
teste of interaction and use an estimate of genotype effects
over all the sex -~ birth rank groups. The analysis of covar-
iance of these effects corrected for birth date showed highly
significant ( P less than 0.001) differences at all the ages.

The estimated values of the corrected mean weights are shown

in Taeble 39. Apart from 30 days when the differences are
between N-type lambs and the ordinary lambs, there appears to be
a linear effect of N on the weight, as the mean weights of the
heterozygous lambs fall between those of the homozygous and the
ordinary lambs.

When the additional sdjustment for the previous weights waa
added to the analysis of covarience, significant interactions were
found. These are sumrarised in Table 4O which shows those sub-
classifications of sex and birth rank where interaction was shown
to be present on analycsis. As & result, in order to analyse
the lamb genotype differences, the data was broken down to those
gex - birth rank classes where interaction was absent.

Thus for gains from 30 to 67 days each sex and birth rank
was analysed separately. Over this period differences in favour
of ordinary lambs were found for all groups except that of female
twins. In addition, for the single lembs, rams showed greater

differences than ewes. No genotype differences were Round for
gain in any groups from 67 to 100 days or for twin lambs from

100 to 144 days, but single lambs showed greater gains in the
ordinary group over this last period.
These results are in general agreement with those deduced

from the genotype - mesting group analysis with the addition that
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genotypic differences between ewe lambs appear to be less
marked than those between ram lambs, This may be the result of
the normal sex differences in that the rams or single lambs
which grow faster are more penalised by the effects of the N
genotype. This could be a similar effect to an environmental
one causing slow growth and smaller differences.

Correction of the estimated mean weéights for the height at
withers made no difference to conclusions already reached in the
previous section. Interaction was present at 67 days, when twins
showed smaller differences than singles, but all the genotype
differences were significantly in favour of the ordinsry lambs.

(v) Body measurements.

An analysis similar to that used above showed no inter-
action for any age for height at withers corrected for birth
date. Significaht differences were found amongst the genotype
groups for this measurement at 100 and 144 days, while those at
30 days approached significance. The estimated mean values
are shswn in Table 41 where it can be seen that lambs of NN
genotype have a greater size than would be expected from their
body weight. As all but three of these NN lambs were from
ewes themselves derived from N-type stock, this confirms the
observations made on the genotype - mating group analysis.

These suggested that the N-type flock differed in other genetic
factors besided N causing this greater size for a lower weight.
These factors could be present as a result of the breeding
policy within the N-type flock which for experimental reasons
was based solely on wool, whereegs selection of the ordinary
Romney over a similar period has in addition been directed
towards a type of sheep associated with meat production.

Alternatively, the order of the differences could be the result



Table 41

Estimated Values of Mean Height at Withers (cms)
Corrected for Birth Date

Mean Age 30 Days 67 Days 100 Days 144 Days
Lambs' Genotype R
NN L2.7 L84 5149 54 b4
N+ L1.6 L8.3 5068 531
++ 41.9 L48.6 517 53. 7
Teble 42

Estimates of 'Leg Length' and depth of Thorax (cms)

Mean Age Depth of Thorax

100 Days 144 Days
Lambs" Genotype T '
NN 25.03 25.92
N+ 24. 80 25. 75
++ 24. 88 26011
Table 43

Leg Length
100 Days 144 Days

26. 84 28.46
26,02 27¢ 31
26.78 27.58

Average Changes in Measurements from Birth to

144 Days for all lambs

144 Days

Difference %Difference

Measurement Birth

Body Weight 10,09 68. 87 58. 78 582.6
Leg Length 20. 06 27.78 Te72 3845
Depth of Thorax 13.08 25.93 12.85 98.2
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of the scale on which they have been measured not correspond-
ing to the genetic scale; i.e., a scale such that the value
for N+ 18 between those of NN and ++ lambs, and by which the
action of N is additive.

The results for the corrected gain in height at withers were
those which would be expected in order to obtain the differences
in actual height at withers. There was, however, a significant
interaction at 144 days when there were significant differences
between single but not between twin lambs. This appears to be
the result of the more rapid growth of the NN single lambs after
weaning which is reflected in the comparative values (Table 41)
of height at withers at 100 and 144 days. Although the differ-
ences in gain amongst twin lambs were very slight and not sig-
nificant, they were sufficient to result in there being no inter-
action between singles and twins for actual height at withers at
144 dayssi.e., those differences already present for twin lambs
at 100 days were still present and slightly greater at 144 days
although the differences amongst the gains were not significant.
With such an effect it is possible for weights or measurements
themselves to show no interaction although one is shown when these
are corrected for the previous values.

Finally the differences for height at withers at 100 and
144 days have been examined to determine whether the differences
are ones of 'leg length' or depth of thorax. There were no
interactions for depth of thorax at these two times and the
estimates for this measurement and those for 'leg length'
obtained by subtraction from the height at withers estimates
are shown in Table 42,

At 100 deys the withers differences appear to be associated
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with 'leg length', although the small differences in depth of

thorax are in the same order, NN, ++, N+ as those of withers and
leg length, At 144 days the greater height at withers of the
homozygotes appears to be associated with the 'leg length' and
not depth of thorax. This is in accordance with results at birth
where it was apparent that depth of thorax was more closely assoc-
iated with body weight than was leg length.

The difference between genotypes in height at withers at
144 days is about half that of the difference between a ram and
a ewe lamb at this age and might not be detected by visual inspect-
ion if the animals were in the same condition.

Comparisons of the three variables at 144 days and at birth
are of interest in relation to the results. The mean weights
and measurements for all groups are given in Table 43, The
major contribution to increases in height at withers is from
increases in the depth of thorax and not the length of the leg.
The percentage differences emphasise that there are far greater
relative changes in weight after birth than there are in height
at withers. This would suggest that there would be greater
chance of environmental effects acting on body wq}ght than on
leg length after birth, which is in accordance with those results
discussed in the review of literature which led to the taking of

these body measurements,

4. Summary and conclusions for Section E.
It is not proposed to discuss the biological implications
of these results in any detail until the end of the first part
of this thesis. The purpose at this stage was to gather
information as a basis for further experiments under more controlled

conditions and also to examine views put forward on the lack of
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"thrift' of the N-type sheep. It is clear, for this season
and under these conditions, that these views had a basis of
truth and that further investigation was worthwhile for research
purposes and essential before any economic exploitation was
considered.

The examination of the results has been essentially a
statistical one in order to study the growth of the N-type
 flock as well as the effects of N. The use of matings of the
type of IV and V in which heterozygous rams were mated to
ordinary ewes has considerable advantages for this type of work
as, apart from linkage, all effects other than those of N will
be randomised in the two possible groups of offspring. The
clear effect of N on growth is shown in Figure 2 which gives
the curves for the individual ram single lambs from mating groups
IV and V, This diagram illustrates the major difference
found by the analysis, and the other conclusions are shown below
in the form of a summary. It is this summary which will be
used foPr future: discussion.

General:
(1) Twins showed a greater relative growth rate than
singles between 30 and 67 days of age.
(2) At 144 days of age twins had a lower weight for their
body size than had single lambs.

Genotypic differences:

(1) These were not, in general, linear function s of the
sex = birth rank classification, the largest differences
being shown by single lambs and the smallest by ewe twin
lambs.

(2) Full analysis indicated that mating group differences

within the genotypes were likely to have been relatively
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unimportant. These differences between mating groups will
include maternal effects of the ewe either pre-natally acting
on birth weight or post-natally acting via milk production
and, in addition, possible differences associated with the
sires. There may have been overall differences of these types
associated with the N-type stock apart from effects of N.

(3) Analysis by lambs' genotype and sex - birth rank confirmed
deductions from the full analysis and the analysis of weight
at 30 days of age. These were:-

(1) Corrected weight gain differences between N-type

and ordinary lambs from birth to 30 days led to weight

differences between the genotypes of both sexes of

singles and twins at 30 days.

(11) Further differences in corrected weight gain
occurred between the single lambk groups from 30 - 67
and 100 - 144 days, but these were more limited and may

reflect the poor growth over the first few weeks of 1life.
(1ii) Twin lambs showed no further differences after 67
days.
(iv) All #ifferences showed NN lambs as the lightest and
ordinary lambs as the heaviest, with N+ lambs as inter-
mediate or similar to the NN lambs.
(v) It is concluded that the first six or nine weeks of
life were the critical ones during which, for some reason,
the N-type lambs did not grow as well as ordinary Romney
lambs under the same conditions.
(4) This difference between N-type and ordinary lambs may
be one associated with birthcoat type; the additional
differences between the N+ and NN lambs being the result of

other factors associated with the N-type flock.
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(5) Correction for body size tended to increase the values
of the differences between body weights of N-type and ordinary
lambs.
(6) Body size, as measured by the height at withers shows
NN lambs as the largest and N+ as the smallest, and this has
been interpreted as an effect of the N-type stock although a
possible alternative explanation of genetic scale has been
pointed out.
(7) The difference in body size at 144 days appears to be
associated with the length of the legs but the order of
‘differences is probably too small to have much effect on
the visible conformation of the animals if they were in
similar condition. This assumes that there has been little
penalty in growth of 'height at withers' compared with the

poor growth in terms of weight.

¥, Results from the slaughter of N-type and Ordinary Rams.

1. Review of previous work.

In the previous section it was shown that differences of
weight had occurred be%ween genotypes by the time that lambs
are normally slaughtered for commercial purposes. Some differ-
ence in carcass quality was therefore to be expected as a result,
but it was still necessary to find if there were any effects
attributable to N apart from those arising from these weight
differences.

An investigation of five heterozygous and five ordinary
Romney sheep paired at different ages, had already been made
at the College, and although this was primarily for other

_ purposes, the weights of various joints and their component
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tissues were .available. This data was kindly made available
by Mr. E.A. Clarke (now of Ruakura Animal Research Station),
and an analysis was carried out by the present author.

Comparisons between the two types of sheep were made by
means of analysis of differences between the regressions of the
weights of the various parts on carcass weight. The conclusion
was drawn that there were no differences in the relative weights
of the joints or thekr componenti tissues except that the relative
weight of the loin was slightly higher in the ordinary sheep as
a result of a greater weight of fat in this joint. The small
numbers of sheep made these conclusions tentative ones.

Complete dissection of a carcass or even of sample joints is
a laborious technique if many animals are involved. As the
data described above gave no indication of any important differ-
ences, a simple method was required for a preliminary examination
of the lambs. |

Palsson (1939) and also Walker and McMeekan (1944) have

described methods of measurement of lamb carcasses, which
reflect differences likely to be found on dissection. Clarke,
Barton and Wilson (1953) described similar measurements to the
ones used in this experiment. They involve measurements of
the length of the carcass and of the hindquarter region. These
latter give results which depend on the length of the leg of the
animal and the shape of the joints of the hindquarter which are
the most impertant commercially. In addition measurements are
made on the cross-section of the carcass to determine the depth
of sub-cutaneous fat and the dimensions of the cross section of

' muscle (longissimus dorsi).

the 'eye
If these measurements showed differences not explained
by weight differences of the carcass then more detaildd anat-

omical study of the lambs at various ages was intended. This
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would be from a biological point of view rather than one of
meat technology expressed by these measurements. These should ,
however, indicate whether this detailed approach was justified
while at the same time answering the questions on the economic

value of N-type carcasses.

2. Methods.

No homozygous animals were available for slaughter as the
majority were required for future breeding purposes and conse-
quently it was decided to avoid mating group differences by
taking ten N+ ram lambs and ten ordinary ram lambs from mating
group V only.

These 20 lambs were therefore starved overnight and slaught-
ered the following day. Before killing, a wool sample was
taken from the side position for hairiness determination and the
animal was weighed to obtain the 'empty live weight's  After
slaughter the hot carcass weight was taken and also the weight
of the various organs freed of connective tissue and blood. The
organs weighed were the heart, liver, lungs, spleen and the kidneys.
The left fore cannon bone was also cleaned and weighed and kept
for measuremente. Any abnormalities were noted.

The carcasses were then hung overnight and the following
day the cold carcass weight and the measurements described
above were obtained. For those measurements requiring it the
cross section of the carcass was taken at the point at which
the heart girth and depth of thorax measurements were made on
the live animal. This was to obtain anatomical information
in the event of differences being found for the live animal
measurements when these were analysed. Such differences have
already been shown to be unimportant and consequently these

measurements will not be considered further.



Table L4

Measurements on the Left Fore Cannon Bone

Genotype Length/Weight Length/Circumference Length(cms)
N+ 0. 329 2. 27 10. 65
++ O. 309 2019 10. 56
Table U5A

Analysis of Covariance of Empty Live Weight Correcting for Age

Source d.f. Mean Square F
Birth rank 1 570.16 13428
Genotype 1 199.59 L.16
ResiAdual 16 47.92

For4 and 16 d.f. F = 4.49 for P = 0.05

Table 45 B

Analyses of Covariance of Empty Live Weight(omitting
two 1ambs¥

(1) Corrected for age only

Source d. f. Mean Squsare F
Birth rank 1 361, 58

Genotype 1 357.99 10. 20
Residual 14 35.08

(2) Corrected for age and medulla percentage

Source d.f. Mean Square F
Birth rank 1 291.55
Genotype 1 53 85 1.08
Residual 13 30. 85
Table L6
Estimated Mean Empty Live Weights at Constant Age (1b})
Geno type Singles Twins
N+ 70.6 (5) 62.1 (5)
++ 82.5 (3) 68.4 (7)

The numbers in each sub-class are given in parenthesis.
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3, Carcass measurements and organ weights.

The carcass measurements were analysed by analysis of
covariance with the cold carcass weight as the independent
variaeble, while a similar analysis wasg made for the organ weights
corrected for the empty live weight.

In no case was significant difference found and any variation
in the carcass weights was accounted for by differences in the
empty live weight. Analysis of the weight and circumference of
the cannon bones showed a tendency for those of the N+ lambs to
be thinner relative to the length. The mean lengths are shown
in Teble 44 with the relative measurements. The slightly longer
cannon bone of the N+ lambs can be attributed to the greater
mean age of this group (1 week) and the lower relative weight and
circumference to the slower growth of the lambs (Palsson and
Verges 1952).

It was concluded that there were no differences in the econ-
omic or biological characteristics of the carcasses of the two
groups that would not be expected from lambs showing different
growth rates,

L. Empty live weight and medullation.

As all previous weights had been taken of lambs straight from
the paddock, it was of interest to compare the empty live weights
of the two zroups. An analysis of covariance was made between
the two genotype groups correcting for age and with a second
classification of birth rank. This analysis is shown in Table
L5Aand the estimated weights at constant age are shown in Table
L6, If the small numbers in the sub-classes are taken into
consideration these results are in accordance with the previous
analyses of live weightd and it can be assumed that the differ-

ences mund were not the result of variations in stomach content.
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In teking the samples for the medullation test two
ordinary lambs were omitted by sccident and thece ere there-
foreexcluded from the analyses shown in Table 45b. The firet of
these snalyses is the same ss that shown in isabie uﬁﬁbut in the
second the percentage medullation shown by the benzol test
(Mchahon 1936) has been included as a further independent
veriable. The velue of the pertial regression coefficient
of medullation on weight within the sub-groups of genotyre and
birth renk was -C.24 (* C.065), which is highly significant.
The values of weight, corrected for age, have been plotted
ageinst the medullation velues in Figure 3 with this regression
value used to fit lines to show the relaticnship within the
N type and ordinary lambs.

Whereas in the statigtical sense, the differences in
empty live weight are accounted for by the differences in
medulletion, this does not necessarily give the biologicsl
determination when such a large correlation exists, The
biologicsl interpretation of the benzol test is not straight-
forwerd, but in genersl the higher values would indicate & higher
proportion of medullated and presumably coasrser fibres. Schinckel
(1953 and 1955b) has shown that for the Meriro lamb, esrly
growth cen affect the composition of the subsequent follicle
population. It ie possible that wifhin the N-type and ordinary
lamb groups, the slower growing lembs had a lower fibre density
and hence a cosreser fleece and grester medullation. Alternetively,
lambs wiih more halo-hairs at birth may show a cosrser fleece
at this later stage and these lambe may have a slower growth
rate associsted with the halc-hsairs.

The data collected in this firet year were not of the type
to answer these questions but the importance of this benzol test

result in plenrning future work was clexr.
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Summary of Section F.
(1) It wes ccrcluded that further examination of the problem
should be frcm the point of view of the relationshirs between
growth and the various charsacteristics of the birthcoat and
later fleece,
(2) There was no evidence of any mejor differences in the ana-
tomy of N+ or ordinery lambs at the age of 22 weeks nor was it
congidered likely that the csrcasses of lambs of these two
types would differ in their commercial value if the growth of
the lambs was the same,
(3) These remarks do not apply to the K-type 'carpet wool'
flock as these were not availeble for slaughter. The data
alresdy analysed suggest that the lamb carcasses from this
flock would be of lower commercial value than ordinary sheep

becauge of the poorer lamb growthe

Ge The Dorsal Spines of the Thoracic Vertebrae.

In the introducticn it was stated that it had previously
been suggested that the 'poimted' withers observed in N-type
sheep were a pleiotropic effect of 'E' and that these were a
reflection of the increased length of the doreal spines of the
thoracic vertebrse.

Hemmond (1932) discuesed the connection between horns
end the length of the doreal spines, suggesting after D'Arcy
Thompscn (1942) a mechanicel necessity for such spines in horned
animals to support the weight of the head on a centilever
principle. The mechanism whereby such a connection could arise
in the development of the animal is not discussed. Von Boretal

(1952) founéd longer dorsal spines in adult Cheviot ewes when
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they were compared with ordinary New Zesland Romney ewes. This
could not be attributed to the weight of the headjfor neither
breed is normally horned. The Cheviot, however, had greater
musculature of the shoulder snd the longer dorsal spines may
have been associested with this.

Clarke (1952) in & compariscn between heterozygous and
ordinary Romneys at different ages found that the former had
longer spines. The N-type sheep included one polled animal.
Data from this comparison had been made availeble and the
regression of the length of the fourth dorsal thoracic spine
on head weight was calculated with the polled N-type sheep
omitted. Limits at the 5% level of probability for the
estimation of spine length from this regreesion equation
were then found (Snedecor 1946) and it was then found that the
polled N-type sheep fell outside these limits in that it had
a greater spine length than would have been expected from the
weight of its head. For the remainder of the sheep the
recsults were those that would be expected if the greater spine
length was the result of a greater weight of the head.

Later experiments by Clarke (1952), in which the weight of
horns was stimulated by the use of increasing weights on the
head of growing lambs, produced no effect on the length of the
thoracic spines.

The data of Clarke was also exsmined to test the possibility
that the longer vertebral spine was associasted with greater
length of other bones in the skeleton. However the cannon bone
and the femur were the same length in both the N-type and
ordinary sheep.

As these results are not ccnclusive it was decided to

investigate the problem further by means of X-ray photography,
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whichpnables study of the ssme sheep at different times without
the variation in time being confounded with the variation
between enimals. This confounding is a major drawback of a
technique where it is necessary to slaughter the animals to
obtain the messurements required.

The technique was first investigated and validated using
ten wether hoggets. These animals were X-rayed and measurements
of the required bone lengths made from the plates. The animals
were then slesughtered and measurements mede of the actual bones
after dissection. From the results obtained it was decided to
use the plate meesurement of the fourth thoracic vertebral
dorseal spine for the subsequent work. When the magnification
was allowed for/the prlate measurement of this spine showed a
correleation of O0.94 with the measurement of the actual dissected
spine. With conatant magnification, i.e. & constant distance
between the plate and the tube, the plate measurement can be
used for comparative purposes without conversion to the true
meesurement. The results for spine length given below are
therefore 1.16 times the true measurement.

The lambs available were X-rayed at four weeks of age,

12 weeks of sge and at about 10 months. Two homozygous (EE),
two heterozygous and two ordinary raem lambs were measured for
height at withers and X-rayed at each of these times. A1l
the N-type rams had horns and the ordinary animals were polled
.although one of the latter showed a very slight scﬁr grovwth,

In addition an NN ram which had been dehorned was available
at four weeke but not at a later age as the de-horning led to
abnormal horn growth and the animal had to be slaughtered. At

ten months two polled N-type resms were available, one which
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hed been successfully de-horned and one which was natureally
polled. In adédition two ordinary horned rams were measured
at this time, the horns on these animals probably being the
result of a gene other than N (Dry 1555c).

Figure 4 shows the length of the fourth dorsal thoracic
srine plotted against the height at withers less the length of
spine, for the three times at which the measuremenrts were msade.
The number of animels measured does not permit a statistical
analysis but the measurements taken at ten months indicate
that the longer doressl spines &re relaeted to the presence of
horne and not to the presence of N. The consideration of the
spine lengths in relation to the height at withers shows that
the greater lengths in theese horned animals sre not associated
with greater lengths of the long bones of the fore limbs.

These results could be interpreted as a mechanical effect
but it could be possible that the spines are slightly longer
in horned animals at four weeks (Fig.h) when the horn growth is
still slight. Also although the NN sheep had horns twice the
eize of the N+ sheep there was little difference in their dorsal
spirne length.

However although it is clear that further experiments are
required to discover the mechanism of these relastionships,
the conclusion relevant to this thesis is that the longer
dorssl spines observed in N-type sheep sre the indirect result
of horns and probsbiy not directly associated with the action of

K.
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IV. THE GROWTH OF THE EWE HOGGETS

All the N-type ewe lambs from the experiment just described
were to be kept for future breeding purposes and it was decided
to add 17 of the ordinary lambs to these to make up the maximum
of 70 hoggets for which grezing was available. The 17 ordinary
animals were chosen at random from those available using a table
of random numbers (Fisher and Yates 1948). The main purpose
in keeping these animals was to find out what effect the weight
differences at the end of January would have on the survival

on growth
of the different groups through the winter and/during the
following spring. In addition, when the results from the slaugh-
ter of the 20 ram lambs were analysed, it was clear that some
preliminary work on the biometrical description of fleece

characteristics was required in order to plan the following

year's experiment.

Conditions were generally good over the winter and these
are reflected in the weight of the ordinary hoggets in the
spring. This weight was above average for the district.

The mean weights of twins and singles of the different
genotypes are plottgd against the month of weighing in the
form of a growth cﬁrve in Figures 5a and 5b. It was not
considered necessary to carry out further analyseés as that
carried out for the growth of the lambs gave a clear idea of
those differences which could be regsrded as real, There
were three deaths which are marked at the apprpriate places on
the 'curves', as removal of an animal would have a slight
effect on the subsequent means by probably tending to select
out the animals of lower weight. These deaths were all of

KN-type sheep, consisting of one homozygote and two heterozygotes.
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It can be seen that for the single lambs similar differ-
ences of weight were maintained with a tendency for the N-types
to form one group and the ordinary sheep another. After
shearing, the heterozygous N-types and the ordinary sheep
showed increased gain for a month whereas the homozygous
N-types continued growing at much the same rate. The mean
differences did not show any increase and a difference of,
say, twenty pounds when the mean weight was 120 pounds is
probably of less importance than a similar weight difference
when the mean weight was 70 to 80 pounds.

When the twin sheep are compared with the single ones
the interaction observed at the earlier stages can now be
seen to be very marked. There is little difference amongst
the three genotypes for the twin lambs and the relationship
between twins and singles within the genotypes is somewhat
unusual, For the homozygous N-types the twin lambs were
heavier than the single lambs from March onward, while the
heterozygous twins and singles are very similar. The ordinary
lambs, however, showed a large difference, for the single
lambs were considerably heavier. The twins reared as singles
appear to be anomalous, the higher mean weighykor the hetero-
zygous animals being consistent for the four lambs in this group.

The occurrence of little or no weight incfease during
the months of May, June and July,followed by weight increases
over the spring months appears from available records to be
the normal pattern of growth for the Romney hogget in this

weights of
district, it being usual for the/twins to approach those of

the singles during the spring months,. _
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The summary of conclusions from these curves is therefore:-
(1) No changes occurred in the absolute mean weight differences
between genotype groups for the single hoggets over the period
from 6 months to 17 months of age.
(2) There was a continued difference in the weights of singles
and twins relative to their genotype.
(3) Different genotypes may have reacted differently to
shesring.
(4) Heterozygous twine reared as singles were anomalous in

that their weights were greater than those of the single lambs.

V. COMPARISONS OF HOGGET FLEECE CHARACTERISTICS

A, The greasy Fleece Weights

1. Lambs.

The lambs were shorn on the 30th December, 1952, and the
greasy fleece weights were tsken. Unfortunately it waes not
peesitle to weigh the lambs themselives &t thie time end the
body weight used fcr correction was that teken three weeks
prior to sheering. This weight is &approximetely equivslent
to the shorn weight of the lembs &nd this has been assumed for
purposes of compsrison with the resulte obtained in the follcw-
ing yesr (Section IX, 4 2)

Fleece weights for lembs and hoggets hesve been anslysed in
releticn tc theilr body weights which account for & considersble
part ol the veriaticn in fleece weight. For the lembs an snalysis
of coverience, with body weight as the independent varieble, has

been mede for the single end twin lsmbe eeparstely. Initial
Sy

plotting showed thet eny differences present were likely to

be between the N-type group and the ordinary group end the



Table 47

Analysis of Covariance of Lambs' Fleece
Weights Corrected for Body Weight

Single Lambs

Source d.fe Residual Mean Square F P
Total 6l 12. 274

Within groups 63 11.926 0.189

Difference 1 0. 349 0. 349 1.8470,. 2

Regression coefficient within groups 0.044 + 0.0062

The regression accounts for 45% of the variance within groups.

Twin lambs

Total 70 14. 219
Within groups 69 12,231 0.177
Difference 1 1.989 1.989 11.22 <0, 01

Regression coefficientg within groups 0.041 + 0.,0068
The regression accounts for 33% of the variance within groups.

All measurements are in pounds.
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analysis has therefore been carried out between these two main
rhenotypic groups and is shown in Table 47.

The regression coefficiernts within the genotype groups
accounted for nearly half the veriance of fleece weight for
single lambe and about a third for the twin lenrbs. The
estimated values of the regression coefficients for single and
twin lembe did not show any real difference. The regreesion
lines derived from the above analysis are shown in Figure 6
where it cen be seen that slthough the regression lines are
nearly perellel, twins have a lower fleece weight than singles
at the same body weight. This could be the result of a
lower weight of wool per unit of the fleece bearing area, or
of a different fleece bearing area of the two birth ranks at
the seme body weight. Thie latter could be the result of more
wool oﬁ the face or cn the extremities of the single lambs,
or of a different releticuship between body weight and surface
ares. This laet possibility is also suggested by the difference
in the relationship of weight to height at withers between the
birth renk groups (Section IJI, E3, (i) b)

This diagrem slsc shows (Fig.6) that there was &
tendency for the N-type single lambe to have a greater Tleece
weight for their body weight than the ordinsry sirgles,
elthough the difference could notbe demonstrated as a resl
one. The precerce of lasrger differences between the
phenotype groups of the twin lambs mey be asscocieted with
the higher halo heir 'coverage' of the twine shown in Section
III, C2 (ii) which could lead to a larger difference in adult

fleece type.
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Table 48

Analysis of Covariance of Hogget Fleece
Weights Corrected for Body Weight

Source d.f. Residual Mean Square F P
Total 65 129,616

Within groups 6l 123.718 1.903

Difference 1 5898 5. 898 3410 <0.1

Regression coefficient within groups 0.094 + 0.0048

All measurements are in pounds.

Table 49
Hogget Fleece Weights Classified by Genotype

Genotype NN N+ ++
Fleece weight 9. 44 9.87 9.65
Fleece weight at the 9.87 9. 90 9.19

same body weight

ATTl measurements are in pounds.
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The mesns for mele and female lambs have been plotted for
the different genotypes in the twin groups and these show
that there was a consistent tendency for ewe lambs to have a
higher fleece weight for their body weight. This is shown
by the position of the means relative to the appropriate
regression line; the means for females are above and those
for males helow the regression line in each case. The reason
Tor this is obscure at this stage.
2¢ Ewe hoggets.

Only a few ordinary hoggets could be kept to 15 months
of age and it was considered that the numbers of each birth
rank group were insufficient to estimate regression coefficients
within these groups. Singles and twins have therefore been
taken together for this analysis.

The observed and corrected means of the fleece weight
are shown in Table 49, where the correction is for body weight.
It can be seen that the differences are between N-type (NN and
§+) and the ordinery hoggets. The value of the regression
coefficient within these two groups was used to obtain the
corrected values. There is a difference of about 0.7 1lb(Table 48)
in favour of the N-type sheep at constant body weight. g1
is possible that differences in the yield of clean wool could
account for a part of this, but the yield of a coarse wool is
likely to be greater than a finer one in which case the clean
fleece weight differences wcould be greater.

Fraser (1952 b) reports no difference in fleece weight
between N-type and ordinary sheep, this being required for his
theory of competition between follicles; however, no correct-
ions were made for body weight and deteils of the plan of

experiment are not given. From the regressions and means
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shown in *igure 7 it can be seen how consideration of fleece
weight alone could lead to the conclusion that no differences
existed; since the difference in body weight compensates for
the difference in fleece weight. It could be argued that
these differences disappear when the animals are older, but by
this time the ewes will have been mated and lambing performance
would have to be taken into account. Because of the effects
of lambing on wool growth, the considerestion of fleece weights
prior to the first mating is a better guide to fundamental
relationships between fleece type and fleece weights.

Figure 7 also shows the means of the different genotypes
and birth ranks and it can be seen that the twin lambs still
tend to show larger genotypic differences than the single lambs.
The N+ twin lambs which were reared as singles (4 animals)
appear to be completely anomalous as they had a far higher
corrected fleece weight value than any of the other groups.

As all the animals were ewes, sex differences cannot Wwe
investigated but otherwise the results are similar to those
obtained for the fleece weights of the lambs only with smaller

differences relative to the greater average fleece weights.

Summary of Section V, A.

(1) The N-type sheep showed a greater greasy fleece weight at
constant body wéight than the ordinary sheep.

(2) There was a greater difference between the twin than
between the single lambs and possible reasons for this are
discussed.

(3) It is considered that resl differences in clean wool weight
were likely to have occurred.

(4) It is possible that ewe lambs had a greater fleece weight

than ram lambs at the same body weight.
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Bs The Preliminary Biometrical Characterisation of the
Hogget Fleece
1« Fibre diameters and proportions of fibre types.

The samples examined were those teken in March from the stan-
dard side position on the ewe hoggets. The simplest technique
for examination would be by means of the medullometer test,
for 'hairiness' was the principal fleece characteristic being
studied. Some results from the medullometer test have been
quoted for ram lembs in relation to their body weight in
Section III, F L. Some disadvantages of this test have been
pointed out by Ross (1950) for samples of high medullation
but as used here it was suitaeble for comparative worke.

The major disadvantage for the present analysis lies in the
interpretation of the results because the figure for percent
medullation will depend on the length of the fibres,the diameter
of fibre and medulla and aleo the proportions of the fibres
which ere medullsated. In addition becsuse of the different
rates of growth of the fibres the result will vary with the
time of samplinge. In the results here this will not be of
importancefor a particulsr set of ssmples teken together, as
all the snimals were shorn at the same time.

The medullometer test results showed higher values for
the N-type sheep, NN being greater than N+. This would be
expected on the known charscteriestics of their fleeces.

However there was alsc a difference between single and t¥in

lambs &s the lstter had a consistently higher value. As

steted above this could result from various factors &nd the first
of these tc be considered was steple length. Figure 8 shows

the meen values ¢f the steple lengths for esingles and twins
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of esch genotyre plotted sgainst the percent medullstion. ¥t
cen be seen thet the higher test recults are asscciated with
grester steple lengths. It is not cleer whether this assoc-
ietion is a biolagical one or whether it srises at lesst in psrt
from the neture of the test.

Therefore it is necessery to examine further the compon-
ents of the medullometer test; i.e. fibtre and medulla dismeters
and the proportions of medullated fibres.

Pibre end medulla diemeters were measured by means of
a projection microscope (X500) in which a millimetre scale
resulted in unite of 2 p. Thie ie the basic scale for all
fibre and medulls dismeter messurements in this thesis, but
the tebulated results presented have been converted to F
for convenience in comperison with other work. The fibres
on which mezsuremente were to be taken had previousljpeen
scrted -by their length intc two main groups and snippets
were teken fromthe middle of theee fibres which were then
immersed in benzol fcr measurement. No swelling of the fibres
durirg the measurement time was observed as a result of the use
of thie medium which gave a strong contrast between the fibre
and the medulla in the projected image. The refractive index
of benzol falls within the limits suggested by the Internaticnal
Wool Textile Crganisation for suitable mediums. The Becke
line wacs used for the measurement of the fibre diameters
(Ancn 1952).

The previous sgub-division of fibres into two groups,

'fine' and 'coarse', on length and macroscopic appearance ,
conveniently turned out to be also one of medullated and non-

medullated fibres for &l tut a few animsls. The mein reason
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for the use of this classification was to reduce the technical
work as fewer fibres were needed for measurement. However,
i@addition, fitre dismeters of smmples frcm three sheep of
é¢ifferent wool types were determired and the frequency distrib-
utions plotted. The number of 'coerse' and 'fine' fibres were
also determined and the distributions in Figure 9 have been
weighted accordingly. The total numbers of fibres counted and
measured have been shown in each case. The distributions
are those which might be expected from a review of other work
and sheep number# 191 in particuler illustrates that the treat-
ment of the diameters as two distributions is likely to be more
efficient than the use of one overall mean &nd veariance.

It was decided, therefore, to messure the proportions of
fibres in the 'coerse' and the 'fine'groups and obtain the mesn
diemeters of these groups separately. Thus instead of the
overall meen fibre diemeter, there are three varisbles to be
considered: the 'coerce' fibre dismeter, the 'fine' fibre
diameter, and the percentage of 'cqgrse' fibres. About 300-
LOO fibres were counted in order to obtain this percentage.

The primary purpose of this section was a preliminsary
examination of fibre and medulla diaemeter reletionshiprs end also
to consider verious techniques. In addition the likely relat-
icnships of fibre diameters with other fsctors and aleo differ-
ences amongst genotype and birth rank groupe, were required in
order to plan the more detailed investigation the following
yeers

Ls large differences were present and ss the varistion amonget
the sheep in fitre diemeters was very lerge, it was found that

the messurement of only ten fibres in each cf the 'fine' and

'ccarse' groups was sufficient. This is considerably less
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Table 50

Number of Hoggets Sempled in Each Sub-class

Genotype NN N+ ++

Singles 10 13 5 LI
Twins 6 19 6 (7
Twins as singles 1 L 2 L3

The figures in parenthesis are the totals for the 'fine'
fibre diameters only, as a few of the ordinary lambs
had no fibres classified as 'coarse'.

Table 51
Mean Values of the Various Fibre Characteristics Measured

The percentage of coarse fibres

Genotype NN N+ ++
Singles 26. 4 20.4 9.5 o
Twins 26.9 25.1 20.9
Twins as singles 37 29.5 1856

The dismeter of the coarse fibres (p)

Singles 57 8 52, 8 L&?. 8
Twins 57. 8 57.8 L7.8
Twins as singles 51.4 5644 L41.8

The diameter of the fine fibres (p)

Singles 3062 31 6 36.0
TWins 31. 8 300’4 3’400
Twins as singles 28.6 344 32.2

The diameter of the coarse fibre medulla(p)

Singles 31.6 25.8 36.0
Twins 29, 2 30.4 15.2
Twins as singles 21.4 25.8 13.8
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than that normelly uscd but, ss the results show, under the
circumstences described above. it was sufficient to provide inform-
ation for the planning of the following year's work. In the
second paert of this irvestigetion the technique was improved
and deta on the accuracy of the results obtained and there is
little doudbt thet the diviesion of the fibres from cosree
wodled sheep into sub-groups for rieesurement of dismeter, both
decreases the number of fibres required for measurement and
also increases the meaning and value of these results.

The sub-class numbers involved and the means of the
various measuremente are shown in Tebles 50 and 51. Becauee of
the range in the variences of the 'coarse' fibre dismeters a
logarethmictransformation was used for estimation of the meens
and for the snalyses. A similar transformeticn was used for the
percentage of thg 'coarge' fibres. The differences in Teble
51 tend to be between the N-type and the ordinary sheep,
although for single lambs the homozygous K-types (KNN) tend to
have lerger values of 'coarse' fibre diameter, medulla diameter
and percentage of 'cosrse' fibres. Twins tended to have
& higher velue for the percentage of'coarse' fibres for all
genotypes but differences for other veriables are not consistent.
The higher 'fine' fibre diameter value for ordinary sheep sugg-
ests & lower overell variation in diameter of fitres from
these.

Some preliminsry work on the interreletionships of

these verisbles based on all eveilsble data is shown in
Table 52. Except for the ordinery twins the ccrrelaticn
between the percentage of ccarse fibres and weight at 30 days
wesg consiestent wiihin the sub-groups but not egigrificant with

the small numbers invclved. Because of the lack of s



Table 52
Correlations Between Wool Characters

Correlations with the diameter of coarse fibres:

Variable defe B P _

Body weight 60 +0. 026 nes. (weight at time of
Fine diameter 60 +0.135 NeSe sampling)

% Coarse fibres 60 +0. 128 n. 8.

Staple length 57 +0.588 less than 0.001

Note: n.s. not significant p greater than 0.1

Correlations with the percentage of coarse fibres:

ds £ r P
30 day body weight 60 -0. 269 less than 0.05
'Coverage' of halo-
hairs* 11 -0.671 less than 0.02

* N+ single lambs only. As the majority of twin lambs had
almost complete 'coverage' the distribution was such that
it was not possible to calculate a valid correlation for
this group.
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sui table greding which showed variation within heterozygous and
homozygous animale on the same scale, further examination of
the connection between birth coat and adult fleece was left
until the second part of this investigation.

If these results are considered in the light of Schinckel's
(1952) results for Merino sheep in Austrelia and Galpin's (1948)
for the Kent Romney Mareh then a basis for future work can
be suggested, These eguthors found thet poor growth in the
eerly stages of post-natel life had effects on the composition
of the adult fleece, the former author finding that poorer
growth led to a penalising of the formation of secondary
follicles. In the sheep being conesidered here, both twins and
N-types showed slower growth than normal single lambs over the
first 30 days of post-natal life, twins in addition being
penalised by their pre-nestal environment. The longer staple
length and higher percentage of coarse fibres in wool grown
by twin lambs is consistent with a lower fleece density for
these animals and the negative correlation between the
percentage of coarese fibres and the weight at 30 days is
consistent with a penalisation of secondary follicle formation
over the first 30 days of post-netal life. The effect of
'coversge' which is likely to be negatively associsted with
actual halo hair density, (negstive becsuse of the nature of
the scale) suggests also that the larger follicles producing halo
hairs pereist in the production of coaree fibres after these
halo haires have been shed, Alternatively, their preeence
may also affect the fommation of secondary follicles either
pre-netally or post-natally, the former being suggested by

Dry's 'pre-natal check' discussed in the review of literature.



Table 53

Test of Homogeneity of the Regressions of
Medulla Diameter on Fibre Diameter

Source of variation d.f. Mean Square F

Joint regression 1 989.151 greater then 100#**
Between regressions 9 19,166 3ol 3o

Residuals 80 50572

wxk P less than 0.001
*#% P less than 0.01
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2e The relationship between fibre end medulla diameters.

The poseitility of a relationship between diameters of
fibres end that of their medulla is suggested by some of the
work discuesed in the review of literature. The general
relaticnship between a coarse fleece and hairiness is well
known, but the details of this relstionship in terms of indiv-
iduel fibres for a particular sheep and, if such a relationship
exists, how it varies between sheep, have not been investigated
in detail.

In the present material a strong relationship was found
between fibre and medulla diaemeters &nd an analysis has been
mede below to determine how this relationship varied between
sheep and what factors might be affecting it.

Ten sheep were chosen at random with the restriction
thet &ll genotypes should be represented and an analysis made
to test the homogeréity of the regressions of medulla diameter
on fibre diameter. Table 53ghows that there were differences
amorigst these regression values but that a considerable portion
of the variance was acccunted for by the joint regression.
These regression lines have been plotted in Figure 10 where it
appears thet the heterogeneity arieces from those sheep producing
fibres with little medullation. In such sheep the medulla
wes ineéermittent 1in some fibres and an equivalent continuous
medulle diameter was estimated from the length of fibre ob-
served (Ross 1950). For this reascn results for the values
below 20 (4O p) on the fibre diameter scele must be considered
with caution. In eddition the use cf & logerithmic scele
for fibre dismeter and an arithmetic one for medulla diameter

meens that a large difference in the regression value may heve
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little biologicel significence. The use of such scalee has
en aedventege for thie cempariscn as a streight line fit would not
be the most accurate on other scalee.

It was corcluded therefore, that, apart from those fibres
with small or intermittent medulla, then for any sheep there was
a nearly constant relationship between medulla diameter snd
the fibre diameter end that this relationship, apart from
a constant term, was the seme for all sheep. The possible
difference in constant term refers to the possibility that
different sheep may have a different medulla diameter at & given
fibre diameter elthough an increese in this given fibre diameter
will lesd to the same incresse in medulla diameter for all sheep.

Auber (1950) suggests thet medullation is a result of the
failure of the necescsary preeursors for the formation of cortical
celis to diffuse to the centre of the papilla where the medulla
cells are formed. In eddition, he showed that the mitotic rate
in the papilla of those cells which would form the medulla,
was lower than that of those which would form cortical cells.
Bullough (1952) has shown effects of"available energy" on
the mitotic rate in the epidermis of the mouse and this suggests
another possitle limiting fector whereby medullation could be
affected. The idea that medulla results from the failure of
energy metabolites or keratin precursors to penetrate the
papilla is supported by the fact that increase in fibre dismeter
after & certain stage takes plece slmost entirely by increases
in the size of the medulla, i.e. the cortex can only increase up
to a certain limiting thickness. If there was a lower concen-
tretion of precursore or metabolites svaileble then it might be

expected thet there would be greater medullation of & fibre of

& given dlameter. Body weight has been shown to affect fleece



Table 54

Partial Regression Coefficients of Medulla Diameter(p)
on Log Fibre Diameter (p) and Body Weight(1b)
at the Time of Sampling

Variable Coefficient Standard Error
Log fibre diameter 166, [5%¥* 12, 864
Body weight =0, 220 % 0. 080

#x% P less than 0. 001
#* P less than 0.01

Note: Calculations were made directly on the diameter observations
which were on a scale of two microns. Throughout this thesis

the resulting regression coefficients and standard errors have
been presented on a scale of one micron by means of a simple
conversion.

Where the independent variable concerned is on a logarithmic
scale there is no change required as the multiplication factor
becomes an additive one and therefore affects only the constant
term.

When the independent variable only is on a scale of two
microns the regression coefficient and standard error must be
multiplied by one half,

When the dependent variable is on a scale of two microns
then a factor of two is used for multiplication.

In the multiple regression cases these rules also apply
as where fibre diameter has been used as an independent variable
it is on a logarithmic scale and the variances, and covariances
with the other independent variable will not be affected.

The derivation of these conversions is by consideration of
the variances and covariances and residual terms when the various
components are changed according to the scale.

The diagrams illustrating the various coefficients are
based on the original scale of two microns as they are only
intended to show the relationships concerned and the actual
values can be obtained from the tables.
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weight, and slthough this msy psrtly be a surface area effect it
mey for present purposes be teken as a rether crude measure of
the level of energy or 'precursors' available.

A multiple regression analysis has therefore been made of
medullea dismeter on fibre diameter and body weight at the time
the wool samples were tsken. The paertial regressiong co-
efficients were calculated within the genctyre groups and are
shown in Table 54. There were no differences amongst the geno-
types and the coefficients are therefore representative of all
the genotype groups. The significant partial regression of
medulla diameter on body weight shows thst lower body weights are
associated with greater medulla diameter &t constant fibre
diemeter, i.e. with less cortex. This suggests that the ideas
presented above are worthy of further investigation.

This relationship of body weight also suggests an
explanation for the observation of Burns and Clarkson (1949)
that the medulla diameter was not correlated with the 'coarese-
ness of fibre' as in a comparison of two sheep!one had a fine
medulleted fleece and one & coarcse non-medullated one. It is
possible that the net result of a lower bcdy wéight could be
a reduction in overall medullation as a result of & concurrent
lowerging of the fibre diaemeter. This relationship is considered

in the second part of this thesie where more data is available,

Summary of Section V, B.

The variables corncerned with the type of fleece have been
bnéfly examined to obtain preliminery information as & bsasis

for further investigetion. These recsults indicate:
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(1) Fibre diesmeter determinations for coarse woolled sheep
are likely to be more informetive if the multi-modal distrib-
ution is considered in its various parts.
(2) There is evidence that consideration of N-type - ordinary
and twin - single differences in an experiment to examine the
inter-relstionships of birthcoat type, eerly lemb growth and
hogget fleece type would throw further light on thoses problems
originally put forward.
(3) There is & strong relationship between fibre diameter
and the diameter of the medulla, and this reletionships varies

by a constant term between sheep according to their body weight.
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VI. DISCUSSION CF PART ONE

The overall purpose cf this year's work was to make as
wide an investigation as possible under the existing facilities
in order to determine the likely pleistropic effects of the gene
N and the nature of the problems connected with N-type sheep.

The only directly formult¢ed problem was whether the
N-type flock, as the result of the presence of the gene N,
produced lambs with carcasses as commercially useful as the
crdinary New Zealand Romney. This problem wes approached
with the initial null hypothesis that there was no difference
of growth between the various groups of lambs in the matings
set upe. The null hypothesis was not accepted under the
conditions described and no difference was found in the csrcasses
which could not be esttributed to growth effects of N. Carcasses
of the N-type cerpet wool flock could not be examined but
results from body meesurements suggest that the carcass con-
formation might be poor for these animals even if they had
showed faster early growth.

More detailed eccncmic considerations are not the concern
of this thesis, but from this point of view and from that put
forwerd in the introduction of the possible use of these shsep for
investigation in to the csuse of certain genetic correletions,
it was clear from these results that further investigations
should involve fleece charactere and thset a preliminary invest-
igetion on such characters wss required for the planning of
future work.

This preliminsry investigetion showed that both these
poirntes of view could be satisfied by treating the problem
as one of pleiotropy ( as defined esrlier) this probably being
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one of the mein ceuses of genetic correlations. Simple cases
of pleiotropy are rare, for &s the charecteristic being examined
becomes further in time end space from the original effect of
the gene, the gresater asre the inter-&ctions resulting from other
effects, both genetic and environmental.

On the evidence obtained so far, verious hypotheses can be
put forward as to the mo@e of action of the gene N. As 1in
the majority of caseg which have been examined by other workers,
mainly in the mouse, the initial action occurs esrly in pre-
natal life and is therefore capable of having effects on many
subsequent developmental stages.

From this investigation there is little information on
the pre-natal development or action of the gene. At birth,
the N-type lamb has a large number of halo hairs resulting
from lerger primary follicles (Fraser, Ross and iiright, 1954),
(Certer 1955), little being known of their numbers per unit
area or their relationship to the secondasry follicles. Without
information on these variables it is not possible to relate
such observed fleece charescteristics at birth to characteristics
of the rest of the animal; 1t is, however, possible to suggest
various hypotheses at this stage.

Horn lumps, which later develop into the horns that are
considered a pleiotropic effect (Dry and Fraser 1947), are
observed at birth in most male animals on mecroscopic examination.
It is poseible that the determination of cells which will later
lead to the formation of horns, occurs at the same stage of
growth &s the initiation of the majority of the primary follicles,
end that the formaticn of horns and of lerge primary follicles
are related developmentally. A seccnd pleiotropic effect that

had been suggested was the longer dorsal thoracic vertebral
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spines and the investigsticn described in Section III G suggests
thet these are a mechanical or physiological result of the pre-
sence of horns and will orly reeult if the horne are present.
The horns and these longer spines can, therefore, be provision-
ally considered as one branch of the developmental sequences in
the pleiotropic ection of this gene.

The brown pigmented fibres on the back of the neck at
birth are usually halo hairs and again although there is no
knowledge of the phyeiological processes involved, similar
occurrences in other breeds of so-called 'red kemp' makes it
a reasonable suggestion thet this is a secondary effect of the
larger primsry follicles.

These effects were not examined further in this thesis,
partly for technical reasons and partly because it was considered
that the other effects now to be discussed were more important
at this stage.

Galpin (1936) advances a theory relating the size of a
follicle to the relative rate of growth of underlying tissues at
the time of initiation of the follicle. This theory requires
considerable further substantiation but it does suggest a
mechanism whereby the size of the follicle is the result of
underlying growth processes rather than direct determination by
the cells forming the follicle itself, Post natal growth
effects have been shown in this thesis to be associated with
genotypes carrying the gene N. One possible hypothesis that
must be considered at this stage is that the gene action is
basically one on the growth and developmernt of the animal as
a whole, with the birthcoat type and subsequent effects on the
fleece as secondary onese. This is an inexact idea at this

stage as 'growth and development of the animal' is a somewhat
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vague term, but available knowledge does not permit of more
exact formulation. Evidence for this hypothesis is slight
as there were no obvious differences between the animals at
birth which could be related to birthcoat type; if it is true,
however, then the growth differences obtained under the conditions
of this experiment should be repeatable under different environ-
mental conditions, a growth effect of this type being presumably
little affected by the normal ranges of environment.

Alternative hypotheses can be based on the idea that the
initial gene action observable morphologically is on the size
of the primary follicles. These then produce large coarse
fibres and the subsequent growth effects are then the result of
the birthcoat type of the animal. This could occur in two
main possible ways: the first could be the result of interaction
of the climate with fleece type. The insulating properties
of a 'hairy birthcoat' are presumably different from those of
the ordinary birthcoat of the New Zealand Romney and effects
on the metabolism of the animal are not unlikely. Again,little
is known of these possible effects but Fletcher and Reid (1953)
report a lowering of body temperature by about 1O F and a fall
in respiration rate when shorn lambs were compared with unshorn
lambs at a high environmental temperature. These results were
similar to some obtained by the author for another purpose using
adult sheep and with a temperate environment. Leveck (1948)
reported a marked difference in weight gain of 0. 31 pounds per
day for shorn lambs contrasted with 0.12 pounds per day for unshorn
controls. These results indicate that effects of fleece type
on growth as a result of different insulating properties of the
fleece are not unlikely and if this is so then these effects
should vary from year to year and the results obtained for this

year should not necessarily be repeatable.
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A second way in which fleece type could @ffect growth is by
the demands made by the follicles on the available precursors
in the blood stream. To what extent a follicle is controlled
by the endocrine or other systmms is not known; if there is
any form of direct control then the metabolism of the follicle
and the consequent formation of wool will be co-ordinated with
the general metabolism of the animal. If, however, the follicle
is mainly self regulating and controlled only by the level of the
various required metebolites in the blood stream, then the pre-
sence of a larger follicle with a larger circumference and area
for diffusion could lead to the removal of substances required
for other metabolic processes and, if these were at a critical
level, result in a retardation of the general growth of the
animal.

There is little evidence for this hypothesis on the work
done so far, there were fleece weight differences but the fact
that they were greater for the twin lambs which showed less
growth differences, does not support the idea. Barnicoat et al
(1951) showed a higher milk production for ewes suckling single
N-type lambs for $he second to fourth week of life. This
probably reflects the lamb's requirements as single lambs do
not at first take all the milk that can be produced (Wallace
1948, and other authors). However this comparison is con-
founded with seasonal effects and cannot be considered further.,

The main virtue of the hypothesis at this stage lies in
future uses of N-type sheep for research into problems associéted
with such ideas. There could be environmental interactions
according to the feed available and growth differences would
not be necessarily repeatable under this hypothesis. A

simple general test for it would be the comparison of N-type
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and ordinary sheep under two planes of nutritions A combination
of these last two hypotheses is also possible to explain results
so far.

If the causes of the observed growth differences are ignored
there are still further pleiotropic effects to be considered.
These concern the effects of growth and of the birthcoat type
on the fleece of the fully developed animal. Schinckel's
and Galpin's results have already been quoted and the preliminary
results on the N-type sheep have been given in the previous
section. These indicate that the growth of the animal can
affect the numbers of new follicles formed and hence the final
follicle proportions and the fleece density (follicles per unit
area). The fleece density will also depend on the expansion of
the skin, which is directly related to body growth. Birthcoat
type is related to follicle size which is variable over time,
and this also could have a direct effect on follicle proportions
or the proportions of 'coarse' and 'fine' fibres. The gene 'N
may also affect these characters indirectly through growth by
one of the methods suggested above, and further effects could
arise from the direct action of the environment on growth as
shown for instance for pre-natal environment, by the differences
between single and twin lambs at birth.

Effects of growth in terms of body weight have also been
shown on the medullation of the fibres where this occurs and
further investigation was required to confirm this.

The rest of the investigation in the second part of this
thesis arises directly from this discussion,with the addition

of the necessary collection of objective data on the birth

coate.



PLATE II
An Ordinary Ram Lamb and an N-type Ram Lamb
(after shearing) from the Second Year's
Experiment

Ordinary N-type



PART TWO

A STUDY OF THE RELATIONSHIPS BETWEEN BIRTHCOAT TYPE AND THE

GROWTH OF THE LAMB, AND THE SUBSEQUENT FLEECE TYPE

VII, INTRODUCTION

The discussion of the first year's work showed the need
for the examination of three main topics in more detail.
These were:-

(1) Determination of whether the differences in growth in
weight occurred under different seasonal and other environ-
mental conditions.

(2) Examination of the relationships between birthcoat type,
growth of the animal and the changes in the fleece over the
first six months of post-natal life.

(3) The obtaining of basic data by measurement of the birth-
coat characteristics of the N-type Romney relative to the
ordinary New Zealand Romney with reference to possible effects
on the animal of the pre-natal environment.

As the main interest now lay in N rather than in the N_-
type carpet wool flock, comparisons between heterozygous
N-type and ordinary Romney sheep only)would lead to a simpli-
fication of the analyses and of their interpretation. Knowledge
from this simple comparison could then be used in any future
experiments on commercial or other aspects of the homozygous

'carpet wool' flock.
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The first of the above objectives could be approached in
a similar way to the previous work with more attention to
controlled conditions for the ewes from the time prior to
mating until the weaning of the lambs, and also with more
frequent weighings of the lambs over those periods when
differences of growth rate had previously occurred.

The second objective was primarily based on the hypothesis
that differences of post-natal growth, however caused, and also
differences of birthcoat type, could in turn lead to differences
in the number of fibres added to the fleece from secondary
follicles. The work of Galpin (1948) and Schinckel (1953)
suggested that this could, by altering the density of the
fleece, affect certain characteristics of the fibres of that
fleece. In addition, differences in medullation associated
with the weight of the animal and the diameter of the fibre
had been shown to exist and confirmation of such differences and
their relationships was required.

The third point was essential to this second point if
differences in fleece development were shown to be associated
with birthcoat type. Possible differences of halo hair density
between single and twin heterozygous lambs have been shown in
the first part of this thesis, and these could also lead to
differences in the mature fleece, In addition it was desirable
for all purposes to have measured results on birthcoat types
to use in conjunction with the eye gradings and for interpretat-
ion in terms suitable for comparison with work on other sheep
breeds. -

These three objectives fitted into the study of pleiotropy

by consideration of:
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(1) Pre-natal effects deduced from differences amongst new
born lambs,
(2) Post-natal growth effects following from these differences

or from more direct effects closer to the original gene

action.

(3) The chain of events arising from either or both of these
causes and leading to the observed differences between the

heterozygous and ordinary sheep at five months of age.



Table 55

The Mating Plan

Mating Group I II
Parental genotypes
Ram ++ N+
Ewes 25N+ 25++
Lambs expected
N+ 12 12
++ 12 12
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VIII. THE PLAN AND METHODS OF THE EXPERIMENT
A, The Matings.

The N-type animals were those used in the previous
year's experiment. The ewes were those used in mating group
III supplemented by a few from mating group II, The ram was
that used in mating groups III and IV, The 25 ordinary ewes
and the ram were made available from another experimental
Romney flock. All the ewes were six or seven years o0ld except
for a few N-type ewes which were required to make up the numbers.

Various possible mating plans were considered, but those
in which genetic effects of the rams and the ewes and also
environmental effects associsted with the ewes could be
estimated were rejected becaute of the small gub-class numbers
which would be involved. However the previous yesr's work
had showed the genotype of the ewe to be relatively unimportant
compered with that of the larmb and the final plen used confounds
possible pre-nstal and milk production effects of the ewe on
the lamb with the genetic differences oflthe rems and ewes. The
mating plen is shown in Table 55 where it can be seen that it
is a straightforward reciprocal mating relative to N. For this
reason the diff'erence between meting groups will be called the
reciprocal mating effect to distinguish it from the mating group

effectse in the previous part.

B. THBE DATA COLLECTED

1. BRefore lembing.
The ewes were joined with the rams efter a short 'flushing

pericd under uniform conditions. The dstes of mating for



106
individual animels were noted to find if there were any differ-
ences in geateticn period associated with the lemb's genotype
or witpﬂ?%ciprocal mating effect.

Whenphe rams were removed the ewes were run in randomised
groups for the rest of the experiment. The ewe's weights
were recorded at intervels until the lambts were weéned, the
exact intervels being based on practical considerations. A
wool sample from the side position and a messurement of the
height at withers were also made.

2 During lambing.

The weight, birth rsnk, sex, rhenotype, halo heir grading
and date of birth of each lamb were recorded in the paddock
within a maximum of 20 hours after birth and a wool ssmple
was teken from a tattooed area on the loin position for
determinations of halo hair and totel densities &nd also of
fibre and medulla dismeters.

3, During the growth of the lanb.

The weight and height of withers of each lamb were
reccrded once a week for the first six weeks thus covering in
detail the period when the growth differences were previously
observed,. £ further wool sample was taken at three and six
weeks of age to determine changes in and relestionships with,
those characteristics mesesured at birth. This six weeks
period covers that of the maximum addition of post-natel
secondary fibres in the Romney sheep (Goot 1941)

After this period weighing was at lese frequent intervals
end thqlambs were weaned about four weeks before being shorn.
Greasy fleece weights were recorded st shesring snd body

weights teken the previous day and two desys later.
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The experiment ended eight weeksrafter shearing)at which

time the final wool samplee were taken. These would represent
the first growth of the hogget fleece after all or nearly all

follicles would be laid down &nd growing fitres.

L, Wool sampling methods.

If a wool sample is taken from a measured area of skin and
scoured and weighed, then weighing a known number of fibres
will give an estimate of the number of fibres in that area or
per unit ares. In addition the sampldcan be used for diameter
&end medullation determinations, fibre type ccunte and any
further fibre measurements required. This technique has been
used by vearious euthors for lambs but little accurate informa-
tion is availgble on the errors involved under the particular
field conditions likely to be encountered in this experiment.
It was therefore assumed that the lambs were bilaterally
symetrical snd duplicate samples were taken on either side of
the backbone just behind the last rib. These were processed as
ceparate samples so that an analysis of error could be made at
any stage of the determinaticn of the egeveral variaebles from
which fleece density was calculated.

As the fibre types are identified by their tips (that is
the pre-natal portion of the fibre) and also as Rudall's (1935)
and Coop's (1953) work suggested the poesibility that sempling
effects wool growth, the same area was not sampled twice but the
aree immedistely adjacent was used. The areas were about 2 X 1%
Cns,. It wes originally intended to use a balanced incomplete
block or eimiler experimental design so that this position effect,
the duplicate sampling effects and the time of sampling/éggfgtge

estimated. However there was a possibility of lese than three
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lambs in a sub-class and an sdditionel difficulty of non-
orthogenelity of the sub-classes so that a satisfeactory design
could not be achieved without waiting until all the lambs were
born, when it would be tooc late to obtain the sample at birth.

The final design &dopted involved sampling the loin position
(Henderson 1953) at birth on all the lambs. At six weeks the
sample was teken immediastely to the rear, while at three weeks
the sample was adjacent to the boundary of the other two, on
the ventreal side. This design makes it impossible to dis-
tinguish between effects resulting from position and those from
the time of sampling. Bowever the latter are clearly greater
than the former which in all probability would be too small to
be detected by the methods used here.

The technical details of sampling are described in the
section below and methods of treating the samples are dealt
with in conjunction with the analyses of the errors involved.

The samples after shearing were taken so as to cover the
positions of the birth and six weeks samples. Shedding of the
birthcoat fibres was examined after three weeks to ensure that

premature she&ding d4id not affect the results.
C. Technical and Husbandry Details

The experimental area where the sheep were grazed has been
described by Clarke, Barton end Wilson (1953). The area is
divided into scre paddocks end the sheep were moved once a
day over a five day rotation. For meting, the sheep had to
be divided into the two mating groups and these groups were
run on paddocks with fertiliser treatments whjc ) had been

shown over ten years of trials to have no differential effect
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on the sheep grezing the pasture, No differences in weight
gain were obeserved between the groups over this period.

Mating dates were obtained by the noting those ewes marked
by the ram for which purpose the ewes were identified by a
stencilled number on the flerk. FEwes marked when not in
oestrus could be identified by their returning to the ram when
true oestrus occurred.

Lfter the rems were removed, the ewes were rendomised into
two groups which were rotationally grazed such that both random
groups covered all the paddocks in one period. This rotation
was continued during lambing and ewes that had lambed were left
in the paddock end rejoined the main group when they were again
in that paddock five days later.

The data from the newborn lambs was collected every morning .
Falo hair gradings were checked by the assistant who had graded
the previous year's lambs. The wool sample was taken by
putting the lamb over one's knee to ensure a constant position
of the lamb end ease of seampling. A stencil was used to mark
the ssmpling squeres on the wool of the animal and a hypodermic
needle used to mark the skin with tattoo. The use of an
ordinery tattooing instrument was not satisfactory at this stage
because the tattoo was removed by the very dense wool. This
technique was apperently successful at the time but subse-
quently the marks could only be found with difficulty. The
wool was sempled by clipping very carefully with scissors
close to the skin, following the marks. All the sides and the
diagonals of the area were then measured with dividers and rule
to the nesrest millimetre. It was found that with prectice

the areas sampled were rectangular or nearly so.
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After lambing had commenced and until the majority of
lembs were over six weeks of age, each group wes yarded every
fifth day when the rotstion brought them to the paddocks
adjacent to the yards. A1l lambs were then weighed and measured
for height at withers for estimation of this data on an exact
weekly basis. Lambs within three days of three or six weeks of
age were taken out for wool sampling and all those animals not
s0 required returned to the paddock as soon as the weighing
was complete. This meant that the majority of animals in
each group were not in the yards for more than an hour every
fifth daye. The lembs for sampling were placed across a board
on the yard fence in a similar position to that for sampling
at birth. When the tattoo marks could not be located the
previously sampled area was used as a guide. The new dimensions
of this original area were not measured because of this difficulty
and reclipping the cut fibres and measuring the skin thus
exposed would have meant keeping the lambs in the yards too
long unless further technical help had been available, The
keeping of yarding and handling to a minimum was considered

an essential part of an experiment on growth rates snd as no
halo hairs are formed after birth and this fibre type is
easily recognised, area increacses for the N-type animals could
be estimated from the changes in the density of these fibres.
The animals were checked for possible shedding of the halo
haire at esch weighing.

After they were shorn the lambs were randomised into five
groups end kept withcut further rotation. The randomisation
was repeated after esch fortnightly weighing. The final wool
sempling was cerried out by using a padded box like a small

vaulting horse over which the arnimals were placed in a similar
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position to that used for previous samplings.

All measurements and all samples were taken by the author
with one or more assistants to record data.or help with the
holding of the animals, For this reason possible observer
differences in data collection have not been considered. Feed
was plentiful over the entire period of the experiment but the
weather was generally unfavourable from lambing until shearing
except for a few weeks.

The timetable of events for comparison with Part One was:-

Date Event

March 6 Ewes weighed; numbers stencilled; rams joined
with ewes

April 13 Ewes weighed

April 30 Ewes weighed; wool sampled; height at withers
taken; randomised into two groups. Rams
removed.,

May 20 Ewes weighed

Julyis " "

Aug.18 ~ Sept.1 Majority of lambs born

Aug. 24 1st five day weighing of lambs

Aug.29; Sept.4,8,13,18,23,28; Oct. 3,8 Weighing and sampling

Sept.18 All lambs docked (with iron) All ram lambs
left . entine

Oct.15 Ewes and lambs weighed

Nov. 6 Lambs weighed

Nove 20 Lambs weighed and weaned; graded for horns.
Ewes disposed of.

Dec.Y4 and 14 Lambe weighed

Dec.15 Lambs shorn and fleece weights taken

Dec.17 Lambs weighed

Dec. 31 Lambs weighed

Jan.14 Lambs weighed

Jan. 28 Lambs weighed; height at withers and depth of

chest measured; graded for horns

Feb. 10 Final wocl samples taken
Feb.11 Final weights taken
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D. The Treatment of the Wool Samples

1. Estimates of fleece density.
(1) Technical

_ Sampling methods have been described and the resulting
samples were first weighed and scoured using a synthetic
detergent (Teepol) and warm water. Because of the small
size of the fibres special care was required in scouring so
the samples were shaken in a flask until clean and then
filtered off on a wire gauze on which they were washed with
warm water and finally a small amount of alcohol to hasten the
drying. The samples taken at birth were washed twice in this
way to ensure removal of placental material. The samples were
then placed on a filter paper to dry at air temperature and
humidity. The filtrate from the washings was checked at
intervals to ensure that no small fibres were passing through
the gauze,

All samples collected during lambing and the following
six weeks were dealt with in this way the same day as sampling,
while those from the lambs after shearing were scoured during
the following two days.

After drying for four or five days the samples were weighed,
the slight variations in temperature and humidity in the
laboratory being considered unimportant in comparative work of
this type. The weights taken prior to scouring were used as
a check on possible errors, there being a close relationship.
betweenbthe two weights.

After weighing the procedure varied slightly for the

samples taken at the different times:
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For those taken at birth and six weeks, the samples from
the N-type lambs were sub-sampled by continuous splitting of
the sample and random choice by the tossing of an unbiased coin,
until there about LOO fibres left. These were then sorted
into halo-hairs* and other fibres, the two groups then being
counted and placed in a small envelope. The ordinary lambs
had very few halo hairs so all those in the sample were counted.
Two hundred of the remaining fibres were then counted out for
weighing. If there were more than 20 halo-hairs these were
weighed separately and allowed for in the density calculations.

All the envelopes, first with, then without the samples,
were then weighed to the nearest 0.2 mgm, using an aperiodic
balance. These were all done during one weighing period thus
obviating the necessity for a standard sample for humidity
corrections.

The samples taken after shearing were treated in a similar
manner, only the fibres were not sorted into types and about
300 fibres were weighed for each sample. From these data and
knowledge of the area sampled the following variables were

obtained or calculated:

* These included Dry's super-sickle A'. In fact there is
a continuous distribution from halo-hairs to the larger
super-sickle fibres which has tended to additions to the
terminology of fibre types as more samples have been
examined., This continuous distribution is not considered
of importance here as the main basis has been one of
fibre diameter; the important point was that those fibres
classed as halo-hairs at birth were also classified in a
similar manner at six weeks and in addition the classif-
ication should correspond to that on the live lamb when
given a 'halo-hair grading'.



Table 56

Analysis of Sampling Errors in the Weight of Wool
per Unit Area !

Source of Variation d.f. Mean Square Expected Mean Square
Sheep 32 180. 984 E + 25

Positions 1 0. 380 E,+ 33P
Interactions(Error) 32 39,847 E

Estimates of the Variance components:
Error (E) 36e 5%
Positions (P)=—1.1%
Sheep (S) 6L, 6%
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If A sq cms 1is the area sampled
W gms is the weight of the scoured sample

W mgms is the weight of n fibres

Then density = fibres /sq cm

3
W/A X n/wX 10 fiwres/sq cm

The densities have been exrressed as 1000 fibres/éq cm for

snalysis and presentstion.

For the ordinary lembs: If m' is the total number of halo-hairs
then halo-heirs/ sq em = m'/A

For the N-type lambs: If p% is the percentage of halo-hairs in
the sub-semple

then halo-hairs/ sq cm = peWen/ A.w.

The weight of 1000 fibres = n/w X 10

This lsst expression is a useful one for the measurement of
average follicle production.
\
(ii) Estimates of error

The duplicste £emples were kept separate throughout
this process and at each stage the errors associated with that
stege were estimated by means of the analysis of varisnce for
N-type and ordinary lambs separately. The estimation of error
for W for the N-type lambs at birth is given in detail in
Table 56.

The existence of a negetive component of varisnce is not

theoretically possible snd is the result of errors of eBtimate

ascociated with the method. However the component for sheep is



Table 57

Errors in the Estimation of the Components of Fleece
Density for N-type Lambs

Sampling Standard Coefficient Varience Coefficient

Time Deviation of Variation due to Sheep of Variation
based on as Percentage as percent for the Mean
Error(E) of Positions

Mgms of wool per sg cm

Birth 6¢ 31 12,8 6L. 6 9.0
6 weeks 13052 10. 2 62.4 Te2
Hogget 9. 64 8.0 524 6* 56

The weight per 1000 fibres (mgm)

Birth 1¢57 6.5 93.8 L7
6 weeks 7. 74 12. 72.0 8.8
Hogget k8 1% 91.5 3.3
The fleece density as_1000 fibres per sg cm

6 weeks 0. 362 16.5 6L4.9 11.7
Hogget Oe1 6’4 9,2 66. 3% 6. 5

The percentage of Halo-haiprg:*

Birth 1434 5.0 - 92.6 3.6
6 weeks 2.21 13.5 62.5 9.5

The Halo-hairs per sq cm.

Birth 69.12 1666 T 11
6 weeks L9.57 27.0 67.8 19.

®* Position bias significan§ at 5% level
w*A transformation p = sin g was used for this data.
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the best for comparison with other work or measurements, and
represents the amount of variation which is associated with the
item of interest; that is, sheep.

Other measurements of error are the standard deviation and
the coefficient of variation as a percentage which latter can be
compared with estimates of 'percentage error' being roughly
equivalent to the maximum 'percentage error' for 80% of the
observations. These are given in Table 57, with in addition,
the coefficient of variation for the means of the duplicate
samples. The presence of a significant position bias has been
indicated but in no case was it large enough to be considered
of importance when the meens of the positions were to be used.

The major source of error in the density estimations lies in
the estimates of weight of wool per unit area. This was probably
associated with the measurement of the area, which is not easy
to make accurately on the live animal, The sampling errors of
halo-hair numbers at six weeks have also led to lower accuracy
in the weight per 1000 fibres as helo-hairs made a major contribu-
tion to the wool weight at this stage.

Similar estimation of errors for the ordinary lambs are
shown in Table 58. It can be seen that the weight of wool per
unit area is again a major source of error. In addition, the
small size of the fibres at birth led to lower accuracy for the
weight per 1000 fibres. This may have been the result of
difficulty in counting the fibres for weighing. The reason
for the bias for the right position for the six weeks 'weight
of 1000 fibres' is not clear but that associated with weight of

wool per unit area in both types of sheep is probably associated



Table

58

Errors in the Estimation of the Components of Fleece
Density for the Ordirary Lambs

Sampling Standard Coefficient Variance

Time Deviation of Variation due to Sheep
based on as Percentage as percentage
Error

Coefficient
of Variation
for the Mean
of Positions

NMgms of wool per sgq cm

Birth 3¢ 35 13,1 6860
6 weeks 10. 64 12.5 L5, 9%
Hogget 9.14 7.8 L3, 0%
The weight per 1000 fibres (mgm)

Birth 0. 89 9.3 595
6 weeks 3,01 8e1 80, 2%
Hogget 3.2 5.7 75¢5
The fleece density as 1000 fibres per sg cm
6 weeks 0. 314 s & 614 0%
Hogget 0.167 8.5 L2,1%

® Position bias significant at 5% level.

6¢0
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with the practice of sampling from the left side in every case,
This should have little effect on the final results when the
meuans of the two positions are taken. The lower variance
due to sheep at ithe hogget stage was the result of the variance
associated with this position bias.

When the possibility of large differences being present and
the number of sheep sampled (67) are considered, these results
were considered satisfectory for the purpose required when the
position means were used. However future work should be of
greater accuracy if the sources of errors are known and can be
concentrated upon. The results for density show the desirability
of designing experiments using methods of this type so that the
errors can be estimated and fluctuations resulting from these
errors not attributed to seasonal or other effects. The
sample taken at three weeks was not dealt with after scouring, being

kept in case the additional information was required.

2. Measurement of fibre diameters.
(i) Technical
The six weeks sample was measured first and initially
the halo hairs were measured and recorded separately from the
remainder of the fibres. However this method involved too
much time and the system finally used for &ll the samples was
as follows.

A snippet was taken from the base of a rendomly selected
staple, thus representing the diameter just prior to sampling,
and immersed in benzene as a medium and placed on a slide for
viewing under the projection microscope described in the first
part of this thesis. A count was made of A, B and O type

fibres, that is, large, small or no medulla (Burns 1953) following
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a type of classsification described in the review of literature.
The first 20 fibtres of each group were then measured for diameter
ané medullas diameter except when A type fibres were rare in
which case only ten were mesasured. For the large fibres in the
birth sample scme difficulty was experienced in a few cases
due to twisting and for A type fibres the major axis has been
teken in cases of doubt; for the remainder any elliptical
tendency has been randomised , the part of the fibre in the
centre of the screen being teken sufficiently far from the
cut end to avuid any collapsed medulls. A light yellow filter
was used between the light source and the slide which saved
eyestrain and also made the Becke line somewhat clearer. About
150 fibres were counted in each sample and in all about 15,000
fibre diameters were measured.

(ii) Estimates of error
The unalysés of the errors from the duplicate ssamples

were cerried out in a similar way to those above and are shown
below for the samples at birth and post-shearing as being
representative of the two extremes of wool type. It is 4iffi-
cult to compare these results with published work which is
mainly on the Merino sheep which has considerably lower fibee
diasmeters and variation than animals being considered here. In
generel this technique should detect overall differences of
from 2 to 4 P between two groups of five sheep but the additional
information on the components of the mean is a considereble
edvantage over methods which determine the mean diemeter only.
Cross-sectional methods are of doubtful value with the extremely
lerge fibres concerned in some of the csamples because of the

collapsing of the large air spaces in the medulla.
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Errors in the Estimation of Fibre Diameters (g)

Sampling Standard Coefficient Variance
Time Deviation of Varistion due to Sheep
(Error) (percent) (per cent)

Coefficient
of Variation
for Position
Mean

N-type Lembs

The diameter of the O-type fibres

Birth 1.35 6.0 6003
Hogget 1.86 5.2 790 O

The percentsge of O-type fibres**

Birth 5. 89 11.0 85.4

The weighted dismeter

Birth 1.87 600 7203
Hogget 1.89 Le6 65.4*

Ordinary Lambs

The diameter of the O-type fitres

Birth 0'98 3.6 63-9
Hogget 1.93 51 65.9

The weighted diameters

Birth as for the O-type fibres
Hogget 1.70 L.4 68.5

P

x Position bias significant at the 5%level

36 6

3e1

w#® The percentage of O-type fibres is only given where the
error is sufficient to affect the estimation of the

weighted diameter.
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The errors associated with the measurement of diameters
are shown in Table 59. The reasons for the position bias &re
not clear but this was not considered of importance as the
means of the position values were used. Therefore the co-
efficient of variation in the final column reflects the errors
for the values used in the analyses. For the ordinary lambs
there were very few medullated fibres at birth and therefore
the weighted diameters were very similar to those of the
O-type fibres.

Unless stated to the contrary all the variables used in
the subsequent sections on wool have been arrived at by the
methods described above. They are based on the means of the
two symmetrical positions and the values for the positions

were arrived at independently.



Table 60

The Sub-class Numbers for the Analyses
in Section A

Ewes Lambs Ram Ram Ewe Ewe Total
Genotype Genotype Singles Twins Singles Twins
N+ 6 2 1 8 17
N+
++ L 2 - 2 8
N+ 1 L 3 5 13
++
++ 1 8 L 7 20
6 8 22 58

Totals 12 1
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IX. RESULTS
A, The Differences Between N-type and Ordinary Lambs

1. Weight gains.

The method of analysis and estimation of the differences
between groups was that described in Section III B 2. The
groups included in the model were for estimation of the
reciprocal mating, the genotype and the sex - birth rank effects,
Twins reared as singles were omitted from the analyses in this
section as there were insufficient for reasonable estimation.

The numbers of lambs in each sub-class under the above
classification are shown in\Table 60. The genetic implications
of these numbers were discussed in Section III,C 2 (i)

The form Logew2 - Logew1, i Wy and W, are the weights at
two successive times, has been used in the analysis of possible
differences of relative weight gain. These values have also
been used in the sectionﬁnn the various components of the fleece
and thus.the results throughout are compareble. In the event
of differences being found, they have been discussed in terms of
the live weight for comparison with the first part.

Mean differences in birth date between the genotype groups
and between the mating groups were only of the order of one day
and have not, therefore, been corrected for.

The results of the analyses have been summarised in Table
61 where the values of the estimated differences have been given
for those groups between which they were considered real.

There was no evidence of any significant genotype effect on

birth weight or the subsequent gains of the lambs, nor was the



Table 61

Results from the Analysis of Birth
Weight and Subsequent Gains

Mean Squares

Source de.f. Birth Birth to 6 weeks to Shearing to
Weight 6 weeks Shearing Final Weight

The Tests of Interaction

Interaction 10 0. 402 0. 0025 0,011 0.0037
Within L2 1.240 0.012 0. 0061 00033
Subclsasses

F less than 1 1.82 1.13

The Tests of the Group Effects

Geno types 1 0.012 0.030 0.0080 0.0013
F less than 1 2.95 113 less than 1
F less than 1 10, 67*%= 3 70 3. 79
Sex - 3 21,4 362 0,011 0.025 0.011
Birth rank
F 19, 8O%xu U] 3.58% 3. 4 8%
Residual 52 1.079 0.010 0., 0071 0.0033

) F significant at the 5% level
) 1%
xew P 0.1%

The estimates of the differences

Mating groups birth to 6 weeks: 0.091 in favour of group I
(N+ ewes)

Sex - Birth rank. Birth: Singles greater thantwins.
Males grester than females
6 weeks to shearing: Twins greater than singles
Males greaster than females
Sheering to final weight: Twins greater than
singles.
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relative effect on single and twin lambs shown by the tests of
interaction. The slight advantage of lambs from mating group
I (N+ ewes)® in growth over the first six weeks could be a
genetic effect or alternstively it could be associated with a
greater milk supply from these ewes. In the latter case a
differential effect between singles and twins might have been
expected but there was no evidence that this was so. It is
of interest to note that the twin lambs had a greater relative
growth than the single lambs after six weeks of age which
suggests that milk supply is not a limiting factor after this
age.

When the individual growth curves were examined in conjunct-
ion with this analysis, it was clear that the previous year's
results were not confirmed and as a result, the hypothesis that
N had a basic action on growth was rejected. The alternative
hypothesis of an environmental interaction with birthcoat type
was therefore favoured. Because of the possibility of other
factors being present and because no further results were
available, this conclusion does not necessarily apply to the
homozygous (Eﬁ) sheep in the carpet wool flock.

The mean growth curves from the two years' work are given
in Figures 11, a - 4, for male singles, female singles, male
twins and female twins respectively. It can be seen that the
lack of difference in 1953 resulted from the faster growth of

the N-types and somewhat slower growth of the ordinary lambs.

* Note: This difference in relative growth rate is equivalent
to a body weight difference of three pounds at six
weeks for lambs having a birth weight of ten pounds and
having weights of about 35 pounds at six weeks.
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Up to 30 days of age, when differences were detected in the
first year, there was no slowing of the growth of the N-types
while the ordinary sheep were the same in both years. This
suggests that nutrition was not a limiting factor to this stage
unless the requirements of the N-type lambs are considerably
higher than those of the ordinary animals, thus leading to a
penalisation of the former only if there is any limitation of
the ewes' milk supply. If this was so, the effect would be
expected to be greater for twins unless they had different
metebolic requirements associated with the relatively smaller
surface ares. There is no consistent evidence on this aspect
from these results.

If the birthcoat type is of any importance in determining
the lamb's reaction to its climatic environment then the
different weather conditions over the two spring seasons might
possibly account for the different results. The spring of
1952 was generally warm and dry while that of 1953 was cold and
wet, which would suggest that the 'hairy' birthcoat was a dis-
advantage under the warmer conditions of 1952, Further experi-
ments are required before any further comments can be made,
except that the precautions taken 1in yarding and weighing
the animals which have been described were probably adequate
otherwise there would have been a general slowing of growth
of all groups in 1953,

It can also be seen that the homozygous animals in 1952
were consistently lower in weight than any group in the same
or the following year.

Therefore the main conclusion from this work on lamb

growth is that lambs having a 'hairy' birthcoat as a result of N



Table 62

Fleece Weights (1b) and Shorn Body Weights(1lb)
of the Lembs

Group ___Body Weight Fleece Weight Corrected Fleece
Weight

N+ Singles 65.5 3.6 3.6

++ Singles 62.3 i1 362

Difference 362 0.5 Oo Ly

N+ Twins 53¢ 7 2.8 A

++ Twins 56. 0 2. u 2. 6

Difference = 2.3 Oe Qo HA#x

. Difference significant at 5%level

R Oe1%level
Table 63
Regression Coefficients of Fleece Weight
on Body Weight for the Two Years
1952 o 1953
Birth Rank Coefficient s.e. Coefficient Be€e
Singles 0. 04Y 0. 0061 0. 047 0.0078
Twins 0,041 0.0068 0,029 0. 0089
Table 64
Comparison of Shorn Body Weights with Those
Taken Six Weeks Before Shearing
Genotype Male Male Female Female | Weighing
Singles Twins Singles Twins Time
71.9 53. 8 55.0 L8. 8 Before shesring
= 72.0 58.0 5463 51.8 Shorn
65.0 55.9 58¢5 L8.0 Before shearing
N 6L4. 4 60. 2 59.0 51,2 Shorn
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may show slower growth than ordinary lambs under the same
conditions, In addition this slower growth follows from
some environmental interaction associatsd with fleece type
and this aspect requires further investigation. These further
investigations should be on nutritional or climatic factors and

would need to be carried out over a number of years.

2. The fleece weights of the lambs.

An analysis of covariance showed differences of the greasy
fleece weight when corrected for the body weights taken two
days after shearing. Table 62 shows these body weights with the
fleece weights and also the fleece weights corrected to a mean
value of 64 pounds body weight. The regression coefficient
used in each case for correction was that calculated within
the genotype groups for each birth rank. The values of these
regression coefficients for 1952 and 1953 are shown in Table
63 and it can be seen that they are in good agreement for the
nuntber of animals concerned.

The regression lines, with those from 1952, are shown in
Figure 12, and it can be seen that apart from the ordinary
single lambs which have a small mean difference, the slopes

and the relative mean values are remarkably consistent. The
previous difference found between singles and twins on the one
hand and N- type and ordinary sheep on the other is therefore

confirmed by the second year's work.

It will be remembered that in 1952 body weights taken
three weeks before shearing had to be used for correction
and it was stated that these were likely to be comparable
with those body weights tsken just after shearing. Mean

velues at these two times are available for the 1953 lambs
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Table 65

Results fromsthe Analyses of the Fleece
Densities (1000 fibres/sq cm)

Source de fe Rirth Six Weeks Hogget

The Tests of Interaction

Interaction 10 0. 210 0,225 08146
Within u2 0.217 0. 311 0. 066
Sub-classes

F less than 1 1. 74

The Tests of the Group Effects

Genotypes 1 L. 869 0.183 0.L17

F 224 60N R less than 1 5¢ 49*
Mating groups 1 0. 260 % 726 0.00006

F 1.21 2.49 less than 1%
Sex - 3 0. 307 0.092 0. 146
Birth rank

F 1. 43 less than 1 1.92
Residual 52 0e 215 0. 295 0.076

w Significant at the 5% level
ek 0e1% level

The estimates of the differences

For genotypes, the Ordinsry lambs had more fibres then the N+ lambs
by: Birth 610 fibres/sq cm
Six weeks 120 fibres/sq cm (not significant)
Hogret 180 fibres/sq cm

—
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and are shown in Table 6l4. There is little difference in
the mean weights of single lambs at these two times of
weighing but for the twin lambs there is a bias of about
four pounds in favour of the shorn weights. If this is allowed
for on the diagrams in Figure 12, it will bef seen that the
means for 1953 now fall on the 1952 lines and it was therefore
concluded that the use of weights taken at different times
relative to shearing in the two years in no way invalidates

the conclusions above.

3« Fleece densities

Fleece densities as determined were amlysed using the same
model as that used for the relative weight gains and the summary
of the analyses of variance is shown in Table 65, The only
real differences are those between genotypes at birth and at
the final sampling when the N-type density was lower than that
of the ordinary lambs. The higher sampling errors at six
weeks may in part account for the non-significance of the
result at this time but there clearly must have been more
fibres added to the N-type lambs' fleeces over the period from
birth to &ix weeks, as skin expansion was presumably similar in
the two groups. These differences will be discussed below when

the factors contributiong to them are considered.

L. The height at withers.

The means for the height at withers and body weight at
birth, six weeks and the end of the experiment heve been plotted
for each sex, birth rank and genotype in Figure 13 in which
both variables are on a logarithmic scale. Little difference

can be seen between the relationships of these variables for
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otypee end it was therefore

the two genotypes
considered unnecessary to carry out a more elaborate analysis
except at birth where the graphs indicate a possible difference,
in particular for the male twins. As it has already been shown
that there were no significant weight differences an analysis

of variesnce was made of the height at withers at birth. This
showed that the ordinary animals were significently larger

by about one cm. This result is not in agreement with that
obtained the previous year and requires further confirmation

before any conclusions can be drawn concerning it.

5 Summary and conclusions for Section IX,A.

As no differences between genotypes in body growth were
apparent in 1953, it has been assumed that differences in
fleece development during the early growth of the lamb were
the result of birth-coat differences and of variations amongst
individual lambs in their rate of growth. As there was no
significant correlation between halo-hair density and growth
rate (r = 0.16 31 d.f.) over the first six weeks it can be
assumed that birthcoat type and growth rate were independent
for this year's work. This assumption leads to simpler
interpretation of some of the results from multiple regression
analysis to be presented below.

The remainder of the results and analyses therefore are
concerned with the type of fleece at 25 weeks of age arising
from lambs with varying birthcoat types and growth rates.
Summary:

(1) The growth differences found between genotypes in 1952
were not confirmed and the hypothesis of a basis action of
N on growth was rejected. Alternative hypotheses were put

forward in terms of environmentel interactions with birthcoat

type.
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(2) Fleece weight when corrected for body weight showed
the same relationships in 1952 and 1953; N-type lambs had
heavier fleeces than the ordinary lambs, and single lambs
had heavier fleeces than twin &ambs.
(3) Differences in the number of fibres per unit area were
detected at birth and at about 25 weeks of age. Ordinary
sheep had a higher density than N-type sheep.
(4) Apart from a possible difference at birth, the relation-
ship between height at withers and weight was the same for
both genotypes and the conclusion that the gene N has little
or no effect on body proportions relative to body weight in
the first 25 weeks of post-natal life, is similar to that
arrived at the previous year for heterozygous N-type and
ordinary animals.
(5) There being no growth differences between genotypes,
the remainder of the analysis is concerned with the effects
of individual growth variations and birth coat type on the

hogget fleece characteristics.

B. Factors Affecting Fleece Density

It should be emphasised that the density measured was
that of the eeemae fibres which had become sufficiently long
to be included in the sample. Therefore the results presented
here apply to active follicles which have produced sufficient
fibre for it to be included in the sample and actual follicle
densities may have been greater at the time the sample was
taken. On the other hand it is not possible to state that the
follicle density at a previous period is being measured by

this method, as skin expansion will have taken place since the
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time that these fibres represented all the follicles present.
The analyses that follow are based on all lambs in a
genotype group, including all possible birth ranks unless it
is stated otherwise. On this basis there were 33 N-type and

34 ordinary lambs.,
1. Fleece density at birth.

The lower density of the N-type birthcoat has already
been established in Section IX, A 3, and it is reasonable to
suppose that this could be the result of a suppressing effect
of the larger primary follicles from which the halo hairs are
produced. Fraser and Short (19579) offer evidence for this
type of effect and Fraser, Ross and Wright (1954) showed
that halo-hairs came from large primary follicles. This
being so then an animal with a higher halo-hair density would
be expected to have a lower overall fleece density.

In the first part of this thesis it was shown thabt
variation occurred in halo-hair 'coverage' in that 'coverage'
was greater for twin than for single lambs.(Section III,C 1)
This grading would be expected to be related to halo-hair
density. Figure 14 shows the 'coverage' gradings for 1953
plotted against the halo-hair density with the fitted
regression line, The 'coverage' gradings are on a logarithmic
scale. Although there is some scatter of the means of each
'coverage' grade, the relationship is a significant one. The
numbers concerned are small but the estimate of the regression
shows that an increase of one 'coverage grade' is equivalent
to an increase of 313 halo hairs per sq cm on the loin position.

As the result of the ideas in the first paragraph of this

section, it was decided that an exemination of the factors aff-

ecting hslo hair density was the first logical step in determin-
ing those factors affecting overall density.
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Table 66

Partial Regression Coefficients of Halo-hair Density
on Height at Withers and Birth Weight for the N-type

Lambs
Source d. £ Mean Square F
Regressions 2 29,310. 26 1. 84
Residual 30 15,893. 25
The coefficients 8¢ €0
Height at withers -27.10 14.113 (p =

0.075)
Birth weight +10. 85 15.033
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The primary follicles eare laid down early in foetal life
before differences in the size of the animals, from pre-natal
or from genetic effects, are likely to have occurred. Therefore
even if the number of lerge follicles producing halo-hairs was
feirly constant between lambs, subsequent differences in growth
and skin expansion would leed to differences in the density of
these large follicles at birth. This being so, then the density
at birth should be inversely proportional to some measure of the
size of the animal. If this relationship occurs then the vari-
ance unaccounted for will be some measure of the presence of
factors affecting the original number of large primary follicles
laid down.

The height at withers and the birth weight are two probable
measures of size and therefore a multiple regression of halo-hair
density on these two independent variables, was calculated for
the N-type lambs only. The halo-hair density was too low to
make this wathwhile for the ordinary lambs.

The results in Table 66 suggest a real connection between
halo-hair density and the height at withers. This regression
line is shown in Figure 15 with the means for single and twin
lambs and for the two mating groups. It is apparent that if
the twin lembs are adjusted for their lower height at withers,
then the difference between twins and singles in halo-ha&ir density
disappears.

The residual variance is considerably higher than would be
expected from the errors of measurement alone (Section VIII,
D,2,ii) and it is concluded that there may be other factors
affecting the number of large primary follicles originally
laid down. The difference in halo-hair density between the
two mating groups, not explained by the slight difference in the

size of the lambs, confirms this idea.
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In order to examine the totel fibre density at birth, a
multiple regression of density on the height at withers and
birth weight was calculated, but no significant relationships
were found. But it hes just been shown that there is a
decrease of halo-hair density associated with the lsrger lambs,
therefore there must be an increase in the other types of fibres
to compensate for this; i.e. the less the halo-hairs per sq cm
the more other fibres there are per sq cm. Therefore the relat-
ionship between halo-hair density and total density has been
studied further.

As the halo -hair density was directly estimated from the
total density, it would be misleading to draw conclusions from the
relationship between these two varisbles. However the percentage
of halo-hairs was estimated from counting fibres and the density
was estimated from the weight of wool per sq cm divided by the
weight per 1000 fibres. It is possible that the errors of
demsity and halo-hair percentage are related to a slight extent
due to sampling fluctuations in the fibres taken to count and
estimate the weight per 1000, However the main error in density
has been shown to be the result of the weight per sq cm (Section
VIiII, D,2,ii) gnd also the means of duplicate samples have been
used, therefore it was considered valid statistically to correl-
ete the halo-hair percentege and the total density.

A further point to be considered however, is a possible
mathematical relationship, for if in one sq cm there are h
halo-hairs and lk other fibres,

h + k
n/ (h + k)

then density

eand halo-hair proportions
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The consequences of this relationship are shown below for the
particular result obtained.

The relationship was calculated as the regression of total
density on halo-hair percentage, which was found to be highily
significant and negative. The value of the regression coeffic-
ient showed that for an increase of 1% in halo-hairs there was
a decrease of 25 fibres per sq cm.

Now, using the symbols above, it is known that:

(1) nh + k is not constant

(2) h/(h + k) is not constant
therefore

(3) n is not constant.

It is,however, a possibility that k is constant and if so
then an increase in h will lead to an increase in both h/(h + k)
and also in h + k.

This is then a positive relationship between halo-hair
percentage and total density whereas the one obtained was negative.

Therefore k cannot be constant.

Therefore if h is increasing, k can either be decreasing
or increasing.

If k is increasing then h + k must also increase and for

h/(h + k) to decrease then k must increase faster than h cceco. (1)

If k is decreasing, then h/(h + k) is increasing and for

h + k to decrease, then k must be decreasing by a greater

amount than h is increasing.................(2)

Both (1) and (2) sre possible interpretations of a nega-
tive relationship between halo~hair percentage and total density
and they both show that an increase of one halo-hair will lead
to a decrease of more than one other fibre. This suggests

that the presence of halo-hairs leads to a suppression of the



Table 67

Estimated Numerical Relationships Between
Halo-hair Percentage and Total Density
(fivres / sq cm)

Halo-hair % Total Fibres Halo-hairs Other Fibres
10 2250 225 2025
20 2000 400 1600
30 1750 525 1225
Lo 1500 600 . 900

No halos 2500 0 2500
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formation of some secondary follicles or to the suppression of
the growth of fibre from these follicles. The likely nature of
this relationship is shown in Table 67 where it has been applied
to the cese of a mean density of 2000 fibres per sq cm and a
mean halo-hair percentage of 20. It is based on the regression
value that indicates that an increase of 10% halo-hairs is
equivalent to a decrease of 250 fibres.

Figure 16 shows this regression of total density on halo-
hair percentage with the mean for the ordinary lambs plotted.
The position of this mean suggests that the difference in
density of the birthcoat of N-type and ordinary lambs is largely
explained by the density of the halo-hairs of the former.

Calculation of the partial regressions on total density of
the height at withers and the birthweight for ordinary lambs
showed a relationship between increased size and decreased
density. Again it was the height at withers and not the birth
weight which gave the significant coefficient. Halo-hair
density would be insufficient to have any suppressing effect,
but the parallel with the above results for an effect of
'size" on fleece density at birth is of interest and is dis-
cussed below.

The means for the various results for single lambs and
for all twins at birth are shown in Table 68, and these with
the significant regressions mentioned above are plotted in
Figures 15, 16, and 17.

Before discussing these results it is as well to consider
the probable timing of events prior to birth. The work of
various authors discussed in the review of literature suggests
that the primary follicles are laid down before the nutritional

and other factors of the pre-natal environment have had much
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Table 68
Means of the Densities at Birth and Related

Factors

N-types Height at Halo-hair Total Halo-hair

Withers Density Density Percentage
Singles 34, 61 378.2 2.017 20.08
Twins 33 24 ’4320 7 261 3’4 20,50
Total 33, 69 Li4.5 2,096 20. 36
Ordinary
Singles 35.40 Te 2 2, 822 -
TWinB 33. 68 LI».9 2. 722 -

Total 3413 5¢5 2. 749 -
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opportunity to affect the size of the animal. By the time the
secondary follicles are being formed and are starting to grow
fibre and, in particular for the last six weeks before birth,
these factors become important and variation in the sizes of
the animals at birth result.

When this course of events is considered and also the fact
that follicles starting to produce fibre a week or less before
birth will not have a fibre included in the sample, then the
following explanations of the results in this section can be
put forward,

(1) The higher halo-hair density of N-type twins is the result of
lesser skin expansion probably in the last few weeks prior to
birth,

(2) Oother factors also affect halo-hair density probably by
acting on the number of halo-hair producing primary follicles
originally laid down. These are shown by a possible reciprocal
mating effect and by the large amount of variance not accounted
for by height at withers.

(3) There is some suppressing effect of large primary follicles
on the formation of new secondary fibres about six weeks before.
birth and this leads to a difference in the fleece densities of
N-type and ordinary lambs at birth. There is no difference in
the observed total densities of single and twin lambs , but

if all these animals had had the same skin expansion over the
last 3 or 4 weeks, after the majority of the pre-natal secondary
follicles were added then the twins would have had a lower
density than the singles. As, in fact, the skin expansion of
twins over this period would be less than that of the single lambs,

the lower density of the twin lambs expected under the hypothesis
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of suppression, would not be observed.
(4) The lower density associated with greater height at withers
for ordinary sheep could be the result of different skin
expansions during these last few weeks, but twin lambs have a
slightly lower density associated with smaller size. This could
be the result of suppressing factors during the development of
the secondary follicles, which cannot be measured without using
skin sampling techniques., But it is reasonable to suggest
that a somewhat similar situation to that of the N-types exists,
with similer densities being measured at birth as the result of
differential skin expansion since the formation of the major
number of secondary follicles.

In both N-type and ordinary sheep these results should

reflect a lower secondary / primary follicle ratio for twin
lambs as found by Schinckel (1953) for the Australian Merino

and confirmation by such an approach is desirable.

2. The fleece density at six weeks of age.

Fleece density at six weeks of age will depend on the density
at birth, the skin expansion between birth and six weeks and the
number of new fibres added, relative to those already present.
Because of difficulty with the tattooing technique, no direct
estimate of either skin expansion or of the number of new
¥ibres was available. 1t was therefore decided to approech
the problem in terms of the changes in density from birth to
six weeks. These were also the variables in which there was
most interest because of the possible relationships between
density and fibre diameter and hence fleece type.

The following theoretical relationship can be derived

between these variables mentioned above on which the six weeks
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density will depend:

If dO is the density at birth

dy is the density at six weeks

q% the percentage of fibres formed post-natally present
in the six weeks sample

a =1-q

8 is the relative skin expansion i.e. the area at six
weeks of 1 sq cm at birth

Also let there be b fibres in 1 sq cm at birth
and 1let there be a fibres added to this area up to six weeks

Then d. = b and d1 = (a + b)/s

0

as q a/(a + b) then q' = (a + b - a)/(a + b)

If. both sides of this last expression are multiplied by s
Then sq' = b.s/(a + b) = do/d1
That is, a simple relationship exists between the density

changes, the skin expansion and the number of fibres added.

The densities at six weéks are known for a given density
at birth and given some measure of the corresponding skin
expansions, the above relationships can be calculated. Given
this result , then the number of fibres which have to be added
to an original square cm to give such relationships can also be
obtained.

Estimates of reletive skin expansion have been obtained
for the N-type lembs by means of the relationship:

Relative skin expansion = Halo-hair density at birth
Halo-hair density at 6 weeks

No additional halo-hairs are added to the fleece after
birth (Dry 1935) and no shedding was observed before this time.

These estimates were liable to a fairly large error and in



Table 69

Relationship Between Weight Gain and
Skin Expansion

Source d.rt Mean Square F
Regression 1 1.090 12,17 p less than
Residual 31 0. 090 0. 01

The value for k (W in 1b) 1.445

The regression eguation Y = 1.445x - 0,922

Table /0

Partial Regressions of Six Week Fleece
Density on Weight Gains and the Density
at Birth

Genotype d. f. Weight Gain s.€e Birth Density s.e.
Regression Regression

N+ 30 -0.847 0.759 +0.428 0. 262
++ 31 -1 [ ) 831 O. 530 +Oo 280 Oo 1 23
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addition were not available for the ordinary lambs. However,
use can also be made of the relationship between relative skin
expansion and relative weight gains. Various authors have
shown a relationsh:ip of the type:

Skin area (S) = ewK
where W is the weight at a particular time and ¢ and k are
constants. Where W is in kilograms, k has been shown to have
a value of 0,67 for various breeds of sheep at different ages
(Brody 1945)

Now if S = cW® ghen loge(sy/s1) = k(logeW, - loggwq) + ¢
where 83/81 is the relative skin expansion over a period for
which Wy is the initial weight and W, the final weight. The
expression (logeWos - logeWq) will then represent the relative
weight gain.

This is a simple regression relationship and the values
of k and ¢ can be calculated by least squares methods. Estimates
of these parameters were obtained for the N-type lambs using
the estimates of relative skin expansion obtained above and the
relative weight gains over the period birth to 6 weeks.

Table 69 shows the relationship thus calculated and the
equivalent value of k for W in kilograms was 0O.648 which is
in reasonable agreement with the more general estimates of Brody
cited above. On the basis of this equation it was decided to
use weight gains for the calculations connected with density, which
would thus be the same for both groups of sheep, and then inter-
pret them in terms of the skin expansion.

The relationship between weight gains and skin expansion
being established, it was now possible to calculate a multiple

regression of six weeks density on weight gains and birth density



Table 71

Caloulation of the Values in the Expression

BQ' = do/d1
Birth density Skin 6 week Fibres in New Q%
do =x4 expansion density original Cfibres
8 = X2 dq =5y 8qQ cm
1.0 15 1.87 2805 1805 64
3.0 1.5 2,73 L4095 1095 27
1.0 2.5 171 L4275 3275 77
3.0 2.5 2057 6425 3425 53

The x4, X, and y refer to the multiple regression equation.

The densities are in the form 1000 fibres per sq cm,



135

for the required interpretation in terms of skin expansion.
These regressions are shown in Table 70. The errors for the
N-type group are somewhat high for satisfactory estimates,
but these values will be the best estimate of the relationships
and the consequences of these are of interest.

The results are shown in diagrammatic form in Figure 18 where
the regression of density at six weeks on that at birth is
shown for the various values of skin expansicn derived from those
of weight gain. For the N-type lambs the equation for theoretic-
al skin expansion derived from the multiple regression values
for weight gain by use of the estimated values of ¢ and K, was:

6 week density y = 0.43xq4 - 0.30x2 + 1.56
Thie equation will give an equivalent result to that obtained
by estimating densities for a given weight gain and birth density
and then converting for the appropriate skin expansion. This
the validity is not affected by the possible relationships between
X4 and x»p. In the equatioq)x1 is the birth density and xo
is the skin expansion on a logarithmic scale. Thus theoretical
values of six week density can be derived for various values
of x4 and x, and when one sq cm at birth is considered then thq\
number of fibres in this original sq cm after expansion to the |
six weeks value is:

Density at six weeks X skin expansion.
The number of new fibres can then be estimated as this value
less the density at birth, that is, the number of fibres
already in the area. Then q% will be the number of new fibres
as a percentage of the total fibres in the area at six weeks.
Thus we have the variables required for the relationship

derived above (sq' = dp/d4). A sample of
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the calculation is given in Table 71.

Results obtained in this way for the N-type and the ordin-
ary lembs are plotted in Figures 19 and 20 with the theoretical
curve do/d1 = 1. When plotted in this way a separate curve is
obtained for each value of birth density. Each curve shows
the percentage of new fibres which will result from a given
skin expansion. The number of fibres which mus€7gzmadded
to the initial sq ecm to give the result are shown for skin
expansion intervals of 0.5. In addition, the position of a
value relative to the line do/dflis a measure of the change in
density; e.g. in Fig.19 for a birth density of 1.0 (1000 fibres
per sq cm), a skin expansion of 3 means that 80% af the fibres
at six weeks will be new, that is 4OOO fibres. The new
density must be 5000/3 = 1.67 that is an increase in density.
The same skin expansion for a birth density of 3.0 (3000
fibres per sq cm) will give a six weeks density of 7600/3 =
2.53, i.e. a decrease of density.

These are the theoretical curves which best represent
the density and weight gain data and any confirmation of them
from other data is of considerable interest when the indirect
method by which they were obtained is considered. For the
N-type sheep it was possible to obtain estimates of the values
of g% for individual animals and check them against the values
obtained for the above relationships for a given birth density
and weight gain (skin expanéion). The values for g% were
obtained as follows:

If x is the halo-hair percentage at birth
¥y is the halo-hair percentage at 6 weeks
a the actual number of halo-hairs in a given original aresa
b the total fibres at birth

c new fibres added up to 6 weeks
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Then x = a/b and ¥ = 8/(b + c)
end 1 - (y/x) =1 =« b/(b + ¢c)

therefore (x ~ 5)/x = ¢/(b + ¢) which is a convenient form for

calculation of q% = 100.c/(b + ¢) from x end y.

Figure 21 shows the values of q% calculated in this way,
plotted against those values expected from the curves derived
from the density relationships, with the regression lines and
also the line expected if the reletionship was perfect. The
correlation of 056 (31 d.f.) which has a probsbility of

<< 0,001 of arising by chance can be considered good agreement
when the possible errors in both the variables are considered.
It will be seen from the diagram that the theoretical curves
based on density somewhat underestimate the penalisation of
the added fibres for low values of q%, that is, high initial
density and low skin expansion.

A similar diagram for the ordinary sheep is shown in
Figure 22 where expected and observed values of do/ d1 are
compared. This is not as satisfactory as the comparison used
for the N-types as do will be common to both expected and
observed values making the comparison virtually one of expected
and observed densities at six weeks. The agreement is again
satisfactory (r = 0,69 32 d4.f.) and it was concluded that the
theoretical curves estimated from the density and weight gain
relationships showed a reasonable representation of the actual
relationships of the various factors occurring during the first
six weeks.

Conaidering the theoretical curves it is seen that the
N-types add a grester number of fibres than ordinary lambs
for skin expansions greater than 2.5 tending to a meximum of

about 6000 compered with a maximum of about 3000 for the
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ordinary lambs. This latter figure appears to be in fair
agreement with that obtained by Henderson (1953) for high -
high plane lambs sampled in the loin position. (Henderson's
Text fige 7o The original area of his enclosed position would
have been from 1.0 to 1.5 sq cms. ) This difference between
N-types and ordipary lambs would explain the lack of a differ-
ence between the two genotypes of density at six weeks, but
may be the result of non-active follicles at birth in the
N-type rether than a major difference in the number of
follicles added over the first six weeks.

Within genotypes it can be seen that for the lower skin
expansions (less than 2,0) more fibres are added to those
animals showing a lower initial fleece density which suggests
a continuation of the suppression effect occurring pre-natally.
This idea is strengthened by the lesser number of fibres added
to N-type lambs at skin expansions of 1.5. In general it can
be steted that for normal growth (skin expansion 2.5 or greater)
N-types will tend to make up the deficiency of density at birth,
but if slow growth occurs then the density at six weeks will

still tend to be lower, there being a continuation of the penal-
isation of new fibre addition which occurred before birth,.

A further experiment of this type using actual follicle
counts would be of great interest, this approsch having the
adventage of bringing together density changes,?é}owth and
numbers of new fibres in one overall relationship which involves
both the mathematical and biological consequences of density
changing as the result of both skin expansion and the addition

of new fibres.
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Summary of conclusions for six weeks density:

(1) The number of new fibres added to the fleece from birth to
six weeks is penalised, by a higher birth density or by the pre-
sence of halo hairs, when there are low weight gains or skin
expansions (less than 2,0)

(2) For skin expansions greater than 2.0 for N-types and 2.5
for ordinary lambs the number of fibres added is independent
of the initial density.

(3) For skin expansion greater than 3.0, ordinary lambs will
add a maximum of 3000 fibres to an initial square cm so that
greater skin expansion has no effect on the number of fibres
added. N-type sheep differ in adding a greater number of
fibres up to a skin expansion of 4.0 when a maximum of 6000
fibres is reached.

(4) At skin expansions greater than 2.5 N-type sheep will

add more fibres to an initial area than will ordinary lambs.
(5) It is a mathematical consequence of these results that
lambs with a low initial density will tend to increase it and
those with a high initial density will tend to decrease it,

the amounts depending on the skin expansion and the genotype

of the lambe.

(6) The results are in accord with those of Dry(1935), Galpin
(1948), schinckel(1953 and 1955 a & b) and Short (1955 a & b),
who suggest that slow initial growth will penalise the addition
of fibres or the development of the secondary follicles pro-

ducing these fibres during the early growth of the lamb,

3 The density eight weeks after shearing.

A similar approach was adopted in analysis of this density

and the multiple regression of the hogget density (about 25



Table 72

Partial Regressions of Hogget Density on Six
Weeks Density and Weight Gains

Independent N+ ++
Variable Coefficient 8. € Coefficient 8. €.
Weight gain 6 -06972 0645 +0. 269 0. 478

weeks to shearing

Weight gain shearing +0,088 0. 765 -0.583 0.924
to hogget sample _

6 weeks density +0e 30 7% 0. 090 +06 2 3% * 0.076

** Significant at 1% level
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weeks 6f age) on six weeks density and on weight gains from
six weeks to shearing and shearing to the hogget sampling
were calculated for each genotype.

Weight gains (skin expansion) no longer appear as
important as does the density at six weeks, the results being
non-cignificant and inconsistent, except for the pesrtial regress-
ion on six weeks density. The equations from this latter
valu%ﬁfotted for the two genotypes in Figure 18.

The skin expansion over this period will have been of the
order of 1.5 and a mean density of 2.0 at 6 weeks gives values
of dpg/d4 (from the Fig.18) for N-types of 0.75 and ordinary lambs
of 0.95, which means that approximately 1000 more fibres will
have been added to an original sq cm at birth, fewer being
added to the N-types than to the ordinary lambs. This latter
point is also suggested by the high negative value of the
partial regression coefficient(i.e. density changes due to
skin expansion onlﬁ, for N-types for weight gains from six
weeks to shearing, although there is a likelihood of its being
a chance effect.

However this slight difference between N-types and ordin-
arﬂlambs is sufficient to lead to the difference in favour of
a higher density of the latter at 25 weeks of age, which was
shown by the analysis of varience in the previous section. In
general this period is of less importance for the addition of
fibres to the fleece and it is reasonable to conclude that the
effect of these on density is largely determined by growth in
the first six or eight weeks of post-natal life and after this
differences in skin expansion reflected in the final adult size

of the sheep will determine the final characteristics of the

fleece as far as they are affected by the density.
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Summary:
(1) The density at the time that the final sample was taken
depended on the density and number of fibres already in the
fleece at six weeks)and of the small proportion of new fibres
added over this final period it is probable that ordinary
sheep added more than the N-types.
(2) It was concluded that the finel fleece density of the
adult sheep would be dependent on the density at six or eight
weeks and subsequent skin expansion to the final adult value.

These results will be considered as a whole in the final
discussion which will be based on the summaries of these

sub-sections.

C. Factors 4ffecting Fibre Diameters.
1. The mean weighted diameter.

The initial calculetions heve been made using the weighted
diameter, after which those domponents contributing to this
weighted diameter are considered.

If Py,Pg and PO refer to the proportion of fibre types
A, B and O respectively and xj,xg and Xo are the means of the
diameters for each type, in a particular wool sample, then the
weighted diameter was calculested as:

xasPa + xgPp + XoPp where Pp + Pg + Py = 1
The values used for the ardysis were the means of the weighted
diameters for the duplicate samples calculded independently.
In considering the distribution of these weighted diameters,
two points must be considered. Firstly by the Central Limit
Theorem if the measurements comprising the individual means are
normally distributed then the means themselves must be normally'

distributed. Secondly, the sum of linear functions of normally
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distributed variables will also be normally distributed.(Cramgr
1946) It has therefore been assumed that the weighted mean
is normally distributed and that the usual statistical methods can
be used.

Many workers have shown a connection between fleece density
and mean fibre diaemeter, ahd also relationships between the

weight of the animal and wool production, increased production
taking the form of increased length and diameter of the individ-
ual fibres. After all follicles have been laid down, then
apart from follicles ceasing and renewing production, changes

in the weight of a sheep could lead to changes in skin area with
the consequent density and correlated fibre diameter changes.
The relationships between these variou%factors as a whole do not
appear to have been considered, except perhaps by Galpin (1948)
who, however, has not considered the weights of the sheep and
has relied on mathematically derived rather than observed
relationships. These theoretical relationships, moreover, are
not accurate when medullation is present as they depend on the
specific gravity of the wool fibres which can only be regarded
as a constant when no air spaces are present.

The weighted diameter for the present data has been examined
for each genotype and sampling time in terms of birth weight or
weight gains prior to samplin%)and density. This was done by
means of a multiple regression to determine the independent
effects of these variables on the weighted diameter.

The actual weight was used at birth and for the other two
periods the weight gains from birth to six weeks and shearing
to final weighing respectively were used. The use of shorter

periods . over the time the diameter measured was produceq,was not

)

practicable as the weight gains were insufficient; this means



Table 73

Partial Regressions of Weighted Diameter(p)Q on
Weight (or Weight Gain) and Density (4000
fibres per sq cm)

Sampling Gendype d.f. Residual Regression Coefficients
Time VariancegWeight gain@ s.e. Density 8e €o
Birth N+ 30 8. 636 +0. 360 0e 330 =4o233** 1,411
++ 31 1. 686 +0. 390* Oe 1 66 +0. 61 7 Oe 392
6 weeks N+ 30 9319 | +5.251 Yo 815 -2,297* 1.099
++ 31 6e 337 +3, 491 3. 709 =2,086 0. 994
Hogget N+ 30 7538 | +9.413 64356 =2,076%* 1,507
++ 31 70663 |[#14. 230 10.194 =2.940 1.988
Hogget 63 74358 [+10.938%* 5¢334 -3.624** 1,092
within
genotypes

® gignificant at 5% level

w» gignificant at 1% level

@ Weight at birth and preuvious weight gains for 6 weeks and hogget.

& The data was calculated in units of 2 microns and then regression
coefficients and standard errors multiplied by 2 and residual
variances by 4 (see Table 54, page 94)

Table 74

Regression of the Diameter of O type fibres (F)* on
Halo-hair Density

d.f. Coefficient Se €o t P

31 = 0. 00667 0. 00246 2.71 0.01

®*See footnote Table 73
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that an assumption is involved of either a high correlation
between Weight gains over 6 or 8 weeks and over the time the diam-
eter was formed or a strong relationship between diameters of
any particular section of the fibre over the period considered.
Both these assumptions are reasonable unless there is a sudden
check of the growth of a particular animal from some cause.
These results are shown in Fable 73, and the partial regressions
and means for the density and weighted diameter are plotted in
Figure 23.

The N-types consistently showed a higher weighted diameter
for a given density, this being confirmed by analysis of co-
variance for the six weeks and post shearing sample, differences
being significant at the 0.001 and 0.01 levels of probability
respectively. A slightly greater change in diameter of N-typefibres
for unit change in density was also consistent at the three
sampling periods.

At birth there was no sigflificant relation between density
end diaemeter for the ordinary sheep while that shown for the
N-types cannot be interpreted as cause and effect as it has
already been demonstrated that a high halo-hair percentage
(which will tend to increase weighted diameter) will lead to a
lower fleece density. An effect of density on diameter of
samples at birth from N-types can be demonstrated however by
calculating the regression of the mean diameters of O type
fibres on halo-hair density giving the result in Table 74. The
small value is the result of the unite used and it indicates
that a decrease in diameter of 0.66 p will occur for each
increase of 100 halo-hairs / sq cm. This is confirmatory
evidence for the idea of a 'suppressing effect' of halo-hairs on

the later formed fibres (or follicles).
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The partial regressions for weight or weight gains are
consistently positive but have high standard errors. For this
reason the regression within groups was calculated for the final
semple, which reflects conditions most likely to be met with in
the adult sheep, so as to increase the available degrees of free-
dom for the estimation of error. The significant relationship
thus obtained shows that in terms of body weights of two animals
of the same fleece density, the lightest being 70 1lbs weight and
the other 80 pounds (the two having been the same weight at
shearing) the mean fibre diameter of the heavier animal would be
greater by 1.54 P' This represents a difference of 0.14 (loge)
in relative growth rate which would be a fairly large one for
growth over this period.

A further point of interest from Table 73 lies in the
comparison of residual variances of the weighted diameters.
That of the N-types increases to six weeks and then decreases
again to the post-shearing stage, while those of the ordinary lambs
increase from a low variability to one similar to that of the N-
types at the final stage. This may be the result of the tendency
for low densities to increase and high densities to decrease
which was shown in the previous section, but the increased
variance of the ordinary sheep is of particular interest when
the wide range of hogget fleece type found the previous year for

ordinary sheep is considered.

2. The components of the mean wig¢ghted diameter.

The mean weighted diameter was made up of the means and pro-

portions of three types of fibres A, B and O. The changes in
these components over the three time periods are shown in

Figures 24 and 25 respectively; mean weighted diameters are
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also included in the former diagram.

For the O-type fibres the diameters show an increasé over
the period, this increase being significantly greater forlﬁr
types at the 25 weeks sampling. The N-type fibre measurements
at six weeks are likely to include more new fibres which may
lower thé mean value of diameter, although those fibres which
showed the tip under the lanometer were omitted as they would
only have been in the initial stsges of growth.

When considering the chaenges in the diameter of the A and B
type fibres shown in Figure 24, it is also necessary to @onsider
the changes in their proportions in the sample (Figure 25) The
reason for this is the changes in the fibres from birth to
six weeks. For instence a super-sickle fibre under Dry's
(1935) classification may show a thinning at birth so that a
section at this point will be a B type whereas a section at
six weeks will be an A type. Similarly a curly-tip fibre may
be O type at birth and B type at six weeks.

This change is associated with an increase in weighted
diemeter end B type fibre diameter and also with a large increase
in the mean diameters of the A type fibres. In addition there
is a sharp decrease in the proportion of O types, that is
unmedullated fibres, in spite of the number of new and probably
smaller fibres added. The mean value of 4O% for O types at
six weeks indicates that even if 8ll the fibres present at
birth were medullated at six weeks, some of the new fibres
must also be medullsted, as there were more than Lo% of new
fibres present at this stage. The addition of new fibres
results in the percentage of A types being virtually unchanged

in spite of the change of some fibres from B to A types over
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Table 75

Correlation Coefficients between the Mean
Diameters of O and B type Fibres

Birth Six Weeks 25 Weeks

N-type Oe 231 0. 0059 0198
Ordinary 00217 Oe 510%* 0. 462*

The degrees of freedom:
N-type 30 31 31
Ordinary 12 32 21

* Significant at 5% level
L) 1%
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the pericd. It is difficult to determine at this stege
whether there is any significance in this constant value in
relation to effects alresdy described concerning the addition
of new fibres.

From six weeks to the hogget stsge there is a decrease in
the difference betweén mean values of the component fibre typegs
from the N-type animals. This agrees with a similar result
observed for the variance of the weighted diameter (Table 73)
Also over this stage there is a marked decrease in the numbers
of medullated fibres, the reason for which will become clear
when medullation is discussed below.

The correlationslfor each genotype, between mean diameters
qf the verious fibre types at each sampling are shown in Table
75 Those between A type and other fibres are not shown as in
no case were they significent. The different degrees of freedom
are the result of some fibre types not being present on all
animals. The absence of any correlations for the N-type sheep:
indicates that the assumptions made earlier concerning the normal
distribution of the weighted dismeters, will hold whatever
the distribution of the means of the various fibre types. The
full assumptions are required for the ordinary lambs.

The biological meening of a lack of correlation is not
clear because the increase in the mean of any group may result
in the larger fibres in that group becoming the smaller fibres
of the type above. The presence of a correlation suggests
that it is possible thst one populaticn of fibre diameters
may be being dealt with in the ordinary lambs.

Follicle measurements, making use of the classification into

primary and secondary follicles, are required to determine the

meaning of the relationships between the fibre typese.



Table 76

Regressions of the A type Proportions on the
Halo-~hair proportions

Time of Sampling Coefficient 8. €. d. f.
Halo-hairs A types
Birth Birth +0e 0% ** 0.108 3
6 weeks 6 weeks +00 666* 0. 279 2
6 weeks Hogget +00 878%» 0. 228 16

® Significant at 5% level

*®
LR L

1
0. 1%
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In Section VIII,D,2 it was ststed that for the measurement
of the diemeter at six weeks, the halo-heirs were separated
out for messurement es &n indiwidual group, but that the method
wes absndoned in fevour of direct classification under the lamno-
meter into A, B and O types. Consideration of the relationship
between pronortions of A type fibres &nd halo-hairs shows that
this would lead to slight underestimation of the proportion of
A types for these first few sheep but hardly enough to affect
the main results, It should be noted that this would have
no effect on the weighted diaeameter as non-halo-hgir A tyrpes
would occur in the B-type clascsification for theee sheep.

In addition to this relaticnship, that between hslo-hair
proportions and A type proportions at birth was celculated and
also that between halo-hsirs at six weeks and A types at the
post-shearing stege. These are shown in Table 76 » The
percentage of A type fibres &t this stege hsad a skewed distiribu-

tion snd therefore zero values sre omitted and the transforma-
2

tion p = ein (Fisher and Ystes 1953) has been used.

These regressions esre plotted in Figure 26 with the appro-
priate mesns. The mesan velue of‘/hsﬁﬁﬁﬁﬁgﬁiage st six weeks
for those sheep hsving no 4 type fibres in the ssmple st 24 weeks
was 6.54 which value would give an expected value of 2. 3p
instead of zero from the calculated regression. It is poseible
that the omission of the zero values hes biased the fit of the
regression, but at thie stage the ectablishment of the relation-
ship is considered more importent than its exect nature. Remem-—
bering thet some new fibres will have heen added over this

pericd the result suggests that the majoriiy but not all of

the halo-hairs msy be succeeded by A type fibres (not necesssrily

kemps), if it is essumed thst no other follicles have started

to produce theee lerger fitres.
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The other two results indicate thet not all halo hairs are
A types at birth (or a 1little before birth) and also thet at
six weeks, lower halo-hair percentages appesr to be essociated
with more fibres which are A types at this stage but not at
birth. It is possible that the super sickle-fibres come from
follicles capable of producing fibres equivalent to halo-hairs
but which fail to do so except over the rre-natal period pfior
to the secondary follicles being laid down and also over the

post-natal period of rapid skin expansion.

3 Summary of Section IX C

(1) Mean weighted diameters and fleece density were inversely
proportional for each genotype and each time of sampling except
for the ordinary lambs at birth.

(2) The diameter of O fibres at birth decreased with increased
halo-hair density of the N-type lambs.

(3) For the post-shearing sample weight gains had a signifi-
cant positive relationship with fibre diameter at constant
density when partial regression coefficients within genotypeg
groups were estimated.

(4) A tendency was observed for the variances of mean fibre
diameters of N-type and ordinary lambs to converge as the lambs
became older.

(5) Consideration of the individual means of gibre type.
diameters making up the weighted mean showed overall increases
from birth to six weeks, these being most marked in the larger
fibre types. In addition there was a tendency for the varia-
bility to be reduced between six weeks and final sampling, with,
however, little change in the value of the mean weighted diameters

over this period.
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(6) O type fibres from N-type sheep had a smaller diameter
than those from ordinary sheep at the post-shearing stage.
(7) Consideration of the correlations between means of fibre
types at the various sampling times showed no relationships
amongst those from N-types, but a positive relationship be-
tween B type and O type fibres existed for the ordinary lambs
at six weeks and final sampling.
(8) The relationship between A type fibres and halo-hairs was
considered. It is reasonable to suppose that halo-hairs
were generally followed by A type fibres but histological
evidence is required in support of this.
(9) Of the halo-hairs from the N-type lamb birth samples
about a half must have been classified as B type fibres under
the projection microscope.
(10) At six weeks all halo-hairs examined were A type fibres
and in addition some other of Dry's fibre types must have been

classified in this group.

D. Factors Affecting Medullation

In the first part of this thesis it was s hown that the
diameter of the medulla of a fibre was strongly related to the
total diameter of the fibre and the weight of the sheep from
which it was taken. The 'hairiness' of the fleece will then
depend on the diameter of the fibres comprising it and the
condition of the animal. 'Hairiness' has been quoted previously
as being one of the principal observed pleiotropic effects of
N at all stages of growth and in particular for the adult stage
when birthcoat fibre types can no longer be recognised. Events

leading to the different densities and diameters of fibres have



Table 77

Partial Regrgssions of Medulla Diameter on Log Fibre

Fleece Density (1000 fibres / sq cm)
and Weight Gains for B type Fibres at the Three

Diameter (

Sampling Times

Time of d.fe

Weight Gains@

Density

Fibre Diameter

sampling Coefficient s.e, Coefficient s.e. Coefficients.e.
Birth

N+ 29 =0e 204 0.+ 209 +0. 634 0e 942 +27,198%»* 5,272
++ 10 -0,009 Oe 366 =0e582 0947 +32,258%** 7.150
6 weeks

N+ 29 +1.,L473 3e 711 +0.715  0.648 +21,785%** [,L492
=+ 30 +3.411 L.015 +1.867 1177 +22,981** 7,537
Hogget

N+ 29 -16. 736* 8. 367 +1.539 2,041 +60,907*** 7,275
++ 19 *10783 Le 219 +26 231 1,527 -1.626 L. 868
¥ Jignificant at 5% level

LT 1%

o 0.1%

@ See footnote to Table 54 (page 94)

@

Body weight used at birth.
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now been described and the final stage is therefore the exam-
ination and possible confirmation of the effects of these
variables and the animals' condition, on medullation.

Multiple regressions have therefore been calculated for
B type fibres and each genotype at the different sampling
times., These multiple regressions were of mean medulla
diemeter on the relative weight gain (or birth weight), the
fleece density and the appropriate megn fibre diameter. The
results are shown in Table 77 A natural log scale was used
for the fibre diameter means as preliminary plotting and the
previous year's results with those of Ross (1950) indicated
that this would lead to a better straight line fit for this
varisable.

The only regression coefficients showing a real departure
from a zero value, apart from those for fibre diameter, were
those of weight gains of N-type lambs from shearing to the time
of the post-shearing sample. This effect of weight gains is
considered confirmatory evidence for the result obtained in the
first part; that is, that the condition of the sheep has an
effect on the amount of medulla in a fibre from that sheep.

Density does not appear to be of any importance at any
stage and therefore has been omitted from the regressions for
A type fibres which are shown in Table 78, which are simple
regresions of medulla diameter on fibre diameter except at the
hogget stage when the additional variaeble of weight gain has been
included.

The results in Table ‘78 are for N-type lambs only and the
difference in numbers of degrees of freedom for the residual
variance are the result of some of the lambs having no A type

fibres in the particular sample.



Table 78

Regression Coefficients_for the A type Medulla Diameters on
Log Fibre Diasmeters (u)™ for the Three Sampling Times, with
the Partial Regressions at the Hogget Sampling

Sampling Time Birth 6 weeks Hogget
Weight Gains Fibre Diameter
T L
Coefficient +576 81 50ux +93.0hg +0. 0846 +62, 010%**
8e«€. 5.018 L.774 22,386 15.947
d.f. 30 31 15

wx& Significant at 0.1% level

@ See footnote to Table 54( page 94)

Table 79

A Comparison of the Partial Regression Coefficients
Obtained for Medulla Diameters in the Two Years

—

Year Genotypes Weight Gains Fibre Diameter
Coefficient B. €o Coefficient Be o d.r.

1952 NN,N+,++ =16,132%% 5.867 72, 288%## 5¢ 961 54
1953 N+ -16. 736 8. 367 60s GO+ 76 275 29

*  Significant at 5% level
L1 1%
" 0. 1%
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The means and the fibre diameter regressions from both these
tables have been plotted in Figure 27. At the hogget stage
ﬁhe non-significant regression for ordinary sheep has been
omitted, and the regression obtained the previous year over all
genotypes, at about the same period, included.

Before discussing these regressions and the possible
differences between them it is as well to consider to what
extent the results,after shearing, for the two years agree, and
to do this the fibre diameter regression for 1952-53 has been
expresséd in terms of natural logarithmg,and the partial re-
gression on live weights has been expressed in terms of the
weight gains appropriate to the mean value. The resulting
partial regression coefficients, with those obtained in 1954
and the standard erros are shown in Table 79.

When the different conditions and methods of arriving at
these results are considered, th?ypeeu;%e are remarkably
consistent, there being no real difference between years for
either coefficient. The coefficient for weight gain indicates
that a difference in this value which results in a difference of
10 pounds for sheep initially of the same weight, will result
in a difference of about two microns in the medulla diameter at
constant fibre diameter, the lighter sheep having the greater
medulla. In effeft this means that fibres from a lamb showing
retarded growth will show medulla at a lesser diameter than fibres
from a lamb growing well. In Section C however, it was shown
that retarded growth would also tend to reduce the diameter of
the fibres at a given fleece density. Cansideration of the
overall effect on the medulla for a 10 pound weight advantage

shows that although fibre diameter will be increased by 1.54



Table 80

Means of the Medulla and Fibre Diameters(p)
for the B type Fibres at the Three Sampling

Times
Genotype Birth 6 weeks Hogget
Fibre MedullaFibre Medulla Fibre Medulla
N+ 354 136 2 k1.6 18.0 52.0 17.6
++ 28,8 7.0 38,6 14e0 U562 6. 6*

¥ Intermittent medulla (see text)
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microns, the medulla will tend to decrease by O.7 microns.
This is subject to errors of estimate of the multiple regression
equation and to the limitations of the range over which it is
valid, but it suggests that apart from density and possible
unknown effects, vigorous growth will not lead to increased
fleece medullation (except perhaps in terms of the medullometer
when the greater length of medullated fibres is also measured).
The reservation with regard to density is necessary because a
large weight increase in an adult sheep may lead to decreased
density and correlated increased diameter over and above that
resulting from the weight gain alone, In addition a sheep that
grows well as a hogget is likely to have grown well as a lamb,
which as has been shown, might also lead to a lower densitye
Therefore because of this density effect, coarse fibres and
consequent medullation could be associated with a vigorous well
grown sheepe.

The comparison of the results for the three time periods
for 1953-54 is of interest, as they show that the medulla and
fibre diameter relationships are not the same for each of these
periods. Means for each genotype and time period are shown in
Teble 80, the means for the fibre diameters being reconverted
from the log scale,

From Figure 27 and Table 80 it is clear that the N-type a-nd
ordinary lambs show very similar relationships between medulla
and fibre diameter wealadiopeshripe at birth and that any differ-
ences in medullation of the fleece are the result of the larger
fibres of the N-type. At 6 weeks the A type fibres, which
are all from N-type lambs, have shown an increase in medulla

corresponding to the increase in diameter. B type fibres
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from the N-type have also shown a proportional change, no
difference of medulla diameter at constant fibre diameter
being shown by analysis of covariance.

A difference ( P less than 0.001) does exist, however,
between N-type and ordinary sheep at six weeks of age, the latter
having fibres with a lower medulla diaemeter for a given fibre
diameter. A simple explamtion for this would be the heavier
drain on the keratin precursors in the blood stream of the
N-type sheep, which were adding considerably more fibres to
the fleece at this stage.

For the post-shearing sample, it is clear without analysis,
that the medulla diameter is now considerably less for a given
fibre diameter. A value of about 4O microns is reached before
medullation occurs, Examination of the fibres suggests that
this difference lies largely in the size of the cells of the
fibre, individual air spaces being of the order of 10 microns
compared with about 1 micron previously. The non-significant
connection between fibre and medulla diameters for the ordinary
sheep at this stage is probably the result of the intermittent
nature of the medulla in the majority of the fibres measured
at this stage. As the variation between medulla and no medulla
is of the order of the air space size, medullas greater than
10 P would be required to establish relationships.

Although it is beyond the scope of this thesis it is
sugZested that a histological investigation of cell dimensions
and numbers in medullated and non-medullated fibres would
reveal that the results observed here are the result of pro-
gressive changes in the size of the cortical cells until
medullation occurs. Lfter this the expansion of the medulla
air spaces is likely to be the main factor contributing to

increase 1in fibre diameter, The changes in relative sizes of
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the length and breadth of the cells may also explain the
relationships between fibre diameter and length observed by
many authors.

Auber (1950) has dealt in considersble detail with
those follicles which produce medullated fibres in the fleece
of the Herdwick sheep. He suggests that medullation is the
result of the failure of 'pre-cursors' to penetrate to those
cells eventually forming the bridges between the medulla air
spaces. If weight or weight gains are related to such 'pre-
cursors', and the fibre diameter relationships suggest that
they are, then the increase of medulla diameter at constant
fibre diameter for lesser Weight or weight gains offers con-
firmatory evidence for theée idess. The few values quoted
by Auber for medulls and fibre diemeters fall fairly close to
the regression lines calculated earlier in this section, but
the evidence is insufficient to draw any conclusions concerning
breeds other than the Romney.

The work of Bullough and Johng8on - (1951) on the effect of
available energy on mitotic rate in the epidermis of the mouse
is also suggestive. It is possible that the low mitotic rate
in the centre of the psespilla of the wool follicle which leads to
the formetion of medulla cells may result from the lack of
aveilable energy. Medullas formation could thus be the result
not of a shortage of keretin pre-cursors but of those meta-
bolites required for cell division.

If such idess can be further verified then the differences
in medulla diameter at constent fiBre diameter might well prove
a useful index for work on the aveilabilityto the wool follicles
of keratin or other pre-cursors in the blood stream. The higher

values of relative medulla diameter for the birth and six weeks
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samples when there is a high fleece density and when consider-
able numbers of new follicles are starting to produce fibres,
adds force to the argument that an approach of this type would
be of use,

In general the results in this section show that the hairi-
ness of the birthcoat and later fleece of the B-type sheep can
in part be considered a consequence of the diameters of the
fibres composing that fleece. The examination of 'hairiness'
then becomes largely a problem of iwidentifying those factors
which lead to fibres of different diameter, which problem has
been attempted in the earlier sections. In addition, studies
of 'hairiness' should consider the availabiiity of the pre-
cursors of keratin and other factors which are required to form

\.

the cortical part of the fibre.
E. The Relationships Within Individual Fibres

1¢ The pre-natal and post-natal fibre diameter.

This section is essentially a preliminary study which was
made in order to form a basis for correlating the results obtained
above with those of previous workers. The approach used in this
thesis has been one which has enabled the determination of the
relationships between the development of the fleece and body
growth. Previous work has been concerned initially with the
morphology of the fibres and then with the inter-relationships
of the resulting fibre types (Dry 1935) (not the A,B and O types
used in previous sections) hnd the follicles which produce them,

The results in previous sections are based on fibre diameters

and their relationships. A possible connecting link between the
two approaches is by consideration of the diameter relationships

within e particular fibre., An increase in the post-natal
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dismeter of a fibre has been shown by Ross (1950) and in
addition it has been found in this thesis that a high halo-hair
density is associated with a lower diameter of O type fibres.
It was also found that a rapid increase occurred in diemeter
after birth, particulerly for the larger fibres. This increase
and the lower diemeters of O type fibres also correspond to the
rapid addition of new fibres after birth and the possible restrict-
ions on them before birth.

To examine these factors for individual fibres those from
ten sheep of both genotypes and of both birth ranks were measured
for changes between pre-natal and post-natal diameter. Figure
28 shows the variations in diemeter for four of Dry's fibre types
from initiation to six weeks after birth based on measurements
at intervals along the fibre. These are included as a guide to
the remaining data which was obtained by measuring diameters of
individual fibres at the six weeks level and at the thinnest
ﬁre-natal portion (major axes throughout); i.e., the section of
maximum pre-natal check,

Regressions of the difference between these two diameters
on the six weeks diameter were calculated. The six weeks
value was chosen because it probably approaches the maximum
value of fibre diameter for a particular follicle initiated
pre-natally over the period being considered. The six weeks
value (independent variasble) was selected to give as wide a
range as possible for a particular sheep, the least squares
regression technique being valid under these conditions.

Twenty fibres were measured for each sheep as this was found
sufficient to determine the relationship.

The individual regressions for the 10 sheep were all differ-

ent from zero, the values of F (1 and 48 d.f.) varying from
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Table 81

Differences Between Regressions of Six Weeks
Diameter (P) on the Reduction in Pre-natal
Diameter (P)

Source d.f, Mean Square F

Joint regression 1 8830.134 Very large®##

Differences 9 23.71&(81) 5e¢ 24***(84/82)

Residuals 180 L.523(s,)

Differences within 8 20. 802(s83) 4. 60***(83/82)
genotypes

Between genotypes 1 47.013(sy) 2.26(sy/584)

aa® Significant at 0.1% level

Table 82
Difference; Between the Regression in Table 81
Analysed for Each Genotype.
N-types
Source - a.fe Mean Square F
Joint regression 1 77706 226 Very large
Differences L 11. 064 1.55
Residuals 90 7.152

Ordinary lambs

Joint regression 1 1106.921 Very large
Differences i 30 540 16,120 %x
Residuals 90 1. 895

®#** Significant at the 0.1% level

The jéint regression coefficients: N-type 0.616
Ordinarg 502
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7 to 239, The values of the coefficients varied from 0. 3957
to 0.8080 and these regressions with the means have been plotted
in Figure 29.

Table 81 shows the analyses of the possible differences
amongst these regressions. There is no difference between the
genotypes but there is an overall difference and also one within
genotypes. This difference within genotypes has been further
analysed and Table 82 shows it to be the result of variation
amongst the regressions for the ordinary animals and not amongst
the N-types. Further consideration of the plotted regression
lines shows one lamb deviating considerably from the remainder.
Examination of the results on growth and on density and diameter
for this lamb showed that it had grown very slowly from birth to
.81x weeks and &8 a result showed an increase in density due to the
low skin expansion. As a result of this there was likely to be
a smaller increase in diameter than normal.

The line y = x in Figure 29 indicates the maximum theoret-
ical reduction, i.e. no fibre growth from a follicle before birth.
Similarly, the x axis will represent the minimum reduction, i.e.
the fibres would be the same size pre- and post-natally.

These regressions show that the larger the fibre diameter
at six weeks then the larger will be the reduction in diameter
pre-natally. In addition, the large amount of variance of this
reduction which is accounted for by the six weeks diameter
suggests that the reduction is very similar amongst sheep and
depends on the six weeks fibre size. This diameter at six weeks
approaches the maximum diameter & fibre attains and may depend
‘on the original size of the follicle when it is formed, which may
be determined very largely by genetic factors. Thus, a larger

follicle can have a greater veriation than a smaller one in the
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size of the fibre it produces in response to different conditions.
Factors affecting fibre diasmeters Jjust prior to birth and at

six weeks have been discussed and it is suggested that a combina-
tion of these conditions acting at the time a perticular section
of fibre is formed, with the original follicle size, will deter-

mine the diameter of the fibre at that time,

2. Discussion in relation to previous work.

The morphology of a fibre depends on the shape of the tip
and changes in its diameter and medullation. The data presented
offer no relationships with classification by the tip structure
but do, however, show possible relationship in diameter changes.
" Medullation has been discussed in the previous section where it
was shown to be strongly related to fibre dismetere. This con-
firms observations by Ross (1950) and although further work is
required to determine whether the relationship differs for the
different fibre types of Dry (1935), the results seem directly
in accord with the previous work.

The main purpose of this section therefore is to consider
the relationships observed here on diameters and densities with
their possible causes and those observed by Dry (1935), Fraser,
Ross and Wright(1954) and Feaser (1952).

Dry (1935) discusses the various fibres of the birthcoat and
their division into various fibre types. These have been tabu-
lated and discussed in reletion to the follicles from which they
grow by Fraser, Ross and Wright (1954) and Ross(1954) The range
of fibre dismeters for various types have been given by Ross (1950)

These fibre types can be arranged in the probable order of
their appearance on the lamb, to form arrays. The order of

their appearance is determined by the type itself in the case
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of pre-curly-tip fibres and by the number of curls in the pre-
natal portion of the curly-tip fibres. The justificationfor
this is based on follicle dissection by Rudall and Hefford
(unpublished) and by Ross(1954)

The essential features of this work are firstly the occurr-
ence of a thinning of the pre-natal portion of the fibres which,
with medullation, partially determines its type classification;
and secondly,the occurrence in some arrays of fibres with a
diameter less than that of fibres formed before and after them in
the array i.e. there is a decrease in diameter and length from
those fibres formed initially until the first of the curly-tip
fibres and then an increase in the diameter of the later formed
fibres, There are considerable variations in the extent of
these smaller fibres in the different arrays.

These observations are attributed to a checking force, the
pre-natal check, which acts at some period before birthe By
considering variations in its time of onset, its strength and 1its
felling off, the various types of arrays can be explained.

The work onlindividual fibres earlier in this section confirms
the reduction in part or all of a fibre pre-natally and indicates
that for this aspect of the check, fibre types could be expdained
in terms of this thesis, i.e. reductions in diameter and conse-
quently medullation, as a result of the density relationships.
Further work on the reletionships of these diameter changes
with data from the various fibre types is required& to confirm
or add to these results.

It is clear that this aspect of the check is very similar
for both N-type and ordinary lambs, which with the results of
Dry and Stephenson (1954), imdicates that a further appraisal -

is required of Fraser and Hamada's (1954) speculations on the
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position of the pre-natal check in the evolution of the fleece.

The second aspect of the check is difficult to assess in
the terms of this thesis without more detailed work on the fibre
types. However at this stage it seems reasonable to suggest
that those follicles laid down or starting fibre production, at
the time that there is considerable crowding of follicles (Ross
1945) may be penalised. For N-types this is the stage that
skin expansion and halo-hair density are probably the limiting
factors in the determination of the number of fibres at birth,
and follicles formed after this period may suffer less from
these effects and produce the larger curly-tip fibres found
further down the array. Where 8kin expansion is insufficient
the suppressing effects may continue long enough for all subse-
quent fibres to be checked as in the 'Plain' array.

This does not exdain all the features of the check and the
arrays, and more work is required in relating the arrays to the
type of result obtained on density and diameter in this thesis.
Further evidence of the effect of primary fibre size on both
numbers and sizes of secondary fibres is offered by Fraser and
Short(1952) and when it is considered that the majority of these
results were forecast by Dry from the array technique then the
importance of relating his technique to those of diameter measure-
ment is clear.

Fraser (1952 a and b) has considered the development of
the N-type fleece in terms of fibre length growth and follicle
efficiency. If the latter is directly related to fibre dia-
meter and in turn to length growth of the fibre, then the results
given here are in general agreement with those of Fraser and his

expression for the pre-natal check of efficiency as a function
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of time becomes diameter as a function of time. This then is
the first aspect of the check which has been discussed above.
Fraser's efficiency concept is considered further in the general
discussion.

It can be seen then that in spite of the necessary difference
of approach used in this theeis, the results are in general
accord with those derived by other means and although more
detailed investigation is required on the various fibre types
and arreys in the terms used here, such an investigation is

likely to prove rewarding.



PART THREE

CONCLUSIONS.

Ae The Pleiotropic Effects of the Gene N

The science of genetics has always been dependent on
those differences between organisms which can be determined by
eye appraisal or by measurement. If two organisms have the
same phenotype but different gendtypes, then differences amongst
their offspring must be relied upon for deductions concerning
these parental genotypes. In this work the differences between
two known genotypes have been relied upon to determine those
series of phenotypic manifestations dependent, the one upon
another, and upon external events, which are known as pleiotropy
in the wider sense of Grineberg (1938)

It is now proposed to consider these results in terms of
the pleiotropic effects of the gene N 1in the New Zealand Romney
sheep and also the evidence for these effects. There will
clearly still be gaps in the knowledge so far obtained so that
certain stages are still little more than guesswork; but it is
considered that there is sufficient evidence presented in this
thesis to draw up a general plen of the pleiotropy. Within
the framework of this plan, further research can then be carried
out, not only with N-type sheep, but with the ordinary Romney
and other breeds, on factors underlying genetic and phenotypic

correlations amongst fleece and body characters.
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The various main stages of the pleiotropic effects derived
from the comparisons of ordinary and N-type lambs, are shown in
diagrammatic form in Figures 30 and 31, It is proposed to
discuss each of these stages with reference to the relevant
summaries of the sections from which the evidence is derived.

Some simplification is clearly required in the presentation
of a diagram of this type and it is hoped to make this clear in
the following discussion based on the developmental stages shown
in the left hand column. Different colours have been used to
help in the interpretation but should not be considered as absol-
ute divisions, Red indicates the more direct chain of events
from the initiael gene action; blue environmmental or non-related
genetic effects; and green secondary effects usually derived
from the other two. There are, of course, no such real exact
distinctions after the early stages.

There is little direct evidence yet available concerning
the first stage, when primary follicles are initiated. It is
suggested that the initial gene action is one causing the format-
ion of a number of large primary follicles(large being used as
a term of comparison with the ordinary Romne% in the diagrams).
This explanation is the simplest one and as it accounts for
subsequent events it is therefore unnecessary to consider the
problem of fundamental pleiotropy or otherwise until further
evidence is available. Evidenceﬁor independent determination
of the hair follicle type can be found in the work of Hardy (1951)
and of Billingham and Medewar(1948). In addition, Ross (1954)
states that the larger primary follicle of the N-type occurs
at an early embryonic stage and "therefore these genes probably
affect its follicle anlagen".

The relationship with horns at this stage requires histolgical
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investigation, but the occurrence of scurs in a large proportion
of the ordinary male offspring of a heterozygous ram and of the
occasional N-type animal with little or no horn growth is not
unusual, These &bservations suggest that the gene, by related
but independent action to that on the follicles, stimulates the
production of horns if }he animal if—+the-animel is of the appro-
priate genotype. Independent is used in the sense that horns
can be produced without a hairy birthcoat although this may be
the result of genetic factors other than N (Dry 1955¢). This
effect has been shown in the diagram with the dotted lines
indicating a considerable amount of doubt.

The mechanism of pigmentation is also unknown, but its
presence in large A type fibres of other breeds, where it is
usually known as 'red kemp' , makes it reasonable to suggest
that it is a secondary effect arising from the already occurring
large halo-hair fibres.

After the primary follicles are formed any differential
skin expansion that occurs will cause variations in the density
of these follicles, this effect increasing as the foetuses
develope This will cause differences in halo-hair density, apart
from those resulting from possible differences in the original
number of primary follicles producing these hairs. Differences
between the reciprocal mating groups suggest some genetic deter-
mination of this initial density and the results from examination
of halo-hair density variation indicated other factors ®esides
skin expansion. This has 5een shown in the diagram by the
term 'other genetic factors'.

The first wave of secondary follicles will start to form soon
after the primaries and it is suggested that the presence of

large primary follicles will either suppress the formation of



165
a number of secondaries, or alternatively or as well, will lead
to a delay in the follicle producing a fibre. The work of
Ross (1954) would suggest the latter as she found no overall
difference in secondary / pr}mary ratio at birth between N+
and ordinary lambs, although the data was 1limited. The possibil-
ity of a lower density of primary follicles in the N-type lambs
must also be considered. If this does occur it is not likely
to be a major effect, for then the N-types would have a higher
secondary / primary ratio at six weeks when the total densities
were nearly equal. Further evidence comes from the work of
Short(1955) and Schinckel(1955) who showed that the potential
follicle population of the Merino sheep is determined before
birth. The subsequent effects of body growth are on the
development of these 'embryonic' secondary follicles. If a
similar situation occurs in the Romney sheep then the maximum in
fibre numbers observed in Section IX,B,2 would béd explained by
the development of all potential follicles under optimum conditions.

The possible existence of a suppression or competition effect

has been shown by Fraser and Short (1953) who found a negative
correlation between the secondary/primary ratio and the size of
primary follicles. Theg also found a similar relationship
between fibre size and the distance and size of adjacent fibres.
The evidence shown in this thesis supports these ideas, for
lower fleece densities were found for N-type sheep at birth
and these were shown to be associated with the proportions of
halo-hairs present., Also, the size of g secondary fibres
was found to be negatively related to the halo-hair demnsity. In
addition there was a diameter reduction at the approximate time
of the formation of the secondary follicles, there being a

reduction of all fibres in proportion to their maximum diameter.
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All these observations suggest a limiting effect at work
associated with the presence of large halo-hair producing
follicles.

If these ideas are accepted then the observed phenotype
at birth can be explained on the assumption of single initial
gene action shown in the diagram. At birth the major pheno-
typic characteristic of the N-types is the large number of halo-
haifs in the birthcoat with differences in their abundance
between and within thﬁbirth rank grouping of singles and twins.
This is partially explained by the different conditions pertain-
ing pre-natally and, as discussed above, by possible additional
genetic factors acting on the number of primary follicles which
are large enough to produce halo-hairs. This genetic difference
is also indicated by the difference between the heterozygous and
homozygous N-types, the latter having greater numbers of halo-
hairs, judged from 'coverage'.

The brown fibres on the back of the neck have been dis-
cussed and no further details are available at the birth stage,
except that only rarely does the pigment extend to the skin,
usually being confined to bobh medulla and cortex of the halo-
hairse. It is therefore considered as a secondary effect.

The formation of 'active' keratin producing cells would
account for the appearance of horn lumps at birth.

After bipth,the environment, considered here as all non-
genetic effects, becomes of paramount importance. The inter-
action of seasonal conditions with the birthcoat type can, in
their resulting effects on weight growth, with additional direct
environmental effects, cause considerable variation in growth
rates over the early part of a lamb's life. These are shown in

the discussion on the two years' results on growth rate and weights.
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These variations, possibly acting in part through skin
expansion, lessen or remove the pre-natal limiting factors, and
lead in turn to variation in the number of new fibres added to
the fleeces The large relative medulla diameter at this stage
suggests that the space between the follicles and the size of
those follicles are not the sole limiting factors at this stage;
It suggests that in addition the availability of keratin pre=
cursors or other necessary metabolites in the blood stream may
also be of importance. In this respect the relationship between
the size of the follicle and the area available for diffusion
could be determining factors, diameter being directly related to
circumference. The exact nature of these relationships requires
a more detailed investigation than that undertaken here, but it
indicates that there could be profit in such work.

A combination Yof these various events will lead to the density
observed at six weeks which in turn bears a relationship to the
mean diameter of the fibres. This complex of genetic and envir-
onmentel relatiornships is therefore likely to be of considerable
Importance to the determination of the final characteristics
of the adult fleece. This arises from the relationship between
s8ix weeks density and that at the Hogget stage and the relationship
of the latter to mean fibre diameter at the time,

The pre-natal check has been added to the diagram at this
point, it being suggested that the observed fibre type array
phenomena are in part the morphological manifestation of the
events described. The differences in medullation between fibres
can be explgined, in general, by the fibre diameter changes, as
has been shown in Section IX,D. The possible relationships
between these results and those derived from fibre type arrays has

been discussed in Section IX,E, Other variations in arrays

could arise from the environmental causes described, end, in



168
addition, more detailed investigation might show differences
in response to these amongst different follicle types. This
latter term could irnclude secondary follicles in different
positions relative to the primary group. There is, however, no
evidence for this type of interaction in this work which is more
of a general than a detailed nature.

Goot(1941) suggests that the majority of fibres are added
to the fleece of the New Zealend Romney by three months of age
and there is no evidence in this work to contradict this. Pibres
were added between six weeks and the hogget stage but in fewer
numbers. This would indicate that the peak had been passed by
the former sampling and numbers added may well have declined to
near zero at three months to give this result.

The fibre dimmeter at the February sampling was related to
density and to the weight gains since shearing, the latter being
a positive relationship independent of any connection arising
out of possible relationshirs between weight gain and density.
The density to this stege has been discussed and from this
stage until the finel adult size is reached, will presumably
depend on the skin expansicn. If, es suggested by Galpin,
(1948) there ie some variaticn in follicle numbers resulting from
the degéneration of follicles and the formation of new ones
after the m&in development gstage, then theremay be further
variations in density from this cause. The importance of this
is difficult to judge as it is not clear from Galpin's paper, to
what extent the variation okerved in the number of fibres in a
given area is the result of experimental errors, which errors
could exaggerate the observed varistion when it is examined
by means of percentages of an origimml number of fibres which

itself is liable to error.
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The correlation between A type fibre numbers and the numbers
of halo-hairs (the numbers being relstive to the total density)
at six weeks suggests that this latter is of importance in the
final fleece type, although it could be the result of indirect
action through density effects.

The relationshirs between weight or weight gains and the
diameter of the fibre and its medulla have been shown for young
sheep (24 - 34 weeks of age) only, but it seems likely that a
similar type of relationship will be found téa hold for adult
sheepe However this is still a subject for further investig-
ation before a final decision can be made. The positive and
negative signs in the diagrem (Figure 31) indicate whether in-
creased growth will increase ( + ve) or decrease ( - ve) the
medulla or fibre dismeters.

The other marked effect at this stage is the growth of
horns, in particular in the male N-type, and this has been shown
in Part I to be connected with the conformstion of the shoulder
region, that is, the longer dorsal spines of the thoracic
vertebrae,

The evidence here is still by no means conclusive, except
that the long spines seem to be connected with the horns, rather
than with the 'hairy' fleece. It is not possible to accept
a mechanical explanation of direct induction of bone growth by the
heavier head acting through the ligamentum nuchae and associated
ligaments; but it is reasonable to consider it as a secondary
effect of pleiotropism associated with horns until further
evidence on early developmental stages is available.

Whether these pgéelotropic effects described, approach a

full explenation of the observed differences between the
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adult N-type and ordinery Romney sheep, remains to be seen in
the light cf further work of a more detailed and accurate nature,
However, this general statistical approach within a framework of
pleiotropy, using comparative methods, gives a background for

both more detailed research and for triels of an economic nature.



B. Final Discussion

In the general introduction to thies thesis, the initial
problem was stated as ene of the carcass quality of the N-
type sheep. It was then shown that a study of growth was a
necessary prelude to a study of carcass quality. As the sheep
to be compared differed only in the coarseness of their fleeces,
it appeared that the investigation could also be profitably
used for consideration of the factors underlying some of the
observed phenotypic and genetic correlations between characters
of the New Zealand Romney.

These various objects could all be approached by treating
the problem as one of investigation of the pleiotropic effects
of N. The results of this inwestigation have been covered in
the first part of this discussion where the conclusions have been
presented within a framework of the possible pleiotropic effects.

Considerations of an economic nature can be based on this
framework, but possibly of more importance is the information
which can be obtained by the use of these sheep and which is
likely to apply td the New Zealand Romney which comprises the
majority of sheep in the country. Such information including
that already obtained should form a basis for research on
problems of body growth and fleece production, both of great
importance for an induetry based on the dual purpose sheep.

The methods used here have been, of necessity, crude;

but the use of the comparative method where large differences
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are present and of sufficient animals to obtain objective
levels of probability for the results by the use of statistical
analysis, has yielded a considerable amount of information.

Apart from this use of N-type sheep such an approach seems
required to link the work of the populaticn geneticist with
that of histologists and physiologiets, who are concerned with
more detailed work involving a few animals. The former has
its dangers in thet the reactions of the individual animal
cen be forgotten and the latter in the inductive use of results
which make no allowance for the natural variation in a popula-
tion of animals from which the sample (random or otherwise) of
two or three sheep may have been taken.

The approach adopted here, which is more detailed than
that normally used for population genetics but at the same time
considers biological variation, offers the connecting link, An
example is that of medullation, whereby results here can be inter-
preted in the light of the more detailed histological work of
Auber (1950) and at the same time throw some light on a previously
observed correlation between fleece weight and hairness (Rae
1952)

Another approach that has arisen from the examination of
the fleece of the N-type sheep is that of Fraser (1953;) who
has attempted to fit a simple general pattern to all types of
fleece. The pert of this pattern which depends on constant
fibre substrate needs consideration in the light of both the
fleece weight differences indicated in this thesis and the
possible misinterpretations on Galpin's(1948) analysis shown
by Lockhart (1956). In addition, the similerity between some of
Fraser's theoretical distributions for follicle ‘'efficiency’
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and observed distekibutions for fibre diameter are of interest.
On present knowledge Fraser's 'efficiency' might be considered
synonymous with fibre diameter, and in fact has been based on
the closely correlated measurement of fibre length. This does
not allow for medullation and it appears to this author that
the efficiency of a follicle would be better based on the
production of fully keratinised cortical cells. This would
then fit in with physiological investigations on the pre-cursors
of keratin and also with economic considerations based on fleece
weight and fleece quality. It would be an approach to the true
efficiency of the follicle and this could then be considered in
terms of the diameter and length of the fibre produced. This
information is8 not at present available, but an approach has
been indicated and it would be of interest to know whether under
this definition of efficiency, a large follicle producing a
medullated fibre is in fact as efficient as a smaller follicle
producing fully keratinised cells. Results presented, of a
very preliminary nature, suggest that the former may be more
efficient but that a maximum is reached at a certain follicle
size. Also included in this approach should be investigations
on the effects of available energy on mitotic rate as this may
be a further limiting factor in follicle production. Bern,
Harkness and Blair (1955) have results from radio-autographic
studies which suggest that keratinisation is an active synthetic
process above the mitotically active hair bulb. Thus there
are two possibly distinct processes underlying fibre growth,
Although this type of approach using N-type sheep or other
breeds is likely to be valuable, the use of N-types for other
types of research should not be forgotten, Investigation

could also be made into factors affecting the weight of
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wool grown per unit area. Schinckel (1956) has shown this
to be independent of body weight, and similar results have been
obtained on two tooth ewes by the present author (unpublished).
These results should be related to those in which body growth
has been shown to affect density and also fibre diameter and length
with their possible consequent effects on weight of wool per
unit ares.

The most valuable method at the moment appears to be
the one making use of the mating of heterozygous N-type with
ordinary Romney sheep thus giving approximately half of each
type of offspring. There are then two groups differing only in
the genotype by N, apart from any linkage effects. In addition,
maternal effects can be assumed to be automatically randomised
and hence few difficulties in interpretation should arise.

The use of this mating, or of variations of it such as
for instance making use of heterozygous with heterozygous
eheep to give all three genotypes in the offspring, has been
demonstrated in this thesis for a study of pleiotropy. This
has only beea-indicated a general framework and an extension of
these methods could be made to ecological studies, such as the
response of lambs of different birthcoat type to different
climatic conditions; metabolic studies, comparing the
relative efficiencies of the animals for wool growth and body
growth; to detailed studies of the follicle and its physiology;
to morphology and histology; and, in fact, to any aspects of
the biological study of the sheep. All studies of the sheep
for any purpose must eventually be concerned directly or
indirectly with its unique properties of growing a continuous

wool fibre.
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When one considers the extent of our present-day know-
ledge of the sheep, which does not extend to the reaction of sheep
of different types to different environments or to their require-
ments for the maximum balance between wool growth and meat
production, then some approach of this type is required. Such
an approach should yield a considerable amount of information in
a comparatively short time and bring our knowledge of the sheep
to something beyond that of general statistical surveys and
management trials. The use of such additional devices as
shearing as a simple experimental treatment should also yield
its sHare of information, there being remarkably little known of
the biological effects of this standard annual practice.

A basic plan for a nucleus stock of N-type sheep, with
continual outcrossing is shown in Appendix II. This could
be varied according to the type of animal required for experi-
mental purposes, but it is necessary to set up such a flock
from which animals of reliable history, genetic and environ-
mental, could be drawn.

With such a flock, and the appropriate facilities, our
knowledge of the biology of the sheep can be increased, with
subsequent benefits to the primary industry of this country and
other countries dependent on the sheep for a major part of

their economye.
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APPENDIX I

The Identity of Weight Corrected for Previous

Weight and Gain Corrected for Previous Weight
in the Covariance Analysis

Let y be the weight at the time of interest and x the
previous weight, Then y - x will be the weight gain.
Let all sums of squares be expressed as deviatione from
the relevant mean.
) Then the regression by y _ g xy/E x2
P(y-x)ex =E x(y-x)/Ex2
=/E xy/Exz3- 1

i.e.

b(y-x)ex b

YeX - 1

For the simple case of analysis of covariance the residual
sums of squares will therefore be:

2

For y corrected for x : Ey© - b2.Ex2

where b 18 by x

and for (y-x) corrected for x

E(y-x)2 - (b-1)2Ex?
= Ey? + Ex? -2Exy-b2Ex2+2bEx2-Ex
but 2bEx2 = 2Exy therefore = Ey2 _ b2Ex2

v
The two methods therefore give identical residual sums of
squares,
If the sums of squares are expressed directly with the
term for correction for deviation from the means, an exactly

similar result is obtained.
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It can also be shown that the estimates corrected for
regression are the same except for the subtraction of the mean
of x in the case of the corrected weight gain.

The prooﬂ%or the multiple regression case follows a
similar method using reduction formula (Weatherburn 1949)
to express the multiple coefficients as simple ones.

It should be noted that this identity is not true for

the reverse case when x is corrected for y or (y-x)
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APPENDIX II

Figure 32. Plan for a Permanent N-type Resegrch Flock

FIOCK A
(]
50 NN ewes X N+ ram ex Flock C_
10 annual repldgcements - anhual replacements NN ewes
FLOCK B | FLOCK C
X NN ram X ++ ram
- 50 N+ ewes 30 NN ewe
Anj |surplus animals
v N+ rams
FLOCK D for Flock A
NN ewe¢ replacements
experimenta
to Flock A animals

10 per annum

The plan 1s for about 200 sheep, divided

for administrative purposes.
Flock A is the nucleus flock of 50 NN ewes of 5 gke groups
of 10 ewes each. This flock is mated each year to an N+ ram
to supply replacements for Flocks B (N+) and C (NN).
Flock B, of similar age composition, would be mated to
an NN ram from Flock A, the maximum relationships being a
half sib. This would supply NN ewe replacements for
Flock A.

1 VoV
Flock C would be kept for outcoessing NN ewes to,ordinary

Romney ram to produce N+ rams for mating with Flock A, thus
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avoiding any intensive inbreeding.

Surplus stock, required for experimental purposes could
be kept in Flock D which will vary according to requirements.

Such a scheme would enable a supply of rams of various types
and ages to be available at any time. Ewes would be available
from Flock D, or if a large number were required then rapid
expansion from the nucleus stock would be a comparatively

simple mhtter.
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