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A STUDY OF THE PLEIO TROPIC EFFECTS OF THE DOMINANT GENE N -
IN THE NEW ZEALAND ROMNEY SHEEP. 

Surmnary 

Research on the ceuses of medullation of the fibres from 

the New Zeeland Romney sheep by Dry (1940), lead to the d.escript­

ion of a dominant gene, !, causing a high abundance ot halo-hairs 

in the birth coat of the lamb. 

were called !-type sheep. 

Sheep showing this characteristic 

This thesis has been concerned with the possible pleiotropic 

effects of this gene and with their relationships, both to the 

economic potentialities of �-type sheep and to their possible 

use in research on genetic and phenotypic correlations. 

The investigation 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 second year 's lambs were used to examine 

hypotheses which arose f rom the first year's results and which 

concerned the relationships between birthcoat type, body growth 

and the hogget fleece charaoteristics. 

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

summarised as follows: 

1 .  The hypotbesis 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 N in the genotype. 

(b) Differences in body weight occurred at-30 days of age, 
!-type sheep being lighter than the ordiaary Romney. 
These differences were proportional in the sub-groups 
of sex and birth rank (single or twin lamb ) ( c ) These differences were confirmed at the mean ages of 
61, 1 00 and 1 44  days. For these ages the differences 
were greater between the groups of single lambs than 
between the groups of twin lambs, being of the order of ten 
o� more pounds for s1ngle lambs at the final age. 



(d) 

(e> 

(f) 
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These later differences were probably to a 
large ex�ent the result of those already present at 
30 days and this initial effect was round to be the 
more important when the data was analysed in terms 
of relative growth. 
Differences of weight could not be attributed to 
differences in the skeletal size of the animals. 
Kffects may have been present, associated with the 
homozygous animals (NN) that were not the sole result 
of the gene ! but were also the result of possible 
inbreeding and selection associated with the develop­
ment of these animals for the productionof carpet wool. 

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

4. These results were not confirmed in the second year when 
no effect of the gene N on �rowth was detected in a co� 
parison of heterozygous (!+) and ordinary (++) lambs. 

5. The major difference between the two years' experiments 
being one of environment, it is suggested that there is an 
interaction between the genotypes containing! and the 
environment. Comparison of the growth curves of the ordinary 
lambs for the two years and consideration of the different 
condition� Buggests that this interaction may well be one 
of c1imats oonditions and birthcoat type. 

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

Fleece Characters: 

7. When corrected for body weight, the greasy fleece wedght of 
!-type lambs and hoggets was greater than that of ordinary 

animals. The difference was greater for twin than for 
single lambS. 

8. 

In the first year: 

Wool from ewe hog�et twins had a greater staple length and 
more 'hairiness' (benzol test) than single lambs (70 lambs) 

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. 

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

1 1 . Results in the first year suggested penalisation of the 
secondary follicle population in !-type sheep following 
the poor growth of the lamb with the resulting coarse 
fleece of low density . This was shown, for instance, In 
the ooarser fleeoe with longer staple length of twin animals. 
This hypotheSiS formed the basis for the major part of the 
second yea�8�work. 
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The se cond year's work: 
,... 

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

1 3. The lower fibre density of N-types at birth was interpreted 
aa the result of the higher

-
density o��alo- hairs , as a 

high proportion of halo-hairs was found to be associated 
with a low birthcout dens i ty of all fibres. 

14. N-type tw i ns had a higher halo-hair density than N-type single lambs, and larger animals (measured by the
-

height at 
withers ) had a lower total d ensi ty. 
These results were assumed to follow from the different 
skin expansions in the last �ew weeks of pre-natal li�e. 
This, with a su ppressing effect of large primary follicles 
on the formation of (or production of fibre from ) new 
second ary follicles , could account for the observed density 
differences and associations at birth. 
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15. The variance amongst !-type lambs of halo-hair density was 
n ot fully accounted for and it 1s su�gested that other 
unknown factors , genetio or otherwiae, may affect the number 
of primary follicles which are originally of sufficient 
size to produce halo-hairs . 

16. The fleece density at six weeks of post-natal age would 
depend on the density at birth, the SKin ex�a nsion 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 
density or by many halo-hairs. 

(b) Skin expansion greater than .two for N-types and 2.5 
for ordinary lambs: fibre nUmbers added were independent 
of initial densities and, in addition, at expansions 

greeter than 2.5, the N -types added more fibres per unit 
area than did the ordinary Iambs. 

(0) Skin expF.l.ns1on greater than four for !i-types and three 
for ordinary lambs: a maximum o� about 6000 fibres 
a�ded to an initial square centimetre for !i-types and 
of about 3000 fibres t'or ord i nary lambs, i.6 reached. 

The results under section 16 above are similar (with and1tions) to those obtained by other authors and suggest 
penalisation of a econdary follicle formation or of fibre 
growth from the8e ro llicles(no actual follicle counts were 
available ) under the CirC Q�9 tances d e tailed • 

• Note:--The wool samples were fron�standard loin position, 
be 1 ng carried out in duplicate for the determinati on 

of sampling and other errors. -' 



1 8. The density of the hogget fleece, sampled 
weeks o f  age, after shearing, depended on 

weeks and the interve nin g skin expansion. 
proportion of n ew fibres were added to the 
period. 
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at about 25 
that at six 

Only a small 
fleece over this 

19. Weighted mean fibre diameters were inver sely proportional 
to the fleece density at e ach sampling time except for the 
ordinary lambs at birth. N-types showed a greater diameter 
for a given density and in addition, for boih types o f  
hogget, the diameter at constant density was greater for 
a faeter growing animal. 

20. At birth higher helo-hair density was associ ated with a 
smaller mean diameter of the unmedullated fibres. 

21. Wh en the component fibre types (A,B & 0; a fter Burne 1 953) 
from which the overall mean w eighted di ameters were calculated  
were examined, it was found th at there was a l arge increase 
after birth, this being proportion al to the maximum di�eter, 
which was attained at six weeke. It should be emph asised 
th at the mean diameter frequently used in work on fleece 
characteristics may be based on a trimodal skewed distribution 
and this does not reflect the true pattern o f  diameters. 

22. There was a tendency for the fibre .diameter mean and variance 
to be r educed in the !-types at 25 weeks o f  age and the 
means or the !-type and ordinary lambs tended to converge 
at this age. 

23. Unmedullated fibres (0 type s ) from !-type hoggets were 
sm aller th an those from ordinary hoggets. 

24. It was re a80nable to suppose that halo-hairs were generally 
rollowed by coarse medull ated fibres and the i mportance of 
th ese in the hogget f leece depended on the origin al halo-
hair density and the number o f  other fibres added to the fleece. 
Consequen tly the hogge t fleece characters d epend ed in turn 
on the e arly growth o f  the lamb. 

25. An examin ation of fibre diameters et fue thinnest pre-natal 
portion and at six weeks for both !-type and ordinary 
s hee p and the various fibre types from t hem, indicated 
that the proportional reduction in di ameter was Similar 
in both types of sheep. Fib:fies h ad a reduction in pre­
nat al diameter which was proportional to the di ameter at 
six weeks. 

26. It was suggested th at the 'pre-n atal check' and the ribre 
type arr ay phenomena are in part the morpholggical end 
point of the dif ferent pre-natal and post-n atal fleece 
densities, the lambs ' growth at the two periods and the 
distribution of  potenti al fibre sizes which c an be pro­
duced by the follicles. Consequently further investigation 
in these terms and i n terms o f  follicle r atios and measure­
ments are likely to be profitab le. 

27. The relationshi ps between medulla diameter, fibre di ameter 
and body weights were similar for the hoggets from both 
ye ars' work. There was a gre ater medulla diame te r for 



a given fibre diameter at birth and at six weeks than 
at the hogget stage. Differences in 'Hairiness' observed 
in the �ibre type arrays would be the result of the fibre 
diameters which in turn would depend on the factors in sect. 25 above. 

From these results a suggested plan of the pleiotropiC 

effects or the gene ! hae been constructed. 

If the initial action is one producing large primary 

follicles, then it is possible to account for the results 

obtained above. Some confirmation is naturally required on 
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various points by repeated or more detailed work, but the general 

plan seems clear. These large follicles will produce the 

halo-hairs and in addition af�ect the �ormation of secondary 

follicles or the growth of fibres �rom 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 also by the different results of the growth experi-

ments in the two years. The various factors a�recting the 

fleece density at six weeks will also be dependent to a consid­

erable extent on the enVironment, and on other genetiC factors. 

These interactions are included in this plan of pleiotropy 

which can thus follow various paths. These paths are not, 

however, discrete/and separate, but form the pattern of 

continuous variation observed in the hogget fleeoes. Thus by 

establishing connections between the growth of the lambs and 

the fleece characteristios, much of the variation in the !-type 

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

lapping between the characteristics of !-type and ordinary 
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hogget �leeces found in particular in the first year is 

explained although ther� is a gene difference with marked pheno­

typic mani�estation at birth. 

The thesis concludes with a diseussion on the possible 

research uses o� !-type sheep a nd suggests various investigations 

in which they could be of use. The important research use lies 

in the possibility of producing two groups o� lambs o� very 

different wool types from one group of ewes, it being known 

that this dif�erence i8 a genetic one and that all maternal 

and similar effects are randomised amongst the two groups. 

Some suggestions for an !-type experimental �lock and for its 

part in sheep and wool research are made. 
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INTRODUCTION 

In dealing wi th problems of inheri tance in domestic 

animals the emphas i s  tends to be placed on those factors 

whi ch ere of economic importance. Such fa ctors are likely 

to be the resul t of many interacting and related causes ,  

both genetic and environmental. This hes resulted in the 

use of an approach besed on the concepts of multirac torial 

and popula tion gene t ics  of Fisher , Wright and other workers. 

Using these concepts , the exis tence of certa i n  genet i c  and 

phenotypi c  correlations can be shown and the results of 

certain selection poliCies predic ted. However i t  is of 

cons iderable interest to know the mechanisms whereby these 

correlations arise. One such mechanism i s  pleiotropy , 

and i t  i s  proposed in thi s thesis  to show how �-type Romney 

sheep (Dry end Fraser 1947 ) can , by a s tudy of the pleiotropy 

of the gene �, be used to investigate the chain  of events 

leading to various genet i c  and environmental correlations 

amongs t fleece and body charac ters of the sheep. 

The first part of the thesis  i s  concerned wi th pre­

liminary inves tigations of the growth of the �- type shee p ,  which 

were ini tiated as part of a study of the carcass quali ty of 

lambs from these sheep. I t  was as a resul t of thi s study 

that the potential i ti e s  for the second year's work were 

realised. The second part i s  concerned w i th realising 

these potentialities in a s tudy of the relationship of the 

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



The his tory of the �-type shee p  ha s been described by 

Dry and Fraser (1947); bri efly they are New Zealand Romney 

sheep. , e i ther he terozygous or homozygous for a dominant gene 

wi th the symbol � or homozygous at a different locus for a 

recessive gene , �. The dominant gene � only is  cons idered 

i n  these inves t i ga tions. The phenotype of the s e  animals i s  

s imply recognised from the b irthcost or the new-born lamb , 

whi ch has a high abundance of coarse fibres known as halo-

hai rs (Dry 1935� . The adul t fleece  type is consi dered 

ex tremely useful for the produc tion of wool for the manufa c t­

ure of carpe ts and the use or !-type sheep ror thi s  purpose 

was b ei ng considered. 

Before commerc i a l  exploi tation could be attempted , i t  

2 

was necessary to exe,mine the sheep on whi ch thi s wool was 

grown , for the sys tem of farming in  this country requires a 

sheep sui table for the produc tion of lambs as we ll as or wooi. 

Alternatively , a sheep sui table for diff i cult hi l l  coun try con­

di tions i s  re quired , and in  e ither csse the 'thrift' of the 

sheep is or paramo unt importance. Doub ts had, been expressed 

on both the body conforma tion and the thrift of these sheep 

and i nvest i ga ti on was required before the use of these she ep 

as a new carpet wool 'breed ' could be considered. 

This was the initial  problem a lthough Rae(1952a) had 

pOinted out the pos s ib le use s  of these sheep as outlined i n  

the opening paragraphs • Thus i t  also seemed desirable to 

• All the sheep used in these exper iments were of the 
New Zea land Romney breed and will be referred to as 
'sheep' or ' lambs ' . She ep of other bre eds referred 
to in dis cus*ion w i ll be given their  full t itle. 
' Ordi nary sheep ' means those  carrying the normal 
alleles ./. 
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examine and open up what appeared to be a profi table field of re search. 

ThuB thi s  thes i s  i s  d ivided into two parts , representing 

the two years ' work: 

(1) A general inves t igation of possible pleiotropic effects 

of � on the growth and carcass of the lamb. 

(2) A more de tailed investigation into the effec ts of 

different b irthcoat types and different rates of body 

grow th on the development of the fleece. 



PLATE I 

An Ordinary Romney Ram 

A Heterozygous �-type Ram 



PART ONE 

A GENERAL INVESTIG JITI ON OF POSSIBLE PLEIOTROPIC EFF'ECTS 

OF N ON THE GROWTH AND CARCASS OF THE LAMB 

I. INTRODUCTION 

The occurrence or multiple errects or a single gene 

have been shown i n  par t icular by Gr�neberg (1938) in his 

investigation or a l e thal cartilage anomaly in  the rat. In 

other work on mutants in the mouse he has shown that an 

apparent d ive rsity of charac ters can be traced back through 

developmenta l sequences  to an o riginal s ingle developmenta l 

rault. As a result he assume s  that pleio tropy is a result or 

various branching developmental sequences whi ch depend on an 

o riginal single event effec t�d by the locus concerned. Whether 

true pleio tropy , multiple action of the gene itself, exists 

or no t , this wider definition is a conveni ent one and will be 

adopted throughout thi s thes i s .  

When this investigation star ted , previous work had shown 

that the ple i o tr'o pi c effec ts of the gene !i were high halo-hai r  

abund ance wi th brown pigmented fibres  at the be.se of the neck 

at birth. In a d di tion , horns were grown by homozygous and 

heterozygous I'e.ms and wi th a few exceptions by homozygous 

ewe s  (Dry and Freser 1947). General observation had also 

sugges ted that N-type sheep were ' unthrifty ' and had poor body 

conformati o n ;  i. e. J they had body proportions unsui tab le for the 

produc tion or good quali ty meat carcas ses.  A particular example was 

the 'pointed withers ' usually asso ci a ted with long dorsal thora c i c  



spines. Thus a syndrome was suggested involving bo th fleece 

and body charac ters. Previous investigat ions have tended to 

separate these two main economic produc ts under the general 

headings of fleec e  b io logy and carcass quali ty studies , and 

i t  is therefore convenient to divide revi ews of past work into 
�e 

these two main classes. These revi ews willjPresented at  the 

beginning of this part of the thesis although they cover the 

fi eld of both parts. 

5 . 



II . REVIEW OF LITERATURE 

A. Woo l  Biology 

1 .  Papers pub l i shed prior to 1 939 . 

The revi ew can be  convi ently d ivided i n to two parts 

determined by  the papers in  whi ch Carter ( 1 9 39a  and b )  described 

a s tandardised  method for treating skin samples and analys i ng 

fo l l i cle  populations.  Except fo r Wildman ( 1 9 3� , Tanzer ( 1 926 ) 

and T eodoranu ( 1 934 ) ,  mos t  wo rk pri or to Carter ' s  had b een 

c arri ed out on the woo l  fibre rather than o n  the fo llicle.  

Much early work was  concerned wi th clas s i f i ca tion and 

des cription of the f ibres of the fleece of the various breeds 

o f  sheep. A pub l ication by the R esearch Asso c i a ti o n  of the 

Woollen and Wo rs ted I ndus tri es  (1 926 ) contains a summary by 

various autho rs of knowledge of kemp at  that time .  The 

medullation of the fibres was shown to be c ause d  b� air  spaces 

i n  the centre of the fibres which reached a maximum in  kemp 

fibres o f  whi ch a des cription i s  given. The b irthco ats of 

Welsh mounta i n  sheep  were described and the abundance of halo­

hai rs (b irthcoa t  kemps ) was corre lated wi th the amount of kemp 

i n  the adal t fleece.  

Thi s  type of  work was extended i n  a c lassification of 

f ibre types of the Mer ino fleece  by Duerde� and Seale ( 1 927 ) 

They divi de d  the fibres into kemp , hai r ,  wool ( non-medulla ted ) 

and hetero type fibres whi ch were partially medullated.  These  

long par t i a lly  medullated he tero type f ibres  were found to  be 
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the characteristic long f ibres of cerpet wool and of some long­

woolled sheep by Duerden ( 1929 ) .  This primary clessification of 

fibre types was used for work on the fleece by Lockner ( 1 931 ) 

and Darling ( 1 932 ) .  They both found that new fibres were 

formed after birth but no fibre measurements were given. 

I,ockner described the b i l'thcoa t of the Blackface lamb, which 

WHS very Similar to that of the !i-type lElmb , and Darling also 

noted that the wool was t exceptionally fine' when the hair was 

well developed. Bryant ( 1 936 ) described the distribution of 

kemp over the body of the Scottish Blackface ewe and concluded 

that the occurrence of kemp i s  inherited on a mul tifactorial  

bas is .  

Descriptive work o n  the le.mbs ' flee ce has been carried out 

by many authors, b ut few have seen the necessity for measure­

ment. Of these Crew and Blyth ( 1 922 )  divided fibres from the 

skins of ScottiEh Blackface lambs into three groups A, B, and C, 

corresponding to kemp, hair, and wool, bf whi ch the proportions, 

densities, and mean diameters were determined. Duerden a.nd 

Boyd ( 1 930) described the birthcoat fibres of the Persian 

Bla.ckhead· lEmb and of the Merino, defining in particular the 

sickle fibre, so named after the shape of its tip. This 

tip shape was attributed to the mechanical effect of the fibre 

forcing its way out of the E,kin when it was first formed and 

wes dependent on the fibre diameter at the time. Rudall ( 1 934) 

found a simi lEI' effect in fibres regenerating after epilAtion. 

Duerden and Boyd ( 1 930 ) also described the thinning of the 

fibres at or about the time of birth , and they attributed this 

to the environmental effects involved in a lamb ' s  being b orn. 

No evidenc e is offere d as to the exac t bir thpo i n t  but mean 

measurements of pre- and post-natal fibre diameters are given. 



A classification method, similar to that of Crew and Blyth 

above, was also used but with a different terminology. Barker 

( 1 933 ) 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 ( 1 935 ) working on the New Zealand Romney lamb. He 

first described various fibre types: the halo-hair or birth­

coat kemp, 6ickle�fibres (after Duerden and Blyth) and fibres 
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with curly tips. These last were further sub-divided according 

to presence or absence of medulia 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 class i-

fications can be obtained according to the p�esence 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. These arrays 
". 

are described by Stephenson ( 1 955 ) 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 

Coa t. ' The thinning of the neck of the sickle-fibres is 

attributed to this force, ss is the form of the other fibres, 

depending on when, relative to the 'check', the follicle was 

first laid 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 diame ter ( crisis thinning ' ) of Borne 

fibres in the first  few months of post-natal l ife was also 

described. Medullation was held to be a sign of vigorous growth 

of wool from the folli cle. Shedding was also held to be a 

sign of  folli cle  vigour , for ' if a folli cle works extremely 

hard i t  is compelled to take a rest ' . Galpin ( 1 935 )  has 

described the distribution of  these fibre type arrays over the 

body of the New Zealand Romney lam •• 

Whereas a fibre type classification system can b e  useful in 

the ini tial  s tages of work on  the fleece , there is a danger of 

eye artefacts and any detailed work requires the use of 

ob j ec tive measurement techniques. The most  obvious of these 

is fibre diamete r ,  and Duerden and Seale ( 1 927)  determined the 

distributions o f  diame ter  for three fibre types in the Merino.  

These distributions increased in  bo th mean and variance as the 

fibre  types became more medullated. Duerden and Bosman ( 1 9 26 ) 

obt ained 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  ( 1 9 29) 

working on New Zealand Romney-Linco ln cross sheep , obtained e 

similar trimodal curve for length- measurements. He also 

described methods for measuring fibre and medulla diameters. 

Wilson ( 1 9 29 ) 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 b lack or  

whi te line in  transmi tted or reflec ted light respectively. This 

effec t  is tr'ue for any medium of simi lar refractive index to the 

cortical material,and Elphick ( 1 932) developed the method using 

benzene ( commerc i al benzol ) to obtain quantitative es timates of 

medulla tion. This was further developed by McMaho n  ( 1 936 ) 
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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 ( 1 923 ) commented 

on a connection between fibre diameter and medulla diameter, 

while Thommaset ( 1 938 ) also emphasised the importance of consider-

ing frequency distributions of fibre diameters rather than mean� 
if maximum information is to be obtained, because of the tri-

modal form of the distribution. He also stated that medullated 

fibres t end 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 ( 1 9 37 ) 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. R. Burns ( 1 935 )  discusses methods 

of measuring skin area increases in sheep but errors are not 

determined nor are body weights given so the results cannot be 

apPliearor 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 t he latter are 

indicated by the work of Barker ( 1 9 33 ) .  In this biometrical 

description the occurrence of a trimodal distribution of fibre 

diameter associated with the higher values of the mean and 

vari�nce 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 becau,Se 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 authors have obtained an increased weight of wool from the 

feeding of additional rations and this has been associated with 

increased body weight and fibre diameter' 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 was there an increase in 

body weight. A rel ationship between fleece weight and body 

weight has been found by many workers , t he 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 

temperature and humidity. He found no variations in wool 

production between seasons or over the three years,and concludes 

that seasonal trends in wool production were the result of 

correlated effects of changing feed co nditions. This appears 

to be the only experiment on seasonal trends not confounded.by 

the possible shearing effects suggested by Rudal l ' s (1935) 

experiments in which one side only of a number of sheep was 

Shorn. The shorn side showed an in c rea se of hairiness which 

could well be correlated with an increase in diameter and 

amount of wool grown. This effect was also �ound in areas 



as small as eight square inches, and Rudall interpreted the 

increase as a temperature e�fect as it could be prevented by 

covering the clipped area. Rudall ( 1 9 34 )  also tried the 

e�fect o� epilation but obtained no positive results. 

Dry (1935») in the study o� some 'poorly grownt lambs 

�ound �ailure to add the normal number or histerotrichs to 

the coat and a reduction of fibre diameter and medullation. 

In addition he suggests that there is no relation between 

birth weight and halo hair abundance in tnormalt lambs.Galpin 

( 1 93� related the fibre type array determined �rom a wool 

sample �rom a particular position on a lan� to the �oetal 

growth. She suggests that follicle size was related to the 
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relative rate of growth of the part o� the animal underlying the 

�ollicle at the time it was �ormed. She also suggests that 

the pre-natal check is the result o� crowding o� �ollicles 

be�ore birth. 

Leslie ( 1935 ) examined the ef�ect of �actors such as 

birth rank, birth weight and plane o� nutrition of the ewe 

on halo-hair abundance of the lamb estimated on a five point 

scale. �o positive results were obtained but the results 

�or birth rank and�plane of nutrition of the ewe suggested the 

need for further investigation. 

2. Papers published after 1 939. 

The work o� Carter ( 1 939 a and b ) gave a fresh impetus 

to wool research, in particular with respect to the connect-

ion between the development o� the sheep and the fleece. These 

papers described a convenient and accurate histological m�thod 

�or analysis of the �ollicle population. Follicles can be 

divided into two major groups, primary and secondary, variable 

numbers o� the latter being associated with a primary central 
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and two primary lateral fo ll i c les. The primary fo l l i cles 

are formed firs t in developmen tal  order and the de termination of 

the ir number per uni t area and of the number of se condary fo lli cles 

associated w i th a primary group , give s  a b i ome tri cal des cription 

of the folli cle po pulation. Thi s can then b e  used to compare 

breeds , individual sheep , or in part i cular , the deve lopment of 

the secondary fo ll i cle populati on. The ra tio ·  of s econdary to 

primary fo ll i c les i s  commonly used and symbol ised as the sip 
ratio. � 

Carter ( 1 943 ) and Carter and Hardy ( 1 943 ) developed the 

technique in an accoun t  of the pre-natal deve lopment and 

general hi s to logy of the fo lli cle  groups o f  the Merino sheep 

and clar ified some previous m i s conceptions. Grad i ents o ver  the 

body are determined and as a result 8 s tandard sampli ng area 

sugges ted. 

M. Burns ( 1 949 , 1 953 , 1 954a and b ) used these methods in  

the examination of the po st-natal development of  the fo lli cle 

popula tion of the Kent Romney Marsh, Engli sh Leices ter , S co tt i sh 

Blackface  and Suffolk breeds of sheep. Varidus es t imates o f  

skin expa�s ion and some mo re detailed examinations o f  ind i vi d­

ual folli cle groups were also made. The resul ts were analysed 

o n  a deve lopmental bas i s  but the small numbers of sheep used 

and the poor  growth of lambs in  some cases allows only l imi ted 

induc tion from the re sul ts. S chinckel ( 1 953 ) reports from 

s tud i es of the Merino breed , that twi ns and the progeny of 

young ew e s  have a lower SIP ratio  than S ingle lambs and the 

progeny of ma ture ewes.  The results ind i c a te pre-natal and 

pos t-natal environmental effec ts on the developmen t of secondary 

fo llicles , these be ing further confi rmed by a s i gnifi cant 



correla tion between b irthweight and sip ratio.  Conversely 

Henderson ( 1 953 ) examined. the develo pment of the f'leece o f  
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the Kent Romney Marsh sheep in rele.tion t o  various nutr-i  tional 

treatments . Be f inds that the ul timate wool  product ion per 

uni t  area corrected for body we i ght or skin a re a  ( as a func tion 

of wei ght ) was no t aff'e c ted by the trea tments , nor d i d  a low 

plane of nutrition affec t  the numbers o f  new fibres added to 

the fleece after b i rth. This  latter  re sul t ,  whi ch conf'li cts  

wi th those  of o ther autho rs ,  could be a ttributed to  the firs t 

ss.mple having been taken when the lambs  were four weeks of age. 

The number of f ibres added over these firs t four weeks was 

then estima ted from the number of his tero tri chs o r�use of a 

fibre type array techni que. Goo t  ( 1 941 ) and Burns ( 1 954 ) bo th 

report  tha t some fibres c lassified as his terotrichs appear  

befo re bi rth and thi s pos s ib i l i ty combined w i th the use of  tw in 

lambs for the low plane trea tment and s ingle lambs fo r the high 

phme trea tment may well  account fo r the re sult  obs erved. 

Later wo rk by S chinckel ( 1 955a ) has shown that for the 

Aus tral i an Merino the primar'y fo llicle  population 1 s  comple te 

at  birth , and sub sequent changes in the dens i ty of thi s pop­

ulation merely reflec t the skin expans ion. Thi s  val idates 

the use of the sip ratio as a measure of the increase  in  the 

number of secondary fo llicles  po s t-natally. S chinckel ( 1 955b ) 

showed fur ther tha t all  fo l li cles were ini tiated pr ior to birth 

but that the number of secondary fo l l i cles maturing ws.s dependent 

on body growth b e tween birth and one mon th. The number of 

fol l i c les  ini tiated depended on pre-natal  growth and o ther 

factors. 

These f'indings have been confi rmed by Short ( 1 955a ) who 

also inves tigated the eff'ec t  of adverse nutri tion o f  the ewe 
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on  i ts lamb ' s  fleece developmen t  ( Short  1 955b ) .  He conf i rmed 

Henderson ' s  ( 1 953 ) finding tha t subsequent fleece produc tion  o f  

the l amb w a s  no t affec ted , b u t  found that those  lamb s which  were 

smaller in  the ini tial  s tages of growth as a resu l t  of poo r  

maternal nutri tion , had fewer fol l i cles  i n  the mature fleece  

wi th conse quent lower dens i ty and coars er fibres .  From thi s  

he deduces  that wei ght of  woo l per uni t  area i s  no t determined 

by the dens i ty o f  the fibre po pulatio n  but i s , as sugge s ted by 

Ga lpin ( 1 947 ) a cons tant value. Fur ther , he sugges ts tha t 

thi s result supports Fras er ' s  ( 1 95 3�) theo ry of fo l l icle  

effic i ency which is  reviewed below. 

Somewha t indir'e c t  evidence on the developmen t  of fibre 

populations is  presented by Pohle , Keller and Haze l  ( 1 945 ) 

who examined the fleeces of ' ha iry ' lambs and compa red their 

yearling fleeces w i th tho s e  of  ' non-ha. iry ' lambs.  Rambo u i l le t ,  

Targhee , Corriedale and Co lumbia breeds were used and i t  was 
0-5 

found tha t vi sual impression  was misleading 'A there were only 

a small proportion o f  very coarse fibres i n  the hai ry lambS ' 

fleeces.  ' Hairines s ' and fibre d i ame ter decreased  rapid ly 

after birth , lead i ng to s imi lar yearl ing fleeces  i n  the two 

groups.  

Hardy and Wo lf ( 1 947 ) found that in Shro pshire sheep 

the fleece dens i ty a t  20 weeks was hi ghly correlated wi th that 

a t  52 weeks of age. However the i r  indire c t  me thod of e s ti-

ma ting fleece dens i ty invo lving mean fibre d iame ter , mean 

s taple length , the s pe c ific gravi ty of woo l ,  clean fleece weight , 

two body measurements and body we i ght s eems l ikely to lead to 

considerable errors.  

Grands taff and  Wo lf ( 1 947 ) working o n  Navajo  and ' cros s­

bred ' sheep found a 5. 9% reduc tion in kemp and a 20. 7% 
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reduction in o ther medullated fibres over the period 28-364 

days ; the ma jor part of these reductions had o ccurred by 

the 84th day. 

BUrns and Clarkson ( 1 949 ) made a de tailed his to logical s tudy 

of a few follicle groups from four Kent Romney sheep of  bo th 

sexes. Detailed examination of a ll fo lli cle dimensions and 

keratinisation regions were made and papilla shapes were 

classified but no rela tionship was found between these and 

fibre diameter and medullation. From ' a  general examination 

of the mate rial ' medullation was reported to be independently 

controlled in primary and secondary fo lli cles and ,  wi thin  the 

secondary folli cles , more medullation was observed in those  on  

the ectal margin ( first formed ) of the group , thi s  being in  

accordance wi th an  observation of Carter ( 1 943 ) for the Merino . 

They also found that different animals of the same breed wi th 

follicles  of  similar size had fibres wi th different degrees  of 

medu l lation.  In a ddi tio n  they found that primary fo llicles 

are generally deeper in the skin than secondary folli cles , this 

being confirmed by Fraser ( 1 952� ) 

Auber ( 1 950 )  made a detailed his to-chemical s tudy of  fibre 

fo rma.tion in the fo l l i c l e  of Herdwi ck and Ke nt Romney sheep. 

Medulla formation was also examined in de tai l  and the resul ts 

w i l l  be di s cussed in the text in relation to resul ts obtained 

o n  factors affecting medullation. 

In  the s tudy o f  the factors affecting the amount of wool  

grown on adult  sheep Galpin ( 1 947,  1 948 ) followed wool growth 

in the Cambridge experimental Romney flo ck over a period of 

four years . A techni �ue of repeated sampling of a tat tooed 

square was used. The square was tattooed on the lamb at one 

mon th of age and the weight of wool and subsequent a r e a  of 
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For a particular region of the 

sheep  and under maximal environmental  condi tions a cons tant 

pos i tive relationshi p was found be tween the tatto o ed area and 

the wei ght of woo l  grown on i t. This the sheep tha t increased 

mo s t  in  body s iz e  also produced the mos t  woo l  and under ideal 

envir�nmen tal condi tions we ight of woo l produced for a par ti cular 

area would be cons tant. Under poor  cond i t ions the wei ght o f  

woo l  produced falls below this maximum cons tant value b y  a 

fac tor  depending o n  the skin expansion o f  the regio n  and sheep 

concerned. The less  thi s  skin expansion facto r  then the greater 

the fall ing off in produc tion per uni t area. 

In Galpin ' s  s econd paper the argument is extended and 

l amb growth and s e asonal effe c ts are con s i dered. The me thod 

used of calculating variables seems unnecessary in  some cases 

where the actual measuremente have apparently been taken , 

parti cularly where these  calculations invo lve the spec ifi c 

gravi ty of wool  when medullated fibres may be  present. 

Conclusions from thi s  work are that the area covered by fibre . 

increases in pro po rt ion to the increase in s ize  of the tattooed 

square and also tha t the mean cro ss-se c t ional area of fibres 1 s  

inversely pro port ional to fleece densi ty. The number of fibres 

in the square at seven mon ths of age was proportional to the 

number a t  one mon th and the rela tive skin expansion b e tween 

the two t imes of s ampling. The mean leng�th o f  fibre grown 

per day depends on this i n i ti a l  skin expans ion  and the condi t­

i ons at  the time. 

Marst on ( 1 948a ,b , and c ) carried out de tai led me tabo l i c  

s tudi es of two Merino sheep and fo llowed thi s wi th a s t udy o f  

the relations o f  ni trogen i ntake and avai lable energy to 

Wool  growth. I t  i s  concluded from the results tha t ,  a t  low 
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ni tro gen in takes , wool format ion competes wi th the b asal 

metabo lism ,  whi le at  hi gh intakes it compe tes wi th the laying 

down of tissue pro teins .  The two sheep differed i n  the 

utilisation of ni trogen and in  effi ciency of conversion , the 

fi rs t  conver ting to keratin about 5% and the second 1 0%  of the 

available pro te in. He concludes that the subs trate in ti ssue 

fluids and no t the follicles is the l imi ting fac to r  in normal 

wool produc tion. I ncreases of woo l  production too k  place by 

increases in  bo th diame ter and l ength of the fib re , and the 

frequency distribution of the diame ters changed in form as 

the mean diameter increased. The impo rtance of cons idering 

the di 6trib�tion as well as the mean diame ter i s  emphasised. 

In the thi rd paper copper defic iency effects are s tudi ed and 

i t  is concluded that the chemical pro cesse s  invo lved in keratin­

i s a tion depend fundamentally on thi s el ement. 

Ferguson , Carter and Hardy ( 1 949 ) in explora tory work to 

determine a measure of the woo l-producing capaci ty of the sheep 

for use in genet i c  work , examined the asympto tic  value of the 

weigh t  of woo l  in a given s quare when i t  i s  plo tted against  

the ni trogen intake of the animal. Environmental fac to rs 

likely to affec t  thi s  curve were a lso examined. They fo und 

a po s i tive correlation between temperature and the weight 

of woo l  grown but this i s  confounded with o ther seasonal  

trends and requ i res experimen tal verifi cation. They also 

confirmed the result of Duerden and Bosman ( 1 927 ) of a 

reduc tion in cro s s-sectional  area of  the fibre as fleece wei ght 

inc reases , thi s be ing attr ibuted by Ferguson e t  ale to  increas i ng 

ti s sue hydro s tatic  pres sure. The temperature effec t ,  i t  i s  

sugges ted might be due to in�uced vasodilation increas ing the 
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blood supply to the fo llicles , Rudall ' s ( 1 935 ) shearing results  

being �uo ted. Bo th these are pre liminary hypo the se s , ' experi-

mental verifi ca tion b e i ng re�uired ' . 

Howeve r  Wodzi cka ( 1 954 ) found a marked i ncrease  in skin 

thi cknes s  in  Romney ewes for a short  period  after shearing. 

In addi tion , Ferguson ( 1 949 ) us ing a techn i �ue o f  uni lateral 

tho ra c i c  sympathec tomy thus caus ing vasodila tion on  one s i de o f  

fi ve sheep , ob tained an increased woo l growth on  tha t s ide for 

ten weeks. Af ter thi s period the re was an increase in a ir 

tempera ture whi ch possibly counterac ted the treatment effect  

b y  caus ing increased vasodi lation on  the control  side.  This 

appro ach therefo re , po s s ib ly us ing shearing as a s imple treat­

men t ,  could yield interes ting results . 

A general po int of interes t from the results of Ferguson 

e t  al. of detailed s tudi es of wool grow th in  rela tion to 

ni tro gen intake i s  the curv e d  nature o f  the rela tionshi p ,  whi ch 

tends to become a s ymp to t i c  to the woo l growth axis , whi le  s t ud i e s 

o f  fleece weight relative to body weight have given s trai ght 

l i ne rela tionships. 

Fur ther s tudies  of food i ntake in  relation to wool  gro w th 

by Daly and Car ter ( 1 955 ) showed a gradual dec rease in intake 

un ti l the time the she e p  were shorn af ter wh ich there was a 

sudden increase. The food intake and wool growth per un it 
area were found to be  rela ted , but i t�po ssible that thi s was a 

spurious asso c i ation of  sea sonal trends. 
, 

Coo p ( 1 953 ) has revi ewed and presented results on fac tors 

affec ting woo l  growth ra te in the New Zealand Romney. He 

used the tattoo ed s �ua r e  techn i �ue and found tha t r e pea ted cli pp­

ing did no t have an affec t  on the wei ght of woo l  grown , but also 



found tha t on areas  clipped monthly a grea ter length or wool 

was grown than o n  areas c li pped annua lly. S easonal trends 
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are then exami ned al though the pos s ible effec t  o f  the annual 

sheari ng of the she e p  has  not been consi dered. Using nutri t io nal 

treatments , and , wi th Hart , l ight cycle  erfec ts and some tempera­

ture treatments , i t  is  conc luded tha t the annual cyc le  of woo l  

growth canno t be entire ly explained b y  the effe c ts of the annual 

cycles  of tempera ture , varia tions in  length or day , or  o f  

ava il able feed. The resul ts o f  Ferguson e t  al. ( 1 S49 ) were no t 

confirmed but a trea tment varying the rhythms of l ig t and dark­

ness  gave inc reased woo l  growth. 

The rema inder o f  thi s section of the revi ew of l i terature 

will  concern work relevant to New Zealand conditions and �- type 

Romney sheep. 

D. Ro s s  ( 1 950 ) in  a s tudy of the benzol test  for hairiness 

found it unreliable  for higher values of hai riness due to effects 

or uneven l i ghting. ( The appara tus has s ince  been red� igned ) 
In  a s tudy o f  fac tors l eadi ng to a parti cular benzol test  

percen tage va lue , he  plo tted the fre�uency dis tributions of 

fibre diame ters in the �- type Romney and ob tained mul timodal 

relationshi ps.  He also found a relationship between fibre and 

medulla diame ter but did  no t examine i t  in any great detail. 

Goo t ( 1 945 ) gave an account of variations in hairiness  in  

the N ew Zeal and Romney and discussed biological and genetic  

co ncepts.  He appears to confuse gene t i c and pheno typic 

correlations  between ' hairiness ' and fleece  we ight , and also 

suggests tha t an observed decrease of hairiness from three mon ths 

to a year of age ' fo l lows the law of constant growth ' .  

Rae  ( 1 952b )  repo rted negative gene t i c  correlations between 

count and s taple length ,  coun t  and fleece wei ght , and a l so a 
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pos i tive co rrelation between hai riness and fleece wei ght. 

The gene N in  the New Zealand Romney has been reported 

by Dry in  a s eri es  of no tes  ( 1 940a and b ,  1 941 ) .  The 

recessive gene n£ w i th s imi lar pheno type was reported by Dry 

( 1 944 ) and results showing tha t the dominant and recessive 

genes were no t allelic  were repo rted by Dry , Fraser a nd Wright 

( 1 947 ) • These were reports of work i n  progress  and a complete 

a c count of the breeding experiments and results ob tained has 

now been pub l ished ( Dry 1 955a ,b , c ) .  The interpre ta tion of 

O lbrycht ( 1 941 ) based o n  a sys tem of polygenic modifiers does  

no t appear to have been subs tantiated. 

Dry and Fraser ( 1 947 ) give a general summary of conclusions 

from work on �- type sheep , report ing horns as a ple i o tro pic 

effect  and also giving a metho d  o f  di s ti ngui shing pheno typi cally 

be tween homo zygous and he terozygous domi nant �- type lambs us ing 

the presence or  abs ence of a high densi ty of halo ha irs in  a 

small  region behind the shoulder. 

S chinckel ( 1 9 51 ) reports the possib le o ccurrence of a 

dominant gene c aus ing high halo hai r  densi ty in Merino sheep. 

Chapman , �ule and R i chards ( 1 9 54 )  give a revi ew of three cases 

reported of mosaics  in  Merino sheep. Thes e  took the form 

of a small  area of coarse fibres in  an o therw i se normal sheep. 

If these are co ns i dered to be the result of somatic  muta tion 

then they offer suppor ting evidence for a s ingle gene condi tion­

ing an abrupt change of fleece type in the Aus tra l i an Merino 

she ep. 

Fraser and Hamada ( 1 95 2 )  correlate bi r thcoat  fibre types 

wi th fo lli c le types and report a high correlation be tween 

PiS ra tio s  est ima ted by the two methods .  They sugges t  from 

the i nfo rms. tion avai lable tha t pis ra tios  are the same i n  all 
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breeds at  birth and ( rrom Fraser ' s  data ) that li- type lambs and 

ordinary Romney lambs have the same pis ratio at birth. I t  

should be no ted that the method used for calculating the 

average ratio give s  a b iased result unless equal numbers of 

primary fol l i cles were counted in all sheep. Also , in view of 

S chinckel ' s  ( 1 953)  results , effets of maternal age and birth 

rank should also be  allowed for before this hypo thesi s can b e  

confi rmed. 

I t  is suggested that the difference between ' coarse ' and 

' fine ' birthcoats in different breeds i s  due to the presence or 

absence of Dry ' s  pre-natal check and also to ano ther epigenetic  

system determining the length or the fibres.  The diffeRnce 

between longwool and shortwool sheep i s  attributed to this 

system and to a different amount of fibre substrate. 4 A third 

system affecting fleece type is  that controll ing the dens ity or 

secondary fo lli cles which is considerably higher in the Merino 

and associated bre eds. On the basis or these three  independent 

systems, a somewhat speculative theory or  evo lution or the main , 
sheep breeds is  suggested. 

, 
These ideas are developed by Fraser  ( 1 9 5 3�) into a general 

theory or fleece struc ture based on the rela �ive ' efficiency ' 

of a fo llicle.  which 1s  related to its time of initi ation. 

Avai lable  substrate i s  divided amongst the follicles according 

to thei r  ' efric iency ' ,  and ir the number of ro llicles of each 
va riiables ' effi c iency ' is  considered and also their  densi ty , four poss �Le �  

are obtained. 

By cons ideration  of these variables frequency distributions 

of ro lli cle ' effi c i enci es ' for difrerent fleece types are 

ob tained. These  appear to be closely related to those or fibre 

diameter , which is to be expec ted when the rela tion or ribre 



length and di ame ter 1 s  considered and also the relation of 

fo ll i cle  s i z e  to age o f  ini tiation ( Carter and Hardy 1 943;  

23 

Burns and Clarkson 1 949 ) An evo lutionary s cheme rather s imi lar 

to that of Fraser and Hamada ( 1 952 )  is sugges ted based on changes 

in  sub s trate , pis ra t i o s  and densi ties  of fo l l i cles.  

Fraser ( 1 95 2s )  used li-type lambs ' wool and related the 

shapes of fibre t i p s  i n  the fibre type array to the different 

rates of growth of the fibres. The rapi d  increase in rate 

of growth of body we i ght of lambs after birth i s  quo ted ( Winters 

and Feuffa l  1 937 ) and it is sugges ted tha t this is corre lated 

w i th an increas ed rate of fibre growth. He estima ted that a 

check in grow th of fib res  Tr� primary central  fo lli cles o ccurs 

at the time that the fibres from primary l ateral fo lli c l es enter 

the fleece and from thi s deduces the form of the si ckle fibre 

and the cause of the pre-na tal check; tha t i s , a check in 

grow th rate of the fibres due to compe ti t ion by new fo llicles  

s tarting to  produce woo l. 

Fraser ( 1 9 52b )  argued that the primary effe c t  of the gene 

li i s  to increase the effic iency of the first  formed fo l l i c les , 

i . e. the primary fo l l i c les.  By assuming s imi lar fo lli cle 

popula t ions and fleece weights for li- type and ordinary sheep , he 

demons tra ted from f ibre length measurements tha t the effic iency 

concept  i s  suff i c i en t  to explain the dif'f'erence b e tween li- type 

and ordinary fleece types . !n support  of thi s ,  the lowering 

of'  eff i c i ency of the late formed secondary fo llicles  in li- types 

to compensate for the increased effi c i e ncy in the remainder , i s  

shown b y  the observa t ion tha t hi s tero trich diameter i s  l e s s  in 

li- type than in o rdinary sheep. Von Bergen and Mausberger ( 1 948 ) 
and Lang( 1 947 ) are quo ted as having ob tained s imi lar resul ts 

wi th o ther breeds ; that i s , an increa se of diame ter in one 



gro up of fibres was compensated by a dec rease  in  the comple­

ruentary group. 

Fras e r  a n d  Sho rt ( 1 953 )  gave evidence of compe ti tion in 

terms of fo lli cle  diame ters , find ing a nega ti ve co rrela tion 

be tween the e iz e  of a fibre and the size end d i s tance of 

adjacent fibres.  Maximum d i s tances  for this interference 

effec t  are given for three sheep of d ifferent breeds . 

Sho rt also repo rted a nega t i ve correla tion between pis ratio 

and pr imary fo lli cle  s i z e  for sheep of two breeds. 

, , \ 

B. Body Growth and Carcass Qua l i ty 
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The b as i s  for a s c i en tific s tudy of the meat  carcs ss  of an 

animal has been laid by Hammond and co-wo rkers , s tarting wi th 

a s tudy by Hammond ( 1 932 ) of how the rela ti  ve deve lopment of the 

various p�rts and ti ssues of the sheep lead to the fina1 produc t 

of a good o r  poo r  qua l i ty carcass.  This  work , accompan ied 

by an extens ive review o f  the knowledge at  the time , laid down 

certain  genera l princ i ples  concern ing the time of maximum 

developmen t of parts of the carcas s  rela ti ve to the whole  and 

the consequen t rel a tionshi ps between them. 

McMeekan ( 1 940 ) us ing the pig ,  and Wallace ( 1 948 ) and 

Pal sso n  a nd Verges ( 1 95 2 )  using sheep , have examined the effec t  

o f  varying the plane o f  nutri tion o f  the animals  a t  the time 

of maximum re lat ive growth of cer tain par ts .  From hi s results 

McMeekan cla imed tha t the concept of allome tri c growth ( Huxley 

1 932 )  was only valid fo r a parti cular plane of nutri tion. He 

did no t however , analyse the data on  a logari thmi c s cale. 

Wallace , from hi s own da ta and from tha t of McMeekan , concluded 

that wi thin a given t i s sue , for example the skeleto n ,  the 
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rela t io ns h i p  b e tween a part and the rema i nder was t h e  s ame 

rega r d l e s s  o f  the nu tr i t io n a l  plane. Pal s s o n  and Verges 

fo und d i fferences in the regre s s ions of pa r t s  o f  the skele to n  

o n  the rema inder of the skel e to n , bu t a l s� u s ed a n  ari thm� t i ca l  

s c a l e .  The i r  ma i n  me thods o f  ana lys i s  o f  the effe c t  of the 
I 

tr' e e tment o n  the d i ff e ren t parts of the bo dy make us e o f  a rs. t io  

o f  the high plane we i ght to the 10Vl plane w e i ght , whi ch ratio 

is  then expr e s s e d  as a percen tage o f  a s imi lar r a t io for a 

' s  t. a n d a r d  par t ' .  Thi s ' s tandard pa rt ' i s  one shown to b e  

unaffec ted b y  the tre a tment. Thi s  type of a n a lys i s  i s  diffi cu l t  

to i n terpre t in  b i o lo g i c a l  t e rms . 

Wha tever the f i n a l  b io lo gi c a l  expla n a t. i o n  of the s e  results , 

i t  i s  c l ear tha t i n  an experiment to de termine d i ffe renc e s  i n  

c a r ca s s  qua l i ty be tw e en two gro ups o f  lambs , growth mus t  b e  a 

pr i mary cons i dera t ion.  I f  one group o f  l ambs rea che s s laughter 

w e i gh t  before ano the r then d i ffe r e n c e s  may be expe c ted and the 

mer e  demons tra t i on o f  such d ifferences i s  of ve ry l i ttle use in 

the solution o f  the problem. 

We i ght gains are no t i n  themse lves suffi c i ent fo r thi s 

purpo s e , partly be cause of errors i nvo lve d in we i ghing an imals 

unde r  f i e ld condi t i o n s  ( Walker and McMeekan 1 944 ) .  The s e , 

howeve r , c e n  be mi nimised , but a large thin a n i mal can have 

the s ame w e i ght as a sma ll f a t  one and thi s type of d ifferen c e  

w i l l no t b e  ref l e c t e d  i n  the data. The use o f  o ther bod� 

measuremen ts i s  the refore des i reble. � Such me a p urement s should 

mee t  c e r t a i n  r e qu i r emen ts ; they shou ld be suff i c i ently ac cura te 

to de te c t  d ifferenc e s  b e tween she ep in rela t io n  to the e rrors 

invo lved and aleo , if differences a re fo und they mus t  b e  capabl e  

of i n terpre t a t i o n  e i ther b i o lo g i ca lly or i n  terms of pr ed i c tion. 

The rema inder o f  t hi s  revi ew w i l l  therefore deal wi th l ive 
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ani ma l  mea s urements and the i r  mean i ngs , me tho ds of a s s e s sment 

of carcaas qua l i ty , and geners l aspec ts o f  grow th and i ts 

mea sur eme n t • 

.A I  though l i ve an imal me as uremen ts have been very extene,i  ve ly 

used there have b e en few sys tema t i c  s tud i e s  of the erro rs invo lved .  

no r have there alw ays b een e s t ima te s o f  the erro rs f o r  the 

pa rt i cul ar cond i ti on s  under whi ch the measurements were f i na l ly 

taken fo r exper i men tal purpo s e s .  One o f  the mo re comprehens ive 

s tud i e s  u s i n g  sheep was tha t of Ph i l l i ps and S to ehr ( 1 945 ) who 

comp ared d i r e c t  measureme n t  wi th a pho to gra ph i c  techn i que. 

They found the fo rmer the more acc ura te and of the mea suremen ts 

ta ken, ' he i ght at w i the rs ' was the mos t accura te whi le w i dth of 

shoulder , l ength , de p th of che s t , hear t  g i r th and var ious 

o ther me a sureme nts w e r e  o f  ' suff i c i ent a c cure cy ' . They 

u s e d  f re shly shorn sh e ep and. the s tand a rd erro rs and co effi c­

i en ts of vari a ti o n  are g i ve n  fo r a l l  the measuremen ts tr i ed. 

In  con tras t ,  wi th ca t tle , Smi th , Hobbs , Warw i c k and Whi take r  

( 1 950 )  found a pho tographic techn i que s l i ghtly b e t ter than d i re c t 

measureme nt.  They g i ve the re pe a tab i l i ty fo r var i o us mea sure-

men t s .  

Lamont ( 1 934 )  c ar r i e d  o u t  a large number o f  measurements 

on shorn sheep to d e t e rm i n e  the co rre l a t i o ns between them. 

Wher e  re p e a ted me asurements we re t aken he g i v e s  the average error 

as  be ing a bou t 4%. Rae ( 1 946 ) a lso measured shorn sheep and 

an alyse d  the erro r s  i n  some de ta i l  and con clude s tha t h e i ght 

a t  w i thers w a s  the mo s t  a ccura te of tho s e  mea s ureme n t s  tried . 

He a l so corr e l a te d  the l i ve a n i rr a l  mea suremen ts w i th certain 

c a rc a s s  mea su reme n ts and found tha t  he ight a t  w i thers was l ikely 

to be of the mo s t  us e , be i n g  correlated w i th the l en g ths of the 

cannon bone and ra di us ul na. The r e  w a s  also a nega t i ve corre la ti o n 
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betwe en thi s mea surement and po ints awarded the ca rcass  on 

the Cambridge Blo�k Tes t ( rucMeekan 1 939b )J but the erro rs o r  

es tima te rrom the regressio n  equa tions w ere too high ro r  pra.c t­

ica l use. 

Bonsma ( 1 939 )  made extensive use of l i ve animal measuremen ts 

for s tudying the grow th of various s he ep breed cro s s e s  for 

producing fa t lamb s .  The i r  mean i ngs are d i scussed and are 

expre s s ed in  terms of meo su remen ts o f  the carcas s .  Be concludes 

tha t heart  girth i s  ' essenti ally an index of cons t i tutional 

development ' but tha t hei ght a t  w i thers conveys l i ttle inform­

ation apart from compa rative size .  Many of the mea surements 

taken a ppear only to s erve the purpo se  of confirming resul ts 

already  obtai ned. Be also con cludes tha t there i s  an erfect 

of plane o f  nutri tion o n  skeletal  dimens ions but thi s is of 

doub tful val i di ty because of the wide vari a tion due to  the 

many breeds and cro sses  used. 

Hi tzman and Davenport  ( 1 9 20 )  used live an imal measur'emeIl"ts 

for a gene tical  inve s t i ga tion B.nd co nclude tha t the pro portions 

of the head are a dominant chara c te r i s tic .  Thi s was  fo l lowed 

by further work on the Southdown and Ramboui llet breeds by 

Ri tzman ( 1 923)  who d i s cus ses  bo dy measurements in  rela t10b to 

the anatomy of the carcass.  He ana lyses the heart  girth 

measuremen t in  rel a t ion to a cross  sec tion of the carc ass at  

the po int where thi s  mea surement i s  taken and from hi s analy s i s  

dec ides tha t the thi ckness o f  f l e sh and broadne ss  o f  the back 

are not determined by the ' spring of r ib ' but by the length or 

the spinous pro ce s s  and the length o r  co s ta l  ca r ti l age relat ive 

to the length of  the rib. Various o ther conc lus ions are 

drawn , i t  be ing emrha s is ed tha t externa l measurements should b e  
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b&sed o n  defin i te skeletal uni ts .  

Von Bore tal ( 1 952 ) found tha t the sharpne ss of wi thers in  

the Chevio t ewe was  as so c i e ted w i th heavier fleshing on the 

shoulder. I t  was the result  of longer tho ra c i c  spinous pro-

oesses and the apparently poo r  confo rma tion of the l ive sheep 

in the shoulder r e g i o n  was no t refl e c ted in  the carcass.  

lviore work has been clone on the measurement of cattle 

than of sheep  but the two are suffi c i ently s imi lar to make 

the f'ormer resul ts wor th cor,sideri:ng. Moul ton , Trowbridge 

and Hai gh ( 1 921 ) f'ound tha t a low plane of nutri tion from bi rth 

affe c ted hear t girth measurements in  the ad u l t  s teer , but did no t 

affec t  tho se measurements concerned w i th the length of skeletal 

par ts . 

Brody ( 1 945 )  di s cusses mea surements on  cattle and conclude s  
• 

tha t hei ght a t  wi thers i s  li ttle affe c ted by plane of nutri t ion 

or' environment and is therefore the best es tima te of gene tiC  

size  of e n  animal.  

Bl ack �Knapp and Cook ( 1 938 ) found tha t the ratio  of weight 

to hei ght at  wi thers  gave the best  e s t imate of ' performance '  

in  beef cattle , and also tha t 50% of the increase i n  the 

heitght a t  wi thers too k  place pre-natally. 

Pontecorvo ( 1 939 ) using Chl ani na cows , f ound s imple  allo-

me try b e tween hei ght at wi thers and l ength of trunk. Usi ng 

da t�on  o ther breeds , he found a S imi lar value for the grow th 

cc nstant fo r s ix differe nt breeds ; as Huxley ( 1 932 ) had 

po inted out  that the value of the growth cons tant for grazing 

mammals mus t  be grea ter before ths.n after b i rth to account f'or 

the long l imbs , it is sugges ted tha t differences in co nfor� 

a tion could arise  throtigh the timing of the change of this 

growth cons tant value. He cons ide rs that he ight at w i thers 



i s  a suff i c i en tly r e l i able measure o f  the grow th o f  fo re l imb 

length in c a ttle , quo ting a paper of Enge lers ( 1 9 35 ) to show 

tha t  the two pr inc i pal angles in the l i mb do no t change very 

muc h  wi th age . 
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Kidwe l l , Gregory and Gui lbert ( 1 9 5 2 ) us ing He reford c a ttle , 

took meas ur ements a t  i n te rvals o f  four mon ths s tar ting a t  

b i r th. Us ing he a r t  g i r th a s  a s tandard , they c al cula ted 

a l lo me tr i c  e quations fo r various o ther mea s Ul'emen ts and us i ng 

the half- s ib !ne tho d ,  c a l culated the he r i tab i l i ty o f  the . growth 
a , 

cons tants. They conc luded tha t in the e qua tion Y=bX ( wher'e 

X is the hea r t  g i r th ,  Y the measureme n t  unde r co ns i de ra t i o n  

and a and b a r e  cons tan ts ) b and a canno t be mod i f i e d  by 

s e l e c tion but tha t the ' a-b complex ' can be so mo d i f i ed. 

An approach tha t might w e l l  be re peated for carc a s s  

measur eme n ts and l ive sheep me asureme n ts , i s  tha t  of Tanner 

and Bur t ( 1 954 ) who sho wed by the use of fac to r  analys i s  that 

many o f  the measurements be ing widely used on cattle are 

contai ned in a few s i mpl e  measurements , he ight at w i the rs 

be i ng o ne o f  the mo s t  impo r tant from thi s po int o f  vi ew. As 

well as c o ns ide rable s aving of l abour in the futUre the re a r e  

also b io lo gi c a l  conc lus ions to b e  drawn from thi s type o f  

appro a ch. 

Wo rk on c a r c a s s  qua l i ty has ma inly come from the origi n a l  

w o rk o f  Hamnond ( 1 9 3 2 )  and ha s b e e n  deve loped b y  Hirzel ( 1 9 36 ) 

and Pals Bon ( 1 939 )  fo r sheep and McMeeka n  ( 1 9 3� fo r pi g s . The 

carcas s can be a s s e s s ed by c e r ta i n  s tandard me asu rements and 

i ts compo s i tion e s tima ted by me ans o f  t he d i s se c ti o n  o f  s ample 

jo i n ts .  From the me as uremen t s , i n  pa r ti cular tho se o f  the 

canno n bone , i ndi c e s  o f  qua l i  ty can b e  c al culated. Howeve r ,  

Walker a nd McMee k an ( 1 944 ) d i s agre e w i th some o f  Pal s so n ' s  

( 1 9 39 ) results o n  s u i tab l e  i nd i c e s .  McMe ekan ( 1 9 39b ) sugge s ts 

a pO i n ts s ys tem known a s  the C amb r i dge B lo ck Tes t for large 
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s c ale carca s s  a s s e s sment. Thi s  is based o n  maasuremen t and 

eye j udgeme n t  and i ts use i s  i llus trated i n  tha wo rk of Clarke , 

Bar ton and W i l so n  ( 1 953) . The var io us techn i ques avai lab l e  

i n  mea t  produc tion s tudi es are sumnari sed by McMeekan ( 1 942 ) .  

The work o f  Huxley ( 1 932 ) and D t Arcy Thompso n ( 1 942 )  i s  

too well known to r e <luire discus s i o n  here and me tho ds used to 

measure growth w i l l  be d i s cussed later in j us t i f i c a tion o f  the 

me tho d  of analys i s  used i n  the firs t par t  of thi s  the s i s .  The 

Inany diffi cul ti es and pi tfa l l s  have b e en d i s cussed and me thods 

of' o vercoming them sugge s ted in a recent sympo s i um of the 

Royal So c i e ty led by Zuckerman ( 1 950 ) .  Thi s sympo s i um and 

the revi ews of Bro dy ( 1 945 ) cover mo s t  of the impor tant ma thema t-
• 

i c a l  aspec ts of the huge amo unt of l i terature o n  gro w th whi ch 

i t  i s  outside the s cope o f  thi s  the s i s  to summa r i s e .  Biological 

a spec ts wi l l  a l so b e  di scussed in the text where they are 

re l evant , and two <luo tations on thi s a s pe c t  wi ll complete thi s  

revi ew. The f i r s t  ( J . Z . Young 1 950 ) i s  from the sympo s i um 

men ti o ned abo ve : 

' Neve r the l es s , today ,  a l though we s pend much time o n  
the ma thema t i c s  o f  "fo rm" there are few who fee l the 
urgency of the need to l i nk the form w i th i ts b i o chemi c a l  
de termi nants.  ' 

The s e cond i s  from Paul W e i s s  ( 1 949 ) : 

' A t  any rate , a purely formal trea tmen t of growth , as  
is  o f ten attempted thro ugh the i n terpre ta tion of gro wth 
curves , i s  only a valuab l e  guide to and supplement o f ,  but 
never a s ub s t i tu te fo r ,  a pre c i s e  ana lys i s  of the d i fferent 
fo rms in which growth mani fe s ts i t s e lf. ' 



I I I . THE CO MPARI SON OF THE GROWTH AND CARCASS OF 
N-TYPE AND ORDINARY LAMBS 

A .  Prelimi nary T r i a l s  on Live An ima l  Measurements 

Before the grow th o f  the lambs was s tudi ed , a preliminary 

inve s tigation w a s  ca rried  out to de termine the accuracy of 

certain  body measurements on the l ive an imal.  I n  addi tion 

i t  was necessary to f i nd i f  there �ere any diffic ul t i es whi ch 

might prevent the i r  use under f i e ld conditions. It should 

be no ted tha t the effect  o f  the use of a measurement o f  low 

accuracy i s  a fai lure to detect a r e a l  difference that exis t s  

between sheep o r  groups o f  sheep. Large differences may b e  

de tec ted ) however inaccura te the measuremen t and therefore the 

s i z e  o f  the d i fference  likely to b e  present should b e  cons idered 

as well as the s iz e  of the erro rs of measurement. 

Eleven sho rn. �- type lambs aged s even months were used for 

a trial group of  mea surements.  The measurements f i n a lly 

s elected for use in the f i e ld were also tes ted by repeating 

them on  a few lambs during the experiment. All mea surements 

o f  the experimental animals were taken by the author so i t  

was  hi e accuracy tha t was o f  impor tance. Differences between 

observers , where t aken , were for compar i son w i th the results o f  

o ther wo rke rs.  

Various measurements were re j ec ted as unrel i able  o r  imprac-

ticab l�or f i e ld condi tions and only tho s e  finally used are 

dis cussed here. Fur ther results on the accuracy ob tained 

from lamb s  under the cond i t ions of the experime n t  are also 

included. 



Table  1 .  

Analys is  or Var iance of the Heigh t  

Source d. f. 

Sheep 1 0  

Observers 1 

R epeats 1 

Sheep - Obs .  1 0  

Sheep - Rep. 1 0  

R ep. - Obs.  1 

Erro r 1 0  

v = Var ian c e  component symbo l 
d. r. = Degrees of freedom 
S tandard devi at ion 1 . 1 3  ems. 

Mean Square V 

1 2. 58 S 

9 . 38 0 

6 . 35 R 

1 . 33 F' 

0. 95 G 

1 . 79 A 
1 . 28 E 

a t  Wi thers 

Expected % 
Mean Squares Component Component 

E +2F +2G +4S 2. 90 60. 0 

E +1 1 A  +20: +220 0. 36 7. 5 

E +1 1 A +2G +2 2R 0. 2 2  4. 6 

E +2F 0 . 0 2  0 . 5 

E +2G -0. 1 7  

E +1 1 A  0. 05  1 . 0 

E 1 . 28 26. 5 
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1 .  The height at  wi thers. 

Thi s measurement was taken wi th special calipers des igned 

by Rae ( 1 946 ) fo r the wo rk already described. The bo ttom bar 

of the ins trument rests  on  the ground and the top bar is then 

brought down to res t  o n  the back of the sheep , jus t  behind the 

line  o f  the fore legs. The top bar is then clamped and the 

dis tance between the bases of the two bars measured wi th a 

metre rule.  

The accuracy of a s imilar ins trument had already been 

analysed by Rae ( 1 946 ) but a furth�r trial was carried out. 

The sheep were taken in random order and two observers measured 

each sheep twi c e. As the differences between sheep as well  as 

the errors of measurement are of interes t ,  the analysi s  of 

variance was divided into� ts components ( Fisher 1 948 ) .  This 

analys i s  1 s  shown in Table 1 wi th the method of arriving at  

the components. The s tandard erro rs of  these  components 

have no t been calculated but i t  should be remembered that they 

are estimates and are therefore liable to error. 

From Table  1 the coeffic ient of variation calcula ted from 

the error term i s  2. 04% and although rather a high proportion of  
. . 

the variance i s  attrl butable  to error , there 1 s  no interaction 

and only a small percentage of variance is due to repeated 

measurements. When cons idered w i th o ther workers ' results , i t  

was dec ided to use thi s  measurement. That this was justified 

i s  shown by results obtained in the fi eld , a repeatabil i ty 

trial  be ing carried out on  ten lamb s  at the end o f  a day ' s  

measuring when unusual care would no t be  taken. The lambs  

were taken in  random order for the second measurements after 

be ing measured normally with the remainder of the lambs.  In  

this f ield trial  81% of the variance was at tributable to 
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d ifferences b e tween l ambs and only 1 . 6% to the repeated 

measuremen ts. The s tandard deviation was 1 . 05 cms. 

2.  The depth of tho rax. 

Fo r thi s measurement the he ight at  w i thers ins trument was 

use d ,  the measurement being taken direc tly behind the fo re-

legs , the ins trument be i ng held  vertical  and the bars being 

a gainst  the upper and lower s urfaces of the chest. An 

ini ti al a ttempt us ing large cal ipers wa s found to be unsatis-

fac to ry when analysed by the method shown i n  Table 1 .  However 

the me tho d  wi th the hei ght at  wi thers ins trument showed 81 % 

of  the vari anc e  attributable  to sheep  and 1 5% to repeated 

measurements. Thi s  l a tter high figure was no t found in trials 

under the f ie ld condi t io ns described above , when 88% of the 

variance was ascribed to differences  amo ngst lambs and the 

component due to repeated measurements was negligible .  The 

s tandard dev i a t ion i n  thi s last  tri a l  was  4. 0 mms. 

3. ConcluS ions. 

Al tho ugh me thods of measurement were a l so developed for 

heart g i r th and head s i z e , i t  was later found that they did no t 

add suff i c i ent info r.ma tion to jus t i fy their  use. There were 

some d ifficulties  (Whi Ch were e ventually o ve rcome)With heart 

girth b e cause of the length of the fleece. However results 

presented w i th the data co llec ted a t  b i r th indicate  that 

l i t tl e  addi tional info rmation would have been added by i ts use. 

Under the field  cond i t ions of the experiment only a few 

measurements  could b e  taken w i th speed and suff i c i ent accuracy 

and the hei ght at wi thers and depth of che s t  fulfi lled these  

re�uirements.  The in terpre ta tion of  thes e  has b e en di scus sed 

in the review of  l i terature. 



B. The Plan for the 1 95 2 Experiment. 

1 .  General. 

Thi s f i rst year ' s  experiment was es sen tially a survey of 

po s s ib le differenc es  b e tween li- type and ordi nary sheep  with 
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the ma in emphas i s  o n  the growth of the l ambs.  The lambs 

ava i lab le fO I' s tudy c ame from matings alre ady dec i ded upon  and 

techn i ques had to be adjusted to fi t in  as far as  po s s ible wi th 

no rmal farming rou tine. Thi s was the result  o f  the experiment 

b e ing s tarte d  at short  no t i c e  and the nece s s i ty for the sheep  

to b e  run on  a pri va te farm. The sheep described in sec tions 

IV  and V were also from the mat ings to b e  des cribed , the ewe 

hogge ts b e ing kept after the finish of the experiment on  lamb 

growth i n  January. The carcasses described were from ramllamb s 

s laughtered a t  thi s  time.  

2. The ma tings .  

Thes e  were in tended for some o ther genet ical  rese arch and 

fo r the ma intenance of the N- type s tocks ,  as well  a s' for the 

growth experiment. · I t  was deci ded to use all  the sheep 

ava i lab l e , howeve r ,  as  the maximum number was required at 

this survey s tage. The ava i lab l e  ewes are c lass ified by geno­

type in  Tab l e  2. I n  addi tio n ,  homozygous N- type rams were 

ava i l ab le , but only two he terozygous rams , one of whi ch was 

anoma lous in  tha t i t  was of the homo zygous ( NN ) pheno type , 

but known from breeding resul ts to be li+ 

I t  i s  po ssib l e  from the se  ava i lable sheep to plan ma t i ngs 

to compare lambs of different geno types and also allow for 

po s s ible  effe cts of the dams ' geno type , while  at  the s ame time 

ensuring that there w i l l  be suffi ci ent l ambs in each sub-c lass  



Ma ting number 

Ram geno type 

Ewe geno ty pe 

Lambs NN 

N+ 

++ 

No tes : 

Table 2 

Ewes Available for All Exper iments 

Geno type NN N+ ++ 

34 43 76 

Table  3 

Me tings and the Numbers o f  Lamb s  Expec ted 

I I I  

NN ( 1  ) NN ( 1  ) 

34NN 1 8N+ 

34 9 

9 

I I I  

N+ ( 1 ) 

25N+ 

6 

1 2  

6 

IV V 

N+( 1 ) N+ ( 2 ) 

26++ 5 0++ 

1 3  25 

1 3  25 

The same ram i s  used in groups I & I I  and groups I I I  & IV. 
The N+( 2 )  rem i s  the one o f  homo zygous pheno type. 
The ewes in groups II & I I I  differed in  tha t  the la tter 

group were derived from ordinary ewes and the former 
from N- type ewes .  

The ewes in  groups I V  & V wwre f rom o n e  group divided 
at random. 

The number of lBmbs  i s  calculated on the aSflump tion of 
1 00% lamb ing. 



for analys i s. Such a mat ing scheme would no t have allowed 

for the o ther purpo ses for whi ch the matings were primari ly 

intended , and the actual ma tings are shown in Table 3. 
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I t  can b e  seen tha t the lambs are c la s s i f i e d  in two ways , 

by thei r  own geno type and by the ma ting from whi c h  they came. 

The ten po s s ible s ub-groups of lambs w i l l  therefore be referred 

to as  the geno type-mating groups throughout thi s  the s i s .  The 

scheme shown in Tab le 3 enables some of the comparisons described 

above to b e  made , but ma ting I I I  in part i cular had sub-class 

numbers , whi ch when  sex and birth rank are allowed fOr'.I , were 

l i able to be of l i ttle use.  It was clear that the analys is  

of such a plan' w a s  l i ab le to  be somewhat compl i ca ted and i t  

was decided  to analyse wei ghts and measurements  at  given 

pO ints  in time rather than attempt analysi s  o f  a ctual growth 

curves. The prac tical  planning of the taking of weights and 

measurements  wa s therefore based on thi s approach; that i s , 

i f  a differenc e o c curs , then at  what po int  in  time c an this 

differenc e be  es tabli shed as a rea l  effec t. 

3. Prac t i cal  detai ls and husbandry. 

The farm on which the sheep were run was an flat , undrained 

country in the Menawatu d i st r i c t  and was normally used for the 

b reeding and ra i s ing  o f  fa t lambs .  The �- type ewes arri ved 

on M arch 1 9 and were in generally poo r  cond i t i on .  

The o rd ins ry ( ++ )  ewes were cast-for-age hill country 

an imals in good  condi tion. The i r  previous hi s tory was 

unknown in  de ta i l ,  but they could be  cons idered a sample o f  

the New Z ealand Romney ew e norma lly used for fat l amb pro­

duc t ion. 

Tab le 4 shows the d i s tr ib u t i o n  of ages by mating groups ;  

the ages of the ord inary an imals were estimated from thei r  



Table 4 

Numbers of  Ewe s  i n  Each Age Group 

Ma ting group I I I  I I I  IV V 

Age 

Over  6 years 3 n i l  n i l  1 8  32 

6 yrs . 5 5 1 3 2 

5 yrs . 4 1 1 4  3 6 

4 yrs .  9 4 7 n i l 5 

7, yrs .  1 3  8 3 2 5 J 

To tals 34 1 8  25 26 50 

Tabl e  5 

Mean Wei ghts of Ewe Groups during  P r e gna ncy 

Mob number I I I  I I I  

Ewe group I I I  I I I  IV V 

May 1 9  1 1 7  1 1 6  1 36 1 42 1 41 

June 1 9  1 1 6  1 1 5 · 1 48 1 53 1 49 

July 1 5 1 32 1 29� 1 49 1 54 1 44 

Difference +1 4. 6 +1 2. 3 +1 3. 0  +1 2. 7 +2. 8 
May - July 
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teeth and are therefore only �pproximate , whi le tho s e  of the 

�- types were ava i lab l e  from the records. 

I t  is c lear from Table 4 that the !'i- types had cons ide rably 

more young anima ls i n  the mating groups ( I , l l and I I I ) and 

that therefo re the age of ewe should be cons i dered if lamb ing 

perc en tages are to be compared. 

On arrival at the farm , the ms ting groups were made up , 

the ewes for groups IV and V being allo t ted a t  random from 

the 76 o rd i na ry ewe s  avai lable.  The ewe s  were then run wi th 

the appro pr i a te rams whi ch had been reddled so a s  to mark these 

ewe s  served. 

The rams were taken out on May 1 9  and the ewes weighed and 

re turned to the same pad docks. The weighing was repeated on 

June 1 9  when cons i derable paddock difference s  were apparent ; 

thi s was coun terb alanced by rearranging the ewes amongs t the 

paddocks . They were we i ghed aga in on July 1 5  and a�l  ewes  

a l lo t ted a t  random to one  of ' the three paddocks , so that 

nutri tiona,l effects  ove r  the s ix weeks prior to lamb i ng can be  
-

a consi dered as  random effec ts B Brt from thos e  effec ts carr i ed 

o ver from the previous poor condi tion of the !'i- type ewes.  

Wallace  ( 1 948 ) concluded the t this las t  perio d was the m08t 

impor tant in  d etermining the effec t  of' the ewe's nu tri tion 

on  the l amb ' s birth weight a n d  subsequen t growth. The rendom-

- i eation was b a s e d  on the tab l es of Fi Eher and Yates  ( 1 949 ) .  No 

weights could be taken after thi s perio d  due to the wet co ndi tion 

of the paddo cks and yards . Tho�e of the last weighing ( July 

1 5 ) were therefore used for any correc tion purpo ses .  The 

weights on  these  three dates are given i n  fable 5 .  

The, i n i  t ial  differences could b e  due to a number o f  

c auses which will  no t be  cons i dered further. Overall weight 
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gains were ve ry s imi lar for the two months from May to July 

exc e p t  for Group V ,  but there were con s i derab le d i fferences i n  

the abs o lu te mean we i ght when the ewes were randomi s ed. The 

po s s ib l e  effe c ts of thi s  a re cons i dered i n  the interpre tation 

of the resul ts.  

Duri n g  the last two months of pregnancy (July and Augus t ) 
the wea ther and paddo cks were very we t ,  but from September to 

early Dec ember , when the w e a ther i s  l ike ly to affect lamb 

growth , i t  was generally f ine and feed was plen t i ful. 

The f i rs t lamb was born on Augus t 1 1  and the pro cedure 

dur ing lamb ing was as fo llows : a round was mad e  every day by 

the author and an a s s i s tant and all new lambs were e ar- tagged , 

wei ghed , and the hei ght a t  w i thers and depth of ches t and 

heart gi rth measuredf the lamb was then c lassifi ed for halo 

hairs according to the sye tern of Dry ( 1 955f and the ewe was , .  

caught , i ts ear tag read and the udder che cked for mi lk. 

The po s s ib i l i ty of ewes exchangtng lamb s  was cons i dered and 

the lambs concerned in the one probable case were rejec ted 

from the experiment. An addi t i o nal check on parentage 

o ccurred in the no rmal l amb ing rounds of the farmer. The 

l a s t  lamb used fo r the grow th exper iment was born on O c tober 2 

a nd there was thus a cons i derable spread o f  l ambs ' ages.  Caus e s  

o f  de a th u p  to three weeks of a g e  were e s tima ted i n  the f i eld 

o r  by ve terinary examina tion but no thing unusual o r  cons i s tent 

was fo und. 

W e i ghts and measurements were taken every three we eks from 

the b i rth of the f i rs t lamb ,  only those lambs over a week o ld 

b e i n g  cons i dered. A spring balance and t r i po d  was used i n  

the yards unti l the lambs w e r e  large eno ugh t o  make the use 

of a w e i ghing cra te pra c t ic ab l e .  The effec t  of the lamb s  



b e i n g  away from the mo the r s  for d i ff e ren t pe r i o d s  i s  as sumed 

to b e  r andom amongs t a ll groups . A fter the i n i t i a l  s ta ge s  

we i ghts and measureme n t s  were taken a t  longer i n te rvals end 
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a t ime tab le of al l even ts is s e t  o u t  b e low. I t  w a s  no t po s s ible 

to take l amb we i ghts at  s he c.:. r i n g  or wi thin B. few d ays o w i ng to 

d i ffi cul t i e s  a s so c i a te d  w i th the we t wea ther a t  the time. The 

body weights us e d  to co rre c t  fleece we i ghts ere  d i s cus sed i n  the 

rel evan t sec tion. A t  the end o f  l amb i n g  the an ima l s  were 

ran domi s e d  o v er the thr e e paddo cks b y  the s i mp l e  e xped i ent of 

l eaving the ga t e s  b e tween them o pen so tha t e ffe c t i ve l y  they 

were i n  one pa ddo ck. 

D a t e  

Ma r. 1 9 , 1 9 5 2  

Ma.r . 2 1  

May 1 9  

June 1 9  

Ju ly 1 5  

Aug . 1 1  

Sept. 3 

Sept . 24 

O c t . 1 5  

No v. 5 

Dec. 8 

De c . 30 , 31 

Jan. 2 1 , 1 9 5 3  

TI METABLE 

Event 

Arr i v a l  of �- ty pe ew e s  

R ams j o ined w i th ewe s  

Rams remo ved , ewe s we i ghed 

Ewe s  wei ghed. 

Ew e s  we i ghe d and randomi sed  

S ta r t  o f  l amb i ng 

Al l l amb s o ve r  week o l d  wei ghed and measured 

W e i gh i n g  

LBmb s weighed a nd measured 

Lambs weighed and measured 

Lambs wei ghed and measur ed 

Ewes  al)d lambs sho rn. G r e a s y  f l e e c e  we i ghts taken 

Horns measured. Fleeces  graded on }- po i nt s c a l e .  

Lamb s we i ghed and measured and. ma rked fo r 

dr af t ing. 
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Reduc tions on : -

Table 6 

The Coverage Gradings 

W i thers Shoulder 

None None 

None None 

None S l i ght 

None Reduc tion 

S l i ght tI 

Medium tI 

Sho ulder 
Patch 

None 

Slight 

Medium 

continuous 

" 

" 

Grade 

0 

1 

2 
3 

4 

5 

Large continuous reduc tion 6 

!i-grade res tr i c ted to the back 7 

Grade VI 8 

No te : Grade VI i s  i n cluded as animals of this grade 
are fre quent ly found to be N+ 
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c. Results rrom Gradings a t  Birth 

1 .  The grading  sys tem. 

The sys tem or grading lambs ror the abund ance  or halo­

hairs  on the back ha s been rully described by Dry ( 1 955 a 

and b ) .  I n  the r i r s t  o r  the s e  papers the grades I - VI 

are i llus tra ted , these  being the grades that were ori ginally 

round i n  the o rdinary Romney lamb .  The maximum grad e i a  

called �-grade whi ch appears as  a comple te mat or ha lo-hairs  

and lambs showi ng thi s grade can be  cons idered to  be  homo zygous 

or  he tero zygous ro r the �-g!ene. 
A s econd sys tem o� grad i ng was also use d  ( Dry 1 955b ) 

whi ch makes use or  vari a tions in  the area over the bo dy of 

the lamb whi ch i s  covered wi  th ha lo-ha. irs  o f  �-grade 

abundance. The grading sys tem whi ch i s  based on that or 

Dry ( 1 955b ) is s hown in Tab le 6. 

The homozygous �- type lamb i nvariably ha s �-grade 

abundance of  halo-ha irs  o ver i ts entire rleece-bearing area 

( Dry Bnd Fras er 1 947 ) whi le the he terozygo te has a reduc tion 

rrom thi s abundance in  a region  behi nd the s houlder ( the 

shoulder patch ) which  may extend over the shoulder and 

w i  thers.  Except ions to  this such as the N+ ram wi th no 

shoulder pa tch used i n  ma ting V are fully d i s cussed by 

Dry ( 1 955b ) Thi s gradi ng sys tem 1 s  therefore one o f  

reduc tions rr onl the comple te coverage of  halo-ha irs of the 

NN pheno type and i t  i s  known as the coverage gradi ng 

� tephenson 1 956 ) 

2. Results.  

( i ) Gene t i c  difrerences. 

Table  7 shows all  the lambs bo rn , dead o r  a l i ve , divide d  



Table 7 

Number of Lambs Born 

Group I II III  IV V 

Ewes 30 NN* 1 8 N+ 25 N+ 26 ++ 50 + +  

Sex cr 
' � cf' � 0' � rl � 6' � 

Lambs ' NN 1 7  1 3  4 3 1 4 

Pheno- N+ 1 7 3 5 6 7 1 2  1 6  20 

type ++ 1 5 5 1 1  1 6  1 9  

To tals 31 1 7  22 35 71 

Deaths 7 4 4 3 3 

Live lambs 93 72 80 1 23 1 36 
a s  % of ewes 

* 4 ewe's were removed dur i ng pregnancy for o ther experimen tal purpo ses . 

The lamb of he tero zygous pheno type i nc luded i n  Group I was a t  fir s t  
thought to be anomalous but a check o n  the reco rds i nd i c a ted 
po s s ible doubt as to the ewe parent ' s  geno type .  

To tal 

1 49 

42 

77 

57 

1 76 

21 

1 08 
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a c co rdi n g to the i r  geno type* and the ma t i ng group of the 

ewe paren t .  The d e a ths u p  t o  thr e e  w e e ks o f  a g e  i n c l ud e  

tho s e  lamb s bo rn de ad. 

Reasons fo r expe c t i n g  some d i fferen c e  i n  the l amb i n g  

per cen t a g e  have a l re ady b e en g i ven , b u t  the marked co n t r as t 

between li- type end -o rd i na ry e w e s  i n d i c a ted the n e e d  fo r 

fu r ther i n ve s t i ga t io n  b e fore the �- type anim a l s  c o u ld b e  

c o n s i de r e d  fo r e c o nomi c  pur po s e s .  

The re w e r e  no co ns i s t en t c a u s e s  o f  lamb dea ths , but 

i f  a l l  causes a r e  included , the n  the d e a th ra te a s  a 

per" c e n ta ge o f  a l l  lamb s born was 1 5% fo r !i- type l e.mb s and 

5% fo r o rd i nary l a mb s '-

The n umb e r s  o f  l amb s of the va r i o us geno types expec ted 

in each ma t ing o n  a hypo the s i s  of a s in g l e  dom i ns n t  gene 

c a n  b e  e s t ima ted fro m  Tab l e 7. I n  gro u p II 8. 5 l amb s o f  e a ch 

geno type w o u ld b e  expe c ted and i n  Gr oup I II 5. 5 o f  e a ch o f  

the homo zygo t e s  and 1 1 . 0  o f  the he t e r o z ygo te s .  I t  i s  c l e a r  

from the t ab l e  w i tho u t fur the r t e s t i ng tha t the re 1s no 

s i gn i f i c a n t  de vi a t i o n from the s e  e x p e c t e d  numb e rs . The 

rema i n i ng ma t i ng s  s ho u l d g i ve e qua l numb ers o f  he t e ro zygo us 

!i- type l amb s and o r d i nary l amb s .  Tab l e  8 sho w s  the s e  r e sul ts 

:;'I S o me l amb s i n  ma t in g  gro up V w e r e  of NN phe no type 
b u t  they mu s t  have b e e n  he t e r o zygo t e sfrom such 
a ma t i ng .  Thes e  ha ve b e en re ga rde d a s  h e te r o ­
z ygo t e s  o f  cove r a g e  g r a d e  0 throu gho ut thi s the s i s .  
The gene t i c  prob l em 1 s  discussed  e l s ewhere ( Dry 1 955b ) 



1 952  

No te : 

1 ·952 
. .  ' , .;  �; 

1 95 3  

Table  8 

Tests  or the Ratios  or N-type and 
O rdinary Lambs 

Mating IV 
Mating V 

Mating 1 
Mating 2 

Number o r  lambs 
N+ ++ Total 

1 9  1 6 35 
36 35 71 

1 6  22 38 
23 1 4  37 

2 X ( 1  d. r. ) P 

0. 257 0. 5-0. 7 
0 . 01 4  0. 9 

0. 947 0. 4 
2. 1 89 0. 1 -0. 2 

Hetero genei ty Tes t ( Mather 1 949 ) 

Source  d. r .  "J,
2 P 

Deviation 1 0. 271 0. 5 - 0. 7 
He tero genei ty 3 3. 1 37 0. 3 - 0. 5 
Total  4 3. �.08 

1 953 mating 1 was the same ae 1 952 mating IV. 
1 953 mat ing 2 was an ord inary ram X N+ ewes .  

Table  9 

Teste or S ex Ratio o r  Lambe by Ram N+( 1 ) 

( , 

"Mating :E l l  
Mating IV 

; 

Mating 1 

To ta ls 

Heterogenei ty 

Source 

Deviation 
Heterogene i ty 
Total 

Number of Lambe  Male Female Total 
7 1 5  22 

1 2  23 35 

1 5  23 38 

34 61 

Tes t ( Mather 1 949 ) 

d. r. -x.2 

1 7. 674 
2 0. 377 
3 8. 051 

' 2 X (1 d. f. ) 
2. 909 
3. 457 

1 . 684 

P 

0. 01  - 0. 001 
0. 8 - 0. 9 
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2 

wi th the Chi square (:t ) and the probab i l i ty of  a deviation 

from thi s  expec ted result.  The results from the ma tings 

made in  1 953 have been inc luded here for the purpo se of  the 

heterogene i ty test.  The me thods used for tes ting were 

tho s e  of Mather ( 1 949 ) .  The analys i s  shown i n  Table  8 
indi cates no reason to doub t  that the rams concerned were 

not hetero zygous for a dominant gene c ausing high halo-

hair  abundance. The second mating of  1 95 3 ,  tha t of an 

ordinary ram w i th �+ ewes had no t been made befo re and the 
2 

s li ght excess  o f  li- type lambs i s  of intere s t. The � for 

heterogene i ty b e tween the two 1 953 matings is  3. 021 whi ch 

has a probab i li ty of  0. 1 - 0. 05. This resul t 

should b e  treated w i th reserve wi th such small numbers 

of lambs  but it sugges ts  tha
'
t further matings of thi s type 

would be of interes t. 

A fur ther po int  of interest was a defic i ency of male 

l ambs in  the o ffspring of the hetero zygous ram of expec ted 

pheno type. This ram was used in bo th years and Table 9 

summarises  the numbers of  each s ex and the appro priate 
--

tes ts for deviations from the expec ted 1 1 ra tio. 

The tes t  i ndi cates that there was a real deficiency 

of ram l amb s from ewes ma ted to this par ticular ram. The 

c ause i s  not c lear but was presumably the result of pre-

natal mortali ty. The results of Rasmusson ( 1 941 ) sugges t  

that there i s  ar1 gher pre-natal mortality o f  tw1n ram lambs 

than of  o ther groups} but the da ta here were no t suff i c i en t  

t o  tes t  this satisfac to r i ly. No depar ture from the expected 

s ex r ati'o  was found in any of  the o ther ' groups and it i s  

therefore po s s ible that this defic i ency of males was genetic  

in  origin. 



Tab le 1 0  

Birth Rank and S ex Effec ts on Halo-Hair Covera ge 

Males Fema les To tal 

Grades ( Table  6 )  o - 3 4- 8 0- 3 4 - 8 o -3 4 - 8  

S ingle l e.mb s 6 7 2 1 1 8 1 8 
Twin lambs 1 0  4 1 8 4 2 8  8 

To tals 1 6  1 1  20 1 5  36 26 

Analys i s  of He terogenei ty 

Source d. f. 7-2 p 
Birth rank 1 1 3 . 701 Les s than 0. 001 
Sex 1 2. 809 0. 1 
To tal  2 1 6. 51 0  
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( 1 i ) V� r i e t i o n s  wi th i n geno type s . 

The var i a t i on i n  co ve ra g e  o f  he tero zygou s lambs has b e e n  

d e s c r ib e d  i n  t he sec t i o n  o n  the gra d i ng s y s tem . Some o f  thi s 

var i a t i o n  co u ld po s s ib ly b e  exp l a i n e d  by d iffe re n c e s  i n  pre-

n a t a l  e n v i ronme nt whi ch w o u l d  be e x pe c ted to show as d i ff e re n c e s  

b e tw e e n  s ingle a nd t w i n  l 6 mb s . In  Tab l e 1 0  the h e t e r o z ygo us 

lambs al ive a t  b ir th ( dee d l amb s were n o t  always gra d ed i n  

d e t a i l ) have b ee n  c l a s s i f i e d  by s ex ,  b i I' t h  rank a n d  b y  hi gh 
2 

o r  low halo cove r a g e .  The � a n a l ys i s  for he tero g en e i t y 

b e tw e e n  co verage c l a s s i f i c a t io n  sho w s  a ma rke d d iffe renc e  fo r 

b i r th r a nk but no t fo r s ex. Thi s d i ff e re n c e  is the re sul t of 

the gr e a ter c o v e ra ge o f  the tw i n  l a mb s  whi ch s hows tha t there i s  

some effe c t  o f  pre- n a t a l  e nv i r'onmen t  o n  halo-hair abundance.  

Thi s w i l l  b e  fur ther d i s cu s s e d  i n  P a r t  I I  o f  thi s the s i s  where 

re sul ts on halo-ha i r  den s i ty at b i r th are pre s en te d .  

The f i n a l  po in t to b e  me n t i o n e d  he re ,  whi ch co nt'i rms 

re sul t s  from larger numb e r s  of l amb s ( D ry 1 955b ) , co n c e rns 

the ordinary Romn e y  l amb s  from the s e  ma t i ngs . The s e  hove a 

hi gher a verage halo-ha i r' grad ing ( 2 . 5 ) than tho se of a s ample 

:from o r d i nary f lo c ks ( 1 . 66 ;  Dry 1 955b ) .  I t  w i l l  b e  s hown in 

P a r t  II tha t such a d iffe re n c e repre s e n t s  an i ncre a s e  o f  o n ly 

f i ve ha lo-ha i r s  i n  a s quare c en t ime tre o f  s k i n , i n  a to t a l  o f  

2. 500 o the r f ib r e s .  It i s  no t t he refore l i ke ly t o  b e  o f  

impo r t an c e  t o  the a s s ump t i o n  tha t t he s e  an ima l s are , f'or b i r thco a t  

type , o rd in ary N ew Z e a l and Romney l amb s .  



D. Metho ds o f  Analys i s  o f  the G rowth Da t a  

1 .  R eview a n d  prob l em s .  

The prob lem w a s  o n e  o f  d lf'f'eren t i e t l ng b e tw e en the 

gro w th , me aeured in t e rms of w e i ght and s e l e c t ed bo dy 

measuremen ts , o f  the t e n  gro ups o f  she ep. E a ch group was 

d i vi d e d  i n to four sub- gro u ps , ma le s i n g l e s  end tw i ns and 

fema l e  s i ngl e s  a nd tWins , tw i ns r e a red a s  s i n g l e s  b e i ng 

trea ted a s  i f  they w e re s i ng l e s  ( Hammo nd 1 932 ) .  To 

treat the prob lem as o n e  of r e gre s s i o n  a s  sugg e s ted by 

Bro dy ( 1 945 ) was uns a t i sfac tory a s  a ny d i ff'erenc e s  mi ght 

be the r e s u l t  o f  the i rr e gu l a r  growth of one or mo re 

gro ups o ver c er t a i n  pe r io ds , and i f  so , the i dent i fi ca t io n  
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o f  the s e  p e r i o ds was o f  ma j o r  i n t e r e s t .  
q 

Also M e d¢war ( 1 950 ) 

po i n t s  o u t  tha t average grow th curve s c an b e  d i fferent i n  

fo rm from t h e  i nd i vi dual growth c urve s o f  whi ch they are 

made up , par t i c ularly i f  the r e  are abrupt change s whi ch 

o ccur a t  diff'e rent ages fo r d iffer e n t  i n d i vi du a l s .  S ho l l  

( 1 950 ) i nd i c a t e s  var ious dangers i n  applying s ta t i s t i ca l  

me tho d s  t o  cons tants o b ta i ned from gro w t h  f'o rmu l a e , whi le 

Ya t e s  ( 1 950 )  a t  the s ame sympo s i um  a l s o  d i s c u s s e d  dangers o f  

s �ur i o us r e gulari ty r e s u l t i n g  from the f' i t ti ng o f  grow th ' 

curve s. 

Fur ther prob l ems to be c o ns i d e red w e re d i s propo r t i o n  in 

the s ub- c l e s s  numb ers , the r e l a t i o n shi ps o f  we i ghts and body 

me a suremen ts and the n e c e s s i ty fo r c o r re c t i o n s  f'o r differen t 

b i r th d a t e s  and o ther var i eb l e s , e l l  o f  whi ch po s e  prob lems 

whe n  a me tho d o f  compa r i n g  re gres s i ons i s  us e d .  

The me thod us ed , therefo r e , has b e e n  the c ons i dera t i o n  

o f  w e i gh t s  and me a s urement s  a t  c e r t a i n  p o i n t s  i n  t ime , i t  
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being assumed that if a d ifference was found a t , say ,  the 

fourth po int , but no t the third then thi s was the result of  

differences of  growth during the interven i ng period. I n  

cases where groups differed at bo th these  pO i nts , the s econd 

difference may merely be the result of the firs t and the 

weight o r  measurement was therefore correc ted for the 

corresponding previous one. I t  c an be shown ( Appendix I )  

tha t correc tion of we i ght gai ns o ver the per iod for the 

ini tial w e ight would give an i denti ca l  resul t. The birth 

date ( coded from August 1 )  was us ed as an independent 

variable throughout and can be interpreted as  an enviro n­

mental  co r rec tion confounded wi th one fo r age. 

The problem then , was to develop a s u 1 t ab i e  comp u t a t­

ional  method for use wi th a number of variance and covariance 

analyses w i th unequal s ub- cl as s  numbers and at  the s�me time 

obtain estima tes o f  the geno type-mati ng group effects  ( see 

page 35 and Table 3) and sex-birth rank effec ts , 8 S  a two way 

c l a ss ifi c a tion. 

2. Sta ti s t i cal End computational me tho ds .  

The final computat ional method was  no t arrived at  

direc tly and the first  analys iS  carried o u t  was that of the 

es timated wei ght of' the lambs at  30 days of age. The method 

was modifi ed for the subsequent analys e s of b i rth we ight and 

of the ac tual weights at the la ter weighing t imes . 

Bo th methods  of analys is  are computa tional vari a tions 

of the solution of sets of e quations set up under the general 

linear hypo the s is ( Kempthorne 1 952 ) .  



For the analyses of v'aria!lce the following model wa s 

cons idered : 

Yr i j = f1 + gr + s 1 + er1 j 

where Yri j  = the individual observations 

p = the general mean 

gr = the geno type - ma t i n g  group effect  

s i = the sex - b irth rank effect  

and r i s  1 - 1 0  and i i s  from 1 - 4 

er i j  i s  the error term. 

The necessary assumptions are : 

( 1 ) That the g and s effec ts are additive 

( 2 ) Tha t the errors are independent and norma lly distributed 

wi th zero mee n  and cons tant variance .  

Because of' this f'irs t  assumption it  i s  necessary to test  

for interaction between the g and s effec ts before they c an 

b e  tes ted for s ignificance. I f  interac tion w a s  present then 

the results for s i ngle and twi n  lamp s  were analysed separately 

and if the first  assumption s ti ll did not hold , then a simple 

orthogonal a nalys i s  was c arried out for each sex and birth 

rank. 

The four sex - b ir th rank c lasses  for the values of' 1 
were : 

1 . Ram singles 

2. Ewe s ingles 

3. Ram twins 

4. Ewe twi ns 

45 
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The methods of  computation described below were used for 

all  cases where a linear model has been s e t  up inc luding 

tho se cases where different or additional effec ts have 

been estimated. 

The firs t computational method used was due to -

A. Carter ( Personal communication)  and was used to analyse 

the weights a t  30 days of age. Thi s  method has been shown 

by Rae ( Personal communication ) to be a computational  

variation of  the d irect solution of the above model. 

The system is 8 S  follows : 

The symbols of the above model ere used wi th , in 

addi t ion  nri. being the number observat ions in the ri th 

class . The no tation for summation i s  that used by 

Kempthorne ( 1 95 2 )  e .g - Yr • •  indicates the values of y 

summed over i and j .  

A sys tem o f  tabulation i s  fo llowed : 

Table I gives values of Dri . and Yri.  

Table I I  gives  values of wik= nri . nr� nr • •  
Lrl 

/ 
end fwt�= Wik 

r 
IrJ Table I ! I  gives  values of dik= Yri .  - Yrk. 

Also Y i = (Dik where Dik = � w t� d{� 
KI-i.. (K #-1) Y 

A check on computation at this  po int i s  ,fYi = 0 and fWik = n. i .  i- I'\: 

Then if  Wio =��ik  then a ma trix can  be formed wi th the Wio 

as the lee.ding terms a.nd the Wik fo r'ming  the remaining 

terms ( i �  k )  these  being negative. 
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If the inverse of this matrix is  Vi j  then : 

are unbiased estimates of  the effects of the si 

Residual sums of s qua res ( 8 2 )  are then calcula ted as 

U
2 = {{(Y;-i j  - , .£ nr• Y�. - '£S'hYh 

� L J r � 
these  having ( N  - r - 1 + 1 ) degrees of freedom 

i . e .  N- ( r-1 )- ( i-1 )-1 , 

The second sums of s �uares required ( 81 ) i s  wi thin the , 

sub-sub-classes : 
� {{{ Yri j 

, (" L j 
with r1 - 1 d. f. 

The tes t for interaction is  now ( 82 - 8 1 )/8 1 expressed as 

the approp�iate mean squares.  

If interac tion is  not pres ent , then ignoring the first 

facto r ,  a res i dual sum of squares 8A is  calcula ted 

and then the second effect 1s tested as ( 8A - 82 )/82 

in the form o f  the appropriate mean squares .  

These  are the usual  tests based on  the l ikelihood 

ratio and will  have the F distribution , for the appropriate 

number of degrees of freedom. 

The covariance analys is  for t.his method fo,llows d i rectly 

by the use of resi dual sums of aquares  after the appropriate 

sums of squares due to the required regress ion( s ) have been 

subtrs,c ted. These  res iduals are as follows : 

( 1 ) Wi thin  sub-sub classes  ( 8 ' 1 ) obtained  in  the usual way 

from the to tal sums of squares and cross  products and those  

between the sub-sub clas ses.  

( 2 )  Wi thin main clasf: e s  ( 8 ' 2 )  by subtrac tion of the sums of 



squares and cross  produc ts be tween main cl�sses from the 

to tals.  The sums o f  s quares be tween ma in classes are 
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those  ob tained  by the me thod above , be ing calcula ted for each 

i ndependent variable ; whi le the cross  produc ts are derived 

from the appropri a te cg times the Yh of the corresponding 

variate .  

The tes ts are then the s ame a s  for analys i s  o f  var i ance 

w i th these al terna tive res i dual sums of squares from the 

regress i o n  analyses  be i ng used. If no interac tion is pre sent 

then the residuals  fo r the various effects are obtained in 

the s imi lar manner. The degrees of freedom w i l� be one 

les s  for _each independen t vari ate correc ted for and the 

F tes t i s  used to test the ratios of mean squares. 

Thi s  method  was no t found to be  the qui ckest  for 

computa tional purposes  or  the most  conveni ent for obtain­

i ng some of the estima tes of geno type-ma ting group effec ts 

which were re quired. The method used for the analys i s  o f  

a l l  the data apart from the we igh� at 30 days w a s  there­

fore mod if i ed as fo llows. 

Equations of the l inear model fo r e s tima tion of 

geno type-mating group and sex - birth rank effec ts were 

set  up and so lved fo r each variable.  These  estima tes were 

sub j e c t  to the usual aS8umptions and the calculations were 

arranged so tha t in t he c ase of in terac tion then the 

appropri s.te sums of squares for ana lys i s  by the separa te 

groups were avai lable. .A.s the sub- class numbers were the 

s ame throughout one inverse matrix of these could be used for 

the solu tion of the e quations for all  ana lyses  involvi ng 
• 

thi s  model. 
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From these  es timates sums of squares for the analyses 

of var iance could be obtained in the usual way end the 

covari ance analyses  made in the way described for the method 

abo ve.  The cross-pro ducts required for these  covautance 

analyse s  from whi ch the residual sums of squares were obtained 

were calculated. from the estimated cons tant multiplied by 

the correspond ing to tal of the required independent variable. 

I t  can be shown by direct algebraic  mani pulation that this 

gives the same result as the method above and as the result 

obtained by including the required regress ion coeffi cients 

in the original l inear model. Such a method as thi s  has 

the advantage of giving estimates of all he- variables  

after which analyses of covari ance can be carried out on  

any comb ination of them whi ch seems des irable. 

Where interaction  o ccurred and s ingle and twin lambs  

were cons idered s eparately , the resulting analys i s  involves 

a matrix of sub-class numbers of the order 2 X 1 0. I n  

thi s case  when the s ame matrix of sub-class numbers i s  to 

be used for many variables  s s imple computat ional method 

i s  avai lable  to so lve for the various effec ts. 

The solutions are obtained by s imple algebra from the 

setting up of the equations and are as follows : ( no tat ion 

as  above ) 

Where W = n1 1  n1 2/n1. + n21 n2�n2· + &c 

D = fni 2Yi .  - Y. 2 

then " D/2W ( 81 -62 ) s = = 

Where ar= ( nr1 nr2 )/nr• 

then ( gr + p)  " 
= Yr. - ars 

W and a will be the same for all variables so these fo rms lead 

to a s imple computa tional procedure for lerge scale computational 
purposes .  
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I f , i n  any analys i s , a difference is indicated  amongst 

the geno type-ma ting groups , i t  i s  of intere s t  to find which 

of thes e  groups are likely to differ. It should be  remembered 

that in such a case there w i l l  be 9 + B + 7 + • • • •  + 1 
, , 

pos s ible compari sons and therefore one o r. differences a t  the 

5% level amo ngs t the s e  will  be expec ted by chance.  

Where covariance analys is  was used the regress ions 

corresponding to the 82 residual ( w i thin sub-sub classes ) 

were used to corre c t  the weighted means.  The differences 

between these  means were then examined wi th the above problem 

i n  mind. 

Thi s problem and tha t  of dec i ding whi ch groups differ 

has been discussed  by Tukey ( 1 949 ) The s tandard errors of 

individual e s t imates  can b e  used as a guide in  t he pre sent 

case  but considerable computat ion  i s  required fo r their est­

ima tion where a 1 4  X 1 4  inverse matrix i s  invo lved. Thi s  

would no t b e  wo rth whi le unless  an exa c t  me thod of comparing 

the indi �i dual e s t ima tes was avai lab le.  

The approach has therefore been to cons ider the geno type­

ma t ing group e s t imates  empiric al ly ,  bearing in mind the 

s tandard devia tion from the residual error variance and the 

sub-c lass number i nvo lved. A second series  of ana lys es  

has  then been  carried  out i gnoring the mat i ng groups a nd 

w i th the clas s i fi c a tions of l amb s ' geno types and sex -

b i rth rank only. Thi s then he lps to confirm analytically 

the results  deduced fo r the geno type-mat ing group analysis .  



Table  1 1  

Partial  Regressions of Bi rth 
Weight 

O n  Birth Date O n  Ewes ' We ight 

Par t i a l  regres sion 
S tandard error  

+0. 037 
0. 0 1 4  

- 0. 001 63 
0. 00974 

t 97 d. f. 
P. 

Geno type 
Dam Lamb 

NN NN 

NN N+ 

N+ N+ 

N+ ++ 

++ N+ 

++ ++ 

2. 64 
0. 0 1  

Table 1 2  

Les s  than 1 
Non-si gn ifican t  

Numbers in  the Sub-c lasses  and Mean :Bi-rth We ights 

� E ingles � s i ngle� 
n y n y 

6 1 1 . 6  6 1 1 . 2  

4 1 0. 6  

7 1 0. 7  6 9 . 9 

1 1 0. 7  2 9 . 3 

9 1 1 . 3  9 1 1 . 0  

6 1 2. 1  7 1 1 . 3  

ri" tw i ns '4- tw i ns · 
n y n y 

6 9 . 4 · 7 9. 3 

2 1 1 . 0  2 7. 6 

3 9 . 2 2 7. 4 

3 8. 7 

1 2 9 . 5 20 9. 1 

1 3 1 0. 0  1 9  9 . 3 

The means are in pO �lDds wei ght. 



Table 1 3  

Analys i s  o f  Variance o f  Interac tion 

Source d. f. Sums o f  s quares m. s .  F 

To tal T 1 51 1 5 , 654. 83 
Fi tted cons tants S 1 7 1 5 , 430. 82 
Sub-sub-c lasses S 2 23 1 5 ,442. 55 
I nteract ion S 2 - S 1 1 6  1 1 . 73 o. 733�ess 
Residual T - S 2 1 28 21 2. 28 than 

1 

Tab le 1 4  

Analys i s  o f  Var iance o f  the Sub-groupe 

Source d.  f.  Sums of s quares 

To tal T 1 51 1 5 , 654. 83 
]'i tted cons tants S 1 7 1 5 ,430. 82 
Fi tting D & S Sg 5 1 5 ,425. 21 
Fi tting G & S Sd 5 1 5 ,41 8. 41 
Lambs ' geno type S 1 

'" 2 5 . 62 - " 

Dams ' geno type S 1 - s� 2 1 2. 41 
Residual T � 1 44 2 24. 01 - °1 

F values .  2 & 1 44 d. f. P = 0. 1 is 2. 35 P = 0. 05 is 3. 0 7  

m. s .  

2. 806 
6. 205 
1 . 556 

D s tands for dams ' geno type , G for lamb s ' geno type , and 
S for sex - b irth rank. 

F' 

1 . 80 
3. 99 



E. The Results from the Analyses of the Grow th Data 

1 .  Data co l lected at b irth. 
# ( 1 ) Birth we i ght. 

5 1  

A s  the analys i s  o f  the 30 days weight had been c arri ed 

out before the analysi s  of birth weight , and as thi s  l a t ter 

had been used with the ewes ' weight and lambs ' b i r th date 
ships 

to calculate inter-relationships , the values o f  these relattPn -

were used in  order to dec i de the analys i s  me tho d  • . 

The partial regre s s ions of ewes ' we ight and of b i r th 

da te within the geno type-ma ting groups and sex - b i rth rank 

gro ups are shown i n  Table  1 1 .  There i s  no effec t  o f  the 

we ight of  the ewe and re-calculation o�i tting thi s variate 

gave a s i gnificant value for the s imple regress ion of 

birth wei ght on b i rth date. Thi s showed that on average 

fo r each day later tha t a lamb was born , the we i ght i ncreased 

by 0. 029 pomnds. As the maximum difference between groups 

in b i r th date was only 1 0  days i t  was deci ded to c arry o ut 

an ana lys i s  of  var iance only and to a llow for thi s  small 

difference in the in terpre tation of the estimated means. 

The analys i s  o f  variance was based on a linear model to 

estimate effects due to geno type of lamb , geno type of dam 

and sex - b i r th rank. Thi s  c las s i f i ca tion with the mean 

weights and number of lamb s  i s  shown i n  Table 1 2. The 

ana lys i s  of vari ance to tes t  in terac tion  i s  shown in  

Table 1 3  where it  can be seen that it  is  no t s i gnificant 

and therefore the analysi s  was continued on the as sumption 

tha t the sub-c lass ifica tion effects were addi tive. 

Es t i�at ion of the wei ghted means and the resul ting 



Tab le 1 5  

1is t irTIs ted Mean Birth Weights and Da tes by Lamb and Dam 
Geno type 

Geno type dam NN N+ N+ ++ ++ 

G eno type lamb NN N+ N+ ++ 

Mean weight 1 0. 38 1 0. 08 9 . 30 9 . 61 1 0. 28 1 0. 59 

Meen b i r th date 25. 4 29. 5 28. 0 34. 6 35. 3 

Table 1 6  

Es timated Mean B i rth Wei ghts by Lambs ' G eno type and 
Mating Group 

Mating Group I I I  I II IV V 

Lamb s ' Geno type 

NN  1 0. 38 1 0. 70 9. 03  

N+ 9. 1 7  9. 55  9 . 97  1 0. L!·3 

++ 9 .41 1 0. 51 1 0. 64 

Fr'om Teb le 1 4  the s tandard d e vi a t i o n  ( s. d.  ) i s  1 . 245 
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sums of s quares g�ve the analysi s  of varianc e shown i n  

Table  1 4. The addi tiona l  calculation to tes t the sex -

b irth rank effec ts was no t co ns idered wo rthwhile  as  the 

interaction tes t  had shown tha t these  were the same for all  

groups . I t  c an b e  seen from thi s  analysi s  that there i s  

no effec t" asso c i a ted wi  th geno type o f  lamb but tha t there 

i s  a s i gnifi cant effec t  asso c i ated with geno type of the 

dam. The estimated mean weights under the classification 

o f  dam and lamb geno type are shown i n  Table 1 5  wi th the 

mean birth da te of the group. The s ignificant result 

appears to  b e  due to  the lighter b i rth weights of tho s e  

lambs from N+ mo thers and thi s difference i s  no t a c counted 

for by the different bi rth dates .  I t  i s  pos s ib le that 

the homo zygous lambs were heavier and that this  has counter­

acted a gene ral effec t  of the poorer condi tion  of the �-

type ewes.  Thi s , however , i s  no t supported by the abs ence  

of a relationship between ewes ' we ight and birth wei ght or 

by the absence of a s ignifi can t  lambs ' geno type effect. 

To ob tain fur ther i nfo rma tion on the s i gnifi c an t  

d ifferences amongs t dams a model involving the c lassifi cations 

o f  geno type - mating groups and sex - birth rank groups 

was so lved. A signifi cant difference amongs t the geno type -

mating groups was shown by .the analys i s  of var iance and the 

e s t ima ted mean weights from the analys is are shown in Table  

1 6. There was no interac tion but this and o ther analyses 

are not presented as all the numerous analyses of variance 

fo l low the same form and it would  no t be  e conomic  to present 

them in full.  

Table 1 6  shows a s imilar pi c ture to that ob tained from 

the first  analys is , i . e. the only cons i stent differen c e  i s  



Tabl e  1 7 . 

Analys i s  o r  Dirferences  amongs t Groups o r  the R egre s sions 
of B i r th Wei ght on  Body Measurements 

Leg Length Source d.  f .  Mean S quare 

Poo led regres s i ons 1 0  9 . 9 87 

Differences 9 2. 9 75 

R e s i dual 1 32 1 . 864 

Depth of thorax Poo led regres s i ons  1 0  1 70 661 

D ifferences  9 1 . 026 

Resi dual 1 32 1 . 283 

Fo r 1 0  and 1 32 degrees  or  freedom the F value at the 0. 001 level is 3. 3 

For 9 and 1 32 degrees o f  freedo m  the F value at  the 0. 1 l evel i s  1 . 66 

The measurements  are i n  c entime tre s , the wei ghts  i n  pounds.  

F 

5 . 36 

1 . 60 

1 3. 77 

Less  than 1 
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that of lower birth weights of lambs from mat ing group 

I I I  whi ch was made up of N+ ewes. Further experimen ts 

us ing ewes of different geno types , whi ch have been reared and 

grazed toge ther , are required to i nterpret thi s  result 

whi ch could have ari sen from the different trea tments of 

the ewes  prior to thi s experiment .  

( i i )  Body measuremen ts . 

For thi s analys is  an es timate o f  ' le�ength ' was obtained 

by sub trac tion o f  the d epth of thorax from the hei ght at  

wi thers  and the values ob tained were then analysed by a 

s imilar clas s ification  to tha t in Table 1 2. The depth 

of thorax was also analysed in  this way and nei ther 

measurement showed an effect of i n terac t ion , geno type of 

lamb or of the geno type of the dam. 

As difference s  between the geno type - ma ting groups 

were shown for birth weight , i t  is of  interest  to know if 

the relationsh1-ps ·of' thi s  weight to the mea surements are 

the same fo r these groups. An analys is  of' differences 

amongst the s imple regre s s ions of b irth weight on each 

of these  two measurements was therefore carried out and 

i s  shown in Tab le 1 7. The method is  that given by 

Mather ( 1 949 ) .  No diff'erenc es are shown amongst the 

regress ions o n  ei ther measurement and i t  was concluded 

tha t the rel ationships w i th birth weight were s imi lar in 

all  geno type - mating groups, it be ing rememb ered that thi s 

type of tes t  1s  not very s�nsi tive. 

A separa te analysi s  for the sex - b i rth rank groups 

gave a s imi lar result there being no d iff'erence  in the 

regres :Sions amongs t these groups for e i ther measurement. 



Table 1 8. 

Par t i al Regression  Co eff i c i ents of Wei ght 
on Certain Measurements 

Body Measurement Heart G i rth Leg Length Depth <!)f Thorax 

Co eff i c i ent +0. 245 

S tandard error 0. 001 27 

+0. 1 04 

0. 001 59 

+0. 485 

. 0. 009 54 

All meas urements were i n  centime tres .  

Analysi s  of  Variance 

Source 

Due to regress ions 
Res i dual 

d. f. 

3 
1 48 

Mean Square 

81 . 1 30 
0 ., 847 

F 

96 . 0 3  

For 3 and 1 48 d. f. the F value at  0. 001  l eve l i e 5 . 79 

Table  1 9 . 

Reduc tions of Sums of S quares due to 
Ind i vidual Pa rtial Regress ion  Coeffic ients  

Measurement 

Reduc tion 

Dep th of 
Heart Girth Leg Length Thorax 

43. 442 6. 31 5 22. 644 



54 

In the review o f  l i terature and i n  the account o f  

the prel iminary inve s tiga tion , i t  was sugge sted tha t i f  

body we ight was used t o  measure growth ,  then the mo s t  

informa tive body measuremen ts would b e  tho s e  that were 

lea s t  asso c i a te d  wi th weight. Three measurements · taken 

at b i r th ,  have been examined for the i r  a sso c iation wi th 

b irth weight by means o f  a mult i ple regres s io n  on  them of 

b i rth wei ght. Thi s was calcula ted o ver  all lamb s  i gnor ing 

the s ub-groups and the results are shown in Table  1 8  w i th 

an analys i s  of the variance accounted fo r by the regre s s ions.  

F i sher ( 1 948 )  gives  a me thod whereby the reduction in  

sum o f  s quares due . to a partia� regres sion  co eff i c i ent can 

b e  calculated from the value of the co effi c i e nt and the 

l eading terms of the inverse of the var i ance - covariance  

matrix. The reduc tions calculated i n  this way are shown 

in Table 1 9. 

I f  the mo s t  i nforma tive body measurement 1s  one 

whi ch reflec ts body wei ght the lea s t , then in  s ta t i s t i cal  

terms i t  1s  the one which  accounts fo r the lea s t  variance 

of body we i ght. On  thi s cri terion leg length i s  the mos t  

s a t i sfacto ry , then presumab ly ,  hei gh t  � t  wi thers , and then 

depth of ches t ,  wi th heart girth as the leas t s a ti sfacto ry. 

Summary of s e c t ion E . 1 .  

The analys i s  o f  bi rth weight s howed no d ifferences  

resul t ing from the geno type of the lamb. 

A lower b i rth weight was found i n  lamb s  from he tero­

zygous ewes but further experimen ts are requi red to explain 

thi s .  

N o  differences amongs t any groups were found for body 

measurements  o r  in the re lationships o f  these  meas urements 

to body weight. 



Tab le 20 

The Number of Lambs i n  e ach Sub-class.  

Mat in g Lambs ' c?- S i£gleS cf' 
Tw1ns Group G eno t y pe S i n g l e s  Twins  To tal 

I NN 5 8 5 5 23. 
I I  NN  3 1 4 

N+ 4 3 1 8 
I I I NN 1 2 3 

N+ 2 3 2 1 8 
++ 1 2 3 6 

IV N +  4 5 2 6 1 7  
++ 1 5 2 6 1 4 

V N+ 6 6 6 1 1  29 
++ 3 5 1 0  9 27 

To tals 26 41 29 43 1 39 

Table 21 

Analysi s  of Variance of the Weight  at 30 days . 

Source 

I n terac tion 
Sub- classes  re sidual 

G eno type - met i ng groups 
S ex - b i r th rank 
Fi tted cons tants residual 

F values .  9 & 1 26 d. !. 

3 & 1 26 d. f. 

for 

for 

d. f. 

27 
99 

9 
3 

1 26 

P = 0. 0 1  ie  

P = 0. 01 i s  

Tab le 22  

m. s.  F 

7. 359 Leee. ; than 1 
1 0. 544 

28. 1 25 2. 85 
360. 979 36. 60 

9 . 862 

2. 65 .  For P • 0. 001 
is 3. L! 2 

3. 95 . For P = 0. 001 is 5. 79 

Es tima ted Mean Weights of' Geno type - Ma t i n g  Groups s.t 
30 days of Age. 

Mating Group I I I  I II 

Lambe t Geno type 

NN 21 . 76 20. 00* 20. 37* 

N+ 21 . 72 24. 08 

++ 

s. d.. 3. 1 40 
:«1 ind i ca tes groups wi th less  than 5 lambs 

IV 

23. 05  

23. 74 

V . 

23. 21  

26. 1 7  



2. The l amb s ' w e i ght a t  30 days o f  age . 

The me tho d s for the ana lys i s  o f'  thi e w e i ght have alI'e ady 

been  de s c ribed ( p. 46 ) .  The l i vewe i ght was e s t imated for e a ch 

lamb by pro po r t i o n  from the we i ghings b efore and after i t  w a s  

30 days o ld. 

The c l a s s i f i c a tions and the numbers i n  e a ch sub- c l a s s  for 

thi s and for sub s e qu en t  &n a lys es are shown in  Table 20 , whi le 

Tab l e  21 g i ve s  th e analys i s  of var i anc e .  Thi s gives n o  evid-
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en c e  o f  i n te r a c t i o n  bu t d o e s  sho w  s i gn i f i cant d i fferenc e s  among s t  

geno type - mat i ng groups and amongs t s ex - b i r th r ank groups . 

The l a t t e r  i s  to b e  expec ted a s  tw i n  and fema l e  l amb s are usually 

the l i ghte r. The e s t ima te s fo r the w e i ghted means o f  the former 

are shown in Tab le 22  and show a trend in favour of o rd i r.ary 

l a mb s .  

To dec i de whi ch va r i ab les to u s e  fo r a n  a nalys i s  o f  

co var i an c e  t o  c ompare the s e  groups o n  a uniform bas i s , mul t i p l e  

regre s s i on co effi c i en t s  on ewes ' w e i ght , l amb s ' b i r th d a t e  and 

b i r th w e i gh t  w er e  c a l cula ted w i thi n the geno type - ma t i ng and 

s ex - b i r th r a nk groups .  The se are s hown i n  Tab le 2 3  and a s  

there i s  no s i gn i f i c an t  rels t i onship fo r ewes ' we i ght i t  was re­

j e c ted , and an analys i s  of cova r i ance carr i ed out for the o ther 

two vari ab l e s .  Tab l e  24 s ho w s  the analys i s  o f  the r e s i dua l s  

af t e r  a l lowanc e  fo r the regres s i o ns and aga i n  there are s i gnifi­

cant geno type - ma t i ng group effe c ts .  The se effe c ts , shown i n  

Tab l e 25 show s imi lar re la t io nships to tho s e  o f  the unco r rec ted 

w e i ghts . The s e  corre c ted va l u e s  are the S8me a s  gains i n  weight 

c o rr e c te d  to the s ame i n i t i a l  w e i ght. w i th a cons tan t term added 

( Appen d i x  I )  In addi t i o n  they are correc ted to the same me an 

b i r  tl1 da t e e  



Tab le 23 

Part ial Regres sions o� Weight a t  30 Days o� Age 

On Birth Da te On Ewe s ' Weight On B i r th Wei ght 

Regres s ion + 0. 0836 +0. 01.31 + 1 . 333 
S tandard erro r  0. 0235 0 . 01 57  0. 1 64 

t 96 d. �. 3. 56  less  than 1 8. 1 4  
P 0. 001 Non- s igni�icant 0. 001 

Table 24 -

Analys i s  o f  the Covari ance Res idual s  o �  30 

Source 

Interac tion 
Sub- class re s i dual 

Sex - b i rth rank 
Genotype - ma ting groups 
Cons tants res i dual 

F. values . 3 & 1 24 d. f. 
9 & 1 24 d. �. 

d. �. m. s .  

27  2. 823 
97 5 . 244 

3 1 29. 699 
9 1 8. 29 2  

1 24 4. 71 7 

P = 0. 001 i s  5 . 79 
P = 0. 001 i s  3. 42 

Tab le 25 

Estima ted Mean Values o� 30 days ' Weight 
B i r th We ight and Birth Da te 

Mating group I I I  I I  

Lamb s ' geno type 

NN ��. 28 20. 06* 21 . 89* 

N+ 22. 81 24. 76 

++ 23. 81 

From Tab ie 24 s . d .  ; 2. 1 72 
III indi c a tes  groups wi  th less  than 5 lElmb s .  

Days ' Weight 

F 
�ess  
than 1 

27. 50 
3. 88 

Corrected �or 

IV V 

23. 1 3  22. 81 

23. 68  25. 1 4  
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Therefore , bearing in  mind tho se groups where the number 

of lambs i s  smal l , it is po s s ible  f,rom Tab les  22 and 25 , to 

compare ma ting groups for a par ti culE' r  l&mbs ' geno type and 

l ambs ' geno type for a par ti cular ma ting group) both for B.c tual 

weights and for weight ga i ns from a cons tant ini t i al we ight.  

The only cons i s tent differences are i n  bo th cases  thos e  of 

o rdinary lamb s  b e ing heavie r  than N+ lambs whi ch in turn are 

heavier  than NN lamb s. The s ame i s  true for weight gains and 

a s , in addi t ion , there were no detec tab le differences of birth 

weight , i t  can be concluded that N i s  � n  some w ay de tr imental to 

lambS ' growth o ver the f i r s t  few we eks o f  life. Thi s  s ta te­

ment i s , of course , only true for the particular environmental 

condi tions prevai l ing o ver the time these we i gh t s  were taken. 

As there were no i n t e r a c t i o ns i t  can also be concluded that 

the se effe cts  were proportional for s ingle s.nd twi n  lamb s  of  

bo th sexes.  

Summary of E. 2. 

Ord inary l ambs showed gree ter weight gains than !!- type 

lambs over the firs t 30 days from b ir th. 

!+ l amb s showed greater weight gains than NN lamb s .  

These  effec ts were pro po r tional in  the s ex - birth rank 

groups .  

3. Li ve weight end body measurements a t  67 , 1 00 and 1 44 days of age. 

( i )  Differences b e tween geno types wi thin the mat ing groups. 

Thi s sec tion conta ins  the results  of analys es made of the 

geno type - mating groups and the me thods used a re those  given 

in Sec tion D. 2. 

The mean age of the animals ,  whi ch differed for s ingles  and 



Taltrl e 26 

The Mean Ages o� the Lamb s  a t  the Different �imes of 
Analys i s  

Number. o�  analysi s  

Age i n  days 

Age in weeks 

1 

o 

o 

2 

30 

4. 0 

Tab l e  27 

3 

67 

9. 5 

4 

1 00 

1 4. 0 

5 

1 44 

The Covari ance Analyses made i n  Sec tion 3 

Dependent var i ab l e  

Body we ight 

Hei ght at  wi thers 

Independen t Variables 

Bir' th date 

Bir th date and previous body wei ght 

Bi rth date an d height et wi thers 

B i r th da te 

Birth da te and previous he i ght 
at w i thers 



Table  28 

Tes ts of  Interac tion 

I .  Body We ight 

Independent Var i ables  

30 days 
B. da te and Ht .  a t  Wi thers 

67 days 
B i r th da te 
B. date & previo us W t. 
B. date & Ht. at  w. 

1 00 days 
B i r th da te 
B . date & Prev. Wt. 
B. date  & Ht.  at w. 

1 44 days 
Bir th date 
B. date & Prev. Wt. 
B. date & Ht. at w .  

I I .  He i gh t  a t  Wi thers 

30 days 
Birth da te 

67 days 
B i r th date 
B.  date and Prev. Ht. at w. 

1 00 days 
Birth date 
B. date & Prev. Ht.  at W. 

1 44 days 
B i r th date 
B. date & prev. Ht.  at  W. 

Degrees of  freedom: 
1 i ndepe ndent var i a te 
2 inde penden t var i ates 

Inte rac tion  
Mean Square 

<1  

65. 572 
7. 21 6 

1 1 . 21 8  

9 2. 1 1 7  
1 1 . 31 7  
1 8. 967 

1 29 . 936 
1 1 . 941  
31 . 251 

32. 1 01 

42. 625 
1 0. 376 

55. 01 2 
2. 33 

52. 240 
8. 359 

27 
27 

Values of F .for various probab i l i ty leve ls :  
P 

0 . 2 
0 . 05 
0. 0 1  
0. 001  

F 
1 . 29 
1 . 65 II' 
2. 04 * *  
2. 54 *** 

Resi dual F 
Mean Square 

/1 4..1 

24 . 895  2. 63*�  
7. 038 1 . 03 

20. 237 <1 

42. 5 86 2. 1 6* 'lC 
7. 868 1 . 44 

32. 553 <,1 

51 . 56 5  2 .  52�* 
1 5. 41 3 <1  
42. 440 <.1 

4. 885 6. 57':<**  

4 . 565 9 .  34* �' * 
3. 1 74 3. 27*** 

3. 363 1 6. 36* * *  
2. 23 1 . 04 

3. 591 1 4. 55:j1 ,,� *  
1 . 806 4. 6y:-"'''' 

97 
96 
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twins b y  only 0. 6 of _a day , i�Shown i n  Table  26 a ccording to 

the five po ints  in time at  whi ch they were analysed. The las t 

three of these  correspond to the las t  three weighing dates  o f  

the lambs shown in  the time- table of events . I t  i s  to these  

mean ages that al l lambs ' weights and measurements , inc luding 

tho s e  cases where singles and twins have been analysed separ-

a tely , have been corrected by the appro priate regres s io n  on  

b irth date. 

The analyses  are based on the classifica tion whi ch has 

been  presen ted wi th sub-cla s s  numbers in Table 20 , except that 

one ewe twi n  lamb reared as a s ingle , from mat ing group I ,  di ed. 

Body we ight and height at wi thers have been ana lysed  at the 

las t three po i nts in  time and in  addi tion height at wi thers has 

been analysed at  30 days of age . The various covar i ance  

analyses made in this sec tion are shown in Tab le 27. 

( a )  Tests of interac tion. 

The result s  of  these  tests have been summari sed in  

Table  28 which  shows the mean s quares and the values of F 

for all  the analyses in  thi s  sec tion. For the body weights , 

interac tion i s  shown a t  each time of analys is  but the interac tion 

di sappears when co rrections are made for the previous we ight or  

for the height a t  wi thers. The reasons for the interac tions 

will  be discussed later when  further tes ts involving lamb s ' 

geno type only ,  have been made. The he i ght at wi thers results 

all show interac tion exc ept fo r the corre c ted gai n  from 67 to 

1 00 days . 

As the d i fferences i n  wei ght a t  cons tant age were to be  

examined firs t a n d  as these  showed interac tion , it  was  deci ded 

to analyse all the resul ts in  this section  fo r s ingle lamb s  and 



Tab le  29 . 
Tes ts of the G eno type - Mating Gro up 

Effects  for S i ngle Lambs 
I. Body We i ght 

I ndependent Vari ables 

30 days 
B. date and Ht.  a t  w i ther s  

67 days 
B i r th date 
B. da te & Prey. Wt.  
B.  date & Ht.  at w. 

1 00 days 
B i r th date 
B. da te  & Prey. W t. 
B.  da te & Ht . a t  W .  

1 44 days 
B i r th date 
B. date & Prey. Wt.  
B. da te & Ht. a t  W .  

I I .  He ight at  W i thers 

30 days 
B i r th date 

67 days 
B i rth da te 
B.  date & Prey. Ht.  at  W. 

1 00 days 
B i r th date 
B . d a t e  & prev. Ht. at W. 

1 44 days 
B ir th date 
B. date & Prey. lit.  at W .  

Degrees  o f  freedom:  
1 i ndependent vari a te 
2 i ndependent variates 

Effec ts 
Mean S quEtr'e 

29 . 386 

75. 1 1 0  
20. 443 
1'9- 239 

1 29. 1 83 
9 . 379 

1 69. 823 

1 40. 872 
35. 51 2 

1 64. 079 

4. 461 

2. 325 
3. 01 0 

4. 021 
4. 626 

5 . 856 
3. 360 

9 
9 

Values o f  F fo r various probab i l i ty levels : 
P 

0. 2 
0. 05  
0. 01  
0. 001 

F 
1 . 41 
2. 00 .... 
2. 66 "" * 
3 . 64 .. '< ", ,,, 

-

l"tes idual 
Mean S quare 

5. 71 1 

26. 761 
9. 245 

1 9. 31 9  

56. 1 25 
1 4. 709 
40. 01 2 

F 

2. 81 ':c * 
2. 21 * 
4. 1 0***  

2 .  94*:� 
<1 . 0  

6.  02*�C:lC 

2. 51 III 
2. 41 * 
4. 1 0*** 

6. 442 <.1 . 0  

4. 748 <'1 . 0  
3. 831 <..1 . 0  

3. 51 2 1 . 1 4 
2. 707 1 . 71 

3. 943 1 . 49 
1 . 728 1 . 94 

54 53 
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twin  l ambs s eparately. Thi s  then leads to a s impler i nter-

preta tion where ten geno type mating groups are concerned. 

NO ' interactions were found , on analys i s , between s ex and 

the geno type - ma ting groups fo r any of the analyses or s i ngles 

and tw ins in  thi s  sec tion. The es timates  and resul ts or analyses  

fo r the two b irth rank groups wi ll now , thererore , b e  cons i dered. 

(b ) S ingle lamb s .  

The method used ror analys i s  w a s  that described  i n  

S ec tion D ro r the c�se when there are only two groups in  one 

o f  the class i ri cations.  The resul ts or the covari ance analyses 

o r  the geno type - mating group efrec ts are shown i n  Table  29 . 

I t  c an be seen that the d i frerences  i n  we ight amongs t these 

groups persi s ted  until  1 44 days . Differences i n  corre c te d  gain  

were also  presen t  from 3 0  - 67 days and from 1 00 - 1 44 days . 

There were no differences in  the hei ght at  wi thers except 

po s s ib ly in  gains from 1 00 - 1 44 days , whi le  the hi ghly s i gnificant 

differences  fo r weight a t  constant hei ght a t  w i thers sugges t  

that growth differences were no t ones o f  ske l e tal  s ize .  In  

general terms thi s  could mean that the groups showing lower 

wei ghts were no t smaller animal� ,  but e i ther had longer legs 

for the i r  weight o r  a lower proportion o f  fat or  musc l e  to 

the skeleton. In any c ase  the results  pres ented i n  the revi ew 

of li tera ture would sugge s t, that animals  w i th a lower weight 

for a given hei ght at w i thers were likely to produce a less  

des irab le carcass.  

Before s tudying the individual d ifferences amongs t the 

geno type - mating groups , i t  i s  of intere s t  to see  the values 

of the regres s ion coeff i c i ents w i thin the e s t imated groups at 

the different po ints in time. The values for the tw i n  lamb s  

w i ll e lso b e  given fo r compara tive purposes  and the coeff i c i ents 



T ab le 30 
R egre s s i o n  C o eff i c i e n ts w i thi n  G eno type - M a t ing G ro u p s  a n d  S ex , fo r S in g l e  a n d  Tw i n  Lamb s 

The s t an d a rd e rro r s  a r e  gi ven i n  p a r e n the s i s .  

Dependen t Va riate 
Bo dy we i gh t  

I n dependent Vari a te ( s ) * 

B i r th da te s i ngles 
twins 

B i r th da t e  & pre v. wt. 
s i n g l e s  
t w i n s  

B i rth d a t e  & H t .  a t  w i ther s  
s in g l e s  
t w i n s  

D e p en d e n t  Var i a t e · 
H e i gh t  a t  w i thers 

I n d e p endent Var i a te ( s ) * 

B i r th d a t e  s in g l e s  
tw i n s  

B . d a t e  & p r e vo H t .  a t  w i thers 
s i ng l e s  
tw i n s  

67 days 

-0. 37 � 0. 06 � 
-0. 47 0. 05 

+1 . 29 � 0. 1 3 � 
+1 . 59 0. 1 0  

+1 . 28 ( 0. 27 � 
+0. 82 ( 0. 26 

-0. 08 ( 0. 03 ) 
-0. 1 0  ( 0 . 03 ) 

+0. 39 ( O . 1 0 ) 
+0 . 72 ( 0. 09 ) 

Me an Age a t  Ana l ys i s  

1 00 days 

-0. 30 
-0. 46 

+1 . 1 3 
+1 . 1 7  

+2. 1 5  
+1 . 5 2 

+0. 08 
-0. 1 0  

� o. 08 � 
0. 07 

( 0. 08 � 
( 0. 07 

( 0. 39 )  
( 0. 37 ) 

( 0. 0 2 ) 
( 0. r 2 ) 

+0. 4 2  ( 0. 1 0 ) 
+0. 49 ( 0. 09 )  

1 44 days 

-0. 20 � 0. 09 � 
-0 . 40 0. 08 

+0. 97  ( 0. 08 ) 
+0. 93 ( 0 . 07 )  

+2. 06 ( 0. 43 )  
+1 . 47 ( 0. 42 )  

+0. 06 ( 0. 0 2 )  
-0. 04 ( 0. 02 ) 

+0. 80 ( O. 1 0 )  
+0. 68 ( 0. 08 ) 

*Where the re i s  mo re than o n e  i ndepend e n t  var i ab l e  the co eff i c i e n t s  are par t i a l  r e gre s s i on o n e s  
A l l  the co eff i c i en ts a r e  s i gn i f i c a n t l y  d i ff e r en t  from z e ro . Ifor the va r i a tes un de r l i n ed .  
The s tandard e r ro r s  a r e  b a s e d  o n  53 o r  54 d e grees o f  f r e edo m. 



w i th the s t and8 r d  e r ro r s  a re shown in  Table 30. All the 

values give n  are s igni fican tly different from zero by the 

t te s t  ( Fi sher 1 948 ) .  

The regres s io n values fo r weight o n  birth date reflec t 

the age of the an ima l and envi ronme n t a l  e ffe c ts as so c i a t e d  

w i th t h e  t ime the l amb w as born. They s ho w  a decrea s e  wi th 

increas ed mean we ight of the l amb s , while  the s tandard erro rs 

incre a s e . Thi s r e fl e c ts the le s s en ing impor tanc e  of age and 

t ime of b i r th as the animals  become o lder . At all  weighing 

t ime s tw in l amb s s how a gre a ter effec t  than s i ngle lambs .  

59  

Those regressioDs corr-ecting hei ght at  wi thers for b i r th 

date s how tha t a t  the mean a ges of 1 00 days a n d  1 44 days ,  la ter 

born s ingle lambs had a s l i ght ly greater he ight at w i the r s , 

whi l e  l a t er b o r n  tw i n  l amb s had s l i ght ly l e s s  he i ght . Th e 

reason for thi s  i s  no t c lear and requires a more detai led 

experiment , planned wi th thi s po i n t  in mind. However the 

effe c t  i s  a very sma l l  one and would have l i ttle real import­

an c e  except  o ver a large range of birth dates . 

The p a rt i al  regression  coefficients for we ight on previous 

we i ght at constant age , a r e  a measure of the wei ght gain in  

rela tion t o  the i n i tial  wei ght. They showed a s teady decreas e  

8S the anima ls became o l der. Twins showed a great er gai n  of 

both we ight and he i ght at  wi thers from 30 to 67 days , which 

was no t unexpec ted as there was a tendency for tw ins  to approach 

the s i z e  of s ingle lambs as they b e c ame o lder . 

The regre s s i o n s  show ing the corre c tion for wei ght at  

cons tant size  indi cate that an  i ncrease of s iz e led  to  a 

greater increase o f  we i ght fo r s i ngl e lambs than fo r twin  

l amb s .  Thi s could b e  the resul t of we i ght i ncr ea s es w i th 



Table 31 

Es ti!TIates of' Mean Body Wei gh t  

Mean Age a t  
67 Days 

Lamb Ma ting 
G eno type Group 

NN I 48� 8 
I I  41 . 7  

1 1 1* 47. 1 

N +  I I  49. 2 
I I I , 5 2. 4  

I V  52. 2 
V 50. 1 

+ +  I I I  54. 5 
IV 54. 7 

V 55. 7 

* One lamb only in this group. 
The weights are in po unds . 

at Cons tant Bi �th Da te 

Time of E s t ima t io n  
1 00 Days 1 44 Days 

61 . 9  69 . 3  
5 2. 0 68. 2 
60. 3 71 . 5  

62. 1 71 . 5  
64. 6 70. 7 
66. 5 73. 5 
64. 3 71 . 6  

71 . 5  83. 8 
70. 5 81 . 3  
69. 0 78. 4 

Table  32 

The Geno type - Mating G roup Es tima tes Correc ted for 
B irth Date and Previous Weight 

Mean Age a t  Time o f  Es tima t ion 
67 Days 1 00 Days 1 44 Days 

Lamb Ma ting 
Geno type Group 

s:: 
NN I 50. 2 � 71 . 7  0 

I I  44. 9 ..G 80. 2 
1 11*  50. 1 

(j) 
75. 4  

er-
0) (j) 

N+ I I  50. 1 O or-/  73. 6 s:: w 
I I I  50. 7  0) 1>,  70. 3 

IV 5 1 . 9  � r-f  71 . 3  0) co 
V 50. 4 4-I S:: 71 . 6  4-1 co 

oM 
++ I I I  54. 1 '0 1>:.  76. 7 P 

I V  52. 9 0 75. 2 
V 51 . 0  

:z; 73. 9 

1(( One l amb on ly. 
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only sma ll increases  in s i ze  be ing an i nd i c a tion that the lamb 

had rea ched the fat tening o r  ' finishing ' s ta ge.  If  thi s i s  so 

then tw in  l ambs rea ch thi s  s tage of laying down primari ly fat 

and mus c le l a ter than do s ingle lambs.  

The regressions can b e  us ed to  correct  the e s t imates of 

the geno type - mat i ng group effec ts obtai ned from the o ri ginal 

equat ions.  Thes e  co rrec ted e s t imates are the s ame as  those  

whi ch would b e  ob ta ined if the regress ion va lues had been i nc luded 

in thes e  e qua tions.  The es timates of mean body weights correc ted 

for b ir th date  are s hown in  Tab l e  31 . Exami na t i o n  of thi s tab l e  

s hows no cons i s tent mat i ng group d i fferenc es exc ept for the 

gre a te r  weights in group I II than in group I I .  Thi s  would 

mes.n tha t la.mbs from !!+ ewe s  themselves derived by outcro s s i ng ,  

grew b etter than tho s e  from �+ ewe s  deri ved from the li- type 

s to ck.  Thi s i s , however , confounded wi th ram differences and , 

in  addi tio n ,  ther' e  i s  only one !ill lamb in me ting group I I I .  

At  6 7  days i t  seems tha t + +  lambs are heavie r  than N+ 
lamb s  whi ch are in turn hea vi er than the m! lamb s .  By 1 44 

days the difference i s  mainly between the o rdinary lamb s  and 

the !i.- type lElmbs of bo th geno types , this difference be ing of 

the order o f  1 0  pound s.  

Table  32 shows the e s timates in Tab le 31 correc ted for the 

wei ght at the previous mean  age.  Those  for 1 00 days have been 

omi tted as  no diffe rences w e r e  shown by the ana lys i s  ( Tab le 29 ) .  

The mean weights s hown here can  be  in terpreted as  ga ins co rrected 

to  constant weigh t  at  the s tart  of the period. They c an be 

expressed  as such  by sub trac tion of the overall mean  weight 

at thi s time ( Append i x  I )  but the di fferences  be tween groups 

wo uld s ti l l  b e  the same and i t  is in the s e  that the interest 

lies .  



Tab l e  33 

Geno type - Ma ting Group Es tima tes  Co rrec ted for Bi rth 
Date and Height a t  Wi thers 

Mean Age a t  Analys i s  
30 days 67 days 1 00 days 1 44 day s 

Lamb Mating 
Geno type Gro up 

NN I 27. 6 48. 0 60. 2 66. 8 
I I  25. 4 1+2. 3 51 . 2  68. 6 

1 1 1 ::- 27. 8 47. 2 62. 3 69. 6 

N+ I I  28. 3  48. 3 59. 3 70. 9 
I I I  30. 6 53. 0 66. 5 72. 3 

IV 30. 8 5 1 . 2  68. 9 76. 4 
V 29. 6 50. 7 63. 9 73. 8 

++ I I I  29. 7 55. 9 7 1 . 1  81 . 6  
IV 31 . 1  54. 3 71 . 1  80. 9 

V 33. 8 55. 4 68. 3 79. 2 

... One lamb only 
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The d iffe ren c es from 30 to 67 days show a s li gh t superior­

i ty of the o rd i n a ry l amb s , whi ch 1 s  emphn e i s e d  by the low gai ns 

of the !ill l amb s in group I I .  This  group appears to make a 

recovery o ver the final period , after wean i ng ,  and a s  the re 

a r e  only three lamb s in the group , i t  is po s s ible  tha t all 

the i r  dams had a low m i l k  produc t io n ,  a n d  thi s re tard ed the ir 

growth prior to w e an i ng. A s l ight i nc r e a s e  in the rate o f  

gro w th w a s  ob served for tw i n lamb s  in  the f o l l o w i n g  ye ar ' s 

experiment , whi ch sugges ts that this  type of effec t  c an o c cur. 

Apart from thi s group ano the one NN l amb in group I I I , the 

results suggest  that the ordinary lambs  showed greater ga ins 

than the �- type l arr� s over the la st  period , after  they had 

b e en weaned and s ho rn. 

Finally the es tirra ted mean w e i ghts have been c o r re c ted 

fo r he i ght at wi thers and these e s t ima te s , i ncluding tho se 

for 30 d ays of sge are sho wn in Table  33 and are illustrated 

in F i gur e 1 by a graph o f  we i gh t  and he i ght a t  wi thers fo r 

lamb geno typ e s .  The low er values of body w e i ghts for ma t i ng 

gro up I I  and also those  differences resulting from the lambS ' 

geno type e r e  emphas i sed when considered a t  cons tant s i z e. The 

low va lue fo r ma t i n g  gro u p  I could be a s so c i a te d  w i th this group 

o r  i t  could be a n  effe c t  of the l amb s ' genotype. I t  m i ght also 

be an addi t i ve effect of these two . The former effe c t  could 

be  pa r ti a l ly a matern a l  one , but thi r is unl i ke l y  as i t  do e s  no t 

sho w un t i l  the t ime of w e a n i n g  ( 1 00 (ay s )  or la te r. I t  is , 

the refo r e , mo r e  l i kely to be sSEocia ted wi th o the r gen e t i c  effec ts 

c o n n e c t e d  w i th the N- type c arpe t  woo l  f lo ck whi ch eff e c t s  
- , 

emphasise  the l o w e r  b o dy w e i ght for a given he i ght a t  wi the rs . 
The sma l l  numb e r  o f  N N  lamb s i n  gro u p s  I I  and I I I  make s i t  

i mpo s s ib l e  to conf i rm th i s  with a s e p ar a te ana lys i s  c ompa r i ng 
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Fi gure 1 

R e l a t i on s h i ps b e tween Body We i gh t a n d  
He i ght a t  W i the r s  fo r S i n g l e  Ew e Lamb s  

4 0  4 5  5 0  55 
He i ght a t  W i the rs ( ems ) 

6 0  65 
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them w i th group I lambs , but some confirma t ion i s  offered by 

the values for N+ l ambs in group II ( ewes from �- type s tock ) which 

a re lower than those  o f  �+ lambs i n  the o ther groups ( outcro s s  

s to ck ) . 

Thus Table  33, shows tha t  the we ight differen ces shown in  

Table 31 canno t b e  explained by differences  in the s i ze of the 

s.nimals .  This was co nfirmed by the dire c t  analyses o f  height 

at wi thers at cons tant age whi ch showed no differences in thi s 

chara c teri s t i c , nor were differences found in the corrected 

gains o f  thi s measurement over any per iod. 

Summary of conclusions , S ec t ion E3 ( i ) b. 

( 1 ) Differences  in mean  weight at  cons tant age were found 

b e tween the various groups at the times wei ghts were taken. 

These have been interpre ted as be ing the result of the geno types 

of the lEtmb s , homo zygous �- types being lighter than the he tero­

zygo tes  whi ch were in turn l i ghter t han the ordinary Romney lambs.  

( 2 ) Thes e  differences were not the result of pos s ib l e  variation 

in  the size of the animals  as they were s t i ll fo und when the 

animals  were compared at cons tant s ize.  Confirming thi s ,  no 

dlfferences i n  abso lute s i z e  as measured by he ight a t  w i thers , 

were found. 

( 3 )  I t  i s  po s s ible that there were lower weights at cons tan t  

s i z e  asso c i a ted w i th the li- type cerpet woo l  f'lock and resulting 

from gene t i c  effects o ther than the gene �. 

( 4 )  The differences in abso lute wei gh t  were the result o f  

d ifferences i n  wetght gains from b ir th to 30  days of age , and 

pos s ib ly ,  to a more l imi ted extent ,  be tween 30 - 67 days and 

1 00 - 1 44 days.  The ini tial  effec t i s  considered the more 

impor tant one as  the la ter effec ts could be asso ci ated w i th the 

response of an already ' un thrifty ' lamb to i ts environment. 



Table 34 

Tes ts of the Geno type - Mating Group Effects 
Twin Lambs 

I .  Body Weight 

Independent Vari ables 

30 days 
B. date &: Ht. at Wi thers 

67 days 
Birth date 
B. d ate &: Previous Wt. 
B.  date &: Ht. at Wi thers 

1 00 days 
Bi rth date 
B. date & Previous Wt. 
B. date  &: Ht. B. t Wi there 

1 44 days 
Birth date 
B. date  &: Previous We ight 
B. dat e  &: Ht. at Wi thers 

I I .  He ight at  Wi thers 

30 days 
Birth date  

67 days 
Birth date 
B.  date &: Prevo Ht. 

1 00 days 
Birth date 
B. date &: Prevo Ht. 

1 44 days 
Birth date 
B. date &: Prevo Ht. 

Degrees of  freedom 
1 independent var iate 
2 independent var i a te s  

at W. 

at  w. 

at W. 

Effects 
Mean S q,uare 

1 3. 1 21 

41 . 401 
7. 639 

32. 768 

81 . 21 6  
1 0. 1 53 
83. 669 

75. 967 
1 5. 620 

1 00. 71 2 

6. 821 

3. 005 
1 . 760 

9. 046 
5. 403 

6. 297 
1 . 950 

9 
9 

Res idual 
Mean Sq,uare 

4. 079 

20. 237 
4. 473 

1 7. 91 3  

34. 31 2 
6. 882 

26. 840 

42. 207 
1 2. 903 
32. 261 

3. 985 

4. 530 
2. 484 

3. 301 
2. 273 

3. 1 83 
1 . 674 

60 
59 

Values of F fo r various probab ill ty levels 

P F 
0. 2 1 . 43 
0. 05 2. 0 8* 
0. 01  2. 74* * 
0 . 001 4. 07***  

for 

F 

3. 22** 

2. 05* 
1 . 71 
1 . 83 

2. 36* 
1 . 48 
3. 1 2** 

1 . 80 / 

1 . 21 
3. 1 2**  

1 . 71 

<'1 . 0  
<j . 0  

2. 74* 
2. 38* 

1 . 98 
1 . 1 6  
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( c ) Twin lambs.  

The method of analysis  was the s ame as that used for the 

single lambs. The results of the analyses of  the geno type 

mating groups are shown in Table 34. I t  can be seen that  there 

are no further weight gain differences amongst these �roups and 

that by 1 44  days the differences in weight between the geno type -

mating groups are of doubtful significance. S ign ificant 

differences in  height at wi thers occurred at 1 00 days as a result 

of differences in gain of this measurement from 67 to 1 �0 days. 

The presence of  the interactions shown earlier in Table 28 

appear therefore to be the result of the differences occurring 

between s ingle lambs no t always be ing found for the twin lambs. 

The estimated values of the mean we ights and height at 

wi thers correc ted fo r b irth date are shown in Table 35. Only 

those times when s ignificant differences o ccurred are shown , 

except for weight a t  1 44 days which i s  given for compari so n  

with the values for s ingle lambs.  Group II  has been ommi tted 

as there . was only one lamb of each geno type in i t. 

NN lambs from both mating groups are lighter than the 

other lambs. The li+ lambs are lighter than the ordinary lambs 

by a small amount , except in mating group I I I  where the weights 

are s imilar. In general the results follow those for s ingle 
• 

lambs , the differences between geno types , however ,  be ing con­

s iderably smaller and no longer sign ificant at 1 44 days. For 

mating groups IV and V the differences between ordinary and 

�+' lambs are of the order of three pounds compared with ten 

pounds f�r the s ingle lambs.  

The differences in he ight at wi thers at  1 00 days appear 

to fo llow the differences in body wei ght except for those, lambs 



Table 35 

Es timates of the Geno type - Mating Group Means 
Correc ted for Birth Date 

He ight at 
Body Weight Wi thers 

Mean age ' 67 days 1 00 days 1 44 days 1 00 days 

Lamb Mating 
Geno type Group 

NN I 42. 36 52. 51  62. 96 5 1 . 86 
III 39. 38 51 . 00 59. 1 6  47. 73 

N+ III 45. 38 59. 0J 66. 90 49. 94 
IV 40. 36 53. 61 62. 71 49. 07 
V 43. 48 55. 30 66. 37 50. 07 

++ III 45. 65 59. 76 64. 51 50. 87 
IV 44. 1 8  56. 79 66. 52 49. 9 7  

V 45. 96  58. 62 68. 84 51 . 72 

The body weight i s  in pounds and the height at  w i thers in ems. 

Table 36 

Estimates of the Geno type - Mating Group Means of 
Body Weight Corrected for Birth Date and for Hei ght 

a t  Wi thers , and of Height at Withers 
Correc ted fo r Birth Da te and the 

Previous He ight at Wi thers 

He1ght at 
Withers 

Body We1ght 

Mean age 30 days 1 00 days 1 44 days 1 00 days 

Lamb Mating 
Geno type Group 

NN I 23. 79 50. 41 61 . 24 51 . 54 
I II 24. 94 54. 1 8  62. 91  48. 81 

N+ III 25. 35 59. 39 66. 43 49. 97 
IV 22. 99 55. 07 63. 97 49. 57 

V 23. 77 55. 49 66. 20 49. 87 

++ III 25. 23 58. 9 2  65. 78 50. all· 
IV 24. 23 57. 1 3  67. 30 49. 70 
V 25. �·7 56. 69 67. 90 51 . 28 



from mat ing group I .  These show a lower bo dy weight for a 

given height at  wi thers whi ch is confirmed by the results in 

Table 36. This table al so shows the' hei ght at withers at  1 00 

days co rrec ted fo r tha t at  67 days , and indi cates that the 

larger s ize  of lambs from mating group I at the fo rmer time was 

the result of their  fas ter growth over thi s  period. I t  also 

shows the lower we ight fo r size  of the NN lambs , in particular 

tho se  from group I at 1 44 days . In addi tion , a small difference 

i s  shown between N+ and o rdinary lambs wi thin the mating groups 

IV and V. 

There was only a small difference in 6 i�e between s ingle 

and twin lambs and compari son of this difference wi th the 

differences in weight showed that twin lambs had a lower weight 

for a given hei ght at wi thers .  This i s  presumab ly an environ-

mental effec t  and the contrast in these and the body weight results 

for s i ngle and twi n  lambs sugges t  an interaction between ! and 

the environmen t. 

Summary of conclusions , Sec tion E3 ( 1 ) c .  

( 1 )Differences in weight between lamb geno types for twins 

fo llowed the same pa ttern as for s ingle lambs.  

( 2 ) These differences were smaller and be came non-signifi cant 

at 1 44 days. 

( 3 ) These resul ts and the relationships of weight to hei ght at  

wi thers , sugge s t  the presen ce of an interaction between the 

environment and the geno type of the lamQ. 

( 4 ) Results for ma ting group I confirmed results for the single 

lamb s  in tha t o ther facto rs besides ! affecting growth were 

indi cated in matings derived from the !- type s to ck. 



Table 37 

Sub-c lass Numbers for the Analysis  
of Lambs " Geno type 

a" S ingles � S ingles ci" Twins � TwinsTo tal 

Lambs ' Geno type 

NN 5 1 1  6 7 29 

N+ 1 6  1 7  1 1  1 8  62 

++ 5 1 2  1 2  1 8  47 

Total 26 40 29 43 1 38 

Table 38 

Expected and Observed Values for Wei ght 
at  1 00 days 

if1 S ingles � S iSgles d" Twins 9 Twins 
Lambs ' 
Genotype 

Expec ted . 64. 28 55. 74 52. 86 47. 1 9  
NN < ? 

Observed 62. 86 54. 9 8  51 . 02 49. 63 

Expec ted 68. 74 60. 20 57� 32 51 . 66 
N+ 

Observed 67. 84 59. 9 1  5 8. 69 50. 32 

Expec ted 73. 01  64. 47 61 . 59 55. 9 2  
++ 

Observed 75. 26 64. 1 5  60. 1 6  55. 22 
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( i i ) Difference s  between geno types poo ling the mat ing groups. 

( a ) Body weights . 

As the differences present appeared to be mainly between 

the lambs of different geno types and no t between the ma ting 

groups , i t  was de cided to poo l  the mating groups and examine 

the differences  be tween the three geno types only. The method 

of analysi s  was the s ame as in the previous sec tion w i th the 

three geno type groups in place of the ten geno type - mating 

groups . These results wi ll no t be presented as fully as those 

shown in  the tab les in  the previous sectio n ,  as in  general they 

only confirm or exte nd these  analyses.  

The advantage of  thi s fur ther analysis  i s  to conf.irm the 

results deduced empirically from the tables of es timated means 

and also to have an analysi s  based on larger sub- c lass numbers. 

This should increase the accuracy of the estimates of the geno­

type effects when the mat ing group effects are of li ttle importance. 

The sub-c lass numbers and the cla s s ification for these analyses 

are shown in  Table 37. 

Unlike the previous analyses no s ignifican t  i nteractions 

were found between the sex - birth rank effec ts and those  of 

lambs ' geno type. This was therefore examined further by com-

parison of estima ted and observed mean values for both methods 

of clas sifi cation. For the analysiS by geno type - mating 

groups some difference in the results for singles and twins 

has already been shown , but in addi tion , groups wi th 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 underes timate the geno­

type diffe renc e s  for single l ambs and overes timate them for 

twi n  lambs. Table 38 shows this for the values at 1 00 days 



Table 39 

Estimated Values of  Mean Weights of Lamb Genotypes 
Correc ted for Age 

Mean Age 

Lamb s '  G eno type 

NN 

N+ 

++ 

30 Days 

26. 1 3  

26. 74 

28. 65 

67 Days 

43. 59 

46. 39 

49. 81 

1'00 Days 

55. 06 

59. 48 

63. 74 

Tab le 40 

1 44 Days 

64. 47 

68. 50 

73. 43 

Interactions Shown by the Analysi s  of Weight 
Corrected fo r Previoue Weight 

Period 

Interaction between 
Geno type and : 

Sex - Birth rank 

Sex ( S ingle lambs ) 
Sex (Twin lambs ) 

30-67 Days 

Pres ent 

Fresent 

Present 

67-1 00 D,ys 1 00-1 44 Days 

Present  Present 

Present Absent 

'Ab s ent Absent 
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of mean age , where i t  can b e  seen that the observed values 

indic a te a smaller dirference be tween geno types for twin lambs.  

Al though these  compari sons indi cate a slight interaction effect , 

i t  was reasonable to ana lyse on the basi s  of the non- s i gnificant 

tes te o f  interaction and use an es timate of geno type effects 

over all the s ex - birtb rank groups . The analys i s  of covar-

iance of the se eff e c ts correc ted  for b irth date showed highly 

s i gniri can t ( P less  than 0. 001 ) differences  at all the ages. 

The e s timated values of the correc ted mean weights are shown 

in Table  39. Apart from 30 days when the differences are 

between �- type lamb s  and the ordinary lambs , there appears to be 

a l inear effect  of ! on the wei ght , as the mean wei ghts of the 

hetero zygous lambs fall be tween those  of the homozygous and the 

o rdinary lambs.  

When the ad"d i  ti onal ad jus tment for the previous wei ghts was 
",," 

added to the analys i s  of covari ance , s i gnificant interac tions were 

found. These are sumEari sed in Table 40 whi ch shows those  sub-

c lassirica tions of s ex and b i r th rank where in teraction was shown 

to be present  on analysis.  As a resul t ,  in  order to analyse 

the lamb geno type difrerence s , the data was broken down to those 

.ex - birth rank classes where interact ion was absent. 

Thus for gains from 30 to 67 days each sex and bi rth rank 

was analysed separately. Over thi s period differences in favour 

of ordinary lambs were found for all groups except that of female  

twins. In addi tion , for the single lambs , rams showed greater 

differences than ewes .  No geno type differences were �ound for 

gain in any groups from 67 to 1 00 days or for twin  lambs from 

1 00 to 1 44  days , but single lambs showed greater gains in the 

o rdinary gro up over thi s  last  period. 

Thes e  re sults are in general agreement wi th those deduced 

from the geno type - mating group analysi s  wi th the addi tion that 
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geno typic  diff erence s  be tween ewe lambs appear to be less  

marked than those b e tween ram lambs.  This may be the result of 

the no rmal s ex di fferences in that the rams or single lamb s  

whi ch grow fas ter are more penali sed b y  the effec ts of the � 

geno type.  Thi s co uld be a s imi lar effec t  to an environmental 

one causing s low growth a nd smaller differences. 

Co rrection of the es timated mean weights for the .eight ·at 

withers made no difference to conclusions already reached in the 

previous section. Interaction was pre sent at 67 days , when twins 

showed small er di fferences than singles , but all the geno type 

differences were Significan tly in favour of the ordinary lambs. 

(b ) Body mea surements. 

An analysi s  s imilar to that used above showed no inter­

ac tion fo r any age for he ight at  wi thers corrected for birth 

date.  S i gn ifi cant differences were found amo ngs t the geno type 

groups for thi s measurement at 1 00 and 1 44  days . while those at 

30 days appro ached s i gnifi cance.  The est ima ted mean values 

are shown in Table 41 where i t  can be seen tha t lamb s  of NN 

geno type have a greate r  s ize  than would be expected from their 

body weight. As all but three of these NN lambs were from 

ewes themselves derived from li- type s tock ,  this confirms the 

observations made on the geno type - met ing group analysis.  

These s ugge s ted  that the !- type flock differed in o ther genetic 

fac tors besided � causing thi s  greater size for a lower weight. 

These fac to rs could be present as a resul t of the breeding 

po l i cy w i thin the N- type flo ck whi ch for experimental reasons 

was based so lely on woo l , whereas s e lec tion of the o rdinary 

Romney over a similar period has in addi tion been direc ted 

towards a type of sheep asso ciated wi th meat produc tion. 

Alternative ly , the o rder of the differences could be the resul t  



Tab le 41 

Es timated Values or  Mean Height at  Withers ( ems }  
Corrected ror Birth Date 

Mean Age 

Lambs ' Geno type 

NN 

N+ 

++ 

30 Days 67 Days 

42. 7 

41 . 6  

41 . 9  

48. 4 

48. 3 

48. 6 

Table 42 

1 00 Days 1 44 Days 

51 . 9  

50. 8 

5 1 . 7  

Es timates or  ' Leg Length ' and depth or Thorax ( ems )  
Mean Age Dep th of Tho rax Leg Length 

1 00 Days 1 44 Days 1 00 Days 1 44 Days 
--;L=-am--::-ib-s--.-'---=G-en-o-t:-y-p-e

--------- --------------------

NN 

N+ 

++ 

25. 03 

24. 80 

24. 88 

25. 92  

25. 75 

26. 1 1  

Table 43 

26. 84 

26. 0 2  

26. 78 

28. 46 

27. 31 

27. 58 

Average Changes in Measurements from B irth to 
1 44 Days for all lambs 

Measurement Birth 

Body Weight 1 0. 09 

Leg Length 20. 06 

Depth of Thorax 1 3. 08 

1 44 Days 

68. 87 

27. 78 

25. 9 3  

Difference %Difference 

5 8. 78 5 82. 6 

7. 72 38. 5  

1 2. 85 9 8. 2 



of the scale o n  whi ch they have been measured no t correspond­

ing to the genetic scale ; i . e. , a scale such that the value 

for N+ 18 be tween those  of NN and ++ lambs , and by which the 

action of � i s  addi tive. 
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The results for the corrected gain in height at  wi thers were 

those  whi ch would be expec ted in  order to ob tain the differences 

in actual height at wi thers. There was , however , a signifi cant  

interac tion at  1 44 days when there were signifi cant differences 

between s ingle but no t between twi n  lambs. Thi s appears to be 

the result of the more rapid growth of the N N  s ingle lambs after 

weaning which is reflected in the comparati ve values ( Table 41 ) 

of hei ght at wi thers at 1 00 and 1 44  days. Although the differ­

ences in gain  amongst twin lambs were very slight and not sig­

nifican t ,  they were suffici ent to result in  there be ing no inter­

action between singles and twins for actual he ight at wi thers at 

1 44 days; i . e . , tho se differences  already present fo r twin  lambs 

at 1 00 days were s ti ll present and slightly grea ter at  1 44 days 

although the differences &mongs t  the gains were no t s i gnificant. 

With such an effec t it is possible fo r wei ghts or measurements 

themselves to show no interaction although one is shown when thes e  ' 

are correc ted for the previous values. 

Finally the differences for hei ght at  wi thers at  1 00 and 

1 44  days have been examined to determine whether the differences  

are ones of  ' leg length ' or  depth of thorax. There were no 

interac tions for depth of tho rax at these two times a nd the 

estimates for thi s measurement and those for ' leg length ' 

obtained by subtraction from the height at  wi thers estima tes 

are shown in Table 42. 

At 1 00 days the withers differences appear to be asso ci ated 
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with ' leg length ' ,  although the small dirferences in depth of 

thorax are in the same order , NN , ++ , !+ as those of wi thers and 
, 

leg- length. At 144 days the greater height at  9i thers ot :i the 

homozygo tes appears to be associated with the ' leg  length ' and 

not depth of thorax. This is  in accordance wi th results at b irth 

where it was apparent that depth of thorax was more c lo sely assoc­

iated wi th body weight than was leg length. 

The difference between geno types in height at wi thers at 

144 days i s  about half that of the difference between a ram and 

a ewe lamb at this age and might no t be  detected by visual inspect­

ion if the animals were in the same condi tion. 

Compariso ns ot the three variables at 144 days and a� b irth 

are ot interest in  relation to the resul ts . The mean we ights 

and measurements tor all groups are given in Table 43. The 

major contribution to increases in height at  w i thers i s  trom 

increases in the depth ot thorax and no t the length ot the leg. 

The percentage ditferences emphasise  that there are tar greater 

relative changes in weight after birth than there are in height 

at wi thers. This would sugges t  that there would be greater 

chance or environmental etfects acting on body weight than on 
� 

leg length after birth , which i s  in accordance wi th tho se results  

discussed in the review of literature whi ch led  to  the taking ot 

these body measurements. 

4. Summary and conclusions tor Sec tion E. 

I t  i s  not proposed to discuss the biological impli cations 

of these results in any detai l until the end ot the ti rs t  part 

of this thesis. The purpose at  this s tage was to gather 

information as a bas1s  for further exper1ments under more controlled 

conditions and also to examine vi ews put forward on the lack of 



70 

' thrift ' of the N- type sheep. 
-

I t  is  clear , for thi s season 

and under these condi tions , tha t these views had a bas i s  o� 

truth and that further investigation was worthwhi le for research 

purposes and essential before any economic explo i tation was 

considered. 

The examination of the results has been essentially a 

s tatis t i cal one in order to study the growth of  the !- type 

flock as well as the effec ts o� !. The use of matings o f  the 

type of IV and V in whi ch heterozygous rams were mated to 

ordinary ewes  has consi derable advantages for thi s type C �f work 

as , apart from linkage , all effec ts o ther than those  o f  ! will 

be randomi�ed in the two possible groups of offspring. The 

clear effect of N on growth i s  shown in Figure 2 which give s  

the curves �or the individual ram s ingle lambs from mat ing groups 

IV and V. This diagram illus trates the major difference 

fo und by the analys is , and the other conclusions are shown - below 
) 

in the fo rm of a summary. 

used for futurc.� discussion. 

General : 

I t  i s  thi s summary which wi ll be  

( 1 ) Twi ns showed a greater relative �rowth rate than 

singles between 30 and 67 days of age . 

( 2 ) At 1 44 days of age twi ns had a lower weight for their  

body size  than had single lambs.  

Geno typic  differences : 

( 1 ) These were no t ,  i n  general , linear func tion s of the 

sex - birth rank class ification , the largest  difference s  

being shown b y  s ingle lambs  and the smalles t b y  ewe twi n  

lEimbs. 

( 2 ) Full analysi s  i ndicated that mating group differences 

w i thin the geno types were likely to have been relatively 
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unimportant. These differences between mating groups w111 

1nclude maternal effects of the ewe e1 ther pre-natally acting 

on b irth wei ght or  post-natally acting via milk pro duct1on 

and , in addi tion , possible differences associa ted with the 

sires.  Theee may have been o verall differences of these  types 

as so ciated with the !-type sto ck apart from effects of !. 

( 3 ) Analysis  by lambs ' geno type and sex - birth rank confirmed 

deduc tions from the full analys is and the analys is of  wei ght 

at 30 days of age. These were : -

( 1 )  Co rrected weight gain differences between !- type 

and o rdinary lambs from birth to 30 days led to wei ght 

differences  between the geno types of both s exes of 

s ingles  and twins at 30 days. 

( i i )  Further d ifferences in corrected wei ght gain 

o ccurred betwee,n the single lamb' groups from 30 - 67 

and 1 00 - 1 44 days , but these were more l imi ted and may 

reflect  the poor  growth over the first few weeks of life. 

( i i i ) Twin lambs  showed no further differences after 67 

days.  

( iv )  All 4ifferences showed NN lambs as the lightest and 

ordinary l�bs as the heavi est , wi th !+ lambs as inter­

mediate or similar to the !! lambs. 

( v )  It is  conc luded that the first s ix or nine weeks o� 

l ife were the cri ti cal ones during which , for some reason ,  

the !-type lambs did no t grow a s  well' as o rdinary Romney 

lambs under the same condi tions. 

( 4 )  This difference betwe'en N- type and ordinary lambs may 

be one associated wi th b irthcoat type ; the additional 

dif'ferences between the !+ and NN lambs being the result of 

o ther fac to rs as so c i a ted wi th the !- type flock. 
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( 5 ) Correc tion 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 

� lambs as the largest  and N+- as the smalles t ,  and this has 

been interpreted as an effec t of  the N- type stock although a 

po ssible al ternative explanation of gene tic scale has been 

po inted out. 

( 7 ) The differenc e in body size  at 1 44  days appears to be 

asso ci ated wi th the 1ength of the legs but the order of 

differences is  probably too small to have much effect on 

the vis ible conformation of the animals if they were in 

S imilar condi tion. This as sumes that there has been little 

penalty in growth of ' height at withers ' compared wi th the 

poor growth in terms of  we ight. 

�. Results from the slaughter of !- type and Ordinary Rams. 

1 .  Review of previous work. 

In the previous section i t  was shown that differences o f  

wei ght had o ccurred between geno types b y  the time that lambs 

are normally slaughtered for commerci al purposes.  Some differ­

ence in carcass �uali ty was therefore to b e  expec ted as a resul t ,  

but i t  was still  necessary to find if there were any effec ts 

attributable to ! apart from those  aris ing from these weight 

differences. 

An inves tigation 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 o ther 

purposes , the weights of various joints and their component 



tis sues we!"'e .available.  This data was kindly made available 

by Mr. E . A. Clarke ( now of  Ruakura Animal Research Station ) , 

and an analysi s  was carri ed out by the present author. 

Comparisons between the two types of sheep were made by 
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means of analysi s  of differences between the re gressions of the 

wei ghts of the various parts on carcass weight. The conclus ion 

was drawn that there were no differences in  the relative weights 

of the jo ints or thetr componen�t · tissues except tha t the relative 

weight of the loin was slightl� hi gher in the ordinary sheep as  

a result of a grea ter weight of tat in  this joint. The small 

numbers of  sheep made these conclusions tentative ones.  

Complete dissec tion of a carcas s or even of sample  joints is 

a laborious technique if many animals are invo lved. As the 

data described above gave no ipdi cation of any important differ­

ences , a s imple method was requi red for a preliminary examination 

of the lambs .  

Palsson ( 1 939 )  and also Walker and McMeekan ( 1 944 )  have 

described methods of measurement of lamb carcass es , which 

reflect differences l ikely to be found on dissection. Clarke , 

Barton and Wilson ( 1 953) described simi lar measurements to the 

ones used in this  experiment. They invo lve 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 impDrtant commercially. In addi tion measurements are 

made on the cross- section of the carcass to determine the depth 

of SUb-cutaneous fat and the dimens ions of the cross sect.1on of 

the ' eye ' musc le ( longissimus dorsi ) . 

If these measurements showed differences no t explained 

by weight differences of the carcass then more detail4d anat-

omi cal study of the lambs at various ages was intended. This 
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would be from a biological po int of view rather than one of 

meat technology expressed by the se measurements. These should , 

however , indicate whether thi s detai led approach was justified 

whi le at  the same time answering thw questions on the e conomic 

value of !- type carca$ses. 

2. Methods. 

No homozygous animals were available for slaughter as the 

ma jori ty were required fo r future breeding purposes and conse­

quently i t  was dec ided to avo id  mating group differences by 

taking ten !+ ram lambs  and ten ordinary ram lambs from mating 

group V only. 

These 20 lambs were therefo re starved overnight and slaught­

ered the fo llowing day. Before kill ing , a wool  sample was 

taken from the side pos i tion for hairiness determination and the 

animal was weighed to ob tain the ' empty live weight ' .  After 

slaughter the ho t carcass wei ght was taken and a lso the· weight 

of the various organs freed of connective tissue and blood. The 

organs weighed were the heart , liver , lungs , spleen and the kidneys. 

rhe left fore eannon bone was also cleaned and weighed and kept 

fo r measurement. Any abnormalities were no ted. 

The carcasses were then hung overnight and the fo llowing 

day the co ld carcass weight and the measurements described 

above were obtained. For tho se measurements requiring i t  the 

cross  section of the carcass was taken at the po int at which 

the heart girth and depth of thorax measurements were made on  

the live animal. This was to obtain anatomical info rma tion 

in the event of differences be ing found for the live animal 

measurements when these were ana lysed. Such differences have 

a lready been shown to be unimportan t  and consequently these 

�easurements will no t be considered furth er. 



Table 44 

Measurements on the Lert Fore Cannon Bone 

Geno type 

N +  

+ +  

Length/Weight 

0. 329 

0. 309 

Length/Circumference 

2. 27 

2. 1 9  

Table 45A 

Length( crns ) 

1 0. 65 

1 0. 56 

Analysi s  or Covariance or Empty Live Weight Correc ti ng ror Age 

Source 

Birth rank 
Geno type 
Res i dual 

d. r. 

1 
1 

1 6  

Mean S quare 

570. 1 6  
1 99 . 59 

47. 9 2  

For t and 1 6  d. r. F = 4. 49 ror P = 0. 05 

Table 45 B 

F 

1 3. 28 
4. 1 6  

Analyses of  Covariance or Empt� Live Wei ght( omi tting 
two lambs ) 

( 1 )  Corrected ror age only 

Source 

Birth rank 
Genotype 
Res idual 

d. r. 

1 
1 

1 4  

Mean S quare 

361 . 58 
357. 99 

35. 08 

F 

1 0. 20 

( 2 )  Corrected for age and medulla percen tage 

Source 

Birth rank 
Geno type 
Res idual 

- - -< 

Es timated 

Geno type 

N+ 

++ 

The numbers 

d. f. Mean S quare 

1 291 . 55 
1 33. 35 

1 3  30. 85 

Table �6 
Mean Empty Live Weights 

S ingles 

70. 6  ( 5 )  

82. 5 ( 3 ) 

in  each sub-class are 

F 

1 . 08 

at Cons tant Age ( lb"\l 

Twins 

62. 1 ( 5 )  

68. 4 ( 7 )  

given in parenthes is .  



75 

3. Carca s s mea s ureme n t s  . and organ weights.  

The carcass measurements were analysed by ana lys i s  of 

covariance w i th the co ld carcass  weight as the i ndependen t  

variable , whi le  a s imi lar analysi s  wasp! made fo r the o rgan weig�ts 

correc ted for the empty l i ve weight. 

In no case  was s i gnif i cant difference found and any variation 

in  the carcass weights was  accounted fo r by d iffe rence s  i n  the 

empty live w e i ght. Analys is  of the weight and circumference of 

the cannon bon es  showed a tendency fo r those  of the �+ lamb s  to 

b e  thinner rela ti ve to the length. The mean lengths are shown 

in Table  44 w i th the rela tive measurements.  The s li ghtly longer 

c annon bone of the �+ lambs can be  attributed to the grea ter 

mean age of thi s  group ( 1  week ) and the lower relative we i ght and 

c ircumference to the s lower grow th of the lambs ( Palsson and 

Verges 1 952 ) .  

I t  was concluded tha t there were no differences i n  the econ­

omi c o r  b io logi cal chara c teri s t ics  of the carcasses  of the two 

groups that would no t b e  expec ted from l ambs showing different 

growth ra  tes.  

4. Empty l i ve wei ght and medullation. 

A s  a ll previous weights had been taken of lamb s  s trai ght from 

the paddo ck ,  i t  was  of i nterest  to compare the empty live weights 

of the two gro ups.  An ana lysi s of covari ance was made between 

the two geno type gro ups correc ting for age and w i th a s eco nd 

c l a s s ifica t i on o f  b i r th rank. Thi s ana lys is is shown in Table 

45A and the es timated we ights at constant age are shown in Table 

46. If the sma l l  numbers in the sub-classes  are taken i n to 

cons idera tion  these  resul ts are in ac co rdance  wi th the previous 

analys es  of  live we i ght� and i t  can be ass umed  tha t the differ­

ences  f)und were no t the f'esult  of variations in  s tomach content. 
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I n  tak ing the s ampl e s  :fo r the me d u l l a t i o n  te s t  two 

o rd in ary l amb s w e r e  omi t te d  by a c c iden t and the s e  are there­

:for�excluded :from the ana ly s e s  s hown in Table 4 5b. The f i r s t  of' 

the s e  analys e s  is the s a me as that shown in Tabl e 45Abut in the 
• 

second the per c en tage med ul l a t i on sho wn by the b e nzo l t e E: t  

( McM ahon 1 936 ) ha s b e e n  i n c luded a s  a fur ther i nde pendent 

vb.r iabl e . The va lue o f'  the pa r t i al regre s s i o n  co e :ff i c i e nt 

of' medullation on w e i gh t  w i thi n the s ub- groups o f  geno type and 

b i r th r a nk was -0. 24 ( ±  0. 065 ) , whi c h  is hi gh ly s i gnifi c ant . 

The va l u e s  o:f w e i ght , corre c t e d  :for a ge , have b e e n  plo tted 

aga i n s t  the medul la t i o n  va l u e s  in Fi gure 3 w i th thi s regre s s i o n  

value u s e d  to :fi t l i nes t o  s ho w  the re l a. t i onshi p wi thin the 

N type and ord i n ary lambs.  

Whe re a s  i n  the s ta ti s ti c a l  s ens e , the d i ff e re n c e s  i n  

emp ty l i ve we i gh t  a r e  accounted :fo r by the d i :f:feren ces in 

me du l la t i on , thi s  do e s  no t necessari ly give the b i o lo gi c a l  

d e termi n a t i o n  when such a l arge correla t i o n  ex i s ts .  The 

b io lo g i c a l  i n terpre tat ion o:f the benzo l t e s t  i s  no t s trai ght-

fo rwa rd , b u t  i n  gen era l the higher values wo u l d  i nd i c ate a hi gher 

pro po r ti o n  of medu l l a te d  and presumab l, co ar s er f ib r e s .  Schinckel 

( 1 953 and 1 955b ) has s ho wn tha t :fo r the Merino lamb , ea rly 

gro w th can af:fe c t  the compo s i tion of the s ub s e quen t fo l l i c le 

po pu le t i o n. I t i s  po s s ib l e  tha t  wi t hi, n  the !i- type and o rd inary 
l Elmb groups , the s lower gro w i ng l amb s had a lower :fibre d ens i ty 
and hence a coarser :f l e e c e  and gre e ter med u l l a t i o n .  ,A l te rna t i v e ly, 

l amb s w i t h  mo r e  halo - ha i rs a t  b i rth may s how a c o a r s e r  f le e c e  

a t  thi s l a te r  s tage and these lambs may have a s lower growth 

r a te a s so c i a te d  wi th t he ha lo- ha i r s .  

Th e dEl ta co ll e c t e d  i n  th i s  t' i r s t  y e a r  w e re no t o:f th,e type 

to answer these ques t i o ns b u t  the impo r ta n c e  of thi s  benzo l t e s t  

�esult in pl ann i ng f'u ture wo rk wae c le a r .  
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Summary or Section  F. 

( 1 ) I t  was concluded tha t further examin a tion of the problem 

should be rrom the point o r  v i ew of the rel a tionshi ps between 

growth and the various charac teris tics of the birthcoat and 

later fleece.  

( 2 ) There was  no ev ide nce or any major  differences i n  the ana­

tomy or �+ or  ord inary lamb s  at the age of 22 weeks nor was i t  

co ns i dered l ikely tha t the c arcasses o f  lanfu s  of these two 

types would dirfer in their commercial  value if the growth of  

the lenIDs was the s ame. 

( 3 ) These remarks do not apply to the g- type ' carpet wool ' 

flock as these were no t avai lable for s laugh ter. The data 

already analysed sugge s t  tha t the l amb c a r cas ses from this 

flock would be of lower commerc i al value than ordinary sheep 

because of the poo re r lamb gr'owth. 

G.  The Do r f: a l  S pines of the Thoracic  Vertebrae. 

In t.he i ntroduc ti on it was s tated tha t it had previous ly 

been sugges ted that the ' po imted ' w ithers observed in �- type 

sheep were a pleio tropic  effect of  ' N ' and that thes e were a 

reflec tion of the inc reased length of the dorsal spines of the 

thoracic ver tebrse. 

Hammond ( 1 932 ) dis cu s s ed the connec ti on be tween horns 

and t1l!te length of the dorsal spines , suggest ing after D 'Arcy 

Thompso n ( 1 94 2 )  a mechanicsl  necessity for such spines  in horned 

animals to suppor t the we ight of  the head  on a cantilever 

pr i nc iple.  The me chan i sm whereby such a connec tion could arise  

i n  the development of  the an imal i s  no t di scussed. Von Bore tal 

( 1 95 2 )  found longer do rsal s pi nes in adul t Chevio t ewes when 
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they were compared w ith o rdinary New Zealand Romney ewes. This 

could no t be attributed to the weight of t h e  headJ for nei ther 

breed is  no rmally horned. The Chevio t ,  however ,  had greater 

mus culature of the shoulder and the longer do rsal spines may 

have been associa ted w ith this.  

Clarke ( 1 95 2 )  in e comparison  between he tero zygous and 

ordinary Romneys at  diffe rent ages tound tha t the fo rmer had 

longer spin es.  The !i- type sheep included o ne po ,lled animal. 

Da ta from this comparison had been made avai l&ble and the 

regression  of the l ength of the fourth dorsal thoracic  spine 

on head weight was calcula ted wi th the po lled !i- type sheep 

omi tted. Limi ts at the 5% level of probabi li ty for the 

es timation of spine len,th from thi s regression equation 

were then found ( Snedeco r 1 946 ) and it was then found that the 

po lled !i- type she ep fell  outside these l imits in tha t i t  had 

a greater spine length than would have been expec ted from the 

wei ght of i ts head. For the rema inder of the sheep the 

resul ts were tho s e  tha t wo uld be expec ted if the greater spine 

length was the result  of a greater weight of the head. 

Later experimen ts by Clarke ( 1 95 2 ) , in which the weight of 

horns was s timulated by the use of increas ing wei ghts on the 

head of growing lambs , produced no effec t  on the length of the 

thoracic spines. 

The data of Clarke was also examined to test the po ss ibili ty 

that the longer vertebral spine was associated wi th greater 

length of other bones in the skeleton. However the cannon bo ne 

and the femur were the s ame length in both the !i- type and 

ordinary sheep. 

As these resul ts are no t conclusive i t  was dec ided to 

investigate the problem further by means of X- ray pho tography, 
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whi c�nab les  s tudy o� the s ame sheep a t  dirreren t times wi thout 

the vari ation in  time b e ing co nfounded with the var i ation 

betwe en animals. Thi s  confounding i s  a major drawback of a 

te chnique whe re i t  is  necessary to s laughter the animals to 

obtain the measurements requ ired. 

The techni que was rirs t inve s t igated and validated using 

ten we ther hoggets.  The s e  an imals were X-rayed and. measurements 

of the requi red bon e  lengths made from the plates. The animals 

were then s laughtered and measurements made of the a c tual bones 

after di s sec tion. From the resul ts obtained i t  was dec ided to 

use the pla te measurement or the rour th tho racic ver tebral 

do rsal spine ror the sub s e quent work. When the �agnification 

was a llowed for) the plate measurement of thi s  spine showed a 

correla ti'on or 0. 94 wi th the measurement o f  the actual dissected 

spine. With cons tant magnifi cation , i . e. a co ns tant d i s tance 

b e tween the plate and the tub e ,  the plate measurement can be 

used ror compara ti ve purposes  wi thout conversi o n  to �he true 

measurement. The re sults �or spine length given below are 

thererore 1 . 1 6  times the true measurement.  

The lamb s  ava i lable were X- rayed a t  four weeks o r  age , 

1 2  weeks of s.ge and a t  about 1 0  mo nths. Two homozygous (NN ) , 
two he tero zygous and two ordinary ram lamb s  were measured for 

he i ght at withere and X-rayed at each of these t imes .  All 
the �- type rams had ho rns and the o rdi nary animals were po lled 

. al though o ne of the latter showed a very s l ight s cur growth. 

In add i t i on an � ram whi ch had b een dehorned was avai lable 

at four weeks but no t at a later age as the de-horning led to 

abno rma l horn growth and the animal had to be slaughtered. At 

ten mo n ths two po lled �- type rams were ava i lable , one whi ch 



hS.d been successfu lly  de-horned and ODe whi ch was natu.ral ly 

po lled. In adc. i tion two o rd inary hor ned rams were measured 

at  tlhis time , the ho rns on  these  animals probably bei ng the 

resul t of a gene o ther than � ( Dry 1 955c ) . 
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Figure 4 shows the length of  the fourth dorsal tho racic  

s pine  plo tted agai nst  the hei ght at  wi thers l es s  the l ength of  

spine , fo r the three times at which the measurement s  were made. 

The number of  an imals measured does not  permi t a s t atis ti cal 

analysis  but the measuremen ts taken at ten months i ndi cate 

tha t the longer dorsal spines  are related to the pre s ence of 

horns and no t to  the pre s ence of N .  The consideration  of the 

spine lengths in r e lation  to the hei ght a t  w i thers s hows that 

the gr'eater lengths in the El e  ho rned animals Elre no t a ssoc iated 

wi th greater lengths of the long bones of the fore l imbs .  

These results could b e  interpreted a s  a mechani cal  effec t  

but i t  could be  pos sible tha t the s pi ne s  are s lightly longer 

in horned animals at four weeks ( Fig. 4 )  when the horn growth i s  

s ti ll s li ght.  ftlso a l though the NN sheep had horns twi ce the 

s i z e  of the N+ sheep there was l i ttle  d i rferen ce in the i r  do rsal 

s pi ne l ength. 

However although i t  i s  cl e ar tha t fur ther experiments are 

required to d i s cover the mechan i sm of these  relatio nships , 

the conclusion relevant to thi s the s i s  i s  that the longer 

dorssl spines observed in  �- type sheep are the indirect  resul t  

of horns a nd probably no t directly asso c ia te d  wi th the ac tion of 

li· 
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I V. THE GROWTH OF THE EWE HOGGETS 
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All the �- type ewe l amb s from the exper i men t j us t  desc ribed 

were to b e  ke p t  fo r future breed i ng pur po s es and i t  was dec i de d  

t o  add 1 7  of the o rd inary l amb s t o  the s e  t o  mak e u p  the maximum 

o f  70 ho gge t s  fo r whi ch graz i ng was ava i l ab l e  .. The 1 7  ordi nary 

anima l s  were c ho s en a t  random from tho s e  a va i l ab l e  us ing a tab l e  

o f  rando m numb e r s  ( Fis her and Y a t e s  1 948 ) .  The ma i n  purpo s e  

i n  k e e p i ng the s e  anima l s  w a a  t o  f ind o u t  what effec t  the w e i gh t  

d ifferenc e s  a t  the end of Janua ry wo uld have o n  the s urvival 
on growth 

o f  the d iffe ren t g ro ups t hrough the w i nter and/dur i ng the 

fo llo w i ng s p r i ng. In addi t i on , when the re s ul ts from the s la ugh-

ter of the 20 r am l amb s were a na lys ed , i t  was c l ear that some 

pre l iminary wo rk on the b iome t r i c a l  de s c r i p t i on of f l e e c e  

charac t e r i s t i cs w a s  requi red i n  order t o  p l an the fo llowing 

year ' s  exper imen t .  

Condi t i o n s  were general l y  go o d  o ve r  the w i n t e r  and the s e  

a r e  r ef l e c ted i n  t he w e i ght o f  the o rdi n ary ho gge t s  i n  the 

s pring. Thi s w e i ght was abo ve average fo r t he di s t r i c t .  

The me a n  w e i ghts o f  tw i ns and s i ng l es o f  the d i fferent 

geno typ es a re plo t ted a ga in s t  the mon th o f  we i gh i ng in the 

fo rm of a gro w th carve i n  F i gur e s  5a and 5b. I t  w as no t 

cons i de red n ec e s s ary to carry out fur ther ana lys e s  as tha t 

c arr i ed o u t  fo r the growth o f  th e  lamb s  gave a clear i d e a  o f  

tho s e  d iffe ren c e s  wh i ch could b e  regarded a s  rea l .  Ther e  

w e r e  thr e e  dea ths wh i ch a r e  marked a t  t h e  apprpr i a t e  p l a c e s  o n  

t h e  ' curves ' ,  as r emo va l of an an ima l woul d  have a s l i ght 

effe c t  on the s ub s e quent means by probab ly tending to s e le c t  

o u t  the an i ma l s  o f  lower we i ght . The s e  dea ths were a l l  of 

�- type she ep , conS i s ti ng of o ne homo zygo t e  and two he tero z ygo t e s .  
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I t  can be s e en tha t for the s i ngle lambs s imi lar differ-

ences  of we ight were maintained wi th a ten dency for the �- types 

to form one group and the o rdinary sheep ano ther. After 

shearing , the hetero zygous �- types  and the o rdinary sheep 

showed increased gai n fo r a mon th whereas the homo zygous 

li- types conti nued growing a t  much the s ame rate. The mean 

differen ces di d no t show any increase and a difference of , 

say,  twen ty pounds when the mean weight was 1 20 po unds is  

probably of  less  importance than a s imi lar wei ght difference 

when the mean weight was 70 to 80 pounds. 

When the tw in sheep are compared wi th the si ngle ones 

the interac tion obs erved at  the earlier  s tages can now be 

seen to be very marked. There is li ttle di ffe rence  amongs t  

the three geno types fo r the twin lamb s and the relationshi p  

between twins and si ngles wi thin the geno types is  somewhat 

unusual. For the ho mozygous �- types the twin lamb s  were 

heavi er  than the single lambs from March onward , whi le the 

he terozygou s  twins and s ingles are very s i mi lar. The ordinary 

lambs , however , showed a l arge difference , for the s i ngle 

l ambs were co nsi derably heavier.  The tw ins reared as s ingles 

appear to be  anomalOUS , the hi gher mean w e igh�o r  the he tero­

zygous animals being cons i st en t  fo r the four lambs in this group. 

The o ccurrence of li t t le or  no weight increase during 

the mon ths of May , June a nd July , fo llowed by we ight increase s  

o ver the spr i ng months appe ars from available records to be  

the normal pattern o f  growth for the Romney hogget in  thi s 
weights of  

di s tr ic t ,  it  b e ing usual for the/twins to appro ach tho se  of 

the singles during the spring months.  
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The s ummary o r  co n c lus ion s from the s e  curve s  i s  therero re : -

( 1 ) No c han ge s o ccurred in the ab s o lu t e  mean wei ght di freren c es 

be tw e en g e no type g ro ups ro r the s in g l e  hogge t s over the per i o d  

from 6 months to 1 7  months or age . 
( 2 ) Ther e  w a s  a con t inue d  d i rfe r e n c e  i n  the we i ghts of s ingles 

and twi ns r e l a t i ve to the i r geno type. 

( 3 ) D i f fe r en t geno types may have r e a c t e d  d i fferen tly to 

sheari ng. 

( 4 )  He t e ro zygo us tw i ns r e a re d  as s in g l e s  were anomalous i n  

tha t the i r  w e i ghts w e r e  gre a t e r  t han tho s e  of the s i ngle l amb s .  

v. CO MPARI SONS OF HOGGET FLEECE CHARACTERI STICS 

1 .  Lambs. 

A .  The greasy F l e e c e  W e i gh t s  

T h e  l amb s we re sho rn on the 30 th Decemb e r , 1 95 2 ,  a nd the 

gre a sy rleece w e i gh ts w ere taken. Unfo r tuna t e ly i t  was no t 

po s s ib l e  to w e i gh the l ambs thems e lve s a t  thi s t ime and the 

bo dy we i gh t us ed fo r c O I'r e c t io n  w a s  tha t t aken thr e e  weeks 

,r i o r  to s he e r i n g. Thi s we i gh t  i s  approxima te ly e qu i va l e n t  

to the shorn we i gh t or the l amb s and th i s h a s  b een as sume d fo r 

purpo ses of comparison w i th the r e s u l t s  ob t a i ne d  i n  the fo l l o w­

ing year ( S e c t io n  IX , A 2 )  

Fleece we i ght s  fo r IE.mb s and ho gge ts have b e en analys ed i n  

re la t i o n  to the i r  body w e i gh t s whi ch a c count for a cons i d e rab l e  

par t o f  the var i a t i o n  i n  f l e e c e  we i gh t. Fo r the l amb s an ana lys i s 

of covari &nce ,  wi th bo dy wei gh t  a s  the i n d epende n t  va r i ab l e , h a s  

b e en made ro r t h e  s i ngle a nd twin  l anm s E eparate ly. Ini tial 

plo t t i n g  s howe d tha t any d iffe r en c e s  pre sen t were l i k e ly to 

be between the �- type gro u p  and the o rd inary grou p  and the 



Table 47 

Analys i s  of Covari ance of  Lambs ' Fleece 
We ights Correc ted fo r Body We i ght 

S i ngle Lamb s  

Source d. f. Res i dual Mean S quare 

To tal  64 
Wi thin groups 63 
Differenc e 1 

1 2. 274 
1 1 . 9 26 

0. 349 
0 . 1 89 
0 . 349 

F p 

1 . 84?O. 2 

Regression  co effi c i ent wi thin groups 0. 044 ± 0. 0062  

The regression  accounts for 45% of  the variance wi thin groups . 

Twi n  lambs 

To tal 70 
W i thin groups 69 
Difference 1 

1 4. 21 9 
1 2. 231 

1 . 989 
0. 1 77 
1 . 989 1 1 . 22 < 0. 01 

Regres sion coeffic i ent� wi thin groups 0. 041 ± 0. 0068 

The regre ssion  accounts for 33% of the variance wi thi n  groups . 

All  measurements are in  pounds. 



analys i s  has therefore been carr-i ed out between these two mai n  

ph eno typ i c  groups alld is, shown i n  Table  47. 

The regression  coeffi cients wi thin the genotype groups 

accounted for nearly half the ve ri an ce of fleece weight for 

s ingle lambs and about a thi rd for the twin lembs.  The 

est imated values of the regression coeffic ien ts for single and 

twin lambs did no t show any real d i fference. The regres s ion 

lines derived from the above analys i s  are shown in Figure 6 

where i t  can be  seen that a lthough the regression l ines are 

nearly parallel , twins have a lower fleece we ight than s ingles 

at the same body weight. Thi s  could be the result of a 

lower weight of wool per uni t  of  the fleece bearing area , or  

of a different fleece bearing area of the two birth ranks at  
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the same body weight. This  latter could be  the result of moroe 

wool  on the face or on the extremi ties  o f  the s ingle larebs , 

o r  of a different relationship between b o dy weight and surface 

ares. This  la�t possibili ty is also sugges ted by the difference 

in the relationship of wei ght to he ight at wi thers between the 

birth rank groups ( Sec tion I I I , E3 , ( i )  b )  
Thi s di agram al so shows ( F i g. 6 )  that there was a 

tendency for the �- type s ingle lambs to have a grea ter fleece 

we i ght for their bo dy weight than the ordinsry s ingles , 

s l though the difference could no nbe demons trated as a real \ 

one. The presence of larger d ifferences be tween the 

pheno type groups of the twin lambs may be asso cia ted wi th 

the M,gher halo hair ' coverage I of the tw ins s hown i n  Section 

III , C2 ( i 1 )  which could lead to a larger dirfer-ence in adult 

fleece type. 
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Source 

To tal  

T ab le 48 

Ana lys i s  of Cova r i ance of Hogge t Fleece 
Weights Co rrected for Body Wei ght 

d. f. Res i dua l M e a n  S quar e  F p 

Wi thin groups 
Difference 

65 
64 

1 

1 29. 61 6 
1 23. 71 8 

5 . 89 8 
1 . 903 
5. 898 3. 1 0  < 0 . 1 

Regress ion  co effi cient  wi thi n g ro ups 0. 094 + 0. 0048 

All meas urements are in po und s .  

Table 49 

Hogge t Fleece We ights Clas s ified by Geno type 

Geno type NN N+ 

Fleece we ight -- - -- - --- - - -- - -c:i 9 . 44 9 . 07 

Fleece weight at  the 
same b o dy we i ght 

9 . 87 

AIr measuremen t s are in pounds . 

9. 90 

+ +  

9 . 65 

9 . 1 9  
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The means ro r male a nd  remale lambs have been plo tted ro r 

the d iffere n t  geno types in  the twin groups and these show 

tha t there was a consi s tent tenden cy fo r ewe lambs to have a 

higher fleec e  we i ght ror the i r  body weight. Thi s  is  sho wn 

by the po s i tion of the means relative to the appropriate 

regression  line ; the means fo r fema l e s  are above and those  

for mal es below the regres s ion l ine in  each  case.  The reason 

for thi s  i s  obscure at thi s  s ta ge. 

2. Ewe hogge ts. 

Only a rew o rdinary hogge ts could be  kept to 1 5  mon ths 

of age and i t  was cons idered tha t  the numbers of each b irth 

rank group were insuff i c i ent  to est ima te regression coefficients  

wi thin these  groups. S i ngl e s  and twins have therefo re been 

taken toge ther fo r thi s ana lys i s .  

The observed and correc ted means of the fleece we ight 

are shown in Table 49 , where the correc tio n i s  for body we ight. 

I t  can be s een that the differences  are between N- type ( NN and 

N+ ) and the o rdinary hogge ts . The value of the regre ssion  

coefr i c i ent  wi thin these two groups was  used to  ob tain the 

correc ted values . There i s  a d ifference of about 0. 7 lb ( Tab le 48 ) 

in favour o f  the �- type she ep at  cons tant bo dy we i ght. I t  

i s  po s s ib le tha t di fferen ce s i n  the yield of c lean woo l  could 

accoun t  fo r a par t of thi s ,  but the yi eld of a coarse woo l  1 s  

likely to b e  greater than a finer one in whi ch case the c lean 

fleece we ight dirferences  would be  grea ter. 

Fraser ( 1 95� b ) reports no differen ce in fleece w e i ght 

between �- type and ordinary sheep , thi s  be ing reQui red for his 

theory of  compe ti tion between fo ll i cles ; however , no corre c t­

ions were made for body wei ght and de tails of the plan of 

experime n t  are no t given.  From the regress ions and means 
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shown in F igure 7 i t  can be s een how cons ideration of fleece 

we i ght alone could lead to the conclus ion that no differences 

exi sted ; s in ce the difference in  bo dy weight compensates fo r 

the difference i n  fleece we i ght . I t  could be  argued tha t  

these  differences disappear when the an imals are o lder ,  but by 

thi s  time the ewes will  have been mated and lambing performance 

would have to be  taken into account. Because of the effects 

of lambing o n  woo l  growth , the cons idera tion of  fleece w e ights 

prior to the firs t ma ting i s  a b e tter guide to fundamental 

re lationships b e tween fleece type and fleece we ighte.  

Figure 7 a lso shows the means of  the different geno types 

and birth ranks and i t  can be  s een that the twin lambs sti ll 

tend to show larger geno typi c differences than the s ingle lamb s .  

The N +  twin lamb s  which were reared as s ingles ( 4  animals ) 

appear to be complete ly anomalous as they had a far hi gher 

corrected fleece weaght value than any of the o ther groups. 

As all the a n imals were ewes , sex d ifferences  canno t .e 

inves ti ga ted but o therwise  the resul ts are s imi lar to tho se 

ob tained for the fleece weights o f  the lambs only wi th smaller 

differences rel ative to the greater average fleece wei ghts. 

Summary of Section V, A. 

( 1 ) The �- type sheep showed a greater greasy fleece weight a t  

cons tan t  bo dy w�ight than the o rdinary she ep. 

( 2 ) There was a greater diff erence b e tween the twi n  than 

be tween the s ingle lamb s  and po ssible reasons fo r thi s  are 

discussed. 

( 3 ) I t  is cons idered tha t real differences  in clean woo l wei ght 

were like ly to have occurred. 

( 4 )  I t  i s  po s s ible that ewe lambs had a greater fleece wei ght 

than ram lambs ' at  t he same body wei ght. 
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B. The Pre l iminary Biome tr ical Charac terisation of the 
Hogget Fleece 

1 .  Fibre di ame ters and proportions of fibre types .  

87  

The samples exami ned were those  taken in March from the s tan-

dard s i de po s i tion on the ewe hoggets .  The s imples t technique 

for examination would be by means of the medul lome ter tes t ,  

for ' hai rine s s ' was the principal fleece charac teris tic  being 

s tudi ea. Some result s  from the medullometer test  have been 

quo ted for ram lamb s  in r e l a t i o n  to the ir body weight in 

Sec tion I I I , F 4. Some di sadvantages of t hi s  test have been 

po i n t e d  out by ROBS  ( 1 950 ) for samples of high medul lation 

but as  us ed here it  was sui table fo r comparative work. 

The major  disadvantage for the present an alys i s  l1es  in the 

interpretation  of the res ults because the figure for percent 

medullation will  depend on  the l ength of the fibres , the d i ameter 

of fibre and medul la and also the proportions of the fibres 

whi ch are medul la ted. I n  ad di t i on b e cau s e  of the d ifferent 

rates of g�owth of the f ibres the result will  vary wi th the 

time o f  sampl i ng. - In the resul t s  here this wi ll no t be of' 

importBnce�o r a part icul ar s e t  of samples tak en toge ther , as 

all the an imals were shorn at the s ame t im e .  

The medullometer test  results showed higher va lues for 

the �- type she e p , �� being gre&ter than �+. Thi s would be  

expected on  the known chare cteri stics  of'  the ir f'leeces.  

However  there w a s  aleo  a di �ference between s ingle and t*in 

lanfu s as  the l e t ter ha d a cons i s ten tly hi gher va lue.  As 

s ta ted above this could re sult from various factors and t he first 

of t hese  to be  con s i dered w a s  s te ple length. Figure 8 shows 

the mearJ values of the s taple l e ngths fo r s ingles a nd twi ns 
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of e ach geno type plo tted agains t the percent medul l s. ti on. I t  

can be seen tha t th e higher test  re sul ts are assoc i a ted wi th 

greater s taple lengths. I t  i s  not c lear whether this assoc­

i a ti o n  is a biol�gical one or whe ther i t  ari ses  at les s t  i n  part  

from the ns.ture of the test.  

Therefore i t  i s  ne cess &ry to examine fur ther the compon­

ents of the medu llometer te s t ;  i . e .  fibre and medulla diameters 

and the proportions of medul l a t e d  f ibres.  

Fibre a nd medulla di ameters were me a s ured by means of 

a pro j e c t ion mi cro s cope ( X500 ) in  whi ch a mi l lime tre s cale 

resulted in un i t s of 2 p. This is the basic  B cale for a ll 

fibre an d medulla diameter mea suremen ts in  thi s  thes i s , but 

the tabula ted results presented have been conver ted to p 
for convenience in comparison with o ther work. The fib res 

on whi ch measurements were to be taken had previousl�been 

sorted -by the i r  length into two main groups and snippets 

were taken fro m fue middle o f  these fibres which were then 

immersed  in benzo l for measurement. No swe lling of the fibres 

during the measurement time w a s  observed as  a result of the use 

of thi s  medium which gave a s trong contra s t  b e tween the fibre 

and the medul la in the pro j ec ted image. The refract ive index 

of benzol falls wi thin the li mi ts sugge s te d  by the In terna tional 

Woo l Tex t i l e Organisation for sui table mediums. The Becke 

line was us ed fo r the measurement of the fibre diame ters 

( Ano n 1 952 ) • 

The previous sub-divis ion of fibres i nto two groups , 

' f ine ' and ' coarse ' ,  on length and macroscopic  appearance , 

conveDi ently turned out to be also one of medullated and non-

medu l l a t e d  fibres for a ll but a few an ima l s .  The mai n  reason 
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fo r the use of t hi s  cla s s ifi ca t ion w a s  to reduc e  the technical 

wo rk as fewer fibres were needed for me asuremen t.  How ever , 

i1addi t ion , fibre di ame ters of smmples from thr e e  sheep o f  

d i fferent woo l  types were d e termined a n d  t h e  fr e qu ency d i s tr ib":' 

u t i o n s  plo t ted.  The number of ' co arse ' and ' f i ne ' f ibres were 

a l so determi ned and the d is tribut ions in F igure 9 have been 

w e i ghted a c cord ingl y. The to t a l  numbers of fibres counted a nd 

measured have b e e n  shown in each c a s e .  The d i s tributions 

are those whi c h  might b e  expe c t ed from a revi ew of o ther wo rk 

and sheep numberlt' 1 91 i n  par ti cular i llus trat e s  tha t  the tre at-

men t of the d i ame ters a s  two d i s tribu t i ons i s  l i ke ly to b e  mor e  

efficient than the u s e  o f  o n e  o verall mean and variance . 

I t  was de c i d ed , t he refo re , to measure the pro por ti ons of 

fibres i n  t he ' coarse ' and the ' f in e ' groups and ob t a in the mean 

di mn e te r s  of the se groups separa te ly. Thus i ns tead of the 

over all mean fibre di ame ter , there are three var-i abl es to be 

con s i d e red : the ' co ar s e ' fibre d i ame te r , the ' f i ne ' fib re 

d i ame te r , and the percentage of ' co ars e ' f�bres . 
/ 

About 300-

400 f ib r e s  were coun ted in order to ob t a i n  thi s pe rcen tage. 

The p r i mary purpo s e  of thi s section was a prel iminary 

examina t ion of fib re and medulla  di ame ter rela tio nshi ps and also 

to cons i de r various techn i que s .  I n  add i t ion the like ly rel a t-

i O D S h i ps o f  fibre d i ame ters wi th o ther fac tors a nd a leo d iffer-

ences amo n gs t  geno type and b i r th rank grou ps , were r e qu ir e d  i n  

o rder to plan the more de ta.i l ed inve s t igation the· fo llowi ng 

year • 

.As l arge differences were pr esen t and 8 S  the vari ation amo ngs t 

the she e p  i n  fib re d i ame t e rs was ve ry l arge , i t  was found tha t 

the mes surement o f  only ten fibres in each of the ' fi ne ' and 

' co a rs e ' groups w a s suffi c i en t. Thi s i s  consi derably l e ss 
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Table 50 

Number of Hogge ts Sampled in Each Sub-c lass  

Geno type 

S ingles 
Twins 
Twins as  s ingles 

NN 

1 0  
6 
1 

N+ 

1 3  
1 9  

4 

++ 

The figures in parenthes is  are the to tals for the ' fine ' 
fibre diameters only , as a few of the ord inary lamb s 
had no fibres classified as  ' co arse ' . 

Tab le 5 1  

Mean Values of the Various Fibre Characteri s tics  Meas ured 

The percentage of coarse fibres 

Geno type NN N+ ++ 

S ingles 26. 4 20. 4  9 . 5 
Twins 26. 9 25. 1 20. 9 
Twins as s ingles 34. 7 29 . 5 1 8. 6  

The diameter of the coarse fibres ( p )  
S ingles 57. 8 52. 8 47. 8 
Twins 57. 8 57. 8 47. 8 
Twins as singles 51 . 4  56. 4 41 . 8  

The diame ter of the f ine fibres  ( p )  
S ingles 30. 2 31 . 6  36. 0 
Twi ns 31 . 8  30. 4  34. 0 
Twins as s ingles 28. 6 34. 4 32. 2 

The diameter of the coarse fibre medulla ( p ) 
S ingles 31 . 6  25. 8 36. 0 
Twi ns 29. 2 30. 4  1 5 . 2  
Twins as singles 21 . 4  25. 8 1 3. 8  
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than tha t no rmally used bu t ,  B. S  the resul ts show , under the 

c i rcums t e n c e s  d e s c r ibed abo v e · i t  wa s suffi c i en t  to pro vide i nform­

a t ion fo r the plann ing o f  the fo l lowing year ' s  work. I n  the 

second part o f  thi s  inve s t i ga t i o n  the techn i que wa s improved 

and dS.t a  o n  the a c curacy o f  the r e s u l ts ob t a i ned and the re i s  

I i  t t l e  doub t ths. t  the d iv i s i o n  o f'  the f ibres from co s.rse 

wod1e d  sheep i n to sub- gro u ps f'o r measureme n t  of diame ter , both 

de creas es tb e number o f  fibre s r e quired for measurement and 

a l so increases the m eani n g  and value of the s e  resu l ts.  

The sub - c l a s s  number's invo lved and the means of the 

var i ous measurements are shown in Tab les 50 a nd 51 . Becaus e of 

the range i n  the va ri an c e s  o f  the ' c o a r s e ' fibre d i ame ters a 

lo gar a thmi ctpansfo rma t i o n  was used fo r e s t ima t ion of the means 

and fo r the an a ly s e s .  A simi lar transforme. t ion was us e d  for the 

per c e n ta ge of th� ' coars e ' f ibr e s . The differences in Tab le 

51  tend to b e  b e tw een the �- type and the ordi nary sheep , 

al tho ugh for' s ingle lambs the homo zygous !!- types ( NN )  tend to 

have larger va lues of ' co a r s e ' f ibre di ame ter , medulla d i ameter 

and perc entage of ' co a rs e ' fib r e s .  Twins t e nded to have 

a hi gher value for the percen tage o f ' co arse ' fibre s  fo r a l l  

geno types b u t  d i fferences fo r o ther var i ab l e s  are no t c o ns i s ten t. 

The h i gher ' f i n e ' f ibre d i ame ter value fo r ordi nary sheep sugg­

e s t s  a lower o ve ra l l  vari a t i o n  in  d i ame ter of fibres from 

the s e .  

Some prel iminary wo rk o n  the i n t e�re l a t ionships o f  

the s e  va r i ab l e s  b a s e d  o n  a l l  e.va i l Bb l e  d a t a  i s  s hown i n  

Table 5 2. Exc e p t  for the ordinary twi n s  the correlation 

b e tw e en the percen tage of coarse fibres and wei ght a t  30 days 

WB. S  con s i s te n t  wi tt_in the sub- gro u ps but no t s i gn i f i c a n t  w i th 

the small numb e r s  i n vo l ve d .  Be cause of t h e  l a c k  of a 



Table 52 

Co rrela tions Between Woo l Charac ters 

Correla tions with the diameter of coarse fibres :  

Variable d. f. r P 

Body weight 60 +0. 026 n. s. ( weight at t ime 
Fine diameter 60 +0. 1 35 n. s .  sampling )  
% Co arse fibres 60 +0. 1 28 n. s .  
S taple l ength 57 +0� 5 88 les s than 0. 001 

No te :  n. s .  no t s igni fi cant p greater than 0. 1 

Correlat ions wi th the percentage of coarse fibres : 

d. f. r P 

30 day body weight 60 -0. 269 
' Coverage ' of  halo-

less than 0 . 05 

hai rs· 1 1 -0. 671 less than 0. 02 

• N+ single lambs only. As the majori ty of twin lambs had 
a lmo s t  complete ' coverage ' the distributi o n  was such that 
i t  was no t pos s ible to calculate a vali d  correla tion for 
thi s group. 

of 
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sui table grad. i ng w hi ch showed vari a tion wi thin he terozygous and 

homo zygous animals on the same s cale , further examinat ion of 

the connection between birth co a t  and adul t fleece was left 

un ti l the second part of this inves tigation. 

If these  results are consi dered in  the l i ght of SChinckel ' s  

( 1 9 5 2 )  results for Merino sheep in  Austral ia and Ga lpin ' s ( 1 948 ) 

fo r the Kent  Romney Marsh then a bas i s  for fu ture work can 

be sugges ted. These  autho rs found that poor  growth in the 

early s tages of pos t-na tal l ife had effects  on the composi tion 

of the adult fleec e , the former author finding that poorer 

growth led to a penalieing of the formation of secondary 

fo l l i cles . In  the sheep being considered here , bo th twins and 

li- types showed slowe r grow th than no rmal s ingle lambs  over the 

fir s t  30 days of pos t-na tal life , twins in  addi tion being 

penal i sed by thei r  pre-Da,tal environment. The longer s taple 

length and higher perc entage of coarse fibres in woo l  grown 

by twi n  lambs i s  con s i s tent wi th a lower f leece dens ity for 

thes e  animals and the negative correlation between the 

percent age of coars e fibres and the weight at 30 days is  

cons i s tent with a penali sation of secondary fo ll i c le fo rmation 

over  the firs t 30 days of po s t-natal l i fe .  The effect of 

' coverage ' whi ch is likely to be negatively associated with 

ac tual halo hai r dens i ty ,  ( negat i ve bec ause of the nature of 

the s cal e ) sugge s t s  also that the larger fo lli cles pro duc ing halo 

hai rs pers ist  in the pro duction of coars e fibres af ter these 

halo hai r s  have been shed.  A lterna tively , their presence 

may a lso affec t  the fonmation of secondary fo llicles ei ther 

pre-natally or pos t-natal ly ,  the former �e ing sugges ted by 

Dry ' s ' pre- n a t a l  che ck ' d i s cus sed in the review of li tera ture.  



Tab le 53 

Test of Homo gene i ty of the Regressions of 
Medulla Di ame t e r  on Fibre D i ameter 

Source of var i a ti on 

Jo int regre ssion 

Between regres s ions 

Res iduals 

�** P less than 0. 001 
** P less than 0. 01 

d. f. 

1 

9 

80 

Mean S quare F 

9 89. 1 51 gre ater then 1 00*** 

1 9. 1 66 3. 43** 
5 . 572 



2. The relationshi p betwe en fibre and medu lla di ameters . 

9 2  

The possib il i ty of  a relationship betwe en diameters o f  

fibres and tha t of  their medulla i s  suggested by some o f  the 

work d i s cussed in  the review of li terature . The general 

re la t ionshi p be tween a coarse fleece and hairiness is  well  

known , but the de tails  of thi s  relationship in terms of  indi v­

i dual fibres fo r a pa rti cular sheep and , if  such a relationshi p 

exis ts , how i t  vari es between sheep , have no t been investigated 

in de tai l .  

In the present material a strong rela tionshi p  was found 

be tween fibre and medulla diame ters and an analys is  has been 

made below to determine how thi s relationship vari ed between 

sheep and what facto rs mi ght be affecting i t. 

Ten sheep were chosen at random wi th the res triction 

tha t all geno types should b e  represented and an analys is made 

to tes t the homogene�ty of the regressions of medulla diameter 

on fibre di ameter.  Table 53�hows that there were dirferences 

amongst these  regression values but that a consi derable portion 

of the Variance was accounted for by the j o int regression. 

These regres s i o n  lines have been plo tted i n  Figure 1 0  where i t  

appear� that the heterogene i ty arises from those sheep produc ing 

fibres with little medullation. In such she ep the medulla 

was intermi ttent in some fibres and an equivalent continuous 

medulla diameter was es timated from the length of fibre ob­

served ( R0 8 S  1 950 ) .  For thi s reason results for the values 

be low 20 ( 40 ? )  on the fibre di ame ter s cale must be consi dered 

wi th caution.  I n  addi t i on the us e of a logari thmi c scale 

for fibre diameter and an ari thme ti c one for medulla diameter 

means tha t a large difference in the r egression value may have 
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l i ttle biological s i gniri cance.  The use of such scales has 

an El dvs.ntEl ge for thi s compar i son  as a s traight line ri t would no t 

be the mos t  accura te on  o ther scales.  

I t  was concluded thererore , tha t , apart from tho se ribres 

wi th small or intermi ttent medulla , . then ror any sheep there was 

a nearly cons tant relationship be tween medulla diameter and 

the ribre di ame ter and tha t thi s  relationshi p ,  apart from 

a cons tant term, was the same for all sheep. The po ssible 

difference in constant term refers to the pos s ibil i ty tha t  

different sheep may have a di fferent medulla diameter a t  a given 

fibre diameter a l tho ugh an in crease in this given fibre diameter 

will l ead to the same increase in medulla diameter for all shee� 

Aubel' ( 1 950 ) suggests  tha t medullation is a result of the 

failure of  the necessary preeursors for the fo rmat ion of corti cal 

cells to diffuse to the centre of the papi lla where the medulla 

cells are formed. In addi tion , he showed that the mi to tic rate 

in the papi lla of those  c e lls  whi ch would form the medulla , 

was lower than that of those whi ch would form cortical cells.  

Bullougp, ( 1 952 ) has shown effec ts of "ava ilable energy" on 

the mi tot i c  rate in the epidermis of the mouse and thi s  suggests 

ano ther po ss ible l imi ting factor whereby medullation could be 

affec ted. The idea that medu lla results from the fai lure of 

energy metaboli tes or keratin precursors to penetrate the 

papilla 1 s  supported by the fact  that increase in fibre diameter 

after a certain s tage takes place a lmo s t  entirely by increases 

in the s iz e  of the medulla , i . e. the cortex c an only increase up 

to a certain limi ting thi ckn ess . If there was a lower concen-

tration or pre cur�·ors or metabol i  tes avai lable then i t  might be  

expec ted tha t there wo uld be grea ter medullation of  a fibre of 

a given d i ame ter. Body we i ght has been shown to affect  rleece 



Tab le 54 

Parti al Regression Coeffic i ents of Medulla Diame ter( p ) 
on Log Fibre Diame ter ( p ) and Body We ight ( lb )  

a t  the Time of Sampling 

Vari able 

Log fibre diameter 
Body wei ght 

***  P less  than 0. 001 
** P less than 0. 0 1  

Coeffic i en t  

166.45*** 
-0. 224** 

S tandard Error 

12. 864 
0. 080 

No te : Calculations were made directly o n  the diameter ob servat ions 
whi ch were on a scale of two mi crons . Throughout thi s  thesi s 
the resul ting regre s s ion coeffi cients and s tandard errors have 
been presented ·on a scale  of one mi cron by means of a s imple  
convers ion. 

Where the independent vari able concerned i s  on a logari thmi c 
scale there is  no change requi red as  the multiplicat ion fac tor  
becomes an  addi t ive o ne and therefore affects  only the cons tant 
term. 

When the independent vari able only i s  on a scale of two 
microns the regres sion co efficient and s tandard error mus t be  
multiplied by one half. 

When the dependent variable i s  on a scale of two micro ns 
then a fac tor  of two i s  used for multipli cat ion. 

In the multiple regress ion cases these  rules a lso apply 
as where fibre diameter ha s been us ed as an independent vari able 
it i s  on a logari thmi c scale  and the vari ances , and covari ances 
wi th the o ther independen t variable wi ll  no t be affected.  

The derivation o f  the se  convers ions i s  by cons i dera tion of 
the variances and covar iances and res i dual terms when the various 
components are change d  according to the scale.  

The diagrams i llus trating the various coefficients  are 
based on the original scale of two mi crons as they are o nly 
intended to show the relationships concerned and the a ctual 
values can be ob tai ned from the tables .  
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weight , and. a l though. thi s  may partly be a surface area effect  i t  

may fo r pre s en t  purpo ses b e  t aken as a ra.ther crude me asure of' 

the l eve l of'  energy o r  ' pre curso rs ' avai lable.  

A mul t i p le regression analys i s  has therefore been made of  

medulla di ame ter on fibre diame ter and body we ight at the time 

the wo o l  s amples were taken. The par t i a l  regression� co-

effi cients were calculated wit hin the geno type groups and are 

shown in Table  54. There were no d ifferenc es amongst the geno-

types and the coeffi ci ents are therefo re represen ta tive of all 

the geno type groups . The s ign ifi c ant part i al regression of 

medu lla  d i ame ter on  body weight sho ws tha t lower body wei ghts are 

asso cia ted wi th greater medulla diame ter at cons tant fibre 

diame ter , i . e .  wi th less co rtex. Thi s sugges ts tha t the ideas 

presented abo ve are wo rthy of fur ther inve s t iga tion. 

Thi s re lationshi p of  body we ight also sugge sts an 

eXDlana tion for the obs erva t ion of  Burns and Clarkson ( 1 949 ) 

tha t the medulla d i ame ter was no t correlated wi th the ' coarse­

ness of f ib re ' as , in a comparison of two sheep
A
one had a fine 

medul lated fleece and one a co arse non-medullated one. I t  is 

po s s ible  tha t  the ne t result of a lower body we i ght could be 

a reduc tion in overall medul lation as a re sul t of a concurrent 

lower,ing o f  the fibre di ame ter. Thi s  relat ionship is cons i dered 

in the s e co nd par t of  this the s i s  where more da ta is  available. 

Summary of Section V, B. 

The var i ab les concerned wi th the type of fleece have been 

b�fly examined to obtain preliminary informa tion as a bas is  

for fur ther inve s t i ga t ion. These  re su l ts i ndi cate : 



( 1 ) Fibre diameter de terminations for coarse wooll ed sheep 

are l ikely to be more infor�a t ive if the nml ti-modal distrib-

ution i s  cons i d ered in i ts various parts .  

9 5  

( 2 ) There i s  evidence that  cons ideration of �- type - ordinary 

and twin  - single d ifferences in an experiment to examine the 

inter-rela tionshi ps of bi rthco at type , early lamb growth and 

hogge t  fleece type would throw fur ther light on thoses probl ems 

originally put forward. 

There i s  a s trong relationship between fibre diameter 

and the di ame ter  of the medulla , and thi s relationship varies  

by a cons tant term between sheep according to  their body we ight. 



VI . DIS CUSS ION O F  PART ONE 

96 

The overall  purpos e  of this  year ' s  wo rk was  to  make as 

wide an invest iga tion as pos s ible  under the exi s ti ng fac i l i ties 

in  order to de termine the li kely ple�ro pi c  effec ts o f  the gene 

N and the na ture of the problems connected with �- type sheep. 

The o n ly direc tly fo rmu�ed prob lem was whether the 

�- type flock , as the resul t of the pre sence of the gene � , 

pro duced lambs with carcasses as commerci ally useful as the 

o rdinary New Zealand Romney. Thi s probl em was approached 

wi th the i nitial  nul l hypo thes i s  that there was no difference 

of grow th between the various groups of 18mbs in  the mat ings 

set  up. The null hypo thesis  was no t accepted under the 

co nd i tions d e s cr ibed and no difference was found in the carcasses 

whi ch coul d  no t be a ttributed to growth effec ts o f  �.  Carcasses 

of the �- type carpet woo l flock cou ld no t be examined but 

resu l ts from bo dy me a s ureme n t s  suggest  that the carcass con­

fo rma tion might be poor for these  animals even if they had 

showed fa s ter early growth. 

More de tai led economic co ns iderations are no t the concern 

of this thes is , but from thi s po int of vi ew and from that put 

fo rward in the i ntroduc tion  of the po s s ible use  of thes e  sheep for 

inves tigation i� to the cause of certain gene t i c  co rrela tions , 

i t  was clear from these results that further inve s t i ga tions 

should invo lve fleece charac ters and that a prel imi nary inves t­

iga tion on such characters was reQuired for the planning of 

fu ture work. 

This  pre l iminary inves tigs tion showed that bo th these  

po i r. ts of view could be s a t i s fi e d  by trea ting the problem 

as o ne of pleio tro py ( as def i ned earl i er ) thi s  probably being 
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one of the mai n  csuses of gene tic  correlatio ns .  Simple cases  

of pleio tro py are rare , fo r as  the characteris t i c  being examined 

be comes fur ther in time a n d  space  from the origi nal effect of  

the gene , the greater are the inter-actions resulting from o ther 

effects , bo th genet i c  and environmen tal. 

On the evi d en ce ob tai n e d  so  far , various hypo theses can be 

put forward as to the mo de of ac tion of the gene �. As in 

the ma jori ty of cases which ha ve been examined by o ther wo rkers , 

mainly i n  the mouse , the ini tial  action occurs early in  pre­

na ta l  l ife and i s  therefore capable of having effects on many 

sub s e quent developmental s tage s .  

From thi s  inves tigation there i s  li ttle informa tion o n  

the pre-na tal d evelopmen t or  action o f  the gene. A t  bi rth , 

the �- type lamb has a large number of halo hai rs resulti ng 

from larger primary fo ll icles  ( Fra�er , Ross and Wright , 1 954 ) , 

( Ca r ter 1 9 55 ) ,  li ttl e  being known of their  numbers per uni t  

are a o r  their relationshi p to the secondary fo ll i cles .  Wi thout 

info rma tion  on these  variables it is not po ssible to �elate 

such obs erved fleece char a c teri s t i cs at b irth to charac teri stics  

of the res t of  the animal ; i t  i s , however , pos s ible to sugge s t  

various hypo theses  at  thi s  s t age . 

Born lumps , which l ater develop into the horns tha t are 

cons idered  a pleio tropi c effec t ( Dry and Fraser 1 947 ) , are 

observed at b i r th in mo st  ma le animals  on macro scopic  examination. 

I t is pos s ib le that the determina tion of cells which will la ter 

lead to the forma tion of horns , o ccurs at  the same s tage of 

grow th 8S the initiation o f  the ma jori ty of  the primary fo llicles , 

and that the formation  of horns and of large primary fo lli cles 

are related developmentally. A s econd pleio tropic effect  tha t 

had  b een sugge s ted was the longer do rsal thorac i c  vertebral 
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spines and the i nves ti ga tion described in Sect ion I I I  G sugges ts 

tha t these  are a mechani cal or  phys i o logi cal  result of the pre­

s ence of ho rns and w i l l  only result if the horns are present.  

The horns and these  longer spines can , therefore , be provis ion­

ally cons idered as o ne branch of the developmental sequences in  

the pleio tropic  a c tion of  thi s gene . 

The brown pigmented fibres o n  the back of the neck at  . 

bi rth are usually halo hai rs and again although the re i s  no 

knowledge of the physio logic a l  pro cesses  invo lved , S imi lar 

o ccurrences in o ther breeds of so-called ' red  kemp ' makes i t  

a reasonable sugges tion that thi s i s  a secondary effect o f  the 

la rger primary fo ll i cl es .  

These  effec ts were  no t examined further i n  thi s thes i s , 

partly for technical  reaso ns and partly becaus e i t  was cons i dered 

tha t  the o ther effec ts now to be  discussed were mo re important 

at this s tage. 

Galpin ( 1 936 ) advances a theo ry relating the size  of a 

fo l l i cl e  to the rela tive rate of growth of underlying ti ssues a t  

the t ime of ini tiation of the foll i cle.  This theory requires 

consi derable further SUbs tantia tion but it do e s  sugge st  a 

mechani sm whe reby the s i z e  of the fo llicle i s  the result o f  

underlying grow th pro cesses  rather than direct  de terminat io n  by 

the cells  forming the foll ic le i ts e lf. Po s t  na tal growth 

effec ts have been shown i n  thi s  thesi s to be asso cia ted wi th 

geno types carrying the gene �. One pos sible hypo thesiS  that 

mus t be  cons i dered at  this  s tage i s  tha t the gene action i s  

basi cally one o n  the grow th and development o f  the anima l  as 

a who le , wi th the b ir thco at type and subsequent effe cts on the 

flee ce as secondary ones. Thi s  i s  an inexac t  i dea at  thi s 

s tage as  ' growth and deve lopment of the anima l ' i s  a somewhat 
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vague term ,  but avai l ab le knowledge do es no t permi t of more 

exact  formul ation .  Eviden ce  fo r thi s hypo thesis  i s  slight 

as there were no ob vious differences between the an imals at 

birth whi c h  could b e  r elated to bi rthco a t  type ; if i t  i s  true , 

howeve r ,  then the grow th differences  ob tained under the condi tions 

o f  thi s expe riment should be repeatable under different environ­

mental condi tions , a g rowth effec t of thi s type being presumably 

li ttle affe c ted by the norma l  ranges of environment. 

Alternative hypo the ses can be based on the i dea tha t the 

ini t ial gene ac tion ob servable  mo rpho lo gi cally is on the s i ze  

of the pr imary fo lli cl es.  These  then produce large co ars e 

fibres a nd the sub sequent growth effec ts are t hen the r e sult of 

the b i r thco at type o f  the animal.  Thi s  could o ccur in two 

mai n  po s s ible ways : the first could b e  the result o f  interac tion 

of t he c limate wi th fle ece type. The i nsulating properties 

of a ' hairy b i r thcoa t ' are presumablY different from t ho s e  of 

the o rdinary birthco a t  of the New Z ealand Romney and effects 

on the me t abo l i sm of the an ima l  a re no t unlikely. Again) l i ttle 

is known of  the s e  po s s ible effec ts but Fle tcher and Rei d  ( 1 953)  
o 

repo r t  a lowering of bo dy tempe rature by about 1 F and a fall 

i n  respira t ion  rate when sho rn lamb s were compared wi th unshorn 

l amb s  at a high environme ntal temperature. These results were 

s imi lar to some ob tained by the author fo r ano ther purpo s e  using 

adult s heep and wi th a temperate environmen t. Leve ck ( 1 948 ) 

reported a ma�ked difference in we i ght gain of 0. 31 pounds per 

day for shorn lamb s con trasted wi th 0. 1 2  pounds per day fo r unshorn 

co n tro ls.  These results i nd i cate tha t effe c ts of fleece type 

on grow th as a resul t of different insulating pro perties of the 

f l e e ce are no t un l ikely and if th i s  i s  so then these effec ts 

should vary fro m year to year and the results ob tained fo r thi s 

year sho uld no t neces sari ly be repea table.  
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A s econd way in  which fleece type could tffect growth i s  by 

the demands made by the fo lli cles on the available precursors 

in  the b lood stream. To wha t extent a fo ll icle is con tro lled 

by the endo crine or  o ther systems is  not known ; if there i s 

any form of  direct control then the metabo l i sm of the fo llicle 

and the consequen t formation of woo l wi ll be co-ordinated with 

the general metabol i sm of the an imal. If , however , the fol licle  

i s  ma inly s elf regulating and controlled only by the level  of  the 

various re qu i red metabo l i tes in the blood s tream,  then the pre­

s ence of a larger fo llicle  w i th a larger c ircumference and area 

for diffus ion  could lead to the removal of substances required 

fo r o ther me t abo l i c  processes  and , if these were at a cri tical  

level , resul t  in  a retardation of  the general growth of  the 

anima l. 

There i s  little evidence fo r this hypo thesi s  on the work 

done so far ; there were fleece wei ght differences but the fact 

tha t they were greater for the twi n  l ambs which showed less 

growth d ifferences , does  no t support the idea. Barn icoa t  e t  a l  

( 1 951 ) s howed a higher mi lk produc tion for ewes suckl ing single 

�-type lambs fo r She second to four th week of l ife . Thi s 

probably reflects the lamb ' s  requ irements as single l ambs do 

no t a t  first take all the mi lk that can be produced (Wallace 

1 948 , and o ther au tho rs ) . However thi s comparison is con­

founded wi th seasonal effec ts and canno t be cons i dered further. 

The ma i n  virtue of  the hypothesi s  at  thi s  s tage l i es in  

future uses  of  �- type sheep fo r research into problems associ ated 

wi th such ideas.  There could be environmen tal interac tions 

according to the feed ava i lable  and grow th differences would 

no t be necessari ly repeatable under thi s  hypo the s i s .  A 

s imple general test for i t  would be the compari son of li- type 
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and o rd inary sheep under two planes of nutri t ion. A combination 

of  these las t two hypo theses  is al so pos s ible to explain  resul ts 

so far. 

If the causes of the observed growth differenc es are i gno red 

there are s t i ll fur ther pleio tropic  effects to be consi dered. 

These  concern the effec ts of  growth and of the birthcoat  type 

on the fleece of  the fully developed animal. Schinckel ' s  

and Galpin ' s  results have already been quo ted and the prelimina ry 

resul ts on the �- type sheep have been given in the previous 

sec tion. These i ndi c ate that  the growth of the animal can 

affec t  the numbers of new fo ll i cles  formed and hence the f inal 

fo l l i c le pro porti ons and the f leece dens i ty ( fo ll icles per uni t 

area ) . The fleece  densi ty w i l l  a lso depend on the expansion o f  

the ski n ,  which is  d irectly related to body growth. Birthcoa t 

type i s  related to fo llicle  s i ze whi ch i s  variable over time , 

and thi s  also could have a direct  effect on fo lli cle pro por tions 

o r  the pro po r t ions of ' coars e ' and ' fine ' fibres. The gene ' �  

may also affec t  these charac ters indirectly through growth by 

o ne of the methods sugges te d  abo ve , and further effects could 

ari se  from the direct ac tio n  of the envi ronment on g�owth as 

shown for ins tance for pre-natal environment , by the differences 

b e twe en  s ingle and twi n  lambs at b irth. 

Effec ts of growth in terms o f  body weight have also been 

shown o n  the medul lation of the fibres where thi s occurs and 

further  inves tigation was requ ired to confirm this.  

The res t  of the i nve s t i gation in the second part of thi s 

the s i s  ari ses  directly from this  d i s cuss ion ,with the addi tion 

of the necessary co llection of ob j ec tive data on the birth 

co at. 



• 

Ordi na ry 

PLATE I I  
An O rdi n ary Ram Lamb and a n  N- type Ram Lamb ( arter shearing ) rrom the S econd Year ' s 

Experiment  

!i- 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 di s cuss ion of the first year ' s work showed the need 

fo r the examina tion of three main topics in  more de tai l. 

These were : -

( 1 ) Determination o f  whe ther the differenc es in growth i n  

weight o ccurred under di fferen t seasonal and other environ-

mental condi tions. 

( 2 ) Examina tion of the rel ationships between bi rthcoa t  type , 

growth of  the animal and the changes in the flee ce over the 

firs t six  months of  pos t-natal l ife. 

( 3 ) The obtaining of bas i c  data by measurement of the birth­

co at charac teris tics of the li- type Romney relat ive to the 

o rdinary New Zealand Romney wi th reference to pos s ible effec ts 

on the animal of the pre-natal environment. 

As the main interest now lay in li rather than in  the N -

type carpet woo l  flock , compari sons between hetero zygous 

�- type and o rdinary Romney sheep o nly
)

would lead to a s impli­

fication of the analyses and of the ir in terpretation. Knowledge 

from this s imple compari son could then be used  in any future 

experiments on commercial or o ther as pects of the homozygous 

' carpet woo l '  flo ck. 
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The firs t of the abo ve ob j ect ives could be approached in  

a s imilar way to  the previous work with more  attention to 

contro lled condi tions for the ewes from the t ime prior to 

ma ting unt i l  the weaning of the lambs , and also wi th mo re 

fre�uent we ighings of the lambs over those  periods when 

difference s  of gro \rth rat e had previous ly o ccurred. 

The seco nd ob j ec tive was primari ly based on the hypo thesis  

tha t differenc es  of  pos t-na tal grow th ,  however caused,  and also 

differences  of birthcoat type , could in  turn lead to di fferen ces 

in the number of fibres added to the fleece from secondary 

fo l li cles .  The work of Galpin ( 1 948 ) and Schinckel ( 1 95 3 )  

sugges ted that thi s could , b y  altering the dens i ty o f  the 

fleec e ,  affect  certain charac teri stics  of the fibres of that 

fle ece.  In  addi t ion , di fference s  i n  medullation asso ciated 

with the weight of the animal and the diameter of the fibre 

had been sho wn to exi st  and confi rma tion of such differences and 

their relationshi ps was re�uired. 

The thi rd po int  wa s e s s ential  to thi s  second po int if 

differen ces in  fle ece development were shown to be asso cia ted 

wi th b i rthcoa t  type. Po ssible differences of halo hair  den s i ty 

b e tween sipgle and twin he terozygo us lambs have been shown in  

the fi rst  part of  thi s  thes i s ,  and these cou ld also lead to 

differences  in the mature fleece.  In  addi ti on it  was desirabl e  

for al l purpo ses t o  have measured resul ts on bi rthco at types 

to use in con j unc tion wi th the eye gradings and for interpreta t­

ion i n  terms sui tab le for compariso n  wi th wo r'k on o ther sheep 

breeds.  

The se three  ob j ec ti ves  fitted into the s tudy of pleiotropy 

by co nsi deration of :  



( 1 ) Pre- natal effec t s  deduc ed from d ifferences amongs t new 

born lambs .  
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( 2 ) Pos t-na tal growth effec ts fo llowing from these differences 

or from more direct effe c ts closer to the ori gina l gene 

ac tion. 

( 3 )  The chai n of events  aris ing from ei ther or  bo th of these 

causes  and leading to the observed differences between the 

he tero zygo us and o rdinary sheep a t  five months of age. 



Mating Gro up 

Parental geno types 
Ram 
Ewe s 

Lamb s  expected 
N+ 
++ 

Tab le 55 

The Mating Plan 

I 

++ 
25N+ 

1 2  
1 2  

I I  

N+ 
25++ 

1 2  
1 2  



VI I I . THE PLAN AND METHODS O F  THE EXPERI MENT 

A. The Matings . 

The �- type animals were tho se used i n  the previous 
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year ' s  experiment. The ewes were tho se used i n  mating group 

I I I  supplemen ted by a few from ma ting group I I .  The ram was 

tha t used in  mat ing groups I I I  and IV. The 25 o rd inary ewes  

and  the ram were made ava ilable from ano ther experimental 

Romney flock. All the ewes were s ix  or  seven years o ld excep t 

fo r a few �- type ewes whi ch were re�ui red to make up the numbers. 

Various pos sibl e  mati ng plans were considered , but those  

i n  which genetic  effects of the rams and the ewes and a lso 

environmen tal effects  asso ci a ted wi th the ewes could be 

e s t imated; were re j e c ted because o f  the sma ll sub- class  numbers 

whi ch would be invo lved. However the previ ous year ' s  wo rk 

had showed the geno type of the ewe to be rel a t i ve ly unimportant  

compared wi th tha t of the lamb and the final  pla.n used confounds 

pos sible pre-na t al and milk production effects of the ewe on 

the lamb w i th the gen e t i c  differences of the rams Bnd ewes .  The 

mating plan i s  shown in Table 55 where i t  can be seen tha t i t  

i s  a s traightforward reC i pro cal ma ting rela tive to �. For thi s  

reason the difference between ma ting groups will b e  cal led the 

rec i pro cal ma ting effec t  to di s ti ngui sh i t  from the mat ing group 

effects  i n  the p revious part. 

B. TH E  DJITA CO LLECTED 

1 .  Before lambi ng. 
. ,  

d Vi" ' t h  the rams after a shor· t  ' flushing ' 
The ewes were Jo�ne  . •  

per ie d  under unifo rm co ndi tions.  The dates  of mat ing for 
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i n d i vi dua l an ima l s  w �re n o t e d  to find if the r e  were any d i ffer­

e n c e s  in ges ta t i o n  period a s s o c i a t e d  wi th the l amb ' s  geno type 

o r  wi thfrll.e c.i pro c a l  ma ting e ff e c t .  
, ' 

When.�he r ams were r emoved the ewe s were run in ran domi sed 

groups fo r th e r e s t  of the exper imen t .  The ewe ' s  we ights 

w e r e  r e co rded at i n t e rva l s  un t i l the l amb s w e r e  ween e d , the 

exa c t  i n te rva l s b e i n g  b a s ed on pra c t i ca l  c o n s i dera t i o n s .  A 

wo o l  s amp l e  from the s i d e  po si tion an d a me B suremen t o f  the 

he i ght a t  wi thers w e r e  a l s o  ma d e .  

2.  Du r i n g  l a mbi n g. 

The we i ght , b i r th r an.k , s ex ,  pheno type , halo a a i r  grad i ng 

and d a t e  o f  b i r th of e a c h  lamb were recorded in the paddock 

w i th i n  a maximum of 20 hou r s  af te r b i rth and a woo l s ample 

was t ak e n  from a ta t to o ed area on the lo in po s i ti on fo r 

de t ermi na t i o ns o f  halo ha i r  and tot al densi t i es and a ls o  o f  

f ib r e  an d medul la diame ters . 

3. Dur i ng the g rowth of the l anm . 

The wei ght and he i ght o f w it hers  of e a c h  lamb were 

r e cor ded o nce a wee k for t he fi rs t s ix weeks thus c o v e r i ng i n  

de t a i l t he  pe r io d  when the growth di fferenc e s  were previously 

o b s e r ved. A furthe r  woo l s ample wa s taken at thr e e  and s iX 

weeks o f  age to determi n e changes i n  and rel a tionships w i t h ,  

tho s e  cha r ac ter i s t i cs mea s ured a t  b i r th. Thi s s ix weeks 

per i o d  c over's tha t o f  t he maximum addi tion o f  pos t-natal 

secondary f ib re s  in the Romney sheep ( Goo t 1 941 ) 

Af t e r  thi s per iod w e i ghi n g  w a s  a t  l e ss fre �u e n t  i n t e rval s  

an d th�amb s were weaned about four w ee k s  befo re b e ing shorn. 

Gr e a s y  f l e ec e  w ei ght s wer e r e co r de d  at shea rin g end bo dy 

we i gh t s  t ak e n  the pre v i ous d ay and two days la ter. 
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The exp eriment ended eight weeks: after shearing
, a t  which 

time the final woo l samples were taken. These would represent 

the firs t growth of the hogget  fleece after all or nearly all 

fo l l i cles  would be lai d  down and growing fibres.  

4. Woo l  sampling methods .  

If a woo l sample i s  taken from a measured area of skin and 

scour ed and we ighed , then weighing a known number of fibres 

w i l l  give an e stima te of the number of f ibres in  tha t area or 

per' uni t area. In addition the sampl�can be used for diame ter 

and medul lati on de termina ti ons , fibre type counts and any 

fur th er fib re measurements  requ i red. Thi s techni que has been 

used by var ious autho rs for lambs but l i t tle accurate informa-

tion i s  avai l able on the errors invo lved under the par t i cular 

field condi tions l ikely to be encountered in thi s experiment. 

I t  w a s  therefore assumed that the lambs were bi laterally 

symetrical  and dupli cate samples were taken on ei the r  side of 

the backbone jus t behind the las t  rib. These w ere pro cessed as  

separate samples so tha t an analys is  of error co uld b e  made at  

any s tage of the de termina tion of the several variables from 

whi ch fleece  dens i ty was cal cula ted. 

As the fibre type s are i den tified by the i r  tips ( tha t i s  

the pre-natal por tion  of  the fibre ) and aleo as  Rudall ' s  ( 1 935 ) 

and Coop ' s  ( 1 953)  work suggested the po s s ibi l i ty that  s ampl ing 

affe c ts woo l  growth ,  the same area was no t sampled twi ce  but the 

are e immediately ad j acen t  w a s  used. The areas were about 2 X' 1 i  

cms . I t  was ori ginally intended to us e a balanced inco mplete 

b lo ck or s imi lB.r experimental  des i gn so that this pos i  tion effect , 
effects 

the dupl i cate s ampling effec ts and the time of sampling/could be 

es tima ted. However there was a po ss ibi li ty of les6 than three 
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lambs i n  a sub-class  and an addi tiona l difficul ty of non­

o rtho genall ty of the sub- clas ses so tlw t a satisfactory design 

could no t be achieved wi thout waiting un t i l  all  the lambs were 

bo rn , when i t  would be too la te  to obtain the sample at birth. 

The fi nal des ign ado pted invo lved sampling the l o in po s i tion 

( Henderson 1 95 3 )  at birth on all  the lambs.  At six weeks the 

sampl e  was taken immedi ately to the rear , whi le at three weeks 

the s amp le was adj acent to the boundary of the other two ,  on 

the ventral s i de.  Thi s  desi gn makes it  impossible to d is-

t i ngui sh between effects resul ting from pos i tion and those  from 

the t ime of sampl ing. However the latter are clearly greater 

than the fo rmer which in all probab i l i ty would be too sm.a.ll to 

be  detected by the metho ds used here.  

The techni c al de tai l s  of sampli ng are des cribed in the 

s e c ti on below and metho ds of trea ting the samples are dealt  

w i th in con j unc tion wi th the analys es of  the errors involved. 

The s amples after shearing were taken so as to co ver the 

po s i tions of the birth and s i x  weeks samples .  She dding of  the 

b i r thcoa t fibres was examined after three weeks to ensur� that 

premature sheading did no t affect the resul ts . 

C. Techni cal and Husbandry Detai ls 

The exper imen tal area where the sheep were grazed has been 

described by Clarke , Barto n  and Wi lson ( 1 95 3 ) . The area  i s  

d ivided into acre paddo cks and the sheep were moved once a 

day o ver  a five day rota tion. For ma t ing , the she ep had to 

be  d i vided into the two ma ting groups and the se groups were 

run on paddo cks wi th fer t i l i ser treatmen ts Whj;C:. �l had been 

shown o ver ten years of tr ials to have no differenti al effect 
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on the sheep graz ing the pas ture.  No differences in weight 

gain  were observed be tween the groups over thi s period. 

Mating dates were obtained by � noting those  ewes marked 

by the ram for whi ch purpose the ewes were identifi ed by a 

s tenc i l led number on ,"the flank. Ewes  marked when no t in  

oestrus could be  identified by thei r return i ng to the ram when 

true  oestrus o ccurred. 

After the rams were removed , the ewes were randomised into 

two gr'oups whi ch were ro ta tionally grazed such that bo th random 

groups covered all the pS.ddocks in one period. This rotation 

was continued during lamb ing and ewes that had lambed were left  

in  the paddock and re joined the main  group when they were again 

in that paddock five days la ter. 

The data from the newborn lambs was co llected every morning • 

Halo hair  gradings were checked by the ass istant who had graded 

the previous year ' s lambs .  The wool  sample was taken by 

put ting the lamb o ver one ' s knee to  ensure a constant pos i tion 

of the lamb and ease of sampling. A stencil  was used to mark 

the sampling squares on the woo l of the animal and a hypedermic 

needle used to mark the skin with tattoo. The use of an 

ord inary tattoo ing instrument was not sati sfactory at thi s s tage 

because the tattoo was removed by the very dense wool. Thi s 

technique was appe.rently successful a t the time but subse­

quently the marks could only be found wi th diffi culty. The 

woo l was sampled by cl ipping very carefully with scissors 

close to the skin ,  fo llowing the marks . All the si des and the 

d i agonals of the area were then measured wi th dividers and rule 

to the neare st  mi llimetre. I t  was found that with practice 

the areas s ampled were rectangular or nearly so. 
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After lamb i ng ha d commenced and un ti l the majori ty o f  

lambs were over s ix lteeks o f  age , each group ws.s yarded every 

fifth day when the ro tation br'ought them to the paddocks 

adj acent to the yards. All lamb s  were then weighed and measured 

for he ight at wi thers for estima tion of thi s da ta on an exact  

weekly b as is .  Lambs wi thi n three days of three  or  six weeks of 

age wer.e taken out for woo l sampling and a ll those animals no t 

so requ i red retu rned to the paddock as soo n as the weighing 

was comple te. Thi s  meant tha t the major i ty of animals i n  

each group were no t in the yards for more than an hour every 

fifth day. The lambs fo r sampling were pla ced acros s a board 

on the yard fen ce in a si mi lar pos i tion to that for sampling 

a t  b irth. When the tattoo marks could no t be located the 

previously sampled area was used as a gu ide. The new dimensions 

of this  origi nal are a were no t measured because of thi s diff i culty 

and reclipping the cut f ibres and measuri ng the skin thus 

exposed would have mean t kee p i ng the lambs in the yards too 

long unless  fur ther techn i ca l  help had been available.  The 

keeping of yarding and handl ing to a minimum was considered 

an essential part of an exp eriment on growth rates and as no 

halo hairs are formed after bir th and this fibre type i s  

easily reco gn i sed , area increases for the !-type anima ls could 

be estimated from the changes i n  the dens i ty of these  fib res.  

The animals  were checked for pos s ible sheddi ng of the halo 

ha irs at e a ch wei ghing. 

After they were sho rn the lambs were ran domi sed into five 

gro ups and kept wi thout further ro tat ion. The randomi sation 

was  repeated after each for tn i ghtly we ighi ng. The final woo l  

sampling was carr ied out by us i ng a padded box l i ke a small  

vaul ting horse o ver whi ch the animals were placed in  a s imilar 
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po s i tion to that used fo r previous sampl ings . 

All measurements and all samples were t aken by the autho r  

wi th o ne o r  mo re a s s i s tan ts to record data o r  help  with the 

ho lding of the anima ls .  For thi s reaso n  pos s ible observer 

differences  in  data co llec tion have no t been considered. Feed 

was plen tiful over the entir e  per io d of the e xperiment but the 

wea ther was generally unfavourable from l ambing unti l shearing 

except rOD a few �eeks.  , 
The t ime tabl e o f  e vents  for compari son wi th Part One was : -

� 
March 6 

Apr i l  1 3  

Apri l  30 

May 20 

July1 5 

Aug. � 8 - S ept. 1 

Aug. 24 

Event 

Ewes weighed ; numbers s tenCi lled ; rams jo ined 
with ewes  

Ewes  wei ghed  

Ewes wei ghed ; woo l s ample d ;  hei ght at  wi thers 
tak en ;  randomis e'd i nto two groups. Rams 
remo ved. 

Ewes w ei ghed 

It " 

Maj o r i ty of lamb s  born 

1 s t  five day wei ghing of lamb s 

Aug. 29 i Sept. 4 , B , 1 3 , 1 8 , 23 , 2B ;  Oc t. 3 , B  Weighing and sampling 

S ept. 1 8 

O c t. 1 5  

No v. 6 

Nov. 20 

Dec . 4  and 1 4  

Dec. 1 5  

Dec . 1 7  

Dec. 31 

Jan . 1 4  

Jan. 28 

Feb. 1 0  

Feb. 1 1  

All lambs docked ( wi th iro n ) All ram lambs 
left enti re 

Ewes and lambs we i ghed 

Lambs weighed 

Lambs weighed and weane d ;  graded fo r horns. 
Ewes disposed of.  

Lamb s weighed 

Lamb s sho rn  and fle ece w'e ights taken 

Lambs  wei ghed 

Lambs we ighed 

Lamb s  wei ghed 

Lambs we ighed ; he ight at wi thers and, depth of 
che st  measured ;  graded for ho rns 

Final wo o l  samples taken 

Final wei ghts t aken 



D� The Treatment or the Woo l  Samples 

1 .  Estimates or rleece densi ty. 

( i ) Technical 

Sampling methods have been described and the resulting 

samples were rirst weighed and scoured using a synthetic  

de tergent ( Teepo l Y and warm water. Because or  the small 
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s ize  or the r ibres speci al care was re�u i red i n  scouring so 

the samples were shaken in a rlask unti l clean and then 

ril tered orr o n  a wire gauze on whi ch they were washed wi th 

warm water and rina lly a small amount or  alcoho l  to has ten the 

drying. The samples taken a t  birth were washed twice  in this 

way to ensure removal or placental materi al.  The samples were 

then plac ed on a rilter paper to dry at  air temperature and 

humidi ty. The riltrate rrom the washings was checked at  

in tervals  to ensure that no  small ribres were passing through 

the gauze.  

All s amples collected during lamb ing and the ro llowing 

six  weeks were dealt with in thi s  way the s ame day as sampling , 

whi le  those  rrom the l ambs arter shearing were s co ured during 

the ro llowing two days . 

After · drying for four o r  rive days the s amples  were wei ghed , 

the s l i ght variations in  temperature and humidi ty in  the 

labo rato ry being considered unimpo rtant in comparative work or  

thi s  type. The weights taken prior to scouring were used as 

a check o n  po ssible errors , there be ing a c lose  relationship 

between the two weights .  

After weighing the pro cedure varied slightly ror the 

s amples taken at the dirferent times : 



For tho se taken a t  bi rth and s ix weeks , the samples �rom 

the li- type lambs  were sUb-s ampled by continuous spl i tt ing o� 
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the sample and random cho i ce by the tos s i ng of an unb i as ed co i n ,  

until  there about 400 fibres left. These  were then sorted 

into halo-hairs. and o ther �ibres , the two groups then be ing 

counted and placed in a smal l  envelope. The ordinary lambs  

had very �ew halo hairs so  all  tho s e  i n  the sample were counted. 

Two hundred of the remaining fibres were then  coun ted o ut �or 

we ighing. If there were more than 20 halo-ha irs these were 

we ighed separately and allo wed �or in the dens ity ca lculations.  

All the envelopes , �irst  w i th ,  then wi thout the samples , 

were then weighed to the neare s t  0. 2 mgm , us ing an aperiodic 

balance.  These were all done dur ing one weighing period thus 

obviating the nece s s i ty fo r a s tandard sample �or humidi ty 

corrections. 

The samples taken after shearing were treated i n  a s imi lar 

manner , only the fibres were no t sor ted into types and about 

300 fibres were wei ghed �or each s ample.  From these  da ta and 

knowledge of the area sampled the fo llowing vari ables were 

ob tained o r  c alcul ated : 

* These included Dry ' s super- s i ckle A ' .  I n  fac t  there i s  
a continuous dis tribution from halo-hai rs to the larger 
super-sickle fibres whi ch has tended to addi tions to the 
termino logy of fibre types as more s amples have been 
examined. This  con tinuous dis tr ibution i s  no t consi dered 
of importanc e  here as the ma i n  bas i s  ha s been one of 
fibre diame ter ;  the important po int was tha t tho se  fibres 
c lassed as  halo-hairs at birth were also c lassifi ed in a 
s imi lar manner at s ix weeks and in addi tion the class if­
i cation should correspond to that o n  the live lamb when 
given a ' halo-hair gradi ng ' .  



Table 56 

Analys i s  o f'  Sampling Errors in  the 
per Uni t Area 

Source of' Varia tion d. f'� Mean S quare 

Sheep 32 1 80. 984 
Pos i tions 1 0. 380 
Interac tions ( Erro r )  32 39. 847 

Estimates of' the Vari ance compo nents : 
Error ( E )  36. 5% 
Pos i tions ( P )- 1 . 1 % 
S heep ( S )  64. 6% 

Weight of' Woo l 

Expec ted Mean S quare 

E + 2S 
E ,+ 33P 
E 



Ir A s q  cms i s  the area s ampl e d  

W gms 

w mgms 

i s  the wei gh t  o f  the s co u r e d  s ample 

is the weight o r  n f i b r e s  

Then dens i ty = ribres / s q  cm 
3 

= W/A X n/w X 1 0  f i b r e s/s q cm 

The dens i ti es ha ve b e en expre s s e d  a s  1 000 fib res!s q  cm fo r 

a na lys i s  and pres e n t a t i on. 
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Fo r the o rd i nary lamb s : I r  m '  i s  the to t a l  numb e r  o f  h a lo - ha i rs 

then halo-ha i rs/ s q  cm = m '/A 
Fo r the �- type lamb s :  I f  p% i s  the p e r c en tage o r  halo -ha i rs i n  

the s ub - s ampl e  

then halo-ha i rs/ s q  c m  = P. W. n/ A. w. 

3 
The we i ght o f  1 000 fib re s = n/w X 1 0  

Thi s l a s t  expre s s i o n  i s  a u s e ful o ne ro r the me a s ureme nt or 

average fo l l i c l e  produc t io n .  

\ 

( i i )  Es t imates o f  e rro r 

The dupl i c a te 6�rop l e s  were k e p t  s epara te throu ghout 

this pro c e s s  and ' a t  each s ta g e  the e r ro r s  a s so c i a te d  w i th tha t 

s t e ge were e s t ima ted by meens o r  the ana lys i s  o r  var ian c e  ro r 

�- type and o rd i nary lamb s  s e para t e ly. The e s tima t i o n  or e rro r 

fo r W fo r the �- type l amb s a t  b i r th i s  g i ven i n  de t a i l  i n  

Tab l e  56. 
T he ex i s te n c e  o f  a n e ga t i ve compo n e n t o f  var i a n c e  i s  no t 

theo r e t i c a l ly po s s ib l e  and i s  the r e sul t o r  erro r s  o r  es t ima t e  

a s so c i a t e d  wi th the me tho d .  How ever the c ompo n e n t  fo r she e p  i s  



Table 57 

Errors in the Estima tion o f  the Components of Fleece 
Dens i ty fo r �- type Lambs 

S ampling S tandard Coefficien t  Variance 
Time Devia tion of Varia tion 

based on as  Percentage 
Error ( E )  

due to Sheep 
as  percent 

Mgms of woo l  12er s9 

Birth 
6 weeks 
Hogget 

The weight 

Birth 
6 weeks 
Hogget 

6. 31 
1 3. 32 

9. 64 

12er 1 000 

1 . 57 
7. 74 
3. 1 7  

cm 

1 2. 8  
1 0. 2 

8. 0 

fibres {-mgm) 

6. 5 
1 2 .  4 

4. 7 

64. 6 
62. 4 
52. 6* 

93. 8 
72. 0 
91 . 5  

The fleece densi ty as 1 000 fibres per S9 cm 

Birth 0. 31 5 1 5. 0  46. 7 
6 weeks 0. 362 1 6. 5  64. 9 
Hogge t  0. 1 64 9. 2 66. 3* 

The percentage of Halo-hairs�u.1C 

Birth 1 . 34 5 . 0 92. 6 
6 weeks 2. 21 1 3. 5  62. 5 

The Halo-ha irs per sg cm. 

Birth 69. 1 2  1 6. 6  74. 7 
6 weeks 49. 57 27. 0 67. 8 

* Po si tion b i as signifi can2 a t  5% level 
**A transformation p = s in � was used for thi s  data. 

Coeff i c i ent 
of Variation 
fo r the Mean 
of Pos i  tiona 

9. 0 
7. 2 
5. 6 

1 0. 6  
1 1 . 7  

6. 5 

3. 6 
9. 5 

1 1 . 7  
1 9. 1  
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the best for comparison wi th o ther work o r  measuremen ts , and 

represents the a mount of varia tion whi ch is  associated with the 

i tem of interest ;  that i s , sheep. 

Other measurements of error are the standard deviation and 

the coeffi ci ent of variat ion 8S a perc en tage whi ch latter can be 

compared wi th es timates of ' percentage error ' being roughly 

equivalent to the .aximum ' percen tage erro r '  fo r 80% of the 

observations. These are given in Table 57 , with in addi tion , 

the coeffic i ent of variation for the means of the duplicate 

samples. The presence of a significant pos i tion bias has been 

indicated but in no case was i t  large enough to be consi dered 

of importance when the means of  the pos i tions were to be used. 

The major source of error in the denS ity estimations lies in 

the estimates of weight of wool per uni t  area. Thi s was probably 

assoc iated with the measurement of the area , which is no t easy 

to make accurately on the live animal. The s ampling errors of 

halo-hair numbers at s ix weeks have also led to. lower accuracy 

in the weight per 1 000 fibres as  halo-hairs made a major contribu­

tion to the wool weight a t  this s tage. 

Simi lar es timation of  errors for the o rdinary lambs are 

shown in Table 5 8. I t  can be seen that the weight of woo l  per 

uni t  area is again a major source qf error. In addi tion , the 

small s ize of the fibres at  birth l ed to lower a ccuracy for the 

weight per 1 000 fibres. Thi s may have been the result of 

difficul ty in counting the fibres fo r wei ghing. The reason 

for the bias for the right posi tion for the s ix weeks ' we i ght 

of 1 000 fibres ' 1s not c lear but that asso c iated wi th weight of 

woo l  per uni t area in bo th types of sheep  i s  probably assoc iated 
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Table 5 8  

Errors i n  the Es t ima tion  o f  the Components of Fleece 
Dens i ty for the Ordinary Lamb s  

Sampling S tandard 
Time Deviation  

�s of 

Birth 
6 weeks 
Hogget 

b ased o n  
Error 

woo l 12er sg 

3. 35 
1 0. 64 
9. 1 4 

cm 

Co eff i ci ent 
of Variation  

as  Percen tage 

1 3. 1  
1 2. 5  

7. 8 

The weight 12er 1 000 fibres {mw) 

Birth 0. 89 9. 3 
6 weeks 3. 01  8. 1 
Hogget 3. 42  5 . 7 

The fleece densi tl a s  1 000 fibres 12er 

Birth 0. 376 1 3. 7  
6 weeks 0. 31 4 1 3. 6 
Hogget 0. 1 67 ;� 8. 5 

Vari ance 
due to Sheep 
as  percentage 

68. 0 
45. 9* 
43. 0* 

59. 5 
80 . 2* 
75. 5 

s9 cm 

67. 0 
61 . 0* 
42. 1 ole 

* Po si tion b i as s i gnificant a t  5% level .  

Coeffi ci ent 
of Variation 
for the Mean 
of Po si tions 

9. 2 
8. 9 
5 . 5 

6. 6 
5. 7 
4. 0 

9. 7 
9. 6 
6. 0 
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wi th the practice o� s ampling from the left s i d e  i n  every case.  

Thi s should have l i t t le e�fect  on the � in al results when the 

means o� the two po s i t io ns are taken. The lower vari ance 

due to sheep at the hogge t s tage was the re sul t o� the vari ance 

associated wi th thi s pos i ti o n  b i a s .  

When the possib i l i ty o�  large d ifferences  being present and 

the number of sheep sampled ( 67 ) are cons i dered, these resul ts 

were considered satis�ac tory �or the purpo se  required when the 

pos i tion means were used. 'However future work should be of 

greater accuracy if the source s  of errors are known and c an be 

concentrated upon. The resul ts �o r dens i ty show the desirabi l i ty 

o�  des i gning experiments using me thods of thi s  type so that the 
/' 

errors c an be es timated  and fluctuat io ns resul ting from thes e  

errors no t attributed to s easonal o r  o ther e�fec ts.  The 

sample taken a t  three weeks was no t dealt w i th a�ter s couring,  being 

kept in  case the addi t ional in�orma ti o n  was required. 

2. Measurement of fibre diameters.  

( i ) Technical  

The six  weeks sample was  measured firs t and ini tially 

the halo ha irs were meas ured and recorded separately �rom the 

remai naer of the fibres . However this me thod invo lved too 

much t ime and the sys tem final ly used for all the samples was 

as fo llows. 

A snippe t was taken from the base of  a randomly selec ted 

s taple , thus representing the diame ter j us t  pr ior to sampling , 

and immersed in benzene as a med ium and placed o n  a slide for 

viewing under the pro j ec tion micro s co pe described in the first  

part of  thi s  the s i s .  A count was made o� A ,  B and 0 type 

fibres , that i s ,  large , small or no medulla ( Burns 1 953 ) �o llowing 
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a type or c ls ssir icat ion described in  the revi ew or l i terature. 
The firs t 20 fibres of each group were then measured  for diameter 

and medulla diame ter except when A type fibres were rare in 

whi ch case only ten were measured. For the large fibres in the 

birth s�mple some difficulty was experi enced i n  a few cases  

due to twis tirJg  and fo r A type fib-re s  the major  axi s has  been 

taken i n  cases or doub t ;  for the rema i nder any ellipti cal 

tendency has been randomised , the part of the fibre in the 

c entre of the screen being taken surfi c i en tly rar from the 

cu� end to avo id any collapsed medulla. A li ght yellow ril ter 

was u�ed between the li ght source and the s lide  whi ch s aved 

eyestrain and also made the Becke l ine somewhat clearer. About 

1 50 fibres were co unted in each sample and in  all  about 1 5 , 000 

fibre diameters were measured. 

( i i ) Es timates  of error 

The analyses of the erro rs from the dupl i ca te s amples 

weD� carried out i n  a s imilar way to tho s e  above and are s hown 

below for the s amples a t  b ir th and po s t- shearing a s  be ing 

represen tative of the two extremes of  woo l  type. It i s  diffi-

cult  to compare these  resul ts wi th pub l i shed work whi ch i s  

mainly o n  the Merino sheep whi ch has cons iderab ly lower fibee 

d i ame ters an d variat i on than an imals  being considered here.  In 

genera l  thi s technique s hould de tec t  overall differences  of 

rrom 2 to 4 p between two groups of five sheep but the addi tional 

info rmation on the oomponents  of the mean is a cons iderable  

a dvantage over me thods whi ch determine the mean di ame ter only. 

Cro ss- sec tional methods are of doub trul value wi th the extremely 

large fibres concerned i n  some of the samples because of the 

collaps ing of the l arge air  spaces in the medulla. 
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Table 59 

Errors in  the Estima tion o� Fibre Diameters ( � )  
Sampling 
Time 

S tandard 
Devia tion 
( Error ) 

Co e�ficient 
o� Varia tion 
( percen t )  

N- type 

The diameter of the O- tlEe fibres 

Bi rth 1 . 35 6. 0 
Hogget 1 . 86 5 . 2 

The Eerc entage of O- tlEe fibres·�'t 

Birth 5. 89 1 1 . 0 

The weighted diameter 

Birth 1 . 87 6. 0 
Hogget 1 . 89 4. 6 

Variance 
due to Sheep  
( per cent ) 

Lambe 

60. 3 
79. 0* 

85. 4 

72. 3 
65. 4* 

Ordinary lambs 

The diameter of  the O- tlEe ribres 

Birth 
Ho gget 

The weighted diame ters 

Bi rth 
Hogget 

as for the O- type fibres 
1 . 70 4. 4 

-*---Pos i tion b i as s i gnif i c ant at the 5%leve l 

Coer�icient 
or Variation 
for Pos i t ion 
Mean 

4. 3 
3. 7 

7. 8 

4. 2 
3. 3 

2. 6 
3. 6 

� *  The percentage of O-type ribres i s  only given where the 
error i s  su��icient to arfect the es timation or the 
weighted diame ter. 
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The e rro rs asso c i ated with the measurement of di ameters 

are shown in  Table 59.  The reasons for the posi tion b i as are 

no t clear but thi s was no t cons idered of importance as the 

means of the pos i tion values were us ed. Therefore the co-

eff i c i ent of vari a tion in the final co lumn refle c ts the erro r s  

for the values used i n  the analyses.  For the ordinary lamb s  

the re were very few medulla ted fibres a t  b irth and therefore 

the wei ghted diameters were very s imilar to  those  o f  the 

O-type fibres. 

Unless  s ta ted to the contrary all the variables  used in  

the subsequent sect ions o n  wool have been arrived at  by the 

methods described above.  They are based on  the means of the 

two symmetri cal po s i tions and the values for the pos i ti o ns 

were arrived at  independently. 



Ewes Lambs 

Table 60 

The Sub-c lass Numbers for the Ana lyses 
in  Section A 

Ram Ram Ewe Ewe I 
Geno type Geno type S ingles Twins  S ingles Twins  

r 

6 2 1 8 
N ... 

+ ... 4 2 2 

r 

1 4 3 5 
+ ... 

...... 1 8 4 7 

To tals 1 2  - 1 6  8 22 

To tal 

1 7  

8 

1 3  

20 

5 8  



IX . RESULTS 

A.  The Dirrerences Be tween N-type and Ordinary Lambs 

1 .  Wei ght gains. 

The me thod of analysis  and estimation o f  the dirferences 

between groups was that described in  Section III » 2. The 

groups included in the model were for estima tion of the 
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rec ipro cal ma ting , the genotype and the sex - birth rank effe cts.  

Twins reared as s i ngles were omi tted rrom the ana lyses  i n  thi s  

section a s  there were i nsufri cien t  for reasonable estimation. 

The numbers of lambs in each sub-class  under the above 
" 

c lassifi cation  are shown in Table 60. The geneti c  impli ca ti ons 

of these  numbers were di scuss ed in  S ec tion  I I I , e 2 ( i ) 
The form Lo gew2 - Logew

1
, if  w1 and w2 are the weights at  

two successive t imes , has  been used in  the analysi s  o f  po s sible 

differences  o f  relative weight ga in. These  values have also 

been used  in the s ection�nn the var i ous components of the fleece 

and thus . the resul ts throughout are comparqble.  I n  the event 

of differences  being found , they have been dis cus sed in terms of 

the l ive we i ght for compari so n  wi th the f irst  part. 

Mean d ifferences in birth date between the geno type groups 

and betwee.n the mat i ng groups were only of the order of one day 

and have no t ,  therefore , been co rrec ted fo r. 

The results of the analyses  have been summarised in Table 

61 where the values or the e st imated difrerences have been given 

ror thos e  groups between which they were considered real. 

There was no evidence of .any s i gnirican t  geno type effect o n  

b irth wei ght o r  the subsequent gains of the lambs , nor was the 
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Table 61 

Resul ts f'rom the Analys i s  of'  Birth 
Weight and Subsequent Gains 

Mean Squares 
Source d. f. Birth Birth to 6 weeks to Shearing to 

Weight 6 weeks Shearing Final Wei ght 
The Tests of Interac tion 

Interaction 1 0  0. 402 0. 00 25 0 . 01 1  0 . 0037 

Within 42 1 . 240 0. 01 2  0. 0061 0. 0033 
Subclas ses  

F less  than 1 1 . 82 1 . 1 3  

The Tests of  the GrouI2 Effects  

Geno types 1 0 . 0 1 2 0 . 030 0 . 0080 0 . 001 3 

F less  than 1 2. 95 1 . 1 3  less than 

Mating Gps 1 0 . 546 0. 1 08 

F less than 1 1 o .  67*� 

S ex - 3 21 . 362  0. 01 1 
Birth rank 

F 1 9. 80**111 1 . 1 3  

Resi dual 5 2  1 . 079 0. 01 0 

* F signif'icant at the 5% level 
111 * F t% 
*** P' 0. 1 %  

The e st imates of' the dif'feren ces 

0. 026 0. 0 1 3 

3. 70 3. 79 

0. 025 0 . 01 1 

3. 5 8* 3. 48* 

0. 0071 0. 0033 

Mating groups b i rth to 6 weeks : 0. 091 in favour of group I 
( N+ ewe s ) 

S ex - Birth rank. Birth:  S ingles greater tha�twin�. 
Male s  greater than females 

1 

6 weeks to shearing : Twins greatev' than singles 
Males greater than females 

Shearing to final we ight : Twins  greater than 
s ingles .  
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relative errect  on s ingle and twin lambs shown by the tests or 

interaction. The slight advantage or lambs rrom mat ing group 

I ( !i+ ewes ) * i n  growth over the rirst six weeks could be  a 

genetic  errec t  or  alternat ively i t  could be  assoc iated with a 

greater milk supply rrom these  ewes .  In the latter case  a 

dirrerent ial errect between s i ngles and twins might have b e en 

expected but there was no evidence that  thi s was so.  It is 

or interest  to no te that the twin  lambs had a greater relative 

growth than the s ingle lambs arter s ix  weeks or age which 

suggests that milk supply is not a limiting ractor arter this 

age .  

When the individual growth curves were examined in conjunct­

ion with thi s analysi s , i t  was clear that the previous year ' s  

results were no t conrirmed and as  a result , the hypothes i s  that 

N had a bas i c  ac tion on  growth was re jected. The al ternative 

hypo thesis  or an environmental interaction wi th birthcoat type 

was therero re ravoured. Because or the possibility or other 

racto rs being present and because no rurther results were 

ava i lab le , thi s  conclusion does  no t necessari ly apply to the 

homozygous ( �) sheep in  the carpet wool rlo ck. 

The mean growth curves rrom the two ye�rs ' work are given 

in Figures 1 1 , a - d, ror male  s ingles ,  remale s ingles , male 

twins and remale  twi ns respec tively. I t  can be seen that the 

lack or dirre rence in 1 953 resulted rrom the raster grow th or 

the !i- types and somewhat slower grow th or the ordinary lambs.  

* No te : Thi s dirrerence in  relative growth rate i s  equivalent  
to  a body weight dirrerence or  three pounds at six 
weeks ror lambs having a b irth weight or ten pounds and 
having weights o r  about 35 pounds at  s ix weeks. 
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Figure 1 1 C  
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Up to 30 days of a ge ,  when differences were detected in  t he 

first year , there was no slowing of the growth of the N-types 

whi le the ordinary sheep were the s ame in bo th years . This 

suggests that nutri tion was no t a limi ting factor  to thi s s tage 

unless the requirements of the �- type lambs  are conslderably 

higher  than those of the ordinary animals , thus leading to a 

penal lsation of the former only if there  i s  any l imi tation of 

the ewes ' milk supply. If this was so , the effect  would be 

expected to be greater for twins unless they had different 

metabolic  requirements assoc ia ted  wi th the relatively smaller 

surface area. There is no consis tent evidence on this aspect 

from these resul ts.  

If the birthcoat  type is  of any importance in  determining 

the lamb ' s  reaction to i ts climatic  environment then  the 

different weather condi tions over the two spring seasons might 

possibly account for the different resul ts. The spring of 

1 952  was generally warm and dry whi le  that of 1 953 was cold and 

wet , which would suggest that the ' hairy ' birthcoat was a di s-

advantage under the warmer condi tions of 1 95 2. Further experi-

ments are required befo re any fur ther comments can be made , 

except that the precautions taken in yarding and weighing 

the an imals which have been described were probably adequate 

o therwise there would have been a general s lowing of growth 

of all groups in  1 953. 

I t  can also be seen that the homo zygous animals in 1 952  

were cons is tently lower in  we ight than any group in the same 

or the fo llowing year. 

Therefore the ma in conc lusion from this work on lamb 

growth is  that lamb s  having a ' hairy '  b 1rthcoat  as  a result of N 



Group 

N+ S ingles 
++ S ingles 

Difference 

N+ Twins 
++ Twins 

Difference 

Table 62 

Flee ce  Weights ( lb )  and Sho rn Body We ights ( lb )  
of  the Lambs 

Body Wei ght 

65. 5 
62. 3 

3. 2 

53. 7 
56. 0 

- 2. 3 

Fle ece Weight 

3. 6 
3. 1 

0 . 5 

2. 8 
2. 4 

0. 4 

Corrected Fleece 
Weight 

3. 1 
2. 6 

0. 5* ** 

'---Difference s i gnificant at 5%level 
0. 1 %level lit til lit 

Birth Rank 

S ingles 

Twins 

Geno type 

N+ 

++ 

Tab le 63 

Regression Coefficients o f  Fleece Weight 
on  Body Weight for the Two Years 

1 95 2  
Co effic i ent  s. e.  

0. 044 0. 0061  

0 . 041 0 . 0068 

Tab le 64 

Compari so n  of  Shorn Body 
Taken S ix Weeks Befo re 

Male Male Female 

1 953  
Coeffic ient s. e .  

0. 047 0 . 0078 

0. 029 0. 0089 

Weights with Those  
Shearing 

Female Weighing 
Singles  Twins S ingl e s  Twins Time 

71 . 9  53. 8 55 . 0 48. 8  Before shearing 

72. 0 58. 0 54. 3 5 1 . 8  Shorn 

65. 0 55. 9 5 8. 5 48. 0 Before shearing 

64. 4 60. 2 59. 0 51 . 2  Shorn 
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may s how s lo wer gro w t h  than o r d i n a ry l amb s  un der the B ame 

c o nd i t i on s .  I n  a dd i t i o n  th i s  s lower gro wth fo l lows from 

s ome env i r o nme n t a l  i n te r a c t i o n  a s so c i a t e d  w i t h  fle e c e  type 

and t hi s a s p e c t  r e qui r e s  fur the r inves t i ga t i on .  The s e  fur t he r  

inve s t i ga t i o ns sho u l d  b e  o n  n ut r i t i o n a l  o r  c l ima t i c  f a c to r s a n d  

wo uld n e e d  t o  b e  c a rr i e d  o u t  over a numb e r  o f  year s .  

2.  The f l ee c e  w e i ght s o f  the l amb s .  

An a n a ly s i s  o f  co va r i a n c e  s ho we d  di ffe ren c e s  o f  the greasy 

f l e e c e  w e i ght when c o r r e c ted fo r the b o dy we i ghts taken two 

days a f t e r  s he ar i ng .  T ab l e  62 s ho ws the s e  bo dy we i gh t s  w i th the 

f l e e c e  we i gh t s  a n d  a l so the f l e e c e  w e i gh t s  co rr e c t e d  to a me an 

va lue o f  64 pounds bo dy we ight. The r egre s s i on c o e ff i c i en t  

us e d  i n  e a c h  c a s e  fo r co rrec t i o n  w a s  t ha t  c a l c u l a t e d  wi thi n  

t h e  geno type gro u p s  fo r e ach b i r th rank. The va lues of the s e  

regre s s i o n  coeff i c i en t s  fo r 1 952 and 1 9 53 a r e  shown i n  T ab l e  

63 and i t  c an b e  s e en tha t t he y  a r e  i n  goo d  agre ement fo r the 

numb e r o f  an i mals con cerned. 

The r e gre s s i o n  l i ne s , w i t h tho s e  from 1 95 2 ,  are shown i n  

F i gur e 1 2 , a n d  i t  c an b e  s e en t ha t  a pa r t  from the o rd i na ry 

s i ngle lamb s whi c h  have a sma l l  mean d i fferenc e ,  the s lo p e s  

and the r e l a t i ve me a n  v a l u e s  are r ema rkab l y  c on s i s tent. The 

previo u s  d i f fe r e n c e  fo und b e t w e en s i ngl e s  and t w i n s  o n  the o n e  

hand a nd �- type an d o rd i na r y  shee p o n  t h e  o t her i s  the refo r e  

co nfi rme d by the s ec o nd ye ar ' s  w o rk. 

I t  w i l l  be r emernb e re d  tha t i n  1 952  bo dy we igh ts t aken 

t hr e e  weeks b e fo r e  she a r i n g  had to b e  u s e d  fo r c or r e c t i o n  

a n d  i t  was s ta t e d  t ha t  the s e  were l ike l y  t o  b e  comparab le 

w i t h  tho s e  body we i g h t s  t ak en j us t  a f t e r  she a r i n g .  M e an 

va l ue s  a t  the s e  two t ime s ar e a va i lab l e  fo r the 1 953 lambs 
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Regress ions of Fleece Wei ght on  
Body -Weight for Lambs i n  Each 

Year 
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Table 65 

Results rrom' the Analyses or the Fleece 
Densi ties ( 1 000  f1bres/sq cm ) 

Source d. r. Birth Six  Weeks 

The Tes ts of Interaction 

I nteraction 1 0  

Wi thin 42 
Sub- classes  

F 

The Tests of the 

Geno types 1 

0. 21 0  

0. 21 7 

0. 225 

0. 31 1 

less than 1 

Group Efrec ts 

4. 869 0. 1 83 

F 22. 60*** less than 

Mating groups 1 0. 260 0. 735 

F 1 . 21 2. 49 

S ex - 3 0. 3071 0. 092 
Birth rank 

F 1 . 43 less  than 

Res idual 5 2  0. 21 5 

.--S ignifi cant at the 5% level 
*** 0. 1 %  level 

The est imates of �he dirrerences  

0. 295 

1 

1 

Hogget 

0. 1 1 6 

0. 066 

1 . 74 

0 .41 7 

5. 49* 

0. 00006 

less than 

0. 1 46 

1 . 9 2 

0. 076 

1i 

For geno types , the Ordinary lambs had more fibres than the N+ lambs 
by :  B1rth 61 0 fibres/uq cm 

S ix weeks 1 20 f1bres/sq  cm ( no t signifi cant ) 
Hogg-te,:t", 1 80 ribres/sq cm 



and are shown in Table 64. There i s  little difference in 

the mean weights of s ingle lambs at  these  two times of 

weighing but for the twin  lambs there is a b ias of about 
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four pounds in favour of the shorn weights . If thi s i s  allowed 

for on the diagrams in Figure 1 2 , i t  wi ll be� seen that the 

means for 1 953 now fall on the 1 952  l ines and i t  was therefore 

conc luded 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  dens i ties  

Fleece densi ties  as de termined were aniysed us ing the same 

model as that used for the rela tive we ight gains and the summary 

of the analyses of variance i s  shown in Table 65. The only 

real differences  are tho se between geno types at birth and a� 
the final sampling when the li-type densi ty w�s lower than that 

of the ordinary lambs .  The higher  sampling errors a t  s ix 

weeks may i n  part account for the non-significance of the 

result  at thi s time but there c learly must have been more 

fibres added to the li-type lamb s ' fleeces over the period from 

birth to aix weeks , as skin expans ion was presumably similar in  

the two groups . These  differences  will be di scussed below when 

the factors contributiong to them are considered. 

4. The height at wi thers . 

The means for the he ight at  wi thers and body weight at 

b i rth , s ix weeks and the end of the experiment have been plo tted 

for each sex ,  b irth rank and geno type in Figure 1 3  in whi ch 

bo th var iables are on a logari thmi c s cale. Li ttle difference 

can be seen between the relationships of these  variables  for 
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the two genotypes fo.p the two gena types and i t  was the refore 

considered unnecessary to carry out a more elaborate analysi s 

except at birth where the graphs i ndicate a po ssible difference , 

i n  particular for the male twins .  As  i t  has already been shown 

that there were no s ign ifi cant wei ght di fferen ces an analys is  

of variance was made of the hei ght at wi thers a t  b irth. This 

showed that the ordinary ani ma ls were s ignifi cantly larger 

by about one cm. Thi s result i s  no t in  agreement with that 

obtained the previous year and re�uires further confirmation 

before any conclu sions can be  drawn co ncerning i t . 

5 .  Summary and conclusions for Section IX ,A. 

As no differences between geno types in  body growth were 

apparent in 1 9 53 , i t  has been assumed that differences i n  

fleece development during the early growth o f  the lamb were 

the result of b irth-coa t differences and of variations amongst 

i ndividual lambs in  their rate of growth. As there was no 

s ignif icant correlation between halo-hair dens i ty and growth 

rate ( r  = 0. 1 6  31 · d. f. ) over the f irst six  weeks i t  can be 

assmned that b irthcoat  type and growth rate were i ndependent 

for thi s year ' s  work. Thi s  assumption  leads to s impler 

interpretation of some of the results from multiple regress io� 

analys i s  to be presented below. 

The remainder of the resul ts and analyses therefore are 

concerned with the type of fleece at 25 weeks of age ari sing 

from lambs wi th varying b irthco at types and growth rates.  

Summary :  

( 1 )  The growth differences found b e tween geno types i n  1 952  

were no t confirmed and the hypo thes i s  of a basis  action of 

N on  growth was re j ec ted. Alterna t ive hypotheses were put 

forward i n  terms of environmental interactions  w i th bi rthcoat  

type. 
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( 2 ) Fleece we ight when corre cted for body we ight showed 

the same relationshi ps in 1 952 and 1 953 ; �-type lambs had 

heavier fleeces  than the ordinary lamb s ,  and single lambs 

had heavier fleeces  than twin  lambs .  

( 3 ) Differences in  the number  of  fibres per uni t area were 

de tected at b irth and at about 25 weeks of age.  Ordinary 

sheep had a higher  densi ty than �- type sheep. 

(4 ) Apart from a pos sible  difference at birth ,  the relation­

ship between height at wi thers and we ight was the same for 

bo th geno types and the conclusion  that the gene � has little 

or no effect  on  bo dy propo rtions rela tive to body weight in  

the firs t 25  weeks of  pos t-natal l ife , i s  similar to  that 

arr ived at the previous year fo r heterozygous �-type and 

ordinary animals.  

( 5 )  There  being no growth differences between geno types , 

the r emainder of the analysi s  i s  concerned wi th the effects 

of individual growth variations and birth coat type on  the 

hogget  fleece  charac teris tics .  

B. Factors Affecting Fleece  Density 

I t  should be  emphasised that the dens i ty measured was 

that of the IIMWie fibres which had become s�fi c iently long 

to be inc luded in  the sample .  Therefore the resul ts presented 

here apply to ac tive foll icles  whi ch have produced suffic ient 

fibre fo r i t  to be included in  the sample and ac tual foll icle ' 

dens i t i es may have been greater at  the t ime the sample was 

taken. On the other hand i t  i s  no t poss ible to s tate that the 

fo ll icle densi ty at a previous per iod i s  being measured by 

this me thod , as skin expansion  will  have taken place  si nce the 
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time that these  fibres represented all the follicles pre sent. 

The analyses  that follow are based on all lambs in a 

geno type group , including all possible  birth ranks unless  i t  

i s  s tated o therwise .  On thi s bas i s  there were 3 3  �- type and 

34 ordinary lambs .  

1 .  Fleece dens i ty at birth. 

The lower dens i ty of the �-type birthcoat has already 

been es tablished in Section IX , A 3 ,  and i t  is  reasonable to 

suppose  tha t thi s could be  the result of a suppress ing effec t  

of t he larger primary fo lli cles from which the halo hairs are 

produced. Fraser and Sho rt ( 1 951) offer evidence fo r thi s 

type of effect  and Fraser , Ros s  and Wright ( 1 954 )  showed 

that halo-hairs came from large primary fo ll icles.  Thi s 

be ing so then an animal w i th a hi gher halo-ha ir density would 

be  expected to have a lower overall fle ece  dens i ty. 

In the firs t part of thi s thesis  i t  was shown thaD 

variation occurred in halo-ha ir ' co verage ' i n  that ' coverage ' 

was greater for twin  than for s ingle lambs.  ( Section  III ,C 1 ) 

This  grading would be  expected to be  related to halo-hair 

dens i ty. Figure 1 4  shows the ' co verage ' gradings for 1 953 

plo tted agains t the halo-hair  dens ity with the fi tted 

regress ion line. The ' coverage ' gradings are on a logarithmic 

s cale. Although there is s ome scatter of the means of each 

' coverage ' grade , the relat ionship i s  a s ignificant one. The 

numbers co ncerned are small but the e s timate of the regression  

shows that an  increase of  one  ' coverage grade ' i s  equivalent  

to an increase of 31 3 halo ha irs  per sq  cm on the lo in  pos i tion. 

As the result  of the ideas in  the first paragraph of thi s  

section , i t  was decided that  an examination o f  the fac to rs aff-

ecting halo hair dens ity was the first  logical s tep in  de termin­

ing those factors affecting ove rall densi ty. 
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Table' 66, 

Partial Regression Coeffi c i ents of Halo-hai r  Densi ty 
on He ight at Wi thers and Birth We ight fo r the N-type 

Lambs  

Source d. f. Mean Square F 

Regressions 2 29 , 31 0. 26 1 . 84 

Residual 30 1 5 , 893. 25 

The coeffic i ents s. e. 

Height at wi thers -27. 1 0  1 4. 1 1 3 ( p = 
0. 075 ) 

Birth weight +1 0. 85 1 5. 033 
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The prima ry follicles are laid  down early in foetal life 

before  differences in  the s ize  of the animals , from pre-natal 

or from genetic  effects , are likely to have oc curred. Therefore  

even if the number of  large follicles produc ing halo-hairs was 

fairly constant b e tween lambs , subsequent  differences in growth 

and skin expansion would lead to differences in the dens i ty of 

these  large follicl es at b irth. This being so , then the density 

a t  b irth should be  inverse ly proportional to some measure of the 

s i z e  of  the an imal. If  thi s relationship o ccurs then the vari-

ance  unaccoun ted for will be some measure of the presence of 

factors affec ting the original number of large primary folli cles  

laid  down. 

The hei ght at wi thers and the b irth we ight are two probable  

measures of  s iz e  and therefore a multiple regres sion of halo-hair 

denSi ty on these  two independent variables , was calculated for 

the �-type lambs only. The halo-hair  denS i ty was too low to 

make thi s  wathwhile for the ordinary lambs . 

The results in  Table 66 sugges t  a real connect ion  between 

halo-hair density and the height at  wi thers .  This regression 

line i s  shown in Fi gure 1 5  with the means fo� s ingle and tw in 

lambs  and for the two mat ing groups . I t  i s  apparent that if  

the twin lamb s  are ad jus ted for  their  lower he i ght at wi thers , 

then the d ifference between twins and s ingles in halo-hair denSi ty 

disappears. 

The res i dual var iance is consi derably hi gher than would be 

expected from the errors of measurement a lone ( Section VI I I , 
1 

D , 2 , i i ) and i t  i s  concluded that there may be o ther factors 

affec ting the number of large primary foll ic les ori ginally 

laid down. The difference in halo-hair denS i ty between the 

two mating groups , no t explained by the slight difference in the 

s i z e  of the lambs , confirms this idea. 
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In order to examine the to tal  fibre dens i ty at birth , a 

mul tiple regression of  densi ty on the hei ght at wi thers and 

b i r th wei ght was calculated. but no s ignifi cant relat ionships 

were found. But i t  has jus t  been shown that there is a 

decrease of halo-hair  dens i ty associated. wi th the larger lambs , 

therefore  there must be an i ncrease  in  the o ther types of fibres  

to  compensate for thi s ;  i . e .  the less  the halo-hairs per  sq  cm 

the more o ther fibres there are per sq cm. Therefore the relat-

ionship between halo-hair  dens i ty and to tal densi ty has been 

s tudi ed further. 

As the halo -ha ir dens i ty was directly estima ted from the 

to tal densi ty ,  i t  would be mi s leading to draw conclusions from the 

relationship between these two Variables.  However the percentage 

of  halo-hairs was es tin� ted from counting fibres and the densi ty 

was e st ima ted from the weight of woo l  per sq  cm divided by the 

weight per 1 000 fibres .  It  i s  po ss ib le that the errors of  

densi ty and halo-hair percen tage are related to a slight extent 

due to sampling fluctuations in the fibres taken to count  and 

e st imate the we ight per 1 000. However the main error in dens i ty 

has been shown to be the result of the we ight per sq  cm ( Section  

VII I , D , 2 , i i ) and also the means of  dupli cate samples have been 

used , therefore it  was cons idered valid s tatis ti cally to correl­

ute the halo-hair percentage and the to tal dens i ty. 

A further po int  to be cons idered however , is a po ss ible  

mathematical  relationshi p ,  for if  in  one sq cm there are h 

halo-hairs  and 1 k 0 ther fibres , 

then densi ty = h • k 

and halo-hair propo rtions = hi ( h + k ) 



The consequences or thi s rela tionshi p  are shown below ror the 

parti cular result  obtained. 

The relationship was calculated as the regress ion of to tal 

dens ity on  halo-hair  percentage , whi ch was fo und to be  hi ghly 

s ignificant and negative. The value of  the regression coeffi c­

ient showed that for an increase of 1 %  in  halo-hairs there was 

a decrease of 25 f ibres per sq cm. 

Now , using the symbo ls above , i t  i s  known tha t :  

( 1 ) h + k i s  not constant 

( 2 )  �( h + k ) is  no t constant 

therefore  

( 3 ) h i s  no t constant .  

It  i s , however , a possibi li ty that k i s  constant and if so 

then an increase in h will  lead to an increase in both �( h + k )  

and also i n  h + k. 

Thi s is then a pos i tive relationship between halo-hair 

percentage and to tal densi ty whereas the o ne obtained was negati ve.  

Therefore k canno t be  constant.  

Therefore i f  h is  increas ing , k can e i ther  be  decreasing 

or increas ing. 

If k i s  i ncreasing then h + k mus t also i ncrease and for 

�( h + k ) to decrease then k must i ncrease fas ter than h • • • • • •  ( 1 ) 

If k i s  decreasing ,  then �( h + k ) i s  increas ing and for 

h + k to de crease , then k must  be �ecreasing by a greater 

amount  than h is increas ing • • • • • • • • • • • • • • • • •  ( 2 ) 

Both ( 1 ) and ( 2 ) are possible interpretations of a nega­

tive rela tionship between halo�hair percentage and total dens i ty 

and they bo th show that an increase of one halo-hair wi ll  lead 

to a decrease of more than one o ther fibre. Thi s suggests 

tha t the presence  of halo-hairs leads to a suppression of the 



Table 67 

Es tima ted Numeri cal Rela tionships Be tween 
Halo-hair PerQentage and To tal Densi ty 

( fibres / sq  cm) . 

Halo-hair % To tal Fibres 'Halo-hairs O ther Fibres 

1 0  2250 225 2025 
20 2000 400 1 600 30 1 750 525 1 225 
40 1 500 600 900 

No halos 2500 0 2500 
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forma tion of some secondary fo ll i c les  or to the suppression of 

the growth of fibre from these fo ll i cles.  The l ikely nature of 

thi s rela tionship is shown in Table 67 where it has been applied 

to the case  of a mean dens i ty of  2000 fibres per sq  cm and a 

mean halo-hair percentage of 20. I t  i s  based on the regression 

value that indi cates  that an increase of 1 0% halo-hairs is 

equivalent to a decrease' of 250 fib res .  

Figure 1 6  shows th is  r egress ion  of  to tal densi ty on  aalo­

hair percentage wi th the mean for the ordinary lambs plo tted. 

The pos i tion of thi s mean suggests that the difference in  

densi ty of  the b irthcoat of  !-type and ordinary lambs  i s  largely 

explained by the densi ty of the halo-hai rs of the former. 

Calculation of the part ial regressions on to tal dens ity of 

the height at  wi thers and the b irthweight for ordinary lambs  

showed a relationship b e tween increased s ize  and decreased 

densi ty. Again i t  was the height at withers and no t the birth 

we ight which gave the s i gnifi cant coefficient. Halo-hair 

densi ty would be  insuffic ient to have any suppressing effect , 

but the parallel with the above results for an effect of 

' si z e 'l on  fleece  dens ity at b irth is of interest  and i s  dis­

cussed below. 

The means for the various resul ts for s ingle lambs and 

for all twins at b irth are shown in Table 68 , and these wi th 

the s ignifi cant regressioDs mentioned above are plo tted in  

Figures  1 5 ,  1 6 , and 1 7. 

Before dis cuss ing these  results i t  i s  as well to consi der 

the probab le timing of even ts prior to b irth. The work of 

various authors d i s cussed in the review of l i terature suggests 

that  the pr imary fo ll icles  are laid down before the nutri tional 

and o ther factors of the pre-na tal environment have had much 



Fi gure 1 5  

Re la t i o nship  b e tween the 
He igh t  a t  Wi thers and 

Ha lo-ha i r  Densi ty 
37 ( N- types ) 

F i gure 1 7  
Rela tionship  b e tw�en He i ght  
at Wi thers and  To tal  Dens i ty 

fo r O rdi nary Lambs 

Figure 1 6  

R e la ti o nshi p b e tween Halo-ha i r  
Perce n t age and To tal Dens i ty 

( N- types ) 



Table 68 

Means of' the Dens i ties  at Bir th and Related 
Fac tors 

N- tll2es Height at  Halo-hair To tal Halo-hair 
Wi thers Densi ty Densi ty Percentage 

Singles 34. 61 378. 2 2. 01 7 20. 08 

Twins 33. 24 432. 7 2. 1 34 20. 50 

To tal 33. 69 41 4. 5 2. 096 20. 36 

Ordinarz 

Singles 35. 40 7. 2 2. 822 

Twins 33. 68 4. 9 2. 722 

Total 34. 1 3  5. 5 2. 749 



oppor tuni ty to affect  th,e s i ze  of the animal.  
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By the t ime the 

s econdary fo ll icles are being formed and are s tarting to grow 

fibre and , in parti cular for the last s ix weeks before  birth ,  

these  fac tors become important and variat ion i n  the s izes  of 

the animals at birth result. 

When thi s course  of events  i s  cons idered and al so the fact 

tha t folli cles s tarting to produce fibre a week or  less  before 

b irth will no t have a fibre i ncluded in  the sample ,  then the 

following explanations of the results in thi s section can be 

put forward. 

( 1 ) The higher halo-hair densi ty of �- type twins i s  the result of 

lesser skin expans ion probably in the last  few weeks prior to 

b irth. 

( 2 ) O ther factors also affect  halo-hair dens i ty probably by 

ac ting on  the number of halo-hair produc ing primary fo llicles 

originally laid  down. These  are shown by a possible· reciprocal 

mating effec t  and by the large amount of variance no t accounted 

for by he ight at wi thers . 

( 3 ) There i s  some suppressing effec t  of large pr imary follicles 

on  the formation of new secondary fibres about s ix weeks before 

birth and thi s leads to a difference in the flee ce densi ties  of 

�-type and ordinary lambs at bir th. There i s  no difference in 

the observed total densi ties  of s ingle and twin  lambs , but 

if all these  animal s had had the same skin expansion over the 

last 3 or  4 weeks , after the ma jority of the pre-natal secondary 

follicles were added then the twins would have had a lower 

dens i ty than the s ingles. As , in fact ,  the skin expansion  of 

twins over thi s  period would be  les s than that of the single lambs , 

the lower dens i ty of  the twin  lambs expected  under the hypothesis  
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of suppression , would no t be observed. 

( 4 )  The lower densi ty assoc iated with greater he i ght at wi thers 

for ordinary sheep could be the result of different skin 

expansions during these  last  few weeks , but tw in lamb s  have a 

slightly lower den s i ty asso c i ated wi th smaller s i z e .  This could 

be  the result of suppre ssing factors during the deve lopment of 

the secondary folli cles , whi ch canno t be  measured without  nS i ng 

skin sampling techniques .  But i t  i s  reasonable  to suggest  

that a somewhat s imilar s i tuation to that of the �- types  exi s ts , 

wi th simi lar densi ties  b eing measured at b irth as  the result of 

differential  skin expansi on s ince the format ion  of the ma jor  

number of  se condary fo ll i cles . 

In both �-type and ordinary sheep  these  results should 

reflect  a lower secondary / primary foll i cle  ratio' for tw in  

lambs as  found by Schinckel ( 1 953 ) fo r the Aus tral ian Mer ino 

and confirma tion by such an approach is des irable .  

2.  The fleece dens ity at six  weeks of age . 

Fleece densi ty at s ix weeks of, a ge will  depend on  the densi ty 

a t  birth, the skin expansi on between birth and six weeks and the 

number of new fibres added ,  relative to those  a lready present.  

Because of d iffi cul ty with the tattooing technique , no d irect  

est imate of  e i ther skin expansion o r' of  the number of  new 

�ibres was avai lable.  lt  was therefore dec ide d  to approach 

the problem i n  terms of the changes in dens i ty from b ir th to 

s ix weeks .  These  were also the variables in  whi ch there was 

most  interest  because  of the pos s ib le re lationships between 

density and f ibre d iameter and hence  fleece  type .  

The following theoreti cal  relationship can  be  derived 
, 

between these vari ables mentioned above on  whi ch the s ix weeks 



dens ity will depend : 

If dO is the densi  ty a t  birth 

d1 i s  the density at  s ix weeks 

q% the percentage of fibres formed post-na tal ly present 
in  the s ix weeks sample 

q' = 1 - q 

s i s  the relati ve skin expans ion i . e .  the are a at  s ix 
weeks of  1 sq  cm at b irth 

Also l e t  there be b fibres in 1 sq cm at b irth 
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and let  there be a fibres added to thi s area up to s ix weeks 

Then dO = b and d1 = ( a + b )/s 

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

If . bo th sides  of thi s  last e�press ion 

Then sq'  = b . s/( a + b )  = dold1 

are multi pli ed by s 

That i s ,  a simple relationship exi s ts between the dens i ty 

changes , the skin expans ion and the number of fibres added. 

The densi ties  at s ix weeks are known for a given density 

at  bir th and gi ven some measure of the corresponding skin 

expans ions , the above rela tionships can be  calculated. Given 

this  re sult , then the number of fibres which have to be  added 

to an original s quare cm to give such relationshi ps can also be  

obtained. 

Estimates of r ela tive skin expans ion have b e en obtained 

for the �-type lambs by means of the relationship :  

Relative skin expansion = Halo-ha ir density at birth 
Halo-hair dens ity at  6 weeks 

No additional halo-hairs are added to the fleece  after 

b irth (Dry 1 935) and no shedding was observed before thi s  time . 

The se estimates  were liable to a fairly large error and in  



Source 

Regression 
Residual 

The value 

Table 69 

Relationship Between Weight Gai n  and 
Skin Expans ion 

d. f Mean Square 

1 1. 090 
31 0. 090 

for k ( W  in lb ) 1 . 445 

F 

1 2. 1 7 

The regression equation y = 1 . 445x - 0. 922 

Table i/O 
Par tial Regress ions of S ix Week Fleece 
Densi ty on Weight Gains and the Dens i ty 

at  Birth 

Genotype d. f.  Weight Gain s. e. Birth Densi ty 
Regression Regression 

N+ 30 -0. 847 0. 759 +0. 428 

++ 31 -1 . 831 0. 530 +0. 280 

p less than 
0. 01 

s.  e. 

0. 262 

0. 1 23 
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addition were no t avai lab le for the ordinary lambs .  However , 

use can also be  made of the re lationship between relative skin 

expansion and relat ive weight gains. Var ious authors have 

shown a relationsh L ip  of the type : 

Skin area ( S ) = cWk 

where W i s  the weight a t  a particular time and c and k are 

cons tan ts .  Where W i s  in  ki lograms , k has been shown to have 

a va lue of 0. 67 fo r various breeds of sheep a t  different ages 

( Brody 1 945 ) 

Now if  S = cWk �hen loge ( s2/S1 ) = k( logeW2 - 10geW1 ) + c 

where s2ls1 i s  the relat ive skin expansion over a period for 

which W1 i s  the ini tial  weight and W2 the final wei ght . The 

expression ( 10geW2 - 10geW1 ) will  then represen t the relative 

weight gain. 

Thi s i s  a s imple regression relat ionship and the values 

of k and c can be calculated by least  squares methods .  Es timates 

of these parameters were ob tained for the li- type lambs using 

the est imates of rela tive skin expans ion obtained above and the 

relative we ight gai ns over the period b irth to 6 weeks. 

Table 69 shows the relationship thus calculated and the 

equivalent value of  k for W in kilograms was 0. 648 which i s  

in  reasonable  agreement with the mo re general e st imates of Brody 

c i  ted above. On  the basis  of thi s equation i t  was deci ded to 

use we ight gains for the calculations connec ted with dens i ty ,  which  

would thus be  the same for bo th groups of  sheep ,  and then "inter-

pret them in terms of the skin expans ion. 

The rela tionship b e tween we ight gai ns and skin  expansion 

being es tablished , it  was now possible to  calculate a mul tiple 

regression of s ix weeks dens i ty on weight gains and b irth densi ty 



Tab le 71 

Caloulation of the Values in the Expression 
s q ' = do/d1 

Birth densi ty Skin 6 week Fibres in New 
do =x1 expansion densi ty original fibres 

s = x2 d1 • Y sq em 

1 . 0 1 . 5  1 . 87 2805 1 805 

3. 0 1 . 5  2. 73 4095 1 095 

1: . 0  2. 5  1 . 71 4275 3275 

3. 0 2. 5  2. 57 6425 3425 

q% 

64 

27 

77 

53 

The x1 , x2 and y refer to the mul t1ple regression equat1on. 

The dens i ties  are in the form 1 000 fibres per sq em. 
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for the required i nterpre tation i n  terms of skin expansion. 

These regress ions are shown in  Table 70. The errors  for the 

�- type group are somewhat high for satisfac tory estimates , 

but these  values wi ll be the best es timate of the relationships 

and the conse quences of these  are of interest . 

The results are shown in diagrammatic  form in Figure 1 8  where 

the regression of dens i ty at six weeks on that at  b irth i s  

shown for the var ious values of  skin expans ion derived from tho s e  

o f  weight gain.  For the li-type lambs the equation for theoret ic-

al skin expansion der ived from the multiple regress ion values 

for weight gain by use of the est imated values of c and K ,  was : 

6 week dens i ty y = 0. 43x1 - 0. 30x2 + 1 . 56 

Thi s  e�uat ion wi ll give an e�uivalent result to that obtained  

by  estimating dens it ies fo r a given wei ght gain and birth dens i ty 

and then convert ing for the appropriate skin expansion. Thms 

the validi ty i s  no t affected by the po ss ible relationships between 

x1 and x2. In the e quation; x1 is the b irth dens i ty and x2 

i s  the skin expansion on  a logari thmic scale. Thus theoretical  

values of  six  week densi ty can be  derived for various values 

of x1 and x2 and when one sq  cm at b irth i s  cons idered then th� 
number of fibres in thi s original s �  cm after expansion to the 

six  weeks value i s : 

Dens i ty at  six weeks X skin expans ion. 

The number of new fibres can then be  e s timated as this value 

less  the dens i ty at b irth ,  that i s ,  the number of f ibres  

already in the area.  Then q% will be  the number of new fibres 

as a percentage of the to tal fibres in the area at  s ix weeks . 

Thus we have the variables required for the re lationship 

derived above A sample of 
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the calculation i s  given i n  Table 71 . 

Resul ts ob tained in this way for the li- type and the ordin­

ary lambs are plo tted in  Figures 1 9  and 20 with the theoretical  

When plo tted i n  thi s way a separate curve is  

obtained for each value of  birth densi ty. Each curve shows 

the percentage of new fibres whi ch w ill result from a given 
hav(Z. 

ski� expans ion. The number of fibres whi ch mus t!b�added 

to the ini tial sq cm to give the result are shown for skin 

expans ion intervals of 0. 5.  In  addi tion ,  the po s i tion of  a 

value relative to the l ine dold1�is a measure of the change i n  

dens ity ;  e . g. i n  Fig. 1 9  for a b irth densi ty of 1 . 0  ( 1 000 fibres 

per sq  cm) , a skin expans ion of 3 means that 80% Cif the fibres 

at s ix weeks will be new , that i s  4000 f ibres .  The new 

dens i ty mus t be 5000/3 = 1 . 67 tha t i s  an increase in dens i ty. 

The same skin expans ion for a birth dens i ty of 3. 0 ( '000 

fibres per sq cm) wi ll give a s ix weeks dens i ty of 7600/3 = 

2. 53 , i . e. a decrease of dens ity. 

These  are the theore tical curves whi ch bes t represent 

the dens i ty and weight gain data and any confi rmation of them 

from o ther data i s  of considerable interest  when the indirect  

method by whi ch they were obtained is  considered. For the 

li-type sheep i t  was po ssib le to obtain es timates of the values 

of q% for individua l an imals and check them against the values 

ob tained for the above relationships for a given b irth dens i ty 

and weight gain ( skin expansion ) .  The values for q% were 

obtained as fo llows : 

If x i s  the halo-hair percentage a t  birth 

y i s  the halo-hair percentage at  6 weeks 

a the ac tual number of halo- hai rs in a given original area 

b the total fibres at b irth 

c new fibres added up to 6 weeks 
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Figure 1 9  

t S ix Weeks Den s i ty :  Rela tionships leading 0 
N- type lambs 
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Then x = alb and Y '= a/(b  ... c )  

and 1 - ( y/x ) = 1 - b/(b  + c )  
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therefore ( x  r Y )/x = c/( b  + c )  whi ch i s  a convenient form for 

calculation of q% = 1 00. c/ (b + c )  from x �nd y. 

Figure 21 shows the values of q% calculated in thi s way , 

plo tted agains t tho se values expec ted from the curves derived 

from the dens i ty relationships , w ith the regress ion lines and 

also the line expec ted if the relationship was perfect.  The 

correlation of 0. 56 ( 31 d. f. ) whi ch has a probab i l i ty of 

� 0. 001 of ar i s ing by chance can be cons idered good agreement 

when the pos s ible errors in bo th the variables are considered. 

It will  be seen from the diagram that the theore ti cal curves 

based on dens i ty somewhat underestimate the penalisation of 

the added f ibres for low values of q%, tha t  i s , high ini tial 

densi ty and low skin expansion.  

A s imilar diagram for the ordinary sheep i s  shown in 

Figure 2,2 where expe'cted and observed values of del d1 are 

compared.  Thi s i s  no t as satisfactory as the comparison used 

for the !i-types  as do w ill  be common to bOo th expected and 

observed values making the comparison  virtually one of expected 

and observed dens ities  at s ix  weeks .  The agreement i s  again 

sati sf'actory ( r  = 0. 69 32 d. f. ) s.nd it  was concluded that  the 

theore tical  curves es timated f'rom the dens i ty and weight gain 

relationships showed a reasonable representation of the actual 

relationships of' the various factors occurring during the first 

s ix weeks. 

ConSidering the theoretical  curves it  is seen that the 

!i-types add a greater number' of f ibr e s  ths,n ordinary lambs 

for skin expans ions grea ter than 2. 5 tending to a mS.ximum of' 

about 6000 compared wi th a maximum of about 3000 f'or the 
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ordinary lambs .  Thi s  la tter figure appears to be  in  fair 

agreement  w i th that obtained by Henderson ( 1 953 ) for high -

high plane lambs s ampled in the lo in  pos i tion. ( Henderson ' s  

Text fig. 7. The original  area of his enclosed pos i tion  would 

have been from 1 . 0  to 1 . 5  sq cms. ) This  difference  between 

!i- types and ordimary lambs would explain the lack of a differ-

ence between the two geno types of dens i ty at six weeks , but 

may be the result of non-ac ti ve follicles  at b irth in  the 

!i-type rather than a ma jor difference in the number of 

folli c les added over the firs t s ix weeks . 

Within genotypes i t  c an be s een  that for the lower skin 

expansions ( less  than 2. 0 )  more fibres are added to those  

animals showing a lower ini tial fleece dens i ty which suggests 

a continuat ion  of the suppress ion effect o ccurring pre-natally. 

Thi s idea i s  s trengthened by the les ser number of fibres added 

to �-type lambs  a t  skin expansions of 1 . 5. In  general i t  can 

be stated that for normal growth ( skin expans ion 2. 5 or greater ) 

!i-types will  tend to make up the defici ency of dens ity at b irth, 

but if s low growth o ccurs then the densi ty at six weeks wi ll 

st ill  tend to be lower, there being a continua tion of the penal­

i sation of new f ibre addition which o ccurred before birth. 

A further experiment of thi s  type us ing actual fo lli c le 

counts would be  of  great interest ,  thi s  approach having the 
body 

advantage of bringing to ge ther dens ity changes , � g�owth and 

numbers of new f ibres in o ne overall relationship whi ch invo lves · 

bo th the mathematical  and b iological consequences of density 

changing as  the result of .bo th skin expansion and the addi tion 

of new fibres .  



1 �  

Summary of conclus ions for six weeks dens ity :  

( 1 ) The number of  new fibres added to the fleece  from birth to 

six weeks i s  penalised ,  by a higher birth dens i ty or by the pre­

sence of halo hairs , when there are low we ight gains or skin 

expansione ( less  than 2. 0 )  

( 2 ) For ski n  expansions greater than 2. 0 for N-types and 2. 5 

for ordinary lanfus the number of fibres  added i s  independent 

of the initial densi ty. 

( 3 ) For skin  expansion greater than 3. 0 ,  ordinary lambs wi ll 

add a maximum of  3000 fibres to an ini tial  s quare cm so that 

greater ski n  expansion has no effect  on the number of fibres 

added. �- type sheep d iffer in  adding a greater number of 

fibres up to a ski n  expans ion of 4. 0 when a maximum of  6000 

fibres i s  reached. 

(4 )  At skin expansions greater than 2 . 5 li-type sheep wi ll 

add more fibres to an ini tial area than will ordinary lambs. 

( 5 )  I t  is a mathematical consequence of  these results that 

lambs wi th a low initial dens i ty will tend to increase i t  and 

those  with a high ini tial dens i ty wi ll  tend to decrease i t ,  

the amounts depending on t he skin expansion  and the geno type 

of the lamb. 

( 6 )  The re sul ts are in accord w i th tho se of Dry ( 1 9 35 ) , Galpin 

( 1 948 ) ,  S chinckel ( 1 953 and 1 955 a & b )  and Short ( 1 955 a & b ) ,  

who sugges t  that s low ini tial growth will  penalise  the addition  

of  fibres or  the development of  the secondary foll icles pro­

duc ing these  fibres during the early grow th of the lamb. 

3. The densi ty e ight weeks after shearing. 

A s imilar approach was adopted in analys is  of this d ens i ty 

and the multiple regression  of the Aogget  densi ty ( about 25 



Table 72 

Parti al Regress ions o� Hogget Densi ty on Six  
Weeks Densi ty and Weigh t  Gains 

Independent N+ ++ 
Variable Co e��i c ient s . e. Doe��icient s.  e .  

Weight gain 6 
weeks to shearing 

-0. 972  0. 645 +0. 269 0. 478 

Weight gain shearing +0. 088 ' 0. 765 -0. 583 0. 9 24 
to hogget sample 

6 weeks dens i ty +0. 307** 0. 090 +0. 243** 0. 076 

** Signi�l cant at 1 %  level  



1 40 

weeks of age ) on  six weeks densi ty and on we ight ga ins from 

s ix weeks to shearing and shear ing to the ho gget sampling 

were ca lculated for each geno type. 

We ight ga ins ( skin expansion ) no longer appear as 

important as does the dens i ty oat  s ix weeks , the results being 

non-s ignifi cant and i ncons is tent. except for the partial regress-

ion on six weeks den s i ty. The equatio ns from this latter 
a re 

valuEjplo tted for the two genotypes in Figure 1 8. 

The skin expans ion over thi s period wi l l  have  been of the 

order of 1 . 5  and a mean dens i ty of 2. 0 at  6 weeks gives values 

of do/d1 ( from the Fig. 1 8 ) for �-types of 0. 75 and ordinary lambs  

of 0. 95 , which means that approximately 1 000 more fibres will 

have been added to an original sq cm at  b irth ,  fewer being 

added to the �-types than to the ordinary lambs.  Thi s la tter 

po int is also suggested by the high negative value of the 

partial regression coeffi cient (i . e .  dens i ty changes due to 

skin expans ion onl� , for li- types for we ight gai ns from s ix 

weeks to shearing , aithough there i s  a l ikelihood of i ts being 

a chance effect.  

However thi s s l i ght difference between �- types and ordin­

ar�lambs is  suffi c i en t  to lead to the difference in favour of 

a higher dens i ty of the latter at 25 weeks of age , which was 

shown by the analys i s  of vari a nce in the previous se ct ion. In  

general thi s per iod i s  of  less importance for the addi tion of 

f ibres to the fleece  and i t  i s  reasonab le to conclude that the , 

effect  of these on  density is  l argely d e termined by growth in 

the first s ix or e ight weeks of post-natal l ife and after this 

differences in skin expansion reflected in  the final adul t size  

of the sheep will  determine the final charac teristics  of  the 

fleece as far as they are affected by the dens ity. 
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Summary : 

( 1 ) The dens i ty at  the time that the f'inal sample was taken 

depended on the den s i ty and number of' f'ibres already in the 

f'le ece  at s ix weeks1 end of the small proportion  of' new fibres 

added over this  f' inal period it is probable that ordinary 

sheep added more than the N- types.  

( 2 )  I t  was concluded tha t the f'inal fleece dens ity of' the 

adult sheep would be  dependent on  the dens i ty at  s ix  or e i ght 

weeks and subsequent skin expansion to the final adult value . 

These  results will be  cons idered as a who le in the f'inal 

discussion whi ch w ill be based on  the summarie s  of' these 

sub-sections . 

c. Fac tors Aff'ec ti ng Fibre Diame ters .  

1 .  The mean weighted diameter. 

The ini tial calculations have been made us ing the we ighted 

diame ter , after which those  components contributing to this 

weighted diameter are co nsidered. 

If' PA ,PB and Po ref'er to the proportion of fibre types 

A, B and 0 respe c tively and xA ,xB and Xo are the means of the 

diameters f'or each type , in a parti cular wool  sample , then the 

weighted diameter was calcula ted as : 

XAPA + xBPB + xOPO where PA + PB + Po = 1 

The values used fo r the aniysi s were the means of' the we ighted 

diameters f'or the duplicate samples calcu�ed independently. 

In consider ing the dis tribut ion of thes e  we ighted diameters , 

two po ints must  be  cons idered. Firs tly by the Central Limi t 

Theorem if' the measurements compris ing the individual means are 

normally dis tributed then the means themselves mus t  be  normal ly 

dis tributed. Secondly,  the sum of l inear f'unc tions of' normally 
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variables w i ll also be normally di s tributed. ( Cramer 

1 946 ) I t  has therefore been as sumed that  the we ighted mean 

is normally di s tributed and that the usual s tati sti cal methods can 

be used. 

Many workers have shown a connection between fleece dens i ty 

and mean fibre diameter , and 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 foll icles have been  laid down , then 

apart from follicles  ceas ing and renewing production , changes 

in the weight of a sheep could lead to changes in skin area w i th 

the consequent densi ty and correlated fibre diame ter changes .  

The relationships between these variou�factors as a whole do not 

appear to have been considered , except perhaps by Galpin ( 1 948)  

who , however , has  not consi dered the we ights of the sheep and 

has relied on mathematically derived rather than observed 

relationships.  �hese  theoretical relationships , moreover , are 

no t accura te when medullation i s  present  as they depend on the 

specif i c  gravi ty of the woo l  fibres which can only be regarded 

as a cons tant when no air spaces are present.  

The weighted diameter for the present data has been examined 

for each geno type and sampling time in terms of b irth we ight or 

weight gains prior to samplin� and densi ty. This was done by 

means of a multiple regression to determine the independent 

effects of these  variab les  on  the wei ghted diameter. 

The ac tual weight was used at  b irth and for the o ther two 

periods the weight gains from birth to s ix weeks and shearing 

to final we ighing respec tively were used. The use of shorter 

periods ) over the t ime the diameter measured was produced) was no t 

practicable  as the weight gains were insuffic i ent ; this means 



Tab le 73 

Part ial Regressions of Weighted Diameter ( p )& on 
Wei ght ( or Weight Gain ) and Densi ty ( 1 000 

fibres per sq cm) 

Sampling Genowpe d. f. Residua 
T ime Varianc 

Regress ion Coefficients 
gain@ s. e. Dens i ty s. e. 

Birth N+ 30 8. 636 +0. 360 0. 330 -4. 233** 1 . 41 1 

++ 31 1 . 686 +0. 390* 0. 1 66 +0. 61 7 0. 392 

6 weeks N+ 30 9. 31 9 +5. 251 . 4. 81 5 -2. 297* 1 . 099 

++ 31 6. 337 +3. 491 3. 709. -2. 086 0. 994 

Hogget N+ 30 7. 538 +9. 41 3 6. 356 -2. 076** 1 . 507 

+ +  31 7. 663 +1 4. 230 1 0. 1 94 -2. 940 1 . 988 

Hogge t 63 7. 358 +1 0. 938* . 5. 334 -3. 624** 1 . 092 
wi thin 
geno types 

• signifi cant at 5% level  
• •  significant at 1 %  level 
@ Weight at birth and pre� ious weight gains for 6 weeks and hogget. 
Ii The data was calculated in uni ts of  2 microns and then regression 

d. f. 

31 

coeffic ients and s tandard errors multiplied by 2 and residual 
variances by 4 ( see Table 54 , page 94 ) 

Table 74 

Regression of the DlLameter of 0 type fibres ( ? ) * on  
Halo-hair Dens i ty 

Coefficient s. e. 

- 0. 00667 0. 00246 

t P 

2. 71 0. 01 

.See foo tno te Table 73 
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that an assumption 1 s  invo lved of  e i ther a high correlation 

between wei ght gains over 6 or 8 weeks and over the time the d iam­

eter was �ormed or a s trong relationship between diame ters o� 

any parti cular sec tion o� the �ibre over the period considered. 

Both these assumptions are reasonable unless  there is a sudden 

check o� the growth o� a parti cular animal �rom some c ause.  

These resul ts are shown in rable  73 , and the partial regress ions 

and means �or the densi ty and weighted diameter are plo tted in  

Figure 23. 

The �-types cons i stently showed a higher we ighted diameter 

for a given densi ty ,  this being confirmed by analys i s  o� co­

vari ance �or the s ix  weeks and post  shearing sample , di��erences  

being s igni�i cant at the 0. 001 and 0 . 01  levels of  probab i l i ty 

respec tively. A slightly greater change in diameter of li-type �ibre s 

�or uni t  change in  dens i ty was also cons i s tent at  the three 

sampling periods . 

At birth there was no s igftifican t  relation between denSi ty 

and diame ter �or the ordinary sheep whi le that shown �or the 

li- types canno t , be in terpreted as cause  and ef�ect  as i t  has 

already been demonstrated that a high halo-hair percentage 

( which wi ll  tend to increase we ighted diame ter ) will  lead to a 

lower �leece dens i ty. An e��ec t  o� dens i ty on diameter o� 

samples at b i rth �rom li- types can be  demonstrated however by 

calculating the regression of the mean diameters of 0 type 

�ibres on halo-hat'r denS ity giving the resul t in Tab le 74. The 

small value i s  the result  o� the units used and i t  indicates 

that a de crease in  diameter o� 0. 66 p will o ccur �or each 

increase o� 1 00 halo-hairs / s�  cm. This i s  con�irmatory 

eVidence �or the idea o� a ' suppress ing e��ect ' o� halo-hairs on  

the later �ormed �ibres ( or �o lli cles ) .  
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The partial  regressions for wei ght or weight . gains are 

cons i s tently po s i t ive but have high standard errors.  For thi s 

reason the regres s ion w ithin groups was calculated for the final  

sample ,  whi ch reflects  condit ions mos t  likely to be  met with in  

the adult sheep , so a s  to increase the available degrees of  free­

dom for the e s timation of error.  The s ign ificant  relationship 

thus obtained shows that in terms of  body weights 'of two animals 

of the same fleece dens i ty ,  the lightest  be ing 70 Ibs we ight and 

the o ther 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. 1 4  ( loge ) 
in relative growth ra te which would be a fairly large one for 

growth over thi s period. 

A further po int  of interest  from Table 73 lies  in the 

comparison of res i dual variances of the weighted diameters . 

That  of the �-types increases to six  weeks and then decreases 

again to the po s t-shearing s tage , whi le those  of the ordinary lamb s  

increase from a low variabil i ty to one s imilar to that o f  the �-

types at the final stage . This may be the result  of the tendency 

for low dens i ties  to increase and high densi ties to decrease 

which was shown in the previous section , but the increased 

variance of the ordinary sheep is of parti cular interest  when 

the wide range of hogge t fleece type found the previous year for 

ordinary sheep i s  considered. 

2. The components of the mean wt,ghted diameter. 

The mean we ighted diameter was made up of the means and pro­

portions of three types of f ibres A ,  B and O .  The changes in  

these componen�s over the three time periods are shown in  

Figures 24 and 25 respectively ;  mean weighted diameters are 
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also inc luded in the former d iagram. 

For the O- type fibres the diameters show an increas,e-- over 

the period , this increase be ing s ignificantly greater for N-

types at the 25 weeks sam�l ing. The �- type fibre measurements  

at  six weeks are likely to include more  new fibres whi ch may 

lower the mean value of diameter ,  a�though those  fibres whi ch 

showed the tip  under the lanometer were omitted as . they would 

only have been in the initial  s tages of growth. 

When cons idering the changes in the diameter of the A and B 

type fibres shown in Figure 24 , i t  i s  also neces sary to eonsider  

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 instance a super-s i clle fib re under Dry ' s  

( 1 935 ) c las s ification may show a thinning at  b ir th so that a 

section at thi s point  will  be a B type whereas a sec tion at 

s ix weeks will  be an A type.  S imilarly a curly- tip fibre may 

be  0 type at  b irth and B type a t  s ix weeks . 

Thi s change i s  assoc iated wi th an increase in  weighted 

diame ter and B type fibre diameter and also w i th a large increase 

in  the mean diameters of the A type fibres .  In  addi tion there 

i s  a sharp dec rease in the proportion of 0 types , that i s  

unmedulla ted fibres , in  spite of the number of new and probably 

smaller fibres added. The mean value of 40% for 0 types at  

s ix  weeks indicates that even if a l l  the fibres present at 

birth were medulla te� at  s ix weeks , some of the new fibres 

must also be medullated , 8.S there were more than 40% of new 

fibres present  at thi s s tage .  The addit ion 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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Tab le 75 

Correlation Coefficients between the Mean 
Diameters of  0 and B type Fibres 

Birth S 1x Weeks 25 Weeks 

0. 231 0. 0059 0. 1 98 

0. 21 7 0. 51 0** 0. 462* 

of freedom: 

30 31 31 

1 2  32 21 

* S1gnifi cant  at  5% level 
1 %  **  
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the peri o d .  I t  i s  d i rri cult to d e term i ne a t  t hi s s t a ge 

whe ther the r e  i s  any s i gn ifi cance i n  thi s cons tan t  va lue i n  

r e la t i o n  t o  effe c ts alre ady de s c r ibed concern i ng the add i t i o n  

of n ew r ib re s .  

From s i x w e eks to the ho gge t s ta ge the r e  i s  a de c re a s e  i n  

the d i ff e ren c e  b e tw ee n  me an valu e s  o f  the compo nen t fibre type�s 

from the !i- type an i m a l s .  Thi s agrees w i th a s imi lar r e s ul t  

obs erved fo r the var i an c e  o f  the w e i ght e d  d i ame ter ( Tab l e  73)  

Also o v e r  thi s  s tage the re i s  a ma rked de c r e a s e  in the numb e r s  

o f  medul l a t ed f ibre s ,  the r e a s o n  f o r  whi c h  w i l l  b ec ome c l ear 

when medu l la tion i s  d i s cus sed b e low. 

The corre lat ions fo r e a ch geno type , b e tween me a n  di ame ters 

of the va r io us fib r e  typ e s  a t  e ac h  s ampl i ng are shown i n  Tab l e  

75. Tho s e  b e tween A typ e  and o ther fib r e s  are . no t shown a s  in 

n o  c a s e  w e r e  they s i gn i f i c a n t .  The - d iffe re n t  de gre e s  o f  freedom 

are the r e s u l t  of some f ib re ty pes no t b e ing present on a l l  

anima l s .  The ab sence o f  a ny corre l a ti o n s  f o r  t h e  !i- type she e p � 

i nd i c a t e s  tha t the a s sump t i o ns made ea r l i er con cern i n g  the normal 

d i s tr ibuti o n  of the w e i ghted d i ame ters , w i l l  ho ld wha tever 

the d i s tr ib u t i o n  o f  the means o f  the vario us fib re typ e s .  The 

full assump tions a r e  r e �u i r e d  fo r the o rd i nary lamb s .  

The b i o logi c a l  m e a n i n g  of a l a c k  o f  corre l a t i on i s  n o t  

c l e a r  b e c aus e the i n c r e a s e  in the me an o f  any group may re s ul t  

i n  the larger fib re s  i n  th a t  gro up b e com i ng the smal l e r  r ibres 

o f  the tY.pe abo v e .  The p r e s e n c e  of a corre la t i o n  s ugge s ts 

that i t  i s  p o s s ible tha t o ne po pula t i on of f ib re di ame ters 

may b e  b e i n g  dealt w i th in the o r d i n ary l amb s .  

Fo l l i c l e measureme n ts , mak i ng use o f  t he c la s s i f i c a t i o n  i n to 

pr imary an d s e condary fo l l i c l e s , are r e qu i r ed to de termi n e  the 

me an ing of the r e la t i onshi ps b e tween the f ibre type s .  



Table 76 

Regressions of the A .t ype Proportions on the 
Halo-hair proportions 

Time of Sampling Co efficient s .  e. 

Halo-hairs A types 

Birth Birth +0. 440*·* 0. 1 08 

6 weeks 6 weeks +0. 666* 0. 279 

6 weeks Hogge t  +0. 878·· 0. 228 

• Significant at 5% level 
. *  1% 
.*. 0. 1%  

d. f. 

31 

21 

1 6  
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I n  S e c t i on VI I I , D ,  2 i t  w a s  s ta t e d  tha t f'o r the me a s ur eme n t 

o f'  the d i ame t e r  a t  s i x we e k s , the ha l o - ha i r s  w e r e  s e pa r a t e d  

o u t f'o r me a s uremen t a s  a n  i nd i v i d ua l g ro up , b u t  t h a t  t he me tho d 

w a s  abandoned in  f a vo ur o f  d i re c t  c l as s i f' i c a t i o n  und e r  t he l ano-

me t e r  i n to A ,  B a nd 0 ty p e s . Cons i d e ra t io n  o f'  the r e l a t i o n s hi p  

b e tw e e n  pro po r t i o n s o f  A type f' ib r e s  e n d  ha lo - ha i r s sho w s  tha t 

t h i s  wo u l d  l e a d  to s l i ght un d er e s t ima t i o n  o f  the pro po r t i o n o f  

A t y p e s  f'o r the s e  f i r s t few s he e p b u t  ha r d ly eno ugh to affe c t  

the ma i n  r e su l t s .  I t  sho u l d  b e  no t e d  tha t th i s  wo uld have 

no ef'f'e c t  o n  the w e i gh t e d  d i ame te r  as n o n- ha l o - ha i r  A typ e s  

w o u l d  o c cur i n  the B- type c l as s i f' i c a t i o n  f o r  t he s e  s h e e p . 

I n  ad d i t i o n  to thi s r e l a t i onshi p , t h a t  b e tw e e n  ha lo - h a i r  

pro po r t i o n s  and A ty pe pro po r t i o ns a t  b i r th w a s  c a l c u l a t e d  a n d  

a l so tha t b e t w e e n  hal o - ha i r s  a t  s i x  w e eks a nd A typ e s  a t  t he 

po s t- s he a r i n g  s tage . T h e s e  a r e  shown i n  Tab le 7� • The 

p e rc e n tage o f  A type f i b r e s I t  th i s  s t a ge had a skewed d i s tribu-

t i o n  a nd the I' e fo r e  z e ro v a lues e re omi t t ed a nd the t r e n s f' o rrna-

t i o n  p = s i n2 ( Fi 8 11 er  a n d  Ya t e s  1 953 )  has b e e n  u s e d .  

The s e  r egr e s s i o n s are p l o t t e d  i n  Fi gure 26 w i th the a p pro -

ha l o -he i r  
pri a t e  me an s . The me a n  va lue o f  / p e rc e n ta ge a t  s i x  w e e ks 

f'o r tho s e  s he e p ha v i ng no A typ e  f'ib res i n  the s amp l e a t  24 w e eks 

w a s  6. 54 whi c h  v a l ue wo uld gi ve an expe c te d  value of 2. 3% 
i n s t e a d  o f'  z ero f'rom the c a l c u l a t e d  r e gre s s i o n. I t  t s  po s s ib l e  

tha t t h e  omi s s i o n  o f  the z ero v a lu e s  h& s b i as e d  the f i t  o f  the 

r e g r e s s io n , but a t  thi s s t a ge the e s t ab l i s hme n t  of the r'e l a t i on-

s h i p  i s  con s i dered mo r e  i mpo r t a n t than i t s  e X 8 c t  na tur e . Remem-

b er i n g  t ha t  some n ew f ib r e s  w i l l  have b e en added o v e r  thi s 

pe r i o d  t h e  r e s u l t  s ug g e s ts tha t  the ma j o r i ty b u t  no t a l l o f  

the ha l o - ha i r s  may b e  s u c c e eded b y  A type f' i b r e s  ( no t n e c e s sa r i ly 

kemps ) ,  i f  i t  i s  a s s umed tha t no o the r fo l l i c le s  have s ta r t e d 

to pro duc e th es e l a r ge r fib re s . 
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The o ther two results ind i cate tha t no t all halo hairs are 

A types at  birth (or  a li ttle  befofe birth ) and also tha t at  

six  weeks , lower halo-hair  percentages appear to  be asso cia ted 

wi th more fibres which are A. . types at thi s stage but not at  

b irth. I t  i s  pos s ible that the super s ickle-fibres come from 

fo llicles  capable of  produc ing fibres  equivalent to halo-hairs 

but which fail  to do so except over the pre-natal period prior 

to the s econdary fo lli cles being laid down and also over the 

pos t-natal period of  rapid skin expans ion. 

3. Summary of Sec tion IX C 

( 1 ) Mean we ighted diameters and fleece dens i ty were inversely 

pro portional for each geno type and each t ime of sampling except 

for the ordinary lambs at birth. 

( 2 ) The diameter of 0 fibres at birth decreased with increased 

halo-hair  densi  ty of the !i-type. lambs.  

( 3 ) For the pos t-shearing sample we ight gains had a s ignifi-

cant pos i tive relationship wi th fibre diameter at constant 

dens i ty when partial  regression coeffici ents wi thin genotypej 

groups were e s timated. 

( 4 ) A tendency was observed for the variances  of mean fib�e 

diameters of  !i-type and ordinary lamb s  to converge as the lambs 

became o lder . 

( 5 ) Considera tion of the individual means of fib re type " . 

diame ters making up the wei ghted mean showed overall increases 

from birth to six  weeks , these  be ing mos t  marked in the larger 

fibre types .  I n  addition there was a tendency for the varia-

bil ity to b e  reduced between six weeks and final sampling. w i th ,  

however , li ttle change in  the value of the mean weighted diameters 

over thi s period. 



( 6 )  0 type fibres from �-type sheep had a smaller diame ter 

than those  from ordinary sheep at the pos t-shearing s tage . 
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( 7 ) Consideration of  the correlations between means of fibre 

types at  the various sampl ing times showed no relationships 

amongs t those  from �- types , but a pos i ti ve rela tionship be­

tween B type and 0 type fibres exis ted  for the ordinary lambs 

at s ix  weeks and final sampling. 

( 8 ) The relationshi p  between A type fibres and halo-hairs was 

cons idered. I t  i s  reasonable to suppose  that halo-hairs 

wer e  generally followed by A type fibres  but hi sto logical 

evidence i s  required in  support of thi s .  

( 9 ) Of the halo-ha irs from the �- type lamb birth samples  

about a half mus t have been c lassifi ed as B type fibres under 

the pro jec tion mi cro scope. 

( 1 0 )  At six weeks all halo-ha irs examined were A type fibres 

and in addi tion some o ther of Dry ' s f ibre types must  have been 

clas s ified in thi s group. 

D. Factors Affec ting Medullation 

In the first part of  this the si s  i t  was s hown that the 

diameter of the medulla of a f ib re was s trongly related to the 

to tal diameter of  the f ibre and the weight of the sheep from 

which i t  was taken. The ' hairiness ' of the fleece w ill then 

depend on the diameter of the f ibres compri sing i t  and the 

condi tion of the an imal .  ' Hairines s ' has been quo ted previously 

as  being o ne of the princ ipal observed pleiotro pi c  effects of 

N at all s tages of  growth and in parti cular for the adult s tage 

when b irthcoat fibre types can no longer be recognised. Events 

leading to the different dens i ties  and diameters of fibres have 



Table 77 

Partial RegrjS s iOnS of Medul la Diame ter on Log Fibre 
Diame ter ( p )  Fleece Densi ty ( 1 000 fibres / sq  cm) 
and Weight Gains for B type Fibres at the Three 

Sampling Times 

Time of d. f. Weight Gains@ Densi ty Fibre Diame ter 
sampling Coeffic ient s. e. Coef�i c ient s. e. Coefficient &e. 

Birth 
N+ 

++ 

6 weeks 
N+ 

++ 

Hogget 
N+ 

++ 

29 

1 0  

29 

30 

29 

1 9  

-0. 204 

-0. 009 

+1 . 473 

+3. 41 1  

- 1 6. 736· 

+1 . 783 

• Significant at  5% level 
• •  1 %  
• • • : 0. 1 %  

0. 209 

0. 366 

3. 741 

4. 01 5 

8. 367 

4. 21 9 

+0. 634 0. 942 +27. 1 98* •• 5. 272 

-0. 582 0. 947 +32. 258.. 7. 1 50 

+0. 71 5 0. 648 +21 . 785 • • * 4. 492 

+1 . 867 1 . 1 77 +22. 981 *·  7. 537 

+1 . 539 2. 041 +60. 907***  1. 275 

+2. 231 1 . 527 -1 . 626 4. 868 

& See foo tnote to Table 54 ( page 94 ) 
@ Body we ight used at birth. 
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now been described and the final stage is  therefore the exam­

ination and po ssible confirmat io n  of the effec ts of these 

variables and the animals ' cond i ti on ,  on medullation.  

Mul ti ple regress ions have therefore been calculated for 

B typ� fibres and each geno type at the different sampling 

times.  These  multiple regressions were of  mean medulla 

diameter on the relative we ight gain  ( or birth we ight ) , the 

fleece dens i ty and the appropriate meqn fibre diame ter. The 

results are shown in  Table 77. A natural log scale was used 

for the fibre di ameter means as preliminary plo tting and the 

previous year ' s results wi th tho se of Ross  ( 1 950 ) indicated 

that thi s would lead to a better straight line fi t for this  

variable.  

The only regress ion coeffic ients showing a real departure 

from a zero value , apart from tho se for f ibre diameter , were 

those of we ight gains of �- type lambs from shearing to the t ime 

of the pos t- shearing sample . This  effect of weight ga ins i s  

considered confirmatory evidence for the result obtained i n  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. 

Dens i ty does no t appear to be of any importance at any 

stage and therefore has been omi tted from the regressions for 

A type f ibres whi ch are shown in  Table 78 , which are s imple 

regre�ons of medulla d iame ter on fibre diameter except at the 

hogget s tage when the addi t ional variable of weight gain has been 

included. 

The resul ts 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 parti cular sam.ple .  



c: 

Table 78 

Regression Co eff i c i ents
&

for the A type Medulla Diame ters on 
Log Fibre Di ame ters ( r ) for the Three S ampling Times , wi th 

the Par tial Regress ions at the Ho gge t Sampling 

Sampling Time Birth 6 we eks Hogge t  
Weight Gai ns Fibre Diameter 

Co efficient  

s.  e .  

d. f. 

... "' . +57. 81 5 ... • ... +93. 046 +0. 0846 

5. 01 8 

30 

4. 774 

31 

22. 386 

... .... Signifi cant at 0. 1 %  l evel 

& See foo tno te to Tab le 54( page 94) 

Table 79 

1 5. 947 

1 5  

A Oompari son of the Par tial Regression Coeffic i ents 
Ob tained for Medulla Diame ters in  the Two Years 

Yea� Geno types Wei ght Gains Fib re Diame ter 
Co effi c i ent s.  e .  Co eff i c i ent s.  e.  

1 95 2  NN ,N+ , ++ -1 6. 1 32 ... . 5. 867 72. 288 ... • ... 5. 961 

1 95·3 N+ -1 6. 736· 8. 367 60. 907 ... • •  7. 275 

1ft Signif i cant at  5% l evel 
• •  1 %  
. . ... 0. 1 %  

d. t. 

54 

29 
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The means and the fibre diame ter regress ions from bo th these  

tables have been plo tted in Figure 27. At the hogget s tage 

the non-s ignificant regression for ordinary she ep has been 

omit ted, and the regress ion ob tained the previous year over all 

geno types , at  about the same period , included. 

Befo re di scussing these  regress ions and the pos s ible 

differences be tween them it i s  as  well to consider to what 

extent the resul ts , after shearing , for the two years agree, and 

to do thi s the fibre diameter regress ion for 1 952-53 has been 

expressed in terms of  natural logarithms) Bnd the partial re­

gres sion on live weights has been expressed in terms of the 

weight gains appro pri ate to the mean value . The resul ting 

partial regress ion coeffi cients , w ith tho se obtained in  1 954 

and the s tandard erros are shown in Table 79 . 

When the different condi t ions and methods of arriving at 

these results  are cons idered , ther p9sults are remarkably 

consis tent ,  there being no real difference between years for 

ei ther coefficient. The coefficien t  for we ight gain indi cate s  

that a difference i n  this value which results  i n  a difference o f  

1 0  pounds fo r sheep ini tially of the same weight , w i ll re sult 

in a difference of about two mi crons in  the medulla diameter at 

constant fibre diameter , the lighter sheep having the greater 

medulla. In effe�t thi s  means that fibres from a lamb showing 

retarded growth will show medulla at a lesser diameter than fibres 

from a lamb growing well. In S ection C however , it was shown 

that retarded growth would also tend to reduce the diame ter of 

the fibres at  a given fleece  denS i ty. CGnsi deration of the 

overall effect  on the medulla for a 1 0  pound weight advantage 

shows that although fibre d iameter wi ll be increased by 1 . 54· y 



Genotype 

N+ 

++ 

Table 80 

Means or the Medulla and Fibre Diameters ( p ) 
ror the B type Fibres at the Three Sampling 

Times 

Birth 6 weeks Hogget 
Fibre MedullaFibre Medulla Fibre Medulla 

35. 4 1 3. 2  41 . 6  1 8. 0  52. 0 1 7. 6  

28. 8 7. 0 38. 6 1 4. 0  45. 2 6. 6* 

• Intermit tent medulla ( see tex t ) 
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mi crons , the medulla will  tend to decrease by 0. 7 microns.  

This  i s  sub ject  to errors of  estimate of the multiple regression 

e�uation and to the l imi ta tions of the range over which it  i s  

valid , but i t  s uggests tha t apart from densi ty and po s s ible 

unknown effects , vi gorous growth will  not lead to increased 

fleece medullation ( except perhaps in terms of the medullometer 

when the greater length of medullated fibres  is a lso measured ) .  

The reservation w i th regard to dens ity i s  neces sary because a 

large weight increase in an adult sheep may lead to decreased 

density and correlated increased diameter o ver and above that 

resulting from the weight  gain a lone.  In addi tion a sheep that 

grows well  as a hogget  i s  l ikely to have grown well  as  a lamb , 

whi ch as has been shown , might also lead to a lower dens i ty. 

Therefore because of thi s densi ty effect , coarse fibres and 

conse�uent medullation could be  associated wi th a vigorous well 

grown sheep. 

The comparison of the results  for the three t ime periods 

for 1 953-54 i s  of interes t ,  as they show that the medulla and 

fibre diameter relationships are no t the s ame for each of  these  

periods. Means fo r each geno type and time period are shown i n  

Table 80 , the means fo r the fibre diameters being reconverted 

from the log scale.  

From Figure 27  and Table 80  it  i s  c lear that the �- type a,nd 

ordinary lambs show very s imi lar relationships between medulla 

and fibre diameter pslationships at birth and that any differ­

ences in  medullation of the fleece are the result of the larger 

fibres of the �- type. At 6 weeks the A type fibres , which 

are all from li-type lamb s , have shown an increase in medulla 

corresponding to the increase in diame ter. B type fibres 
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from the li- type have also shown a proportional change ,  no 

differenc e of medul la diameter at constant fibre di ame ter 

being shown by analysis  of covariance.  
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A difference ( P less  than 0. 00 1 ) does  exi st , however ,  

between li- type and ordinary sheep a t  s i x  we eks of age , the latter 

having fibres with a lower medulla diameter for a given fibre 

diameter. A s imple  explant ion for thi s would be the heavier 

drain on  the keratin precursors in the b lood stream of the 

li- type she ep ,  which were adding consi derably more fibres to 

the fleece  a t  thi s  stage .  

For the po st-shearing sample ,  i t  i s  clear wi thout analysi s ,  

that the medulla diameter i s  now considerably less for a given 

fibre di ameter. A value of about 40 microns i s  reached before  

medullation oc curs .  Examination of the f ibres suggests  that 

thi s differenc e l ies  l argely in the s i z e  of the cells of the 

fibre , individual air space s  be ing of the order  of 1 0  microns 

compared with ab6ut 1 ·  micron previously. The non-s ignificant  

connection between fibre and medulla diame ters for the o rdinary 

sheep  at thi s  s tage i s  probably the resul t  of the intermi ttent 

nature of the medulla in the ma jor i ty of the fibres measured 

at this s tage . As the variation between medulla and no medulla 

i s  of the order of the air  space  s ize , medullas greater than 

1 0  f wo uld be required to e s tablish rela tionshi ps .  

Although it  is  beyond the scope of thi s the s i s  i t  is  

suggested that a hi s to logi c al inve stigat ion of  cell dimensions 

and numbers in  medullated and non-medullated fibres  would 

reveal tha t the resul ts observed here are the result of pro­

gressive changes in the s ize of the corti cal ce lls until 

medullation occurs.  After thi s the expansion of the medulla  

air  spaces i s  likely to  be  the main fac tor con tributio� to 

increase in  fibre  diame ter.  The changes in  re lat ive s i zes  of 



the l en g th a nd b r e a d th of the c e l ls may a ls o  e xp l a i n  the 

r e l a t ion shi ps b e tw e e n  fib re d i a me ter and l e ng th o b s e rved b y  

many a utho r s . 

Aub e r  ( 1 950 ) has de a l t  i n  con s i d e r ab le d e t a i l w i th 
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tho s e  fo l l i c l e s  whi c h  pro du c e  medu l l a t e d  f i b r e s  i n  t he f l e e c e  

of the Her dw i ck s h e e p .  He s ugge s t s  tha t me dul l a t i o n  i s  the 

r e s u l t  of the f a i lure of ' pre- curso rs ' to p e ne tra te to tho s e  

c e l l s  eventua l ly fo rrning the b r igges b e tw e en the medu l l a  a i r  

s p ac e s .  I f  w e i gh t  o r  w e i gh t  ga ins a r e  r e l a t e d  t o  such ' pre-

c u r s o rs ' , and the f ib r e  d i ame ter re l a t i o n shi p s  sugge s t · tha t 

they ar e , the n  the i nc r e a s e  o f  medu l la d i ame t e r  a t  c o n s t a n t  

fib r e  d i ame t e r  fo r l e s s e r  w e i ght o r  w e i gh t  gai ns o ffers con-

f i rma to ry e v i d en c e  fo r the s e  i de a s .  The f e w  va lue s Quo t e d  

by Aub er fo r medul l a  a nd f ib r e  d i ame t e rs f a l l fa i rly c l o s e  to 

the regre s s io n  l in e s  c a l cul a t e d  e a r l i e r  i n  thi s s e c t i on , b ut 

the evi d en c e  i s  i n s uffi c i en t  to d r aw any con c l us i o n s  co n c er n i ng 

b r e e d s  o the r than t he Romney. 

The wo r k  of Bu l lough a n d  J o hn ·-s:.o n' , .  ( 1 951 ) on the eff' e c t  of 

ava i l ab l e  e n e r gy on mi to t i c  r a t e  i n  the e p i dermi s of the mo use 

is a l so s u gge s ti v e .  I t  i s  po s s ib l e  t h a t  the l o w  mi to t i c r a t e  

i n  the c e n t r e  of the pap i l l a. of the woo l fo l l i c l e  w h i c h  l e ads to 

the forma t i o n  of m e dul la c e l ls may r e s u l t  f rom the la ck o f  

ava i l ab l e  e n e r gy. Medu l la forma ti o n  c ou ld thus be the r e s ul t  

no t o f  a sho rtage o f  k e r a t i n  pre- cur s o r s  b u t  o f  t ho s e  me t a-

bo l i t e s  r e qu i r e d  fo r c e l l  d i v i s i o n. 

·If su.ch i de a s  c an b e  fur ther ver i f i e d  then the d iffer e n c e s  

i n  me du l l a  di ame t e r  a t  c on s ta n t  f iure d i am e ter mi ght w e l l  pro ve 

a us eful i ndex fo r wo rk o n  the a va i labi l i ty t o  the woo l  fo l l i c l e s  

o f  kerat i n  o r  o the r pre- c ur so r s  i n  the b lo o d  s tr e am. The h L::g, ·he r 

values o f  r e l a t i ve me dul l a  d i ame ter fo r the b i r th a nd s ix w e eks 

, -
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samples when there i s  a high fleece dens i ty and when cons 1der-

able numbers of new fo llicles are s tarting to produce fibres , 

adds force to the argument tha t an approach of this type uould 

be of use. 

In general the' results in this section show that the hairi­

ness of the birthcoa t  and later fleece of the I-type sheep can 

in part be considered a consequence of the diame ters of  the 

fibres composing that fleece. The examina tion of ' hai riness ' 
\ 

then becomes largely a problem of il',ldentifying those f'ac tors 

which lead to fibres of different diame ter , whi ch prob lem has 

been attempted in the earlier sec tions. In addi tion,  s tudies 

of 'hairiness ' should consider the avai labili ty of the pre­

cursors of keratin and o ther factors whi ch are requi red to form 

the cortical part of the fibre. 

E. The Relationships Wi thin Individual Fibres 

1 .  The pre-natal and pos t-natal fibre diame ter. 

This sec tion is essentially a preliminary s tudy which was 

made in o rder to form a basis for correlating the results obtained 

above wi th those of previous workers. The approach used in this 

thesis  has been one which has en.abled the de termination of the 

relationships between the development of the fleece and body 

growth. Previous work has been concerned ini tially with the 

morpho logy of  the fibres and then w i th the inter-relationships 

of the resul ting fibre types ( Dry 1 935 ) ( no t  the A ,B and 0 types 

used in previous sections ) �nd the follicles whi ch produce them. 

The resul ts in previous sec tions are based on fibre diameters 

and their relationships. A possible connecting link between the 

two approaches is  by consideration of the di ame ter relationships 

within a particular fib re. An inc rease in  the post-natal 
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di ameter of a fibre hss been shown by Ros s  ( 1 950 ) and in  

addi tion it  has been found in thi s thesis  thst a high halo-hair 

densi ty is  asso ciated with a lower diame ter of 0 type fibres. 

I t  was also found tha t  a rapid increase o ccurred in diameter 

after birth ,  particularly for the larger fibres. Thi s increase 

and the lower diame ters of 0 type fibres also correspond to the 

rapid addi tion of new fibres after birth and the possible restrict­

ions on them before birth. 

To examine these  fac to rs for individual fibres those from 

�en sheep of bo th genotypes and of bo th birth ranks were measured 

for changes between pre-natal and post-natal diame ter. Figure 

28 shows the vari ations in diameter for four of Dry ' s  fibre types 

from ini tiation to s ix weeks after birth based on measurements 

a t  in tervals along the fibre. These are included as a guide to 

the remaining data which was obtained by measuring d�ame ters of 

individual :fibres at the six  weeks level and at the thinnest  

pre-natal portion (maj or axes thPoughout ) ; i . e. , the sec tion o:f  

maximum pre-natal check. 

Regressions of  the di:f:ference between these two diameters 

on the six weeks diameter were calculated. The six weeks 

value was chosen because i t  probably approaches the maximum 

value of fibre diameter for a particular :follicle ini ti ated 

pre-natally over the period being considered. The six weeks 

value ( independent variable ) w as selected to give as wide a 

range as possible :for a parti cular sheep ,  the least  squares 

regression techni que be ing valid under these  condi tions. 

Twenty fibres were measured fo r each sheep 8 S  this was :found 

su:ffi cient to determine the relationship. 

The individual regressions for the 1 0 sheep were all differ­

ent :from zero , the values of F ( 1  and t8  d. f. ) varying from 
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Table 81 

Differences Be tween Regress ions of S ix Weeks 
Diame ter ( f )  on the Reduction in Pre-natal 

Diame ter ( p ) 

d. f. Mean Square F 

Jo int regression 1 8830. 134 Very large • • •  

Differences 9 23. 71 4 ( s1 ) 

Res i duals 1 80 4. 523( s2 ) 

Differences wi thin 8 20. 802( s3 ) 
geno types 

Between geno types 1 47. 01 3( s4 ) 

• •• S i gnifi cant at 0. 1%  level 

Table 82 

Difference� Between the Regress ion in Table 81 
Analysed �or Each Geno type. 

N-types 
- - -- - - " "  

Source d. f. Mean S quare F 

Joint  regression 1 7770. 226 Very large 

Differences 4 , 1 1 . 064 1 . 55 

Res iduals  90 7. 1 52 

Ordinarl lamb s 

Joint regression 1 1 1 06. 9 21 Very large 

Differences 4 30. 540 1 6. 1 2···  

Residuals 90 1 . 895  

• • • Signifi cant a t  the 0. 1 %  level 

The j&int regres sion coefficients : N- type 0. 61 6 
Ordinar�. 502 
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to 0. 8080 and the se regress ions w i th the means have been plo tted 

in  Fi gure 29. 

Table 81 shows the analyses o f  the possible differences 

amongs t these regressions. There is no difference  be tween the 

geno types but there i s  an overall differenc e  and also o ne wi thin 

geno types. Thi s  difference wi thin geno types has been fur ther 

analysed and Table 82 shows i t  to be the resul t of variation 

amongst the regressions for the ordinary animals and no t amongs t 

the �- types.  Further consideration  o� the plo tted regression 

lines shows one l amb devi ating considerably from the remainder. 

Examina tion of the results on growth and on dens i ty and diameter 

for thi s lamb showed that i t  had grown very s lowly from birth to 

, s ix weeks and as a result showed an increase in dens i ty due to the 

low skin expansi on. As a result of thi s there was likely to be 

a smaller increase in  di ame ter than normal. 

The l ine y = x in Figure 29 indic a tes  the maximum theoret­

ical reduc tion , i . e. no fibre growth from a fo ll i cle before birth. 

S imi larly , the x axi s  wi ll represent the minimum reductio n ,  i . e.  

the fibres  would be the same size  pre- and pos t-natally. 

These  regress ions show that the larger the fibre diameter 

at  s ix weeks then the larger will be the reduc tion in di ame ter 

pre-natally. In addit ion , the large amount of variance of thi s  

reduc tion which i s  a ccounted for by the s ix weeks diame ter 

sugges ts that the reduction is very s imi lar amongst sheep and 

depends on the six  weeks fibre s iz e. Thi s di ame ter at  s ix weeks 

approaches the maximum diameter a fibre attains and may depend 

on the original s i z e  of the fo llic le when i t  i s  fo rmed. which may 

be determined very largely by gene tic  factors.  Thus , a larger 

fo lli cle c an have a greater variation than a smaller one in the 
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s ize  of the ribre i t  produces in response to difrerent condi tions. 

Factors afre c ting ribre di ame ters just  prior to birth and at  

s ix weeks have been discussed and it  i s  suggested that a combina­

tion or these condi tions ac ting at  the time a parti cular sec tion 

of fibre is formed , with the original fo llicle size , wi ll deter­

mine the di ame ter or the fibre at  tha t  time. 

2. Discussion in relation to previous wo rk. 

The morpholo gy or a fibre depends on the sh�pe of the tip  

and changes in i ts di ame ter and medul lation. The data presented 

offer no relat ionships wi th classification by the tip s truc ture 

but do , however , show possible relationship in diame ter changes • 

. Medullation has been discus sed in the previous sec tion where i t  

was shown to be s trongly rela ted to fibre diame ter. This con­

firms observations by Ross  ( 1 950 ) and al though further work i s  

re�uired to determine whe ther the relat ionship dirfers for the 

different fibre types or Dry ( 1 935 ) , the results seem direc tly 

in  accord wi th the previous wo rk. 

The main purpo se of this section therefore is to consider 

the relationshi ps observed here on diameters and densi ties with 

the ir possible causes and those observed by Dry ( 1 935 ) ,  Fraser , 

Ros s  and Wright ( 1 954 )  and FRaser ( 1 952 ) .  

Dry ( 1 935 ) discus ses the various fibres of the birthcoa t and 

their  division into various fibre types. These  save been tabu-

lated and di scus sed in rele. tion to the f'o ll icles f'rom whi ch they 

grow by Fraser , Ross and Wri ght ( 1 954 )  and Ro ss ( 1 954 ) The range 

of' r ibre dianleters for various types have been given by Ross  ( 1 950)  

These fib re types can be . arranged in  the probab le order of' 

the ir appearance on the lamb , to rorm arrays . The order of 

their appearance i s  determined by the type i tself 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 jus tifi cationfor 

thi s  is  based on  folli cle  disse ction by Rudall and Heffo rd 

( unpublished ) and by Ros s( 1 954 ) 

The essential features of thi s work are firstly the occurr­

ence of a thinning of the pre-natal portion o f  the fibres which,  

wi th medulla tion , partially determines i ts type clas sifi cation ; 

and secondly , the o ccurrence in some arrays of fibres wi th a 

diameter less than tha t of fibres formed before and after them in 

the array i. e�  there is a decrease in diame ter and length from 

those fibres formed initially until the first  o f  the curly-tip  

fibres and then an  i ncrease in  the di ame ter of the later formed 

fibres. There are consi derable vari atio ns in  the extent of 

these smaller fibres in  the different arrays . 

These observations are attributed to a checking force , the 

pre-na tal check , whi ch a c ts at some period before birth. By 

considering vari ations in i ts time of onse t ,  i ts s trength and i ts 

falling off , the various types of arrays can be explained. 

The work on�'dividual fibres earlier in this s ection confirms 

the reduc tion  i n  part or  all  of a fibre pre-natally and indicates 

tha t for this aspec t of the check , f ib re types could be explained 

in terms of t hi s  the s i s , i . e. reducti ons i n  diameter and conse­

quently medullation ,  as a resul t of the densi ty relationships. 

Fur ther wo rk on the rela t ionshi ps o f  these  diameter changes 

w i th data from the various fib re types i s  re quirea to confirm 

or  add to these results.  

It  is  c lear that thi s aspe c t  of the che ck is  very similar 

for both �- type and o rdinary lambs , whi ch with the results of 

Dry and S tephenson ( 1 954 ) , ind i ca tes  tha t a further appraisal � 

i s  required of Fraser and Hamada ' s  ( 1 954 ) specula t ions on the 
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po si tion of the pre-natal check in the evolution of the fleece. 

The second aspect  of t he check is difficul t  to assess in 

the terms of thi s thesis  wi thout more detai led work on the fibre 

types. However at  thi s  s tage i t  seems reasonab le to sugges t 

tha t tho se follicles laid  down or s tarting fibre production , at  

the time that there i s  considerable crowding of  fo ll icles ( Ro ss 

1 945 ) may be penalised. For N- types this i s  the stage tha t 

ski n expans ion and halo-hai r densi ty are probably the limi ting 

factors in the determination of the number of fibres at  birth, 

and fo lli cles formed after thi s period may su�fer less from 

these effects and produce the larger curly-tip  fib res found 

further down the array. Where skin expansion  is insufficient 

the suppress ing effec ts may continue long enough for all subse­

quent fibres to be checked as in the ' Plain ' array. 

This does no t eXPain all the fea tures of the check and the 

arrays , and more work i s  requi red in rela ting the arrays to the 

type of result ob tained on dens i ty and diame ter in thi s thesis.  

Fur ther evidence of the effect of  pr imary fibre si%e on both 

numbers and si zes of secondary fibres is  offered by Fraser and 

Short ( 1 952 ) and when i t  is considered tha t the major ity of the se 

resul ts were forecast by Dry from the array technique then the 

importance of relating hi s technique to tho se of di ameter measure­

ment is clear. 

Fraser ( 1 952  a and b )  has considered the developmen t  of 

the li- type fleece in terms of fibre length growth and follicle 

efficiency. If the latter is  direc tly related to fibre di a­

meter and in turn to length growth of the fibre , then the results 

gi ven here are in  general agreement w ith tho se of Fraser and hi s 

expression for the pre-natal check of efficiency as a function 
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Thi s then i s  

the first  aspec t o f  the check whi ch has been dis cussed above.  

Fraser ' s  efficiency concept is  considered further in  the general 

di scussion. 

I t  can be seen then tha t in spi te of the necessary difference 

of approach used in thi s thesis , the results are in general 

accord wi th those deri ved by o ther means and al tho ugh more 

detailed investigation  is required on the various fibre types 

and arrays 1n the terms used here , such an i nves tigation 1s  

likely to prove rewardi ng. 



PART THREE 

CONCLUSIONS. 

A. The Pleio tropic Effec ts of the Gene N 

The science of gene ti cs has always been dependent on 

tho se differences between organi sms whi ch can be determined by 

eye appraisal or by measurement. If two organisms have the 

same phenotype but differen t  geno'types , then d1fferences amongst 

the ir offspring mus t be relied upon for deduc tions concerning 

these parental geno types. In thi s work the differences be tween 

two known geno types have been relied upon to de termine those 

series of pheno typic  manifestations dependent , the one upon 

ano ther , and upon ex ternal events , which are known as pleio tro py 

in the wider sense of GrHneberg ( 1 9 38 ) 

I t  is  now pro posed to consi der these results in terms of 

the pleio tropic effects of the gene li in the New Zealand Romney 

sheep and also the evidence fo r these effects. There will 

clearly still be gaps in the knowledge so far obtained so that 

certain stages are still l i ttle more than guesswork ; but i t  is  

considered that  there is  suffi c i ent  eviden ce presen ted in thi s  

thesis  to draw up a general plan o f  the pleio tropy. Within 

the framework of thi s plan, further research can then be carried 

out , not only wi th N- type sheep , but with the o rdinary Romney 

and o ther breeds , on  fac tors underlying geneti c and pheno typic 

correlations amongs t fleece and body characters. 
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The various ma in s tages of the pleiotropic effects derived 

from the comparisons of ordinary and N- type lambs , are shown in 

di agrammatic form in  Figures  30 and }1 .  I t  i s  proposed to 

dis cuss each of these  s tages with reference to the relevant 

summaries of the sec tions from which the evidence i s  derived. 

Some s implification i s  clearly required in the presentation 

of a diagram of thi s type and it i s  hoped to make this clear i n  

the following di scussion based on  the deve lopmental stages shown 

in the left hand column. Different colours have been used to 

help  i n  the interpre tation but should no t be cons idered as absol-

ute divisions. Red indicates the more direct  chain of events 

from the ini tial gene ac tion ;  b lue environmental or non-related 

genetic effects ; and green secondary effects  usually derived 

from the o ther two . There are , of course , no such real exact 

dis tinctions after the early s tages.  

There i s  li t tle  direct  evidence yet available concerning 

the first s tage , when primary fo llicles are i nitiated. I t  i s  

sugges ted that the ini tial gene action i s  one causing the format­

ion of a number of large primary fo llicles ( large be ing used as 

a term of compari son wi th the o rdinary Romne� in  the diagrams ) . 

This explanation i s  the simples t one and as i t  accounts for 

subsequent events i t  i s  therefore unnecessary to cons ider the 

problem of fundamental pleio tropy or o therwise  unti l further 

evi dence i s  avai lable.  Evidenceror  independent determination 

of the hair fo llicle  type can be  found in the work of  Hardy ( 1 951 ) 
and of Billingham and Medewar ( 1 948 ) . In  addi tion , Ros s  ( 1 954 ) 
s ta tes that the larger primary fo lli cle  of the li-type occurs 

at an early embryonic s tage and " therefore these  genes probably 

affect i ts fo lli cle anlagen". 

The relationship wi th horns at this  s tage requires his tolgical 
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investigatio n ,  but the o ccurrence of scurs in  a large proportion 

of the ordinary male offspring of a heterozygous ram and of the 

o ccas ional M- type animal with l ittle or no horn growth is not 

unusual. These observat ions sugges t  that the gene , by rela ted 

but independent ac tion to that on the fo lli cles , stimulates the 

production of horns if the animal if the animal i s  of the appro­
" 

priate  geno type. Independent is used in the sense that horns 

can be produced wi thout a hairy birthcoat  although thi s  may be 

the result of gene ti c factors o ther than M (Dry 1 955c ) . Thi s  

effect has been shown in  the diagram wi th the do tted l ines 

indicating a cons iderable amount of doubt. 

The mechanism of pigmentation i s  also unknown , but i ts 

presence in large A type fibres of  o ther breeds , where i t  i s  

usually known as ' red kemp ' , makes i t  reasonable t o  sugges t  

that i t  i s  a secondary effect ari sing from the already o ccurring 

large halo-hair fibres .  

After the primary fo llicles are formed any differential 

skin expansion that occurs wi ll cause variations in  the dens i ty 

of these folli cles , this effect  increas ing as the foetuses  

develop. This will  cause differences  in halo-hair densi ty ,  apart 

from those resulting from poss ible differences in the original 

number of primary follicles  produc ing these hai rs.  D ifferences  

between the reciprocal mating groups suggest  some genetic  deter­

mination of this ini tial densi ty and the resul ts from examination 

of halo-hair dens i ty variation indicated o ther fac tors veside s  

skin expans ion. This has been shown in the diagram by the 

term ' o ther genetic  factors ' .  

The first  wave of secondary fo llicles will  s tart to form soon 

after the primaries and it is suggested that the presence of 

large primary folli cles will e ither suppress  the formation of 
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a number of secondaries , or alternatively or  as well , will  lead 

to a delay in the follicle producing a fibre. The work of 

Ro ss  ( 1 954 ) would suggest the latter as she found no overall 

difference in secondary / prfmary ratio at bi rth between N +  

and ordinary lambs , al though the data was limi ted. The possibil­

i ty of a lower densi ty of primary foll icles in the !- type lambs 

mus t  also be considered. If this does o ccur i t  is  no t likely 

to be a major effec t ,  for then the �- types would have a higher 

secondary / primary ratio at six weeks when the to tal densi ties 

were nearly equal. Fur ther evidence comes from the work of 

Short ( 1 955 ) and Schincke1 ( 1 955 ) who showed that the po tential 

fo lli cle  popula tion of the Mer ino sheep is de termined before 

b irth. The subsequent effec ts of body growth are on the 

develo pment of these ' embryoni c '  secondary fo llicles.  If a 

similar s i tuation o ccurs in  the Romney sheep then the maximum in 

fibre numbers observed in Section IX ,B , 2  would be explained by 

the development of all po tential follicles under optimum condi tions. 

The pos sible exi s tence of a suppression or competition effec t 

has been shown by Fraser and Short ( 1 953 )  who found a negative 

correlation between the secondary/primary ratio and the size  of 

primary folli cles.  The� also found a s imi lar rela tionshi p 

between fibre size  and the di s tance and s ize  of adj acent fibres.  

The evidence shown in thi s  thes i s  supports these ideas , for 

lower fleece densi ties  were found for !- type sheep at birth 

and these  were shown to be associated wi th the propo rtions of 

halo-hairs present.  Also , the size  of � secondary fibres ' 

was found to be negatively related to the halo-hair dens i ty. In 

addit ion  there was a diame ter reduction at  the approxima te time 

of the forma tion of  the se condary fo lli cles , there being a 

reduc tion of  a ll fibres in propor tion to' the ir maximum diame ter. 
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associ ated wi th the presence of large halo-hair pro ducing 

fo llicles.  
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If these ideas are accepted then the observed pheno type 

at birth can be explained on the assumption of single ini tial  

gene action shown in the di agram. At birth the major pheno-

typic characteri s t i c  of the �-types i s  the large number of halo­

hai�s in the birthcoa t  with differences in their abundance 

b e tween and wi thin th�irth rank grouping of singles and twins. 

Thi s i s  partially explained by the different condi tions per tain­

ing pre-natally and , as discussed above , by pos s ible addi tional 

genetic fac tors ac ting on the number of primary fo llicles which 

are large enough to produce halo-hairs.  Thi s genetic  difference 

i s  also indicated by the difference between the he terozygous and 

homozygous �- types , the latter having greater numbers of ha lo­

hairs , judged from ' co verage ' .  

The brown fibres o n  the back o f  the neck have been dis-

cussed and no fur ther de tails are avai lable at the b irth s tage , 

except that only rarely does the pigment extend to the skin , 

usually being confined to bobh medulla and cortex of the halo-

hairs. It i s  therefo re considered as a secondary effect.  

The formation o� ' ac tive '  kera tin producing cells would 

account for the appearance of horn lumps at bi rth. 

After binth , the envi ronment , considered here as all non-

genet i c  effects , becomes of paramount importance.  The inter-

ac tion of seasonal conditions with the birthcoat type can ,  in 

their resulting effects on we ight growth , wi th addi tional di rec t 

environmental effects , cause consi derab le vari ation in growth 

rates over the early part of a lamb ' s  l ife. These are shown i n  

ihe dis cuss ion on the two years ' resul ts on growth rate and wei ghts. 
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These variations , po ssibly acting in par t  through skin 

expansion , lessen or remove the pre-natal limi ting facto rs , and 

lead in turn to variation i n  the number of new f ibre s  added to 

the fleece. The large relative medulla diame ter at thi s  stage 

suggests that the space between the folli cles and the s iz e  of 
. 

those follicles are no t the sole limi ting fac tors a t  t hi s  s tage. 

It suggests that in addi tion the availabili ty of keratin pre-

curso rs or o ther neces sary metabo li tes in the b lood stream may 

also be of  importance. In thi s  respec t  the rela tionship between 

the size of the fo lli cle and the area available for diffusion 
, 

could b e  determin i ng factors , diameter being directly related to 

c ircumference. The exact nature of these relationships requires 

a more de tai led inves tigation than that undertaken here , but i t  

i ndic ates tha t there could be profi t i n  such work. 

A combination �f these various events will  lead to the density 

observed at s ix weeks whi ch in turn bears a relat ionship to t he 

mean diameter of the fibres.  Thi s complex of genetic  and envir-

onmental relationships i s  therefore likely to be of considerable 

impor tance to the determina tion of the final charac teris tics 

of the adult fleece.  Thi s arises from the relationship between 

s ix weeks densi ty and tha t at the Hogget s tage and the relationship 

of the la tter to mean fibre diameter at  the time. 

The pre-na tal check has been added to the diagram at thi s 

po int , i t  being suggested that the o�served fibre type array 

phenomena are in part the morpho logical man ifestation of the 

events described. The differences  in medullation between fibres 

can be exp1�ined , in general , by the fibre diame ter changes ,  as 

has been shown in Sec tion IX ,D. The po ssible relationships 

be tween these resul ts and tho se derived from fib re type arrays has 

been dis cus sed i n  Section IX ,E. O ther variatioDs in arrays 

could arise from the environmental causes described , and , in 
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addi tion , more detai led investigation might show di�ferences 

in response to these amongs t different folli c le types.  This 

latter term could include secondary �olli cles in different 

pos i tions relative to the primary group. There i s , however , no 

evidence �or thi s type of interac tion in thi s work which is more 

of a general than a detai led nature.  

Goo t ( 1 941 ) suggests that the majori ty o f  fibres are added 

to the fleece of the New Zealand Romney by three mon ths of age 

and there is no eVidence  in this work to contradic t  this.  Bibres 

were added between s ix weeks and the hogget s tage lut in fewer 

numbers. Thi s would indi cate tha t the peak had been passes by 

the former s ampling and numbers added may well have decl ined to 

near zero at three mon ths to give thi s result.  

The f ib re diameter at the February sampling was related to 

dens i ty and to the we i ght gains s ince shearing , t he  latter being 

a pos i tive relat ionship independent of  any connec tion ari s i ng 

out of po ssible relati onshi ps between wei ght lai n  and densi ty. 

The densi ty to thi s s tage has been di scussed and from this  

s tage unti l the final adult size  i s  reached , wi ll presumably 

depend on the skin expansion.  If , as  sugge sted by Galpin , 

( 1 948 ) there i s  some variation in fo lli cle numbers resulting from 

the degenerat ion of fo llicles and the �ormatlon of new ones 

after the miin deve lopment stage , then  theremay be further 

variations in den s i ty from thi s  c ause. The importance of this 

i s  difficult to j udge as i t  i s  no t clear from Galpin ' s  paper , to 

what extent the vari ation oberved in the number of f ibres in a 

given area i s  the result of experimental errors , whi ch errors 

could eX81gerate the observed variation when i t  i s  examined 

by means of percentages of an origiBBl number of f ibres which 

i tself is li able to error. 
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The correlation between A type fibre numbers and the numbers 

of halo-hairs ( the numbers being relat ive to the to tal dens i ty ) 

at s ix weeks suggests tha t thi s latter is of importance in  the 

final fleece type , al though i t  could be the result of indirect 

action through dens i ty effects.  

The relationships be tween we ight or weight gains and the 

di ameter of the fibre and its medulla have been shown for young 

she ep ( 24 - 34 weeks of  age ) only , but i t  seems l ikely that a 

simi lar type of  rela tionship will be found td hold for adult 

However thi s is s till a sub j ec t for turther investig-

ation before a final d ecision can be made.  The pos i tive and 

negative signs in the diagram ( Fi gure 31 ) indicate whe ther in­

creased growth wi ll increase ( + ve ) or decrease ( - ve ) the 

medulla or fib re d i ame ters. 

The o ther marked effect at thi s s tage is  the growth of 

horns , in particular in the male �- type , and this has been shown 

in Part I to be connec ted with the conformation at the shoulder 

region ,  that i s , the longer dorsal s pines of the thoraci c 

ver tebrae. 

The evidence here is s till  by no mean s  conclusive , except 

that the long spines Beem to be connec ted with the horns , rather 

than wi th the ' hai ry ' fleece.  I t  i s  no t possible to  accept 

a .echanical explanation of direc t  i nduc tion of bone growth by the 

heavier head acting through the l igamen tum nuchae and associated 

ligaments ; but i t  is  reasonable to consider i t  as a secondary 

effect of pleio tropism asso c i ated with ho rns until further 

evidence on early deve lopmental stages i s  availab le.  

Whether these pieio tropic effec ts described , approach a 

full explanation of the observed differences between the 
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adult  �- type and ordinary Romney sheep , rema ins to b e  seen in 

the light of further work of a more detai led and accurate na ture. 

However , thi s general s tati s ti cal approach within a framework of 

pleio tropy , using comparative methods , gives a background for 

bo th more detailed research and for trials of an e co nomic nature. 



B. Final Discussion 

In  the general introduc tion to thi s  the s i s ,  the ini tial 

problem was s tated as ane of  the carcass quali ty of the !-

type sheep. I t  was then sho wn that a s tudy of growth was a 

necessary prelude to a s tudy of  carcass qual i ty. As the sheep 

to be compared differed o nly in the coarseness  of their fleeces , 

i t  appeared that the investigatio n could also b e  profi tably 

used for consideration of the fac tors underlying some of the 

observed phenotypi c and genetic correlations between charac ters 

of the New Zealand:. Romney. 

These various ob jects co uld all be  approached by treating 

the problem as one of i nvesti gat ion of the pleio tropic effec ts 

of �. The resul ts of this investi gation have been covered in 

the firs t part of this discussion where the conclusions have been 

presented wi thin a framewo rk of the possible pleio tropic effec ts.  

Considerations of an  economi c  nature c an be  based on this 

framework , but possibly of more importance is  the informa tion 

which c an be obtained by the use of these sheep and whi ch i s  

likely to apply to the New Zealand Romney which comprises  the 

majority of sheep in t he country. Such information including 

that already obtained should form a basi s for research on  

problems of body growth and fleece production , bo th of  great 

importance for an industry based on  the dual purpos e  sheep. 

The me thods used here ha�e been,  of neces s i ty ,  crude ; 

but the use of the comparative me thod where large differences 
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are present and of suffi cient animals to ob tain ob j ec tive 

leve ls of probab i l i ty for the resul ts by the use of  s tatisti cal 

analys i s , has yielded a consi derable amount of i nformation. 

Apart from thi s use of !i- type sheep such an appro ach s eems 

required to link the work of the popula tion genetic i st w i th 

tha t of his to logists  and physiologi sts , who are concerned wi th 

more detailed work i nvo lving a few animals.  The former has 

i ts dangers in  that the reactions of the indi vidual animal 

can be forgo tten and the latter in the inductive use of resul ts 

whi ch 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 i s  more de tai led than 

that normally used for population genetics  but at the same time 

considers bio logi cal varia tion , offers the connecting l ink. An 

example i s  t ha t  of ,medulla tion , whereby results here can be inter­

preted in the l i ght of the � detailed histo logi cal wo rk of 

Auber ( 1 950 ) and a t  the s ame time throw some light  on a previously 

observed correlation between fleece weight and hairnes s  ( Rae 

1 952 ) 
Another approach that has arisen from the examination of 

the fleece of the !- type sheep ie  that of  Fraser ( 1 953�) who 

has a ttempted to f i t  a s imple general pattern to all types of 

f'leece.  The par t  of'  thi s pa ttern which depends on constant 

fibre subs trate needs consideration in the l ight of bo th the 

fleece wei ght differences i ndi cated in thi s  thesi s and the 

possible mis interpretat ions on Galpin ' s ( 1 948 ) analys is  shown 

by Lo ckhart ( 1 956 ) . In addi t ion , the similari ty between some of 

Fraser ' s  theoretical distributions for fo llicle ' effi ci ency ' 
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and observed dist�ibuti ons for fibre dia�eter are of interest. 

On present knowledge Fraser ' s  ' effici ency ' might be considered 

synonymous wi th fibre di ame ter , and in fact has been based on 

the closely correla ted measurement of fibre length. Thi s does 

no t allow for medul lation and i t  appears to thi s author that 

the effi ciency of a fo lli cl e  would be better based on the 

produc tion of fully keratinised cor ti cal cells. This would 

then fit  in with physiologi c al investigations on the pre-cursors 

of keratin and also with economic consid erations based on fleece 

weight and f leece quali ty. I t  would be an approach to the true 

efficiency of the fol l i c le and thi s  could then be cons i dered in 

terms of the diame ter and length of the fibre produced. This 

information is  no t at  present avai lable , but an approach has 

been indicated and i t  would be of interest  to know whether under 

thi s  defini t ion of efficiency , a large fo llicle producing a 

medullated fibre is i n  fac t  as efficient as a smaller fo llicle 

producing fully ,keratini sed cells. Results presented , of a 

very preliminary nature , suggest that the former may be more 

efficient but that a maximum i s  reached at a certain fo l l i cle 

size. Also i ncluded in thi s approach should be inves tigations 

on the effec ts of avai lable energy on mi to t i c  rate as this  may 

be a further l imi ting facto r  i n  fo llicle production. Bern , 

Harkness and Blair ( 1 9 55 )  have results from radio-autographi c 

s tudies which suggest tha t keratini sation i s  an ac tive synthe tic  

process abo ve the mito ti cally active hair bulb. Thus there 

are two po ssibly di stinct pro cesses underlying fibre growth. 

Al though thi s type of approach usi ng !- type sheep or o ther 

breeds i s  likely to be valuable , the use of li- types for o ther 

types of research should no t be forgo tten. Investigation 

could also be made into fac tors affecting the weight of 
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to be i ndependent of body weight , and simi lar resul ts have been 

obtained on two too th ewes by the present author ( unpubli shed ) . 

These results should be related to those  in which body growth 

has been shown to affec t  density and also fibre diame ter and length 

with the i r  possible consequent effects on weight of woo l per 

uni t  area. 

The mos t  valuab le method at  the moment appears to be 

the one making use of  the mating of heterozygous �- type with 

ordinary Romney sheep thus giving approximately half of each 

type of offspring. There are then two groups differing only i n  

the geno type by ! , apart from any l inkage effe c ts.  In addition , 

maternal effec ts can be assumed to be automati c ally randomised 

and hence few difficul ties  in interpretation should ari se .  

The use of thi s  mating ,  o r  of  variations of  i t  such as  

for instance making use of heterozygous wi th heterozygo us 

sheep to give all three genotypes in the offspring , has been 

demonstrated in thi s thesis  fo r a study of pleio tropy. Thi s 

has only eeefi- indicated a general framework and an extension of 

these metho ds could be made to e cological studi es , such as the 

response  of  lamb s  of different birthcoat type to different 

climati c condi tions ; metabo lic  studies , comparing the 

relative effic i encies  of  the animals for woo l grow th and body 

grow th; to detailed s tudi es  of the fo llicle and i ts physiology ;  

to morpho lo gy and his to logy ;  and, i n  fac t ,  to any aspec ts of 

the b iologi cal s tudy of the sheep. All s tudi es  of the sheep 

fo r any purpo se must eventually be concerned di rec tly or 

i ndirectly wi th i ts uni que pro perties of growing a continuous 

woo l fibre. 
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When one considers the extent of our present-day know-

ledge of the sheep , which does  no t extend to the reaction  of sheep 

of different types to different environments or to their requi re­

ments for the maximum b alance be tween woo l  grow th and meat  

production , then some appro ach of thi s type i s  required. Such 

an approach should yield a considerable amount of information i n  

a comparatively sho r t  time and bring our knowledge of the sheep 

to some thing beyond that of general s tatistical surveys and 

managemen t trials. The use of such addi t ional devices as 

shearing as a simple experimental treatment should also yield 

i t s  s�are of informa tion , there b eing remarkably l i ttle known of 

the biological effe c ts of this  s tandard annual practice.  

A basi c plan for a nucleus s to ck of N-type sheep , with 

continual outcro s sing i s  shown i n  Appendix I I .  Thi s could 

be vari ed accordi ng to the type of animal requi red for experi­

men tal purposes , but i t  is n eces sary to s e t  up such a flo ck 

from whi ch animals o f  reliab le his tory ,  genetic  and environ­

men tal , could be drawn. 

Wi th such a f lo ck , and the appropriate facil i ti e s , our 

knowledge of the bio logy of the sheep can b e  increased , wi th 

sub sequent benef i ts to the primary indus try of thi s  country and 

o ther countries dependent on  the sheep fo r a major part of 

their  economy. 
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The Identi ty of Weight Co rrec ted for Previous 
Weight and Gain Corrected for Previous Wei ght 

in the Covari ance Analysi s  

Let y be the weight at t he time o f  intere s t  a nd x the 

previous we ight. Then y - x will be the weight gain. 

Let all sums of squares b e  expressed as deviatione from 

the relevant mean. 

I Then the r egression by• x 
b ( y_x ) . x  

i . e.  

= E xy/E x2 

: E  x( y-x )/Ex2 

= (E xy/Ex� - 1 

b ( y-x ) . x  = by• x - 1 

1 76 

For the s imple case of  analysi s  of covariance the residual 

sums of s quares will  therefo re b e :  

For y corrected for x : Ey2 - b2. Ex2 

where b i s  by• x 

and for ( y-x ) co rrected fo r x 

2 
but 2bEx = 2Exy therefore 

E ( y_x ) 2 _ (b_1 ) 2Ex2 

= Ey2 + Ex2 -2Exy-b2Ex2+2bEx2-Ex 

= Ey2 _ b2Ex2 

The two me thods therefo re give identi cal residual sums of 

s quares .  

I f  the sums of  squares are expressed direc tly with the 

term for correc tion for deviation from the means , an exaDtly 

s imilar resul t is obtained. 
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I t  can also be shown that the estimates corrected for 

regression are the same except for the sub trac tion of the mean 

of x in the case of the corrected wei ght gain. 

The proo�or the multiple regression case follows a 

simi lar me thod us ing reduc tion formula (Weatherburn 1 949 ) 
to expres s  the multiple coefficients as s imple ones . 

I t  should b e  no ted that this ident i ty is  no t true for 

the reverse case when x is  corre c ted for y or ( y-x ) 

, - ,  
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Figure 32. Plan for a Permanent N- type Rese�rch Flock 

FLOCK A 
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50 NN ewes X N+ ram ex Flo ck C 

1 0  annual rep cements . an al  replacements NN ewes 

FLOCK B FLOCK C 

X NN ram 
30 NN ewe 

An}l surpl s animals 

replacements 

to Flo ck A 
1 0  per annum 

FLOCK D � 
experimenta 

animals 

The plan 1 s  for about 200 sheep , divided 

fo r adminis trative purposes.  

X ++ ram 

N+ rams 
fo r Flock A 

I 
� 

Flo ck A i s  the nucleus flo ck of 50 NN ewes of 5 age groups 

of 1 0 ewes  each. This flock is mated each year to an N+ ram 

to supply replacements for Flocks B ( N+ )  and C ( NN ) .  

Flo ck B ,  o f  S imi lar age compo s i tion,  would be mated to 

an NN ram from Flock A ,  the maximum relationships being a 

half s ib. This would supply NN ewe replacements for 

Flock A. 
o...n. 

Flo ck C would be kept for outcDessing NN ewes to� ordinary 

Romney ram to produce N+ rams fo r ma t ing with Flo ck A ,  thus 
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avo iding any intensive inbreeding. 

Surplus s to ck ,  required fo r ezperimental purposes  could 

be kept in Flock D whi ch wi ll vary ac cording to requirements . 

Such a s cheme would enable a supply of  rams of various types 

and ages to be available at any time. Ewes wo uld be avai lable  

from Flo ck D ,  or i f  a large number were required then rapid 

expans ion from the nucleus s tock would be a compara tively 
� 

s imple matter. 
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