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PART 1. ..... 
FOREWORD. 

When this work was undertaken it was quite impossible 

to have anticipated the difficulties that were encountered. It 

soon became apparent however, that the approach to a new study 

involved a great deal of work of a collateral nature, having 

little direct bearing on the actual object of the investigation. 

In particular it was necessary to become generally familiar 

with vcertain branches of statistical method and to become 

very fully acquainted with the real aignigifanoe of certain 

mathematical devices. 

Statistical studies consumed the greater proportion of the 

time available for this work with the result that only a portion 

of the information contained in the data could be extracted. 

Indeed, a complete analysis of the data collected and recorded, 

using the methods evolved in this paper, would itself involve 

many months' work. 

However, since the development of the analytical 

methodology has no direct bearing on the subject of skeletal 

correlations the paper has been divided into two parts. 

Part 1 deals with the measurements made and the interpretation 

and discusaion of the correlation coefficients that were 

calculated. 

In Part 11 has been collected, all those considerations 

which were essentially incidental to the investigation - that is, 

selection of material technique of measuring etc. and in 

particular, the discovery of appropriate analytical devices 

for treating th~ data. 
I 
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AN INTRODUCTION TO THE STUDY 
OF SKELETAL CORRELATIONS IN THE N. Z. ROMNEY MARSH. 

INTRODUCTION. 

Correlation may be defined as the degree of inter-relation

ship that exists between any two variables and it is measured by 

a mathematical device which expresses the tendency of the two 

variables to fluctuate in sympathy. This means, in the present 

work, the interrelationship between the size or shape of one 

portion of the sheep's skeleton and the size or shape of another 

portion and the extent to which variations in one portion are 

attended by variations in another. 

Correlation relating to the sheep has been regarded aa 

divisible into two types -

(a) Correlation of external with internal characters -

that is, correlation between conformation and such characters 

as fattening qualities, constitution etc, 

(b) Correlation between various external characters, that is,. 

relating to the relationships between the portions of the 

sheep's skeleton which together constitute what is known as 

conf onnation. Thia paper deals with this type of correlation 

a.nd seeks to discover whether there is any relationship between 

the sizes of auoh portions, e.g. length of head and the length 

of pelvis, etc. 

A knowledge of correlations of both types fonns part of the 

"stock-in-trade" of the breeder and breed standards in regard 

to conformation.are defined by breed societies on the basis of 

supposed correlations of type (a} above. It is probable 

that this standard type defines with fair accuracy, the 'ideal 

sheep from the utility point of view and it most certainly does 

so to a much greater extent than do the so-called "perfect 

types" of dairy cattle defined by their respective breed 

aooieties. It would, perhaps, be desirable that a scientific 

\ investigation be undertaken with regard to this type of 

correlation in sheep with a view to defining type standards of 



e:xoellence with greater accuracy, but it was felt that, at 

present, the greater service to breeders would be provided by 

info:nnation on the relationships between the component parts 

of the skeleton as measurable on live sheep. It was hoped 

that this would aaeiat the breeder to attain the standard 

laid down by the breed society - a standard which, probably, 

would not be greatly modified by a scientific investigation 

of the nature of that mentioned above. 

A series of measurements were made on twenty Romney 

ewes from the Maaaey Agricultural College wool experimental 

flock and the data so obtained subjected to appropriate 

mathematical analysis. 

The measurements were, in themaelves, a matter of consider

able difficulty and it was discovered that a great deal 

depended on the skill of the investigator. The difficulty ot 

measuring live sheep will be quite apparent and considerable 

care and patience was necessary in order to attain a reasonable 

degree of accuracy, 

The selection of appropriate mathematical devicea for the 

analysis of the data al.so required lengthy consideration. 

The value of statistical method applied to biological data~ia 

the subject of considerable controversy and there is no doubt 
analytical 

that arbitrary/methodology can be legitimately applied to such 

data, only when due regard is paid to the possible limitations 

of the.methods employed. It is essential to rem.ember that 

mathematical methods can only be regarded as convenient modes 

of expression, not as infallible devices for discovering 

natural la\'i'S. Utter familiarity with the data is a 

prerequi,si te to auoo easful deductions from the reaul ts of 

mathematical e.nalysia. It was necessary, therefore, to obtain 
( 

an understanding of the more common statistical devices and an 

understanding of the info:nnation contained in the data 

collected, in order to select from the former,the method whioh 
' 

most aoourately expressed the facts contained in the latter. 



6. 
When an endeavour was made to fulfil the intentions 

expressed in the above pare.graph, it was soon discovered that 

the matter waa going to involve a great deal of study on 

questions with no direct bearing on skeletal correlations. 

It waa realised that the limitations attendant on the application 

of mathematics to livestock work were very real and further, there 

is the feeling that many research workers in Anin1al Husbandry 

have either been unaware of those limitations or have preferred 
in order to produce 

to accept auch methode/superficially spectacular results. 

In thie work,the choice had to be made whether methods should 

be adopted with no more than a cursory enquiry as to their 

value or whether a vast amount of time was to be epent in the 

study and consideration of the applicability of the simpler 

statistical. devices to the material in hand. Furthel\ the 

fact was fully appreciated that such study might do no more than 

confirm conclusions reached in a much more casual manner and 

in this event, the only return for the work would be an 

increased understanding of the matter by the author. 

On the other hand, the scientific investigation of 

skeletal relationships in sheep ia an entirely new field of 

research and it was felt, that the only course to pursue was 

one -wh.ioh would ensure that a firm foundation was laid for 

future work by a thorough examination of the analytical 

methodology. 

The scope of this work was also restricted to some extent., 

by the fact that in many oases it ia impossible to express in 

.Precise terms of measurement all that ia apparent to an expert 

judge of sheep. For example, a judge may see in the facial 

expressi9n of an animal, indications of a lack of robustness 

which will enable him to forecast with considerable accuracy, 

the weaknesses of general conformation to be expected; a.gain 

a look of"nervous excitement 11 is frequently aeen in animals ot 

poor fattening ability., Such indefinableimpreeeiona would 

obviously be obtained only by expert observers and it would 

be quite impoeaible to express them in mathen1atical tenns. 



When all the measurementa had been made, an enquiry was 

undertaken with a view to discovering the more c·ommon beliefs 

held by breeders relating to aorrelationa. Thi o enquiry was 

postponed until after the completion of the measurements because 

it was realised that preconceived ideas may often unconsoioualy 

bias an investigator in a particular direction. The aim of thie 

work is neither to prove nor to disprove beliefs current 

among breeders but to approach the question with an open mind, 

unbiased by expected relationships. 

THE MEASUREMENTS. 
Od&dhP# 45¼4h 3 

In the majority of oases, the measurements will require no 

more description than the names and the numbers which refer to 
encountered in making the measurements 

the diagrams. The difficulties/have been diaoussed in Part 11 

and in few oases,will additional remarks be necessary. 

Figs 1 and 11 show the outline of a shorn ewe from the aide 

and from the front; the reference points are shown by numbers. 

In order to avoid the confusion at too muoh detail on one 

diagram, a separate sketch (Fig 111) is given of the skeleton 

of a sheep, the actual points of reference being enclosed by 

small red circles. Thi~ sketch is not intended to be beyond 

criticism but is sufficiently accurate to show the position of 

reference points. 

1, Width of Nose. Fig. 11. a----- a. 

In such small measurements as this 7 it ie apparent that a 

very small actual error would be a large relative error. 

Actually this measurement was comparatively easy to make but 

·moat measurements of this size are not regarded with confidence, 

J02t Width between e~es; Fig 11t b ---- b. 

,3_. Width of (outside) eye-setting Fig 11; c---o. 

Width between e~rs, Fig. 11; d --- d, 

Thia measure wu made immediately in front of the· ears. 

Width between -moulders nointe Yig 11; e --- e. 

This wa.$ a fairly difficult measurement to make and is 

therefore less reliable than most. 
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The remainder of the measuremen.ta and their 

reference numbera are all to be found on Figs. 1 and 

6. Width between Jaw ~oints - E0int 

z. Length of faoe; 1 ......... ~-
8. Lensth of he~~* l --- 4: ~. Lengjjh of lower ,1 ~Wi 2 6. 

10. Poll to jaw angle; 3 --- 54. 

ll• Length of neok; 4 --- 7. 

2A on eaoh aide • 

111. 

This measurement waa attempted but 1 t was found quite 

impossible to obtain reliable results. 

12, Lengt4 of shoulder-blade (scapula); 11 12. 

13, Breadth of scanula; 11 --- 17, 

8. 

This measurement also proved unreliable owing to lack of 

clear definition of the posterior border of the blade, due to 

the fact that it was held ao closely to the body. 

14. Length of humerust 12 __ _. 13. 

It will be seen that this measurement actually includes 

more than the humerus proper as it is made to the point of the 

elbow (oleoranon prooeaa) aa indicated in the diagram. 

15, Length of radiua, l3 --- 11. 

Strictly speaking this portion contains two bones, the 

radius and the ulna; the olecranon process (point 13) being part 

of the latter. 

16. Length of fore-cannon; 14 --- 15, 

This really includes the carpal bones of the joint. It 

would have been preferable for point 14 to be below rather than 

above the carpals but a more clearly defined point of reference 

was obtained in the position indicated. 

12, Length of fore-paalern; 15 --- 16. 

Not only waa this measurement small ( see remarks on width 

of nose) but also was very difficult to make. For similar 

reasons an attempt to measure pastern slope was also unsuoossst'Ul. 

b ]8~ Length of pelvis (Hook to pin) 20 --- 22, 

19. Hook to thurl 20 --- 21, 



20. Thurl to pinj g1 --- 22. 
j 

A clearly defined point at the thurl (aoetabulum) was 

difficult to obtain for the above two measurements and no great 

confidence should be placed in them. 

21, Length of femur 21 --- 23, 

The thurl point was easier to locate from this angle. 

22. Le!l.Sth of tibia; 23 --- 24. 

This is of the same type as the humerus etc. - the meaauremen 

is named according to the principal bone but really includes 

more. 

~3. Length of hind cannon 24 --- 22, 
24, Length of hind pastern; 25 --- 26. 

This measurement like "fore pastern" was quite unreliable. 

o 22. Length of thoracic vertebrae; 7 

,. 26, Length of loin: 9 --- 10. 

9, 

0 

27, Bdcly depth; 8 --- 12, 

28. 

Point 19 was located between the legs on the brisket. 

Wither height; ground level to 8. 

o During all measuring the sheep were standing on a concrete 

floor. 

29. Sgoul4er point to last rib; 12 --- 22, 

30. Bocty width { at girth}: 18. 

That is, the width through the body at point 18. 

31. Bod.Y width ( at l.aat rib) 27, 

For obvious reasons this will be leas reliable than the 

measur.anent immediately above. 

~2. Width of loin (front) at point 9. 

33, Width of loin (rear). 

Thia measurement was made immediately in front of the 

hooks, 

w~4th petween ~ooks. 

Thi• was taken from the outuide boundary ot eaoh hook 

( point 20). 

0 32, Width between pina. 
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This measure waa not easy to make and was taken 

between the moat posterior "points" of the pin bones (22). 

32. Girth. 

Taken behind the elbow. 

32· Height to hook; ground level to 20. 

38 i Reis.qt to :12in1 ground level to 2~. 

321 Bo9:I Lengthj l2 --- 22. 

~01 Angle of hockt. 

10. 

Thia ia the angle enclosed by the points 23 to 24 to 2,. 

This measure is recorded but it ia not felt that it can be 

relied on to any great extent but woula be useful only in 

indicating future lines of investigation. 

41 . .An endeavour was made to secure some expression of the 

development of the brisket but no reliable measure could be 

found. 

42. It ia necessary also that some method be evolved for measuring 

slopes (e.g. pelvis, shoulder, etc.) which will give rel~able 

results. The method employed in this paper, although probably 

more accurate than direct measurement, is.not considered to be. 

entirely satiafaotory. 
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THE MEASUR.El.MENTS. 

FIG 1 
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FIG. 11 
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SK.li:LE'!'AL C0HHEL r.. TIONS IN 'l'HE N .z. 
!!,OMNEY MJ\RSII. 

E37 E676 743 E558 E544 x921 E20 E589 El68 E240 ElO Ell9 E36 E886 E25 El84 1076 E564 Ell -----------------------------------.. MEASUREMENTS. 893 

1. Width of nose 2.1 2.0 2.0 2.2 2.2 2.1 

2. Width between eyes 2.2 2.7 2.7 2.8 3.2 2 .8 

3. Width outside eye-setting 4.8 5.3 4.9 5.3 6.3 b ,O 

4. Width between ears 3,8 3,9 3.8 4.1 3.9 4.o 

5, Width between points of jaw 3.6 3.4 3.7 3,8 3,6 3.5 

6. Length of face 

7. Length of head 

8. Length of Lower Jaw 

9. Poll to jaw angle 

10. Len gth of shoulder blade 

11. Length of humerus 

12. Length of radius 

13. Length of fore-cannon 

14, Len gth of 'pelvis 

15. Hook to thurl 

16. 'fhurl to pin 

17. Length of femur 

5,1 6.3 4,8 5.3 5.5 5 .2 

9,8 10.0 9.6 10.3 10.3 10.1 

7.3 8.2 7.4 7.7 7.8 7.7 

5.8 6.1 6,0 6.2 6.0 5,8 

8.3 8,2 8,1 8,9 G.1 8 .2 

6.9 6.7 6,3 7.1 6.9 7.1 

7.o 7,7 7.3 7.9 7.7 7. B 

5.0 5 ,4 4.8 5.3 5,3 5. 5 

8.7 9.3 9.0 9.2 9.2 9.0 

4.8 6,0 4.6 5.0 5 .2 5.0 

4.8 4,7 4.6 5.0 5 .2 5.0 

7.3 7.8 7,6 7.2 7,4 ? .6 

2.0 

2 .·7 

6.1 

3.7 

3.6 

4.7 

2.1 2.0 2.1 1.9 2.1 2.0 2.1 

2 .6 2.6 2 . 7 2.8 2,6 2.7 2.8 

6 ,2 5,2 6 . 3 5,1 5.0 5.2 5.2 

4.2 4.0 4.0 3.9 4.0 4.1 3.8 

3.3 3.6 3 .5 3.2 3.5 3.3 3.2 

5 .4 4.9 5,1 5,1 5.3 5.1 5.2 

2.1 

2.8 

6.2 

3.9 

3,6 

(L2 

9.4 10.4 9.6 10 , 3 9.6 10.l 9 6 10 . l 10.2 

7.7 

6.0 

8,0 

6.9 

7.1 

5.3 

8.9 

4.. 6 

7.4 

7.9 7.6 7.6 7.7 7.4 8.0 7.6 

6.3 6.0 5 .7 5.9 5.6 5.9 5 .8 

o.o 8.5 8 3 8.0 8.5 8,0 8.4 

6. 7.0 6.9 6.7 6.9 6.3 7 .0 

7 .7 7.2 7,7 7.2 7.3 7.3 7.3 

5 ,6 5 ,3 5.2 5 .1 5.3 5 .l 5. 3 

9 ,8 . 8 .8 9.1 0.9 9.4 8.8 9 . 1 

5 .2 4.6 5.1 4.3 b.O 4.8 6.3 

5 .0 4.6 5 ,1 4.4 5.0 4.4 4.8 

7.8 7.3 7.4 7.3 7.2 6.8 7.7 

7.9 

6.0 

8.8 

, 6, b 

7.8 

5 .5 

9.3 

5.2 

5.0 

7, 9 

2 .0 2.0 2,0 2~0 2.2 

2,8 2.7 2,6 2.8 2.7 

5.2 5.1 5.2 5.0 5.0 

4.1 3.8 3.9 4.2 3,8 

3 .8 3.3 3.7 3.8 3.6 

5.2 4.7 4.9 5.1 5.3 

10 . 0 ,9, 5 9.8 10,l 10.3 

7.7 7.7 7.7 8.0 7.8 

6 , 0 5,3 6.1 G.O 6.0 

8.2 8.2 8.2 8.6 8 , 3 

G, 8 7,3 6,8 7.2 7.3 

7 , 6 7.4 7.4 7.9 7.3 

5 .3 6,2 5 .3 5.4 5 .6 

9.1 9.2 9.1 9.8 9 .5 

5.2 5.2 5.5 5.1 5.0 

4.7 4.8 4 . 8 5.2 5.0 

7. 6 7.7 7.4 8,1 7,6 

18. Length of tibia 10.0 10.4 10.3 10.3 10.3 10,3 10.0 10,7 9.7 10.2 9.6 9.9 9.3 10.2 10.3 10.4 10.0 10.0 10.8 ' 9 .7 

19, Length of hind cannon 6.8 6 .2 5.8 6 .1 6 .3 

20. Length of thoracic vertebrae 9.5 10.7 9.9 11.8 9.8 10.7 

21. Length of loin 7.8 8.1 7.4 8.3 8 .2 '7·. 8 

..i .2 6 . 3 6 .2 6 .1 6.2 5.7 6.5 G. 2 

9.8 10. 9 10.6 10.2 10.6 10.0 10,3 10.0 10.0 

'1. 5 8.0 8.3 7.8 7.4 8,6 7.8 7.7 7,8 

6 .2 6.8 6,1 6.4 6,1 

10.3 10.6 10,9 10.8 10.6 

8 .5 7.6 7.6 8 .2 7,6 

22. Body depth 

23. Wither height 

11.4 12.0 11.5 12.3 11.9 12 .1 11.5 13,0 11.8 12.2 12.0 11.8 11.7 12.2 11.8 12 .3 12.2 12.1 11.9 11,8 

23,9 25.0 23.7 24.7 24.4 24.1 22.2 25. 8 24.5 24.1 24.8 24.9 23 .4 23.9 26.2 24.8 23.1 24.8 25.1 26.6 

24. Shoulder pt. to last rib 13,5 14.0 14.0 14.6 13,7 13 . 5 13,7 

25. Width between shoulder pm 7 . 6 

26. Width of body, (girth) 7.3 

27. Width of body(lnst rib) 10.3 

28. Width of loin (front) 4.7 

29. Width of loin (rear) 5.3 

30. Width between hooks 7 .9 

31. Width between pins 2.7 

32. Girth. 34.0 

7.5 

7.2 

10.6 

U .2 

8 
,, 

•v 

33.8 

7.2 7.7 8.2 

6.9 7.2 6. 8 

10.7 9.6 9.8 

5.o 5.1 5 .o 

8 .2 7.8 7.9 

33.3 34.8 33.4 

7 4 

7. 2 

9 .7 

,- .., 
;J , ,._, 

G .., .,., 

8 .0 

2 .4 

34 .2 

7.0 

9.4 

4.4 

33. Height to hook 

34. _Heigh~ ~!)dP1n ,: ,"'·'. 

36 • · Body length 

1 24.4 26.3 24.7 24.6 26.4 25.0 J'. 24.Z 

29.o 20.7 27.8 

36, Angle of hock (in' degreea)l22 133 128 122 131 128 120 

37 . Size i ndex 27.1 28. 3 27. 3 28.5 28 .1 28 .0 26 . 3 

14. 3 13.8 14.0 14.2 13.0 13.2 13.8 14.6 14.4 14.0 14.0 14.6 14.3 

7. 6 

6. 9 

11.6 

8.2 

2.4 

34.5 

7,8 7.6 7.8 7.6 7 .2 7.4 7.6 

6.8 Bi2 7.1 7.4 6.8 7.0 7.8 

9.0 10.7 10.5 10.3 10.3 10.7 10.6 

5.o 5 .3 4.9 5.o 4 . 9 5. 3 5.9 

7.7 7.9 7.6 7.8 7.8 7.7 8 .2 

2.2 2.4 2.3 2.6 2.2 2.5 2.4 

33.6 36.0 33.8 33.5 34.0 34.0 36.3 

2s. s 25.5 25.o 24.8 . 24.9 ,23.4 24.2 25.2 

20.0 

29.0 27.2 28.7 27.2 ' 28.0 27.1 28.7 

6.9 7.0 

10 . 6 10.1 

5.0 5.0 

6 .2 6.0 

8.2 8.0 

2.3 2.3 

35.8 34.3 

7,3 7.8 

7.2 7.3 

10.5 10.2 

4.9 5.0 

6.0 6.1 

7.9 8.2 

2.2 2.3 

34.2 35.3 

7.7 

7.8 

10.6 

5.0 

7.9 

34.5 

25.2 23.9 24.2 26.8 24.6 

l27 131 125 122 132 ;126 · 127 . ' 123 118 133 124 

29 .0 27.7 20 . 5 27.5 27. 8 27.0 27.7 28 .7 28 . 8 27.4 27. 9 29.1 28 . 4 



THE RESULTS. 

It is apparent that the maximum number of correlation 

coefficients that could be calculated from the data collected, 

would number.nany hundreds and since the time involved in the 

preliminary work was so great it waa, unfortunately, necessary 

to limit the number of coefficients calculated. 

As was mentioned earlier in this paper
1
an enquiry was made 

to discover the more common opinions held by breeders in 

regard to skeletal correlations. As a result of thia enquiry, 

it appeared that the majority of ideas were concerned with the 

relation of various parts of tha ~vdY to the length of the cannon 

and to head meaauran.enta. 

It seemed appropriate, therefore, in selecting the limited 

number of coefficients to be calculated at present, to compute 

those which were apparently of greatest interest to breeders, 

viz. those relating to the cannon and to head measurements. 

The general principles involved in the interpretation of 

the coefficlents,are discussed tn those sections (Part 11) 

which concern the development of suitable analytical devices 

for treating the data. The application of these principles to 

particular cases will not, therefore, require to be considered 

here in detail. 

The results are summarised in tabular form below. As 

discussed in Part 11 the significance of a correlation 

coefficient depends on its relation to its probable error and in 

this work a simple expedient was adopted to save time from 

unnecessary calculation. As a result, the lowest significant 

coefficient was found to be.:!:. 0.47. The effect of error of 

measurement is, howeTer, to reduce the coe!fioients below their 

true Ta.luei it will be seen in the discussion that for this 

reason, coefficients smaller than:, 0.47 are regarded as 

significant. 



TABLE 1. 

CO RRELATI 01r COEFFI CI.ENT$ ( r) BETW.E.EN 11 +'H,E SI Z.E 
INDEX" AlID VARIOUS YE.ASUREMEllTS; WITH THE PERCENTAGE 
INDEPENDENT VARI AB IL I TY ( P. I • V. ) OF THE LATTER.+ 

JlEASUREME.NT 

( 1) Length ot head 

( 2) Length of fa.oe 

(3) Width (outside) eye-setting 

(4) Width between ears 

( 5) Poll to j'aw 

( 6) Length of fore-cannon 

(7) Wither height 

(8) Body Depth 

(9) Length of shoulder-blade 

(10) Shoulder slope 

{ 11) Girth 

(12) Length thora.oic vertebrae 

( 13) Width body ( at girth) 

( 14) Width body (_at last rib) 

(15) Height to hook 

( 16) Hind cannon 

( 17) Body length 

(18) Length of pelvis 

(19) Length of loin 

(20) Width between hooks 

(21) Pelvis slope 

(22) Ratio head length to 
width ot (outside) eye-setting 

+0.81 

. +0.62 

+0.33 

+0.65 

+0.36 

+0.,9 

+0.82 

+.62 

+0.67 

-0.30 

+0 .79 

+0.47 

+0.5'4 

+0.39 

+0.69 

+0.47 

+0.78 

+0.75 

+0.49 

+o.66 

.. 0.02 

+0.44 

14. 

P.I.V. 

59% 

79% 

94% 

76% 

93% 
81% 

57% 

78% 

74% 
95% 

61% 

88% 

84% 

92% 

72% 

88% 

62% 

66% 

75% 

100% 

+ i'he "percentage independent variability" is obtained by 

uaing Sumner's fa.otor (see Part 11), 



l~~ ll· 
GROSS AND NET CORRELATION COEFFICIENTS BETWEEN 

11L.ENGTH OF FORE C.ANNON 11 .AND OTHER MEASUREM..ENTS. 

l!.EASUREMENT. 

(1) Length of face. 

(2) Length of head 

( 3) Poll to J aw 

(4) Length of pelvia 

(5) Length of hind-oannon 

(6) Length of thoracic vertebrae 

(7) Length of loin 

(8) Body depth 

(9) Wither height 

(10) Width body (at girth) 

(11) Width body (at last ~ib) 

(12) Width between hooks 

( 13) Girth 

(14) Width of (outside) eye setting 

( 15) Body Length 

(16) Pelvis elope 

(17) Shoulder slope 

GROSS r. 

+o.48 

+0.59 

+0.27 

+0.60 

+0.69 

·tO .39 

+0.33 

+0.47 

+0.52 

+0.22 

... o .01 

+O. 18 

+0,25 

+0,34 

+o.66 

-0,03 

-0 .13 

G.BOSS AND IfET CORRELATION COEFFICIENTS BETWEEN 
"LENGTH OF HEAD" AND OTHER MEASUREMENTS. 

Jleasurement 

(1) Length of face 

( 2) Body depth 

(3) Width body (at girth) 
I 

( 4) Width body (last rib) 

(;) · Shoulder slope 

(6) Pelvis length 

+0.36 

-0 .28 

+0.64 

NET r. 

+0 ~ 18 

+0.24 

+0.08 

+0.30 

+0.58 

+0 .16 

+0~06 

+o·.16 

+0.08 

-0 .1, 

-0.32 

-0.35 

-0.44 

+O, 19 

+0.40 

-0.02 

+0.06 

+0.73 

+0.02 

+0.09 

+0.08 

-0.07 

+0. 10 



( 1) 

( 2) 

( 3) 

( 4) 

( 1) 

( 2) 

(3) 
( 4) 

( 5) 

( 1) 

( 2) 

(3) 

( 1) 

(2) 

TABLE lY 

GOOSS AND NET CORRELATION CO.EFFICIENTS BETWEEN 
11 \VIDXH OJ ( OUTSIDE) EYE-SETTING" AND OTHER 

. :M:.EASUREW!lNTS. 

Yeasurement Groag rs 

Width between ears -10 .28 

Width body (at girth) +0.02 

Width body (at laat rib) -0.01 

Width between hooks. -0.02 

TABLE V 

Gross AND NET CORRELATION COEFli'ICIENTS BETWEEN THE 

!fet its 

+0.09 

-0.20 

-0 .16 

-0.34 

RATIO OF "HEAD LENGXH" TO "VIIDXH OF ( OUTSIDE) EYE-SETTING" 
.AXD OTHER ll.EASUREMEN'!S. 

:Me§:auremel\t Gross r. Net r. 

Fore cannon +0.24 -0.03 

Body depth +0.02 -0.36 

Body width ( at girth) +0.40 +0.21 

Body width ( at last rib) +0.32 +O, 18 

Width between hooks +0.36 +O .10 

TABLE V:1. 

Gross AND NET CORRELATION COEFFICIENTS BETWEEN 
"WIDTH BETWE.E:li EARS II AUD OTHER MEASURJ.iJ!ENTS. 

jeasurem.en~ Gross r: Net r, 

Body width ( at girth) +0.09 -0.41 

Body width ( at last rib} +O .14 -0 .16 · 

Width between hooks -10.36 -0. 12 

TABLE VJ J. 
GBOSS AlID NET CORRELATION COEFFICIENTS BETWEEN 

"POLL TO JAW" AND OTHER MEASUREM.ENTS. 

gea.a:iareme!}l gross r. Jgt"~• 

Body'depth +0.20 -0.03 

Girth -0.02 -0.,3. 



1 • 

2. 

TABLE Vj 11 
SUNDlff Gross CORRELATIONS. 

Length of head - wither height 

" tt n - girth 

tt " - height to hook. 

Length of :pelvis .. wither height 

II n II gil".th 

II It 

II tt 

II 

ti 

height to hook 

body length 

3. Wither height - Height to hook 

n t1 girth 

" 

" 

" 
It 

" 

" 
II 

II 

ti 

body length 

scapula 

humerus 

radius 

fore cannon 

" " shoulder slope 

4. Height to hook - body length 

II " 

" fl 

II 

,. Girth 

femur 

tibia 

hind cannon 

- body 1 ength 

height to _hook 

+0.69 

+0.60 

+0.53 

+0,65 

+0.38 

+o ,59 

+0.74 

+o.64 

+0.54 

+o.46 

+0 .59 

+O .13 

+o.46 

+0.,2 -o.,, 
+0.44 

+0.61 

+0.67 

+0.57 

+0.49 

+0.2, 



18. 
DISCUSSION. 

In Table 1 it is seen that, aa would be expected, moat 

measurements exhibited high correlation with general size. 

However, if we accept the validity of Swnner'a factor (see 

Part 11), it appeara that even fairly high correlation with 

general size allows a portion a considerable miount of independ

ent variability. If the percentage o! 11 net 11 to "gross" standard 

deTiation{oolumn headed P.I.V., Table 1) is high it means in 

Sumner's own words that - "the greater part of the variation 

in the size of these structures is independent of variations in 

the size of the body as a whol e11 
• 

Hence,it appears that the various parts of the sheep 

provide comparatively flexible material on which the breeder 

may work. The contribution of any portion to general size may 

vary between sheep of the same general size and so give rise 

to differences of type among sheep that conform to the same 

general standards. The aheep measured in this work exhibited 

wide variation in general conformation but it was found that 

the variation of each separate part was by no means as great 

as expected. It appears then~that the wide variation in general 

conformation was due to the aggregate effect of amall and 

indiaoriminate variations in many parts,rather than to large 

Tariations in a few. 

On the other hand, however, while thia plasticity of 

material increases the possible different types of conformation 

that could be evolved, it rendera the immediate task of the 

breeder very complex and difficult. It means that, to a large 

extent, each portion must be considered aa a separate unit in 

the blend4ng of parts into a well-balanced whole. 

This brings us to the real aim of this paper 'Which is to 

discover relationships between parts and ao reduce the number of 

separate factors that the breeder requires to consi~er. The 

method of analysing the data to secure the best expression of 8uoh 

relationships is discussed in detail in Part 11, ao that only 

the bare conclusions reached need be mentioned here. 



Gross correlation coefficients in the Tables 11, 111, 

eta. are of little value as their magnitude is largely due to the 

sympathetio variation that is superimposed to a greater or leas 

degree on all portiona,in accordance with their relationship with 

size. 

"Net" or "partial" coeffioienta have, therefore, been 

calculated, these express the relationship between any two 

portions which ia independent of their mutual relationship 

to size. 

The manner in which general aize variation may obscure true 

relationships,is strikingly exemplified in the case of the 

correlation between cannon length and girth in Table 11. It 

is seen that the gross coefficient between these two portions, 

though not significant, is definitely positive, mile on 

eliminating the "size factor 11 a significant negative correlation 

is obtained. It is possible also that some correlationa 

believed by breeders to exiat, are really 11 grosa correlationa 11 ; 

that is, the supposed mutual relationship is merely the result 

of a fairly high correlation between each portion and the 

general ai ze of the animal. For example it will be seen that 

"length of head" and length of pelvis are both very highly 

correlated with general size (+0.81 and +0.75. respectively), 

and the fairly high gross correlation between them i.e. +0.64 would 

be expected. However, on calculating the partial coefficient 

the mutual relationship ia shown to be artificial and only due to 

the common relationship of the two parts to size. It is 

interesting to note in this connection that the majority of 

breeders interviewed, believed that this correlation did 

exist and only one was definitely of the opinion, supported by 
I 

this work, that no real relationship existed. 

It will be seen from a perusal of the tables that most 

relationships are of the same ty-pe as the above and that moat 

of the portions considered are capable of variation independent 

of other pa.rte. However, there are some 11 net 11 relationships 

which appear to exist and in the following t/:~~.r~_ghs,;.o~~Yi., 
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"net" correlations are referred to, except where speci.-

fioally mentioned otherwise. 

A common belief among breeders, which is supported by thie 

work, is that a sheep with a long cannon bone will be "long

bodied" and "slab-aided". In Table 11 it is seen that a 

significant negative correlation (net) exists between cannon

length and girth; also definite indications of negative 

correlation with width o~ body ~nd positive correlation with 

body length. The correlations between cannon length and 

pelvis dimensions are barely significant when considered 

separately but a coefficient of +0.30 with length of pelvis 

and -0.32 with width between hooks ma3 be regarded as 

justifying the statement that a long cannon means a narrow 

shaped pelvis. 

On the other hand,the breeders opinion that a long cannon 

is associated with a straight shoulder is not borne out by 

this inTeatigation, The coefficient between cannon and 

shoulder slope does not depart aigniticantly from zero but,as 
... ' 

pointed out elsewhere,the latter measurement is not very 

reliable so that this matter had beat be left open. Also the 

opinion that length of cannon and length of head are 

correlated is not supported aa the value +0.24 cannot be 

considered significant. 

Definite opinions were also expreaaed by many,conoerning 

relationships between head length and other portions. The 

probable reason for these opinions has been dieousaed above and 

Table 111 shows that this work fails completely to substantiate 

breeders' opinions on this point; The only significant 

ooeffioi~nt,being the very high one with length of face which 

would be expected. 

It might be emphasized here that the net ooeff!cienta, 

which are being discussed, relate to actual, not relative 

measurement a 1. e. "length of head" ref era to the actual length 

of thia portion and not to relative length or shape, The 

other dimensions of the head are dealt with separately and 
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finally the actual shape of the head ie considered. 

It a_ppea.ra :t'ram Table 1V that the ohape of the head about 

its long rods can vary ea no correlation is found between width 

of (outside) eye-setting and width between ears. Other 

correlations with width o:f' eye-aetting do not reach significance 

although that with width between hooks suggests a tendency to 

negative correlation - (which is contrary to expectation). 

A similar position ia revealed in the case of width between 

ears and body width (at girth), In Table V1 a negative 

coefficient (-0.41) which clc5ely approaches significance is 

found between these two portions. It ia quite contrary to 

expectation to find that increase in width between ears is 

attended by a probable decrease in body width at girth but no 

explanation can be offered. It ie probable however, that an 

explanation would be forthcoming if a atudy of the growth 

rates of these parts were made. 

No opinions were expressed by breeders in regard to 

correlations between depth of head and other portions and it is 

interesting to note therefore in Table V11 that there is a 

definite negative correlation between the ,011 to Jaw meaauroment 

and girth. 

When breeders' opinions were sought in regard to correlations 

between head measurements and other portions,it was found 

difficult to distinguish those concerned with actual dimensions 

and those concerned with the shape of the head, 

In ord.er to investigate this point, coefficients were 

calculated between various portions and the ratio of "length 

of head" to "width outside eye-setting" (Table V).Only one ot 

the coefficients oalcul~ted,differed from zero by anything 

approaching signitioanoe and that was a negative figure - 0.36 
.. 

between the ratio and body ·depth; meaning that a :aheep which · 

hae a narrow head will laok depth~ 

In Table V111 sundry gross correlation coefficients are 

recorded, These have little real value, for reaaona indicated 
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above, but they are recorded aa their calculation was 

incidental to other parts of the work. 

It will be noted that there is indication of negative 

correlation between wither heighta and shoulder slope, As this 

is of considerable practical interest the net coefficient was 

calculated and found to be -0.56. That is to say, a high 

wither is correlated definitely with a straight shoulder. 

It is fully realised that the above diacuaaion merely 

touches a Bmall section of a very big field. The few points 

mentioned above represent an exceedingly amall proportion of the 

information that could be extracted from the data already 

collected. Restrictions of time, unfortunately, prevented 

further calculation but the above points indicate the principles 

involved,so that 'the extraction of further information from the 

data given,would be al.moat entirely a. matter of meohan«,~al 

oe.loulation ot the correlation coefficients. 



CONCLUSION. 

The aim of this paper waa to open up a new field of 

researoh which would provide the breeder with more exact 

infonnation in regard to skeletal correlations. Briefly, we 

may regard the task of the breeder as two-fold; not only must 

he seek to breed an animal in which each portion is of the 

desirable shape but also must all parts be blended together 

so aa to form a well-balanced whole. 

It ia apparent that, if definite relationships between 

parts were found to exist, it would simplify the breeders' 

task by reducing the number of separate and independent 

factors that he is required to consider. As a result of this 

investigation, it is felt that there is little likelihood 

of such a hope being realised to an unqualified extent, 

Certain relationships have been establish'ed whioh should be 

of some aaaiatance to the breeder but few are of a sufficiently 

high order to Justify the propounding of definite rules from 

them. 

Ae emphasized in other parts of this paper, a significant 

correlation ooeffioient does no more than indicate the 

direction wh.ioh more specialised investigation should take 

and cannot be regarded as proof in i ta elf, of the exi atence· 

of definite causal relationships, 

Hence it ia suggested that extensions of this 

investigation be made in conjunction with detailed studies of 

growth rates ot various parts of the sheep's skeleton. 'rhe 

oonformation of a sheep is really a funotion of the differ

ential growth rates of the parts and at any particular stage 

of its 1 life, the eha.pe of its skeleton may be regarded as a 

"oross-eeotion" of the growth rates of the various parts of 

that skeleton. 

This work deals with the animal at maturity and the 

existence of significant correlation between two parts 

suggests therefore, that just prior to the onset of maturity 



and consequent cessation of growth, there existed a mutual 

relationship between the growth rates of the two portions; 

consequently it is to be e;xpected that studies of skeletal 

correlation• would require to be made conJointly with growth 

rate studies if a full understanding is desired of the 

fundamental causes ot differences in contonnation. 

24. 
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AB INTRODUCTION TO THE STUDY OF 

SKELETAL CORRELATIONS IN THE N.z. ROlLN.EY l[ARSH, 

PART ll· 



FOREWORD, 

It is quite obvious that the value ot any investigation 

finally depends on the ca.re with wh1oh the ground has bean 

prepared. Particularly does this apply in the present work 

whioh ia opening up a new field of reaearoh and a great deal 

of consideration has been given to the general procedure 

adopted and in partioular to the statiatioal devices used. 

In the case of both these points, but in particular the 

latter, very little assiutanoe waa available in the form of 

precedents established. »urthermore,there is no doubt 

that there are definite lilllitations in the uae of precise 

mathematioal formulae wen a:pplied to the analysis of 

relatively abotruse biological phenomena, 

For theae reasona, what is generally an incidental 

par\ of an inveetiga~ion,haa,in the present instance, 

become a moa\ important 1ect:t.on of the paper an4 a 

eeparate pan ha• been doyoted \o it. 



1 • 
THE BASIS OJ CORRELATION 

J.il;!LL!ti.~.. :C:---~ ~ _ - ... El d!t&U2idt Xut s• 

In suoh work as this,it is apparent that the validity of the 

results will depend, not only on the method ot obtaining and 

analysing the data but, to an even greater extent, on the 

appropriateness of the material used. This, in turn, will depend 

on the oare employed in ensuring that all relevant factors have 

been considered and catered for, in selecting the "sample" of sheep 

on which the measurements were made. In this connection it is 

necessary to consider the theoretical basis of correlation. 

It is realised that to go fully into this matter would lead to 

discussion of an involved and rather speculative nature, and the 

following is merely intended to briefly outline the position in 

order to render more apparent the significance of the sampling 

considerations in later paragraphs. 

Let us assume that a significant positive correlation between 

two characters A and B has been calculated from a number of 

casually selected sheep and consider what may be the cause of 

this relationship, 

1, "Species" correlations, 

The two characters A and B may be the expression of the same 

hereditary factor or of very closely "linked" hereditary factors that 

were present in and have been handed down from the ancestors of 

all modern sheep. It is possible, too, that A and B, if not 
the ancestors of sheep by 

genetically related, have become fixed in/natural selection, 

It is possible thereforet that such correlations would be encount

ered in all breeds of sheep. 

2, "Breed" correlations. 

In addition to the above, a further cause of correlation 

would be the fixing of the two characters, in the process ot 

evolution ot the Romney as a breed. That is to say, the 

characters A and B, though genetically unrelated, may both have 

been considered d~airable by the founders of the breed. 

The effect of constant selection would then be to cause an 

association between these two characters. 



3. "Strain" correlations. 

Thie process of association of characters by deliberate 

selection is one that has, of course, persisted to the present 

day, with the result that in certain strains we may expect to 

find correlations peculiar to those strains; such correlations 

being established by a consistent breeding programme or by the 

extensive uae of a very prepotent sire by the breeder who 

established or maintains that strain. 

2. 

It is obviously impossible to draw a sharp distinction between 

"Breed" and "Strain 11 correlations aa the difference is manifestly 

one of degree rather than of essence. However, it was hoped 

that as fu as poss! ble "strain" correla.ti one would be eliminated 

and only those discovered which were "species" or 11 breed 11 

correlations and which would, therefore, be applicable to the 

breed as a mole and not merely to any one strain. 

It would be an interesting and valuable extenaion of thia 

work to conduct an investigation into some of the more prominent 

stud flocks in order to discover the correlations existing in 

each and then to analyse auch data as a whole. At present, 

however, in opening up the subject of skeletal correlations, it 

was felt that efforts ahould be directed towards the discovery 

ot the more fundamental; relati onahipa which would, in any case, 

be the logical preliminary to a more specialised investigation. 



ll.ATERIAL • 

(a) Selection of Sample. 

3. 

The :fundamental .principles in sampling are that the sample 

shall represent all :f'actore contributing to the matter under 

review and Bhall be free from aJ.l factors that may lead to 

erroneous conclusions. The 11matter under review" in this 

paper i e correlations of parts insofar as they a.re connnon to all 

members of the Romney breed. 

On first thoughts it may seem impossible to obtain a 

representative sample of the Romney breed which is free from 

"strain correlations 11 except by carefully selecting individual 

sheep from each strain. Not only would such a method result in 

expense and inconvenience through having the material acattered 

over a wide area but also it is quite unnecessary. 

Briefly, the point hinges on the fact that what is required 

is not a sample of typical Romney aheep but a sample of the true 

correlations inherent in the Romney breed. A little consideration 

will ahow that poorness of type frcn the breeders point of view 

cannot affect the existence of true inherent correlations. 

Whereas good quality sheep will evidence true and also 

"artificial" or strain correlations, only the former will exist 

in a flock more or less lndiacriminately bred from the 

confonnation aspect and such a flock was found conveniently at 

hand in the College wool experimental flock. This nook has 

been accumulated from various sources on the sole baaia of 

fleece type displayed and has been bred without any consideration 

being paid to conformation; that is, both with reference to its 

source and to its maintenance this flock can be regarded as 

"indiscriminately bred" in regard to conformation. 

Assume for the purpose of discussion that a true inherent 

correlation exists between shortness of cannon and good spring 

of rib. This would not only mean that a short cannon would be 

associated with a well sprung rib but also that a long cannon 

would be aa~ociated with a poor spring of rib. In other words a 

true relationship would be upparent irrespective of the actual 
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length of cannon or the actual spring of rib - it would be 

evident in good quality animals or in poor quality animals that 

were "long-shanked" and "slab-sided". 

On the other hand, assume there is no true inherent correlation 

between cannon length and spring of rib. In an indiscriminately 

bred flock the lack of correlation would be revealed by 

investigation; but a short cannon and a well sprung rib are both 

desirable oharaoters in the breeder's eyes and he would endeavour 

to eliminate their opposites by culling. The tendency would be 

therefore for two such desirable characters to become associated 

in a well bred flock purely as a result of the breeder's efforts 

and not because of any inherent relationship, 

For these reasons it is considered that significant correlation 

baaed on data obtained from the wool experimental flock will be 

applicable to the Romney breed as a whole; if these calculations 

show no correlation between two charactera,it means that mutual 

relationship is not common to the breed and,vmether it exists 

in a particular strain,can only be decided by a special investi

gation. 

Two further points considered in relation to the selection 

of the material were sex and age. The existence of a typical 

masculine and a typical feminine conformation is undisputed. 

such differences depend largely on different proportions between 

parts in each sex and it is possible that the same true correlations 

would be common to both. However, the investigation of such 

relationships would need to be undertaken separately for each 

sex,aa the existence of different proportions between parts would 

be a di aturbing factor i,f' "the sexes were mixed. In the present 

work, therefore, the investigations were confined to ewes, 

It will be seen below that it was necessary to eliminate the 

etfeot ot heterogeneity or size amonget the eheep measured. 

The effect of age must, however, be considered apart from its 

effect of general size, because, ae is well known, the ratios 

between parts vary at different stages of growth. For this 



reason it was necessary· that the sheep measured be approx-

i~ately of the aame age. Furthermore, the effects of external 

factors suoh as nutrition are more apparent when the sheep are 

atill growing; if a growing animal receives a check due to 

nutrition or disease, the effect of that check will be most 

apparent while the animal is young and as maturity approaches there 

will be a tendency for the animal to recover the lost ground. In 

order to eliminate such factors as far as possible, the sheep 

chosen were all mature ewes, aged 4th or 6th. 

In selecting the sample of sheep on vm.ioh to work, it has 

been seen that certain influences had to be eliminated viz. 

"strain" correlations, sex and age, in order to ensure that the 

material employed was appropriate to the matter that was being 

studied. In accordance with the principles of sampling, a random 

selection of twenty waa made from sheep in the wool experimental 

flock which satisfied the above special conditions. 

{b) Size of Sam:Qle. 

The second essential in sampling is that the sample be large 

enough to ensure that concluaiona baaed on it are applicable to 

the whole. strictly apeaking 1it is impossible to regard 

11 adequacy" of sample as distinct from representativeness. The 

former is often used to refer to the size of the sample but it is 

obvious that size ia really one of the factors that determine 

"representativeness". In a sense the sample must be large 

enough to adequately represent the anount of variation between the 

indi vidua.ls. 
+ A formula 1a provided by statisticians for testing "adequacy~ 

based on the relation of the probable error of the mean of the 

sample to t~e standard deviation. It is considered that the sample 

is adequate if the standard deviation is at least six times the 

probable error of the mean. A consideration of the value of such 

arbitrary teats is not within the scope of this paper; suffice 

to say,that the application of this teat to the sheep uaed,ahowed 

that they provided a theoretically adequate sample. Furthermore,it 

was found that twenty oheep were more than sufficient to occupy the 



6. 
COEFFICIENT OF CORRELATION. 

The degree of correlation between any two variables is 

expressed as a correlation coefficient. Perfect positive 

correlation is indicated by a coefficient of +1.0, lack of correl

ation by a zero coefficient and perfect negative correlation by a 

coefficient of - 1.0. In practice, however, a coefficient of 

unity, positive or negative, is rarely obtained and certain rules 

have been evolved for einterpreting the co~effioient. These rules 

vary slightly among different authorities but the following 

represent the general opinion:-

{1) Significant correlation is indicated where the coefficient 

(accepted symbolr) is at least four times its probable error. 

( 2) When r is O. 3 an~ the probable ·.;error ia eufficiently amall, 

it ia regarded as indioating moderate correlation, A coefficient 

of less than 0.3 is ot·doubtful-aignificance. 

( 3) When r is O. 5 and the probable error sufficiently small, 

there is evidence of decided correlation. 

The coefficient of correlation is obtainable from various 

fo:rmulae which have been evolved for vari oua purposes. The two 

moat commonly used which were oonaidered in the present work are:

(1) Coefficient of concurrent deviations. 

This 1s obtained from the formula -

r = +/2c - n 
- n 

c. = Number of concurrent 
deviations. 

n. = Number of pairs of items. 

This method measures the tendency of the items of each aeries 

to deviate in a like direction from their respective means; it is 

concerned only with the directions of the deviations and not with 

their size, The attractiveness of this coefficient ie its 

simplicity bu.\ it is apparent that it would not be very reliable 

where, as will be aeen later, a certain amount of personai, error 

is inTolTed •. It would be _possible for "personal error" to cause 

a deviation to be very slightly on the wrong aide of the mean and 



by this method such a deviation would be given aa much weight 

as one whose position was unquestionable. 

(tt) Pearsonian coefficient. 

Thie method, evolved by Pearson, ia that moat commonly 

employed in statistical work and is subject only to the 

restriction that it is not applicable to any but linear or 

nearly linear relationships. There is no apparent reason for 

expecting that relationships in the present work should depart 

from the-linear to any extent, if at all. Scatter graphs are at 

beat difficult to interpret but when these were plotted 

(see later) there were no indications of definite non-linear 

relationships. 

Furthermore the Pearsonian coefficient ie designed to 

reflect th$ magnitude as well as the directions of the deviations 

and despite the somewhat laborious calculations involved, it 

waa decided to Employ in in this paper. 

The coefficient is calculated from the formula -

r = 

= the algebraic sum of the products of the 
deviations of eaoh pair of and 
variables from their respective means. 

N. = the number of paired items. 

o-x and Oy 
the standard deviations of the 
varia.blea. 

and the 

The following example of the method of calculation of the 

coefficient indicates how it expreaaea the tendency of the 

variables to fluctuate in sympathy -

LA} p;ethod ot Calculation of Co;rrelation Coefficient,. 

Groe~ eorrelation between wither height and fore 

cannon •. 
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Fore Devne. Pro~uct d,.:Xt\y: De:yp.e. 2 
Wither Cannon dx dy + X y 

23,9 · 5.0 -., - .28 . .ft4 

25;i0' 5'.4 +.6 ·+.12 .072 

23~7 4.8 -.7 - .48 .336 
24i7 5.3 +.3 +.02 .006 

24;4 5.3 .. +.02 

24~ 1 ,., .. ~3 +.22 

22.2 ;-.3 ;.2.2 +.02 .. 
25.8 5'•P +1.4 +.22 .308 

24;,· 5,3 +, 1 +.02 .002 

24.1 5.2 -.3 ... 08 .024 

24.8 5, 1 + ,4 .... 18 .. 
24.9 5.3 +,5 +02 .010 

23.4 5 .1 -1.0 - .18 • 180 

23.9 ,.3 -., +.02 

25.2 ,., +.8 +,22 .176 

24.8 5.3 +.4 +.02 .008 

23. 1 ,.2 -1.3 -.08 .104 

24.8 5.3 +.4 +,02 .008 

25. 1 5,4 f,7 + .12 .084 

25.6 ?•2 + 1. 2 i·. 22 .264 

488.o 10,.6 1.12.t 

Mean x = 488.o = 24.4 Inchea. 
20 

Mean Y m 105,6 = 5.28 Inches. 
20 

___ +L.!5.E..-=-Q __ _ 

r = 20 X O , 8 49 X O • 17 5' 

/ 

dx2 dy2 

. .25 .0784 _ 

.36 .0144 

.49 .2304 

.09 .0004 

.0004 

,.066 .09 .0484 

,.044 4.84 .0004 

1.96 .0484 

.o 1 .0004 

.09 .0064 

.07':l. . 16 .0324 

.2, .0004 

1.00 .0324 

.01 .25 .0004 

.64 .0484 

.16 .0004 

1.69 .0064 

.16 .0004 

.49 .0144 

1.44 .0484 

O. 192 14.42 0 .6120 

/
14.42 

°x = 20 = O .849 

cry = j,612 
20 = O. 175' 
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(b) Interpretation of coefficient, 

An exact interpretation of the term "correlation" ia;, 

difficult to make and the statistical literature studied did not 

provide a satisfactory definition. However, some observations 

can be made which will indicate the conception of correlation 

held by the author and, therefore, the conception on mich the 

discussions in this work are based. The purpose of these 

obserTations is primarily to render the results of this work 

more intelligible to those who are not familiar with correlation 

coefficients; but there is also reason to believe that.many, who:. 

are more or less familiar with correlation work, are inclined to 

attribute a eignifioanoe to the coefficients in excess of that 

which is strictly justified. For these reasons it was felt 

that some brief observations on the point would not be out of 
.\ 

place. 

For the sake of simplioi ty the discussion below deals. with 

positive coefficients but the remarks apply, of course, equally 

well. to negative coefficients and it is necessary simply to 

substitute for the latter, "opposite" for "same" di reotion of' 

deviation. 

It appears that a sign.ificant poai ti ve coefficient may be 

regarded as indicating that there is a tendency for the two 

variables to fluctuate in sympathy,but that the relationship 

ia not an invariable one but only a general rule. This point 

will be apparent from inspection of the example above where it 

will be seen that concurrency between the deviations is only 

general not invariable. 

It is very difficult to go beyond this point in defining 

the propert~es of a correlation coefficient and some authorities 

appear to avoid doing so. It is stated however, that a 

significant posi'ti ve oorrelation meana that a change in one 

variable is likely to be accompanied by a change in the second, 

in the same direction and of like magnitude; presumably the 

degree of "likelihood" depends on the actual size of the 
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coefficient. The statement has already been made that 

concurrency as regards direction of deviation ia only a "likeli

hood" a.nd it seems probable, therefore. that oonourrency in 

regard to the magnitude of the deviations involves a atill 

greater element of doubt. Indeed, even the term "like magnitude" 

required comment. Conaider for example two aeries of values A 

and B ae given belOWi the coefficient between these would be 

+1.0 i.e. perfect positive correlation. 

A - 14 12:: 10 8 6. 

B - 16 13 10 7 4 

The deviation a of the A variable a are two uni ta and of the 

B variables, three units but actually the deviations are of 

"like ma.gni tude" when considered in reltrtion to the range of 

variation - the range of A variables being 8 uni ta and that of 

B, 12 uni ts. 

It will be seen, aleo, from the above example that the 

ratio of A: B varies from greater to lesa than unity. so that 

perfect positiTe correlation does not necessarily mean that the 

ratio between the parts is constant. 

It will be apparent that an accurate definition of a 

correlation coefficient is difficult, if not impossibleJ to make. 

Readers may feel that the above brief discussion has confused 

rather than clarified their conception of correlation. In a 

sense, this is the purpose of the discussion; to emphasize the 

impossibility of attributing specific and rigid properties to the 

coefficient. We are not justified in regarding the coefficient 

in any but the broad. sense - that of a measure of general 

tendency to sympathetic fluctuation - and the exact nature of 

the relati9nship or its ca.use cannot be deduced from the 

coefficient itself but requires further investigation. 

( c) Probable error ot the ,coefficient. 

It has already been pointed out that the signifioanoe of the 

correlation coefficient depends in part on ita probable error; 

the coefficient is required to be at least four times its 

probable error to be considered significant. 



The probable error of the correlation coefficient is 

calculated from the formula -

P.E. 

where 

Q.6745 ( 1 - r 2 ) 

jN 
r = the correlation coefficient. 

N = the number of sheep. 

11. 

A simple expedient can be adopted to aave time from calculating 

the probable ;;error of each coefficient. It is seen that the 

lowest aigniAi:f'icant value for r is that which satisfies the 

equation -

Sinoe N is constant throughout this work, ,. is the only 

unknow and it is then simply a 1natter of solving the quadratic 

equation. The value for r so obtained waa±.0.47 and this is the 

lowest value for r which can be regarded as significant in the 

present work. 

( d) The calculations. 

It will be readily appreciated that the mathematical 

calculations involved in this work would in themselves require a 

very great deal of time. It was considered essential, however, 

that the author should become thoroughly familiar with the 

methods themselves in order to gain eome appreoia.ti on of their 

limitatione and ensure that the analytical devices muployed gave 

a reasonab~y accurate reflection of the physical facts. The 

particular problems encountered in this work have not yet 

received the critical attention of statisticians and their 

solution required considerably more time than could be antici-

pated. This, ;unfortunately, left little time for the 

interpretation of the results except in so far as their general 

interpretati,on would follow from the di souasion of the methods. 

Neverthelees, it was felt that the oautioue course pursued was 

a much wiser one than endeavouring to draw oonolusione from 

results obtained by a method whose reliability had not been 

thoroughly investigated. 
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TECJ:INICUE OF MEASURING. 
. . ...... ---

The original intention was to cover the sheep in us much 

detail as possible and a list of nearly fifty items was according-

ly drawn up. It was hoped that this would be merely a 

preliminary survey and. that a condensed list of measurements 

~ould be compiled as a result of the experience so obtained and 

extended over a larger number of sheep. Measurements were to be 

eliminated which were too difficult to be reliable and for 

which alternatives could be obtained! further,it was thought 

that some correlations would be unquestionable and extension to 

a larger number of sheep would only be necessary in doubtful 

cases. It soon became obvious, however, ~hat this hope had 

been based on a lack of appreciation of the difficulties ahead. 

The only sound basis for discrimination between measurements 

would be a thorough understanding of the data already collected. 

this involTed the estimation of personal error by repeating all 

measurements and also the di aoovery of aui table analytical 

deTioea for treating the data. 

In other words,it was discovered that the preliminary work 

in entering an entirely new field of research - that of 

skeletal correlations in sheep - was, in itself, a project that 

would fully oooupy the few months available. 

(a) Difficulties encountered, 

The principal difficulties encountered in the actual 

measuring of the parts and the manner in vm.ioh they were met 7 

are given below. 

l1) Location of points. 

The difficultiea consequent on making the measurements on 
I 

live sheep can readily be appreciated and not the least of 

theae,w~• that of obtaining points of reference which could be 

located with acoura.o7 in different sheep. In few oases were 

the enda of bones sharply delineated and considerable care and 

patienoe was necessary in acquiring the necessary skill. A 

few days were spent before the main work waa actually 



commenced, in becoming familiar with. the pointsot reference: 3· 

the measurements ao obtained being discarded, It soon became 

apparent that in aome cases it would be necessary to sacrifice 

strict anatomical detail in order to obtain well defined.points 

of reference. (see Fig 111). It was felt, however, that this 

was warranted since the approach to the subject waa primarily 

from the breeder's conception of conformation. 

The effect of this difficulty of locating points on the 

accuracy of measurements,depended largely on the skill of the 

investigator although a certain a.mount of aesiatanoe waa obtained 

by the use of simple instruments to be considered below. 

( 2} Wool and curvqture, 

These two ma,y be considered together aa they both prohibited 

' the use of a plain rule or. tape meatmre,\•. It would be difficult 

to measure with rule or tape the diataJ1oe between two points on 

a more or less flat aurfaoe when those points, even aput from 

their covering of wool, were not visible but had to be located 

by touch. Where there was an actual curvature between the 

points and a.lao a covering of wool the uae of tape or rule was 

maJ1ifeatly im:posai ble if an accurate "straight-line" measurement 

was to be obtained. 

It was fortunate that the work was done in the late summer 

when the ewes were not in vary good condition. Beyond 

rendering the location of pointa a little more difficult, 

condition waa not really a serious problem in view of the methods 

employed, 

Li) Stance, 

When the individual meaaurementa are considered it will be 

seen that in very few oases could the stance of the animal 
I 

affect the reading. Aa far as possible, however, the sheep were 

held in a normal standing position to eliminate the possibility 

of influences that were not antioipated. In those oases, for 

example - length from shoulder point to last rib, where it was 

obvious that stance could have a.n effect, both aides were 

measured while the aheep waa held finnly and the mean recorded. 
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Where stance could have no effect it was not considered 

necessary to measure and average measurements on each aide. It is 

exc_eedingly doubtful whether any variation due to bilateral 

asymmetry would be recorded withip the limits of accuracy 

obtained and a brief preliminaey trial supported this view. There 

is no doubt that if such variations did exist they would be so 

small and so rare that the effect on the correlation coefficient 

would be negligible. 

(4) Restlessness of SheeR• 

The sheep-used were, fortunately, accustomed to handling but 

they naturally became very restless when.held in one position for 

long periods. Thia was not conducive to speed and accuracy of 

measurement but ut waa a difficulty that could only be met by 

patience; to a certain extent the instruments uoed enabled the 

investigator to meet slight movements on the animal' a pa.rt. 

{ b) Measuring instruments (Fig. 1V). 

After a little consideration three simple wooden instruments 

were evolved which proved quite satisfactory. 

( a) ( Fig 1 V A) • The maJ ori ty of measurements were made with the 

simple dividers as illustrated; the moat convenient size being 

with arms about fifteen inohes long. A smaller divider waa used 

for a few of the am.all measurements but this was not essential. 

The arms of the dividers were held, one in ea.ch hand, with 

the index fingers lying along the points. In this way the wool 

could be parted, the reference points located with the index 

fingers and the points of the instrument held in position at the 

aam.e time. This light simple instrument was particularly useful 

for restive sheep as small movements could be followed fairly 

easily. 

( b) An adaptation of the above was necessary· for measurements of 

the nature of diameters e.g. body depth and width. The 

instrument (Fig 1V B) served this purpoae and also had the 

advantages of the above in ·regard to simplicity and convenience. 

( c) For large measurements such as body length and for 

perpendicular heights e.g. wither height, an instrument 



(Fig 1V C) was used - th.is consisted of a graduated rod with two 

arms at right angles, one being fixed and the other capable of 

sliding and rotating on the rod. There were two limitations in 

the use of this instrument which could not be overcome; it was 

by no means independent ot reatleaaneas and further the measure

ments for which it was used were liable to be affected by stance. 

It was found that restlessness generally increased the longer the 

sheep was held but that the stance waa generally most unnatural 

at the beginning of the measuring process. In this case, restless

ness was the lesser evil ao that the use of this instrument was 

postponed until the sheep had relaxed. 

Scales ware attached to all three instruments so that the 

values could be read quicklYi furthermore most recordings could 

be made while the instruments were being applied to the portions 

and were firmly held, so that possible errors due to twitching 

of the skin etc, were eliminated. Checks were alao :n:ad.e 1:1.t 

frequent intervals to ensure that the seal.ea were giving true 

readings and had not suffered warping etc. 

In order to eliminate the effect of the wool on the girth 

measurement a thin strong cord was usedJ the wool being parted 

so that the aord lay close to the akin, 

An attempt was also made to measure various angles and slopes. 

With the possible exception of the angle of the hock, it waa found 

quite impossible to measure angles and slopes directly with any 

aoouraoy, lt will be obvious that angles would be particularly 

afteoted by comparatively slight movements and it is felt that it 

is not possible to place much reliance on them. The indirect 

method employed can be beat explained by an illustration -

elope ot pol vis ( see Fig V). 

By BUbtraoting the 'height to pin (:BG2) trom the 'height to 

hook' (AG1) we get the distance AO; the length of pelvis AB 

is known and the calculation of the angle of the slope is then a 

matter o:r simple trigonometry. The angle is A B C which equala 

the angle of slope of the pelvis from the horizontal(b), The 

same principles may be applied to the slope of the shoulder etc - . 
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ACCURACY OF MEASUREMENTS., 
·- SZ>C!.S::U:X 

From the above discuasion1 it will be apparent that a certain 

amount of error of measurement would be expeoted1 owing mainly to 

the difficulty of looating referenoe points with accuracy. To 

some extent, of course, the difficulties were beyond the control 

of the investigator but, it is obvious that the personal skill 

a.cquired,would be a very important factor. In order to obtain 

same measure of the error and also to develop skill, all 

measurements were repeated. i'lhen this was done it waa found 

that the differences between the two recordings ranged from zero 

up to 10% in the case of a few difficult measurements and,in two 

or three instanoes,it was apparent that the measurements were 

quite unreliable, 

It is obvious however, that the difference between these two 

recordings would not give a just measure of the error associated 

with the aecond aeries because of the skill d.:;veloi:,(jd 1:>y tlLe 

time the latter were made; a certain number were therefore again 

repeated. Over 150 measurements were selected for repetition 

where the difference between the first and second recordings 

had been of a high order. It was felt that by ao choosing the 

more difficult measurements, the error evaluated from them,oould be 

regarded with confidence aa representing the maximum error 

that could be attributed to the second aeries. 

The mean error of measurement calculated in this way was 

very nearly 4% of the second recordings - a figure which, under 
It 

circumstances is gratifyingly low/need hardly be mentioned that 

in all cases where repeat measurements were made, it was quite 

impossible for the investigator to remember previous readings. 
tnG 

An e~resaion ofAprecise effect of this error on the 

correlation coeffioient,apparentlyEwould inTolve very complex 

mathemat~os and no method could be suggested by mathematicians 

whose assistance was sought. The general opinion was, however, 

that the effect of the error would probably not be great. 

Furthermore, according to Yule+the effect of error ia to reduce 

+ J.V, Yule: "An introduc·tion to the theory of statistics" - 1929. 
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the correlation ooeffioient below its true value. This 

reduction will be more or less the same on all ooeffioienta and 

will not, therefore, affeot their value for purposes of 

o ompari son. 

THE SIZE FACTOR 

( a) .Effect of the "size factor". 

There have been references in the above paragraphs to the 

limitations of mathematical method in its application to biological 

data and a certain amount of doubt was felt, therefore, as to 

how far the use of complex,:.: and intricate n1athematical method wae 

Jueti:fi ed. On the other hand, however, would.not the very 

existence of such limitations emphasize the necessity for accuracy 

in the methods themselves? Furthermore, since this work is opening 

up a new field of research, it was felt that the time spent on the 

"size factor" problem was well advised. 

It is no more than a truism that the size attained by the 

various parts of the body is in a large measure dependent on the 

size attained by the body as a whole; that ia to say, a large 

aheep would have a longer head and longer pelvis, for example, 

than a am.all sheep. 

In effect, this means that variation of general size amongst 

the sheep would superimpose a variation on a portion , in 

addition to tha't/~I\.~1\ be the independent property of that 

portion. 

Since the nature of this superimposed variation ia the same 

on all portions of the body, the "size factor" would of itself 

tend to produce a sympathetic variation between any two portions. 

If the portions were actually capable of independent variation 

the "size ta.ctor" would tend to obscure this fact while any real 

tendency to association between the portions would be accentuated. 

The influence of the "size factor" on the correlation ooeftic

ient would therefore be -

(a) In oases of true zero correlation - to produce an apparent 

positive correlation 



(b) In oases of true negatiTe correlation - to produce a 

lower negative, a zero or even a slight positive correlation. 

(c) In oases of true positive correlation - to produce an 

abnormally high coefficient. 

19. 

On theoretical grounds,there is no doubt that the influence 

of general size is a factor that demands consideration but, on 

the other hand, there is considerable evidence to show that it 

has not been seriously considered, if at all, by many workers in 

allied subjects. The question arises as to whether the effect 

of the size factor was of sufficient magnitude,to warrant 

elaborate devices for its elimination. 

As stated above,the sheep measured were all mature ewes and 

consequently, the variation in size amongst them was not very 

great. It will be seen, however, that the variation among 

separate portions was also small,so that the relative effect ot 

size variation might be considerable. It soon became obvious 

that the problem aould not be solved by casual observation but 

that it would aatually be necessary to devise means for 

eliminating the effeot,before it would be possible to judge 

its influence. 

(bl Methods ot elimi~ation. 

( 1) The most obTious method that would suggest itself is to 

express the measurements in terms relative to size, for example 

as percentages and this device has been employed in related work. 

However, on testing this method in an example1 it was discovered 

that it contained a very serious flaw. 

The correlation between humerus and radius calculated from 

actual measurements in inches was +0.1, whereas, when the values 

were expressed as percentages of wither height (using this as a 
I 

size index) the correlation rose to +0.39. Since, as was pointed 

out above, the effect of the size factor on a positive correlation 

would be to produce an erroneously high figure, this result seemed 

inexplicable. The point was rather outside the field of 

statisticians to whom the matter was referred and only indirect 

information was available in textbooks. However, the idea of 
J\,*'·1..•-, •.• ~ 1:•• '',.,{', • 1~r,,,:-·•.:·~-:\~ 



20. 

simply abandonins the method with its flaw undiscovered did 

not appeal. In aooordanoe with the conviction expressed in earlier 

sections - that a full understanding of statistical devices was 

prerequisite to their auooessful application - it was felt that 

the consideration of any matter likely to promote such understanding 

was more than Justified. 

Consideration in the present case made it possible to provide 

an explanation which seemed satisfactory. 

It is apparent that the elimination of the size factor should 

decrease the variability of a portion,ae it would reduce the range 

of variation without materially affecting the mean; in a sense, 

its elimination would cause the extreme values to shrink towards 

the mean. It was discovered, however, that in the above example 

the variability of the percentages was actually g~eater than 

that of the actual values in inches, 

The coeffioients of variability were:-

Humerus - from actual values in inches 3.9,% 
tt u percentages 5.09% 

Radius u actual values in inches 3,63% 
tt tt percentages 3.66% 

It ie seen that the increase in variability was greater in 

the case of the humerus; the key to the solution of the problem 

was obtained when it was noted that the correlation coefficient 

between humerus and wither height was leas than that between 

radius and wither height - the values being +0.13 and +0.46 respect 

ively. A little consideration suggested that the 'percentage 

method' for eliminating the size factor involved an assumption 

which could not be made - namely, the assumption that the 

particular ~ortion varies directly with size. Where the portion 

did not so vary the expression as percentages would tend to 

increase the variability. As we have seen above,thii is 

precisely what took place; the effect being greater in the oase 

of the humerus than in the oase of the radius - that is, inversely 

as the degree of relationship between each of theae portions and 
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wither height. 

The percentage method would only be applicable where the 

portion conaidered varied directly with size - that is, exhibited 

perfect positive correlation with size; the obvious solution 

therefore, was to seek some method of eliminating the "aize 

factor" which involved the actual correlation between the 

characters and size. 

(11) The position is that there are two variables (any 

two portions of the sheep) whose true relationship is obscured 

by the influence of a third variable {general size). Mathe

maticians have devised a formula for the elimination of euoh a. 

third variable which gives the "partial" or 11 net" correlation 

between two variables. Applied to the present work, partial 

correlation should express the mutual relationship between any 

two parts, independent of their common relationship to the 

general size of the animal. 

The formula. :for "net" or "partial" correlation coefficient 

is:-

r 12.3 • r12 - r13 • r 23 

✓ ( 1 . - r 13
2

) (1 - r 232 ) 

r 12.3 = the partial correlation between portions 1 

and 2 with the effect of 3 eliminated. 

r 12, r13 eto = the groaa correlations between portions 1 and 

2, 1 and 3 etc, 

When this fonnula was applied to the example of humerus and 

radius used above, the partial correlatio'n between the two 

portions was calculated to be +O, 10 ( gross = ±.0, 15) and from 

the above disoussion it will be understood th,Lt auch a reduction 
I 

was the anticipated :reaul t of the elimination of the "ai ze 
factor", 

However, when a statistician was consulted with a view to 
obtaining confirmation ot the value of this method, certain 

doubts were expressed, It appears that an .American worker, 

Montgomery D. Anderson+ has expressed doubts aa to the reliability 
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of the mathod when applied to factors whioh are concomi-

tantly related. It is considered that reliability is not 

obtained where the factor "partialled out" (i.e. size) ia 

appreciably affected by either of the two factors between which 

partial oorreiation is sought. The point is obvious if we 

consider such an example as crop yield, weight of fertiliser 

per acre and rainfall. It is apparent that either fertiliser 

or rainfall could be "partialled out" whereas crop yeild could 

not; in this case, for perfectly obvious reasons. Unfortunately 

no infonnation could be obtained as to the exact reasons for 

.Andersons opinion and the question remains as to whether there 

are other reasons besides the obvious common-aense one that 
of 

would apply to the case above/crop yield etc. ~urthermore,it ia 

somewhat debatable whether a small portion of the sheep could 

be regarded a.a "appreciably" affecting general aize. 

A atudy of statiatical textbooks threw no light on the 

problem but it was felt that recourse to complex theoretical 

considerations was unnecessary and possibly even futile. 

Mathematical methods are not being used in this paper in order 

to prove the existence of skeletal relationships but rather 

as striotly·mechanical devices for the expression of information 

that was apparent from a thorough understanding of the data. 

The opinion is held, therefore, that the validity of mathematical 

method in general and in this instance, partial correlation, 

must be Judged,not by excursions into the intricacies of 

mathematical theory, but rather by careful consideration of the 

simple question - doea it express the result to be anticipated 

from intelligent understanding of the data? 

On ;thia basis,it was concluded.that the partial correlation 

meiho~ could be used with oontidenoe. 

It waa at this stage of the work that a paper was acoidon\-
. written . 

ally diaoovered,lby an .American worker - 1.B. Sumner+ wb!o had 

+ Proceedings of the National Academy of Sciences, 
Vol. 9, No 11, November 1923. 



calculated correlation ooeffioients between various 

portions of the deermouse (Peromyaoua). Unfortunately, he 

gave very little detail of the methods he employed and the arose 

references given 1were not obtainable in the libraries available. 

The lJUeation at issue in Sumner's paper was the extent to whioh 

the sizes of various portions were inherited independently but 

there are one or two points in hie paper whioh have a bearing 

on the present work. 

One interesting point was that Sumner criticised the work 

of Castle who had calculated correlation coefficients between 

parts of the rabbit, on the grounds that the latter had 

neglected to eliminate the ••size factor". Sumney states that 
is 

the extent to which the variation of a portion/independent of 

general aize factors ia indicated by the percentage ratio of the 

"net" to the "groaa" standard deviation. The latter is the 

ordinary standard deviation obtained from actual measurements 

and the "net"· standard deviation is obtained from the "gross" 

by multiplying the latter by a factor ~ , where r ia 

the correlation coefficient between the portion and size. On 

applying this factor to the humerus of the sheep the "independent 

variability" of the portion waa calculated to be 98.8% a 

result to be expected from the low correlation between humerus 

and wither height (using this as a size index). This factor 

of Sumner's has been mentioned as,it was considered possible 

that it might be useful in later sections or extensions of thia 

work. 

Sumner also employed the partial correlation method but, 

unfortunately,he did not diacusa ita use and apparently did not 

question i
1
ta validity. It was gratif'y:Lng, however, to find the 

oonolusions in regard to this method,supported by precedent 

provided by an .American worker of' repute. 

{ C) The ai Z! index. 

The question remained aa to the choice of a suitable measure 

of "general size". At first,it waa felt that the best method 

would be to use the ruaj or measurement appropriate to the 
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particular portion under consideration, for example, 

wither height when considering cannon length or body length when 

considering length ot loin. 'l'he obvious diffioul ty arose when 

considering the oorre1ation between portions from distant parts 

of the body, e.g. cannon length and loin length and it became 

apparent that a eingle eize index would need to be evolved. 

It ie obviously impossible to define "general aiae" as it 

is no more than a general impression to whioh all :parta of the 

animal contribute. It wau considered therefore, that a single 

maJ or meain1remont euoh ae w1 ther height or body length would not 

be a. good index ot aize but rather would. it be neoeaaary to use 

a oompoaite index that would, as.far as poeeible, represent all 

portions of the body. Fu.rthennore, it was realieed that any 

attempt to ex.press general eizo in very precise terma would be 

absurd; aotuall.7, the elimination of.the •aize factor" amounts 

to little more than an arbitrary reduotion of the correlation 

ooefficieni to an extent tlle.t depends on the estimated effect of 

size on the portione concerned. 

The index, then, murst be a general, 0 all-em1bracing» thing 

which reflects all those dimensions which contribute to the 

general impreaeion of size; in effeot, this muld be obtained 

from a C<Dpound of the four major measurements - wither heig'h.t, 

height to hook, girth and body length. 

The gross oor~elation coefficients between theao four 

meaeurem.enta were not very large (oonaidering that they were 

g:roaa 0oett!oient1) and tbJ.B gave more weight to the oonolusion 

that all tour be compounded in evolving the indox. 

!he coetficien\o actually were:-

Wi'therheipt - Heipt to hook 

• • G1~\h 

It Boq Length 

Girih • Bo4Y L~h 

• Height to hook 

.Height to hook Body Length 

10.,4 !t 0.11 

➔ 0 ·• 46 + 0 • 12 -
+0.49 .i 0.11 

+0.2~ .i o. 14 

+0.44 .:t 0.12 



The "size index" was obtained. by oaloula:Ung the mean 

of thee a :four maJ or mee.surernents. It we.11 suggested that it 

might be advisable to employ a Jiu,thod that would giTe to ea.ch 

of the tour meaaurements an equal. "weight" in the index; in the 

simple arithmetic mean as used the largest measurement has, of 

course,~• greatest "weight" in the index. on the other hand. 

however, the largest measurement oontributea most towards 

"general size" and one would expect therefore that it ehould 

merit greatest "weight" in an index designed to represent 

general Ii ze. 

It wae oanuidered that the veliclity of the "eize i,ndcx" would 

be teated by the correlation it exhibited with the four major 

measurements taken together i.e. by the method. of multiple 

correlation. Thia multiple correlation waa oaloUlated to be 

+0.998. In "21.ie work thia 21193 be regarded e.e perfect positive 

correlation an4 it le considered that thia indioateu that the 

"aize index" ao calculated above tulfila the purpose for lhiah 

it wae deeigned; viz. to measure the oompoaite effect of the 

four major measurements. 

In other worde the oaloulation ot partial oorrelation 

ooef'fioienta w1 th. the "aize index'' held constant ie equi val en, 

to hol4ing the four maJ OI' mcu1.surement.1 oonetant and so elimina.tin, 

th• effect ot general aiae variation on the correlation 

coettloiet1 - an etteo\0 which will be eeen from the t-eauliie.,. 

\o.'D• T•l7 1mpor\an,. 
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SCA'£TER GSAJ?HS ,, 
_....._,,._,.-~ -•"'~ h.,ao~ ,.,.,.--,,.;,f., 

scatter graphs are. at beat, difficult to interpret but to 

eom.e extent they indicate the extent ot the correlation that 

exiata an4 grapha have been plotted for different degreee of 

correlation. It ie 1een that mere high correlation exiete the 

point• tenet to lie in a diagonal band. acroaa the page mile lack 

of oorrelaiion ie 1n41oate4 by an 1ndieor11linate "aoatterff. 

Btst111ton LiD!•• 
Tbe1ut mq be d:ra,m from the equation ( referring to the 

intersection ot the means) :-

crx 
dx 111 1: f!';1 dy 

dx arl4 '7- 11:1 devie.:tion:a of x and y variablcu,. 

o-x and <:ry • 1ta.ndard deviations ot x and y variables. 

r • correlation ooetfioient between x and y. 
Ox 

r. a-y = the :reg:reeeion ooe:ff'icient of w,c Qn y. 

If we substitute various values for dy in the nbove 

equation we get values for dx which lie in a straight line. 

The valuu of dx so obtained,repreeent the average values of 

the deviations of x variables which will be aaaociated with 

particular valuc:,a of the deviations of y variables. In a 

similar way, the regreeuion of y on x me.y be calculated simply 

by eubstituting y for x throughout the above equation. 

Thia prooese is illustrated in graphs 1 and 11. The vhole 

red line in graph 1 repreaente the regression of 'pelvis' on 

1 head length• an4 in graph 11 the regression of 'vlidth eye .. 

setting' on 'width between hooks' - the broken red lines indicate 

the reciprocal relation in ea.oh oa.oe. 

It will be aeen that the regreasion lines in graph 11 do 

nc;;t deviate greatly from the mean values ot 'width eye setting' 

an4 ot • width between hooka• J 1n graph 1 where the correlation ta 

sna\e:r the eit.utioa 1s v•'lll' 41fferen\. 1t appear• then. that 

the po1i\ion of the resre,oion line• 1n41oatee the degree ot 

oorrolation that exiats. 

At the present ~tage of this work, however, regreeaion ia 



27. 
of little praotioal in\erost. Tho aboTe brief ,aen\ion of 11. 

hu been mad.e m.er•l.7 to show the tur"1er information obtainable 

troa correlaii,on data which ,nq p"T• ot Talue in axttnelon1 

ot this work •. 

==========-
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g,~ OF PART 11_~ 
(1) It was necessary to exeroiae great ea.re in aeleoting 

the sheep on which to work •. A brief d1soues1on of the theoretical 

basis of correlation in ita bearing on thie problem revealed a 

somewhat complex situation but an endeo.vou~ waa made to secure 

material whioh wouid contain only "true" correlations. The 

effect of sex end age wa.a also ooneidered and finally a 

•sample' of twenty mature ewes wae aelooted from the College 

Wool Experimental flock. 

(2) Diff'ioultiea encountered in the actual meaimring,were 

to some extent overcome by the use of simple instrumenta. The 

development of a certain amount of skill in measuring reduced, 

the error to a reasonable figure whoso influence on the 

oorrGlation ooeffioient waa not aerioua. 

(3) The results were expreaeed by Pearsonian correlation 

coefficients. An eX&Ot definition of the term " oorx·elation .. 

is difficult and it is neoesaary to 9nphaaize that attributing 

very precise meanings to the coefficients is not Justified. 

(4) The moot involTed problem encountered was the elimin

ation ot \he influenoe of general size variation on the 

ooofficiente. This was finally e.ooompliehed by using the 

"partial'' or "net"oorrela:tion method and employing a composite 

oize index. 

(5) A few "scatter grapho" have been plotted to 

illuatrate the nature ot these graphs l · exanplea ot repreasion 

line1 are alao proT14ed, but at present theee are of little 

practical valu•. 

LlJ3R..:...RY,PALMERSTON NORrI-i N,Z, 
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