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This thesis is divided into two parts. The 

first part deals with Wool Inheritance in Hampshire x 

Rambouillet Crossbreds ;.nd the second part with Fleece 

Analysis using samples /from the fleeces of Border 

Leicester and Cheviot /ewes. 

The first /part deals with experimental 

work carried on by the writer at the Wyoming Agri- 

cultural Experiment Station, the data of which has 

been analysed during the course of study in Edinburgh, 

and-the s_ çönd_Pa deals with research work carried 

on by the writer while in residence at the Institute 

of Animal Genetics of Edinburgh University in ful- 

fillment of the regulations governing the Doctor of 

Philosophy degree. 
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STUDIES OF THE INHERITANCE 

OF WOOL CHARACTERS AND FLEECE ANALYSIS 

IN SHEEP. 

PART ONE. 

INHERITANCE OF WOOL CHARACTERS 

IN HAMPSHIRE x RAMBOUILLET 

CROSSBRED SHEEP. 



INTRODUCTION 

The Art of Sheep Breeding 

When one considers that since the time of 

Jacob (Gen. 30:31 -43), at least six thousand years, 

man has been accumulating skill and experience in the 

art of sheep breeding, it is not surprising that he 

has been able to develop and establish by selection 

the diverse types and breeds of sheep that are known 

today. A breeder can make a startling change in a 

flock within a comparatively snort period of time by 

chanEing the standard used for selection. This change 

of type effectively shows the constant variability of 

expression of the large number of multiple factors, 

responsible in their combination and manif estation 

for the utility characters of the sheep. Selection is 

an extremely powerful agency for changing the charac- 

teristics of an animal, and has been the most :essential 

instrument used by successful live stock breeders. 

Robert Bakewell (1725_1795) was the first 

live stock breeder to effect a marked change in the 

methods used for the improvement of live stock. Be wad 

very rigid in his selection of breeding stock and paid 

particular attention to the propensity of his Thep to 

fatten regardless of their size, and these eluick matux- 

in, sheep invariably gave a high dressing percent when 

butchered. He was the it to practice ram leasing 



with the privilege of recalling those whose progeny 

showed them to be outstanding sires. Thus,he was able 

to retain a larger number of his best rams and give 

them a chance to prove their breeding ability or 

prepotency,when such a procedure would have been very 

difficult in an individual flock. Bakewell is most 

often associated with the system of in- and -in breeding, 

which he was the first to use with marked success,with 

the result that the system became firmly established 

in live stock breeding. The new methods instituted and 

so effectively demonstrated by Bakewell,started a new 

era in live stock breeding. 

The successful sheep breeder is an artist of 

the highest order,for he is working,not with an inert, 

easily moulded clay,but with a vibrant multitude of 

¡living cells,which in their intricate manifestations 

go to make up the living animal known as the sheep. 

The duties and obligations of the live stock 

breeder are outlined exceptionally well in the following 

verses by Alexander: 

"Yours is the task to mate and to mold, 

Living things for your gain and pleasure; 

To find and to fuse the purest gold, 

Nature hoards as a hidden treasure. 

Yours is the heritage handed down, 

A trust without limit or measure; 

To make,not to mar,to win renown - -- 

Fail not in the brave endeavor. 
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Yours is the art and the work to blend, 

Living things in beauty together; 

Yours is the power to ruin or mend--- - 

The bonds that ye bind none can sever. 

A sacred trust are these living things, 

To be carelessly dealt with never; 

And faithful stewardship surely brings, 

Rich reward that shall live forever!" 

The art of sheep breeding, with a wealth of 

accumulated experience and skill, handed down from generation 

to generation over a period of at least six thousand 

ears, has given the sheep breeder of the present 

ime a heritage of untold value. It has been develop - 

;d through the selection, for breeding purposes, 

of those individuals which are best suited in the eyes 

of the person selecting them, for the particular use 

Fto which they are to be put. Inasmuch as a sirens 

blood appears in more individuals of the next genera- 

tion, than that of any particular darn, the former has 

become the more important individual, to be selected 

Frith the greatest care. Excellence in the female stock 

s usually more of a collective rather than an individ- 

al quality, as is the case with sires. 

The method of using the progeny test to 

the general genetic character and specific 

iFsefulness of a sire, has been the keystone of the 

art of sheep breeding, as well as other classes of 
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live stock. By a process of "trial and error" the 

repotent and useful sires' sons of one generation hay 

ecome the sires of the next generation and the 

rogenitors of a satisfactory type of sheep. To a 

certain extent, particularly in purebred flocks, the 

same process is carried out with the dams. 

The Science of Sheep Breeding,,_ 

The employment of the progeny test is of 

necessity slow and expensive and if science could 

offer means of analysis whereby the potentialities of 

an individual could be recognized with considerable 

accuracy, a new era in sheep and live stock breeding 

would result. 

The first step is to develop suitable methods 

for an accurate analysis of the utility characters 

of the animals under investigation. In sheep breed- 

ing, excellence in mutton conformation, fleece 

quality, hardiness, prolificacy, early maturity, and 

pelt and fur (i.e. Karakule) quality are the factors 

which determine the usefulness of the sheep. The 

emphasis placed on these factors, individually and 

collectively varies in different localities and 

environments and is largely dependent on the economic 

balance between the relative prices obtained for wool 

on the one hand and mutton on the other. Hardiness, 

prolificacy, and early maturity are closely asso- 

ciated with economic and environmental conditions 

and are indispensable when efficient dual -purpose 
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sheep for the production of both mutton and wool are 

required. At the present time pelt and fur qualities 

enter in only as by- products of mutton or for a 

specialized trade in Persian Lamb and similar products 

Physical measurement of dimensional charac- 

ters of the wool fibre offers one means for the anal- 

ysis of one of the important utility characters of the 

sheep. FrUlich, Spoettel and Tänzer (1929), Roberts 

(1930) and Burns (1927 and 1930), give the application 

technique and interpretation of fleece analysis with 

articular reference to the measurement of length, fin - 

ness and density(number of fibres per unit area of ski 

f wool. 

Crossbreeding of sheep has always been a diff -- 

cult yet fascinating problem for the sheep breeder, 

who is intrigued with the uniformly excellent results 

shown by the first cross, only to be chagrined at the 

esults obtained, should an attempt be made to estab- 

ish the excellent type of the first cross by inter - 

reeding the individuals of this cross. The first crops 

seems to show all of the good characters of both parens 

úvith none of their bad points, but when interbred the 

characters due to segregation and recombination result 

'n all degrees of variability and undesirable recess - 
V 

bes. It takes years of careful selection and mating 

to establish an intermediate or crossbred type, 

po that it will breed true to type without an ex- 

Ihessive 

amount of variability; in fact it is likely 

to take longer than the life span 
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of the breeder who undertakes it. 

1926 Lonsdale (1926) proposed the establishment 

Of a fine woolled type of sheep in England by cross- 
, 

breeding,close selection and interbreeding. He gives a 

summary of the methods used in the development of the 

existing types and breeds of crossbred sheep which has 

been supplemented by Burns (1927) who gives a list of 

More recent crossbred types of sheep bred in America. 

Thilo (1922) describes the stud flock of Mele sheep 

developed at Neunkirchen in Northern Germany,which 

resulted from a cross of carefully selected Border 

Leicester rams on Merino ewes. The writer recently 

visited Neunkirchen and a number of Merinofleischschaf 

and Fleischwollschaf flocks in Germany and was very 

much impressed by the striking results they have 

obtained in combining into a true -breeding type,the 

contrasting characters of fine wool and excellent 

mutton conformation,and at the same time developing a 

very prolific and early maturing sheep. The Corriedale 

and Polwarth are well established breeds4.with Mock 

Book Associations. The Corriedale originated in the 

South Island of New Zealand and has the blood of Lincoln, 

English Leicester and Border Leicester on the sire's 

side and Australian Merino on the dam's side. The 

Polwarth originated in Viotoria,Australia and was 

obtained by crossing Lincoln rams on Australian Merino 

ewes,and then "back- crossing" the crossbred progeny to 

Australian Merino rams,a.nd setting the "Comeback" type 

thus obtained by selection and interbreeding. 



7. 

Fundamental knowledge of the underlying 

genetic factors which determine the utility characters 

of the sheep would be of great value in the establish- 

ment of pure lines of individuals approaching the 

homozygous condition. 

One. contribution science could make to the 

art of sheep breeding would be the development of 

accurate methods of fleece analysis, the interpreta- 

tion of which could be used as a basis for the selec- 

tion of breeding stock, thus reducing the expense and 

time required for an accurate progeny test insofar as 

fleece characters would be concerned. Although fleece 

analysis is now only in its preliminary stages, the 

great importance of uniformity not only between dif- 

ferent areas of the body but also within a restricted 

area on the body is quite apparent. 

The results herein reported are presented 

with the hope that they may add their cumulative 

effect to the store of information at present avail- 

able on fleece analysis and wool inheritance. 
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REVIEW OF LITERATURE. 

Wool Inheritance Studies in Scotland. 

Nichols (1925) investigated the common be- 

lief.that the Half -Bred Saeec, a crossbred resulting 

from the use of Border Leicester rams on Cheviot ewes, 

reeds true to type, with no segregation of characters 

in the second filial generation. The experiment show- 

ed conclusively that there is considerable segregation 

The outstanding features of fleece inheritance in this 

cross are the almost complete dominance of the Cheviot 

gill or collar and the segregating of types in the 

second filial generation. However, the extreme parent 

al types rarely occur in the second filial generation, 

robably due to the fact that the Half -Bred type has 

een bred for many years in certain flocks. 

Wool Inheritance Studies in Austria and Germany. 

Adametz (1917, 1918, 1920) studied wool 

inheritance in the Rambouillet x Karakule cross and 

ound a great diversity of types in the second. filial 

.enera.tion due probably to the mixed wool character 

f the Karakule fleece. There was no marked blending 

in the first filial generation. In the second filial 

eneration one animal was a typical Rambouillet. 

dametz also refers to some French crossbreeding work 

.ith the Leicester x Merino cross, in which the cross- 

breds showed in 1865 and 1880, reversion to the orig- 
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final Merino and Leicester types which were first 

crossed in 1840. 

Voeltz (1922) made a study of wool inheri- 

tance in a flock of native Pomeranian ewes (a mixed 

wool type) graded up with purebred Oxford rams. The 

mixed wool type was dominant to the lustrous crimpy 

wool of the Oxford. The mixed type of wool in the 

second filial generation could not be differentiated 

from the same type of wool in the original Pommeranian 

showing that this type of wool is very stable, having 

been set by many generations of breeding and selection 

He concludes that in the Pommeranian x Oxford cross 

there is very little evidence of a blended inheritance 

Voeltz (1922) also studied. Mele wool (Merino 

x Border Leicester) and a Cotswold x Wurtemberg cross 

and concluded. as follows: 

"The fact that in the Melee no uniformity 

of wool type has been attained despite the fact that 

they have been bred for more than ten years, and 

further, that the medulla- containing beard hair of the 

Pommeranian native sheep has not been eliminated after 

five generations of selective breeding, prove in con- 

cordance with the results of former investigators 

(Adametz and others) that pure blended inheritance is 

hard to achieve." 

In direct opposition to the statements of 

"Adametz and Voeltz are the writings of Baur and Kroni 

jacher (1919), Tertio, and Pauly. These investigators 
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_;found no greater variation in wool type in Melee, a 

Merino x Border Leicester cross, than they found in 

any breed which has been developed by careful selection 

over a period of years. 

Kronacher (1925, 1926) more recently gives a 
I 

resume'of further work with the Mele sheep which upholds 

is original contention of blended inheritance in the 

greater number of individuals in the test. The average 

wool fibre diameter of one hundred Mele sheep was 

29.48 micra (11.61 ten thousandths of an inch). The 

average wool fibre diameter of the Merinos 22.86 Micra 

(9.00 ten thousandths of an inch), while the average 

wool fibre diameter of the Border Leicester was 41.37 

micra ten thousandths of an inch). 

Spoettel (1925) found the F1 generation of 

the Moufflon x Merino cross to be similar in wool 

fineness to their Merino parentage, with a few inter- 

mediate. The F2 generation of the same cross gave 

further variability toward both extreme parental types. 

The same writer reports similar results with the Somali 

x Merino cross. 

Wool Inheritance Studies in Roumania. 

Constantinescu and Contescu report on wool 

inheritance studies in crosses of the various breeds 

of Roumanian native sheep. They found a blended type 

of inheritance in wool fineness. 
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Wool Inheritance Studies in the United States. 

Davenport and Ritzman (192B) report on a 

series of crossbreeding tests beginning in 1907, and 

their results were summarized. as follows: 

In clean weight of fleece there is undoubt- 

edly segregation, but the results are complicated. 

Concerning wool fineness, all of the first 

filial (F1) generation gave an intermediat.emeasuremen 

Although in the case of the Hampshire x Rambouillet 

cross, the first filial (F1) generation had coarse 

wool approaching tbe type of their Hampshire parents. 

In the second filial (F2) generation wool 

fineness is more variable than in the first filial 

generation. The Hampshire x Rambouillet cross is more 

variable in fineness in the second filial generation 

than in the Southdown x Rambouillet. However, this 

fact is due to the closer selection of parents in the 

latter cross, for an intermediate wool fineness. 

In the third filial generation, due to a 

very close selection of parents, there is still less 

variation in wool fineness. 

So it would seem that there is no perma- 

nent blending of wool fineness in the first filial 

generation. 

In the second filial generation the finenes 

of fleece varied according to the fleece character 

of the parental first filial generation. Evidently 

t. 
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x Rambouillet cross gave all degrees of wool character 

from one extreme to the other. On the other hand the 

Melee, which have resulted from a cross of purer wool 

types, did not show so much variation. The results 

reported by Spoettel (1925) bring out the fact that a 

more variable type of inheritance of wool fineness 

occurs with mixed or primitive wool type parentage, 

than with sheep whose progenitors had a similar or more 

stable wool type. 

The writer has followed closely the various 

attempts by livestock breeders in the United States 

to establish new types of sheep by crossbreeding, 

and has seen the sheep of these new types. Those 

breeders who were very careful in the selection of 

their foundation animals have had the most success in 

breeding uniform crossbreds. It would seem that uni- 

form crossbred types could be more easily produced 

if the parental stock were not only carefully selected, 

but also closely inbred and selected for a few 

generations before making the cross; thus tending to 

obtain homozygous individuals in the purebred genera- 

tion before attempting the crossbreeding operation. 

The writer, during a recent visit to Germany, noted 

that the sheep breeders there have been remarkably 

successful in obtaining a uniform type of crossbred 

sheep in the Fleischwollschaf, and it is quite 

possible that one of the main underlying reasons for 

their success was the remarkable homogeneity of the 



12. 

ultiple factors and not supple unit characters de- 

ermine the inheritance of wool fineness. 

In crimp there is partial dominance, so that 

here must be more than one factor involved. 

There is positive correlation between the 

er cent of crimp and the length of the fibre, clue 

to the fact that in general the more crimp the longer 

the fibre when stretched taut. 

Russell (1919), and later Darlow (no date) 

report on a series of crossbreeding tests beginning 

1909. In these tests the crossbreds were not 

Mated among themselves to produce the second and third 

filial generations. Only the first filial generation 

as produced, and these animals were then crossed 

ack with the parental breeds in an attempt to develop 

a type of sheep particularly adapted to Oklahoma 

conditions. The breeds used in this experiment were 

Shropshires, Dorsets, and Ramboulilets. 

The following results are quoted directly 

from the summary: 

"The fineness factors influencing weight of 

leece appear to blend." 

"Smooth skins and folds blend, with a slight 

endenoy to folds in the first cross." 

"The fineness of wool and folds seem to go 

ogether in inheritance." 
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Wool Inheritance Studies in Russia. 

The work of Belehov and Reinbot is referred 

to later in this paper as it has a direct bearing on 

the experiment herein reported. 

So it would seem that the question of blend- 

ed wool inheritance is open to controversy. However, 

in looking over the data of the various investigators 

ne can not help seeing how the first, second, and 

third filial generations of crossbreds were affected 

by the selection of the parental stock. One investi- 

gator may have picked the finer fleeced individuals 

and another the coarser fleeced individuals and the fol- 

lowing generations would be affected accordingly. Some 

investigators had only a dozen crossbred animals repre- 

senting only the first filial generation. Other inves.L 

tigators had from forty to one hundred animals repres- 

enting the first, second, and third filial generations. 

One investigator, with animals most of which 

were homozygous, would get less variation in the 

crossbred generations than would another investigator 

who had more animals which were heterozygous in fleece, 

character. This is strikingly illustrated in the Mele 

sheep and in the Rambouillet x Karakule cross reported 

by Adametz. The mixed wool type represented in this 

case by the Karakule is a heterozygous wool type and 

the first and second filial generations of the Karakule 
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pure merino flocks which in many instances had been 

bred for one hundred years, using only sires bred in 

their own particular flock. 

OBJECTS OF EXPERIMENT 

1. To determine,if fineness of fleece is a 

simple Mendelian character. 

2. To find out if the fibres from the fleeces 

II 

of crossbred sheep are more or less uniform in charactir 

than those from the fleeces of their purebred parents; 

in other words, to find out if the wool character 

fineness blends in crossbreeding. 

3. To learn if density of fleece,measured 

by the number of fibres per half inch square of skin 

surface is inherited in the Mendelian fashion. 

METHOD OF EXPERIMENTATION 

Animals Used: Sixteen purebred Rambouillet 

ewes,two or three years old, and sixteen purebred 

Hampshire ewes, two or three years old, were used for 

the foundation females. Two high class registered, 

mature Rambouillet rams, and two high class registered 

mature Hampshire rams furnished the breeding rams. 

The ewes were divided as follows: 

Check Group No. i 

Check Group No. 2 

Check Group No. 3 

Check Group No. 4 

Two Hampshire ewes 

Two Hampshire ewes 

Two Rambouillet ewes 

Two Rambouillet ewes 



Crossbred Group No. i Six Hampshire ewes 

Crossbred Group No. 2 Six Hampshire ewes 

Crossbred Group No. 3 Six Rambouillet ewes 

Crossbred Group No. 4 Six Rambouillet ewes 

First Year Mating Schedule 

Check Group No. 1 

Two Hampshire ewes to Hampshire ram No. i 

Check Group No. 2 

Two Hampshire ewes to Hampshire ram No. 2 

Check Group No. 3 

Two Rambouillet ewes to Rambouillet ram No. i 

Check Group No. 4 

Two Rambouillet ewes to Rambouillet ram No. 2 

Crossbred Group No. 1 

Six Hampshire ewes to Rambouillet ram No. i 

Crossbred Group No. 2 

Six Hampshire ewes to Rambouillet ram No. 2 

Crossbred Group No. 3 

Six Rambouillet ewes to Hampshire ram No. 1 

Crossbred Group No. 4 

Six Rambouillet ewes to Hampshire ram No. 2 

Second Year Mati Schedule 

Check Group No. 1 

Two Hampshire ewes to Hampshire Ram No. 2 

Check Group No. 2 

Two Hampshire ewes to Hampshire Ram No. i 
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Check Group No. 3 

Two Rambouillet ewes to Rambouillet ram No. 2. 

Check Group No. 4 

Two Rambouillet ewes to Rambouillet ram No. 1. 

The first filial generation crossbred progeny 

from the original purebred breeding stock were crossed 

in the fall of the second year as follows: 

Group 1 lambs to Group 2 lambs 

Group 2 lambs to Group 4 lambs 

Group 3 lambs to Group 1 lambs 

Group 3 lambs to Group 4 lambs 

Owing to unforseen and unavoidable circum- 

stances the actual number of crossbreds produced was 

smaller than planned:' 

Record of Actual Progeny. 

First Filial Generation Born in April and May 1922. 

Ear Sex 
Tag 
No. 

Sire Dam Disposal 

263 Ewe 

-- Ewe 

266 Ram 

264 Ewe 

265 Ewe 

267 Ewe 

268 Ram 

269 Ram 

270 Ram 

Hamp. 35821 

n n 

Ramb. 116838 

11 n 

Hamp. 35821 

n n 

Ramb. 151 

If n 

Ramb. 210 

Ramb. 122 

11 n 

Hamp. 82547 

Hamp. 58094 

Ramb. 203 

n 11 

Sold Apr 1924 

Died Apr 3,192 

Sold Apr 1924 

Sold Apr 1924 

Sold Apr 1924 

Sold Oct 13,1923 

Sold Jan.1,192 

Sold Jan.1,192 
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Ear 
Tag 
No. 

Sex Sire Darn Disposal 

e73 Ewe Hamp. 36236 Ramb. 12 Sold Apr 1924 

74 Ram 10 
11 

it 11 Sold Oct.13,1923 

-- Ewe Ramb. 116838 Hamp. 72600 Died Apr.18,1922 

e82 Ewe Hamp. 35821 Ramb. 5163 Sold Apr. 1924 

284 Ram Ramb. 116838 Hamp. 82548 Sold Jan.1,1923 

285 Ewe Ramb. 116838 Hamp. 82548 Sold Apr. 1924 

286 Ewe Hamp. 36236 Ramb. 116 Sold Apr. 1924 

288 Ewe Hamp. 36236 Ramb. 207 Sold Apr. 1924 

289 Ram Ramb. 116838 Hamp. 68697 Sold. Jan. 1,1923 

290 Ewe Ramb. 116838 Hamp. 68697 Sold Apr. 1924 

-- Ram Ramb. 132649 Hamp. 72598 Died May 7,1922 

291 Ram Ramb. 132649 Hamp. 68707 Sold Jan.1,1923 

292 Ram Ramb. 132649 Hamp. 68707 Died Sept.i1,1923 

293 Ram Ramb. 132649 Hamp. 68692 Sold Jan1,1923 

294 Ram Hamp. 35821 Ramb. 5 Sold Jan.1,1923 

_-- Ram tt It It 
11 Died May 18,1922 

`95 Ram Ramb. 132649 Hamp. 114 Sold Jan.1,1923 

Purebred Generation Born in February,March, & April 1923. 

'ar 
ag 

lo. 

Ewe Sire Dam Disposal. 

till Ram Hamp. 36236 Hamp. 82547 Sold Oct.13,1923 

318 Ewe It It u u 

321 Rain Hamp. 35821 Hamp. 68707 

322 Ewe Hamp. 36236 Hamp. 84382 

323 Ewe Hamp. 35821 Hamp. 6869 Sold Oct. 1923 



Purebred Generation Continued 

325 

332 

333 

36 

,31? 

338 

339 

354 

55 

56 

59 

60 

61 

Sire Dam 

Ramb. 132649 Ramb, 224 

Hamp. 35821 Ramp. 82546 

Hamp. 36236 Ramp. 65227 

Ramp. 36236 Hamp. 65227 

Hamp. 36236 Hamp. 68697 

Hamp. 36236 Hamp. 68697 

Ramb. 132649 Ramb. CSA 16 

Ramb, 132649 Ramb. CSA 16 

Ramb. 132649 Ramb. 255 

Hamp. 36236 Hamp. 58094 

Hamp. 36236 Hamp. 947 

Hamp. 36236 Hamp. 947 

Hamp. 36236 Hamp. 82548 

Hamp. 36236 Hamp. 68699 

Ramb. 116838 Ramp. 116 

Ramb. 116838 Ramb. 116 

Ramb. 116838 Ramb. 207 

Ramb. 132649 Ramb. 5163 

Ramb. 132649 Ramb. 5163 

Rambo 116838 Ramb. 74 

Ramb, 116838 Ramb. 74 

Ramb. 116838 Ramb, OSA 12 

Ramb, 116838 Ramb. 5453 

Ramb. 116838 Ramb. 5453 

Ramb. 132649 Ramb. 210 

Ramb, 132649 Ramb. 5065 

Disposal 

Died. Nov.17,1923 

Sold Oct. 1923 

Sold Mar.29,1924 

Sold Nov.14,1923 

Sold Oct.1,1923 

Sold Oct. 1,1923 

Sold Oct. 1923 

Sold Dec. 15,1923 

Sold Dec. 15,1923 

Sold. Oct. 1923 

Sold Dec. 13,1923 

Sold Oct. 1,1923 1 

Sold. Oct. 1,1923 

Sold. Dec. 15,1923 

Sold Oct. 1,1923 

Sold Dec. 15,1923 

Sold Oct. 1923 

Sold Oct. 1923 

Sold Oct. 1,1923 



Second Filial Generation. Born in February 1924 

Ear 
Tag 
ho. 

Sex Sire Dam Disposal 

421 Ewe No. 268 No. 267 Sold. Aug. 6,1925 

s -- Ram No. 268 No. 267 Died. Feb. 10,1924 

422 Ewe No. 268 No. 290 Sold. Aug. 6,1925 

423 Ram ivo. 268 No. 290 Sold. Feb. 24,1925 

424 Ewe No. 274 No. 282 Sold. Aug. 6,1925 

425 Ram No. 274 No. 263 Sold. Feb. 24,1925 

429 Ewe ivo. 268 No. 286 Sold. Aug. 6,1925 

433 Ewe No. 274 No. 265 Sold. Aug. 6,1925 

434 Ram No. 274 No. 265 Sold. Feb. 24,1925 

436 Ram No. 268 No. 285 Sold. Feu. 24,1925 

441 Ram ivo. 268 No. 273 Died. Jan. 1925 

442 Ewe No. 268 No. 273 Sold. Aug. 6,1925 

443 Ewe No. 274 No. 264 Sold. Aug. 6,1925 

444 Ram No. 274 No. 264 Died. Feb. 22,1924 

Wool Sam les Available for Studer 

Rambouillet Hampshire 

Ear Tag 
Number 

Sex Years Ear Tag 
Number 

Sex Years 

OSA 5 Ewe 1921 114 Ewe 1922 

OSA 12 Ewe 1921 :1922 163 Ewe 1921 

OSA 16 Ewe 1921 164 Ewe 1921 

116 Ewe 1921:1925 170 Ewe 1921 

122 Ewe 1921 36236 Ram 1922 

149 Ewe 1921 58094 Ewe 1921 
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Wool Samples Awailabie_for Study. Continued 

Rambouillet Hampshire 

Ear Tag Sex Years Ear Tag Sex Years 
Number Number 

151 Ewe 1921 68693 Ewe 1921 

207 Ewe 1922 68697 Ewe 1921 

210 Ewe 1921 68699 Ewe 1921 

5065 Ewe 1921 68707 Ewe 1921 

5163 Ewe 1921 72598 Ewe 1921 

5380 Ewe 1921 72600 Ewe 1921:1922 

5453 Ewe 1921 

116838 Ram 1922 

132649 Ram 1921 

First Filial Generation Second Filial Generation 

Ear Sex Years Ear Sex Years 
Tag Tag 
No. No. 

263 Ewe 1923:1924 421 Ewe 1925:1926 

264 Ewe 1923:1924 422 Ewe 1925:1926 

265 Ewe 1923:1924 423 Ram 1925 

266 Ram 1923 424 Ewe 1925:1926 

267 Ewe 1923:1924:1925 425 Ram 1925 

268 Ram 1923:1925 429 Ewe 1925:1926 

273 Ewe 1923:1924:1925 433 Ewe 1925 

274 Ram 1923:1925 434 Ram 1925 

282 Ewe 1923:1924 436 Ram 1925 

285 Ewe 1923:1924:1925 442 Ewe 1925:1926 

286 Ewe 1923:1924:1925 443 Ewe 1925:1926 
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Wool Samples Available for Study. Cont ° d.. 

First Filial renera_tion. 

Ear Tag 
Number 

Sex Years 

288 .: _ 1923:1924:1925 

290 Ewe 1923:1924 

292 Ram 1923 

It will be noticed that a number of wool 

samples were not available for study. When the writer 

took over the experiment in July 1924, it had been in 

rogress since 1921. Through unavoidable circumstances 

some of the samples had been lost. None of the 

frequency data of the wool samples measured prior to 

1924.were available for studies in uniformity of 

fineness. 

Method of Taking. Wool Samples. 

Seven body regions were selected for taking 

samples. These body regions are shown in the follow- 

ing Fig, No 1. 
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Fig. I. 

Body Regions from which Samples were 
taken. 

1. Shoulder 

2. Back 

3. Side 

4. Belly 

5. Hip 

6. Dock 

7. Thigh 
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These samples were taken with a pair of 

eigineer's calipers which separated the wool growing 

on a skin surface one-half inch square. One of these 

calipers is shown in the following diagram: 

In taking the samples, the wool was folded 

back and a caliper with the jaws set one -half inch 

apart was pushed into the wool perpendicular to the 

fold and the fibres inside of the jaws were carefully 

separated from the rest of the surrounding wool. Then 

another caliper with the same half-inch opening between 

its jaws, was pushed through the wool at a right angle 

across the jaws of the first caliper and again the 

fibres inside of the jaws were carefully separated 

from the surrounding wool. When the sample inside 

the jaws was separated,it was grasped with the fingers, 

the calipers were withdrawn and the sample was cut off 

close to the skin with a pair of curved scissors. The 

sample thus obtained represented the wool fibres 

growing on a skin surface one -half inch square, or 

one -quarter of a square inch in area. 
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As each sample was cut free from the skin it was 

placed in an envelope labeled with the sheep's number, 

sex, and the body location from which the sample was 

taken. 

Preparation and_Measurement of Samples 

The method of prdcedure in the determination 

of the physical dimensions of the wool samples was as 

follows: 

First, the staple length was measured on a 

steel rule graduated in tenths of an inch. The sample 

was then washed in a standard soap solution made up as 

follows: 1 pound of olive fig scouring soap, and 

pound of soda ash made up to ten gallons of solution. 

The solution was kept at a temperature of from 130 to 

140 degrees Fahrenheit according to the grease content 

of the sample. During the first part of the 

experiment cold benzol was used for degreasing the 

samples, but it was found that benzol would not 

remove the gums and flake. -like waxes which occurred in 

the finer Rambouillet wools. This gum or wax affected 

the weight of the sample and made the calculated 

density greater, for the calculation of density 

is based on the comparative weights of a fractional 

part of the sample (100 fibres) and the entire sample. 

Five fibres were then measured to determine 

the fibre length (stretched so that no crimp remains), 

to the nearest tenth of an inch and the number of 
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crimpsper half inch. The number of crimps per half 

inch was determined by holding the fibre over a piece 

of black cardboard in which a half inch square notch 

ad been cut. The number of crimps per half inch were 

counted at the tip, base, and middle of each of the 

5 fibres and the average of the three counts was taken 

the average number of crimps per half inch for that 

articular fibre. 

to 

The Measurement of Fineness. 

The tip of the sample was clipped off so as 

have all of the fibres as near the same length as 

ossible. The sample was then placed in a small fold4 

ardboard holder; the fibres were spread apart on one 

side and the individual fibres were drawn out, one by 

ne, in order, from the same side of the sample. As 

hese fibres were drawn out each one was placed 

between the jaws of the micrometer (this micrometer 

tas been described by Burns and Koehler, 1925), hold- 

ng the fibre stretched taut with one end between the 

humb and third finger and the other end between the 

first and second fingers of the left hand as shown in 

rig. No. 2. The micrometer spindle was turned up slow- 

ly until the jaws of the micrometer lay up snugly 

gainst the side of the fibre, and the ratchet 
in the 

end of the spindle clicked twice. One soon gets the 

feel of the ratchet and can judge the speed of 
rotatioi. 

00 that the same speed can be used to measure 
the fibres, 

P,0 is used in checking the zero point of the micrometer. 

this micrometer 



Ff,EurF No. 2. 

MICROMETER CALUER 
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reads in units of ten thousandths of an inch, each of 

the smallest divisions on the edge of the drum 

representing one unit. One hundred fires were 

measured from each sample and the measurements were 

recorded in the following form: 

Size of Fibre 
.0001 Inch 

(V) 

Frequency 

(F) 

Frod ct 

(FV) 

3 2 6 

4 14 56 

5 21 105 

6 36 216 

7 20 140 

8 7 56 

Totals 100 579 

Mean Fineness of 100 fibres 

5.79 ten -thousandths of an inch 

The micrometer has already been compared 

with microscopic measurements by Burns and Koehler, 

who found the difference to be one ten -thousandth of 

an inch; the micrometer measurement giving the 

smaller value. 

Method of Determininá Density 

The density of wool fibres, or number of 

wool fibres per one -half inch square of skin surface 

was determined as follows: As the fibres were 

measured for fineness they were saved by placing them 

in a wool fibre box. This box was an ordinary cigar 

box lined with black paper so the wool fibres could 
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easily be seen. When 100 fibres had been measured 

they were:taken from the fibre box and rolled together 

into a ball. These 100 fibres as well as the 

remaining portion of the original wool sample were put 

into a weighing bottle and the cover put on, making 

the contents of the bottle less susceptible to outside 

atmospheric conditions. The tared bottle was weighed 

with both wool samples in, and weighed again after the 

100 fibre bundle had been removed. All weights were 

taken with an analytical balance. Differences in 

moisture content of the samples would not be so 

important as with absolute weights, for in this case 

the weights are only for comparative purposes. The 

following specific case of calculated density should 

help to illustrate the method. 

Weight of Weighing Bottle (Wb) 38.2537 grams 

Weight including both wool 
sample and 100 -fibre bundle (We) 38.596 grams 

Weight with 100 -fibre 
bundle removed (Wr) 38.5908 grams 

Weight of 100 -fibre bundle 

(W100) (We)-*(Wr) 
.0052 grame 

Weight of entire sample 
including 100 -fibre bundle 

(Wt) (We) -(Wb) 
.3423 grams 

Calculated Density, or number of 

fibres per half inch square of . 

skin surface. D x 100 6583 

100) 

The writer tested the weighing method 
against 
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an actual count of the same sample, first calculating 

the density by weight ratios (3799 fibres per half 

inch square of skin surface) and then actually 

counting all of the fibres in the sample (3560 fibres). 

The difference between the results (239 fibres) is 

not a large one and is much smaller than the sampling 

error which is next to be described. 

Zrror of Sampling for Density Determination 

Number of Fibres per half inch square surface of skin 

In order to determine the accuracy of the 

sampling method for density, duplicate samples were 

taken from the right shoulder on five different breeds 

of sheep, so as to have represented the different 

types of wools. 

Accuracy of Sampling for Density Determination 

Breed Age Sex Ear 
Tag 
No. 

Calculated Density 
Sample 
One 

Sample 
Two 

Difference 

Ramb. 3 Ewe 432 4777 4677 100 

Ramb. 4 Ewe 281 3527 3587 60 

Ramb. 4 Ewe 255 3454 5009 1555: 

Ramb. 1 Ewe 606 5972 7214 1248 

Ramb. Lamb Ram 754 2690 3017 327 

Average Difference for Rambouillets 657 

Corr. 2 Ewe 2139 2719 3027 308 

Corr, 2 Ewe 465 3564 2640 924 

Corr, 2 Ewe 2091 5515 5143 372 

Average Difference for Corriedales 535 
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Accuracy of Sampling for Density Determination 

aontiuned 

Breed Age Sex Ear 
Tag 
No. 

Calculated Density 
Sample 
Two 

Difference Sample 
One 

Hamp. 3 Ewe 351 2650 2796 146 

Hamp. 3 Ewe 325 2641 2684 43 

Hamp. 5 Ewe 87950 2123 1754 369 

Hamp. 1 Ewe 614 2278 2776 498 

Hamp. Lamb Ram 714 2021 1900 121 

Average Difference for Hampshires 235 

Oxford 4 Ewe 230 1857 2065 208 

Oxford 4 Ewe 277 2081 2140 59 

Oxford 3 Ewe 335 1655 1881 226 

Average Difference for Oxfords 164 

Line. 1 Ewe 631 1545 2350 805 

Lino. Lamb Ram 752 3714 3124 590 

Average Difference for Lincolns 698 

Total Difference for 18 sheep 7953 

Average Difference for 18 sheep 442 

The difference in density in duplicate 

samples was highest in the Lincolns and lowest in the 

Oxfords. The average difference for the entire lot of 

sheep was 442 fibres. 

Using the statistical methods of Fisher, as 

adapted to machine calculation by Lush, the following 

table of variance was obtained: 
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Accuracy of Sampling for Density Determination 

Table of Variance. 

Varii:t 14n 
due to 

Degrees 
of 

Freedom 

Stander:', 

Dev7e.tiwn 
Meen 
Verince 

cross 
Variance 

All Causes 35 1349.39 1820855 63729932 

Sample Trend. 1 118.01 250667 250667 

Balance 34 1366.40 1867037 63479265 

Animal Difference 17 1332.71 3552219 60387718 

Remainder 17 426.45 181856 3091547 

Standard Error of Sampling 426 fibres. 

Not a significant difference as 4 equals 1.3 

In this method. of calculation all factors 

influencing variation such as sample trend and animal 

difference are removed leaving only the actual error 

of sampling. The standard error represents the 

weighted standard deviation, with all of the outside 

factors influencing sample difference removed mathe- 

matically, except the calculated differences of dupli- 

cate differences in samples resulting from errors of 

sampling. In order that the method of calculation may 

be clear the formulas are given on Page 32, as they 

have been developed for machine calculation. However, 

two additional references to Lush let all', are given 

in the list of literature cited, which deal with 

cattle but give his machine calculation method for 

determining the standard error. 
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Formulas used in the Table of Variance 

Variation 
due to 

Degrees 
of 

Freedom 

Standard 
Deviation 

Mean 
Variance 

Gross 
Variance 

All Causes 

Sample Trend 

Balance 

Animal Difference 

Remainder 

a 

b 

c 

d 

e 

p 

q 

r 

s 

t 

k 

1 

m 

n 

o 

f 

g 

h 

i 

j 

a One less than the total number of observations 

b One less than the total number of sete of samples 

o a - b 

d One less than the total number of samples 

e c - d 

f (42 +B2) + B ) 2 

g 

36 

(E.C) 2 

18- 36 

h f - g 

2 

h e i 
f/a 

g/b 

h/c 

i/ d 

36 

o j/e 

p 

Q /1/18 i.e 

Square 7---Root 

m% 

s 7 ï. 8__÷_ 
t to 

SUM of first Column (Sample One in Table on Page 1,29) 

SUM of second column(Sample Two in Table on Page 29) 

Sum of third column (Sample One plus Sample Two 

in Table on Page 29) 

Sum of Squares of first column. 
Sum of Squares of second column. 
Sum of Squares of third column. 
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how Many Fibres should be 

measured to determine Fineness? 

In order to test the effect of measuring 

more than one set of 100 fibres for the determination 

of the average thickness of fibre four different 

samples were measured keeping records of each 

set of 100 fibres measured from each sample up to a 

total number measured of 500 fibres. The results 

obtained are shown below: 

Frequency Size in ten-thousandths of an inch 

3 4 5 6 7 8 9 10 11 Mean 

Sample No. i 
let 100 7 15 31 25 12 6 5.57 _1+3 14q 230-v1 

2nd 100 6 30 38 14 7 4 5.02 4-Z 1416 14ly1, 

Qrd 100 7 30 35 15 11 2 4.99 -1 1?,S 13417 

4th 100 12 22 35 18 6 7 5.05 t; 175 114--iS 

5th 100 11 34 31 16 5 3 4.79 Zs 141 13L.S"q 

All 500 43 170 88 41 22 5.08 '2 5"4S 412 
131 

H, 
Sample No. 2 

1st 100 

2nd 100 

8 

9 

26 

36 

37 

34 

14 

11 6 

4 

3 1 

5.10 

4.82 

3rd 100 8 29 32 18 2 1 5.06 

4th 100 1 10 32 32 16 6 2 1 4.83 

5th 100 13 25 37 14 6 4 1 4.91 

All 500 1 48) 172 73 36 15 6 4.94 
148 
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How many Fibres should be 

measured to determine Fineness? 

Continued.. 

Frequency Size in ten -thousandths of an inch 

2 3 4 5. 6 7 8 9 10 11 Mean 

Sample No. 3 
lst 100 12 28 28 21 6 5 4.96 

2nd 100 17 27 32 13 8 2 1 4.78 

3rd 100 1 13 30 36 14 4 1 0 1 4.71 

4th 100 20 32 25 11 6 4 2 4.71 

5th 100 5 25 26 26 7 5 6 4.44 

All 500 6 87 143 147 66 29 18 3 1 4.72 

Sample No. 4 
let 100 1 6 16 30 18 15 13 1 6.60 

2nd 100 10 19 29 16. 18 6 2 6.39 

3rd 100 1 7 20 24 25 11 10 2 6.48 

4th 100 1 12 28 28 18 11 2 5.91 

5th 100 8 18 26 17 15 12 3 1 5.66 

All 500 11 53 109 128 92 67 34 6 6.21 

Cumulative Means of Fineness 

NQ. of fibres measured 100 200 300 400 500 

Sample No. 1 5.57 5.30 5.19 5.16 5.08 

Sample No. 2 5.10 4.96 4.99 4.95 4.94 

Sample No. 3 4.96 4.87 4.82 4.79 4.72 

Sample No. 4 '6.60 6.50 6.49 6.35 6.21 
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In all cases the measurement of 500 fibres gave a 

smaller average or mean fineness than when only 100 

fibres were measured. The differences for the four 

samples were .49, .16, .24, and .39. When 500 fibres 

were measured instead of only 100 the probable error 

of the mean was reduced by half. This would be 

expected from the fact that the probable error 

calculation depends upon the number of fibres measured 

and the error is reduced in the ratio of the square 

root of the number of fibres measured. The fact that 

as more fibres were measured the mean fineness became 

smaller,, as is strikingly shown in the cumulative means 

of fineness, would indicate that even though all of 

the fibres were drawn in order from the same side of 

the sample, the tendency was to pick the coarser fibres 

first. The error due to the number of fibres measured 

as so small in proportion to the differences of mean 

fineness between the purebred and crossbred generations 

that the measurement of 100 fibres was considered 

sufficient for making comparisons of fineness in this 

study. The standard. deviation of mean fineness of the, 

sets of 100 from the entire 500 was from 

.1162 to .2596 while the differences in fineness of 

the purebred and crossbred generations varied from 

1.144 to 1.289. Thus if the maximum variation due to 

100 fibres being measured instead of 500 it would be 

only one.fifth of the minimum difference in mean 

fineness between the crossbred and purebred generations. 
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Roberts (1930) used a formula n )2 
si 

to calculate the number of fibres to measure in order 

to come within a prescribed limit of error. In this 

formula n = necessary number of fibres to measure; 

o : coefficient of variability or per cent of standard 

deviation; and si = per cent of standard error. The 

usual accuracy desired in wool fineness work is a ten 

per cent difference exceeded by chance once in 250 

times. The constant figure for si for this selected 

limit of accuracy is 2.457. The application of this 

formula to the data of the four samples just considered 

gives the following results: 

Necessary Number of Fibres to be Measured 

1st 100 2d 100 3d 100 4th 100 5th 100 All 
500 

Sample No. 1 125. 100 90 115 110 115 

Sample No. 2 115 110 115 110 115 115 

Sample No. 3 115 125 120 135 190 140 

Sample No. 4 90 90 90 80 140 100 

Average figure for all four samples 135 

The same formula may be applied to the size 

frequency distributions of the Hampshire and 

Rambouillet purebred generations and the Crossbred 

generations, which will be found in Table No. 7 of the 

appendix. Those samples of each purebred and cross 

bred generation showing the greatest and least 

variability (largest and smallest figures for C) were 

selected and used for calculating the following 
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data; 

Necessary Number of Fibres to measure for Fineness 

reed and ex um er 
of 

Samples 

Maximum 
Necessary 
Number 

Minimum 
Neceasary 
Number 

Mean 
Necessary 
Number 

Rambouillet 

Ewes S 185 25 80 

Rams 1 100 40 60 

Hampshire 

Ewes 2 125 40 60 

Rams 1 115 45 70 

F1 Generation 

Rams 3 135 35 70 

Ewes 20 220 20 75 

F2 Generation 

Ewes 13 215_ 35 95 

Rams 5 225 25 80 

All Fifty Samples 225 20 80 ,, otf* 

The use of the standard error formula for 

calculating the number of fibres to measure in order 

to fall within the limits of a certain prescribed 

error, confirmed the results obtained by the use of 

the probable error method. The necessary number of 

fibres to be measured, in all cases where mean figures 

were used was well below the 100 fibre number standard 

which was used in all of the fibre measurement work in 

this experiment. 

At the same time as the number of fibres to be 

measured was determined a study was made of the efféct 
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t using the various sets of 100 fibres as a basis for 

he calculation of the density. 

;ow Man Sets Of 100 Fibres Should Be Used As a Basis 

For CalculatinQ' Density Proportionate Je hte? 

Calculatdd Density 

Number of fibres per * inch square on skin surface 

100r.fibre bundles used as a basis for calculation 

ample 

1st 100 2nd 100 3rd 100 4th 100 5th 100 All 5 

No. 1 4777 5415 5296 5244 5360 5218 

No. 2 4677 5280 4776 5079 4842 4931 

No. 3 6119 6267 6630 6332 6940 6458 

No. 4 2719 2796 2728 2956 2926 2825 

Calculated Density 

Cumulatitse Results 

Number of 100 -fibre bundles used 

ample 

One Two Three Four Five 

I 

No. 1 4777 5096 5162 5183 5218 

No. 2 4677 4979 4911 4953 4931 

No. 3 6119 6193 6339 6337 6458 

o. 4 2719 2758 2748 2800 2825 

Inasmuch as fineness and density are 

orrelated a reverse relationship would be expected 

Between these wool characters and the methods by 

hich they are determined. As more 100 -fibre bundles 

ere used as a basis for the calculation of density 
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the figure increased. The variation by the method of 

least squares gave a maximum of 293 in Sample No. 3 

and a minimum of 99 in Sample No. 4. The figures for 

the other two samples were; 228 for Sample No. 1, and 

219 for Sample No. 2. The crossbred generations 

varied from their purebred parental generations by 

around 2000 fibres so these differences due to 

technique in number of bundles weighed had no 

significant bearing on the results obtained. 

RESULTS 

Inheritance of Fineness 

The original data concerning the Inheritance 

of Fineness will be found in Tables 1, 6, and 7 of 

the Appendix. The figures given in the following 

table are the means of all seven body areas of the 

first fleece from each sheep, using the mean fineness 

of each body area sample as a unit for the purpose of 

calculating the means, probable errors, and coefficients 

of variability (per cent standard deviation), which 

ere calculated by means of the standard formulas of 

statistical methods as adapted to machine calculation. 

The number of fleeces available for study varied in 

each individual and in order to have each individual 

exerting an equal influence in each generation, the 

first fleece was used to furnish the wool samples for 

these wool studies. 
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Inheritance of Fineness 

-Mean Fineness 

.0001 Inch 

Coefficient 
of Variability 
Pdr cent. 

15 Rambouillet Sheep 6.815 f .070 17.23 1 .828 

14 Hampshire Sheep 9.212 # .121 18.06 J .959 

14 F1* Generation Sheep 8.250 i .069 12.22 f .598 

11 F2* Generation Sheep 7.274 1 .072 12.85 1 .710 

*, F1 equals First Filial 

* F2 equals Second Filial 

The Fl Generation was intermediate in wool 

fineness between their Rambouillet and Hampshire 

parents. The two F1 Generation sires (Nos. 268 and 

274) used were both intermediate in wool fineness and 

were quite close to the average figure for all of the 

sheep of this generation. The F2 Generation was very 

similar to its Rambouillet parentage in wool fineness. 

A statistical treatment of the data shows the F1 

Generation to be very definitely intermediate in wool 

fineness with significant differences from both 

parental generations, the differences being from four 

to seven times the maximum allowable error (three 

times the probable error of mean fineness for the Fi 

Generation). A similar treatment of the data for the 

IF2 Generation shows it to be very close in wool 

fineness to its Rambouillet grandparents, the difference 

being only twice the maximum allowable error, and far 

removed from its Hampshire grandparents, the difference 
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in this instance being nine times the maximum 

allowable error. There would seem to be a strong 

tendency for the Rambouillet wool type to predominate 

in the F2 Generation, as each individual sheep of this 

generation was fine woolled rather than intermediate 

in wool type. Both of the crossbred generations were 

Imore uniform in wool fineness than their purebred 

arental generations, as shown by the smaller coeffic- 

ients of variability. The differences between the 

coefficients are significant as they are larger than 

the maximum allowable error. The coefficient of 

ariability in this instance gives an index of the 

ariation or divergence of the different sheep within 

the same generation using the average fineness figure 

of all seven body areas. The F1 Generation were an 

excellent type of sheep being large in size and 

carrying a high yielding 58s -648 Quality fleece of 

staplellength. The F2 Generation tended to be smaller 

than the F1 Generation and had finer wool, in fact 

almost as fine as their Rambouillet grandparents. It 

is probable, however, that by selection the stock 

( breeder could keep wool fineness blended in cross 
1 

breeding operations, as has been done in practice. 

The Mele sheep mentioned by Thilo (1922) are a fine 

example,along with the Corriedale,,of how distinct 

types of wool can be bred and maintained from the same 

original parentage. The Corriedale was selected for 

a 568 Quality wool while the Mele, originally with a 

1 °taple" rs here used as a commercial word meaning 
wool of combing length. 
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ool type similar to the Corriedale, has been 

selected for a finer wool of 60s -64s quality. Range 

sheepmen of Wyoming have found in the last few years, 

that they can keep their flocks more uniform by 

dividing the breeding flock into three types of sheep; 

the fine, intermediate, and coarse woolled. By mat- 

ing each of the three types of ewes with the proper 

type of rams they can keep their flocks more uniform 

in fineness of fleece than they could by using the old 

system of alternately using fine and coarse woolled 

breeds of rams, changing the breed when they felt 

their flocks were becoming too fine or too coarse in 

fleece to suit environmental or market conditions. 

Inheritance of Density. 

Number of Fibres per half inch square surface of skin. 

The detailed data concerning the Inheritance 

of Density will be found in Tables 2 and 6 of the 

Appendix. The figures given below have been calcula- 

ted in a similar way to those given in the Fleece 

Fineness table in the preceding section. 

Average Density 
No. of Fibres. 

Coefficient 
of Variability 
Per cent. 

15* Rambouillet Sheep 6148 t 153 37.61 t 1.99 

14 Hampshire Sheep 2254 t 63 37.71 t 2.224 

14 F1 Generation Sheep 4003 t 97 23.91 t 1.217 

11* F2 Generation Sheep 3736 t 92 32.12 t 1.916 



 J . 

Both of the crossbred generations were 

intermediate in density as compared. with their 

urebred parental generations, showing a blended 

inheritance. There was no significant difference 

'between the F1 and F2 Generations. A statistical 

treatment of the data for the F1 Generation showed it 

to be definitely intermediate to its purebred parents 

for the differences in density were from five to 

seven times the maximum allowable error. A similar 

treatment of the data for the F2 Generation showed the 

differences from the grandparental generations to be 

from four to twelve times the maximum allowable error 

ain showing distinctive differences from both grand 

arental generations and denoting a uniformly blended 

inheritance of density. The figures for the 

coefficients of variability showed that the F1 

eneration did not have as great variation in density 

among the different individuals of the generation, as 

did the purebred or F2 generations, which bears out 

the same relationship as, was found in the study of 

fleece fineness. The variation differences between 

the purebred generations and the F2 Generation were 

ot significant, but the F1 Generation was significantly 

different from both the purebred and F2 generations. 

Inheritance of Staple Length 

Average Length of Staple in Inches 

The original data concerning the inheritance 
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of staple length will be found in Tables 3 and 6 of 

the Appendix. 

Staple Length 
in Inches 

Coefficient 
of Variability 

Per Cent 

15 Rambouillet Sheep 2.975 i .048 24.24 i 1.199 

14 Hampshire Sheep 3.478 .056 22.11 1.192 

14 F1 Generation Sheep 3.196 t .027 12.48 t 0.610 

11 F2 Generation Sheep 2.791 t .030 13.97 t 0.773 

The staple length in all individuals 

epresents twelve months of growth. Although there was 

of a great difference, it would seem that there was a 

slight tendency for the staple length to be 

intermediate in the F1 Generation and to become 

porter in the F2 Generation. A mathematical 

reatment of the differences showed the crossbred 

kenerations to differ from their purebred parents, the 

differences being from two to eight times the maximum 

llowable errors. In variation among the individual 

heep of each generation, the crossbred generations 

vere again more uniform than their purebred parental 

generations, the differences being five times as great 

Ls the maximum allowable error. 

Inheritance of Fibre Length 

Average Stretched Fibre Length in Inches 

The original data concerning the inheritance 

1)f fibre length will be found in Tables 4 and 6 of the 

Appendix, 



Fibre Length 
in Inches 

Coefficient 
of Variability 

Per Cent 

15`Ranbouillet Sheep 4.596 t .084 24.76 t 1.374 

14 Hampshire Sheep 5.364 t .097 24.22 t 1.357 

71'F1 Generation Sheep 4.271 ± .068 16.41 * 1.148 

11 F2 Generation Sheep 4.029 t .045 14.37 * 0.797 

Both of the crossbred generations had less 

length of fibre than their purebred parental 

generations. The differences were more significant in 

the F2 than in the F1 generation. The crossbred 

generations showed less variability, and the differences 

were quite significant being eight times the maximum 

allowable error. 

Inheritance of Crimp 

Number of Crimps per Inch 

The original data concerning the inheritance 

rf crimp will be found in Tables 5 and 6 of the 

Appendix. 

Number of 
Crimps per 

Inch 

Coefficient 
of Variability 

Per Cent 

15 Rambouiilet Sheep 15.346 t .249 24.50 t 1.213 

14 Hampshire Sheep 9.988 t .195 26.86 t 1.479 

14 F1 Generation Sheep 11.813 t .217 26.89 * 1.387 

11 F2 Generation Sheep 12.675 t .188 19.31 t 1.089 

Both of the crossbred generations were 

intermediate in crimp between their purebred parental 

generations. The differences were from three to six 

*Fiore length data for the other animals not available. 
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times the maximum allowable error, which indicated a 

definite blending. In uniformity between individuals 

of the same generation, the F2 Generation were much 

more uniform than either of the purebred generations 

or the F1 Generation. There was no significant 

difference between the Rambouillet, Hampshire, and 

J'1 Generations but the F2 Generation differed from the 

others by one and a half times the maximum allowable 

error. 

The Effect of the Breed of the Sire 

On Fleece Fineness of F1 Generation 

Mean Fineness 
.0001 Inch 

Coefficient 
of Variability 

2 Rambouillet Sires 8.076 t .091 6.22 t .797 

5 F1 Generation Sheep 8.072 ± .114 12.41 # 1.015 

4 Hampshire Dams 10.092 t .278 19.15 t 2.018 

2 Hampshire Sires 10.188 f .181 7.45 f 1.264 

9 Ti Generation Sheep 8.349 f .085 11.94 ± 0.727 

7 Rambouillet Dams 6.676 t .101 15.61 t 1.090 

Although the F1 Generation were intermediate 

in fleece fineness, still the Rambouillet wool type 

predominated. The differences were much smaller 

between the F1 Generation and their Rambouillet Sires 

or Dams than they were between the F1 Generation and 

their Hampshire Sires or Darns. The F2 Generation was 

almost as fine of fleece as their Rambouillet 
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randparents as is shown by the following figures: 

Mean Fineness 
.0001 Inch 

15 Rambouillet Srneep 

14 Hampshire Sheep 

14 F1 Generation Sheep 

11 F2 Generation Sheep 
i 

6.815 ,t .070 

9.212 f, .121 

8.250 t .069 

7.272 t .072 

The results obtained would indicate that the 

Rambouillet wool type predominated over the Hampshire 

wool type in this crossbreeding experiment. The 

Rambouillet sires had more influence on the crossbred 

generations than the Rambouillet dams. 

The F2 Generation individuals showed a very 

interesting separation of body and wool characters 

which are normally associated together. Three of the 

F2 Generation individuals, Ear Tag Nos. 422, 442, and 

443 are shown in Figures 3, 4, and 5. 

In F2 ewe No. 442 the Hampshire colour 

markings were most pronounced, yet the sloping rump an 

fine, dense wool of the Rambouillet were also con- 

spicuous. 

In F2 ewe No. 422 the head and colour marking4 

resembled the Hampshire; the body conformation was that 

of a Hampshire but the wool was similar to that of a 

Rambouillet. 

F2 ewe No. 443 had all the characteristics 

f a purebred Rambouillet, but the wool was coarser 

than either of the other ewes shown in the photographs. 



Figure No. 3. 

F2 EWE NO. 422 

Hampshire x Rambouillet. 

An Intermediate Type. 

Black Nose,Brown Ears,and Body Conformation of Hampshire. 

Fine Wool of Rambouillet. 

Photo by Courtesy of 

United States Department of Agriculture. 



Figure No. 4. 

F2 EWE NO. 442 

Hampshire x Rambouillet® 

Black Head,Ears and Legs of Hampshire. 

Sloping Rump and Fine,Dense Wool of Rambouillet. 

Photo by Courtesy of 

United States Department of Agriculture. 



Figure No 5. 

2 

Hampshire x Rambouillet 

Shows Remarkable Similarity in Conformation 

and Wool Type to a Purebred Rampouillet, 

Photo by Courtesy of 

United States Department of Agriculture. 
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Secrep'ation of Body %i,nd Fleece Characters, 

A compilation of -the averages of seven body 

reas for two fleeces for each of the ewes shown in 

he photographs gave the following average figures for 

leece fineness and density: 

Mean Fineness 
.0001 Inch 

Average Density 
No. of fibres per 
* inch square of 
skin surface 

F2 Ewe No. 442 6.150 4144 

F2 Ewe No. 422 6.976 3495 

F2 Ewe No. 443 7.466 3522 

The wedge shaped appearance of the staples 

f wool 6n F2 Ewe No. 442 would indicate a fleece of 

reat density which fact is confirmed by the laborator 

rialysis. The other two fleeces are more difficult to 

udge by eye but both show a fine wool character. 

Body and fleece characters were not infierite 

B unit characters for the Hampshire body appeared wit 

fleeces 

Variation in Fleece Fárieness from Year to Year. 

Data on fineness were available for the firs 

scond, and third fleeces of five crossbred ewes of th 

1 Generation. 

First 

Second 

Third 

Fleece 

Fleece 

Fleece 

Mean Fineness 
.0001 Inch 

Coefficient 
of Variability 

Per Cent 

7.903 t .067 

7.286 ± .102 

7.192 ± .106 

7.43 i ..603 

12.30 t 1.007 

12.97 t 1.064 
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The second and third fleeces were finer than 

the first fleece and the differences were significant. 

However, the maximum difference (.711) was much 

smaller than the differences in fineness between the 

purebred and crossbred generations ( .459 to 1.938 ) 

except in the single instance of the F2 Generation 

approaching so closely in fineness their Rambouillet 

grandparent s. 

Variation in Fleece Density from Year to Year 

Average Density 
Number of Fibres 
per half -inch 
square of skin area 

Coefficient 
of Variability 

Per Cent 

First Fleece 4713 t 167 31.15 t 2.745 

Second Fleece 4378 ± 165 33.12 t 2.948 

Third Fleece 4168 t 171 36.01 t 3.257 

The differences in density were not as 

large as the maximum allowable error and it would not 

make a great difference which fleece were used in 

making a study of the inheritance of density. 

Only one of the original purebreds was 

available for study when the writer took over the 

experiment. This animal was Rambouillet Ewe No. 116 

and data were available on her second and sixth 

fleeces. 
T,h.e figures given here are the averages of 

seven body areas. 
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Mean Fineness 
.0001 Inch 

Coefficient 
of Variability 

Per Cent 

Second Fleece 7.113 ± .127 6.97 ± 1.262 

Sixth Fleece 5.500 1 .152 10.85 1 1.980 

The difference in fineness is considerably 

larger than the maximum allowable error showing a 

decided tendency for the fleece to become finer as the 

animal increases in age. 

A study was also made of the relationship 

cf density of wool to the age of the sheep using the 

samples from Rambouillet Ewe No. 116. 

Average Density 
Number of Fibres 
per half -inch 
square of skin area 

Coefficient 
of Variability 

Per Cent 

Second Fleece 

Sixth. Fleece 

7545 t 570 

5841 t 553 

29.61 t 5.785 

37.12 ± 7.562 

The maximum allowable error is as great as 

the difference in density so there is no significant 

difference in density in this ewe between the second 

and sixth fleeces. In looking over the coefficient of 

variability f Lures the interesting fact is observed 

that as the fleeces become finer they also become more 

variable. 

The Rela.tionshila between Crimp and Fineness of Fleece 

The data in the following table is taken 

from the fleece samples of all of the crossbred. and 

purebred sheep included in this experiment. 
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The Relationship between Crimp and Fineness of Fleece. 

Fineness 
.0001 
Inch 

3 4 5 6 7 8 9 10 11 12 13 14 15 Total 

Crimps 
per 
Inch 

4 2 2 2 6 4 1 17 

6 2 1 6 7 4 6 4 2 32 

6 1 3 1 7 10 15 16 13 4 2 72 

10 2 8 17 37 27 27 22 8 5 2 1 156 

12 1 11 17 37 48 30 31 10 3 5 5 1 199 

14 5 13 19 48 51 33 20 8 1 198 

16 1 4 11 27 38 31 9 4 1 126 

18 12 23 35 11 7 2 90 

20 12 16 17 5 5 

22 1 4 12 6 1 1 25 

24 6 3 2 11 

26 2 1 1 4 

28 1 2 3 

30 1 1 

32 1 1 

34 0 

36 1 1 

38 1 1 

40 1 1 

Total 4 40 99 165 119 63 33 24 15 3 996 
137 188 106 

Coefficient of Correlation -.6563 ± .012 
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There is a very high negative coefficient of 

correlation (.6563) which indicates a very strong 

tendency for the fineness of fleece to decrease as the 

umber of crimps increase and vice versa. The 

elliptical shape of the data on the table gives a fine 

illustration of the so- called "swarm", typical of a 

negative correlation. The elliptical "swarm" of a 

egative correlation lies from the lower left hand 

corner to the upper right hand corner of a correlation 

table. Similarly the elliptical "swarm" of a positive 

orrelation lies from the upper left hand corner to 

he lower right hand corner. When there is no 

efinite correlation the "swarm" becomes circular 

rather than elliptical in outline and lies in the 

enter of the correlation table. 

CONCLUSIONS 

Inheritance of Fleece Fineness 

The results obtained are shown graphically 

in Chart One on an adjacent page. These results are 

in agreement with the published results of Kronacher 

1925,1926), Terho (1923), and Pauly (1919) in that 

there was a blended inheritance in the F1 Generation. 

The fine wool type of the Rambouillet predominated in 

the F2 Generation. 

Inheritance of Fleece Density 

The results obtained are shown graphically in 

Chart Two on an adjacent page. Both crossbred 



55. 

generations were intermediate in fleece density, 

howing a typical blended inheritance. These results 

ave been confirmed by Froelich, Spoettel, and Taenzer 

1929) who quote from an unpublished paper of Burns. 

Inheritance of Stapie Length. 

The results obtained are shown graphically 

kn Chart Three on Page 56. The Fi Generation were 

. ntermediate while the F2 Generation were shorter 

in staple than their Rambouillet grandparents. 

Inheritance of Fibre Length. 

The results obtained are shown graphically 

xn Chart Four on Page 57. Both of the crossbred 

generations had shorter length of fibre than either 

óf their parental generations. 

Inheritance of Crimp. 

The results obtained are shown graphically 

in Chart Five on Page 58. Both of the crossbred 

generations were intermediate to their purebred parental 

generations in the number of crimps per inch, showing 

a definite blended inheritance. 

The Effect of Breed of Sire on Fleece Fineness. 

The results obtained are shown graphically in 

Chart Six on Page 59. Davenport and Ritzman (1928) 

reported in their crossbreeding work with Hampshires 

and Ra,mbouillets that the Hampshire wood. type pre- 

dominated in the F1 Generation. The results at 

Wyoming are contradictory to those obtained by 
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CHART ONE 

INHERITANCE OF FLEECE FINENESS 

Hampshire x Rambouillet. 

.0001 Inch Units 

8.250 

9.212 

7.274 
6.815 

ambouillet F1 Generation F2 Generation Hampshire 
Parents Parents 
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CHART TWO 

INHERITANCE OF FLEECE DENSITY 

Hampshire x Rambouillet. 

Number of Fibres per half inch 
square Area of Skin Surface 

_10000 

-9000 

-8000 

..7000 

6148 
_6000 

_5000 

4003 _ 4000 
3736 

__ 3000 

2254 
-2000 

__1000 

Rambouillet F1 Generation F2 Generation Hampshire 
Parents Parents 
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CHART THREE 

INHERITANVCE OF STAPLE LENGTH 

Hampshire x Rambouillet. 

Inches 

_5 

4 

3.478 

3.196 

2.975 -3 
2.791 

aNI, 

..1 

Rambouillet F1 Generation F2 Generation Hampshire 
Parents Parents 
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CHART FOUR 

INHERITANCE OF FIBRE LENGTH 

Hampshire x Rambouillet. 

Inches 

4.271 

___ 6 

e 5 

_ 4 

- 3 

2 

4.029 

5.364 

Rambouillet F1 Generation F2 Generation Hampshire 
Parents Parents 
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CHART FIVE 

INHERITANCE OF CRIMP 

Hampshire x Rambouillet. 

Number of Crimps per Half Inch 

11.816 

...16 

T15 

_14 

,13 

4.12 

_11 

_10 

_ 9 

8 

_ 7 

_ 6 

s 5 

_ 4 

_ 3 

_ 2 

_ 1 

12.675 

9.988 

lambouillet 
Parents 

F1 Generation F2 Generation Hampshire 
Parents 



CHART SIX 

EF 'EC'1` OF BREED OF SIRE ON 

r'LEECE FINENESS OF F1 GENERATION 

Hampshire x Rambouillet. 

.0001 Inch Units 

rp8hire 
Sire 

F1 Rambouillet 
Generation Dam 

Rambouillet F1 Hampshire 
Sire Generation Darn 
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Davenport and Ritzman. However, Davenport and Ritz - 

man used only Hampshire sires while both Hampshire 

and Rambouillet sires were used at Wyoming. In 

neither of the crossbred. generations was fleece f ine-- 

ness of the first filial generation nearer to the 

Hampshire parentage than to the Rambouillet parentage, 

and when Rambouillet sires were used the crossbred 

generation were as fine as their sires. It would seem 

more probable that the wool type of the Rambouillet, 

which has been bred since its origin, with particular 

attention to wool as well as to carcass, should be a 

more nrepotent type than that of the Hampshire which 

has received little attention in that mutton type is 

much more important than wool type. 

The results of Kronacher, heretofor referred 

to, confirm the results obtained. at Wyoming, in that 

the Merino wool type appeared dominant to the Leices- 

ter; for the Mele sheep were much nearer in wool fine- 

ness to their Merino parentage than to their Leicester 

rogenitors. 

Belehov and Reinbot (1928) in their experi- 

!nents using Hampshire sires on Merino ewes, found that 

the Merino wool type predominated. in the first filial 

eneration, thus supporting the results obtained. at 

;yarning. 
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Variation in Fleece Fineness from Year to Year 

The results obtained are shown graphically 

in Chart Seven. The often repeated observation that 

a sheep's fleece becomes finer as the animal grows 

older is confirmed by the results of this experiment. 

The refinement of fleece is particularly striking in 

the case of the Rambouillet Ewe No. 116. 

Variation in Fleece Density from Year to Year. 

The results obtained are shown graphically 

in Chart Eight. As the age increases the density of 

fleece decreases. 

The Relation of Crimp to Fineness. 

The high negative correlation confirms the 

results reported by Huitz (1927) and contradicts the 

published results of Vältz (1921). V6ltz only worked 

with a few fibres. The writer found little correl- 

ation in certain sets of 100 fibres, but the greater 

majority of fibres showed a definite relationship 

which was reflected in the rather high correlation 

coefficient obtained with the entire lot of fibres. 
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CHART SEVEN 

VARIATION IN FLEECE FINENESS FROM YEAR TO YEAR 

Hampshire x Rambouillet. 

.0001 Inch Units 

7.286 7.192 

_8 

_7 

_6 

r5 

_4 

,3 

,2 

7.113 

5.500 

First Second 
Fleece Fleece 

Five F1 Ewes 

Third Second Sixth 
Fleece Fleece Fleece 

Rambouillet Ewe No. 116 
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CHART EIGHT 

VARIATION IN FLEECE DENSITY FROM YEAR TO YEAR 

Hampshire x Rambouillet. 

Number of Fibres per half inch 
square Area of Skin Surface 

4378 
4168 

°8000 

_7000 

-_6000 

_5000 

_4000 

3000 

_2000 

_1000 

7545 

-4 

irst Second Third 
'leece Fleece Fleece 

Five F1 Ewes 

Second Sixth 
Fleece Fleece 

Ramoouillet we Nc. 11S 
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SUMMARY. 

1. The result of the measurement of finenes 

f fleece indicates that it acts as a multiple factor 

n fleece inheritance. 

2. In the crossbred generations fineness 

of fleece blended in the First Filial (F1) generation 

and segregated cleanly to the fine wool parentage in 

the Second Filial (F2) generation. 

3. In the crossbred generations density of 

leece blended in both First Filial (F1) and Second 

iliaal (F2) generations, there being no significant 

endency for either of the crossbred generations to 

= pproach the parental types. 

4. The staple length in all of the sheep 

studied was about the same for the 12 months growth. 

5. The crossbred generations did not have 

6.s great a fibre length as their purebred parents. 

6. The crossbred generations were inter- 

ediate in number of crimps per inch to their pure- 

red parents. The Second Filial (F2) generation had 

ore crimps per inch than the First Filial (F1) gener- 

tion. 

7. Rambouillet sires have more influence 

on the First Filial generation than do Hampshire 

öres as regards fineness of fleece. 

8. A sheep's fleece has a tendency to be- 

come finer as the individual increases in age. 
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PICTORIAL SUPPLEMENT, 

Illustrating 

Visual Body and Fleece Characters 

of the Parental and Crossbred 

Generations of the Hampshire- 

Rambouillet Crossbred Sheep used 

in the Wool Inheritance Experiment. 



Figure No. 6. 

Hampshire Ewe. 

Photo by Courtesy of 

the 

University of Wyoming. 



Figure No. 7. 

Rambouillet Ram. 

Photo by Courtesy of 

The 

University of Wyoming. 



Figure No. 8. 

F1 RAM NO. 268 

HAMPSHIRE x RAMBOUILLET 

ONE OF THE SIRES OF THE F2 GENERATION 



Figure No. 9. 

F1 RAM NO. 274 

HAMPSHIRE x RAMBOUILLET 

ONE OF THE SIRES OF THE F2 GENERATION 



Figure No. 10. 

TWO TYPICAL F1 EWES 

HAMPSHIRE x RAIIiBOUILLET 

Figure No. 11. 



Figure No. 12; 

LAMBS OF THE F2 GENERATION 

Hampshire x Rambouillet 

Note various types of heads from 

Typical Rambouillet to Hampshire. 

Photo by Courtesy of 

United States Department of Agriculture. 



Figure No. 13. 

LAMBS OF THE 2 

Hampshire x Rambouillet. 

The apron -like fold of Rambouillet appears 

combined with Hampshire head and body characters. 

Photo by Courtesy of 

United States Department of Agriculture. 



FiR.ure No. 14. 

THE F2 GENERATION 

Hampshire x Rambouillet. 

The largest F2 lamb compared with a 

purebred Hampshire lamb of the same age. 
Front View 

Photo by Courtesy of 

United States Department of Agriculture. 



Figure No, 15. 

THE F2 GENERATION 

Hampshire x Ram0ouillet. 

The largest F2 lamb compared with a 

purebred Hampshire lamb of the same age. 

Side View. 

Photo by Courtesy of 

United States Department of Agriculture. 



Figure No. 16. 

ONE OF THE 2 

Hampshire x Rambouillet. 

Showing both Hampshire and Rambouillet 
characters. 

Photo by Courtesy of 

United States Department of Agriculture. 



Figure No. 17. 

THREE LAMBS OF THE F2 GENERATION 

Hampshire x Rambouillet. 

Showing Variation in Head and Body Type. 

Photo by Courtesy of 

United States Department of Agriculture. 
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Appendix. 

TABLE NO. 1. 

STUDIES IN THE INHERITANCE OF FINENESS. 

Aveof seven soles from each animal. 

BREED SEX 
Numb e 
of 

Sheet) 

Average 
Fineness 
in .0001 
Inch 

FINENESS 

Maximum Minimum --- 
Rambouillet Ewes 13 6.619 1.080 9.57 4.39 

Rambouillet Rams 2 8.076j.091 9.03 7.99 

All Rwbouillets 15 6.315 i.078 9.57 4.69 

Hampshire Ewes 12 9.112 1.130 13.08 5.91 

Hampshire Rams 2 O.138 ±.181 11.52 9.45 
, 

All Hampshires 14 2.212 ±.121 13.08 5.91 

F1 Genera- Ewes 
tion. 

10 7.929 ±.076 10.66 6,13 

F1 Genera- Rams 
tion. 

4 9.053 ±.085 10.56 7.95 

All F1 Genera- 
tion. 

14 8.250 ±.069 10.66 3.13 

F2 Genera- Ewes 
tion. 

7 7.466 ±.084 9.45 5.39 

F2 Genera- Rams 
tion. 

4 6.939 .1..21 8.64 5.21 

Al). F2 Genera- 
tion. 

11 7.274 t.072 9.45 5.21 ( 
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Appendix. 

TABLE NO. 2. 

STUDIES ON THE INHERITANCE OF DENSITY. 

Aver.tze 

BREED SEX 

of seven 
Number 
of 
Sheep 

samoles from each animal. 
Average 
Number 
of fibres 
per 1/2 
in. sq. 
of skin. 

DENSITY 
Maximum Mini/ 

Rambouillet Ewes 

Rambouillet Rams 

All Rambouillets 

Hampshire Ewes 

Hampshire Rams 

All Hampshires 

F1 Cl.enerE.- Ewes 
tien 

F1 Genera- Raras 
tien 

13 

2 

15 

12 

2 

14 

10 

4 

6245i. 166 13984 2643 

5522± 340 

6148 ± 153 

2272±. 66 

2054± 160 

2254± 63 

4188± 123 

3543i 122 

All F1 Generation 14 40031 97 

2 Genera- Ewes 
tion 

7 3725 ± 121 

2 Genera- Rams 
Tion. 

4 3755± 139 

All F2 Generations 11 3736 92 

11059 2376 

13984 2376 

6146 650 

2932 1079 

6146 650 

8394 1375 

5732 1655 

0394 1375 

6930 1346 

5934 1692 

6930 1348 

......7 
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Appendix., 

TABLE NO. 3. 

. STUDIES ON THE INHERITANCE OF STAPLE LENGTH 

Breed Sex 
Number 
of 
sheer 

Av.Starle 
12th. 12 
mos.perovrth 

STAPLE LENGTH 

Maximum i.inimuzn 

eMbouillet Ewes 13 2.989 1.052 5.0 1.5 

kambouillet Rams 2 2.886 1.103 3.5 2.0 

All Rambouillets 15 2.975 1.048 5.0 1.5 

lampshire Ewes 12 3.576 i.056 5.5 2.0 

iampshire Rams 2 2.525 1.075 7.0 2.0 

All Hampshires 14 3.478 1.056 5.5 2.0 

I Genera- Ewes 
tion 

10 3.200 1.031 4.0 2.3 

i Genera- Rams 
tion 

4 3.186 1.052 4.0 

___ 

2.1 

All Fi Generation 14 3.196 1.027 4.0 2.1 

2 Genera- Ewes 
tion 

7 2.855 £.033 3.5 2.0 

2 Genera- Rams 
tion 

4 2.679 1.057 3.3 1.7 

All F2 Generation 11 2.791 i.030 

_.... 

3.5 7 7 
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Appen(fix. 

TABLE NC. 4. 

STUDIES CN THE INHERITANCE CF FIBRE LENGTH 

Average of Seven Samples from Each 
Animal. 

BREEDS SEX 
Number 
of 
sheen. 

Average 
Fibre FIBRE LENGTH 
lgth. 12 
mos.c:crowth Maxium Minimum 

Rambouillet Ewes 11 4.667 1.089 7.7 2.7 

Rambouillet Rams 2 3.829.i.174 4.7 2.7 

All Rambouillets 13 4.596 1.084 7.7 2.7 

Hampshire Ewes 12 5.452 1.103 8.0 3.5 

Hampshire R:.=,s 2 4.563 1.235 6.3 3.1 

All Hampshires 14 5.364 1..097 8.0 3.1 

Genera- Ewes 
tion 

10 4.374 1.069 6.3 2.5 

F1 Genera- Rams 
tion 

4 3.657 1.143 4.3 2.5 

All F1 Generation 14 4.271 1.068 6.3 2.5 

2 Genera- Ewes 
tion 

7 4.129 1.045 5.2 3.0 

2 Genera- Rams 
tion 

4 3.854 1.089 5.0 2.3 

All F2 Generation 11 4.029 £045 5.2 2.3 
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Appenc7ix. 

TABLE NO. 5. 

STUDIES 0N THE INHERITANCE OF CRIMP. 

MRD SEX 
Number 
of 
sheep 

Av el ag e 
numb. of CRIMPS PER INCH 
crimps - per' 
inch. CaximuMinim um 

Rambouillet Ewes 13 15.178 I. 767 28 9 

Rambouillet Rams 2 16 . 429 1.642 20 io -,, 

8 

, 
, 

All Rambouillet s 15 15. 346 1. 249 28 

Hampshire Ewes 12 10.013 1. 207 16 

Hampshire Rams 4., 2 9.750 1.556 14 6 

All Hamp shires 14 9.988 i.195 16 6 

Fl generation Ewes 10 11.543 /. 220 20 , 
o 

F1 Generation Rems 4 

14 

12. 500 4... 512 22 5 

All F1 Generations 11.816 I. 217 22 6 

F2 Generation Ewes 7 12.449 I. 200 16 8 

F2 aenerat ion Rams /.1. 13.071 L. 376 18 8 

Al]. F2 Generations 11 12.0751.11S 18 8 



INDEX 

APPEI4DIX TABLE A)S. 6 and 7. 

(As Apoendix Tables Nos. 6 and 7 are 
arranged oy creeds out not chronolog- 
ically, the following index, will prove 
useful in referring to the fleece meas- 
urements of individual sheep.) 

Teed Ear Tag 
'No. 

Sex Fleece Pay" No. 
Table 6, Table 7 

IAMPSHIRE 114 Ewe 1922 81 96 
Il 163 Ewe 1921 83 
Il 164 " 1921 82 

170 " 1921 82 
H 35821 Ram 1923 83 

li 

36236 
58094 

" 

Ewe 
1922 
1921 

83 
80 

,J-, ,..) 

II 68693 " 1921 82 
u 68697 " 1921 81 
It 68699 " 1921 82 
u 68707 " 1921 81 
It 72598 " 1921 82 
Il 72600 " 1921 81 
U 72600 " 1922 81 96 
u 82548 " 1923 81 

RAMBOUILLET CSA 5 " 1921 77 
u CSA 12 " 1921 78 94 
u CSA 12 " 1922 78 94 
u CSA 16 " 1921 80 95 
u 116 u 1921 78 
II 

116 " 1925 78 95 
u 116 u 1926 78 95 
II 122 " 1921 77 
II 149 " 1921 79 
it 

151 " 1921 77 
u 

207 Is 1922 79 94 
Il 

210 u 1921 77 
Il 

!I 

u 

H 

5065 
5065 
5163 
5380 

" 

" 

" 

" 

1921 
1926 
1921 
1921 

79 
80 
77 
79 

95 
95 

Il 

5453 " 1921 79 
" 

il 

n 

116838 
116838 

Ram 
u 

1921 
1922 80 

94 

vflIBT 
132649 u 1921 80 

FILIAL 

1UMRATION 
II 

263 Ewe 1923 87 

u 
263 " 1924 87 101 

ti 

264 " 1923 86 100 
264 u 1924 87 100 

u 
265 " 1923 87 100 
265 " 1924 87 100 
266 Wether 1923 88 



INDES 

APPENDIX TABLE NOS. 6 and 7 

(Continued) 

ecl Ear Tag 
No . 

Sex Fleece Page No. 
_ _ Tale 6. 'Table 7. 

1ST 

[LIAL 
=RATION 267 Ewe 1923 L 

n 267 " 1924 88 99 
" 267 It 1925 88 100 
" 268 Ram 1923 89 
"" 268 " 1925. 89 
"" 273 Ewe 1923 86 97 
It 273 " 1924 86 97 
"" 273 " 1925 86 97 
" 274 Ram 1923 89 96 
" 274 " 1925 89 96 
u 282 Ewe 1923 83 99 
"" 282 " 1924 83 99 
" 285 " 1923 85 
"" 285 " 1924 85 98 
t1 285 " 1925 85 98 
"" 286 " 1923 85 
's 286 "" 1924 85 99 
" 286 " 1925 86 99 
" 288 " 1923 84 
is 288 "i 1924 84 98 
" 288 " 1925 84 98 
" 290 " 1923 84 97 
" 290 " 1924 84 98 
" 292 Wether 1923 88 

COND FILIAL 
ENERATION 421 Ewe 1925 91 103 0 42 " 1926 91 103 

it 422 " 1925 90 102 
11 422 " 1926 90 102 
" 423 Wether 1925 92 101 
ss 424 Ewe 1925 90 101 
'" 424 " 1926 90 102 

425 Wether 1925 92 104 
1° 429 Ewe 1925 92 103 
si 

429 it 1926 92 103 
433 " 1925 91 103 

" 434 Wether 
's Fleece Samples 1925 92 104 
" Pelt Samples 1925 93 104 
" 436 Wether 1925 93 104 
"" 442 Ewe 1925 89 101 
" 442 "" 1926 90 101 
" 443 " 1925 91 102 
it 

443 " 1926 91 102 
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4yv;;Qndi. 

TABLE NO. 6. 

Breed 

and No. 

R-151 -,,:,.e 
: 

Year 
Sample 
Location 

1921 Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
7,-, ck 

Avere.ae 

R-210 Ewe 

Staple Fibre 
l Fngth length 
_n in 
inches. inches 

2.3 
3.1 
3.3 
2.3 
3.4 
3.0 
2.0 

..,nY -.: 
.. t,i 

1921 T^°oulder 
Side 
Back 
Belly 
Hip zp 
Thigh 
,,:^: 

3.0 
2.7 
2.5 
2.1 
3.0 
3.0 
2 .. 7 

Avera-_ c es 2.7 

R-122 DvvG 18 21 Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 

Ayea' AJe U:F 

R-5133 

Av..._ era cre 

s ai7, 1 e s 

3.0 
2.7 
2.5 
3.0 
3.3 
2.5 
7 

4.5 
5.3 
5.7 
5.7 
5.7 
5.3 
3.3 r 

CximpsDensity 
per (No. 
inch. Fibres 

.o er Tr 

fin. sq. 
of skin 

21 
16 
14 
16 
16 
12 
12 

1 r 7 . 

4726 
9094 
7484 
2745 
5615 
1365 
0005 
6005 

Mean Fin( 
ness in 
ten thou: 
aneths of 
an inch. 

7.83 
4.69 
4.72 
5.43 
5.64 
8.99 
5.10 
6.06 

4.5 
3.7 
3.3 
3.6 
4.1 
4.3 
e_ 7 

1.5 

l3 
19 
2,1 

17 
10 
18 

5324 
5260 
5538 
4605 
9021 
4137 
4716 

5.88 
7.40 
6.46 
7.03 
6.59 
9.60 
7.22 

,^1 
. LI 

R-OSA 5 E?P; e 

Avera`- 

Shouter 
Side 
Back 
Belly 
Hip 
Thigh 

7 smnles 

1091 

3.5 . . 

3.5 
3.5 
3.0 
3.5 
2.7 
3 

.0 

4.5 
4.5 
4.0 
4.5 
4.5 
4.0 
( F 

3086 7.31 

13 
20 

16 
15 

16.6 

0.0 
4.7 
5.5 
4.7 
5.3 
4.3 

3.3 5.1 

Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

s a,n-- l e s 

2.5 
2.7 
2.3 
2.5 
2.5 
2.5 
2.3 
2.5 

0032 
3300 
8200 
4085 
6159 
4600 

6282 

22 2991 
23 ,.0432 
21 
'19 

18 
17 

6281 
5295 
8591 
9553 
547 
8374 

6.42 
6.27 
8.59 
6.93 
6.00 
7.71 

6.97 

6.36 
6.40 
6.33 
6.26 
5.88 
6.37 

14 
14 
12 
12 
16 
12 
14 

0.4 

5792 
687 
7786 
5857 
3982 
5306 
B245 
n 3379 

7.31 
6.58 
6.94 
7.40 
6.57 
8.19 
,7_äá 

7.14 

* R'Rambouillet H- Hampshire F1 -First Crossbred Gener 
F2 -2nd Crossbred Generation. 

tion 
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Appendix.. 

TABLE NO. 6. 

---,- 
3reed 

aid No. Sex Yea.:. 

Sample 
Location 

Staple 
length 
in 
inches. 

Fibre 
length 
in 
inches 

CrimpaJDensity 
per 
inch. 

. 

(No. 
1 

fibres 
per -4 

in. ici. 

of skin 

mei:171.-YTT 

ness inl 
ten thou 
andths o 
an inch 

1 

1...C.SA12 Ewe 1927. Shoulder 3.1 4.5 20 5876 5.47 
Side 2.7 4.3 20 5664 5.77 
Back 2.5 3.6 14 5979 5.20 
Belly 2.5 4.1 16 2785 5.99 
Hip 2.6 3.7 16 4615 5.54 
Thigh 2.6 3.9 16 5130 6.36 
Dock 2.3 3.1 12 3193 6.23 

Average of 7 samples 2.6 .,, 70.3 5177 5.79 

R,CSA12 Ewe 1922 Shoulder 3.0 3.9 20 7735 6.60 
Side 2.9 4.7 22 5505 7.70 
Back 2.7 4.3 22 10240 6.27 
Belly 3.0 3.5 16 4353 8.34 
Hip 2.6 3.3 10 6143 6.74 
Thigh 2.5 3.7 18 - 5391 8.39 
,Dnek 2.4 2.7 10 )7576 6.88 

Average of 7 samples 2.7 3.7 16.9 13135 7.27 

1-116 Ewe 1921 Shoulder 3.0 4.5 21 7941 6.96 
Side 3.0 4.7 14 3477 7.60 
Back 2.5 4.0 18 3900 6.42 
Belly 2.7 47 19 5100 7.03 
Hip 2.5 4.0 13 3145 6.67 
Thigh 2.7 4.3 12 5818 8.00 
Dock 2.5 4.3 12 324.35 7.11 

Average of 7 samples 2.7 4.4 15.6 7545 7.11 

R-116 Ewe 1925 Shoulder 2.4 3.3 18 8426 5.07 
Side 2.2 3.0 16 0275 5.41 
Back 2.0 2.7 14 5603 4.71 
Belly 1.0 4.1 18 3477 6.36 
Hip 2.0 2.9 16 5427 4.90 
Thigh 2.0 2.4 16 3014 6.14 
Dock 1.6 2.9 10 5567 5.91 

......437LeFa,:feof 7 samples 2.0 3.0 15.4 15827 5.50 

11-116 El7e 1926 Shoulder 2.6 3.5 13 3400 5.75 
Belly 2.2 3.3 13 3874 6.79 
Thigh 2.2 3.4 12 5820 6.41 

-....4e of 3 samples, 2.3 3.4 12.7 17031 6.32 

e- 

s- 
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Aptendix. 

TABLE NO. 6. 

reed 
.d No. Sex Year 

StaTDle 4,11ore Orimp-Density Mean 
1 

Sample length length per (No. ', Fineness 
Location in in inch. Fibres in ten 1 

inches inches per 11, thousandths 
in. q. of an inch 
of skin 

1-207 we 1222 Shoulder 2.5 4.3 18 13004 5.12 
Side 2.4 3.5 20 6467 5.34 
Beck 2.5 3.7 20 10225 5.14 
Belly 2.4 5.3 16 4494 3.52 
Hip 2.5 7.5 18 4690 5.47 
Thigh 2.6 4.7 14 7209 3.52 
Dock 2.3 3.0 lz 11708 6.34 

Avere2e of 7 sam.oles 2.5 4.0 6.0 6428 5.79 

1-5453 Ewe 1921 Shoulder 4.5 
Side 4.0 
Back 4.0 
Belly 3.3 
Hip 4.0 
Thigh. 3.7 
I. 

Average of 7 samples 

R-5380 Ewe 1221 Shoulde 
Side 
Back 
Belly 
Hip 
Thigh 

ok 
Average of 7 samoles 

-149 Ewe 1921 Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

Avera7e of 6 samples 

3 

3.9 

4.5 
3.7 
4.5 
3.3 
4.0 
4.5 
4 0 

4.1 

2.7 
2.5 
2.7 
2.5 
2.5 
2.5 
2.6 

14 7543 7.40 
14 7756 3.35 
12 4866 3.12 
12 3088 9.08 
12 4131 7.11 
12 5222 6.86 
12 73031 - 
2.6 5701 7.07 

7.7 
3.5 
6.5 
7.3 
8.0 
3.7 
7.0 

-5065 Ewe 1221 Shoulder 
Side 
Beck 
Belly 
Hip 
Thigh 
Df- 

verao'e of 7 samnles 

5.0 
4.8 
4.0 
3.5 
4.5 
4.5 
40 

7.1 

14 

14 
II 
12 
10 
10 
7.4 

5.0 
4.0 
4.0 
4.0 
4.5 
7 

4.2 

7.0 
3.5 
5.5 
4.8 
5.8 
5.5 
53 
5.5 

19 
17 
19 
19 
17 
13 

4401 
6434 
4832 
6588 
5194 
3950 
3570, 
5424 

6550 
7438 
L0259 
6300 
5558 
5828 
6937 

9.07 
8.90 
7.28 
7.98 
3.20 
9.57 
2.07 
.72 

6.63 
5.80 
5.43 
p. 3.43 
6.67 
6.57 

14 
10 
9 

10 
9 

11 

44-07 

3412 
4481 
3804 
3153 
4487 
z-76P 

5.99 
3.04 
6.22 
t. 3.3A 
6.86 
0.46 

4073 6.23 



81-01 :ETE 
80'21 
4401 
WO' 
t6'6 
tg'S 
29'6 
t6'8 

4102 
181 
t,va 

tp,o6 

696z 
1292 

ccz2 

98 0f7 

01 
ot 
8 

a 

884 
102 
402 

OS *4 

Ig'S 

62'1. 

G6'4 

42'2 

9922 
9itt 
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Appendix. 

TABLE NO. 6. 

6c,mple 
.LocatiUr 

H-72600 Ewe 1221 Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

úaY,? e-Pzbre 
,. cntk:, length 
In in 
::.nchew inches 

. 
3.0 
3.0 
2.7 
3.0 
3.5 
3.0 

CrimpsDensity 
per (111o.1 

inch Fibres 
,a 

in.. e . 

of skin 

Me:i eini e 
ness in 
ten thous- 
andths of 
an inch 

5.0 
4.0 
4.5 
4.3 
4.0 

5.0 
4.0 

10 

8 

8 

8 

10 

3325 
2385 
3619 
2821 
2110 
2643 
1245 

nn 

8.16 
8.14 
8.1.4. 

8.77 
9.84 
7.98 

Avera- e of 7 sa mnles 

-72600 Ere 1922 Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

Averao' e of 7 samoles 

3.1 .4 9 1 2593 8.44 

-82548 Ewe 1923 Shoulder 

v.l,J 

2.5 
3.0 
2.6 
2.7 
2.9 
2.7 
2.8 

n 

A 
/ 

` . 5 
4.3 
5.3 

n 4.3 
4.7 
3.5 
4.4 

14 
10 
10 
6 

14 
10 

8 
10.3 

3900 
1581 
4306 
1787 
2857 
1299 
3744 
2782 

3.2 

H -68697 Ewe 1921 Shoulder. 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

Avera.e of 7 sanp1es 

-68707 Ewe 1921 Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

of 7 semles A v re ae 
H-114 Ewe 1922 Shoulder 

Side 
Back 
Belly 
Hip 
Thigh 
Dock 

Aueraa 
e of 7 samples 

4.0 
4.5 
5.0 
2.0 
4.3 
4.3 
5.5 
4.2 

4.0 
3.5 
3.5 
2.7 
3.0 
3.0 
2.7 
3.2 

3.3 
2.8 
3.3 
2.8 
3.1 
2.5 
3.0 
3.0 

4.8 

5.0 
6.0 
7.4 
5.5 
6.5 
6.3 
6.7 
6.2 

6.0 
5.5 
6.0 
5.3 
5.0 
5.0 
5.5 
5.5 

4.9 

4,5 
4.7 
4.1 
4.3 
4.1 
4.Î 
4.4 

8 

7.97 
8.36 
6.40 
9.93 
8.09 
9.30 
9.21 
8.75 

10.10 

10 
9 
8 
6 

7 

7 

,-, 

2792 
1705 
1417 
771 
900 
1357 
1960 
1557 

12.07 
11.59 
11.43 
11..63 
11.34 
13.47 
12.89 
12.06 

10 
10 
12 
14 
10 
6 

7 

9.9 

16 
12 
1.4 

12 
14 
14 
10 

13.1 

6146 
1715 
2512 
1164 
2169 
3026 
2364 
2728 

i 

3069 
1088 
2748 
1260 
1891 
1409 
1830 
1899 

7.11 
8.23 
7.68 
6.70 
8.63 
8.10 
9.78 
3.03 

6.23 
7.21 
6.68 
7.83 
7.37 
7.99 
8.73 
7.43 
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83. 

Appendix. 

TABLE NC. 6. 

Breed 
and No. Sex Year 

Sample 
Location 

-163 Ewe 1921 Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

Average of 7 samples 

-35821 Ram *192 Shoulder 
No. 1 
Shoulder 
No. 2 
Shoulder 
No. 3 

Averave of 3 samples 

1.36236 Ram 1922 Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

Averacre of 7 samples 

71-282 Ewe 1923 Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

-...tereJre of 7 samples 

F1-282 Ewe 1924 Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
,Dock 

Average_clif 7 samples 

No regular 
which were 

Staple 
length 
in 
inches 

Fibre 
length 
in - 
Lnches 

Crimps 
per 
inch 

Density 
(No. 
Fibre 
per 7 
in. s . 

of sk' 

Mean Fine- 
ness inl 
ten thous- 
andths of 
an inch. 

3.7 5 12 2955 6.68 
3.7 6 8 2078 6.37 
4.5 8 8 2473 8.53 
3.5 6 10 2231 10.13 
4.0 8 8 1634 7.75 
5.5 11 8 1672 11.21 
4.3 7 8 1731 11.32 
4.2 7.3 8.9 2115 8.86 

3.1 4.2 10 

3.4 4.6 10 10.00 

2.4 4.2 10 
3.0 4.3 10.0 P2 

2.1 3.1 10 2932 9.45 
2.6 4.0 14 1591 9.59 
2.9 3.7 8 2760 9.66 
2.0 5.3 10 2310 10.68 
2.6 6.3 12 1549 9.60 
2.5 5.5 8 1079 11.18 
2.5 4.3 3 2153 11.52 
2.5 4.6 9.7 2054 10.24 

3.0 3.7 14 5602 6.54 
2.9 3.7 14 4019 6.76 
3.0 4.3 12 4178 6.25 
2.3 2.5 10 1598 7.13 
2.7 3.8 12 3761 6.76 
2.7 3.4 12 3003 7.47 
2.8 3.5 10 5749 6.54 
2.8 3.6 12.0 3987 6.78 

2.6 3.8 12 5489 6.65 
2.7 3.7 12 4500 6.76 
2.5 4.2 10 4984 6.77 
2.4 2.8 14 3134 7.31 
2.6 3.7 14 3002 7.11 
2.0 2.9 10 4222 7.33 
2.5 33 . 10 5129 3.55 
2.5 3.5 11.7 4351 3.97 

samples available so writer measured 44t9- some samples taken for determining shrinkage, 



84. 

Appendix. 

TABLE NO. 6. 

reed 
md No. Sex Year 

Staple 
Sample len-2t1' 

Location ir 
inche,. 

290 Ewe 1923 Shoulder 
Side 
Back 
Belly 
Hip 
Thi7h 
Dock 

3.9 
3.4 
3.4 
3.5 
3.7 
3.5 
3,5 

Avera;Le of 7 saw, 

F1-290 Ewe 1924 

Average for 7 SF 

F1488 Ewe 1923 

Averge for 7 sail 

les 

Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

3.3 

2.9 
2.7 
3.1 
2.7 
3.0 
2.3 
3.1 

Dies 

Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

2.9 

2.7 
3.0 
3.0 
2.7 
3.0 
3.0 
2.5 

ples 

'-288 Ewe 1924 Shoulder 
Side 
Back 
Belly 
Hip 
Th i:h 
Dock 

--LvItIE.g.t_LaTLY samoles 

"i-288 Ewe 1925 Shoulder 
Side 
Be ck 
Bel mi 
Hip 
Thigh 

Average Dock 
_ 

for 7 samples 

2.6 

2.5 
2.4 
2.3 
2.3 
2.5 
2.3 
2.3 
2.4 

2.2 
2.1 
2.1 
2.0 

2.0 
2.4 

Mean fibe- 
ness in 
ten thous- 
andths 
an inch. 

of 

Fibre 
length 
in 
Inches 

Orimns 
per 
inch. 

Dens 
(No. 
Fibr 
per 

of skin 

ty 

s 

4.5 
4.5 
4.4 
5.1 
6.7 
4.5 
4.7 

14 
14 
16 
14 
14 
14 
14 

4278 
4690 
3591 
2368 
2917 
3955 
408'7 

6.41 
3.13 
3.17 
3.64 
7.26 
3.99 
7.34 

4. 
1.4.3 3697 3.71 

4.5 18 4737 7.70 
4.5 18 5082 7,69 
4.3 22 4701 7.4^ 
4.4 12 1585 
4.5 12 3698 3.71 
4.3 18 2656 3.71 
5.5 6 4130 9.50 
4.6 15.1 3827 .3.33 

9 5120 7.74 
10 3970 7.12 
9 6064 7.12 

10 1668 9.26 
9 4603 3.05 

10 4584 3.84 
9 4155 7.54 

2.4 430 3.0 

4.1 16 4986 7.03 
4.0 16 3195 3.84 
3.5 20 3700 .3.40 

3.5 12 1782 3.51 
4.0 20 4818 3.89 
3.7 12 7013 7.13 
3.1 12 4145 7.57 
3.7 15.4 4232 7.20 

2.7 16 5972 5.85 
3.0 14 5785 3.24 
2.6 12 3634 3.16 
3.0 14 2903 7.74 
2.7 14 3878 3.64 
3.0 12 3135 3.69 
2.7 8 2969 7.70 

2.8 _12.9 403 
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Appendix. 

TABLE NO. 6. 

Breed 
and No. Sex Year 

F1-285 Ewe 1923 

Staple Fibre Crimps Density Mean Finie- 
Sample length length per (No. ness in 
Locetion in in inch Fibres ten thous- 

1 inches inches per -2- andths of 
in. sq. an inch. 
of skin 

Shoulde7 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

3.7 
3.5 
3.E 
2.5 
3.7 
3.5 
3.5 

12 5815 
12 3478 
9 4606 

10 1375 
12 3392 
10 3131 
7 6782 

7.40 
7.45 
7.44 
8.10 
7.87 
3.03 
7.82 

Average of 7 samples 34 

F1-285 Ewe 1924 Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

Average of 7 samples 

F1-285 Ewe 1925 Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
,Dock 

samP 

Ewe 1923 

Averncre ^,f 7 seza 

les 

Shaul 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

3.0 
2.3 
2.7 
2.4 
3.1 
2.7 
2.7 

4.0 
4.6 
5.3 
4.5 
5.9 
4.7 
5.3 

10.3 

16 
14 
14 
12 
13 
10 
6 

4083 

5370 
4506 
7332 
2378 
3592 
4565 
3889 

'7.7.'3 

5.87 
5.90 
6.57 
8.34 
5.78 
3.38 
7.46 

2.7 

2.8 
2.5 
2.5 
2.0 

2.F 
2.4 

4.9 

3.3 
3.5 
3.7 
3.7 
3.4 
4.9 
3.8 

12,6 

14 
16 
14 
1.3 

12 

4 

4519 

9177 
3629 
3084 
1886 
3200 
313E 
3487 

5.85 
6.07 
5.66 
7.16 
6.54 
7.69 
7.82 

2.5 

3.3 
3.0 
3.7 
2.7 
2.7 
3.0 
2.7 

3.8 12 

10 
12 
12 
16 
10 
E 

8 

3807 

7944 
4174 
6255 
4676 
5791 
5821 
6948 

6.63 

7.6E. 

8.46 
7.69 
8.65 
8.15 
9.55 
7.95 

les 

1-286 Ewe 1924 Shoulder 
Side 
Back 
Bellv 
Hi; 
Thigh 
Dock 

AlTere for 7 

3.0 
2.5 
el A 

2.7 
2.E 
2.7 
2.6 
1.9 

3.9 
4.5 
4.6 
4.1 
4.3 
4.0 
3.6 

10.9 

16 
16 
16 
16 
le 
14 

5944 

5064 
5229 
5478 
1925 
4886 
3046 
3529 

8.30 

6.64 
3.35 
6.51 
8.40 
7.51 
8.49 
8.44 

2.5 4.1 4594 7.48 
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p:,endix. 

TABLE IO. s. 

----- 
Breed 
and No. Sex Year 

Sample 
Location 

Staple 
lengt 
in 
inches 

Fibre 
length 
in 
inches 

Crimps 
per 
inch 

7enitfize-a7.5-FiA 
(No, 
Fibrec 
2er 
in. 
of skin__ 
376 
?Ell 

516 
2-;3 .4 

4450 
5761 
5192 

1 

F.i. 

ness in' 
ten thou 
andths o 

an inch. 

6.25 
7.2? 
3.29 
7.98 
6.82 
7.1 
7.S0 

F1-286 Ewe 1925 

Averap.7e for 7 sanples 

Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
Doc 

2.7 
2.4 
2.4 
2.3 
2.3 
2.2 
2.0 

0 7 .J. 1 

3.1 

3.2 
3.3 
3.0 
3.1 
2." 

16 
Is 

14 
10 
14 
14 
12 

2.3 3.-__13.7 

4. 

4.0 
3.3 
3.3 
4.0 
4.0 
4.3 

18 
20 
18 
12 
16 
10 
10 

5073 

658 
4763 
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Appendix. 

TABLE NO. 6. 

Breed 
and No. Sex Year 

8:2.fflr,le 

Location 

F-429 Ewe 1925 Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

Average for 7 samples 

F2-429 Ewe 1926 

Staple 
length 
in 
inches 

3.3 
3.2 
3.4 
2.7 
3.1 
3.0 
3.0 
3.1 

Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

3.0 
2.5 
2.5 
2.4 
2.6 
2.2 

Averay,e for 7 s:3mples 

7--423 Wether 1925 Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

Average for 7 samp 

F2-425 Wether 1925 

2.6 

3.3 
2.6 
3.0 
1.9 
2.7 
3.1 
?.0 

1 es 

Should( 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

2.7 

3.0 
2.8 
2.8 
1.7 
3.0 
3.0 
2.0 

Averse of 7 samples 2.6 

-434 Wether 1925 Shoulder 3.2 
Fleece Samples Side 2.7 

Back 2.5 
Belly 2.3 
Hip 2..9 

Thigh 2.9 
Dock 2.0 

___.irae of 7 sLmies 2.6 

Fibre 
length 
in 
inches 

3.9 
4.3 
4.4 
3.9 
4.4 
4.4 
4.1 

Crimps 
per 
inch 

Density 
(No. 
Fibres 
per 1 
in. sq. 
of skin 

lfen FinE 
ness in 1 

ten thouE 
aneths -' 

an inc. , 

14 
12 
12 
12 
12 
10 
10 

3377 
4434 
3474 
2252 
3291 
2316 
5999 

e. 

7.21 
7.44 
7.39 
7.94 

7.37 
4.2 11.7 3592 7.71 

4.5 10 6355 3.77 
4.1 12 4270 5.92 
4.3 12 3981 3.76 
3.ç; 14 2961 3.72 
4.1 10 38EE 7.19 
4.6 10 385E 7.44 
3.3 6 5287 7.06 
4.2 10.6 - 

5.0 14 7.24 
3.5 12 3354 . _ 

4.8 14 1392 
4.1 16 2,362, 

4.7 14 3616 7.74- 

4.2 14 3133 
2.5 
4.1 1.3 322E 

3.9 10 4992 8.40 
3.7 10 2409 7.74 
3.8 12 4760 7.49 
2.7 16 2443 6.41 
4.0 12 2918 
3.9 10 2827 7.50 
2.3 8 3364 7.96 
3.5 77 1 334E 7.34 

4.8 14 5643 5.60 
4.0 10 4708 3.87 
4.0 10 2839 3.32 
3.9 14 4738 

, 
..--.--_, 

...- 

4.3 12 4191 
4.5 10 3-' 
2.4 S 533;' 7 - -._ 
4.0 11.1 4777 -. -: 
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Appendix. 

TABLE NO. 7. 

F FE wJEI CY DISTRIBUTION DATA. 

rrequency distribution of Fineness Classes in each bred by in- 
dividua,l, and oody _îcca_ :i Vin. 

±fineness 

in .0001 Tine_ 
inch. "- . - 8 7 .. 9 10 11 7 .. _ ness 

R -Ram Shoulder 10 24 37 11 14 7.98 
6838 Side 50 32 16 7 10 -39 
921 Bach 11 42 23 13 10 1 7.72 

Belly 5 15 35 19 22 3 3.51 
Hip 21 33 20 9 4 3 i 7.50 
Thigh 17 23 19 12 4, 6 2 3.07 
Dock 14 32 20 18 5 1 d 1 3.01 

11 7 samales 16 106 201 170 89 20 13 4 7.88 

-Ewe Shoulder 15 36 25 22 2 .6Q 
SA12 Side ? 12 29 39 13 1 7.70 
922 Back 29 31 22 8 6 ,: 0 3.27 

Belly 3 13 41 33 10 3.34 
Hip 38 38 14 2 2 0.74 
Thigh 5 23 32 17 15 Ë 1 3.39 
Dock 12 37 23 11 11 4 0 0 3.88 

11 7 samples 3 64 ..32 173 167 84 _ 8 2 71 7.27 

-Ewe Shoulder 47 26 12 3 5.47 
SA12 Side 12 49 23 9 6 3 5.77 
921 Back 4 49 11 10 2 1 1 5.20 

Belly 26 23 49 26 5.99 
ip 2 49 27 10 4 1 5.54 

Thig 9 2 33 18 14 5 1 3.36 
Doge 25 41 21 9 2 0 1 :%23 23 

.111 7 sain t e: s 54 271. 215 106 38 12 3 1 5.76 

R -Ewe Shoulder 2 23 46 22 5 1 1 5.12 
207 Side 1 11 56 20 10 1 1 5.34 
1922 Back 1 25 46 19 6 2 1 5.14 

Belly 1 19 36 24 13 5 2 0.52 
'il, 

Th;gh 
16 
1 

45 
23 

22 
34 

11 
21 

5 

8 

1 

7 

5.47 
8.59 

Dock 5 29 27 19 lO 7 2 I 3.34 
x-11 7_ 2le.s 4 82 264 180 98 40 23 8 3 5.79 

* Frequency Distributions are not available on a numb4r of in- 
dividuals whose sample measurements were completed -rior to 
the writer taking over the experiment. 
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TABLE NO. 7. 

FREQUENCY DISTRIBUTION DATA. 

Fineness 
in .0001 

inch. 2 3 4 10 11 12 1 14 

F2Ewe 

24 
926 

Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

1 2 17 25 23 20 
8 30 17 21 

1 15 28 16 19 
3 27 31 29 
7 29 27 22 

1 9 20 20 18 
16 25 21 16 

9 
15 
15 
10 
11 
14 
14 

3 

7 

4 

2 

13 
4 

1 0 
2 

2 

3 

3 
All 7 samples 1 4 75 184 155 145 88 33 11 3 

:,lean 

5.78 
6.36 
6.08 
6.16 
6.15 
6.66 
6.16 
6.19 

F2Ewe 

22 

925 

Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
Dock ll 7 saa21 es 

8 
2 16 
1 11 
4 27 
1 12 

5 
3 17 

19 28 
21 30 
12 28 
44 19 
23 18 
8 19 

24 21 

30 10 5 

19 9 3 

25 13 7 2 

6 
21 14 9 2 

23 21 7 6 
23 8 4 

4 

F2Ewe Shoulder 
422 Side 
1926 Back 

Belly 
Hip 
Thigh 
Dock 

ILL7 samples 

11 96 151 163 147 75 35 10 

7.30 
6.87 
7.48 
5.84 
7.34 
8.57 
6.84 
7.19 

5 

i 

8 28 34 12 
21 30 21 

20 21 14 17 
9 39 16 

5 34 15 16 
16 20 10 12 
1 11 13 17 

11 
13 
7 

21 
8 

17 
22 

5 
9 

10 
10 
11 
12 
14 

2 

5 1 
5 1 

5 

7 2 

5 5 
15 6 

2 

1 

6 

F2Ewe Shoulder 
443 Side 
1925 Back 

Belly 
Hip 
Thigh 

All 7 
Dock 
sam les 

F2Ewe Shoulder 
443 Side 
1926 Back 

Belly 
Hip 
Thigh 
Dock 

A117 saan.les 

50 144155 111 99 71 

2 14 16 29 
3 15 20 

15 17 14 11 
1 3 8 29 
2 16 22 13 

7 11 
4 5 18 

15 10 
19 17 
20 7 

29 18 
15 15 
22 17 
26 20 

44 15 4 

6.13 
6.78 
6.10 
6.99 
6.62 
6.94 
7,86 
6.77 

10 
13 
4 

12 
7 

15 
15 

7 20 57 87 131 146 104 76 

2 

6 

2 

6 

11 
7 

34 

1 
6 

1 

2 

3 

6 

19 

6 20 21 19 12 14 7 1 

8 21 27 20 13 7 1 2 1 

1 11 28 17 15 12 6 8 2 

1 13 19 27 25 11 3 1 

6 13 24 20 15 8 7 2 2 

1 1 7 23 16 20 13 10 6 

6 13 20 13 24 14 5 1 1 

1 

0 

2 

4 3 4 

1 0 1 

9 5 5 

2 

2 

1 
0 

7 53 110 133 130 119 73 38 18 10 

7.34 
8.31 
6.52 
7.84 
7.52 
9.45 
8.55 
7.93 

5.8E 
6.50 
6.46 
6.92 
7.21 
8.72 
7.32 
7.03 
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TABLE NO. 7. 

FREQUENCY DISTRIBUTION DATA. 

fineness 

In .0001 

cinch. 

F,Ewe Shoulder 
33 Side 
925 Back 

Belly 
Hip 
Thigh 
Dock 

1 

11 7 samples 1 

5 

10 

2 

6 7 8 9 10 11 12 13 14 15 16 

ean 
Fine- 
ness. 

15 23 18 20 10 1 2 
10 25 21 13 11 3 7 

16 22 12 17 10 11 5 

4 11 24 24 21 9 4 
3 14 14 12 15 15 8 11 

12 25 28 12 11 4 7 1 
18 28 18 13 6 12 4 1 
45 112 141 112 106 83 43 31 

8 
4 
3 

5 

0 

1 

3 

20 

7.64 
8.82 
8.56 
9.05 
9.05 
7.30 
7.18 
8.23 

Ewe 

1925 

Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

7 samples 

2Ewe Shoulder 
421 Side 
1926 Back 

Belly 
Hip 
Thigh 
Dock 

All samples 

3 

4 

6 25 
22 28 
11 14 
3 13 

12 18 
3 10 
1 2 

58 110 

22 
16 
21 
25 
14 
16 
3 

117 

16 
12 
22 
24 
24 
18 
12 

128 

13 10 
19 3 

18 10 
26 7 

22 7 

29 17 
33 31 

163 85 

4 1 

1 

2 
2 

4 
9 
22 

3 

5 

9 

2 

2 
1 
1 

1 
1 

6.62 
5.87 
6.47 
6.86 
6.52 
7.42 
8.55 
6.90 

3 
1 
4 

13 
7 

16 
5 

16 
11 

9 

a29we 

1925 

All 7 

Shoulder 
Side 
Back 
Belly 
Hip 
Thigh 
Dock 

29 
22 
34 
18 
35 
13 
17 

68 173 

1 

1 

Bam les 

6 
11 
14 
1 

7 

2 

17 
58 

15 
27 
11 
20 
19 
19 
12 

123 

17 
17 
11 
24 
12 
16 
15 

112 

20 
20 
18 
16 
16 
6 
20 

116 

429we 
Shoulder 
Side 

1926 Back 

Belly 
Hip 
Thigh 
Dock 

All 7 sample 

5 

3 

3 

4 
10 
25 

20 
37 
30 
9 

13 
16 
15 

140 

22 
29 
24 
33 
22 
17 
12 

159 

29 
28 
19 
18 
22 
10 
19 

145 

31 
20 
11 
39 
22 
15 
18 

156 

16 4 
15 7 

10 8 

11 10 
10 6 

13 11 
17 15 
92 61 

30 8 
25 11 
23 15 
47 14 
19 14 
22 17 
12 20 

178 99 

3 

3 1 

5 1 

9 2 1 

2 

8 3 

12 7 3 

42 14 4 
1 

1 

0 

0 

5 1 

4 1 

10 1 

4 
14 7 

18 13 
10 1 
65 24 

10 
i 

11 

2 

6.09 
6.46 
6.02 
7.00 
5.91 
6.79 
7.94 
6.60 

7.30 
7.21 
7.44 
7.69 
7.84 
9.14 
7.37 
7.71 

18 7 

8 1 

11 10 
15 4 
19 9 

18 15 
14 16 

103 62 

6 

10 1 1 

8 4 2 0 1 

9 3 

34 14 3 0 1 

6.77 
5.92 
6.76 
6.72 
7.19 
7.44 
7.01 
6.83 



104. 

TABLE NO. 7. 

FREQUENCY DISTRIBUTION DATA. 

Fineness 
in .0001 

inch. 

F2Wether 

434 

1925 

leece 

Sample 

3 4 5 6 7 
fine- 

8 9 10 11 12 13 14 15 ness 

Shoulder 2 

Side 
Back 
Belly 
Hip 
Thigh 
Dock 17 

All 7 samples 

2viethe 

34 

13.925 

Pelt 

Sample 

19 

15 
3 

17 

2 
1 
23 
61 

Shoulder 

Side 
Back 
Belly 
Hip 
Thigh 
Dock 

All 7 samples 

Fe ethe 
1925 

436 

2 

2 

4 
2 

2 

3 

11 

34 
19 
36 
2 

31 
8 

15 
145 

28 
26 
12 
11 
10 
20 
18 

125 

27 
34 
11 
17 
19 
11 
18 

137 

27 
19 
26 
23 
18 
20 
27 

'160' 

14 
17 
11 
39 
14 
11 
10 

116 

20 
17 
15 
20 
16 
23 
17 

128 

8 

10 3 7 

7 4 9 
21 13 3 

13 8 7 

18 19 11 
8 6 1 

85 

12 
14 
19 
16 
21 
16 
10 

108 

53 

7 

13 
8 

10 
8 

5 
9 

60 

38 

2 

3 
10 
11 
12 
8 

10 
56 

4 3 
2 2 

0 0 

4 2 

9 5 
1 1 

20 13 

1 
3 

5 

1 

9 

1 

1 

3 1 

7 1 

4 1 

8 1 

4 3 
3 2 

29 9 

2 

5 

1 

1 

1 

1 

1 

2 

5.60 
6.87 
6.32 
7.68 
6.89 
8.64 
5.47 
6.78 

6.37 
6.81 
7.63 
7.51 
8.10 
7.27 
7.14 
7.23 

r.Shoulder 

Back 
Belly 
Hip 
Thigh 
Dock 
Side 

4 
4 

15 
21 
10 
1 
3 

36 
41 
31 
16 
18 
12 
30 

28 
20 
35 
29 
45 
34 
26 

15 
12 
20 
30 
23 
28 
20 

2 
2 
4 

15 
10 
21 
7 

7 

1 
3 

1 
All 7 samIles 8 66 184 217 148 61 12 

16 

425 etherSboulder 6 27 21 23 15 
425 

Side 3 17 29 19 
Back 2 17 30 35 
Belly 1 15 41 28 15 
Hip 3 16 19 30 
Thigh 2 23 29 27 

All 7c 4 16 19 2 
samples 7 45 151 177 169 

6 2 
22 7 

13 3 

17 14 
11 5 

82 46 

2 

2 

4 

2 1 

2 

4 
9 

i 
3 

5.41 
5.75 
5.21 
5.77 
6.71 
6.22 
6.75 
5.94 

6.40 
7.74 
7.49 
6.41 
7.88 
7.50 

6 
7.34 
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STUDIES OF THE INHERITANCE 

OF WOOL CHARACTERS AND FLEECE ANALYSIS 

IN SHEEP. 

PART TWO. 

FLEECE ANALYSIS 

OF 

CHEVIOT AND BORDER 

LEICESTER SHEEP. 
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STUDIES OF THE INHERITANCE OF WOOL 

CHARACTERS AND FLEECE ANALYSIS IN SHEEP. 

PART TWO. 

F L E E C E A N A L Y S I S . 

Introduction. 

The value of some system of fleece appraisal 

has already been pointed out in the introduction to 

the Wool Inheritance section of this thesis. (Pp. 4 -7) 

The literature on sheep breeding contains 

very few comprehensive, objective analyses of individ- 

ual fleeces. Most investigators have taken samples 

from shoulder areas or from three areas; shoulder, 

side, and thigh, and have used these areas as indices 

of the entire fleece. 

Reimers and Swart (1929) reported a fleece 

analyses of Merino sheep using samples from the 

shoulder, back of thigh, side, belly, and two samples 

from the neck, one from the crest of the fold and one 

from the trough of the fold. They found great varia- 

tion in fineness of fleece and concluded that it was 

impossible to deduce any definite relationship between 

body area and fleece fineness, except between widely 

separated 
areas. 
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Duerden (1930), using crimp as an index of 

fleece fineness, found a range of fineness in Merino 

leeces extending over four, or occasionally five 

commercial qualities or "counts ". Adjacent body areas 

Idid not vary over one commercial "count" in fleece 

ineness, a result contradictory to that reported by 

eimers and Swart. 

Froelich, Spoettel, and Taenzer (1929), in 

their textbook on wool, recommend the use of samples 

from three body areas; mid -shoulder, mid -side (over th8 

last true rib) and hip (two inches above the hip joint). 

They maintain that these areas not only represent the 

largest portion of the fleece but also will give an 

average figure of fineness for the entire fleece. 

Roberts (1930) reported a comprehensive 

analysis of mean fineness in individual samples of 

wool which showed great variability of mean fineness 

when the sample for measurement was picked at random. 

He obtained much more uniform results when the samples 

were zoned prior to measuring them. In one sample of 

Border Leicester wool from a shoulder area measuring 

16 cms. square, on a dried pelt, the variability 

using samples drawn at random was 25 per cent, and 

this figure was reduced to 5 per cent by zoning, a 

striking testimonial to the efficiency of zoning and 

making up composite samples. 

In view of the contradictory results report- 
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ed in the literature and the need for a definite 

knowledge of the variations of mean fineness and 

density between adjacent areas as well as widely re- 

oved areas of the fleece, a comprehensive experiment 

has been planned in which quadruplicate samples have 

been taken from fourteen body areas of the fleece. 

Inasmuch as Cheviot and Border Leicester sheep were 

available at the Institute of Animal Genetics, and 

a crossbreeding project with these two breeds was 

under way, ewes from these breeds were selected for 

the fleece analysis study. 

A law of statistics states that a complete 

analysis of a single population gives more reliable 

results than a partial analysis of several populations. 

he fleece may be regarded as a population of individ- 

al wool fibres, and accordingly one ewe of each breed 

as selected to furnish the wool samples for a compre- 

ensive fleece analysis study. 

In a comprehensive study of Fleece Analysis 

of individual sheep and groups of sheep with particu- 

ar reference to mean fineness, the logical determina- 

ions to be made are as follows: 

1. The variation of thickness along the length 

of individual fibres. 

2. Variation of average fineness in different 

groups of fibres according to the number 

measured. 

I. 
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3. The variation of average fineness in differ- 

ent samples located in proximity to a select- 

ed area or point. 

4. The variation of average fineness between 

averages of areas when grouped by regions. 

5. The selection of areas for sampling which 

will accurately represent the entire fleece, 

keeping in mind the particular nature and 

utility of each fleece. 

6. The variation between similar areas of 

different fleeces. 

7. The variation between individuals, families, 

and flocks within the same breed. 

Roberts (1930) demonstrated the value of 

oning to reduce the variability of mean fineness and 

is results have been accepted and adopted in this 

xperiment. 

Objects of Experiment. 

Briefly stated, the objects of the work 

hich constitutes Part Two of this thesis are to de- 

rise a new system of fleece analysis which can be 

utilized; firstly in breeding experiments for the in- 

vestigation of the inheritance of measurable wboi,char- 

eteristics the determination of ., and secondly, for 

the effect of environmental agencies on the fundamental 

R'easurable characteristics of the fleece. The results 

obtained have furnished information upon the variation 
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of the measurable characteristics of wool fibres with- 

in small areas, from area to area, and over the body 

generally in those animals used, and have indicated 

the relative accuracy of the methods of sampling and 

analysis which have been employed. 

METHODS OF EXPERIMENTATION. 

Material Used. 

The fleece fineness and density data from 

Appendix Table No. 6 (Pp. 77 to 93) dealing with the 

parental and crossbred generations of the Hampshire 

x Rambouillet Crossbreeding Experiment have been 

used for a study of the variation of mean fineness 

and density of fleece in similar areas on different 

sheep of the same breed. 

A Border type of Cheviot Ewe (No. 117) and 

Border Leicester Ewe (K953) were selected as possess- 

ing fairly typical fleeces for their respective breeds. 

heae ewes were in the flock of the Institute of 

Animal Genetics and had been sheared in June 1930. At 

the time of sampling (Nov. 7, 1930) these ewes were 

carrying a fleece of five month's growth. 

Method of Sampling. 

A scheme of sampling was devised which was 

designated "Line Sampling ". Fourteen body areas were 

selected for sampling from five different body regions, 

as shown in Figure No. 18. 



Fig. No. 18. 

Location of Body Areas. 

Area No. 1 Point of Shoulder) 
Area No. 2 Mid Shoulder ) Shoulder Region 
Area No. 3 Top Shoulder ) 

Area No. 4 Fore Back ) 

Area No. 5 Mid Back ) Back Region 
Area No. 6 Rear Back ) 

Area No. 7 High Side 
Area No. 8 Mid. Side Side Region 
Area No. 9 Low Side 

Area No. 10 High Hip ) Hip Region 
Area No. 11 Low Hip ) 

Area No. 12 High Britch ) 

Area No. 13 Mid Britch ) Britch Region 
Area No. 14 Low Britch ) 
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Anatomical points on the right side of the 

sheep were selected as base points in mapping out the 

areas for sampling. The point of the shoulder (lateral 

tuberosity of the humerus) the top of the shoulder 

blade at its rear point (posterior angle of the 

scapula), the last rib near its connection with the 

spinal column, and the lower limit of wool growth on 

the rear leg, were determined and formed the basis of 

locating the other areas. A point midway between the 

point of the shoulder and the rear of the top of the 

shoulder blade was selected as the mid -shoulder area. 

A point on the back midway between the rear edge of 

the last rib and the rear of the top of the shoulder 

blade was selected as the mid point of the body, and 

from this point the wool was parted down the side, 

and the top of the "part" was selected for the mid -back 

area. The mid -side area was located half -way along 

this "part" and the high -side and low -side areas were 

located at equal distances above and below the mid - 

side area. With the rear -back and mid -back located, 

the fore -back area was established at a point near 

the top -shoulder area so that the back areas were 

equkdstant. The high -hip was located above the hip 

joint (tuber coxae) and the low -britch near the ex- 

tremity of wool growth on the lower rear leg. The 

three intermediate points were then located equi- 

distant from each other. 
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Quadruplicate samples from each area were 

ken with the Wyedina Fleece Caliper shown in 

zure Nos. 19 and 20, and described by burns and 

lier. (1931) 

Figure No. 19 

Wyedina Fleece Caliper. 

wr7i11 riiil riiliiii+iir11iii1ó;,sl 
ft .9 r- 

m. 
I 

Figure No. 20. 

Wyedina Fleece Caliper. 

rir 
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The details of this instrument are plainly 

shown in the figures. This caliper separates the 

wool growing on an area of skin surface measuring 

one -half inch square. 

After the area was located an "L- Shaped" 

part was made in the wool and the caliper was insert- 

ed at right angles to one limb of the "L" and parallel 

to the other. The caliper was carefully held in posi- 

tion so that none of the wool was compressed into its 

throat, and the cross pins were inserted through the 

jaws, separating the wool growing on a skin surface 

one half inch square. The sample was dissected from 

the surrounding wool and clipped off close to the skin 

with a pair of surgeon "s shears (angled on flat at 

450). The quadruplicate samples were taken from con- 

tiguous locations within each area. 

Washing of Samples. 

The samples were cleansed by soaking them in 

a soap solution (5 per cent by weight of soap flakes) 

at a high temperature (about 140 degrees F) and after 

remaining in the solution for a time they were rinsed 

out under a hot water jet. To keep the samples from 

felting they were placed in a pair of hinged wire 

screens, which held the sample firmly during washing 

and prevented any tendency for the individual fibres 

to become entangled. Four samples were hanäled at a 

time, so that three samples were soaking while the 

other sample was being washed and rinsed. 
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Compositing of Samples. 

The samples from the first four areas of the 

Cheviot Ewe No. 117 were measured before and after 

compositing to study the effectiveness of compositing 

in the small individual quadruplicate samples. The 

small individual samples were composited by a con- 

tinued splitting of the sample until it had been divid- 

ed into sixteen portions. A small "sheaf" of fibres 

was drawn from the side of each of the sixteen portion 

and these "sheaves" made up the composite of the 

sample. The composite samples of areas and regions were 

made up in a similar manner, the former from the in- 

dividual samples and the latter by further splitting 

the composite samples of areas into eight portions 

and taking "sheaves" from each of these to form the 

composite sample of the region. 

Laboratory Equipment. 

The Micrometer Caliper used for measuring 

the thickness of the individual fibres in units of ten 

thousandths of an inch has been described by Burns 

and Koehler (1925). A new method of measuring stretch- 

ed fibre length has recently been described by Burns 

(1931) and this method has been used in this experi- 

ment. A pair of cross arm forceps for holding wool 

fibres have been devised by the writer and Mr. Miller, 

of the Institute of Animal Genetics. These modified 

forceps are shown in Figure No. 21. An analytical / 
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Figure No. 21. 

Cross Arm Forceps 
for 

Stretched Fibre Measurement. 

- _- -- 

-7:41 
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An analytical balance weighing to tenths of a milli- 

gram was used for weighing samples over 50 milli- 

grams, and samples weighing under 50 milligrams were 

weighed on a torsion balance which read to one 

hundredth of a milligram. 

Measurement Technique. 

The technique used in micrometer caliper 

measurement of fineness has already been described 

in Part One of this thesis (Pp. 26 -27). However, 

one important change in measurement technique has been 

made in the fleece analysis study. Each fibre of the 

hundred measured was measured at three places along 

its length instead of making a single measurement of 

the mid portion as was used in the Wool Inheritance 

Study. The statistical effect of taking three measur- 

ments along the fibre is to increase the number of 

measurements from one hundred to three hundred. How- 

ever, when the measurements were taken, only the aver- 

age of the three readings was written down, so that 

the means of the samples are calculated from the 

average thicknesses of one hundred individual fibres. 

The calculated density was determined by 

proportional weights after one hundred fibres had 

been measured for the determination of fineness. 

The weight -length ratio was determined by 

measuring the stretched length of a hundred fibres 

In nm. and then determining their absolute dry weight. 
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The absolute dry weight was calculated from a standard 

sample whose absolute dry weight had been determined 

at the Wool Industries Research Association Laboratory 

'at Torridon, Leeds. 

RESULTS OF EXPERIMENT. 

The experiment naturally divides itself into 

two sections, the variation when sampling within a 

prescribed area and the variation when sampling an 

entire fleece at a number of selected points. 

In comparing the large amount of data it 

soon became apparent that an ordinary comparison of 

means was inadequate to snow the degree of variation 

in the experimental results due to the different errors 

of sampling and determination. The standard error 

method by which errors of different magnitudes can be 

separated from the gross error proved ideally suited 

for the analysis of the data at hand and has been use 

throughout. The recent publication on Fleece Analysis 

by Roberts (1930) has served as a guide to the statis- 

tical treatment of data herein reported. 

The measurement data of the quadruplicate 

samples from each of the fourteen body areas were 

used for the calculation of the standard errors. The 

micrometer measurements were used since these gave a 

distribution 
of fibre thicknesses within the sample 

which was not available when using the weight -length 

ratio method. The Weight- length ratios were used to 

check the micrometer mean finenesses. 
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SAMPLING FROM AN AREA AT A SELECTED 

POINT ON THE BODY. 

Studies of Fleece Fineness. 

Cheviot Ewe No. 117 

Variation of Fineness Between Quadruplicate 
Samples Within an Area. 

Mean Micrometer Finenesses used as Units. 
Per Cent Standard Error of Mean Fineness. 

Micrometer Mean Fineness Per Cent 
Sample Sample Sample Sample Standard 
No. 1 No. 2 No. 3 No. 4 Error. 

Area No. 1 
Point Shoulder 12.55 12.70 11.82 12.03 1.96 

Area No. 2 
Mid Shoulder 12.89 12.91 12.70 12.84 0.42 

Area No. 3 
Top Shoulder 12.27 12.45 12.55 12.65 0.75 

Area No. 4 
Fore Back 12.03 12.39 12.05 12.02 0.73 
Area No. 5 
Mid Back 12.65 12.03 12.30 12.36 1.19 
Area No. 6 
Rear Back 13.29 12.95 13.61 13.32 1.10 
Area No. 7 
High Side 13.65 13.79 13.50 13.59 0.32 
Area No. 8 
Mid Side 13.55 13.37 13.21 13.07 0.90 
Area No. 9 
Low Side 12.89 12.69 13.10 12.35 1.38 

Area No. 10 
High Hip 14.77 14.57 14.29 14.73 0.86 
Area No. 11 
Low Hip 14.88 14.85 14.47 14.49 0.78 

Area No. 12 
High Britch 15.71 16.57 14.78 15.93 2.55 
Area No. 13 
Mid Britch 16.43 16.66 16.60 16.00 0.98 
Area No. 14 
Low Britch 16.23 15.17 15.78 16.49 2.07 

Average of the Ent ire Fleece 1.14 

Selecting an arbitrary limit of accuracy 

of afive per cent difference exceeded once in 250 

times, the corresponding Percentage Standard Error 
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is 1.737 (Roberts: 1930 Table I.) Only three areas 

out of the fourteen exceed this figure and the major- 

ity are well under the figure, showing that the wool 

on most of the areas was remarkably uniform, as shown 

by the correspondence of the mean fineness of quad- 

ruplicate samples. 

Studies of Fleece Fineness. 

Border Leicester Ewe No. K953. 

Variation of Fineness Between Quadruplicate 
Samples Within an Area. 

Mean Micrometer Finenesses Used as Units. 
Per Cent Standard Error of Mean Fineness. 

Micrometer Mean Fineness er Cent 
ISt andard 
rror. 

Sample 
No. 1 

Sample 
No. 2 

Sample 
No. 3 

Sample 
No. 4 

Area No. 1 
Point Shoulder 11.27 11.70 11.30 11.24 1.00 
Area No. 2 
Mid Shoulder 11.02 10.66 10.91 10.87 0.80 

Area No. 3 
No Shoulder 12.75 12.52 12.39 11.96 1.55 
Area No. 4 
Fore Back 12.70 12.74 12.38 12.46 0.81 

Area No. 5 
Mid Back 12.28 12.33 12.11 12.46 0.68 

Area No. 6 
Rear Back 13.27 13.80 13.95 13.51 0.39 

Area No. 7 
High Side 12.36 11.65 12.30 12.28 1.52 

Area No. 8 
Mid Side 
Area No, 9 

11.65 11.99 12.05 11.70 0.89 

Low Side 
Area No. 10 

11.47 11.54 11.51 11.47 0.47 

High Hip 
Area No. 11 

13.12 13.20 12.54 12.91 1.25 

Low Hip 
Area No. 12 

13.09 13.18 13.09 12.93 0.21 

High Britch 
Area No. 13 

13.12 13.09 12.88 13.11 0.51 

Mid Britch 
Area No, 14 

12.76 12.83 13.12 13.53 1.55 

Low Britch 12.83 14.16 13.67 14.65 3.22 

Average of the Entire Fleece 1.06 
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Using a five per cent accuracy figure one 

rinds in this fleece that with the single exception 

the low britch area all the percent standard error 

igures are considerably lower than the figure of 

..737 for the selected limit of error. The wool of 

the Border Leicester was even more uniform than in the 

cheviot, as shown by the closer correspondence of the 

lean fineness of quadruplicate samples. 

Studies of Fleece Fineness. 

Samples. 

Variation Between Individual 
Fibres Within a Sample. 
Averages of Quadruplicate 

Per Cent Standard Error of Mean Fineness. 
Micrometer Measurements. 

Cheviot Border Lei - 
Ewe cester 
No. 117 No. K953 

krea No. 1 Point of Shoulder 1.65 1.56 
rea No. 2 Mid Shoulder 1.64 1.28 
rea No. 3 Top Shoulder 1.71 1.48 
rea No. 4 Fore Back 1.73 1.58 
lrea No. 5 Mid Back 1.53 1.58 
Lrea No. 6 Rear Back 1.77 1.50 
Lrea No. 7 High Side 1.42 1.42 
Lrea No. 8 Mid Side 1.53 1.47 
,rea No. 9 Low Side 1.54 1.37 
rea No. 10 High Hip 1.38 1.59 
rea No. 11 Low Hip 1.57 1.42 
rea No. 12 High Britch 2.09 1.49 
rea No. 13 Mid Pritch 2.11 1.52 

a No 14 Low Britch 2,19 1.83 
verme of the Entire Fleece 1.70 1.51 

The variation of thickness of fibres within 

le sample did not vary markedly in the different body 

leas with the exception of the three areas of the 

itch region of Cheviot Ewe No. 117. The variation 
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of individual fibre thickness within the sample was 

remarkably uniform in Border Leicester Ewe No. K953 

with no appreciable difference between any of the 

body areas. However, the variation between fibres 

was greater than the variation of the mean fineness of 

different samples within an area (1.51 compared to 

1.06 and 1.70 compared to 1.14). 

Studies of Fleece ensity. 

Cheviot Ewe No. 117 

Variation of Density Between QuadruplicFte 
Samples within an Area. 

Using the calculated density of each Quadrupli- 
cate sample as a unit. 

Number of fibres from a skin surface measuring 
one -half inch square. 

Per Cent Standard Error of Average Density. 

Calculated Density 
Sample Sample Sample Sample 
No. 1 No. 2 No. 3 No. 4 

Per Cent 
Standard 
Error. 

Area No. 1 
Point Shoulder 2351 2206 
Area No. 2 
Mid Shoulder 2461 2119 
Area No. 3 
Top Shoulder 1750 2139 
Area No. 4 
Fore Back 1963 1720 
Area No. 5 
Mid Back 1851 1499 
Area No. 6 
Rear Back 1651 
Area No. 7 
High Side 1418 
Area No. 8 
Mid Side 1567 
Area No. 9 
Low Side 1435 

AHigh NHi 
10 

1365 
Area No. p11 
Low Hip 1727 

Area No. 12 
High Britch 1517 
Area No. 13 
Mid Britch 1276 
Area No. 14 

Britch 
Average of the Entire Fleece 

2134 

1725 

1531 

1293 

1345 

1604 

1204 

1098 

: 

2401 

1970 

1784 

2047 

2060 

1420 

1802 

1771 

1529 

1799 

1424 

1629 

1119 

2 

2592 

1820 

2213 

2082 

2137 

1798 

1923 

1424 

1782 

1539 

1734 

1242 

1050 

3.73 

7.50 

7.00 

4.81 

8.69 

9.82 

7.22 

5.40 

7.81 

8.00 

5.24 

8.58 

4.84 

6.66 
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The errors of determination were much larger 

for density than for fineness since the sampling error 

was greater and the additional error of calculating 

the total density of the area by proportional weights 

was peculiar to density determination. No definite 

order is observed in the variation of average density 

in the different body areas. A table of variance was 

prepared from these data and some interesting infor- 

mation was obtained. The method of preparing a table 

of variance has been described on pages 30 to 32. 

Studies of Fleece Density. 

Cheviot Ewe No. 117. 

Table of Variance 

Calculated Number of Fibres from a Skin Surface 
Measuring One -half Inch Square. 

Body Area Sample Sample Sample Sample Total 
No. No. 1 No. 2 No. 3 No. 4 

1 2351 2206 2401 2592 9550 
2 2461 2119 1970 1820 8370 
3 1750 2139 1784 2215 7888 
4 1963 1720 2047 2082 7812 
5 1851 1499 2060 2137 7547 
6 1651 2134 1420 1798 7003 
7 1418 1725 1802 1923 6868 
8 1567 1531 1771 1424 6293 
9 1435 1293 1529 1782 6039 

10 1365 1345 1799 1539 6048 
11 1727 1604 1424 1734 6489 
12 1517 1204 1629 1242 5592 
13 1276 1098 1119 1050 4543 
14 1117 1083 1210 992 4402 

(a Sum 23449 22700 23965 24330 94444 

( 0 Sum of 42634131 
Squares 41199939 38892660 44977020 663719642 
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Table of Variance. 

Variation due to: Degrees 
of 

Freedom 

Standard 
Devia- 
tion. 

Mean 
Var- 
iance. 

Gross 
Var- 
iance. 

All Causes 55 391 153163 8423944 

Sample Trend 3 51 35677 107032 

Balance 52 400 159941 8316912 

Area Difference 13 358 511547 6650105 

Remainder 39 207 42739 1666807 

Error of Sampling for densit 207 fibres 
(Wyedina Fleece Caliper 

The sample trend was much less than the area 

difference, showing that density tended to follow the 

same uniformity as already shown for fineness, that is 

samples within an area did not differ markedly from 

each other. However, there was a large difference 

etween the different areas, as shown by the much 

arger figure for the standard deviation (358 as com- 

pared. with 51). 

The Accurac of the W edina Wool Calier. 

Cheviot Ewe No. 117. 

All of the quadruplicate samples were taken 

ith the Wyedina Fleece Caliper and a comparison of 

the standard deviations with different degrees of 

reedom, show the proportionate error of density due 

o different causes. The variation due to all causes 

as 391 fibres, while the sample trend was only 51 

abres. The area difference, 358 fibres, was larger 
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leaving a balance of 207 fibres due to residual errors 

of determination such as the selection of a prescribed 

area on the sheep and calculating the number of fibres 

by means of proportional weights. 

Studies of Fleece Density. 

Border Leicester Ewe No. K953. 

Variation of Density Between Quadruplicate 
Samples Within an Area. 

Using the calculated density of each Quad- 
ruplicate Sample as a Unit. 

Number of Fibres from a Skin Surface Measur- 
ing One -half Inch Square. 

Calculated Density Per Cent 
Standard 
Error. 

Sample 
No. 1 

Sample 
No. 2 

Sample 
No. 3 

Sample 
No. 4 

Area No. 1 
Point Shoulder 

Area No. 2 
Mid Shoulder 

Area No. 3 
Top Shoulder 

Area No., 4 
Fore Back 
Area No. 5 
Mid Back 
Area No. 6 
Rear Back 

Area No. 7 
High Side 
Area No. 8 
Mid Side 
Area No. 9 
Low Side 

Area No. 10 
High Hip 

Area No. 11 
Low Hip 

Area No. 12 
High Britch 

Area No. 13 
Mid Britch 
Area No. 14 
Low Britch 

Aver e of the Entire 

2515 

2083 

2115 

2191 

1952 

1914 

1763 

1974 

1714 

2649 

2400 

2092 

2132 

1439 

Fleece 

1969 

1613 

1690 

2026 

1612 

1698 

1877 

1895 

1765 

1942 

1949 

2162 

1077 

1144 

1614 

1297 

2248 

2665 

2058 

1757 

1464 

1669 

2051 

1650 

2043 

2249 

1467 

1489 

2755 

1578 

2074 

1758 

1977 

1819 

1813 

1811 

1782 

1820 

2388 

1986 

1628 

1491 

13.51 

16.65 

6.74 

10.19 

5.95 

2.95 

6.13 

4.19 

4.76 

12.61 

6.15 

3.11 

15.99 

6.83 

8.27 
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The much greater variation within the area 

is undoubtedly due to greater difficulty in obtaining 

an accurate sample from a definite prescribed location. 

Again there is no definite orderliness in the varia- 

tion between samples among the various body areas, 

If this data is made up in the form of a table of 

variance, the isolation of the different errors involv- 

ed affords some interesting comparisons. 

Studies of Fleece Density. 

Border Leicester Ewe No. K953. 

Table of Variance. 

Calculated Number of Fibres from a Skin Surface 
Measuring One -half Inch Square. 

Body Area 
No. 

Sample 
No. 1 

Sample 
No. 2 

Sample 
No. 3 

Sample 
No. 4 

Total 

1 

2 
3 

4 
5 

6 

7 

8 

9 
10 
11 

12 
13 
14 

2515 
2083 
2115 
2191 
1952 
1914 
1763 
1974 
1714 
2649 
2400 
2092 
2132 
1439 

1969 
2513 
1690 
2026 
1612 
1698 
1877 
1895 
1765 
1942 
1949 
2162 
1077 
1144 

1614 
1297 
2248 
2665 
2058 
1757 
1464 
1669 
2051 
1650 
2043 
2249 
1467 
1489 

2755 
1578 
2074 
1758 
1977 
1819 
1813 
1811 
1782 
1820 
2388 
1986 
1628 
1491 

8853 
7471 
8127 
8640 
7599 
7188 
6917 
7349 
7312 
8061 
8780 
8489 
6304 
5563 

(Z) Sum 28933 25319 25721 26680 106653 

(Z)23 um 61123971 47576907 
of Squares. 

49224365 
52264258 825172205 
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Table of Variance. 

Variation due to: Degrees Standard Mean Gross 
of Devia- Var- Var - 

Freedom tion. iance. iance. 

All Causes 

Sample Trend 

Balance 

Area Difference 

Remainder 

55 359 128490 7066958 

3 126 186831 560492 

52 354 125124 6506466 

13 247 243885 3170508 

39 292 85537 3335958 

Error of Sampling for density 292 fibres. 
(Wyedina Fleece Caliper) 

The sample trend was much larger in the 

Border Leicester fleece than in the Cheviot, while the 

area difference was slightly less. This indicates that 

there was a tendency for the Cheviot fleece to be more 

variable in density from area to area. The variation 

between samples within the area was larger in the 

Border Leicester fleece, due not so much to the in- 

herent variability of density within the area, as to 

the difficulty encountered in obtaining an accurate 

density sample due to the small, tangled locks found 

in the Border Leicester fleece. 

The Accuracy of the Wyedina Fleece Caliper. 

Border Leicester Ewe Nb. K953. 

The quadruplicate samples were taken with 

the Wyedina Fleece Caliper and a comparison of the 

standard deviations in the table of variance shows the 

proportionate error in density due to different causes. 
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The variation due to all causes was 359 fibres, while 

the sample trend was 126 fibres. The area difference, 

247 fibres, was larger leaving a balance of 292 fibres 

due to residual errors of determination such as the 

selection of a prescribed area on the sheep and cal- 

culating the number of fibres by means of proportional 

weights. 

It is interesting to note that the error of 

sampling with the original engineer's calipers, 426 

ibres (see Page 31) has been reduced to 256 fibres 

y the use of the Wyedina Fleece Caliper. The latter 

1 ure was obtained by combining the data from the 

Cheviot and Border Leicester fleeces. 

Studies in Fleece Density. 

Border 

Cheviot Ewe No. 117 
and 

Leicester Ewe No. K953. 

Table of Variance. 

Variation due to : Degrees 
of 

tandard 
Devia- 

Mean 
Var- 

Gross 
Var- 

Freedom tion. iance. iance. 

All Causes 111 389 151548 16821792 

Sample Trend 3 67 124002 372005 

Balance 108 390 152313 16449787 

Area Difference 27 321 413019 11151503 

Remainder 
81 256 65411 5298284 

Error of Sampling for Density 
W edina Fleece Cali er 

256 fibres. 
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There was no appreciable difference in the 

per cent standard errors of mean micrometer fineness 

between samples within an area in either of the Cheviot 

or Border Leicester fleeces. There was a difference in 

density due not so much to the inherent variation of 

density within each area as to the difficulty encoun- 

tered in obtaining an accurate density sample. The 

variation of mean micrometer fineness between quadru- 

plicate samples taken from a total skin surface measur- 

ing one inch square was negligible. In each of the 

body areas duplicate micrometer measurements of fineness 

from a single sample were more useful than single 

measurements from each of the quadruplicate samples, 

for the per cent standard error of mean fineness was 

larger between individual fibres within the sample than 

between mean finenesses of quadruplicate samples with- 

in the area. However, the standard errors were 

necessarily lower when comparing the mean finenesses 

of quadruplicate samples, for the total range of fine- 

ness between individual fibres within the sample was 

much larger than the difference between the mean fine - 

nesses of the same samples. 

SAMPLING THE ENTIRE FLEECE. 

In the preceding section the variation within 

the sample has proven itself of greater importance than 

variation between mean finenesses of quadruplicate 

samples within an area. The next logical step is to 
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compare the variation of mean finenesses of different 

areas within the fleece to see if there is any definite 

differential relationship between the various body 

areas. 

Studies in Fleece Fineness. 

Cheviot Ewe No. 117 
and 

border Leicester Ewe No. K953 

Variation in Fineness between Body Areas. 
Fineness of quadruplicate Samples of 

each area used as Units. 

Per Cent Standard Error of Mean Fineness 
Micrometer Measurements. 

Cheviot Ewe No. 117 

Border Leicester Ewe No. K95 

er Cent Standard Error. 

2.71 

1.78 

Both fleeces show figures larger than the 

allowable figure of 1.737 for the selected limit of 

error, denoting considerable variation from area to 

area throughout the fleece, for in both cases a five 

per cent difference would be exceeded by chance more 

than once in 250 times. 

If the average micrometer finenesses of areas 

are arranged by body regions the following table is 

obtained: 
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Studies of Fleece Fineness. 

Variation in Fineness Between Areas by Body 
Regions. 

Per Cent Standard Error of Mean Fineness. 
Micrometer Measurements. 

Cheviot 
No. 117 
Mean 
Fineness 

Ewe -order Leicester 
rwe No. K953 

Yer Gen, 
Standar 
Error 

Mean 
Fine - 
ness 

Per Cent 
Standard 
Error. 

Areas 1 -3 
Shoulder Region 12.53 2.13 11.55 5.02 

Areas 4 -6 
Back Region 12.55 5.68 12.83 4.12 
Areas 7 -9 
Side Region 13.23 2.34 11.83 2.43 

Areas 12 -14 
Britch Region 16.03 1.54 13.31 2.70 

Average for Fleece 
by Regions 2.92 3.57 

The large figures obtained for the per cent 

standard error of fineness between areas when arranged 

by regions indicate that in order to attain an accur- 

acy within the selected limit of error it would be 

'necessary to sample these fleeces in at least three 

areas within each body region. The Cheviot fleece 

varied considerably more in the back region, while the 

Border Leicester fleece varied more in the shoulder 

region. 

The average fineness data of the Ramboui- 

llets, Hampshires, and their crossbred offspring, 

(Appendix Table No. 6, Pp. 77 -93) furnish a comparison 

of the variation of fineness of similar areas on 

different sheep, including both a gross variation 
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between sheep and the variation of fineness within the 

area. 

When "S ", the gross variation between simi- 

lar areas on different sheep, and "sin the variation 

within the sample are known, the figure for "s2" the 

variation between sheep, selection of area and other 

residual errors of determination can be calculated 

by the formula: 

s2 root of S- el 

Studies in Fleece Fineness. 

Hampshire Rambouillet and Crossbred 

Variation in 
Areas of Different 

Per Cent Standard 

Generations. 

Similar 

Fineness 

Fineness between 
Sheep. 

Error of Mean 

Shout- Side Back Belly Hip Thigh Dock No. 
der. Fleeces, 

Hampshire 
Generation 

8 4.84 4.24 3.43 5.12 3.82 4.06 4.10 13 
81 1.87 2.18 1.94 1.70 1.94 2.35 1.73 3 
8 4.46 3.64 2.83 4.73 3.29 3.31 3.62 - 

Rambouillet 
Generation 

8 4.14 4.07 3.92 3.79 3.85 4.33 3.43 17 
81 1.99 1.96 2.18 1.57 2.17 2.22 2.43 7 

82 3.63 3.57 3.26 3.45 3.18 3.72 2.42 - 
F1 Generation 

S 2.20 2.40 2.54 1.68 2.30 2.19 1.87 31 

81 2.06 1.99 2.27 1.48 2.16 2.27 2.48 23 

82 0.77 1.34 1.14 0.80 0.79 -- -- -- 
F2 Generation 

S 2.83 3.13 2.89 2.67 3.01 3.11 2.45 18 

81 2.16 2.22 2.57 1.85 2.44 2.36 2.45 18 

8 1.83 2.21 1.32 1.93 1.76 2.03 -- -- 
Averages of 
all Fleeces. 

S 3.50 3.46 3.20 3.32 3.25 3.42 2.96 79 

81 2.07 2.09 2.34 1.62 2.25 2.29 2.41 51 

82 2.82 2.76 2.18 2.90 2.35 2.54 1.72 -- 
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Considering all of the fleeces as one popu- 

lation, there was no appreciable difference between the 

variation within the sample and the variation between 

similar areas on different sheep, for the per cent 

standard errors correspond closely. This result con- 

firms the results obtained with the Cheviot and Border 

Leicester fleeces, in that there was surprising unifor- 

mity within body areas. The gross variation (S) of 

mean micrometer fineness between similar areas on 

different sheep was much larger in the purebred genera- 

tions than in the crossbred generations. 

Studies in Fleece Density 

Cheviot Ewe No. 117 
and 

Border Leicester Ewe No. K953. 

Variation of Density between Body Areas. 
The Average density of the quadruplicate 

Samples of Each Area were Used as Unite. 
Number of Fibres from a Skin Surface Meas- 

uring One -half Inch Square. 

Per Cent Standard Error of Average Density, 
Per Cent Standard Error 

Cheviot Ewe No. 117 20.19 

Border Leicester Ewe Dlo. K953 3.34 

Both of these figures exceed 1.737, the 

selected limit of error and indicate that there was 

considerable variation in density between different 

body areas. The striking variation of the Cheviot 

fleece is shown by the high per cent standard error. 

This variation was due to a larger inherent variability 

of density in the Cheviot fleece, which was particular- 

ly low in density in the britch region. 
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If the average density figures of each area 

are arranged by body regions the following table is 

obtained: 

Studies of Fleece Densi. 

Cheviot Ewe No. 117 
and 

Border Leicester Ewe No. K953. 

Variation of Density Between Areas by Body 
Regions. 

Number of Fibres from a Skin Surface Meas- 
uring One -half Inch Square. 

Per Cent Standard Error of Aver e Density. 

Cheviot Ewe No.117 Border Leicester 
Ewe No. K953 

Areas 1 -3 
Shoulder Region 

Areas 4 -6 
Back Region 
Areas 7 -9 
Side Region 
Areas 12 -14 
Britch Region 

Average 
Density 

Per Cent 
Standard 
Error. 

Average 
Density 

Per Cent 
Standard 
Error. 

2151 

1865 

1600 

1212 

7.02 

2.41 

4.69 

9.32 

2038 

1952 

1798 

1696 

3.19 

6.86 

2.34 

15.86 

Average of entire 
Fleece by Regions 5.86 7..06 

The large figures obtained for the per cent 

standard error of density between areas when arranged 

by regions indicate a variation larger than the select- 

ed limit of error of 1.737, and in order to attain 

this accuracy it would be necessary to take samples 

in at least three places within each region. The 

britch regions as might be expected, were more var- 

iable in average density than the other body regions. 
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The average density data of the Rambouiilets, 

Hampshires and their crossbred offspring (Appendix 

Table No. 6, Pp. 77 -93) furnish a comparison of the 

variation of .ensity in similar areas on different 

shee. 

Studies of Fleece Density. 

Ham shire Rambouillet and Crossbred 
Generations. 

Variation of Density between Similar Areas of 
Different Sheep. 

Per Cent Standard Error of Average Density 

Hampshire 
Generat ion 

S 
Rambouillet 
'Generation 

s 

F1 Generation 
S 

F2 Generation 

Averages of 
All Fleeces 

S 

Should- 
er 

Side Back Belly Hip Thigh Dock No. 
Fleeces 

9.63 8.48 6.71 11.89 7.77 9.24 8.27 13 

11.09 8.14 7.76 9.19 6.47 8.79 9.86 17 

5.31 4.16 5.18 5.76 4.52 6.30 5.30 31 

5.09 6.50 6.75 7.27 7.40 5.80 7.49 18 

7.78 6.82 6.60 8.53 6.54 7.53 7.73 79 

In a study of density it was impossible to 

isolate the variation within the sample from the gross 

error, The only possible grouping was a comparison of 

the gross per cent standard error of density between 
Birnilar areas of different sheep of the same breed. 
There was a significant difference between the body 

areas, due largely to errors of sampling. The table 

of variance given on Page 30 testifies that the error 

of sampling is greater than the variation between the 

samples of a body area (426 fibres compared to 118 fibres.) 
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THE ACCURACY OF COMPOSITE SAMPLES 

OF BODY AREAS AND REGIONS. 

The sampling of the fleece on the sheep takes 

comparatively little time when compared with the time 

required for laboratory analysis, and a system of 

zoning and making up composite samples of body areas 

and regions would markedly reduce the number of labor- 

atory measurements. Composite samples of each body 

area were made up by zoning and the micrometer mean 

fineness and weight -length ratios were determined. 

Later composite samples of the body regions were made 

up by zoning the composite samples of areas. Mathe- 

matically considered, these composite samples should 

give results identical to the average of the separate 

determinations made on each of the quadruplicate 

samples of each body area. However, certain errors 

occur in making up composite samples, particularly 

the tendency for the fingers to _pick out subconscious - 

lY the coarsest fibres from a sample. The results of 

the measurements of the composite samples are shown 

¡lathe following table: 
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STUDIES OF FLEECE FINElvESS. 

Cheviot Ewe No. 117 

The Accuracy of Composite Samples of 
Areas and Regions. 

Micrometer Caliper 
Measurements 

Weight- Length 
Ratio. 

Mean Fineness in 
20001 Inch Units 

Cms. per Mg. 

Average 
of Quad- 
ruplicateü 

12.27 

12.84 

12.48 

&mpos- 
ite of 
area 

12.86 

13.82 

12.78 

Compos- 
ite of 
Region 

13.22 

ompos- 
ite of 
Area 

ompos 
ite of 
Region 

57.1 

Area No. 1 
Point Shoulder 
Area No. 2 
Mid Shoulder 
Area No. 3 
Top Shoulder 

65.0 

58.2 

63.3 
Area No. 4 
Fore Back 
Area No. 5 
Mid Back 
Area No. 6 
Rear Back 

12.12 

12.34 

13.29 

13.39 

12.63 

13.31 

12.95 

57.2 

60.9 

55.6 

56.6 

Area No. 7 
High Side 
Area No. 8 
Mid Side 
Area No. 9 
Low Side 

13.63 

13.30 

12.76 

13.53 

12.99 

12.90 

13.19 

55.4 

60.9 

61.3 

57.1 

Area No. 10 
High Hip 
Area No. 11 

Low Hip 

14.59 

14.67 

14.40 

14.05 13.94 

51.2 

51.0 50.0 

Area No. 12 
High Britch 

Area No. 13 
Mid Britch 

Area No. 14 
Low Britch 

15.75 

16.42 

15.92 

17.13 

17.09 

16.40 

16.62 

38.0 

36.8 

39.5 

38.0 

Average 
of 

Entire Fleece 
(14 Body Areas) 

Variation between 
Fleece Per 

13.74 14.09 13.98 53.9 51.8 

Mean Micrometer Fineness of Entire 
Cent Standard Error 0.80 

[--- 
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These data are more clearly presented in 

graphic form and are shown in Figure No. 22. 
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The weight -length ratio has been plotted 

above the micrometer fineness so that the relative 

relationships in the different body areas can be seen 

at a glance. At the bottom of the chart are a series 

of columns entitled "limit of error ". The figures at 

the top of these columns represent the maximum allow- 

able error, which is three times the largest of the 

probable errors of the mean micrometer finenesses in 

the quadruplicate samples. These limits of error 

serve as indices of the significance of the differences 

between the mean finenesses determined from the com- 

posite samples of body areas and regions, and the 

average of the quadruplicate samples of areas. 

The variation between the fleece averages 

in mean micrometer fineness shows a remarkably close 

correspondence between the composites of areas and 

regions and the average of the quadruplicates of areas. 

ThepeT cent standard error 0.80 is less than one half 

the prescribed limit of error. This low per cent of 

standard error indicates that the accuracy of zoning, 

in making up the composite samples of areas and regions, 

was remarkably high in the Cheviot fleece. The same 

accuracy is confirmed by an inspection of Figure No. 22. 

In °n1Y four areas out of the fourteen is the differ- 

ence Between the composites of areas and the average 

of the quadruplicates of areas larger than the limit 

of error. In the remaining ten areas the composite 

ample closely corresponds to the average of the 
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quadruplicates. The side region gave the most unifo 

results. The inverse relationship between micrometer 

means and weight -length ratios is clearly demonstrated. 

Body areas from the shoulder to the low hi0 were 

finer than the average of the fleece, while the 

britch areas were particularly coarse. The fleece 

was uniformly fine in the shoulder, back, and side 

regions and was very coarse in the britch region. 

A comparison of fibre thickness variability 

within the sample of zoned and non -zoned samples was 

made on seventeen samples from Cheviot Ewe No. 117. 

In measuring the fibre thickness of the non -zoned sam- 

ples fifty fibres were drawn from each side of the 

sample. The average percentage figures for the co- 

efficients of variability of fibre thickness are as 

follows: 

Zoned samples 

Non -zoned samples 

16.66 

16.81 

The difference between these figures is neg 

ligible, indicating that zoning was not effective in 

reducing fibre thickness variability within the small 

samples whose air dry weight was from three to four 

tenths of a gram. A similar study of the effect of 

zoning in the body areas and regions gave the follow- 

ing results, which are the average figures for the 

entire fleece (14 body areas) : 
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Coefficient of Variability of Fibre Thick- 

ness within the Sample. 
Per Cent. 

Cheviot Ewe 
No. 117 

Border Leices- 
ter Ewe No.K953 

Average of Quadrupli- 
cate Samples 17.07 14.88 

Average of Composites 
of Areas 16.18 15.31 

Composites of Regions 17.10 16.59 

Per Cent Standard Error 
of Aver:;e Variabilit 4.49 4.05 

The large per cent standard error indicates 

that there is a significant difference in the varia- 

bility of fibre thickness between composite and indiv- 

idual quadruplicate samples. Theoretically the varia- 

bility of fibre thickness should be less in the com- 

posite samples because all portions of the sample are 

equally represented in the composite sample. However, 

the tendency of the fingers to pick out the coarser 

fibres has already been pointed out and this is un- 

doubtedly the factor which was responsible for the 

larger part of the variation. 
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STUDIES OF FLEECE FINENESS. 

Border Leicester Ewe No. K953. 

The Accuracy of Composite Samples of Areas 
and Regions. 

Micrometer Caliper 
Measurements 

Weight- Length 
Ratio. 
Cms. per Mg. Mean Fineness in 

.0001 Inch Units 
Average 
of Quad- 
ruplicatesarea 

Compos- 
ite of 

Compos - 
ite of 
region 

Compos - 
ite of 
area 

Compos- 
ite of 
Region. 

Area No. 1 
Paint Shoulder 11.38 11.67 76.4 
Area No. 2 
Mid Shoulder 10.87 10.78 11.77 81.8 74.4 
Area No. 3 
No Shoulder 12.41 12.67 69.0 

Area No. 4 
Fore Back 12.57 12.80 67.3 
Area No. 5 
Mid Back 12.30 12.37 12.78 68.8 64.8 
Area No. 6 
Rear Back 13.63 13.69 60.9 

Area No. 7 
High Side 12.15 12.50 66.7 
Area No. 8 
Mid Side 11.85 11.69 11.79 75.0 73.1 
Area No. 9 
Low Side 11.50 11.79 74.0 

Area No. 10 
High Hip 12.94 13.25 64.0 
Area No. 11 
Low Hip 13.07 13.01 12.73 63.6 65.7 

Area No. 12 
High Britch 13.05 13.23 63.8 
Area No. 13 
Mid Britch 13.06 12.50 13.60 65.6: 61.3 
Area No. 14 
Low Britch 13.83 13.99 57.2 

Average 
of 

Entire Fleece 
(14 12.47 12.57 12.53 68.2 67.9 

body areas) 

between mean micrometer finenesses of 
ire fleece. 
Cent Standard Error 0.53 
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Ine variation in the fleece averages of mean 

micrometer fineness shows a remarkably close corres- 

pondence between the composites of areas and regions 

and the average of the quadruplicates of areas. The 

er cent standard error 0.53 is less than one third 

of the prescribed limit of error 1.737. This very 

low per cent of standard error between composites and 

averages of the quadruplicates of areas indicates that 

in the Border Leicester fleece the accuracy of zoning 
in making up composite samples of either areas or 

regions, was remarkably high and composite samples of 

body areas or regions could be made up with confidence 

that they would accurately represent the mean fineness 

of the entire fleece. The accuracy of zoning in this 

fleece is confirmed by an inspection of Figure ïúo. 23 

showing the results obtained with the Border Leicester 
fleece. In only two areas out of the fourteen was the 

difference between the composite of the area and the 

average of the quadruplicates of the area, larger 

than the limit of error. In the other twelve body 

areas the composite sample gave practically the same 
'result in fineness as the average of the quadruplicates 
of the area. The composites of areas and regions and 

the average of the quadruplicates of areas corres- 

ponded more closely in the side region indicating that 

`this region had the most uniform wool. The inverse 

relationship 
between micrometer mean fineness and 

weight- length ratio is clearly demonstrated. It is 

interesting 
to compare the mean fineness of the 
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Figure No. 23. 
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different body areas with the average fineness of the 

entire fleece as indicated by the fourteen body areas. 

The shoulder and side areas were finer while the back, 

ip, and britch areas were coarser. Figure Nos. 22 

and 23 show different types of curves for the Cheviot 

and Border Leicester fleeces in this experiment. 

The Cheviot fleece runs sub- normal from the shoulder 

o the hip and then becomes very coarse in the britch 

hile the graph of the Border Leicester fleece is more 

rregular crossing and recrossing the average line in 

he areas from the shoulder to the hip, but the britch 

egion is not so coarse in relation to the other body 

areas as in the Cheviot. The average fineness of the 

entire fleece corresponds closely in the Cheviot and 

Border Leicester fleeces used in this experiment, and 

if these fleeces were typical of the two breeds, the 

uniform fleece fineness of the Half -breed sheep is not 

such a remarkable occurence as had been generally 

supposed in spite of the visual fleece differences spite 

the two parental breeds. These visual differ- 

ences are mainly dependent upon differences of length 

of fibre and staple formation rather than upon fibre 

thickness. 
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STUDIES OF FLEECE DENSITY. 

Cheviot Ewe No. 117. 

The Accuracy of Composite Samples of 
Areas and Regions. 

mber of fibres from a skin surface measurin 
One -half Inch Sauare. 

- Average of 
Quadrupli- 
cates 

Composite 
of area. 

Composite 
of 
Region. 

Area Noi 1 
Point Shoulder 2387 2356 
Area No. 2 
Mid Shoulder 2095 1821 1727 
Area No. 3 
Top Shoulder 1971 1812 

Area No. 4 
Fore Back 1953 1546 
Area No. 5 
Mid Back 1881 1603 1557 
Area No. 6 
Rear Back 1743 1674 

Area No. 7 
High Side 1718 1606 
Area No. 8 
Mid Side 1573 1584 1526 
Area No. 9 
Low Side 1610 1368 

Area No. 10 
High Hip 1505 1491 
Area No. 11 
Low Hip 1622 1598 1581 

Area No. 12 
High Britch 1384 1077 
Area No. 13 
Mid Britch 1138 994 1022 
Area No. 14 
Low Britch 1097 994 

Entire Fleece 1629 1549 1523 
(14 body areas) 

Variation between Average Densities of Entire Fleece 
Per Cent Standard Error 2.49 
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The variation between the fleece averages 

in fleece density shows a per cent standard. error high - 

er than the prescribed limit of error 1.737, but as 

already pointed out, the errors of determination are 

much larger for density than for fineness. The per 

oent standard error of density 2.49, indicates that 

a five per cent difference would be exceeded by chance 

once in 25 times. The differences are not significant 

when compared with the sampling error of density for 

the Cheviot fleece (207 fibres) . 

These data are shown in graphical form in 

Figure No. 24. 
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Fleece density was more uniform in the side, 

ip, and britch regions and less uniform in the shoul- 

er and back regions. In other words, the density 

f fleece in the side, hip and britch regions of the 

heviot fleece correspond more closely than in the 

boulder and back regions. As pointed out above, the 

.ifferences are not significant when compared with the 

ampling error of density. 
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The variation between the fleece averages of 

density shows a figure which is smaller than the 

prescribed limit of error and this denotes that in the 

Index Leicester fleece the variation of density was 

Fn 

affected by zoning, confirming the results already 

obtained with fleece fineness. 

Figure No. 25 shows the Border Leicester 

fleece to be more uniform in density in the different 

body areas than was the case in the Cheviot fleece. 

The differences between the composite samples of areas 

dregions and the average of the quadruplicate 

maples s of areas is negligible as it is less than the 

Sampling error for density. 

r 
2400 

2300 

2200 

2100 

2000 

1900 

1800 

1700 

1600 

1500 

1400 

1300 

1200 

Figure No. 25. 
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The very low density in the mid shoulder 

area and the very high density in the low hip area 

did not seem logical, so new samples were taken from 

these areas in May 1931, for the purpose of checking 

the original samples taken in November 1930. The 

figures obtained were as follows: 

Border Leicester Ewe No. K953. 

Average Density. 

Number of fibres from a skin surface measur- 
ing one -half inch square. 

Area No. 2 
Mid Shoulder 

Area No. 3 
Low Hip 

Composite Samples of Areas. 
Sampled Sampled 
Nov. 1930 May 1931. 

1642 

2246 

3319 

2574 

In both areas, and particularly in the mid 

shoulder, there was a large increase in the number of 

fibres per unit area. This would indicate that there 

ie a strong possibility of seasonal variation of 

density in the same individual, certain of the follicles 

having a resting stage in the summer and autumn months, 

and becoming active in late autumn and early winter 

months, producing' extra fibres to make up the winter 

Coat. The results of the density determination indi- 

cate that the dormant follicles became active shortly 

after the ewe was sampled in November. 

If fleece analysis is to be applied to suffi- 

cient numbers of fleeces to obtain results which will 

beof use in breeding and nutrition experiments, then 
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the value of zoning in curtailing the time used in 

laboratory measurement is a particularly valuable 

feature. 

The accurate results obtained by zoning in 

this experiment would indicate that the procedure of 

zoning samples or groups of samples to make up compos- 

ite samples of body areas or regions can be followed 

with assurance that a true picture of the fleece will 

be obtained. 

A COMPARISON OF MICROMETER MEAN 

FINENESS WITH THE WEIGHT - LENGTH RATIO. 

Throughout the course of this experiment 

with fleece analysis weight -length ratio determina- 

tions were used as a check on the micrometer measure- 

ments. These check measurements were made on the same 

hundred fibres measured by the micrometer, from the 

composite samples of the fourteen body areas. The 

results obtained are shown in the following table: 
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STUDIES OF FLEECE FINENESS 

Cheviot Ewe No. 117 
and 

Border Leicester Ewe No. K953. 

A comparison of the micrometer mean fineness 
with the root of the weight -length ratio for 
the same hundred fibres. 

Composite samples of Body Areas. 
Arranged by micrometer means from 
the coarsest to the finest. 

Sample Micrometer 
Mean 
.0001 inch 

Root of 
Weight- Length 
Ratio. 
Cm s . per M. 

1 17.13 6.16 
2 17.09 6.07 
3 16.40 6.28 
4 14.40 7.16 
5 14.05 7.14 
6 13.99 7.56 
7 13.82 7.63 
8 13.69 7.80 
9 13.53 7.44 

10 13.39 7.56 
11 13.31 7.46 
12. 13.25 8.00 
13 13.23 7.99 
14 13.01 7.97 
15 12.99 7.80 
16 12.90 7.83 
17 12.86 8.06 
18 12.80 8.20 
19 12.78 7.96 
20 12.67 8.31 
21 12.63 7.80 
22 12.50 8.10 
23 12.50 8.17 
24 12.37 8.29 
25 11.79 8.60 
26 11.69 8.66 
27 11.67 8.74 
28 10.78 9.44 
Mean 13.34 7.80 
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A correlation table has been arranged from 

these data by grouping the Micrometer mean finenesses 

by half units and the root of the Weight- Length ratio 

finenesses by quarter units. The figures used as or- 

dinates are the averages of the selected class inter - 

als. 

The Relationship of Micrometer Caliper 
Fineness and Weight -Length Ratio. 

Correlation Table. 

hicro- 
jeter 
ine- 
ese 
.0001 
inch. 

Root of Weight -Length Ratio. Cms. per Mg. 

6.13 6.38 7.13 7.38 7.63 7.88 8.13 8.38 8.63 9.38 Total 

17.25 2 2 
16.75 0 
16.25 1 1 
15.75 0 
15.25 0 
14.75 

0 14.25 2 2 

13.75 1 2 1 4 
13.25 1 1 2 1 

1 
5 

12.75 4 4 9 
15.25 1 1 

11.75 3 3 

11.25 0 
10.75 1 1 

+otals 2 1 2 2 3 7 5 2 3 1 28 

Coefficient of Correlation - -0.973:t .0013 

The distribution of these data in the form of 

"swarm" along a line from the upper left hand corner 

o the lower right hand corner, is typical of a high 

1egative correlation; that is, the root of the weight 
- 

1.ength ratio increases as the micrometer mean 
fineness 

decreases. 
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The micrometer means and roots of weight - 

length ratios are shown graphically in Figure No. 26. 

Figure No. 26. 
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There was a close correspondence between 

the two systems of measurement which was confirmed by 

the high correlation coefficient. There were only 

eight reversals out of the twenty eight samples and 
of 

these reversals only two were of great magnitude. 

Although there was a high correlation there was 
no 

definite differential ratio between units, for the 

units of determination were far too dissimilar to 
ex- 

pect such a relationship. The general relationship 



156. 

was definitely asserted and one can proceed with 

micrometer measurements with assurance that the mean 

iieness obtained will be in direct relationship, thou h 

of necessarily corresponding to a figure obtained whe 

he weight-length ratio i s used. sed. According to a table 

of Wallace and Snedecor (1925) a correlation coefficie t 
11 

of 0.973 would indicate that the standard deviation of 

fineness differences due to these two systems of meas- 

urement could be reduced by 78 per cent, which is a 

very striking illustration of the close relationship 

existing between the two systems of measurement. 

Some of the factors which probably enter in to make th 

determination of a differential ratio of units, betwee 

micrometer mean fineness and weight -length ratio, very 

difficult, are as follows: 

1. The micrometer measurement is of fibre 

thickness while the weight -length ratio 

is an index of cylindrical volume. 

2. There is a slight crushing action in 

micrometer measurement which is absent 

in the weight -length ratio. 

3. The weight -length ratio is a very accurate 

measure of the mean fineness of a sample, 

for each portion of the fibre throughout 

its entire length contributes equally 
to 

the resultant weighted mean of 
fineness. 

4. In micrometer measurement only 
a relative- 

ly small portion of the total 
length of 

the fibre contributes to the 
measure of 

fineness. 
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5. In a weight -length ratio each fibre con - 
tributes twice; once in respect to length 

and again in respect to its weight. 

6. In thickness measurements each fibre 

contributes only once in respect to its 

diameter. 

The mean fineness of a sample as determined 

by weight -length ratio and by thickness measurement 

corresponds only in those cases where the weight of 

the long coarse fibres is counterbalanced by the 

weight of the short fine ones. This condition evident- 

ly existed in the wool samples from the Cheviot and 

Border Leicester fleeces which were used in this ex- 

periment. 

Tne Time Re.uired for Fineness Measurement. 

A record was kept of the time required to 

measure thickness and fibre length and the averages 

for 37 samples were as follows: 

Thickness of 100 fibres with 
the Micrometer 

Stretched fibre length of the 
same 100 fibres 

Time used in 
measuring. 

26 minutes 

39 minutes 

The measurement of thickness at three places 

along the length of each fibre took slightly less 

time than the measurement of stretched fibre length. 

Additional time was required for weighing before the 

weight- length ratio was calculated. 
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The Necessary Number of Fibres to Measure 

The coefficients of variability of mean 

micrometer fineness and stretched fibre length were 

calculated and nave been incorporated into the follow- 

ing table of the necessary-number of fibres to measure 

in order to conform with the limit of error selected 

for this experiment. 

The following formula was used in these 

calculations: 

n = (C /s1)2 

n = necessary number of fibres to measure. 

C = Coefficient of Variability of fineness 

or stretched fibre length. 

81 - Per cent standard error corresponding 

to the selected limit of error. In 

this experiment the figure is 1.737. 

Micrometer Measurement and stretched 
Fibre Length. 
Necessary number of Fibres to Measure 
Maximum Minimum Average 

Cheviot Ewe No.117 
Micrometer Measure- 
ment. 

Stretched Fibre 
length. 

corder Leicester Ewe 
No. K955 
Micrometer Measure- 
ment. 

Stretched Fibre 
length. 

182 

187 

110 

71 

56 

10 

58 

23 

89 

68 

81 

43 

The dispersion of stretched fibre length 
was 

smaller than the dispersion of fibre thickness and 
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consequently the necessary number of fibres to be 
measured is smaller. 

The weight- length ratio and micrometer methods 
Of determining fleece fineness work very well together; 
since the micrometer measurements furnish distribution 
data of the thicknesses of the individual fibres, while 
the weight -length ratio furnishes an accurate weighted 
mean of fineness for the sample, as well as distribu- 

tion data on stretched fibre length which is very use- 
ful not only in a study of fibre length out also for 

indices of density other than the number of fibres per 

unit area. 

A large number of micrometer measurements 

were made in obtaining the mean fineness of the indi- 

vidual quadruplicate samples which form the basic 

data of this experiment. The following table of the 

ecessary number of fibres to measure to conform to 

different limits of error has been calculated from the 

coefficients of variability of fineness for the microm- 

eter finenesses of the quadruplicate samples: 

STUDIES OF FLEECE FINENESS. 

Necessary Number of Fibres to Measure,. 

Micrometer Measurement. 
Border Leicester 
Ewe No. K953 
Max. Min. Av. 5% difference exceed- ed once in 25 times 95 once in 50 times 122 

once in 100 times 149 
once in 250 times 187 

10% difference 
exceed- 

ed once iza 25 times 
once in 50 times 
once in 100 times o_ in 250 times 

Cheviot Ewe 
No. 117 
Max. 

24 
30 
37 
47 

Min. 

26 
33 
46 
50 

6 

8 
10 
13 

Av. 

49 
63 
77 
97 

12 
16 
19 
24 

63 
80 
99 

123 

16 
20 
25 
31 

19 
24 
30 
37 

5 

6 

7 

9 

37 
48 
59 

73 

9 

12 
15 
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In all cases the measurement of 100 fibres 

vas more than sufficient to ensure a limit of error 

Df a 5 per cent difference exceeded by chance once 

in 250 times. The measurement of loo fibres gave 

data which adapted itself particularly well to statis- 

ical treatraent for in the formulas requiring a division 

.y the square root of no the quotient was merely the 

Dividend pointed off to the first place. 
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DISCUSSION. 

Certain factors to be considered in the de- 

termination of fleece fineness which covered the 

different phases of variation in mean fineness from the 

individual fibre on up through the variation in samples, 

areas, fleeces and breeds of sheep were outlined in 

the introduction. 

The accuracy of the measurement of the 

average thickness of each individual fibre has been 

tested by a number of investigators who have reported 

a great variability of thickness from base to tip. 

Insofar as the writer is aware, no definite measure 

has been made of the contribution of each fibre to the 

mean fineness of the sample. This would be a very 

tedious task involving thousands of measurements. 

However, the fleece analysis experiment just completed 

by the writer gives indirect information which can be 

applied to this problem. In the weight- length ratio 

method each portion of the fibre throughout its entire 

length contributes equally to the resultant weighted 

mean of fineness. As the same fibres were used in 
the 

determination of average fineness by the micrometer 

and weight -length ratio methods, the results obtained 

are directly comparable. The close correspondence 
of 

the fineness figures obtained by the two methods 
and 

the exceptionally high coefficient of correlation 

indicate that even though the fibre was variable 
along 



162. 

its length still the measurement of thickness at three 

places along its length gave results for average fine- 

ness which corresponded very closely with those ob- 

tained by the weight- length ratio. The variation in 

thickness along individual fibres was compensated for, 

insofar as mean fineness of samples was concerned, by 

taking measurements of thickness at three different 

portions of their length. (Tne width of the micrometer 

jaws is three sixteenths of an inch.) 

The second phase of fineness variation to 

be considered is the variation of average thickness 

among different individual samples and the effect of 

measuring different numbers of fibres on the accuracy 

of the figure for average fineness. Roberts (1930) 

in his work with the analysis of the sample, stated 

that in zoned samples the number of fibres measured 

as independent of the size of the sample. This 

experiment has shown that the measurement of one 

hundred fibres gave a result which was within a five 

per cent difference exceeded by chance once in 250 

times, This is rather a narrow limit of error and it 

is quite likely that in the majority of wool samples 

the measurement of a hundred fibres from a composite 

sample would give satisfactory results. 

The third phase of fineness variation to be 

considered is the variation of average thickness among 

different samples within a body area. In this experi- 

ment the variation among the quadruplicate samples 
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within an area was very small, in fact it was smaller 

than the variation within each individual sample. 

This indicates that there was no great variation in 

mean fineness between adjacent samples of wool in a 

selected area. Single samples from each body area 

would have been sufficient in this experiment, but 

duplicate samples are preferable as the results from 

one sample may be used as a check on the other one. 

The small size (two to seven tenths of a gram), of 

these samples must be remembered when comparing these 

'results with results obtained with much larger samples, 

which should be compared with the results obtained 

between body areas in this experiment. 

The small samples taken at a number of 

points over the body tend to give a better picture of 

the entire fleece than a single large area, which would 

represent only the one particular body region. In 

cooperative projects with sheep breeders, small 

samples can be taken from stud animals without damaging 

the appearance of the sheep --a practical point which 

is of considerable importance. 

The fourth phase of fineness variation to be 

Considered is the variation of average fineness among 

different areas of the fleece. The variation in mean 

fineness between the body regions exceeded the pre- 

scribed limit of error. The following outline diagrams 

show the location of the body areas and the average of 
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he mean finenesses of the quadruplicate samples of 

;ach area. The area number is within the circle and 

xnderneath is the micrometer mean fineness in ten 

thousandths of an inch. 

Cheviot Ewe No. 117.* 

Mean Micrometer Fineness. 

.0001 Inch Units. 

Average of Quadruplicate Samples. 

IS7f 

14 s9 

Figure No. 27. 

1234 0 0 
73.29 lO 1243 

13.6,3 

CD 
13,30 

0 
12.64 

Drawing taken from a photograph of a prize- winning 
Cheviot Ram. 
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Border Leicester Ewe No. K953. * 

Mean Micrometer Fineness. 

.0001 Inch Units. 

Average of Quadruplicate Samples. 

Figure No. 28. 

* Drawing taken from a photograph of a prize -winning 
Border Leicester Ram. 
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The variation of mean finenesses indicate 

that in order to obtain results within the selected 

limit of error, it would be necessary to sample in at 

least three areas within each body region. The 

Cheviot fleece is much coarser in the britch region 

than the Border Leicester. 

The variation of average density between 

the different body regions exceeded the selected 

limit of error. The following outline diagrams show 

the location of the body areas and the average density 

of the quadruplicate samples of each area. 
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Cheviot Ewe No. 117.* 

Average DensitI. 

Calculated Number of Fibres from a Skin Surface 
Measuring One -half Inch Square. 

Figure No. 29. 

3 

'97/ 

/oy7 

/384 

® o 
'743 '88/ /953 

CO 0 
/7/g 

/So 5 

O 
/62Z 

/5 73 

/5/0 

Zo9S 

387 

* Drawing taken from a photograph of a prize -winning 
Cheviot Ram. 
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Border Leicester Ewe No. K953.* 

Average Density. 

Calculated Number of Fibres from a Skin Surface 
Measuring One -half Inch Square. 

Figure No. 30. 

1®4 1 ól 
io ' 

aoz 3 
/7z7 

>j 
a/93 

-21/9 

13 

/6/1 

/735 

1633 

* Drawing taken from a photograph of a prize- winning 
Border Leicester Ram. 
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The results obtained with density confirm 

the results obtained with mean fineness. In order to 

obtain accuracy within the selected limit of error, 

at least three areas from each body region should be 

sampled. There was an indication that there is a 

seasonal variation of density for in the Border Leices- 

ter samples taken in May 1931 there were more fibres 

per unit area than in the samples taken in November 

1930 from the same areas on the same sheep. 

The fifth phase of fineness variation to be 

considered is the variation of average fineness among 

different individuals of the same flock and different 

flocks within a breed. This phase has not been worked 

out accurately to any extent at the present time. A 

study of the Hampshire and Rambouillet generations and 

their F1 and F2 generations showed the variation of 

mean fineness within the samples to be larger than the 

variation between similar areas on different sheep 

in the crossbred generations and smaller in the pure- 

bred generations. The random distribution of mean 

fineness of the different body areas in this experi- 

ment would indicate the difficulty of ranking the 

different body areas according to fineness as attempted 

by Reimers and Swart. The major portions of the 

fleece in this experiment were so close together in 

fineness that slight environmental changes could alter 

the fineness ranking in a subsequent analysis of the 

same fleece sampled at a later date. 
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The number and location of the samples taken 

ill depend on the nature of the material under study 

nd the objects of the experiment. The study of the 

measurable fleece characters of the same individual 

sheep at different times as influenced by nutrition 

requires a sample which will give a good average 

figure. The side region would be the most representa- 

ive region from which to select samples. Samples 

rom the side region would be sufficient in the British 

oarse Woolled Mountain breeds in which the coarse - 

ess of the britch is not important. In fleece analy- 

is studies of commercial flocks of fine -wool and 

rossbred type samples from the side region should be 

sufficient to give average figures of fineness. In 

leece analysis of pedigree flocks samples should be 

aken from at least three body regions; the side, hip, 

and britch, so as to get an index of the variation 

within the fleece. In detailed fleece analysis studies 

the individual sheep, for instance in stud rams and 

vies, samples should be taken from fourteen body areas. 

A composite sample of the side region should suffice 
1 

fleece analysis in crossbreeding experiments where 

the parental breeds differ greatly in fineness, such 

as the Lincoln- Merino cross. 

It is hard to lay down definite rules to 

cover all cases of fleece analysis as so much depends 

upon the specific nature of the experiment as well as 

upon the breed of sheep employed. 



171. 

Laboratory analysis of the fleece is useful 

n the study of the individual fleece, for at the 

resent time we know very little concerning the 

balance which exists between heredity and environment 

s manifested in the measurable characters of the 

leece. The wool measurements which have been made 

y different investigators have often given contra - 

ictory results due to different methods of analysis, 

n the selection of body areas for sampling, the 

selection of individual sheep, and the technique of 

making up and measuring the samples. At the present raking 

we do not have any measurement of the relative 

mportance of each of these factors in such differences. 

he errors of determination in any of the factors are 

arge and these errors must be known for each type and 

reed of sheep before any accurate results can be ob- 

ained in breeding or nutritional projects which in- 

olve measurable fleece characters. The environment 

f the fleece can be controlled only within certain 

imits, which may be designated as normal conditions 

f health and management. Outside of these limits 

there are the effects due to sex, season and age, and 

finally the effects due to heredity. With such a great 

umber of sources of error it is not surprising that 

contradictory results have been obtained in the study 

of measurable fleece characters. 

In this experiment certain of these errors 

of sampling and the technique of making up and meas- 
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uring the samples have been determined individually 

and collectively. The variation of fleece fineness 

and density on the individual sheep has been studied 

and supplementary data has shown the variation between 

similar body areas on different fleeces of the same 

reed. There remains the question of the variation 

between body areas of different sheep of the same breed 

and different breeds. 

In such a complex problem, with such a 

variety of errors, any one of which may seriously 

affect the results obtained, it is necessary to do a 

large amount of carefully planned measurement work to 

determine the normal variation in fleece characters of 

the different breeds of sheep. It is absolutely nec- 

essary to know the range of variation of measurable 

fleece characters due to environment before any accur- 

ate study can be made of hereditary factors. It is 

uch too large a problem for any one experiment station 

and it is hoped that the various stations throughout 

the world which are working with wool research, will 

cooperate and coordinate their work, for without 

coordination of results and isolation and control of 

the different errors of determination, the results 

(,obtained by laboratory fleece analysis will be of 

little use. 
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SUMMARY.* 

1. Three micrometer measurements of thickness 

at three portions of one hundred fibres gave 

a mean fineness closely corresponding to the 

weight -length ratio. 

2. The measurement of one hundred fibres from 

each sample gave a mean fineness well within 

the selected limit of error; a five per cent 

difference exceeded by chance once in 250 

times. 

3. The variation between mean finenesses of 

quadruplicate samples around a selected 

point on the body was negligible. 

4. The variation between average density of 

quadruplicate samples around a selected point 

on the body was significant. This was due 

to the errors of sampling and determination 

by proportionate weights. 

5. The Wyedina Fleece Caliper proved a more 

accurate instrument for taking density 

samples than the ordinary engineer's caliper. 

6. The variation between the average mean fine - 

nesses of different areas of the body was 

significant. 

7. The variation between averages of density of 

different areas of the body was significant 

in the Cheviot, Border Leicester, Hampshire, 

*All statements refer to the detailed fleece anal- 
ysis of the Cheviot and Border Leicester fleeces 
unless stated otherwise. 
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7. Cont d. 

Rambouillet, and crossbred Hampshire x Ram - 

bouillet fleeces. 

8. There was a significant variation in mean 

fineness between similar body areas of differ- 

ent sheep of the same breed. The variation 

within the samples was much less than the 

gross variation between similar areas in the 

Hampshire and Rambouillet generations, but 

of the same size in the F1 and F2 generations. 

9. Composite samples of body areas and regions, 

made up by zoning the quadruplicate samples 

gave fineness and density figures which 

corresponded closely with the results ob- 

tained by averaging the determinations from 

each quadruplicate within the area or region. 

10. Micrometer means of fineness corresponded 

closely with Weight- Length Ratios of the 

same fibres. The Coefficient of Correlation 

was 0.973 0.0013. 

11. The system of sampling adopted for any par- 

ticular experiment would depend on the 

nature of the fleeces of the sheep under 

study and the objects of the experiment. 

A. In crossbreeding experiments where the 

parental breeds show great differences 
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11. Cont'd. 

of fleece type as in the Lincoln and 

Merino, a composite sample of the side 

region would give satisfactory results. 

B. In crossbreeding experiments where the 

parental breeds are similar in fleece 

type composite samples of at least 

three body regions (side, hip, and 

britch) should be taken, and if 

possible the back and shoulder regions 

should also be sampled. 

C. In wool inheritance studs within a 

breed in which wool is a major con- 

sideration, particularly in the study 

of individual fleeces of stud rams 

and ewes, duplicate samples should be 

taken from the fourteen body areas 

designated in this experiment. 

D. In wool inheritance, particularly 

kemp studies;nBritish Coarsewoolled 

Mountain breeds,composite samples 

from the appropriate dorsal region 

should be sufficient. 

E. In studies of the effect of environ- 

ment on measurable fleece characters, 

samples from a tattooed area in the 

side region would give satisfactory 

results. 
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APPENDIX. 

Table No. 1. 

F L E E C E A N A L Y S I S . 

MICROMETER MEASUREMENT 

Frequency Distribution Data. 
Cheviot 
Ewe Size in .0001 Inch 
112_117. 

Mean 
Fine- 

9 10 11 12 13 14 5 16 17 18 ness 

Area No. 1. 

Pt. of Shoulder. 

Sample No. 1. 

Not Composite 
Composite 

Sample No. 2. 

Not Composite 
Composite 

Sample No. 3. 

Not Composite 
Composite 

Sample No. 4. 
Not Composite 
Composite 

Composite 
Sample of Area 
No. 1. 

Area No. 2. 
Mid Shoulder 

Sample No. 1. 
Not Composite 
Composite 

Sample No. 2. 
Not Composite 
Composite 

Sample No. 3. 
Not Composite 
Composite 

Sample No. 4. 
Not Composite 
Composite 

Composite 
Sample of Area 
No. 2. 

1 
1 

1 

2 

2 

5 3 

3 3 

1 1 

4 7 

6 10 

2 9 

3 

5 

4 

4 
3 

3 

9 13 9 25 
12 6 15 19 

11 12 18 29 
12 13 16 22 

12 14 16 18 
11 14 17 18 

13 12 18 21 
17 23 10 21 

11 19 19 

5 11 10 22 
6 11 21 21 

2 9 15 15 
9 17 13 23 

9 15 13 21 

12 8 18 16 

13 8 25 

18 14 11 

a v 

16 13 
21 14 

6 16 
17 15 

14 10 
8 12 

9 11 
9 12 

10 1.9 

17 a 

11 14 

18 25 
13 11 

19 12 
21 12 

18 15 
17 13 

20 19 

3 

6 

2 
10 

_C; 

-3 

4 

1 12.60 
12.55 

1 12.49 
12.70 

12.16 
11.82 

12.01 
12.03 

12.86 

2 13.06 
1 12.89 

4 13.46 
1 12.91 

12.61 
12.70 

1 12.66 
1 12.84 

2 13.82 
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APPENDIX. 

Table No. 1. Cont'd. 

Cheviot 
we 
o. 117. 

Size in .0001 Inch. Mean 
Fine- 

Area No. 3. 

Top Shoulder 

Sample No. 1. 

Not Composite 
Composite 

Sample No. 2. 

Not Composite 
Composite 

Sample No. 3 

Not Composite 
Composite 

Sample No. 4 
Not Composite 
Composite 

Composite Sample 
of Area No. 3 

Composite Sample 
of Shoulder Regions 
(Areas 1 -3) 

Area No. 4. 
Fore Back. 

Sample No. 1. 
Not Composite 
Composite 

Sample No. 2. 
Not Composite 
Composite 

Sample No. 3. 
Not Composite 
Composite 

Sample No. 4. 
Not Composite 
Composite 

Composite Sample 
of Area No. 4. 

8 9 10 11 12 13 

8 15 20 15 19 
3 5 18 15 14 13 

2 10 15 13 11 20 
1 7 14 8 23 17 

2 8 15 19 10 13 
4 4 9 12 21 13 

1 0 13 18 17 11 
1 5 14 12 16 17 

4 12 15 14 13 

2 9 10 12 17 

14 15 16 17 

1 7 14 17 15 14 
2 7 19 20 11 18 

0 12 14 17 21 16 
1 5 14 17 16 17 

0 15 11 18 7 14 
1 12 15 12 20 12 

3 6 17 21 11 18 
2 10 16 11 20 14 

4 10 9 15 

9 15 
9 11 

16 8 
13 10 

14 11 
18 13 

13 17 
10 13 

14 25 

19 25 

12 
9 7 

6 6 
15 7 

15 10 
15 9 

13 5 
13 

13 19 

7 

4 1 
3 3 

3 3 

5 1 

8 3 

4 

18 

6 4 
3 3 1 

6 2 0 
6 1 1 

5 3 1 
2 2 0 

4 2 0 

14 

ness 

12.16 
12.27 

12.11 
12.45 

12.23 
12.55 

12.86 
12.65 

12.78 

13.22 

12.45 
12.03 

11.99 
12.39 

12.30 
12.05 

12.00 
12.02 

13.39 
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Table No. 1. Cont "d. 

heviot 
Ewe Size in .0001 Inch. 

No. 117. 8 9 10 11 12 13 14 15 16 17-18 19 
Area No. 5. 

Mid Back. 

Sample No. 1. 

Not Composite 
Composite 

Sample No. 2. 

Composite 
Sample No. 3. 

Composite 
Sample No. 4 

Composite Sample 
of Area No. 5. 

Area No. 6. 

Rear Back. 

Sample No. 1. 

Composite 
Sample No. 2. 

Composite 
Sample No. 3. 

Composite 
Sample No. 4. 
Composite 

Composite Sample 
of Area No. 6. 

Composite Sample 
of Back Re ion 
(Areas 4--6) 

Area No. 7. 
High Side. 

Sample No. 1. 
Composite 

Sample No. 2. 
Composite 

Sample No. 3. 
Composite 

Sample No. 4. 
Composite 

Composite Sample 
of Area No. 7, 

6 

6 

3 

20 9 13 14 21 
8 9 22 24 15 

14 14 18 22 14 

15 17 21 14 13 
17 10 11 19 19 

14 11 14 16 22 

14 
12 

6 

7 
13 

11 

6 
2 

16 8 9 15 17 11 13 

14 13 8 14 14 17 10 

9 10 6 12 14 18 16 

10 14 10 15 13 16 11 

7 7 14 13 15 22 10 

9 8 17 15 11 18 12 

o 

3 

6 

3 12 15 9 17 25 11 5 

9 8 9 16 13 27 11 4 

6 11 15 17 12 21 9 4 

4 8 19 16 18 21 10 4 

8 12 22 17 26 

2 

Mean 
Fine- 
ness. 

1. 

12.61 
12.65 

12.03 

12.30 
12.36 

12.63 

13.29 

12.95 

13.61 

13.32 

12.95 

13.65 

13.79 

13.50 

13.59 

13.53 
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No. 117. 
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Table No. 1. Cont'd. 

Area No. `? . 

Mid Side 

Size in .0001 Inch 
Mean 
Fine- 

9 10 11 12 13 14 15 16 17 18 19 20 ness. 

Sample No. 1. 

Composite 
Sample No. 2. 

Composite 
Sample No. 3. 

Composite 
Sample No. 4. 

Composite 

Composite 
Sample of 
Area No. 8. 

Area No. 9. 
Low Side 

Sample No. 1. 

Composite 
Sample No. 2. 

Composite 
Sample No. 3. 

Composite 
Sample No. 4. 

Composite 

Composite 
Sample of 
Area 9. 

5 

1 

7 8 11 20 23 14 9 

8 11 10 16 23 19 6 3 

10 7 13 20 19 10 9 4 

8 11 18 17 17 14 8 4 

8 14 16 15 21 

3 4 17 13 28 19 11 5 

1 516 3 14 22 18 19 2 

4 8 10 12 18 21 13 11 

3 9 11 11 15 19 21 5 4 

Composite 
Sample of Side 
Region (Areas 1 
7-9) 

Area No. 10. 
Hip. 

Sample No. 1 
Composite 

Sample No. 2. 
Composite 

Sample No. 3. 
Composite 

Sample No. 4. 
Composite 

Composite Sample 
of Area No. 10. 

6 

2 

7 

12 

3 

7 

11 

14 

3 

13 

3 

9 

21 

23 

7 

17 

13 

12 

19 

24- 

19 

14 

15 

15 

21 

13 

15 

25 

33 

13 

17 

22 

19 

15 

10 

18 

18 

4 

15 

7 

13 

17 

12 

e, 0 

2 

1 

1 

13.55 

13.37 

13.21 

13.07 

12.99 

12.89 

12.69 

13.10 

12.35 

12.90 

13.19 

14.77 

14.57 

14.29 

14.73 

14.40 
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we 
o. 117. 

rea No. 11. 

ow Hip. 

Sample No. 1. 

Composite 
Sample No. 2. 
Composite 

Sample No. 3. 
Composite 

Sample No. 4. 

Composite 

Composite 
Sample of 
Area No.11. 

Composite 
Sample of 
Hip Region 
(Areas 10,11) 

rea No. 12. 
igh Britch. 

Sample No . l . 
Composite 

Sample No.2. 
Composite 

Sample No.3. 
Composite 

Sample No.4. 
Composite 

Composite 
Sample of 
Area No.12. 

rea No. 13. 
id Hritch 
Sample No.lP 
Composite 

Sample No.2. 
Composite 

Sample No.3. 
Composite 
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Table No. 1. Cont' c:. 

Size in .0001 Inch Mean 
Fine- 

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 2 ness. 

3 10 9 5 8 19 18 16 10 14.88 

6 4 10 10 19 19 8 10 14.85 

7 12 13 1 16 16 12 6 14.47 

6 5 12 11 23 2 12 14.49 

6.0 8 11 7 13 20 i '.) 14.05 

14 13 18 14 4 13.94 

6 7 7 3 12 11 9 10 7 R 15.71 

2 4- 8 13 16 4 10 10 6 8 9 6 o 16.57 

6 7 14 10 9 16 7 5 8 4 0 2 0 14.78 

5 4 14 8 11 7 12 14 6 7 15.93 

4 4 11 12 12 12 13 12 ,7 _ . 

8 4 15 9 9 5 11 1 16.43 

8 4 7 10 17 10 10 6 4 16.66 

6 1 15 9 7 10 16.60 



qheviot 
Ewe No. 117. 

8 

Area No. 13. 
Did Britch. 

Sample No . 4 
Composite 

Composite 
Sample of Mid 
Britch. (Area 
No. 13) 

rea No. 14 
Low Britch. 

Sample No.1 
Composite 

Sample No.2 
Composite 

Sample No.3 
Composite 

Sample No 4 
Composite 

Composite 
Sample of 
Area 11o.14 

1 

0 

0 

1 

Composite S 
ample of 1 

Iritch Region 
(Areas 12-14) 
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Table No. 1. Oont'd. 

Size in .0001 Inch Mean 
Fine- 
ness 9 10 11 2 13 14 15 16 17 18 19 20 21 22 23 24 25 

8 11 11 14 16.00 

4 12 12 5 12 8 7 1(.) ) 17.09 

0 3 8 12 5 10 12 10 7 11 0 16.23 

1 5 12 11 11 9 12 8 4 9 6 3 0 15.17 

1 7 3 15 5 12 13 9 0 8 w 1 1 15.78 

0 4 7 11 1.4 12 12 13 10 0 16.49 

4 14 10 9 ä ..c , .J 1 4() 

2 4 ó 11 4 11 J 1ó.62 



186. 

APPENDIX. 

Table No. 1. Cont'd. 

pled Nov. 7, 1930. 

3order Leices- 
ter Ewe 
-o. K953 

No. 1. 

t. of Shoulder 

Sample No. 1. 

Composite 
Semple No. 2. 
Composite 

Sample No. 3. 

Composite 
Sample No. 4. 

Composite 

Composite Sample 
of Area No. 1. 

Size in .0001 Inch. 
Mean 
Fine- 

rea No. 2. 

id Shoulder 

Sample No. 1. 
Composite 

Sample No. 2. 
Composite 1 

Sample No. 3. 
Composite 

Sample No. 4. 
Composite 

Composite Sample 
of Area No. 2. 

7 8 9110111121314 

711.192114 

2 2 23 20 18 

2 10 30 18 13 

8 8 23 19 9 

2 4 20 24 16 

7 4 29 36 14 

2 14 30 31 13 7 

3 9 32 23 20 10 

3 17 17 32 17 8 

7 7 33 27 11 10 

14 

22 

12 

17 

19 

Area No. 3. 
Top Shoulder 

Sample No. 1. 
Composite 

Sample No. 2. 
Composite 

Sample No. 3. 
Composite 

Sample No. 4. 
Composite 

Composite Sample 
of Area. No. 3 

Composite Sample 
of Shoulder Region 
(Areas 1 -3) 1 4 

2 

3 

2 

10 

12 

17 

19 

11 

14 

22 

17 

19 

17 

15 

22 

11 

20 

16 

24 

23 

23 

18 

15 

22 

12 

12 

18 

11 

12 

12 

13 

1 

2 

14 

15 

13 

10 

17 

2 

2 

1 

1 

16 

15 

8 

4 

16 

5 

4 

18 19 ness. 

rea 

11.27 

11.70 

11.30 

11.24 

11.67 

11.02 

10.66 

10.91 

10.87 

12.75 

12.52 

12.39 

11.96 

12.67 

11.77 
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`fable No. 1. Cont ° d. 

dorcler Leices- 
ter Ewe 

X953__ 

Area No. 4._ 
Fore Back 

Sample No. 1. 

Composite 
Sample No. 2. 

Composite 
Sample No. 3. 

Composite 
Sample No. 4. 

Composite 

Composite Sample 
of Area No. 4. 

Area No. 5. 

Did Back 

Sample No. 1 

Composite 
Sample No. 2 

Composite 
Sample No. 3 
Composite 

Sample No. 4 
Composite 

Composite Sample 
of Area. No. 5 

Area No. 6. 
ear Back. 

Sample No. 1 
, Composite 
Sample No. 2 
Composite 
Sample No. 3 
Composite 
Sample No. 4 
Composite 

Composite Sample 
of Area No. 6. 

Composite Sample 
of Back Region. 

(Areas 4-6) 

113 

4 14 14 14 

3 :t.â 12 14 

5 17 19 16 

217 20 12 

2 16 12 12 

3 20 15 16 

7 15 17 13 

6 26 10 19 

3 15 18 13 

2 

1 

14 

5 

4 

5 

10 

19 

14 

14 

10 

15 

11 

9 

11 

13 

9 

13 

7 

13 

Mean 
Fine - 

1.3 14 18 19 

15 19 15 3 3 12.70 

16 16 15 7 0 1 12.74 

9 11 17 6 12.38 

17 13 17 3 12.46 

19 14 1 3 6 1 12.80 

20 10 12 4 12.28 

16 15 13 4 12.33 

9 13 13 3 1 12.11 

22 12 12 4 1 12.46 

11. 12 23 11 3 1 13.27 

10 15 19 15 7 2 13.80 

17 12 27 15 5 1 13.95 

9 14 28 10 3 1 13.51 

14 15 27 7 8 1 13.69 

24 11 14 1 12.78 
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Table No. 1. Cont'd. 

fiord re Leices- 
ter Ewe 
'fio. K953 

Area No. 7. 

igh Side 

Sample No. 1. 

Composite 
Sample No. 2. 

Composite 
Sample No. 3. 

Composite 
Sample No. 4. 

Composite 

Composite Sample 
of Area No. 7I 

7 9 10 11 12 13 14 15 16 17 18 19 

Mean 
Fine- 
ness 

rea No. 8. 

id Side 

Sample No. 1. 
Composite 

Sample No. 2. 
Composite 

Sample No. 3. 

Composite 
Sample No. 4. 
Composite 1 

Composite Sample 
of Area No. 8 

Area No. 9. 
ow Side. 

Sample No. i 
Composite 

Sample No. 2. 
Composite 

Sample No. 3. 
Composite 

Sample No. 4. 
Composite 

Composite Sample 
f Area No. 9 

Composite Sample 
of Bide Region 1 
'Areas (7-9) 

1 5 13 

1 8 21 

2 12 

1 0 16 

1 3 13 

2 

3 

5 

3 

1 

9 

9 

26 

17 

22 

17 

18 

13 

22 

17 

21 

18 

11 

21 

22 

19 

19 

22 

18 

23 

21 

11 

24 

21 

14 

18 

13 

16 16 10 4 

11. 12 6 1 

23 16 6 1 

15 14 8 3 0 

21 
51 

.1. F 13 % 

20 

21 

19 

12 

11 

6 

11 

13 

11 

11 

5 

4 

7 

10 

1 

2 

2 

3 

ú 

2 4 20 25 26 17 4 1 1 

7 17 27 25 15 7 1 1 

4 9 17 19 21 16 11 3 

2121822151810 2 

2 

4 

4 

8 

13 

20 

21 

16 

23 

12 

20 

16 

10 

10 8 5 

12.36 

11.65 

12.30 

12.28 

12.50 

11.65 

11.99 

12.05 

11.70 

11.69 

11.47 

11.54 

11.51 

11.47 

11.79 

11.7' 
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Table No. 1. Cant ' d. 

order Leices- 
ter Ewe 
O. R-953. 

rea No. 10. 

ip. 

Size in .0001 Inch. 
15 16 

Mean 
Fine- 

10 11 12 13 14 17 18 19 20 ness. 

Sample No. 1. 

Composite 13 12 15 2.8 is 3 13.12 
Sample No. 2. 

Composite 13 1 10 12 16 ,17 cù 9 13.20 
Sample No. 3, 

Composite 2 17 13 22 11 13 c, 4 12.54 
Sample No. 4. 

Composite 1 13 14 10 13 18 13 12.91 

Composite 
Sample of 
Area No. 10 15 10 13 13 7 27 10 4 13.25 

Area No. 11. 

F67:1173 

Sample No. 1. 
Composite 11 10 13 20 17 12 11 á 13.09 

Sample No. 2. 
Composite 1 5 11 22 17 14 23 7 13.18 

Sample No. 3. 
Composite 3 7 :9 19 20 17 15 9 0 13.09 

Sample No. 4. 
Composite 9 17 14 20 16 14 8 1 12.93 

Composite 
Sample of 
Area No. 11. 7 15 17 11 1 0 11 .._.J . < .7_ 

Composite 
Sample of 
Hip Region 20 8 12 19 9 18 12,73 r. 

i_ _ 
i<-/ 

(Areas 10 -11) 
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Table No. 1. Conta. 

Border Leices- 
`ter Ewe 
40. K-953 

Area No. 12. 

High Britch. 

Sample No. 1. 

Composite 
Sample No. 2. 

Composite 
Sample No. 3. 

Composite 
Sample No. 4. 

Composite 

Composite 
Sample of 
Area No.12 

Area.No. 13. 
kid Britch. 

t 

Sample No. 1. 
Composite 

Sample No. 2. 

Composite 
Sample No. 3. 

Composite 
Sample No. 4. 
Composite 

Composite 
Sample of 
Area No .13 . 

Area No. 14. 
Low Britch. 

Sample No. 1. 
Composite 

Sample No. 2. 
Composite 

Sample No. 3. 
Composite 

Sample No. 4. 
Composite 

Composite 
Sample of 
Area No.14 

Composite 
Sample of 
riit Region 
Areas 12 -14 

1 

9 10 

c) 

0 

4 

4 

5 

6 

7 

6 

8 

b 

5 

7 

11 

11 

lU 

10 

7 

14 

15 

13 

8 

7 

16 

0 17 

4 11 

S 14 

1 6 

6 

6 

Size in .0001 Inch. 
12 13 14 15 16 17 18 119 

18 

26 

19 

17 

20 

16 

17 

9 

20 

13 

13 

10 

10 

15 

13 

23 

22 

24 

21 

16 

18 

25 

19 

13 

15 

18 

13 

16 

26 

7 

10 

14 

12 

12 

12 

15 

21 

14 

10 

16 

8 

11 

18 

1 

11 

1 

16 

13 

16 

14 

14 

17 

14 

21 

13 

9 

13 

17 

15 

17 

1 

12 

10 4 

13 

9 

8 

10 

1 

1, 

1 

3 

20 21 

Mean 
Fine- 
ness. 

6 8 4 

10 2 0 1 

8 7 4 4 

13.12 

13.09 

12.88 

13.11 

12.76 

12.83 

13.12 

13.53 

12.50 

12.83 

14.16 

13.67 

14.65 

13.99 

13.60 
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Table No. 2. Cont °d. 

FLEECE ANALYSI S. 
WEIGHT- LENGTH RATIO. 

Cheviot Ewe No. 117 
Sampled Nov. 7, 1930 

Composite of Area No.12 
High Britch 

Composite of Area No.13 
Mid Britch 

Qomposite of Area No.14 
Low Britch 

composite of Areas 12 -14 
Britch Region 

Total 
Length, 
ini CTfß. 

998.8 

988.1 

951.2 

962.5 

Absolute 
dry weight 
in mgs. 

Weight - 
Length 
Ratio. 

26.29 

0,7) o :.. ,<. 

24.06 

25.30 

38.0 

36.8 

39.5 

38.0 
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Table No. 2. Cont e d.. 

F LEE CE ANALYSI S. 
'."rEICrHT-LEr,JTH RATIO. 

Bordre Leicester 
Ewe No. K953 

Nov.7,1930. 

Total 
Length 
in ems. 

Absolute 
dry weight 
in mgs. 

ti3eight- 

Length 
Ratio. _Staled 

Composite of Area No.1. 
Point of Shoulder 1620.4 21.21 76.4 

Composite of Area £ o.2 

Mid Shoulder 1505.7 18.40 81.8 

Composite of Area No.3 
Top Shoulder 1669.0 24.20 

Composite of Shoulder 
Region (Areas 1-3) 1637.1 22.00 

Composite of Area No.4 
Fore Back 1683.7 25.01 67.3 

Composite of Area No.5 
Mid Back 1739.5 7 68.8 

Composite of Area No.6 
Rear Back 1712.5 28.10 60.9 

Composite of Back 
Pegion (Areas 4 -6) 1710:8 26.40 64.8 

Composite of Area No.7 
High Side 

n 
170^.r 25.56 66.7 

Composite of Area No.8 
Mid Side - ,, ., 

..ú_ __ r 21.39 75.0 

Composite of Area No.9 
Low Side 1583.0 21.39 74.0 

Composite of Side 
Region (Areas 7 -9) 1595.8 21.82 73.1 

Composite of Area 
No.10. Hip 1674.9 26.19 64.0 

Composite of Area 
No.11, Low Hip 1314.3 25.38 63.6 

Composite of Hip 
Region (Areas 10,11) 1831 ,1 24.81 65.7 
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AFPEiZI X. 

Table No. 2. Contld. 

FLEECE ANALYSI S. 
WEIGHT-LENGTH RATIO. 

or ex eicester 
Ewe No. K953 
Sampled Nov.7,193O. 

Total 
Length 
in cros. 

yd-r 
dry weight 
in mgs. 

eig _ 
Length 
Ratio. 

Composite of Area No.12 
High Britch 16'19.5 25.38 63.8 

Composite of Area No.13 
Mid Britch 1445.2 22.02 65.6 

Composite of Area No.14 
Low Britch 1357.6 23.75 57.2 

Composite of Britch 
Region.(Areas 12 -14) 1489.8 24.29 61.3 
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Table No. 3. 

FLEECE ANALYSI S. 
FLEECE DENSITY. 

Cheviot Ewe 
Va). 117. 
mpled Nov.7, 

930. 

Unit Area - Half Inch Sauare Surface on 
Air Dry Weights in Grams. 

rea No.1 
t. Shoulder. 

Sample No.1 
Not Composite 
Composite 

Sample No.2 
Not Composite 
Composite 

Sample No.3 
Not Composite 
Composite 

Sample No.4 
Not Composite 
Composite 

Composite of 
Area No.1 

Area No. 2 
Mid Shoulder. 

Sample No.1 
Not Composite 
Composite 

Sample No.2 
Not Composite 
Composite 

Sample No.3 
Not Composite 
Composite 

Sample No.4 
Not Composite 
Composite 

Composite of 
Area No.2 

Area No. 3 
Top Shoulder. 

Sample No.1 
Not Composite 
Composite 

Latire Sample Fractional Portion 

Weight 
No.ünit 
Areas Wei ht No. Fibres 

.3080 

.3080 

.3066 

.3066 

.3091 

.3091 , 

.0135 

.0131 

.0127 

.0139 

.0125 

.0130 

100 
100 

101 
100 

101 
101 

.3499 1 .0127 100 

.3499 .0135 100 

1.3002 .0138 100 

.3986 1 .0160 100 

.3986 1 .0162 100 

.3399 1 .0167 101 

.3399 1 .0162 101 

.3034 1 .0154 101 

.3034 1 .0154 100 

.2894 .0156 101 

.2894 .0159 100 

1.3545 4 .0186 100 

.3010 103 

.3010 .0172 100 

Skin. 
Calculated 
Density. 
No. fibres per 
half inch sq. 
urface on ski: 

2282 
2351 

2438 
2206 

2498 
2401 

2755 
, 2592 

2356 

2491 
2461 

2056 
2119 

1990 
1970 

1874 
1820 

1821 

1742 

1750 



196. 

APPENDIX. 

TABLE No. 3. Cont'd. 

F L E E C E A N A L Y S T S. 

FLEECE DENSITY. 

Cheviot Ewe 
o. 117. 
ampled Nov.7, 
930. 

Air Dry Weights in Graras. 

Entire Sample 

Weight 
No.Unit 
Areas 

rea No. 3 

op Shoulder. 

Sample No.2 
Not Composite 
Composite 

Sample No.3 
Not Composite 
Composite 

Sample No.4 
Not Composite 
Composite 

Composite of 
Area No.3 
Composite of 
Shoulder Region 
(Areas i -3) 

rea, No. 4. 
ore Back. 

Sample No.]. 
Not Composite 
Composite 

Sample No.2 
Not Composite 
Composite 

Sample No.3 
Not Composite 
Composite 

Sample No.4 
Not Composite 
Composite 

Composite of 
Area No.4 

rea No. 5. 
id Back 

Sample No.1. 
Not Composite 
Composite 

Calculated -{ 
Density. 

Fractional Portion No.Fibres per 

Weight 
half inch sq. 

No.Fibres surface on ski. 

.3879 

.3679 

.2748 

.2748 

.3464 

.3464 

1.3042 

3.9589 

.3199 

.3199 

.2855 

.2855 

.3460 

.3460 

.3394 

.3394 

1. . 3051 

.2850 

.2850 

.0166 101 

.0172 100 

.0169 101 

.0154 100 

.0179 101 

.0155 99 

.0180 100 

.0191 100 

.0164 100 

.0163 100 

.0157 100 

.0166 100 

.U161 99 

.0169 100 

.0161 100 

.0163 100 

.0211 100 

.0160 

.0154 

101 
100 

2238 
2139 

1642 
1784 

1955 
2213 

1812 

T727 

1951 
1963 

1819 
1720 

2128 
2047 

2108 
2082 

1546 

1799 
1851 
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APPENDIX. 

Table No. 3. Cont i d. 

Unit Area - Half Inch Souare Surface on Skin. 
Cheviot Ewe Air Dry Weights in Grams 
No. 117. 

Sampled Nov.7, 
1930. 

Area No. 5. 

Mid Back 

Sample No.2 
Composite 

Sample No.3 
Composite 

Sample No.4 
Composite 

Composite of 
Area No.5 

Area No. 6. 

Rear Back. 

Sample No.1 
Composite 

Sample No.2 
Composite 

Sample No.3 
Composite 

Sample No.4 
Composite 

Composite of 
Area No.6 

Composite of 
Back ReR ion 
(Areas 4 -6) 

Area No. 7. 
High Side. 

Sample No.1 
Composite 

Sample No.2 
Composite 

Sample No.3 
Composite 

Sample No.4 
Composite 

Composite of 
Area No.? 

Entire Sa}rale Fractional Portion 
110 . Jn i t 

VeiFht -areas ";ej.ght NQ.Fibres y 

.2218 

.3100 

.2892 

1.1221 

.2856 

.3607 

.2655 

.3398 

1.2719 

3.6991 

.2681 

.3570 

.3406 

.3731 

'..3551 

4_ 

J 

.0148 

.0152 

.0134 

.0175 

.0173 

.0169 

.0187 

.0189 

.0190 

.0198 

.0191 

.0207 

.0189 

.0194 

.0211 

100 

101 

99 

100 

100 

100 

100 

100 

100 

100 

101 

100 

100 

100 

100 

ryalculated 
Tensity 
:o.fibres per 
lalf inch sq. 
surface on skin 

1499 

2060 

2137 

1603 

1651 

2134 

1420 

1798 

1674 

1557 

1418 

1725 

1802 

1923 

1606 
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APPENDIX. 

Table No. 3. Cont'd. 

Unit Area - Half 
eve of ITE 

No. 117, 

Sampled Nov.7, 
1930. 

rea No. 8 

id Side 

Sample No. 
Composite 

Sample No.2 
Composite 

Sample No.3 
Composite 

Sample No.4 
Composite 

Composite of 
Area No.3 

rea No. 9 
ow Side 

Sample No.1 
Composite 

Sample No.2 
Composite 

Sample No.3 
Compo site 

Sample No.4 
Composite 

Composite of 
Area No. 9 

Composite of 
Side Region 
(Areas 7 -9) 

Area No. 10 
ip. 

Sample No.1 
Composite 

Sample No.2 
Composite 

Sample No.3 
Composite 

Sample No.4 
Composite 

Composite of 
Area No. 10 

rzr 
Inch 

; 
a o 

ry ei 
Sau are 

s in Grams 
on Skin. 

Entire Sample Fractional Portion 

ú;eiPht 
No.Unit 
Areas ,reicfht No .Fibres. 

.2634 r 17 100 

.2922 «<' .0165 100 

.2336 .0164 100 

1.0894 .0172 100 

.1989 .0140 101 

.1849 .0143 100 

.2293 .0153 102 

.2541 .0144 101 

.8700 .0159 100 

3.3145 12 .0181 

.0212 100 

.0209 100 

.3454 .0192 100 

.3170 .0206 100 

1.2319 .0214 103 

alculated 
ensity. 
No.Fibres per 
half inch sq. 
surface on ski 

1567 

1531 

1771 

1424 

1584 

1435 

1293 

1529 

1782 

1368 

1526 

1365 

1345 

1799 

1539 

1491 
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Table No. 3. Cont'd. 

Unit Area - Half Inch Square Surface on Skin. 
heviot Ewe Air Dry eihts in Grams. 

No. 117. 
Sampled Nov.7, 
1930. 

Entire Sample 
N©.Unit 

Weight Areas 

Area No.11 
Low Hip. 

Sample No.1 
Composite 

Sample No.2 
Composite 

Sample No.3 
Composite 

Sample No.4 
Composite 

Composite of 
Area No.11 
Composite of 
Hip Region 
(Areas 10,11) 

rea No.12 
Sigh Britch. 

Sample No.1 
Composite 

Sample No.2 
Composite 

Sample No.3 
Composite 

Sample No.4 
Composite 

Composite of 
Area No.12 

rea No. 13. 
id Britch. 

Sample No.1 
Composite 

Sample No.2 
Composite 

Sample No.3 
Composite 

Sample No.4 
Composite 

Composite of 
Area No.13 

.3437 

.3289 

.2792 

.3278 

1.2911 

2.5297 

.3508 

.2999 

.3192 

.2981 

1.2837 

.382 F 

.2878 

.277E, 

.2477 

1.1548 

1 

Fractional portion 

Weijht No. Fibres 

Calculated 
Density. 
1o.fibres per 
calf inch sq. 
surface on skin 

.0199 

.0215 

.0196 

.0189 

.0202 

.0200 

.0229 

.0249 

.0196 

.0240 

.0298 

.0260 

.0262 

.0246 

.0236 

.0307 

100 

100 

100 

100 

100 

100 

99 

100 

100 

100 

100 

101 

100 

100 

100 

1C0 

1727 

1604 

1424 

1734 

1598 

1581 

1517 

1204 

1629 

1242 

1077 

1276 

1098 

1119 

1050 

941 
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Table No. 3. Cont ' d. 

Unit Area Half Inch Sauare Surface on Skin. 
lzeviot we Lir Dry 5 gh s in _Trams. 

No. 117. 
Sampled Nov.7, Entire Sample 
1930. 

Fractional Portion 

Area No. 14. 
Low Britch. 

Sample No.1 
Composite 

Sample No.2 
Composite 

Sample No.3 
Composite 

Sample No.4 
Composite 

Composite of 
Area No.14 
Composite of 
Britch Region 
(Areas 12 -14) 

r,`eio'ht 

.2665 

.2405 

.2856 

.2658 

1.0703 

3.5088 

No.Unit 
Areas y1e iht 

1 

1 

4 

12 

No.Fibres 

.0241 

.0222 

.0236 

.0268 

.0272 

.0286 

101 

100 

100 

100 

101 

100 

alculate 
pensity. 
No.fibres per 
half inch sq. 
_Ourface on skin 

1117 

1083 

1210 

992 

994 

1022 



Unit Area - 

Border Leices- 
ter Ewe K953 
Sampled Nov. 7, 

1930. 

Area No. 1. 

Point Shoulder 

Sample No.1 
Composite 

Sample No.2 
Composite 

Sample No.3 
Composite 

Sample No.4 
Composite 

Composite of 
Area No.1 

Area No. 2. 
Mid Shoulder 

Sample No.1 
Composite 

Sample No.2 
Composite 

Sample No.3 
Composite 

Sample No.4 
Composite 

Composite of 
Area No.2 

201. 

APPENDIX. 

Table No. 3 Contocl. 

Half Inch Square Surface on Skin. 
Air Dry ."eights in Grams. 

Area No. 3 
Top Shoulder 

Sample No.1 
Composite 

Sample No.2 
Composite 

Sample No.3 
Composite 

Sample No.4 
Composite 

Composite of 
Area No.3 
Composite of 
Shoulder Region: 
(Areas 1-3) 

Entire Sample Fractional Portion 
No.Unit 

Weight Are°-,s e ht 4D.Fibre_s 

. 5483 

.5061 

. 3616 

.5675 

1.9984 

.4040 

.3017 

.2750 

.3597 

1.3598 

.5689 

.4664 

.5710 

.5144 

2.1457 

5.5039 

.0218 

.025? 

.Oc: 

. 0206 

.0238 

.0269 

. 0276 

. 0254 

.0248 

.0275 

.0254 

100 

oc 
100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

UTI.lculated 
Uensity. 
No. fibres per 
half inch sq. 

surface on ski/ 

2515 

1969 

1614 

2755 

2099 

2083 

1613 

1297 

1578 

1642 

2115 

1690 

2248 

2074 

1951 

1815 
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Tet1 e No. 3. Cont i G. 

Unit Area - Half Inch S 

Border Leices - Air Dry 
ter Ewe K953 
Sampled Nov. 7, 

1930. 

Square Surface on Skin. 

Entire Sa.mrle 

"'ieights in Grams. 

No. Uni t 
7eiäh t Areas 

Fractional Portior 

Weight No.Fibres 

Area No. 4 
Fore Back. 

Sample No.; 
Composite 

Sample No.2 
Composite 

Sample No.3 
Composite 

Sample No.4 
Composite 

Composite of 
Area No.4 

Area No. 5. 

Mid. Back. 

Sample No.] 
Composite 

Sample No.2 
Composite. 

Sample No.3 
Composite 

Sample No.4 
Composite 

Composite of 
Area No.5 

Area No. 6. 
Rear Back. 

Sample No .1 
Composite 

Sample No.2 
Composite 

Sample No.3 
Composite 

Sample No.4 
Composite 

Composite of 
Area No.6 
Composite of 
Sack Region 
(Areas 4-6) 

.6118 

.5714 

.7090 

.4821 

. -__ ,. 
-- 

.5328 

.4288 

.5432 

.5556 

.5683- 

.5382 

.5938 

.5310 

2.2548 

6.7460 

1 

12 

.0282 

.0282 

.0268 

.0277 

.0279 

.0273 

.0266 

.0264 

.0281 

.0262 

.0317 

.0338 

.0292 

.0317 

.0304 

101 

100 

-,, 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

,Calculated 
Density. 
ko.fibres per 
calf inch sq. 
Surface on ski] 

2191 

2026 

2665 

1758 

2158 

1952 

1612 

2058 

1977 

1847 

1914 

1698 

1757 

1819 

1778 

1849 
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Table No . 3 . Cont l d. 

Unit Area -- Half Inch Scuare Surface on Skin. 
Air Dry Weights in Grams. Border Leices- 

ter Ewe K953 
Sampled Nov.7, 
1930. 

Area No. 10 
Hip. 

Sample No.1 
Composite 

Sample No.2 
Composite 

Sample No.3 
Composite 

Sample No.4 
Composite 

Composite of 
Area No.10. 

Area No. 11. 
Low Hip. 

Sample No.1 
Composite 

Sample No.2 
Composite 

Sample No.3 
Composite 

Sample No.4 
Composite 

Composite of 
Area No .11 
Composite of 
Hip Region 
(Areas 10,11) 

Area No. 12 
High Britch. 

Sample No.1 
Composite 

Sample N o.2 
Composite 

Sample No.3 
Composite 

Sample N o.4 
Composite 

Composite of 
Area No.12 

Entire Sample 
io. Unit 

Weight Areas. 

.7948 

.5980 

.4554 

.5352; 

2.2825 

.3064 

.5670 

.6069 

.3830 

2.5696 

4.8521 

.5837 1 

.6033 1 

.5936 1 

.5760 1 

2.3528 4 

Calculated 
ensity. 

Fractional Portion_Vo.fibres per 
calf inch sq. 

Weight No.Fibres surface on skin 

.0300 

.O3Ú8 

.0276 

.0294 

.0294 

.0286 

. 0291 

.0297 

.0286 

.0286 

. 0289 

.0279 

.0279 

.0234 

.0290 

.0283 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

2649 

1350 

1820 

1941 

2400 

1949 

2043 

2388 

2246 

2099 

2092 

2162 

2249 

1986 

2079 



205. 

APPENDIX. 

Table No. 3. Cont'd. 

Unit Area - Half Inch Souare Surface on Skin. 
Border Leioes -- . Air Dry Weights in Grams. 
ter Ewe K953 
Sampled Nov.7, Entire Sample Fractional Portion 
1930. No.Unit 

Area. No. 13 
id Britch 

Sample No.1 
Composite 

Sample No.2 
Composite 

Sample No.3 
Composite 

Sample No.4 
Composite 

Composite of 
Area ivo.l3 

Area. No. 14 
Low Britch. 

Sample No.1 
Composite 

Sample No.2 
Composite 

Sample No.3 
Composite 

Sample No.4 
Composite 

Composite of 
Area No.14 
Composite of 
Britoh Region 
(Areas 12-14) 

i ht 

.6524 

.2702 

.4078 

.4232 

1.7337 

.317- 

.3158 

.3604 

.4070 

1.4061 

5.4926 

Areas Weight No. Fibres 

.0306 

.0251 

.0278 

.0260 

.0246 

.0221 

.0276 

.0242 

.0273 

.0265 

.0279 

100 

100 

100 

100 

100 

lao 

100 

100 

100 

100 

100 

Calculated 
Density. 
No.fibres per 
half inch sq. 
surface on skin 

1132 

1077 

1467 

1628 

1 762 

143 

1144 

1489 

1491 

1327 

1 641 
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'1:' a ral e No. 4. Cont i Qi.. 

F L E E C E A N A L Y S I S . 

ïïARIAbILITY OF FINENbaSS. 

Coefficient of Variability in Per cent 
Cheviot Ewe 
No. 117. Same- 
led Nov.7,1930. 

Non Campos- 
ite of 
Sa.mnle 

Campos- 
its of 
Sample 

Campos- 
ite of 
Area 

Cornnosite 
of Region 

Area No. 4: 

Fore Back 

Sample No. 1 18.09 17.96 

Sample No. 2 17.11 16.43 

Sample No. 3 16.33 '.7.23 

Sample No. 0. 17.08 1'_ 7.57 

All 4 Sample 17.67 

Area No. 5. 
Paid Back. 

Sample ivo. 1.34 

Sample No. `' 13.13 

Sample No. 3 7_6.64 

Sample No. 4 ',5.95 

All 4 Samclea 

Area No. 6. 
Rear Back. 

Sample No. 1 17.95 

Sample No. n .17.73 

Sample No. 7 '_7.97 

Sample No. 4 '_7.06 

All 4 Samples . 

Back Region 
(Areas 4 -6) 

* All remaining samples were composited and were 
not measured prior to making the composite sample. 
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Table No. 4. Cont'd. 

VARIAEILITY OF FINENESS. 

of Variacjlity in Per Cent. 
'5-6viot Ewe 
No.117, Sampled 
Nov.7 1930. 

Non Compos- 
ite of 
Sample 

Comnos- its of 
Sample 

_ 

Comnos- its of 
Area 

Composit 
of Regio 

Area No. 7 

High Side. 

Sample No, 1 15.15 

Sample No. 2 14.84 

Sample No. 3 13.80 

Sample No. 4 12.91 

All 4 Samples 

Area No. 8. 

Mid Side 

Sample No. I 14.25 

Sample No. 2 14.87 

Sample No. 3 16.87 

Sample No. 4 15.32 

All 4 Samples 7F-7fl 

Area No. 9 
Low Side 

Sample No. 1 13.13 

Sample No. 2 15.30 

Sample No. 3 16.11 

Sample No. 4 17.18 

All 4 Samples 13.58 

Side Region 13.42 
(Areas 7-9) 
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Table No. 4. Cont'd. 

VARIA ILITY OF FINENESS. 

Coefficient of Variability in Per Cent. 
heviot Ewe Non Compos- Compo s-- Compo s- Compo sit 
To. 117, Sampled ite of ite of ite of of Regio 
ov.71930. Sample Semple Area 

rea No. 
Ip. 

Sample 
Sample 
Sample 
Sample 
All 4 Samples 

10 

No. 1 

No. 2 
No. 3 
No. 4 

Area No. 
Low Hip. 

Sample 
Sample 
Sample 
Sample 

11. 

No. n 

No. 2 

No. 3 
No. 4 

A11-4 Samples 

Hip Region 
(Areas 10,11) 

Area No. 12. 
High Britch 

Sample No. 1 
Sample No. 2 
Sample No. 3 
Sample No. 4 
All 4 Samples 

Area No. 13 
Aid Britch 

Sample No. 1 
Sample No. 2 
Sample No. 3 
Sample No. 4 
All 4 Samples 

rea No. 14 
Low Britch. 

Sample No. 1 
Sample No. 2 
Sample No. 3 
Sample No. 4 
All 4 Samples 

Britch Region 
(Areas 12 -14) 

12.52 
12.30 
16.72 
13.61 

r ryfl 

17.23 
15.34 
14.53 

22.36 
19.69 
21.49 
20.10 

22.23 
20.53 
20.27 
21.59 

21.50 
23.73 
21.89 
20.95 

16.97 

23.46 
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Table No. 4. Contld. 

V"ARlA.zILI'rY CF k"I1VEiV:ESS. 

Coefficient of 
Border Leices- 
ter Ewe No. K953 
Sampled Nov.7,1930 

Area No. i 

Pt. of Shoulder 

Sample No. i 

Sample No. 2 

Sample No. 3 

Sample No. 4 
All 4 Samples 

Area No. 2. 

did Shoulder 

Sample No. 1 

Sample No. 2 

Sample No, 3 

Sample No. 4 
All 4 Samples 

Area No. 3. 

top Shoulder. 

Sample No. i 

Sample No. 2 
Sample No. 3 

Sample No. 4 
All 4 Samples 

Shoulder Region 
(Areas 1 -3) 

rea No. 4. 
ore Back 

Sample No. i 
Sample No. 2 
Sample No. 3 
Sample No. 4 
All 4 Samples 

rea No. 5 
lid Back. 

Sample No. 1 
Sample No. 2 
Sample No. 3 

Sample No. 4 
All 4 Samples 

Variability in Per Cent. 
Composite Composite 

of of 
Sample. Area. 

16.60 
13.16 
15.45 
17.12 

- -L 
, -t 

s 

q 

12.37 
12.57 
14.34 

14.94 
14.35 
13.93 
15.78 

15.84 
15.91 
16.55 
14.92 

15.1.7 

15.94 
16.89 
15.04 

13.55 

13.60 

Composite 
of 

Region 

15.11 
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Table No, 4. Contid. 

VARIABILITY OF FINENESS. 

Coefficient of 

Border Leices- 
ter Ewe No. K953 
Sam. led Nov.7 1930 

Area No. 6. 

Rear Back. 

Sample No. 1 

Sample No. 2 

Sample No. 3 

Sample No. 4 
All 4 Samples 

Back Region 
(Areas 4-6) 

Area No. 7. 

High Side. 

Sample No. 1 

Sample No. 2 

Sample No. 3 

Sample No. 4 
All 4 Samples 

Area No. S. 
,did Side 

Sample No, 1 

Sample No. 2 

Sample No, 3 
Sample No. 4 
All 4 Samples 

Area No. 9 
Low Side. 

Sample No. 1 
Sample No, 2 
Sample No. 3 
Sample No. 4 
All 4 Samples 

Side Region 
(Areas 7-9) 

Area No. 10. 
Hip. 

Sample No. i 
Sample No. 2 
Sample No. 3 
Sample No. 4 
All 4 Samples 

Variab 
Composite 

of 
Area. 

ility in Per Cent. 
Composite 

of 
Sample 

16.19 
15.17 
13.51 
15.04 

15.07 
15.14 
12.36 
14.57 

14.50 
13.16 
14.02 
17.08 

12.42 
12.41 
14.93 
15.22 

15.19 
15.84 
15.11 
17.25 

13.53 

14.86 

18.17 

Composite 
of 

Re jan 
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Table No. 4. Contid. 

VARIABILITY OF FINENESS. 

Coefficient of Variability in Per Cent. 
Composite 

of 
Sample 

Border Leices- 
ter Ewe No. K953 
S.)mnled Nov.7,1030. 

Area No. 11. 
Low Hip. 

Sample No. i 

Sample No. 2 

Sample No. 3 

Sample No. 4 
All .4 Samples 

Hip Region 
(Areas 10,11) 

Area No. 12 
Hiíh Britch. 

Sample No. i 

Sample No. 2 

Sample No. 3 

Sample No. 4 
All 4 Samples 

Area No. 13 
Hedium Britch. 

Sample No. 1 
Sample No. 2 

Sample No. 3 
Sample No. 4 
All 4 Samples 

Area No. 14 
Low Britch. 

Sample No. 1 
Sample No. 2 
Sample No. 3 
Sample No. 4 
All 4 Samples 

Britch Region 
(Areas 12-14) 

15.65 
12.99 
14.26 
13.68 

16.19 
15.81 
13.20 
14.63 

10.57 
10.77 
13.83 
15.45 

18.25 
19.28 
18.55 
18.88 

Composite Composite 
of of 

Area Region 

16.07 

15.00 

16.50 

17.84 

16.54 
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6- MONTHLY WOOL GROWTH OF RAMBOUILLET 
EWES 

By ROBERT H. BURNS, M.S. 
INTRODUCTION 

The physiological phenomena of wool growth are directly related to 

commercial utility of a fleece, for length of fleece is an important charac 

in commercial grading of wool. 
For many years the law of diminishing returns (i.e. wool attains h 

thirds of its length during its first six months of growth, and the grow 

steadily diminishes from that point on), has been applied to wool grow 

and accepted generally as an accurate statement of fact. 
In a study of measurable fleece characteristics in a cross -breeding exp 

ment at the Wyoming Experiment Station, it was observed that fla 

characters, length, fineness, and density, were regular rather than spasm 

in their development, if environment and disease were regulated. 
Keeping in mind the regularity of development in these fleece charade 

it seemed a necessary and logical step to initiate a study of monthly in 

growth in various types and breeds of sheep, in order to confirm or coat 

the idea that wool grows as much as two- thirds of its yearly length duri 

the first six months after shearing. 
Consequently, in the spring of 1926, a study of monthly wool groat 

was inaugurated and carried on for the following four years, using in ear 

breed test six ewes of the following breeds -Rambouillet, Hampshire, Oa(ari 

Corriedale, and Lincoln. All of the common types of wool were represenin 

by these five breeds. 
The writer, now studying animal breeding and wool research at Edinh 

University, wishes to express his appreciation for the opportunities 

courtesies afforded by the Animal Breeding Research Department during 

preparation of this paper. The writer wishes particularly to aclrnow.; 

the advice and encouragement extended by Professor F. A, E. C 

Director of this Department. 

REVIEW OF LITERATURE 
Rohde, Stohmann, Heyne, Gartner, and Zorn all reported that the 

of wool was much greater during the first six months after shearing than' 

the succeeding six -month period. These writers' results would uphold 

theory of diminishing returns, in that they reported practically no gro 

during the last two months of the yearly growth, and around two -third' 

its yearly growth attained during the first six months after shearing. 

Nordmeyer, in a wool growth experiment with mutton merinos, report' 

a more or less uniform growth throughout the year, with slightly 

growth during those months when green feed was available, and less gro 

when the ewes were suckling lambs. 
Hardy and Tennyson, who studied the influence of wool growth 

wool fineness, gave an illustration of a "tied" lock, showing proportió', 

monthly growths of wool, but no data were given. From a visual ins 

of the "actual size" illustration it would appear that the monthly 

growth was more or less uniform throughout the year. 
A recent publication by Hackedorn and Soto]a gives the monthlY" 

growth in Rambouillet ewes and wethers. In these results there was 

marked difference in monthly wool growth between wethers whose 

was allowed to grow for four years and in those which were shorn e" 

twelve months. 
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A wether's fleece of 48 months' growth weighed 62 lb. and attained a 
th of Io in. There was no difference in winter and summer wool growth, 
the last 12 months' wool growth was just as long as that of any previous 

¿ve months. 
EXPERIMENTAL PROCEDURE 

Is Used 

Five or six ewes were used in each test, the number depending on mortality 
sales. No substitutions were made during the year, but each spring 

nearing time young ewes were added so as to have as many ages repre- 
ed as possible, and to have as near as possible six ewes for each breed 

the test. 

An inspection of the ear tag numbers of the individual sheep will show 
distribution of ages once one is acquainted with the system of numbering. 
Iambs born in 1921 were numbered from no to 199; all those born in 

were numbered from 200 to 299; and so on up to 1930, when the lambs 
numbered from o to 99. In this system an animal with the same 

her appears once in ten years, but as sheep rarely are kept in the flock 
that length of time, this system of numbering is quite simple and practical 

is widely used. 
The ewes in this experiment were run with the rest of the Rambouillet 

of the Wyoming Experiment Station flock. This experiment station 
heated at an elevation of 7,200 ft. and has little pasture land. Conse- 

tly the sheep are kept under shelter the greater part of the year, and 
fed on alfalfa hay, a grain mixture consisting of barley, oats, and bran, 

I occasionally some sunflower silage or cabbage. 
Daring the summer months they are turned out during the day on 

e and obtain some green feed, but are returned to the sheep barn 
the evening. Some seasons they are fed on green oats as a "soiling 
" during the summer months. 

EXPERIMENTAL PROCEDURE 
piing Methods 
The right mid -shoulder area was chosen as the area on which the wool 

studies would be conducted. Three methods of sampling were 
out - 

(I) Length of staple on the sheep. 
(z) Growth clippings of each month's growth. 
(3) Individual staples tied each month and the distance between "ties" 

measured. 

DESCRIPTION OF SAMPLING METHODS 
(I) The fleece was parted in the mid -shoulder region and a steel rule 
rted with the zero point resting on the surface of the skin. The fleece 
then allowed to fall back on the rule, and an average reading of the 
h of staple in the fleece recorded. Each month this procedure was 
wed, and the difference between staple lengths represented the growth 
g the intervening time. 

(z) At the beginning of the test a small area of about 2 sq. in. in extent 
dipped close to the skin. This area was located in the mid -shoulder 
n. In order to clip the wool fibres off as close to the skin as possible, 
dial type of shears were obtained. These were surgeon's shears (8 in. 
with blades angled at 30° on the flat. By pulling the wool fibres up 
dY against the blades of the shears, the fibres were cut as close to the 
as would be the case had the area been shaved. 
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Each month .a growth clipping sample was taken from the 'middle 
of 

area, and the remaining portion of the small area was cleared so that noI 

fibres could be accidentally included in the following month's growth clipp 

(3) At the beginning of the test a small staple the size of one's 
hI 

finger was selected and tied with dental floss (similar to surgeon's silk ligat 

using a surgeon's knot to counteract any tendency of the knot to slip. 

loose ends of the floss were clipped off close to the knot, so that these( 

would not catch and pull the "tie" off the staple. Each month a" 
was made on the same staple, as close to the skin as possible, and at the 

of the year's growth each month's growth was plainly marked by the tii 

METHODS OF MEASUREMENT 
Staple length on the sheep and the growth as represented by the dicta 

between the "ties" were measured directly by the use of a steel rule grads 

in tenths of an inch. 
The small sample of monthly growth clippings, when laid out, natty 

arranged itself in the form of a thin "sheaf," and as both the proximal( 

distal ends were cut off at the surface of the skin, the sample would In 

the shape of a parallelogram, and a measurement of the averagelengthofl 

growth clipping was easily taken to the nearest tenth of an inch, In 

cases two readings out of three taken were identical, and in over go% oil 

cases all three readings were identical. 
It was thought advisable to analyse the length of the individual 1h 

when stretched taut, so as to know whether it would be best to get afregos 

table of length of a number of fibres making up a staple or.growth clipg 

"sheaf" or take the average measurement on the entire staple or ciippi 

"sheaf" as one unit. 
The old method of clamping each fibre in the jaws of a testing apporat 

was thought to be entirely too tedious and slow, and an attempt men 

to devise a simpler and faster method. 
The following method of measuring individual stretched fibre lengthh 

been worked out- 
A NEW METHOD OF MEASURING STRETCHED (TAUT) FIBH6,, 

LENGTH 
A black chenille rug swatch (12 x 18 in. in size), with a deep 

(z in. deep), and a pair of cork or rubber- tipped tweezers, make up 

equipment used in this simple method. The deep "pile" of the chenipi 

partially holds the individual wool fibres when they are pressed douro 

it. A steel rule, graduated in tenths of an inch, is laid on the rug in 

of the fibre which has been pressed down into the "pile" of the rug, li 

end of the fibre on the right -hand side is grasped near its end by the 

tipped tweezers, and the thumb nail of the left hand is placed over the 

so that the thumb nail is even with the zero point on the rule. Thus 

the fibre is drawn taut it pulls along under the thumb nail, but only 

gradually as it is gently held by the deep "pile" of the rug in which] 

embedded. The tip of the tweezers makes a good pointer, and as the 

attached end of the fibre slips out fróm under the thumb nail, the t5, 

on the fibre as held by the "pile" of the rug is sufficient, so that thereú 

tendency for the tip of the tweezers to "jump," and an accurate I 

reading can be made. 
The whole "set -up" is shown in illustration Fig. I. Either 25! 

fibres were measured for stretphed length, according to the length of 

fibres. The growth clippings were much shorter and showed less Oil' 



io 

FIG. I 
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the staple samples, and hence 25 fibres were measured from the former 
d 50 fibres from the latter. 
A test was made to find out how many fibres should be measured out of 
staple to ensure reasonable accuracy. Six samples were used from the 
owing breeds -F1 Crossbred (Hampshire X Rambouillet), Rambouillet, 
coin, Corriedale, Oxford, and Hampshire. All samples were from the 
5 fleeces, which were a full 12 months growth. One hundred fibres were 
ured for stretched (taut) length from each sample, using the chenille 
method previously described. The measurements were taken to the 

t tenth of an inch, and grouped in units with five fibres in each unit. 

ber of Fibres to be Measured to Determine Stretched (Taut) Fibre Length 
Length of Stretched (Taut) Fibre in Inches 

Ft CROSSBRED 
(Hampshire X 
Rambouillet) 

RAMIBOUILLET 

Varia- 
tion 
from 
100 

LINCOLN CORRIEDALE OXFORD HAMPSHIRE ALL SIX 
SAMPLES 

Mean 
length 

Varia- 
tion 

from 
100 

Mean 
length 

Mean 
length 

Varia- 
tion 
from 
100 

Mean 
length 

Varia- 
tion 
from 
100 

Varia- 
Mean tion 

length from 
100 

Mean 
length 

Varia- 
tion 
from 
100 

Mean 
length 

Varia - 
tion 
from 
100 

4.70 49 3.46 -05 6-54 11 3.50 15 6.66 14 4.04 23 4.82 20 
4.64 43 3.47 -06 6-57 14 3.45 -10 6-89 37 4.11 30 4-86 24 
4.51 30 3.47 06 6.65 22 3-41 -06 6.95 .43 4.08 -27 4.85 -23 
4.38 17 3.48 -07 6.69 -26 3.39 04 6-85 33 4-06 25 4-81 19 
4.31 -10 3.47 06 6-74 -31 3.40 -05 6-80 -28 4.05 -24 4.80 -18 
4.25 -04 3.45 04 6.83 40 3-38 -03 ' 6.67 -15 4.00 19 4.76 -14 
4.23 -02 3.45 -04 6.75 32 3-36 -01 6.68 16 3.98 -17 4.74 -12 
4.19 02 3.44 -03 6-74 -31 3-41 -06 6-65 -13 3.96 -15 4.73 -11 
4.19 -02 3.44 -03 6-75 -32 3-39 -04 6.62 10 3.91 -10 4.72 10 
4.20 01 3.44 03 6.71 -28 3-37 -02 6.59 07 3.93 12 4.71 09 
4,18 03 3.42 -01 6.68 -25 3-39 -04 6.55 -03 3.89 -08 4.69 -07 
4.18 -03 3.40 -01 6.63 -20 3.38 -03 6.55 -03 3.89 -08 4.67 -05 
4.17 04 3.39 -02 6.53 10 3-36 -01 6.59 07 3-87 06 4.65 -03 
4.17 04 3.40 01 6.54 11 3-37 -02 6.59 -07 3.86 -05 4.66 -04 
4.20 01 3.40 01 6.55 12 3.36 -01 6.61 -09 3-86 -05 4.66 -04 
4.20 01 3.39 02 6.50 -07 3.36 01 6.57 05 3.86 -05 4.65 -03 
4.23 02 3.41 none 6.48 -05 3.35 none 6.55 -03 3.84 -03 4.64 -02 
4.22 01 3.41 none 6.43 none 3.35 none 6.53 -01 3.82 01 4.63 01 
4.21 none 3.42 01 6.45 -02 3-36 -01 6.52 none 3-83 02 4.63 01 
4.21 

of 

3.41 - 6.43 - 3.35 6.52 3.81 4.62 - 
of 

.032 017 - -066 - -020 -046 -035 -040 

-096 - 051 - 198 060 138 -105 - -120 

When comparing the variation of differences from the mean of the entire 
fibres, it will be noted that in some samples the measurement of 35 

es was sufficient, while in others as many as 6o fibres should be measured 
ore the difference was less than three times the probable error of the 

length of zoo fibres. The point of accuracy in all the samples seemed 
be When around 5o fibres had been measured, so this number was chosen 
i standard number of fibres to be measured from each sample. 

EXPERIMENTAL PROCEDURE 
Parison of Sampling Methods 

'Tied" Staple Method Compared with Growth Clipping Method -It was 
(I impossible, in spite of all precautions, to keep the "ties" on the staples 
g the first two months after shearing, for all "ties" made in this period 
lost. After that period öf time was past the "ties" held, with a few 



TIO2 6- Monthly Wool Growth of Rambouillet Ewes -Burns 

exceptions, and the resulting growth figures agreed closely with those 

obtained with monthly growth clippings from the same animals. o¡ 

However, because of the loss of the first two or three "ties" made all 

shearing, and the strong possibility of later "ties" slipping, the "tie" meths 

was discarded as not comparable to the growth clipping method in acu tau S 

as one method is positive and the other doubtful in the results obtained. 

COMPARISON OF SAMPLING METHODS a 

Average Staple Length Difference Method, compared with Average Groa 

Clipping Length Method -In 161 growth determinations with individual 

from four different breeds 'Rambouillet, Oxford, Hampshire, and Corriedal 

the following frequency distribution of monthly wool growth was obtained o 

Twelve Months Period of Growth, April 1926 to April 1927 

Frequency Distribution 

Monthly Growth 
in tenths of 

an inch 

Staple Length Difference 
Method 

Breeds* 

R OH C 

All four 
breeds 

Growth Clipping Length Met* 

Average Length of "Sheaf' 

Breeds* 

R O H C 

Loss 
o 
1 

2 
3 
4 
5 
6 
7 
8 
9 

lo 
11 

1 

7 
10 
12 
11 
7 
1 

0 
3 
1 

1 

0 
0 

0 
5 
8 
7 
4 
7 
4 
3 
1 

1 

0 
o 
o 

2 
5 
5 
9 
2 
7 
2 
3 
o 
1 

o 
2 

7 
0 
2 
4 
5 
2 
5 
0 

0 
2 
0 
1 

o 

10 
17 
25 
32 
22 
23 
12 
6 
4 
5 
2 
1 

2 

0 
o 
o 

32 
15 

4 
3 
0 
0 
o 
o 
o 
o 

Total ... 

Mean length ... 
tP. E. of mean ... 

Coef. of 
Variability .. 

+P. E. of Coef. of 
Variability ... 

54 

256 
019 

81 

8 

40 

288 
022 

73 

8 

39 

318 
031 

91 

11 

28 

300 
034 

88 

13 

161 

286 
128 

84 

5 

54 

259 
008 

33 

2 

o 
0 
o 
1 

15 
10 
10 
4 
0 

o 
o 
o 
o 

40 

403 
011 

26 

2 

0 

0 
o 

12 
16 
8 
3 
0 

o 

o 

o 

0 

o 

39 

305 
010 

30 

2 

1 

2 

3 
0 4 

3 

* Breeds- R= Rambouillet; O= Oxford; H= Hampshire; C= Corriedale 

t 
Coef. of Variability-Coefficient of Variability or per cent. Standard D 
P. E. =Probable error. 

ev a 

It will be noticed that the staple length method recorded 27 casts 4f 

16.75% of the total with a loss or no growth, a fact which in itself 
a 

st 

enough to condemn the method. However, the extreme variability 
of 8r ei 

as compared with 35% is the final convincing argument of the futdttY i 

using the staple length difference method. he 

At no time during the test was there any similarity between 
measure° a 

by the two methods of sampling, and the violent fluctuations of the ff i 

obtained by the staple length difference method did not show any re,g11131. 

in their occurrence. The inter-relationship of breeds is ínteresog ü 

would be expected, the breeds with longer wool gave the greatest err01 s 

the average growth by staple length difference method. 
However' aí 

All foi 

bred 

fo 

16 

.31 

4160 l, 

35 of 

la 
E, 
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dency was practically the same in all breeds, and the futility of using 
ole length differences for ascertaining wool growth is quite apparent. 

COMPARISON OF MEASUREMENT METHODS 
Stretched (Taut) Fibre Length of Staple compared with Average Length of 
growth Clipipings -In this test an area of some four or five square inches . 

stent was cleared, and a staple of wool taken from this area at the end 
ach month of growth. It was hoped that by the use of this method of 
piing a cumulative "stair- step" perspective of wool growth could be 
lined. As the experience with using average staple length differences 
irowth determination had given extremely unreliable results, the measur- 
of average staple length was discarded, and a measurement of go 
aidaul stretched (taut) fibres was substituted. 
The results of 86 growth determinations with three breeds (Corriedale, 
apshire, and Rambouillet) over a period of six months in the 1928 -29 
wth test gave the following frequency distribution. 

Frequency Distribution 

nthly Growth 
in tenths of 

an inch 

Staple Length Method. 
Mean stretched fibre length 

of 50 fibres 

Growth Clipping Method. 
Average Length of "Sheaf" 

Breeds* 

Loss 

0 

1 

2 

3 

4 

5 

6 

7 

8 

H R 

0 0 2 
0 0 0 
2 0 3 
4 4 6 
6 2 5 
6 5 6 
6 3 6 
3 5 4 
4 1 2 
0 1 0 

All three 
breeds 

Breeds* 

H R 

All three 
breeds 

2 0 0 0 
0 0 0 0 
5 0 0 0 

14 12 4 28 
13 .12 9 3 
17 6 6 3 
15 1 2 0 
12 0 0 0 

7 0 0 0 
1 0 0 0 

o 
o 
0 

44 
24 
15 
3 
o 
o 
o 

olength ... 
Of mean 
of Variability ... 

E of Coef. of 
oiabihty 

31 21 34 

413 448 .359 
021 025 022 

42 38 54 

4 4 6 

86 31 21 34 

400 
013 

46 

3 

287 329 226 
010 .013 007 

29 26 27 

3 3 2 

86 

273 
006 
32 

2 

)'reeds- C= Corriedale H=Hampshire; R= Rambouillet 
lgain the extreme variation of the length of stretched (taut) fibres in 
$aple makes itself evident, and although the stretched fibre length gave 
tr results than the staple length difference, still it was not as accurate 
mtrforni as the average length of clipping ( "sheaf. ") Either by inspection 
he distribution data or by comparison of the coefficients of variability. 
marked superiority of the average length of the clipping method of 
Stet/lent is apparent. 
retched (Taut) Fibre Length of Growth Clippings compared with Average 

6' of Growth Clippings -Only the growth clipping method has stood 
as most reliable in the series of tests thus far reported. It was thought 

ble to compare the two methods of measuring the growth clippings. 
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In 258 growth determinations with four breeds (Corriedale, Hasp 

Rambouillet, and Lincoln), over a period of 14 months from March 

to May 193o, the following frequency distribution was obtained- 

Frequency Distribution 

Growth Clipping Method. 
Average Length of "Sheaf" 

Monthly Growth 
in tenths of 

an inch Breeds* 
All four 
breeds 

C H R L 

2 7 7 19 0 33 
3 20 24 43 88 
4 24 30 4 2 60 
5 16 4 13 34 
6 1 0 o 13 14 
7 0 o o 13 13 
8 o 0 o 7 
9 o 0 o 5 5 

10 o o o 2 2 
11 o o o 0 0 

12 o o o 2 2 

Total ... 68 65 67 58 258 

Mean growth 
length .. 376 .348 281 612 411 

P. E. of length 008 006 005 016 008 
Coefficient of 

Variability ... 26 22 21 27 44 
P. E. of Coeffi- 
cient Variability 2 1 2 2 

Growth Clipping Method. 

Mean Stretched Fibre Len 

of 25 Fibres 

Breeds* 
All 

C H R 

0 

13 
31 
21 

3 
0 
0 
o 
o 
o 
o 

3 
22 
31 

8 
0 
1 

o 
0 
o 
o 
0 

68 

421 
006 

19 

65 

374 
007 

22 

1 

16 
42 

5 

1 

o 
o 

o 
o 

67 

304 
009 

35 

0 

0 

3 

20 

11 

7 

7 

7 

2 

o 

58 

650 4 

016 

27 

2 1 

*Breeds- C= Corriedale 11= Hampshire; R= Rambouillet; L= Lincoln. 

As would be expected, the stretched fibre method gave a slightly 

figure than average length of "sheaf." 

COMPARISON OF MEASUREMENT METHODS 

The difference between the two systems of measuring growth dip 

was so small as to be negligible. In fact the difference 19 was sm 

than three times the probable error of the mean (2r). The coelhcle" 

variability were also quite close together, and here again the difference 

practically the same as the probable error. The tendencies were the 

in all four breeds under test. 
Thus no particular advantage was gained by measuring mdm 

stretched (taut) fibre lengths of a growth clipping "sheaf" rather 

taking an average measurement of the "sheaf" as a whole. 
si 

In view of the results of all the tests concerning methods of sam ' 

eaf 
and measurement, the average length of the growth clipping n 

h 
used throughout the wool growth studies reported in this paper. 

As later results will show, the stimulation of the skin by the shear 

taking the growth clipping sample, and clearing the area, was not a 

and physiologists have confirmed this fact in conversations with the 

During the first few months after shearing, there was a stia1 

wool growth. 
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EXPERIMENTAL RESULTS 
frequency distribution of the data given on page TI06 gives the 

owing table- 

Monthly Growth in 
tenths of an inch Frequency 

1 

2 
3 
4 
5 

1 

133 
95 

8 
3 

Mean --25 
P. E. of Mean -003 

Total ... 240 

Maximum Variation in Monthly Wool Growth 
Same Ewe; Same Month; Different Years 

READINGS IN TENTHS OP AN INCH 
No. 

Months 
in Test 

Total 
Varia- 

tion 
No. 

Avg. 
Varia- 
tion ?by June July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. 

1 

0 
1 

0 
1 

1 

3 
2 
2 
1 

1 

1 

2 
1 

2 
1 

1 

0 

1 

0 
0 
0 
1 

1 

1 

1 

1 

1 

0 
1 

0 
1 

0 
2 
1 

1 

1 

0 
0 
1 

1 

1 

1 

0 
1 

1 

1 

1 

1 

1 

0 
1 

0 
1 

0 
1 

0 
1 

0 
1 

1 

1 

1 

0 
1 

- 

33 
43 
24 
31 
31 
23 

13 
8 
9 
9 
8 
9 

12 
12 
12 
12 
12 
11 

1.08 
67 
75 
75 
67 
82 

the average maximum variation of growth ewe during the 
month in different years varied from -067 of an inch to 1o8 of an inch, 

g a strong tendency for the same individuals to grow wool uniformly 
ghout a period of 43 months. 

WOOL GROWTH BY SEASONS 
Iwo hundred and forty determinations from the Rambouillet growth 
mg samples, over the four -year period, gave the following table of 

by seasons- 

Season 

B-March, April, and May b -June, July, and 
-September, October, and November t December, January, and February ... 
growth for the year 

Actual Wool 
Growth in inches 

Per cent. of 
Yearly Growth 

.74 25 

.79 27 

.74 25 
70 23 

2.97 100 

he above table shows a remarkable uniformity of growth throughout the 
seasons of the year. As would be expected, Fall, Winter, and Spring, 
seasons when feed was not so good, and when nourishing the unborn 

later the suckling lamb, gave less growth than during the summer 
IS when green feed was available. Thus do the wool growth deter - 
fions co- ordinate as would be expected with the physiological and 
onniental conditions, favourable circumstances increasing, and those 
hale unfavourable retarding wool growth. 
order to compare these wool growth figures with those reported by 

*el' of investigators in Germany, an arrangement has been made of 
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data showing the wool growth for the first six months, and the following 
months after shearing. 

As before, there were 240 growth determinations over the period from 
6 to 193o- 

Actual Wool 
Growth in inches 

Per cent. of 
Yearly Growth 

t six months after shearing 1.55 52 
owing six months ... 1.42 48 

I growth for the year 2.97 100 

The remarkable uniformity of growth as shown in the four seasons of 
year is also apparent when the data are arranged with two growth 

;ads of equal duration from one shearing to the next shearing twelve 
oths later. 

THE EFFECT OF SHEARING ON WOOL GROWTH 
It has always been a popular idea that wool grows more the first month 
to after shearing than during later months. In order to see just how 
v&cant the differences would be, the data on five breeds have been arranged 
that a comparison could be made of the first and second months indepen- 
ttly against the remaining months of the year. 

prison of First Month's Wool Growth after Shearing with subsequent 
Growth until the next Shearing 

Average Length of Growth Clipping "Sheaf" 
Frequency Distribution 

moth 

tenths 

winch 

First Month's Growth 

Breeds* 

Subsequent 11 Months' Growth 

All 
breeds 

L 

Breeds* All 
breeds 

1 

L C O H R H R 

1 

1 2 11 14 27 3 40 122 192 
9 3 9 10 31 4 66 34 83 85 272 
6 2 5 14 25 53 22 59 7 166 

5 2 0 1 8 59 24 17 11 3 114 
8 
7 

0 

0 

1 

3 
1 

2 
10 
12 

73 
36 

1 

1 

5 
0 

0 

1 

79 
38 

4 1 o 1 6 20 0 20 
1 0 1 11 1 12 

1 1 2 2 

a 0 0 

0 2 2 

in 

25 19 10 21 22 97 232 172 82 194 218 898 

of 
652 .374 540 400 255 441 603 347 390 323 249 388 

la .,. 
mes 

015 019 048 024 008 136 007 005 009 004 003 .004 

Ir of 
m ... 408 012 

=Lincoln; C= Corriedale O= Oxford; Hampshire ; R= Rambouillet. 
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The difference between the average growth the first month and the oth 

eleven months shows a greater growth in the first month. The differeki 

053 is over twelve times the probable error, and upholds the general id 

that wool grows more the first month after shearing. The same tendenc 

is noted in the different breeds. 
A similar arrangement of data comparing the second month's gros 

with the other eleven months shows the second month's growth to be slight) 

greater, but the difference this time is only 018, which is four times th 

probable error of the mean, a significant figure, but not nearly as conclusiv 

a difference as in the first month's growth. 

CONCLUSIONS 
Rambouillet ewe wool grows more or less uniformly during the year, b 

is affected slightly during the winter, spring, and summer by the lamb' 

season, and the abundance or lack of green food. 

Monthly Wool Growth in Rambouillet Ewes. Growth in hundredths of an inch 

240 Monthly Growth Determinations. 
4-6 Ewes, 1926 -1930. Sheared on 27th April each year. 

Figures on top of columns represent growth in hundredths of an inch. 

Figures within columns represent each month's proportionate growth in per ce 

of the total growth for the year. 

.30 
.25 .23 

B 

10.0 

26 

A 

8.5 8.7 7.7 

.25 .26 

8.5 8.7 

.23 .23 .23 . 
7.7 7.7 7.7 

.24 

8. 

.24 s 
8 

.25 

15 

May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. March Apri( 

A= First month after shearing. B= Green feed available. 

It will be noticed that the monthly wool growth was quite unif 

throughout the year, the minimum and maximum monthly growth 

by only 07 of an inch. 
In July only was an abundance of green feed either in the form of 

pasture or oat fodder available, and the effect on the wool growth 

startling. 
If these data are arranged in two periods of six months' growth, di 

give information which can be compared directly with those reported 

the review of literature in this paper. 

Comparison of Wool Growth in Rambouillet Ewes by Six -months' Periods, begi 

from Shearing Time. 
Figures on top of columns are total growth in inches. 
Figures within columns are per cent. of yearly growth. 

1.55 

52 

Total Wool Growth First Six Months 

1.42 

48 

Total Wool Growth Next Six Mon 

After Shearing. Completing the Year. 

ix 

:h 

a 
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The results in the wool growth test at the Wyoming Experiment Station 
re in direct opposition to those reported by Rohde, Stohmann, Heyene, 
artner, and Zorn, and in agreement with the results reported by Nordmeyer 
Rd Hackedorn and Sotola. 

Although there was more growth during the first six months after shearing, 
was nowhere so great as the differential of * to * reported by these 

ivestigators. The time of shearing would have no appreciable effect for 
¡king place as it did in the spring (April) it included the large growth in 
my and October in the first six months of growth, thus raising the pro - 
rtionate ratio of growth of the first six month's period to the following 

month period, making up the year. 
Physiologically it would seem logical for wool to grow more ' or less 

óiformly if nutrition and health are normal. Fluctuations in growth, due 
¡nutrition and health and reproductive processes, occur according to the 
;verity of these factors. However, the monthly growth inter -relationships 

m to keep about the same, even though the yearly growth may be 
>usiderably less. Ewe No. 116 gives some interesting information on this 
Dint. She was getting old, and during the last year of her life she grew 
)nsiderably less total length of wool, but the variation from month to 
rnth was in the same ratio as in other years, and in the same year for 
Cher individuals. This relationship is so evident that it can easily be seen 
y a mere inspection of the detailed table of data for all ewes in all four 
ears. 

SUMMARY 
(I) Monthly growth clippings proved out the most accurate and practical 

ethod of sampling for wool growth. 
(2) The average length of the growth clipping "sheaf" gave results which 

ere so very close to those obtained by measuring 25 individual stretched 
lut) fibre lengths that the extra labour in measuring the stretched fibre 
rgths was unwarranted. 

(3) The monthly wool growth of Rambouillet ewes was remarkably 
Morin throughout the year, and in the four different years. 

(4) Wool growth during the first six months after shearing was only 
;fitly greater (52 %) than during the following six months (48 %). 
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33- MONTHLY WOOL GROWTH STUDIES, II; (a) HAMPSHIR 

DOWN EWES; (b) CORRIEDALE EWES 

By ROBERT H. BURNS, M.S. 

INTRODUCTION 
In a former paper* the writer stated that monthly wool growth studi 

with five different breeds of sheep were started at the Wyoming Experime 

Station in 1926, and carried on for the following four years up to and includin 

1930. The former paper gave the technique of measurement, which prov 

most satisfactory and gave the results of monthly wool growth in R 

bouillet ewes. This paper, the second of the series, gives the results obtaine 

in monthly wool growth studies in two breeds, Hampshire Down and Corn 

dale ewes. 
The writer, now studying sheep breeding and fleece analysis at th 

Institute of Animal Genetics, University of Edinburgh, wishes to acknowled 

his indebtedness to this Institute for the courtesies and suggestions extend 

to him during the preparation of this paper. 

EXPERIMENTAL PROCEDURE 
The same procedure as followed with Rambouillet ewes, described in th 

former paper, was used for the other breeds. Four to six ewes were us 

during each year, the number depending on mortality and sales. No su 

stitutions were made during the year, but each spring at shearing 

young ewes were added to have as many different ages represented as possibl 

Any ewes substituted for those sold, or deceased, were as nearly as possib! 

of the same age as those which they replaced. Environmental conditions we 

the same as already reported for the Rambouillet ewes. Wool gro 

determinations were made by measuring the average length of clipp 

"sheaf" from the right mid -shoulder area of each sheep. 

If the growth data for the Hampshire Down ewes is arranged in the fo 

of a frequency distribution, the following figures are obtained- 
Monthly Growth in Frequency 
tenths of an inch 

2 ... 42 Mean Monthly Growth 33 

3 92 
4 64 Probable Error of Mean ±ooá 

5 12 
6 1 Maximum Allowable Error 02 

7 3 (three times probable error 
8 1 of mean) 

Total 215 

A study of the large table of experimental results shows that there 

a strong tendency for the wool of Hampshire ewes to grow uniformly thro 

out the year, for a comparison of the variation figures in the last column 

the large table with the maximum allowable error (three times the proba 

error of the mean monthly growth) shows that during five months of 

year the variation in average monthly wool growth is significantly di. e 

from the average monthly wool growth for the entire year, and during 

other seven months making up the year the variation figure is not sign& 

* J. Text. Inst., 1931, 22, 198 -x109. 
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SUMMARY 
r) Hampshire Down ewe wool showed a tendency to grow uniformly 
ughout the year, as shown by monthly and seasonal growth, and the 
ly growth did not vary markedly during the four years of the 

; riment. 

z) Hampshire Down ewe wool grew slightly more during the first six 
the after shearing (54 %) than during the succeeding six months (46%), 
pleting the year. 
f the wool growth data for the Corriedale ewes is arranged into a 
aency distribution, the following figures are obtained- 

Monthly Growth in Frequency 
tenths of an inch 

2 28 Mean Monthly Growth 35 
3 75 
4 59 Probable Error of Mean ±005 
5 26 
6 1 Maximum Allowable Error 02 
7 1 (three times probable error 
8 1 of mean). 

Total ... 191 

A study of the large table of experimental results shows that there was 
di more variation in wool growth in the Corriedale ewes than in any of 
other breeds studied. A comparison of the variation figures in the last 
sin of the large table with the maximum allowable error shows only three 
iths when the variation was not significant, and nine months in which 
variation exceeded the maximum allowable error. This would indicate 

t the Corriedale breed was more variable in wool growth from month to 
ith than either the Rambouillet or Hampshire Down. 

tl 

lEr 

Maximum Variation in Monthly Wool Growth 
Same Ewe; Same Month; Different Years. Corriedale Ewes 

READINGS IN TENTHS OF AN INCH 
- 

May 

No. 
Months 
in Test 

Total 
Varia- 
tion 

No. 

Avg. 
Vann 
fion 

anche June 

0 
0 

0 
1 

2 

July 

0 
2 
2 
1 

1 

Aug. 

2 
2 
- 
1 

3 

Sept. 

1. ' 

1 

1 

1. 
4 

Oct. Nov. Dec. Jan. Feb. Mar. Apr. 

1 

0 
0 
1 

4 

1 

1 

1 

1 

0 

1 

1 

0 
0 
1 

1 

3 
1 

1 

2 

0 
2 
0 
2 
1 

1 

1 

1 

2 
2 

2 
2 
0 
2 
1 

- 
0 
1 

1 

1 

23 
35 
23 
44 
44 

10 
15 
7 

14 
22 

11 
12 
11 
12 
12 

09 
13 
06 
12 
18 

ie average maximum variation in growth of wool on the same ewe 
g the same month in different years is about the same in the Corriedales 
the Hampshire Downs, varying from o6 to i8 of an inch. Thus in 
.dales, as in Hampshires and Rambouillets, there is a tendency for the 
ndividuals to grow the same amount of wool during the same months 
ferent years. 
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WOOL GROWTH BY SEASONS 
Corriedale Ewes 

One hundred and ninety -one determinations from the Corriedale gro 

clipping samples over the four -year period, gave the following table o 

growth by seasons- 

Season 

- 

Actual Wool 
Growth in inches 

Per cent of m 

Yearly Growth 

F 

Spring- March, April, and May ... .. 
Summer -June, July, and August ... 
Fall- September, October, and November ... 
Winter- December, January, and February, 

95 
1.23 
1.11 
87 

23 
F 

29 0 

27 

21 

Total growth for the year ..: ... 4.16 100 

There is more variation in the Corriedales than in either the Hampshire 

or Rambouillets, the maximum difference in percentage of growth amountir 

to 4% in the Hampshires and Rambouillets, and to 8% in the Corriedale` 

If these figures are arranged so as to compare the growth the first si 

months after shearing with the succeeding six months making up the year 

one obtains the following figures. As before, there were 191 growth deter 

minations. p 

-1I 

Actual Wool 
Growth in inches 

Per cent. of r 

Yearly Growth 
ú 

First six months after shearing ... 
Succeeding six months ... ... ... ... 

2.36 
1.80 

57 1r 

43 11 

Total growth for the year ... ... 4.16 100 
i 

of 

The Corriedale ewes showed the greatest growth during the first six month* 

after shearing (57 %) of any of the breeds under study (Hampshires, 54%, an ari 

Rambouillets, 52 %). ap] 

lh 

CONCLUSIONS ar 

Monthly Wool Growth in Corriedale Ewes. Growth in hundredths of an inch 
sal 

191 Monthly Growth Determinations. 1926 -1930. its 

Sheared on 4th May of each year. 1r 

Figures on top of columns represent growth in hundredths of an inch. 

Figures within the columns represent each month's proportionate growth in 

cent. of the total growth for the entire year. SI 

Ali 

46 I) 

40 39 8 
'ec 

36 37 

11.1 9.4 

Se.' 

8.6 8.9 9.6 9.1 

_ pig 

8.2 

29 
. 

a) 

6.9-1101 

kg 
7.o 7.0 7.o 7.4 

June July Aug. Sept Oct. Nov. Dec. Jan. Feb. Mar. Apr- DiaY 
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orriedale ewe wool did not grow uniformly during the year, being much 
variable in monthly and seasonal wool growth than either the 

bouillet or Hampshire Down. Although there was a decline in wool 
th beginning in December it did not become dormant during the last two 
:hs completing the year, as suggested by Zorn, Heyne, Stohman, Gartner, 
Rohde. 

arison of Wool Growth in Corriedale Ewes by Six -months' Periods, beginning at 
Shearing Time. 

gums on top of column give total growth in inches. 
gures within columns give the per cent. of yearly growth attained during the 
onth period. 

2.36 

57 

1.80 

43 

Total Wool Growth First Six Total Wool Growth next Six 
Months after Shearing. - Months, completing the year. 

fhe Corriedale ewes' wool growth was io% greater during the first six 
iths' period than during the succeeding six months completing the year. 
:first six months of wool growth from the Corriedale ewes represented 
;of the growth for the entire year. This figure is io% under the figure 
hrted by Zorn, Heyne, Stohman, Gartner, and Rohde. 
the wool growth studies made at the Wyoming Experiment Station 

h Rambouillet, Hampshire, and Corriedale ewes support the view that 
¡has an inherent tendency to grow uniformly throughout the year, and 
ase the view that wool grows by the law of diminishing returns and 
ins two- thirds of its yearly length during the first six months after 
Ong, and then gradually diminishes until during the last two months 
pleting the year there is no appreciable growth. 
he tendency of wool to grow uniformly is affected by environmental 
irs which give dissimilar reactions in different breeds and even in indi- 
ils within the breed. The results obtained at Wyoming agree with the 
is reported by Hackedorn and Sotola using Rambouillets, and Nord- 

using Mutton -Merinos (Merinofleischschaf). 

'UMMARY OF MONTHLY WOOL GROWTH RESULTS USING 
IMBOUILLET, HAMPSHIRE DOWN, AND CORRIEDALE EWES 

Monthly wool growth in Rambouillet and Hampshire Down ewes 
:d a tendency to be uniform throughout the year, as shown by monthly 
'asonal growth, and the total yearly wool growth tended to be the same 

the four years of the experiment. 
Wool grows slightly more (average difference 9%) during the first 

aiths after shearing than during the succeeding six months completing 
'ar. 

The Corriedale ewes showed much more variability in monthly and 
'al wool growth than the Rambouillets and Hampshires. 
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CORRIGENDUM 

30 -THE DETERMINATION OR SOLUBILITY NUMBER: 

A MICRO -METHOD FOR MEASURING THE EXTENT 

WHICH A CELLULOSIC MATERIAL HAS BEEN CHEMICAL 

MODIFIED OR DEGRADED 

By C. R. NODDER 
(The Linen Industry Research Association). 

An error occurred in this paper which appeared in the August issue 

the Journal (T416- T424). The second paragraph of the Conclusion (p14 

should read as follows, the words to be changed being printed in italics. 

"The cuprammonium viscosity method is considerably more sensitive 

indicating the initial stages of attack, that is, when the solubility numbe 

less than 5o in the case of linen goods (log. viscosity 2% solution gre' 

than ro) or less than 2 or 3 in the case of cotton goods (log. viscosity 

solution greater than about 0.5)." 
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The Micrometer Caliper as an Instrument for 
Measuring the Diameter of Wool Fibers* 

ROBERT H. BURNS -WYO. EXPERIMENT STATION 

W. B. KOEHLER- GRADUATE STUDENT 1923 -'24 

INTRODUCTION 
For a number of years the microscope has been the standard 

instrument for measuring the diameter of wool fibers.' In 1921 
Hi ll2 of this station reported on use of the machinist's micrometer 
caliper for measuring fibers in his student laboratory, in order that 
students might train themselves in the accurate judgment of the 
fineness of wool. At first it was thought that the micrometer 
caliper was not as accurate as the microscope but was accurate 
enough for teaching students the practical discrimination of fine- 
ness. However, as time went on and a large number of measure- 
ments were made with the micrometer caliper by various individ- 
uals, it appeared to be fairly accurate.. 

J. I. Hardy' was the first to use the micrometer in the scien- 
tific study of wool. 

Hill2 states that he found that an average student, after some 
practice is able to -measure ioo fibers with a micrometer in less 
than 3o minutes, which agrees entirely with the writers' experi- 
ence. Gordon' asserts that one can make up the necessary 
amounts and measure the same number of fibers microscopically 
in an hour. Inasmuch as a student will probably açquire skill in 
measurement much more quickly with the micrometer than with 
the microscope the time- saving factor - is very evident. 

*Papers from the Wool Laboratory of the University of Wyoming Experiment Sta- 
tion-No. 10. This bulletin has been prepared from a thesis submitted by W. B. Koehler 
m partial fulfillment of the degree of Master of Science. 

1. Nathusits, W. v. Das Wollhaar Des Schafs, 1866. 
McMurtrie. Wm., Examination of Wool and other Animal Fibers, 1866, pp. 49, 

543, 559. 
Davis, Wm., Wool Record and Textile World, 1922, p. 896. 
Holden, H. S., Journal of Textile Institute, Vol. 8, No. 8, pp. 157, 160. 
Gordon, 19. B., Textile World, Mar. 10, 1923. 
Techo 1.- Ztschr, Induktive Abstam. U. -Ve erbungslehre 32 (1923), No. (pp. 37- 

60 
2. Hill, 3 A., American Society of Animal Production, 1921 proceedings, p. 8. 
3. Hardy, J. T:, Journal of Agricultural Research; Vol._ 14 :I o.: 8, pp. 285 -296: 
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As far as the writers are aware, no comparison of micrometer 

and microscopic measurements of wool fibers has been made. In- 

asmuch as the micrometer is a very useful instrument in the wool 

laboratory for training students to discriminate fineness, it seemed 

desirable to test out its accuracy. 

OBJECTS OP EXPERIMENT 

I. To compare measurements of the same portion of a wool 

fiber, made first with a micrometer caliper, and then with a micro- 

scope with a measuring eyepiece. 
2. To compare the variations between the measurements of 

the diameter of relatively fine fibers and relatively coarse fibers 

as influenced by the two methods of measurement. 

METHOD OP EXPERIMENTATION 

Instruments Used. 
r. Machinist's Micrometer. Caliper. 

An ordinary machinist's micrometer caliper graduated in 

ten -thousandths of an inch was used. The micrometer 

caliper used in this study was made by the Brown & 

Sharpe Manufacturing Company. (See Fig. 1.) 

Fig. 1. Micrometer caliper used for measuring wool fibers. 
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2. Microscope. 
A compound microscope and filar mikrometer (measuring 
eyepiece with movable crosshair) made by E. Leitz was 
used. An 8 mm. objective and 14.5 mm. tube length were 
used, which gave a magnification of 185 diameters. 

The measuring eyepiece was calibrated with a stage microme- 
ter reading in hundredths of a millimeter. One unit on the eye- 
piece was found to be equal to .02 mm. 

The filar eyepiece which was used in this study has on its 
side a wheel graduated in 10o equal parts. A complete turn of 
this wheel moves the crosshair in the eyepiece over one division in 
the eyepiece. Therefore, one unit on the wheel equals .0002 mm. 

These microscopic units were converted to ten -thousandths 
of an inch by dividing by 12.7. 

Fig. 2. Filar eyepiece used on microscope for measuring 
wool fibers. 

Source of Samples. 
Twenty -seven samples of Wool ranging from "fine to braid 

were used in this study. They were divided into three series, A, 
B, and C, according to their origin. 
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Series A. 
Sixteen of these samples were obtained from the U. S. Sheep 

Experiment Station at Dubois, Idaho. '.-Their classification follows: 

Seven Raìril ouillet samples ranging from 7o's to 58's. 
Four crossbred samples -(Corriedalé'sire ; ` ^Lincoln- Rambou- 

lette crosbred dam) ranging from 56's to .5o's. 
Three crossbred samples (Lincoln sire; Rambóuillet darn.). 

ranging from q.q.'s to 40's. 
Two Corriedale samples classed as 48's. to 46's. 
One sample ; of fine in, Series A was obtained from -a large 

wool commission house in Boston. 

Series B. 
Five samples were from Australia and four of these came 

from the well -known Wanganella station of Australian Merinos. 

Their classification follows 
Four Wanganella samples ranging from 66's to 68's. 
One sample of Australian bogget wool selected by W. T. 

Ritch, the Australian wool expert. 

Series C. 

Five samples of coarse wools all of United States origin. 

Their classification follows : 

One Romney Marsh sample frou1 University of Wyoming 

flock. 
One Oxford Down sample from University of` `Wyoming 

flock. 
One Low Quarter grade sample rf U. S. origin. 
One Common grade sample:. of V. S. origin. 
One Braid grade sample of,U. S. origi't; 

Preparation of Samples. 
Small sub -samples from each óf thd' large samples were 

washed in benzine, pressed between filter paper and exposed to 

the air for further drying. -When! the samples were dry both tip 

and base were clipped squarely off so as to have all the .fibers as 

nearly the -same length as possible. 
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Measurement of Samples. 
Individual fibers were drawn from the small sample, taking 

large and small fibers without discrimination and always draw- 
ing from the same side of the sample. 

The fiber was straightened between the fingers, one end held 
by the thumb and third finger and the other end held by the first 
and second fingers and was then placed between the jaws of the 
micrometer. The micrometer was turned up slowly . until-, the 
fiber lay snugly between the jaws and the ratchet clicked twice. 
One scion learns the right amount of speed to use in closing the 
jaws of the micrometer and should use the same relative speed 
in measuring the wool fibers as in checking the zero point. of the 
micrometer. 

After the fiber had -been measured -by the micrometer and the 
size 'recorded, the ends of the fiber were cut off as close to the 
jaws of the micrometer as is possible with a safety razdr blade. 
The portion of the fiber remaining between the jaws of the mi- 
crometer was then removed and placed on a glass slide. A cover 
glass was placed over it to keep the fiber flat (in one plane).. Nó 
mounting medium was used. Holden4 having found that glycerine; 
Canadian balsam, and air gave identical results within the limits 
of experimental error. 

The slide with the fiber on it was placed under the micro- 
scope and three measurements were taken at various parts of the 
fiber. Inasmuch as the length of the fiber when .clipped on either 
side of the micrometer jaws was about one -quarter of an inch 
and the visible microscopic field was about one -seventh as large, 
it was necessary to move the slide and follow the outline of the 
fiber, taking measurements at typical portions of the fiber at 
each end and in the middle. 

One hundred fibers from each small sample were measured 
in this way. 

4. Holden, H. S., Journal Textile Institute, V. 8, No 8, pp. 157, 160. 
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TABLE I.- Showing a comparison of the average thickness of 

zoo fibers from various samples of wool as measured by the mi- 

croscope and by the micrometer caliper 

Sample+ Microscopic 
Mean 

Caliper 
Mean 

Cor- 
rented 
Caliper 
Mean 

Percent of Cal- 
iper Mean 

Represented by 
Microscope 

Percent of Cor. 

rected Caliper 
Mean Repre. 

sentedbl 
Microscope 

Fine ... 6.74 +.08 5.69 +.07 6.69 118.5 100.7 
58s 7.20 ±.11 5.91+.12 6.91 121.8 101.2 
68s 7.18 +.08 6.02 +.06 7.02 119.3 102.3 

62s 7.46 +.09 6.26 +.07 7.26 119.2 102.8 

Wang. Ram 7.58 ±.07 6.54 4-.09 7.54 115.6 100.7 
66s 7.82 ±.11 6.59 ±.10 7.59 118.7 103.0 

60s 7.93 +.08 6.77 +.10 7.77 117.1 102.1 

70s 7.97 ±.06 6.72 ±.07 7.72 118.8 103.2 

Hoggett .. 7.81 ±.11 6.87 ±.07 7.87 113.6 99.2 

Wang. R. 68e 7.93 +.08 6.98 ±.08. 7.98 113.6 .99.2 
Wang. 11. 66e 8.07 ±.09 6.93 ±.09 7.93 116.5 101.8 

Wang. E. 68s 8.31 ±.07 6.99 ±.06 7.99 118.9 1040 

64s 8.58 +.12 7.48 +.10 8.48 114.7 101.2 

56s 8.83 ±.11 7.82 ±.10 8.82 112.9 100.1 

54s 9.51 +.10 8.37 +.13 9.37 113.6 101.5 

48s 9.90 +.10 8.80 +.14 9.80 112.5 101.0 

42s 10.32 +.13 9.20 +.12 10.20 112.2 101.2 

52s 10.45 +.17 9.56 +.16 10.58 109.3 96.0 
50s 11.02 +.13 9.98 +.12 10.98 111.0 100.4 

46s 11.43 +.16 9.98 +.16 10.98 114.5 104.0 

40s 12.12 +.17 11.79 +10 12.79 105.3 97.1 

Low Y4 13.32 ±.22 11.57 +.20 12.57 115.1 1060 

Oxford 13.13 +.09 12.44 +.09 13.44 105.5 97.7 

44s 13.75 +.14 13.00 +.15 14.00 105.8 98.2 

Romney 14.84 ±.16 13.37 ±.14 14.37 111.0 1032 

Braid 15.43+.16 14.43 +.16 15.43 106.9 100.0 

Common 15.76 ±.21 14.33 ±.20 15.33 111.0 102.8 

Mean 113.8 ±.6 Mean 101.4 ±.3 

'All measurements in units of ten -thousandths of an inch. 
Addition of one ten -thousandths of an inch to caliper mean. 
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TABLE III. -Showing correlation between .measurements obtained 

by the microscope and those obtained by the - micrometer call, 

per on the same wool fibers. 

FREQUENCY OF MICROSCOPIC MEASUREMENTS 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

I I 

F' 

á 

Mierb- 
seopie 
Mean 

5 6 7 8 9 10 11 12- 13 14 15 16 17 18 19 20 2 22 

4.55±.06 
36 5.38±.06 22 14 

230 6.25±.02 10 145 74 

450 7.13±.02 38 316 63 3 

464 s.u±.02 306 96 

350 9.08±.02 -53 226 59 12" 

224 10.01±.03 2 44 123 51 4 

190 10.96±.04 3 39 98 42 7 11 

156 12.17±.05 . 2 37 71 29 14 33 

129 13.11-1-.05 2 22 73 24 7 

158 14.04+.05 5 31 80 29 9 1 1 

111 14.94+.07 2 7 26 49 19 6 1_ 1 

100 16.22+.08 1 3 18 42 26 6 3 

43 17.21 ±.13 2 12 16: 5 7 

28 18.01±.12 1 7 11 8- 1 

19 19.13±.14 5 9 3 2 

9 19.74±.15 4 4 

4 21.46+.17 2 2 

íA11 measurements n units of ten -thousandths of an inch. 
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The two methods of measurement are compared in Tables 
I, II and III and in Charts One and Two. 

In Table I the average diameter of each sample as measured 
by the micrometer caliper is compared with the average diameter 
obtained with the microscope. This comparison is shown graphic- 
ally in Chart One. 

The relation between the measurements obtained by the 
microscope is shown more in detail in Table II. The fibers are 
grouped according to their diameters measured on the micrometer 
caliper. This average microscopic measurements for each group 
is then used as a basis of comparison. 1 or example, there were 
only 33 fibers among all those measured in the Government series 
that measured 4 ten -thousandths of an inch by the caliper and 
only 3 fibers of the Australian series. The average diameter 
of these groups measured by the microscope was 5.42 and 4.92 
ten - thousandths, respectively, and the mean of the combined 
group of 36 fibers was 5.38. It is on this basis that the compari- 
sons in the column headed "4" in Table II are made. The com- 
parisons of Table II are shown graphically in Chart Two. 

Table III shows in detail the frequency distributions of the 
microscopic measurements from which the means in Table II 
were obtained. Thus it is shown that the 36 fibers that measured 
4 ten -thousandths in the caliper and had an average diameter of 
5.38 ten -thousandths by the microscope, contained 22 fibers in the 
5 group and 14 fibers in the 6 group, this grouping being on the 
basis of microscopic measurement to the nearest ten -thousandth 
of an inch. 

RESULTS 
Object Nó. 1. 

The number of samples was relatively small (27) and so 
the results of this experiment are not to be taken as entirely con - 
clusive, but are representative of only a relatively small number 
of samples. 

The microscopic measurements were larger than the microme- 
ter measurements in practically every fiber. This would be ex- 
pected, for the micrometer has a slight crushing action on the 
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fiber. Moreover, the fiber, when put between the glass slides, 

will tend to lie on its flat side and thus present its greatest diame- 

ter in the microscopic field. There is also a tendency for oval 

fibers. to twist when the jaws of the micrometer are closed upon 

them, and thus the smallest diameter is obtained when measuring 

fibers with the micrometer.' 
All of these factors would seem to add more reliability to 

the results .obtained, in this experiment. 
There were some variations in the difference between mi- 

crometer,and microscopic measurements in the different samples, 

but,as shown by the table, the relation is fairly uniform. 
Table I shows . that the microscopic measurements of the 

entire series of samples aver age .i i 3 4 ±.6 per cent larger than 

the micrometer caliper measurements. However, it can be seen 

from Chart One that if one ten- thousandth of an inch is added 

to the micrometer caliper reading, it will closely approximate the 

microscopic reading. 
In the last, column of Table I this addition has been made 

and in this case: the microscopic measurements are IQI.4 ±,3 per 

cent of the micrometer caliper measurements so adjusted. Thus 

the microscopic measurements are Only 1.4 per cent greater than 

the micrometer caliper measurements corrected by the addition 

of one ten -thousandth of an inch. 

Object No. á, 
If all of the fibers having a certain micrometer measure- 

ment are gathered together we have the. results given in Tables 

II and III and in Chart Two. 
Now, if these fibers are divided into two, large groups 

placing all fibers measuring from ' 3 to lo_ ten -thousandths of 

an inch, inclusive, in diameter in one group, and all those measur- 

ing from- II to 20 ten- thousandths of an inch in diameter, in- 

clusive, in theother group, some interesting facts are disclosed. 

If the correction of one ten -thousandth of an inch is added 

to the micrometer caliper measurements the resulting figure is 

very close to the microscopic measurement. To be fairly accu- 

rate so far as the results of this experiment go the corrected 

5. Hardy, J. I., Journal of Agricultural Research, V. 14, No. 8, pp. 285298. 
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micrometer caliper mean if between 1 and 10 ten -.thousandths 
-would have to be -multiplied by 103.7. per cent and 'if between Io 
aird'20 it would- have to be multiplied by 10o.7 per cent. 

'Thusrthe fact is brought out that there is:less variation be- 
tween the two methods of measuring diari-i ter in the large fibers 
than in the small fibers. This difference is expressed in per.= 

centage and thus would, naturally be larger in the smaller fibers. 
Then also the larger fiber has more area in contact with the 
jaws of the micrometer than the smaller fiber. 
Effect of softness on the accuracy of' the micrometer. 

Since it seems evident that one of the sourdes of error in the 
use of the micrometer is the compression of the fiber between its 
jaws, the question arose whether fibers from wool that 'feels soft 
to the touch would be compressed more than fibers of wool that 
lack the feeling of softness. The samples of Australian wool used 
in these experiments -had been kept in the laboratory to illustrate 
the softness of certain types of Australian wool. 

But the Australian samples did not show as much variation 
in diameter between the two methods of measurement as did 
American wools of corresponding fineness. Hence it would seem 
that soft Australian wools do not yield to a crushing force any 
more readily than American wools of similar fineness, and that 
any special softness of Australian wools is not caused by a weak - 
celled fiber that is easily compressed. It may be the gloss and 
oiliness of the surface or some other characteristic of the fiber 
which gives it its reputation for softness in the manufacturing 
trade. 

In this connection it must be remembered that only five sam- 
ples of Australian wools were used, which is a small number, but, 
nevertheless, was about the same number as was used of similar 
American grades. 

SUMMARY 
Object. I. 

A. The average microscopic measurements of any sample 
were always larger than the average caliper measurements. 

B. For all practical purposes this difference . amounts to I 
ten -thousandth of an inch. 
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Object No. 2. 

Larger fibers do not give us as great a proportionate differ- 

ence of diameters measured by the two instruments as do the 

smaller fibers. No important difference was found that could be 

attributed to the difference in the softness of the samples 

measured. 

CONCLUSION 
The micrometer caliper is much easier for students to use 

than the microscope for measuring wool. It has been proved 

to be fairly accurate, and the measurements obtained by it bear 

a rather close relationship to the microscopic measurement. For 

all practical purposes this relationship may be expressed as 

follows : 

The diameter as measured by the caliper + r ten -thousandth 

of an inch equals the diameter measured by the microscope. 
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WOOL MEASUREMENT TECHNIC. 

By ROBERT H. BURNS 

Wyoming Experiment Station 

For a number of years wool measurements of various kinds 
have been advocated as a means of standardizing materials 
in the wool trade. Kereszturi, A. F. Barker, Duerden, 
Henseler, Kronacher, Gordon, Willingmyre, and .a number of 
others have advocated standards of measurement in both the 
raw wool and the finished product. Slowly wool measure- 
ments are being recognized as essential in the wool trade. A 
standard of comparison is always very useful, if not essential, 
in any line of work which requires an individual to pass judg- 
ment on a product, particularly where physical dimensions are 
involved. 

The following dimensions of wool fibers have been measured 
by various means and will form the basis of this paper : 

1. Length of staple. 
2. Length of fiber or length of individual fibers with crimp 

removed. 
3. Crimps per unit length, length of crimp, or percentage 

of crimp. 
4. Strength or breaking load. 
5. Elasticity or extensibility under stress. 
6. Diameter. 
7. Density, number of fibers per unit area of skin, or spe- 

cific gravity. 
8. Scales and luster. 
9. Structure and kemp. 

Length of Staple 
Length of staple is measured on the sheep and on the fleece, 

usually by the simple method of laying a rule alongside the 
staple. 

Length of Fiber 
Length of fiber, that is, length stretched taut with the crimp 

removed has been measured in various ways. Davenport and 
Rittman used .a MacKenzie fiber -testing machine, stretching 

3 



the fiber between two clamps. This is the same machine that 
has been widely used for strength and elasticity studies, and 

is fully described by Hill in Wyoming. Bul. No. 92. Length 
of fiber and elasticity are closely related. However, length 

of fiber usually is understood to mean normal extension with- 

out any stress on the internal structure of the fiber. The 

amount of stress which will just remove the crimp will not 

affect the internal structure of the fiber. 
J. F. Wilson, of California, has recently devised a new 

method which is -a simplified application of the MacKenzie 

testing machine. The fiber to be tested is fastened in a clamp 

so that the end of the fiber corresponds with a zero mark 

on a standard in back. The other end of the fiber is clamped 

in a safety pin clamp weighing .8 of a gram, which gives a 

constant stress to all fibers. 
The writer has recently tried out a simple method of meas- 

uring fiber length which has worked to good advantage. 

The chief piece of equipment is a dark brown Chenille rug 

swatch with a half -inch pile. The tweezers used are equipped 

with cork tips. Cork will hold the fiber fairly well and still 

will not stick to it and thus break it as will wax and some 

other materials. The rule is laid, 440 on the rug swatch. The 

fiber is laid in front of the st h and worked down into the 

pile, then the thumb nail of the left hand is placed over the 

fiber at the end of the rule and the other end of the fiber 

caught with the tweezers and drawn through . the pile of the 

swatch until the tip of the fiber comes out from under the 
n 

nail. A reading of stretched length to the nearest tenth of 
m 

an inch is then easily taken, using the tweezer tips as a pointer 
tc 

on the rule. The half -inch pile of the rug swatch gives just 
bi 

the right amount of friction to straighten out the crimps in le 

the fiber. w 

Not much work has been done on the number of fibers to 

be measured for fiber length. The writer has measured a de 

series of wool samples of different types, grouping the vas' ce: 

urements in groups of five up to one hundred measured from gr 

each sample. There were six samples, including Rambouillet, tr 

Corriedale, Hampshire, Oxford, Lincoln, and a cross -bred ri 

Hampshire -Rambouillet. 
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How. MANY FIBERS SHOULD BE MEASURED FOR LENGTH OF FIBER? 

Average of all six samples. 

No. fibers 
measured 

Mean length 
inches 

Variation from entire 
hundred, inches 

No. fibers 
measured 

Mean length 
mches. . 

Variation from entire 
.hundred. inches 

5 4.82 Plus .20 55 4.69 Plus .07 
10 4.86 Plus .24 60 4.67 Plus .05 
15 4.85 Plus .23 65 4.65 Plus .03 
20 4.81 Plus .19 70 4.66 Plus .04 
25 4.80 Plus .18 75 4.66 ' ''Plus .04 
30 4.76 Plus .14 80 . 4.65 , Plus .03 
35 4.74 Plus .14 ..85 4.64 Plus .02 
40 4.73 ' Plus .11 90 4.63 ' Plus .01 
45 4..72 Plus .10 95 : 4.63 Plus .01 
50 4.71 Plus .09 100 4.62 

The probable error of the mean for the hundred fiber is 

±.04. Three times this probable error (.12) would indicate 
that in the neighborhood of 50 fibers could be considered a 
fair sample for this measurement. 

Other methods used in measuring elasticity could also be 
adapted for the measurement of fiber length. However, all 
of these methods are more complicated, and the method out- 
lined above should suffice for the determination of fiber length 
for all practical purposes. The other methods will be dis- 
fussed under elasticity. 

Crimp Determination 
Number of Crimps Per Unit Length. In .this method the 

number of crimps per unit length in either the English or:, 
metric system are counted along a rule. The writer . has used,_, 
two methods: first, cutting a half -inch notch in a piece of 
black cardboard and .using this notch as a gauge of unit .. 

length;: and second, using a pair of dividers. . Both methods 
worked well and are much better than trying to count the,; 
lumber of crimps along a . straight rule. Another method-is 
described;.by McMurtrie, and also by Heyne, and. more 're- 
ently by. Duerdén, in which standard gauges of sawtooth 
;raduations are cut on a rule, : separate sections being con -, 
tructed with .sawtooth graduations varying from 5 to 35 . 

limps per inch. These sections are most conveniently 
rouped in segments around the perimeter of a circular in- 
trulnent. The graduated segments. are placed over the fiber 
otating the instrument until a segment is reached which 
latches with its own,sawtooth graduations the crimp of the 
her., 



S. G. Barker has recently classified crimp and reported a 

new method of measuring the length of crimp by means of 
a projected image, using an apparatus devised by Doctor 
Nichols, of Edinburgh. The essential feature is the measure- 
ment on a graduated glass screen of the dark shadows cast 
by the crimps when the wool is placed in front of a subdued 
light. Readings are taken on 25 locks and the average num- 
ber of crimps per inch calculated. 

Measuring the individual crimps or waves was early used, 

Nathusius being one of the first to report this method. On 

account of the difficulty of defining the top or trough of the 

waves to make the measurements from one definite point to 

another this method has not been used much in late years. 

Percentage of Crimp. This method, used by Davenport 
and Ritzman, is one of the most satisfactory methods of meas- 

uring the utility value of crimp. The percentage of increase 

in length of stretched fiber over the normal fiber with natu- 

ral crimp is determined. 
Duerden gives an interesting account of the formation of 

crimp in wool ; and Speakman, in his articles on the internal 

structure of wool, also gives an account of the shape and 

contraction of cells which are concerned in the production of 

crimp. 

Strength or Breaking Load 

An enormous amount of work has been done on the strength 

of wool fiber. A number of different apparatuses have been 

developed for the determination of breaking strength. Mc- 

Murtrie ' made a very comprehensive report on American 

wools ; while later work was done by Hill, Hardy, Miller, Jo- 

seph, and J. F. Wilson. All of this work was done with the 

MacKenzie fiber -testing machine designed at the Philadelphia 

Textile School. The importance of atmospheric conditions 

has been forcefully illustrated in most climates, but is not 

so important in drier climates. Barker and King worked at 

ordinary room temperature keeping records of humidity and 

made slight corrections. However, a large number of deter- 

minations have to be made. Tänzer gives a review of the 

German work on strength and elasticity, and gives descriP- I 

tions of a number of different apparatuses. Shorter, Speak- ; 

man, and A. F. Barker, of England, have done considerable ; 

work on strength, going into the structure of the wool fiber 

to explain the observed action of fibers while tinder. stress. 
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Elasticity or Extensibility under Stress 

The same apparatus which is used for breaking strength is, 
in most cases, used also in the determination of elasticity. 
However, the Deforden apparatus, described by Kronacher, 
and the apparatus developed by the British Research Associa- 
tion for the Woolen and Worsted Industry and made by the 
Cambridge Instrument Company are used entirely for the de- 
termination of elasticity. Both apparatuses record the ex- 
tensibility of fibers under different stresses. Speakman has 
done some excellent work on the structure of wool fibers in 
relationship to their elasticity. He has found the remarkable 
fact that a fiber stretched as far as 70 per cent of its length 
failed to take a permanent set of more than .8 per cent. 

Diameter 

This was one of the first characters of wool to be meas- 
ured, and a number of methods have been developed. Mc- 
Nlurtrie and Probst review the history of wool diameter de- 
termination. After the discovery of the microscope in 1608 
and the production of the micrometer eyepiece the microscope 
was used for wool measurement. According to Probst, 
Daubenton, in 1777, was the first to mention the determination 
of wool fiber diameter with the microscope. Later the Filar 
eyepiece with moveable cross -hair was developed, and today 
this eyepiece is the one which is used in direct microscopic 
measurement. However, Doehner, Henseler, Kronacher, 
Davis, and others have used a modification of the microscopic 
method with projection of the magnified image on a screen. 

Measurements with the Micrometer Caliper. Hill, Hardy, 
Burns, and Koehler have reported on the use of the machinist's 
micrometer caliper graduated in ten -thousandths of an inch 
for the measurement of wool diameters. The methods used 
in micrometer caliper measurement have been described by 
Burns and Hultz. Koehler compared microscopic measure- 
ments with micrometer caliper measurements and found that 
on the average the micrometer measurements were one ten - 
thousandth of an inch finer. This is probably due to the fact 
that the narrow axis is measured in the micrometer caliper 
and the wide axis measured with the microscope. Air -dry 
mounting was used. The British Research Association re- 
orting identical results with balsam, glycerine, water, and 
it -dry mountings. The writer offers, in the following table, 
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some preliminary results on the number of fibers which must 

be measured to insure mathematical accuracy in the determi- 
nation of diameter. 

How MANY FIBERS SHOULD BE MEASURED TO DETERMINE THE MEAN DIAMETER 

OF A SAMPLE? 

Average of 4 samples. 

Number of fibers 
measured 

Mean diameter 
.0001 inch 

Variation from 500 
.0001 inch 

100 5.56 Plùs .34 

200 5.41 Plus .17 

300 5.37 Plus .13 

400 5.31 Plus .07 
500 5.24 

As the probable error of the mean for 500 fibers is ±.62, 

three times this error (.06) indicates that one should measure 

around 500 fibers to insure mathematical accuracy. One 

should, however, take into consideration the nature of the 

data before. taking the probable error. figure above too liter- 

ally. The maximum difference due to the number of fibers 

measured was .34. . If..the difference between the two factors 

being. studied is more than three times the difference, due to 

the. number of fibers measured, the measurement of 100 fibers 

should be sufficient. If., on the other hand, the difference 

between the two factors being studied is less than three times 

the :differ. ence, dué.to the number of fibers measured, 500 fibers 

should_, be measuuredd_. Duerden recommends measuring at 

least. 500. fibers to -determine the thickness of wool. 

Optical' Refraction instruments for Determining Diameter. 
The : need of a method of quickly determining the average 

diameter. of an entire sample has led to. the development of 

optical: refraction.. instruments. Ewles, of Leeds University, 
and,,McNicholas,..of the. U. S. Bureau of. Standards, have 

brought out instruments of this type. The .writer. has one 

of the .Ewles instruments, and finds it satisfactory: for the me- 

dium and coarse wools, but not so adaptable for ;the finer. 

wools. 
The. writer tested: a. sample of fine . range wool and;,a sam- 

ple of Lincoln wool. -.A wisp _of wool from each sample the . 

right size to permit.. the .passage of light readily through it 

was placed in the Ewles. instrument and ten separate readings 

taken. These were taken by turning over the instrument 
and turning the tube so that each reading was independent' 
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of the others. The average diameter of each sample was 
then determined by measuring, 100 fibers with the microm- 
eter caliper, ' 

Sample 
Ewles instrument 

mean diameter 
.0001 inch 

Micrometer caliper 
mean diameter 

.0001 inch 

Fine range wool 
Lincoln wool 

7.50 
14.57 

5.69 
12.44 

These preliminary results show that the micrometer caliper 
measured about two ten -thousandths of an inch finer than 
the Ewles optical instrument. The close correspondence of 
differences, i. e., 1.81 and 2.13 is very interesting. The Mc- 
Nicholas instrument is still in the experimental stage accord- 
ing to recent correspondence. 

The Weight- Length Ratio for Determining Diameter. This 
method, developed in part by Barker and King and further by 
Roberts, is to determine the number of centimeters of fiber 
that weigh_ a milligram. Where the fibers are free from an 
air -filled medulla this method gives very good results. When 
the medulla is present the weight -length ratio gives much finer 
measurements than the diameter measurement by microscope. 

Wilkinson has worked out à mathematical method of de- 
termining the diameter of worsted yarns. He derives the fol- 
lowing formula : 

D - 
1.01 A/560 cd 

D Average diameter of a cross- section of a yarn 
e Count 
d Relative density = 1.164 

Density Determination 
This term is interpreted in two different ways. Originally 

the term was thought of as meaning the specific weight or 
specific gravity of wool. Nathusius, in his work, takes this 
interpretation and speaks of the number of fibers on the skin 
instead of density. Later, however, particularly in the United 
States, the term density is thought of as referring to the 
number of fibers per unit area of skin. 

Hill suggested the method of density determination, which 
has been used by the writer and other workers in this depart- 
ment since 1921. This method was first reported by the 
writer in the 1924 proceedings of this society. Later work 
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established the standard error of sampling for the writer of 

around 425 fibers. 
The only other density work the writer has found reported 

is that of Nathusius, who reports the number of fibers per 

square millimeter of skin. He took sections parallel to the 

skin surface, mounted the sections, and counted the hair fol- 

licles with a microscope. His results with Merinos correspond 
with the results at Wyoming with Rambouillets. 

Nathusius and Wilkinson, among others, report on the spe- 

cific weight or density of wool. Nathusius gives figures from 

1.25 to 1.95, while Wilkinson uses the figure 1.288. 
Various instruments have been used for taking density sam- 

ples. The Wyoming station originally used a pair of outside 

measuring calipers, but later work proved a pair of 4 -inch 

dividers, with the legs altered so that they were parallel for 

the last inch on the tip, to be just as accurate in all cases and 

much easier to handle, particularly in long, dense wools. Later 

Nordby, of the Idaho station, came out with a pair of calipers 

mounted together, but these would have the same faults that 

our original pair of calipers had in being hárd to handle. 

Pelt Samples Compared with Fleece Samples for Density 

Determination. The writer compared fleece density and pelt 

density on a cross -bred wether, taking eight samples from the 

fleece (different body locations) before slaughter and eight 

samples from the pelt while wet, marking the one -half inch 

square areas on the flesh side and cutting the area out with 

a razor blade, and then clipping the wool samples from the 

pelt samples. 
An average of the eight samples showed a density of 4,395 

for the fleece samples and a density of 3,945 for the pelt sam- 

ples-a difference of 450 fibers, which is not a significant dif- 

ference, as the standard error of sampling on duplicate fleece 

samples worked out to be 425 fibers. 

Scales and Luster 

Very little work has been done on the measurement of scales 

and luster. Hausman has done considerable work with mam- 

mal hairs, particularly with fur hairs, and his measurements 

of scales on fur hairs should be applicable to wool. MCMur- 

trie gives a description of the scales in different types of wool, 

but no measurements were taken. 
Denham and Lonsdale give the fundamental features con- 

cerning the reflection of light from lustrous materials. 
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Saxinger reports some measurement work on the epithelial 
scales of different kinds of mammalian hairs, counting the 
number of scales in a definite length of fiber (.21 mm.) on 
base, middle, and tip of the fibers. 

Structure and Kemp 

Nathusius was one of the first to report on the structure 
of wool fibers, and his carefully planned experiments yielded 
results which have stood the test of time. Speakman has re- 
cently made some excellent contributions to this field in try- 
ing to tie up fiber structure with observed changes in the 
fiber while under stress. Recently a large amount of work 
has been done on kemp by various workers in the United 
States, England, South Africa, and New Zealand. S. G. Bar- 
ker recently completed some very interesting work on the 
characteristics of wool as affecting worsted spinning. His 
results show that contour of fiber is one of the other factors 
besides diameter which markedly affect the spinning quality 
of a fiber, and the more circular the contour the better it will 
pin. 

Progress and Future Needs 

Although a great deal has been done in wool measurement, 
still larger task remains to be done. Wool measurement 
ethods need to be standardized. Hardly any two investi- 
ators use the same methods, and consequently results can 
of be compared without correction factors, which are not 
together suitable for use in the comparison of data. Sim - 
licity of apparatus is another point which needs attention. 

all physical measurements the more measurements made 
be more reliable the data. With a simple apparatus more 
easurements can be made in less' time, and it is quite likely 
at the greater number of measurements, probably made 
ore accurately because of less strain on the operator, will 

e of much more value than a much smaller number of meas- 
rements made in the same length of time on a more complex 
paratus, with much more preparation of material and ad= 
talent of apparatus. This fact is mentioned by Naumann 
recommending the microscopic -projected image method of 

ameter determination against the original microscopic -mi- 
'meter ocular method. The Wyoming station has always 
ommended the micrometer caliper over any microscopic 

ethod for diameter determination for the same reason. The 
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third factor the writer wduld mention, which has already beep 

mentioned by Hill in the 1925 -26 proceedings of this society 

is the need of co- ordination of wool experiments. So múc] 

experimental work is needlessly duplicated, and again som 

portions of experiments are done poorly at one station oa 

account of lack of facilities which could better be done a 

some , other station. Each experiment station has its ,owr 

peculiar advantages, and in planning wool measurement work 

quicker and better progress could be made by co- ordination 
and co- operation between stations. To recapitulate the thref 

corners of the triangle of more successful wool measurement 
research are as follows : 

1. Standardization of methods. 
2. Simplification of apparatus. 
3. Co- ordination of problems and co- operation between sta- 

tions. 
A very recent book by Frolich, Spottel, and Tänzer, enti- 

tled " Wollkunde," covers the field of wool measurement very 

well; in fact, it is the best single book on the subject that has 

come_ to the writer's attention. 
A list of the literature cited will be sent upon request. 
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