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PART 1.

FOREWORD,

When this work was undertaken 1t was quite impossible
to have anticipated the difficulties that were encountered. It
goon became epparent however, that the approach to a new study
involved a great deal of work of a collateral nature, having
little direct vearing on the actual object of the investigation.
In particular it was necessary to become generally femillar
with voertain branches of statistical method and to become
very fully acquainted with the reel signigifance of certein

mathematical devices.

Statistical studies consumed the greater proportion of the
time available for this work with the result that only a porticn
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, gince the development of the analytical
methodology has no direct bearing on the subjJect of skeletal
correlations the papexr has been divided into two parts.

Part {1 deals with the measurements made and the interpretation
and discussion of the correlation coefficients that were
calculated.

In Part 11 has been collected, all these considerations

which were egsentislly incidental to the investigation - that 15, ;

i
i

selection of material technique of measuring etc. and in
particular, the discovery of appropriate analytical devices
for treating the data.

}




AN INTRODUCTION TO THE STUDY
OF SKELETAL CORRELATIONS IN THE N.Z. ROMNEY MARSH.

INTRODU CTION.

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 onse
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 gnother,

Correlation relating to the sheep has been regarded as
divisible into two types -

(a) Correlation of external with internal characters -
that is, correlation between conformation and such characters
as fattening qualities, constitution etec,

(v) Correlation between various external characters, that ig, .
relating to the relationships between the portions of the
sheep's skeleton which together constitute what is known as
conformation. This paper deals with this type of correlation
and seeks to discover whether there is any relationship between
the sizes of such portions, e,g. length of head and the length
of pelvis, etc.

A knowledge of correlations of both types fomms part of the
"stock-in-trade” of the breeder and breed standards in regard
to conformation,are defined by breed socleties on the basis of
supposed correlations of type (a) sbove., It is probable
that this standard type defines with falxr accuracy, the ideal
gsheep from the utility point of view and it most certainly does
80 to a much greater extent than do the so-called "perfect
types" of dalry cattle defined by thelr redpective breedk
socleties. 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
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excellence with greater accuracy, but it was felt that, ats
present, the greater service to breeders would be provided by
information on the relationships between the component partis
of the skeleton as measurable on live sheep. It was hoped
that this would assist the breeder to4attain the standard
laid down by the breed soclety - a standard which, probably,
would not be greatly modified by a sclentific investigation
of the nature of that mentioned above,

A series of meamsurements were made on twenty Romney
ewes from the Massey Agricultural College wool experimental
flock and the data 80 obtalned subjected to appropriate
mathematical analysis,

The measurementsg were, in themselves, a matter of consider-
able difficulty and it was discovered that a great deal
depended on the skill of the lnvestigator, The difficulty of
measuring live sheep will be quite apparenf and considerable
care and patience was necessary in order {to attain a rsasonable
degree of accuracy.

The selection of appropriate mathematical devices for the
analysis of the data also requlred lengthy consideration.

The value of statistical method applied to biological datae, is
the subject of considerable controversy and there is no doubt
that arblbrary/memiodeiogy can be legltimately applied to such
data, only when due regard is pald to the possible limitations
of the methods employed. It is essential to remember that
mathematical methods can only be regarded as convenient modes
of expression, not as infallible devices for discovering
natural laws. Utter famliliarlity with the date is a
prerequisite to successful deductions from the results of
mathematical analysis. It was necessary, therefore, to obtain
an understanding of the more common statistical devices and an
understanding of the information contained in the data
collected, in order to‘select from the former,the method which

most accurately expressed the facts contained in the latter.
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When an endeavour was made to fulfil the intentlons
expressed in the above paragraph, it was soon discovered that
the matter was going to involve a great deal of study on
questions with no direct bearing on skeletal correlations.

It was 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 Animal Husbandry

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

to accept such methods/superficlally spectacular results,

In this 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 spent in the

gtudy and congideration of the applicability of the simpler

statistical devices to the material in hand. IFurthexr, the

fact was fully appreclated 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 18 an entirely new field of
research and it was felt, that the only course to pursue was
one which would ensure that a firm foundation was lald for
future work by a thorough examination of the analytical
methodology.

The scope of this work was also resiricted to some extent,
by the fact that in many ceses it is impossible to express in
‘precise terms of measurement all that is apparent to an expert
judge of sheep,. TFor exemple, a judge may see in the faclal
expression of an animal, indications of a lack of robustness
which will enable him to forecast with considerable accuracy,
the wealmesses of general conformation to be expected; agaln
a look of"mnervous excitement® is frequenily seen in animals of
poor fattening ability., Such indefinableimpressions would
obviously be obtained only by expert obse;vers and 1t would

be quite impossible to express them in mathemsatical terms,
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When all the measurements had been made, an enquiry was
undertaken with a view to dlscovering the more common bellefs
held by breeders relating to correlations, This enquiry was
postponed until after the completion of the measurements because
it was realised that preconceived ideas may often unconsciously
biag an investigator in a particular direction, The aim of this
work is neither to prove nor to digprove beliefs current
smong breeders but to approach the question with an open mind,

unblased by expected relationships.

THE MEASUREMBNTS .

In the majority of cases, the measurements will require no
more description than the names and the numbers which refer to
the disgrems. The d:lffice;.]ftoiu :s%fa%ie i€e§§k51n§c£§ seaénei%suPr::{-nten;‘ls
and in few cases, will additional remarks be necessaxy.

Tlgs 1 and 11 show the outline of a shorn ewe from the gide
and from the front; the reference points are shown by ﬁumbers.
In order to avold the confusion of too much detail on one
dlagram, a separate sketch (Fig 111) is given of the skeleton
of a sheep, the actual points of reference being enclosed by
small red cirecles, Thie sketch is ﬁot intended to be beyond
criticism but is sufficiently accurate to show the position of

reference poinis,

1. Width of Nose, Fig., 11. 8 —=-www a.

In such small measurements as thls,it is apparent that a
very small actual error would be a large relative error.
Actually this measurement was comparatively easy to make but

‘mogt measurements of this size are not regarded with confidence,

£ 2, width between gxég; Fig 113 D ~=-= Db.
2. Wigéh of {(outgide) eye-gsetting Tig 11; c---cC.

4, vwidth between ears. Fig. 11; 4 --- 4,

This measure was made immedimtely in front of the ears,

5. Width between shoulders points Fig 111 e =-- e.

This wes a fairly difficult measurement to make and is

therefore less rellable than most.




JO TH: The remainder of the measurements and their

reference numbers are all to be found on Figs. 1 and 111.

6. Wwidth between jaw points - point 5A on each side.

7.  Length of face; { --~ 2,

8. Length of head; { === 4.

Length of lower Jaw; ~e= 6,

10. Poll to jaw angle; 3 ~-- 5A,

1. Length of neck; 4 --- 7.

This measurement was attempted but it was found quite
impossible to obtain reliable results.

12. Length of shoulder-blade {(scapuia); 11 --- 12.

13, _Breadth of scapula; 11 -~-- 17.

This measurement also proved unreliable owing to lack of
clear definition of the posterior border of the blade, dus to
the fact that 1t was held so closely to the body.

14, Length of humerus; 12 --- 13.

It will he seen that this messurement actuaslly includes
more than the humerus proper as it is made 4o the point of the
elbow (olecranon process) as indlcated in the dlagram.

15, Length of radius; 13 --- 14.

Strictly spesking 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 --- 19.

This really includes the carpal bones of the jolnt., It
would have been preferable for point 14 to be below rather then
above the carpals but a more clearly defined point of reference
was obtalned in the position indicated.

17, Length of fore-pastern; 19 ~-- 16.

Fot only was this measurement small (Bee remarks on width
of nose) but also was very difficult to meke. TFor similar
reasons an attempt %o messure pastern slope was also unsuccessful.

18. ZLength of pelvis (Hook to pin) 20 --- 22,

19, Hook to thurl 20 --- 21.




9.
20, Thurl to pin; 21 --- 22,

A clearly defined point at the thurl (aoetabulug) was
difficult to obtain for the above two messurements and no great
confidence should be placed in them, .

21. Length of femur 21 --- 23,

The thurl point was easler to locate from this angle.

22, Length of tibia; 23 --- 24.

This is of the same type ag the humerus ete. - the measuremen

is named according to the principal bone but really includes

movre.,
23, Length of hind cannon 24 --- 2§,
24, Length of hind pastern; 2§ --- 26.

This meagurement like "fore pastern” was qulte unreliable.

6 29, Length of thoracic vertebrae; 7 --- 9.

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

27. Bddy depth; 8 --- 19.

—

Point 19 was located between the legs on the brisket.
28. wither height; ground level to 8,

5 During all measuring the sheep were standing on a conorete

floox.

29, Shoulder point to last rib; 12 --- 27.

30, Body width (at girth); 18,
That is, the width through the body at point 18,

31. Body width (at last rib) 27.

For obvious reasons this will be less reliable than the
measurement immediately above.

32, width of loin (front) at point 9.

33, Width of loin (rear),.

Thid measurement was made immediately in front of the
hooks,
34, Width between hooks.

This was teken from the outside boundary of each hook
(point 20),
o 3%. Width between pins.




10.
This measure was not easy to mske and was taken

between the most posterior "points® of the pin bones (22),

36.

Girth.

Teken behind the elbhow,
Helght to hook; ground level to 20.

7.

38, Height to pin; ground level to 22,
39, Body Length; 12 ~-- 22,

40, Angle of hook,

This is the angle enclosed by the points 23 to 24 to 25,

Thig measure is recorded but it is not felt that 1t can be

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

indicating future lines of investigation.

41,

An endeavour was made to secure gome expression of the

development of the brisket but no reliable measure could be

found.

42,

It is necessery also that some method be evolved for measuring

slopes (e,g, pelvis, shoulder, etc.) which will give reliable

resgults.

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

entirely satisfactory.

R R S T P

The method employed in this paper, although probadly
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FIG 1

THE MEASUREMBENTS.,

FIG,







SKELETAL CORKELyp1oNS IN THE N.%.

ROMNEY  ypRrsi.

MEASUREMENTS . 895 . ES7 B676 745 E558 K544 | XOR1 oo 589 168 E240 El0  ELL9 E36 ES86  E25 K184 1076 564 _E11

1. Width of nose 2,1 2.0 2.0 2.2 2.2 2.1 EEEEEEEE 2.0 2.1 1.9 2.1 2.0 2.1 2.1 2.0 2,0 2.0 20 2.8
2. Width between eyes 2.8 2.7 29 2.8 3.2 2.6 NS 2.6 2.7 2.8 2.6 2.7 2.8 2.8 o.8Ro0y . 2.6 2.8 2.%
3. Width outside eye~setting 4.8 5.3 4.9 5.3 5.3 5.0 5.1 5.2 Br2 5.3 B.l 5.0 B2 [ BE2 5.2 5.286,1 " 5.2 5.0 5.0
4. Width between ears 5.8 5.9 3.8 4.1 3.9 4.0 SN 40 4.0 3.9 4.0 4.1 3.8 3.9 4.1 5.8 3.9 4.2 3.8
5. Width between points of jaw 3.6 3.4 3.7 3.8 3.6 3.5 3.6 gis 3.6 3.5 3.2 3.6 3.3 3.2 3.6 3.8 3.3 3.7 3.8 3.6
6. Length of face 5.1 5.3 4.8 5.3 5.5 5.2 . 1.9 5.1 5.1 5.3 5.1 5.2 [ .28 4.7 4.9 5.1 85
7. Length of head 9.8 10.0 9.6 10.3 10.3 10.1 BN 9.6 10.3 9.6 10.1 9.6 10.1 10.2 10.0 .9.5 9.8 10.1 10.3
8. Length of Lower Jaw 7.5 8.2 7.4 7.7 7.8 7.7 RN 7.6 7.6 7.7 7.4 8.0 7.6 7.9 7.1 7T 7.7 8.0 7.8
9. Poll to Jaw angle 5.8 6.1 6.0 6.2 6.0 5.8 BN 6.0 5.7 B.9 6.8 5.9 b.8 6.0 800058 8.1 6.0 6.0

10. Length of shoulder blade 8.3 8.2 8.1 8.9 6.4 8.2 8.0 9.0 8.5 8 3 8.0 8.5 8.0 8.4 8.8 8.2 8.2 8.2 8.6 8.3

1l. Length of humerus 6.9 6.7 6.3 7.1 6.9 7.1 BN 7.0 6.9 6.7 6.9 6.3 7.0 .6.b 8.8 7.5 8.8 .78 7.3
12. Length of radius 7.0 7.7 7.5 7.9 7.7 7.8 IR 7.2 7.7 7.2 7.3 7.3 1.3 TEa s ML T T 1.5
13. Length of fore-cannon 5.0 5.4 4.8 5.3 5.5 5.5 BN 5.5 5.2 5.1 5.3 5.1 5.3  b.b .30 6.2 5.3 6.4 B.b
14. Length of pelvis 8.7 9.5 9.0 9.2 9.2 9.0 8.9 g98. 8.8 9.1 8.9 9.4 8.8 9.1 9.3 9.1 9.2 9.1 9.8 9.5
16. Hook to thurl 4.8 6.0 4.6 5.0 5.2 5.0 - B 4.6 5.1 4.3 5.0 4.8 5.3 5.2 5.2 5.2 b6.6 5.1 5.0
16. Thurl to pin 4.8 4.7 4.6 5.0 5.2 5.0 4.6 B 4.6 5.1 4.4 5.0 4.4 4.8 5.0 4,7 4.8 4.8 5.2 5.0
17. Length of femur 7.5 7.8 7.6 7.2 7.4 7.6 B 7.3 7.4 7.3 7.2 6.8 7.7 7.9 ToomeEY . 74 8.1 7.8
18. Length of tibia 0.0 10.4 10.3 10.3 10.3 10.5 10.0 319.7 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 5.8 6.2 5.8 6.1 6.3 G.4 G.2 6.3 6.2 6.1 6.2 6.3 5.7 6.5 6.2 6.2 5.8 6.1 6.4 6.1

20. Length of thoracic vertebrae 9.5 10.7 9.9 11.8 9.8 10.7 9.8 10.9 10.6 10.2 0.6 10.0 10.3 10.0 0.0 10.3 10.6 10.9 10.8 10.6

21. Length of loin 7.8 - 8.1 7.4 8.3 8.2 7.8 7.6 80 8.3 7.8 7.4 8.6 7.8 7.7 7.8 8.6 7.6 7.6 8.2 7.6
22. Body depth 11.4 12.0 11.5 12.3 11.9 12.1 11.6 33,0 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. Wither height 25.9 25.0 23.7 24.7 24.4 24.1 22.2 95,8 24.5 24.1 24.8 24.9 23.4 23.9 25.2 24.8 23.1 24.8 25.1 26.6

24. Shoulder pt. to last rib 13.5 14.0 14.0 14.6 13.7 135.5 18.7 14.3 13.8 14.0 14.2 13.0 13.2 13.8 14.5 14.4 14.0 14.0 14.6 14.3
26. Width between shoulder pts 7.6 7.5 7.2 7.7 8.2 7.4 7.0 7.6 7.8 7.6 7.8 7.6 7.2 7.4 7.6 GG R0 7.3 7.8 7.7
26. Width of body, (girth) Ted T2 649 V.2 6.8 7.2 645 BE0 6.8 8.2 7.l T4 648 7.0 7.8 oMM Ld B B 7.8
27. Width of body(last rib) 10.3 10.5 10.7 9.6 9.8 9.7 EEREEE 9.0 10.7 10.5 10.3 10.3 10.7 10.6 10.6 101 10456 10.2 10.6

28. Width of loin (front) 4.7 5.2 5.0 bB.l1 5.0 5.2 [Sagd BB 5.0 5.3 4.9 5.0 4.9 5.3 5.9 40 5.0 4.9 5.0 B0

29. Width of loin (rear) 5s3 642 5eB 64l 6.0 G.2  Beb IR 6.0 6.3 6.2 6.l 6.1 6.0 649 642 6.0 6.0 6.1 643

30. Width between hooks 7.9 8.3 8.2 78 749 8.0 7 ¢4 8.2 7.7 7.9 7.6 7.8 7.8 s drSyd B8a2 8.2 8.0 79 8.2 7.9

51. Width between pins 2.7 2.5 2.8 2.4 2.7 2.4 248 £ 2.2 2.4 2.3 2.6 2.2 2.6 2.4 Z.SIE 8.8 2.2 2.5 2.9

52. Girth. ' 54.0 338 3343 34.8 33.4 34,2 50e8 34,5 33,6 56,0 33.2 33.5 34.0 34.0 353 3548 34e3 34.2 35.3 34,6

33. Helght to hook 2444 2643 24,7 24.6 26,4 26,0 2448 26,6 25.5 25,0 24.8 . 24.9 23.4 24.2 25.2 25.2 23.9 24.2 26.8 24.6

34. Helght fo_pin‘  ui 3 09.7..22.0 2084 21,8 20,3 20.5 . 2041 20.8 21.2: zogeﬁuéo,zh¢19,7.“1e,4 19812062  19.8 194, 2048, 213 1965 .
36. Body length ' 8640 '20,2 27,0 13040 29.0 .28.7 NS 20.0 27.2 28.7 27.8 28.0 27.1 28.7 i29.1 2942 28.2 28.2 30.0 28.8..
56. Angle of hock (in degrees)l22 133 128 122 131 128 120 127 . 131 125 122 132 ‘126 127 :1125 118 133 184 v

87. Size index Bfsl 2843 27.0 20,6 28.1 28.0° 2CEE8 WalLo 27.7 2B8.5 27,8 BUE BTL 8700 880 oBie e o%.9 29.1 28.4

P



13.
THE RESULTS,

It is apparent that the maximum number of correlation
coefficients that could be calculated from the data collected,
would nunberimny hundreds and since the time involved in the
preliminary work was so great 1t was, unfortunately, necessary
to limit the number of coefficients calculated.

As was mentioned earlier in this paper, an enquiry was made
to discover the more common opinions held by breeders in
regard to skeletal correlations., Ags a result of this enquiry,
it appeared that the majorlty of ideas were concerned with the
relation of various parts of the Ludy to the length of the cannon
and to head measurements,

It seemed appropriate, therefore, in selscting the limited
number of coefficients to be calculated at'present, to compute
those which were apparently of greatest interest to breeders,
vliz. those relating to the cannon and to head measurements,

The general principles involved in the interpretation of
the coefficients,are discussed in those sections (Part 11)
which concern the development of sultable analytical devices
for treating the data. The application of these principles to

particular cases will not, therefore, require to be considered
here in detall,

The results are summarised in tabular form below. As
digcussed in Part 11 the significence of o correlation
coeffipient depends on 1ts relation to its probable error and in
this work e simple expedient was adopted to save time from -
unnecessary calculation, As a result, the lowest significant
goefficient was found to be t 0.47. The effect of erroxr of
measurement is, however, to reduce the coefficients below their
true value; it will be seen in the discussion that for this
reason, coefficients smaller than # 0.47 are regarded as

slgnificant,




TABLE 1.

CORRELATION COEFFICIENTS (r) BETWEEN "THE SIZE
INDEX" AND VARIOUS MEASUREMENTS; WITH THE PERCENTAGE

INDEPENDENT VARIABILITY (P.I,V.)I OF THE LATTER,*

MEASUREMENT

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)

Length of head
Length of face

width (outside) eye-setting

width between ears
Poll to jaw

Length of fore-cannon
wither height

Body Depth

"Length of shoulder-blade

Shoulder slope

Girth

Length thoracie vertebrae
width body (et glrth)
Width body (at last rid)
Height to hook

Hind cannon

Body length

Length of pelvig

Lengtn of loin

width between hooks
Pelvis slope

Ratio head length to

width of (outside) eye-setting

X

+0.81

' 40,62

+0.33
+0,65

+0,36
+0.59

- +0.82

+.62

40.67

-0.30
+0.79
+0 .47
+0.54

' +0.39
- +0.69

+0.47
+0,78

+O;75'

+0.49
+0.66

'”0002

+0.44

14,

2.1.V.
59%
79%
94%
76%
93%
81%
57%
78%
74%
95%
617%
88%
847
92%
72%
88%
627
66%
87%
75%
100% -

897

/

+ The "percentage independent variability" is obtained by

using Sumner's factor (see Part 11).




ZABLE 11.

GROSS AND NET CORRELATION COEFFICIENTS BETWEEN
"LENGTH OF FORE CANNON" ANWD OTHER MEASUREMENTS.

MEASUREMENT .

15,

GROSS r. NET r.
(1) Length of face, +0,48 +0.18
(2) ZLength of head +0.59 40.24
(3) Poll to jaw 10,27 +0.08
(4) ZLength of‘pelvia +0,60 +0,30
(9) Length of hind-cennon +0,69 +0.58
(6) Length of thoracic vertebrae 10,39 +0,16
(7) Length of loin +0.33 +0.06
(8) Body depth +0.47 +0, 16
(9) wither height +0.52 +0,08
(10) width vody (at girth) +0,22 -0.15
(11) Width body (at last rib) 4-0.01 -0.32
(12) width between hooks +0,18 -0.35
(13) Girth +0,25 -0.44
(»1’4) Width' of (outside) eye setting +0.34 +0.19
(15) Body Length +0,66 +0.,40
(16) Pelvis slope -0,03 -0.02
(17) shoulder slope -0.13 +0,06
IABLE 1149.
GROSS AND FET CORRELATION COEFFICIENTS BETWEEN
"LENGTH OF HEAD" AND OTHER MEASUREMENTIS,

Mesgurement Gross,r Net.r
(1) Length of face +0.84 +0.73
(2) Body depth 40,51 +0.02
(3) width body (at girth) +0,48 +0.09
(4) w1ath,boay (Last rib) +0,36 +0,08
(5) shoulder slope ~0.28 -0.07
(6) Pelvis length +0,64 +0.10




TABLE 1V

GROSS AND NET CORRELATION COEFFICIENTS BETWEEN
"WIDTH OF (OUTSIDE) EYE-SETTING" AND OTHER

16,

MEASURBMENTS ,
Measurement Gross r, Net ».
(1) width between ears 10.28 +0,09
(2) width body (at girth) +0.02 -0.20
(3) width body (at last rib) -0.01 -0.16
(4) width between hooks. -0,02 -0.34
IABLE V

GROSS AND NET CORRELATION COEFFICIENTS BETWEEN THE

RATIO OF "HEAD LENGTH" TO “WIDTH OF (OUTSIDE) EYE-SETTING"

AND OTHER MEASUREMANTS.

Megsurement Gross xr. Net r.
(1) Tore cennon +0.24 -0,03
(2) Body depth +0,02 -0.36
(3) Body width (at girth) +0,40 +0.21
(4) Body width (at last rib) +0.32 +0.18
(5) width between hooks ‘ +0.36 +0,10

TABLE V1.
GROSS AND NET CORRELATION COEFFICIENTS BETWEEN

NWIDTH BETWEEN EARS" AND OTHER MEASURIMENTS,

Measurement Gross r, Yet r,
(1) Body width (at girth) +0.09 -0.41
(2) Body width (at last rib) +0.14 -0.16:
(3) width between hooks +0.36 -0.12

TABLE V11.
GROSS AND NET CORRELATION COEFFICIENTS BETWEEN

"POLL TO JAW" AND OTHER MEASURUMENTS .,

geaagremeg: ’ ' Gross r, Netox.
(1) Body depth 40,20 -0.03
(2) eirtn -0.02 -0.53.
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TABLE V141

SUNDRY GROSS CORRELATIONS.

Length of head -~ wither height

"

"

]

"

"

"

- girth
-~ helght to hook,

Length of pelvis - wither height

@

glrin
height to hook
body length

Wither helght - Helght to hook

L]

n

L]

#"

it

1]

N

"

W

L

-

"

"

girth

- body length
sCapula
humerus
radius
forse cannon

shoulder slope

Height to hook - body length

1]
"

1

Girth

n

]

]

femur
tibia

~hind cannon

- body length
helght to hook

+0,69
+0.60
+0.93
+0,65
+0.38
+0,59
+0.74
+0,64
+0.54
+0.,46

+0.59

+0.13
+0.46
+0,52
-0.5%
+0.44
+0.61
+0.,67
+0.57

+0.49
+0.25
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DISCUSSION,

In Table 1 it 1is seen that, as would be expected, most
measurements exhibhited high correlation with general sizé.
However, if we accept the validity of Sumner's factor (see
Part 11), it appears that even falrly high correlation with
general size allows a portion a considerable smount of independ-
ent variability. If the percentage of "net" to "gross" standard
devistion(column 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 1s independent of variations in
the gslze of the body as & whole".

Hence,it appears that the various parts of the shsep
provide comparatively flexible material on which the breeder
may work. }The contribution of any portion to general size may
vary between sheep of the seme general size and so give rise
to differences of type among sheep that conform to the same
general standards. The sheep measured in this work exhibited
wlde variation in general conformation but it was found that
the varlation of each separate part was by no means as great
a8 expected. It appears then,that the wide variation in general
sonformation was due to the aggregate effect of small and
indiscriminate variations in many parts,rather then to large
variations in a few.

On the other hand, however, while this plasticlity of
material increesses the possible different types of conformation
that could be evolved, it renders the immediate task of the
breeder very complex and difficult. It means that, to a large
extent, each portion must be considered as a separate unit in
the blending 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 so reduce the number of
separate factors that the breeder requires to consider. The
method of analysing the data to secure the best expression of such
relationships 1s discussed in detall in Part 11, so that only

the bare conclusions reached need be mentioned here.
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Gross correlation coefficients in the Tables 11, 111,
etc., are of little value as thelr magnitude is largely due to the
.sympathetio variation that is superimposed to a greater or less
degree on all portions in accordance with their relationsghip with
slze,

"Net" or "partial" coefficlents have, therefore, been
calculated; these express the relationship between any two
portions which 1s independent of thelr mutual relationship
to size,

The manner in which genersl gslze variation mey obscure true
relationships,is strikingly exemplified in the case of the
correlation between cannon length and girth in Table {1. It
is seen that the gross coefficlent between these two portions,
though not significant, is definitely positive, while on
eliminating the "size factor" a significant negative coirelation

is obtained., It is possible also that some correlations
believed by breeders to exist, are really "gross correlations®;
that 1s, the supposed mutual relationship is merely the result
of a fairly high correlation between each portion and the

general size of the animal, For example 1t 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 relatlonship i1s shown to be artificial and only due to
the common relationahip of the two parts to size. It is
interesting to note in this connection that the majority of
breeders interviewed, believed that this correlstion did

exlst and only one was definitely of the opinlon, supported by
this work, thaet no real relationship existed,

It will be seen from a perusal of the tables that most
relationships are of the seme type as the above and that most
of the portions considered are capable of variation independent
of other parts. However, there are some "net" relationships

which appear to exist and in the followlng paragraphs only
MASCW Ve g, N TS

LT
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"net" correlations are referred to, except where speci-

fically mentioned otherwise,

A common belief among breeders, which is supported by this
work, is that a sheep with a long cannon bone will be "long-
bodied" end "slab-sided"., 1In Table 11 it is seen that a
significant negative correlation (net) exists between cannon-
length and girth; algo definitve indications of negative
correlation with width oﬁybody and positive correlation with
body length. The correlations between cannon length and
pelvis dimensions are barely significant when considered
separately but a coefficlent of +0.30 with length of pelvis
and -0,32 with width between hooks may 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
1s associated with a stralght shoulder is not borne out by
this lnvestigation, The coefficient between cannon and
shoulder slope does not depart signig;gantly from zero hut, ae
pointed out elsewhere,the latter mea;;;ement ig not very
reliable so that this matter had best be left open. Also the
opinion that length of cannon and length of head are
correlated is not supported as the value +0.24 cannot bé
congidered significant,

Definite opinions were also expressed by many,concerning
relationships between head length and other portions. The
probable reason for these opinions has been dimscussed above and
Table 111 shows that this work falls completely to substantiate
breeders!’ Opinions on this point; The only significant

coefficipnt ,being the very high one with length of face which
would be expscted.
| It might be emphasized here that the net céefficienta,
vaioh are being discussed, relate to actual, not relative
measurements i.e."length of head" refers to the actual length
of this portion and not to relative iength or gshape, The

other dimensionsg of the head are dealt with separately and
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finally the actual shape of ithe head is considered.

It appears fram Table 1V that the shape of the head about
its long axis can vary as no correlatlion is found hetween width
of {outside) eye-setting and width between ears. Other
correlations with width of eye-setting do not reach significance
although that with width between hooks suggests a tendency to
negative correlation - (which is contrary to expectation).

A similar position ls revealed in the case of width between
ears and vbody width (et girth)., In Table Vi a negative
coefficlient (-0,41) which clesely approaches significance is
found hetween these two portions. It is quite comtrary to
expectation to find that increase in width between ears 1s
attended by a probable decrease in body width at glirth but no
explanation can be offered, It ig probable however, that an
explanation would be forthcoming if a study of the growth
rates of thege parts were mads.

No opinions were expressed by breeders in regard to
correlations between depth of head and other portions and it is
interssting to note therefore in Table V11 that there is a
definite negative correlation between the noll to jaw measurement
end girth.

When breeders' opinlons were sought in regard to correlations
between head measuraments and other portions,it was found
difficult to distinguish those concerned with actusl dlmensions
and those oconcernsed with the shape of the head.

In order to investigate this point, cosfficlients were
calculated between varlous portions and the ratio of "length
of head" to "width outside eye-setting® (Table V).0nly one of
the coefficients calculatad,differed from zero hy anything
approaching significance and that was a negative figure - 0.36
between the ratio and body depth; meaning that a sheep which
has a narrow head will lack depth, -

In Table V111 sundry gross correlation coefficients are

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

incidental to other parts of the work.

It will be noted that there is indication of negative
correlation between wither helghts and shoulder slope. As this
ig of considerable practical interest the net coefficient was
caloulated and found to be -0.56. Thét is to say, a high
wither 18 correlated definitely with a atraighf shoulder,

It is fully reslised that the above discussion merely
touches a small sectlon of a very blg field. The few polnts
mentioned above represent an exceedingly small proportion of the
information that could be extracted from the data already
collected. Reatrictions of time, unfortunately, prevented
further calculation but the above points indicate the principles
involved ,so that the extraction of further infommation from the
data given,would be almost entirely a matter of mechanipal

caloulation of the correlation coefficients.
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CONCLUSION,

The alm of this paper was to open up a new field of
research which would provide the breeder with more exact
infomation 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
deslirable shape but algo must all parts be blended together
80 as to form a well-balanced whole,

It 18 apparent that, 1f 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 thils
investigation, it is felt that there isg little likelihood
of such & hope being realised to an unqualified extent,
Certain relationghips have been established which should be
of some asaistance.to the breeder but few are of a sufficiently
high order to justify the propounding of definite rules from
them.

As emphasized in other parts of this paper, a significant
correlation coefficient does no more than indicate the
direction which more speclalised investigation should take
and cannot be regarded as proof in itself, of the existence
of definlte causal relatlonships,

Hence 1t is suggested that extensions of this
investigation be made in conjunction with detailed studies of
growth rates of various parts of the sheep's skeleton., The
confoymation of a sheep is really a function of the differ-
ential zrowth rates of the parts and at any particuiar stage
of its'life, the shape of its skeleton may be regarded as a
"orogg-gection” of the growth rates of the various parts of
that skeleton.

This work deals with the animal at maturity and the
exlgtence of significant correlation between two parts

sugzestis therefore, that just prior to the onset of maturity
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and consequent cessation of growth, there existed a mutual
relationship between the growth rates of the two portions;
consequently it is to be expected that atudieé of skeletal
correlations wouid require to be made conJoint;y with growth
réte studies if a full understanding is desired of the

fundemental causes of differences in conformation.
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FOREWORD,
RERmpr————————tr

It 18 quite obvious that the value of any investigation
finelly depends on the cayre with which the ground has been
prepared. Partioculayly does this apply in the present work
which is opening up a new field of research and & great deal
of consideration nmes been glven to the general procedure
adopted and in particular to the statlistical devices used.
In the case of both these polnts, but in particular the
latter, very little asslstence was avallable in the formm of
precedents established. Furthermore,there is no doubt
that there are definlite limitations in the use of precise
mathemationl formulae when applied to the anmlysis of

rolatively abastruse blological phenomena,

Foy these ressons, what is generally an incldental
part of an investigation has,in the present instence,
become a most important section of the paper end a
separate part has been devoted to 1%,




1.
THE BASIS OF CORRELATION

In such work as this,it is appearent that the valldity of the
results will depend, not only on the method of'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 care employed in ensuring that all relevant factors have
been considered and catered for,in selecting the “sample“lof sheep
on which the measurements were made, In this connection 1t is
necessary to consider the theoreticel 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 sempling
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" heredltary factors that
were present Iin 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 therefore, 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 thée fixing of the two characters, in the process of
evolution of the Romney as a breed. That ié to say, the
characters A and B, though genetically unrelated, may both have

been considered dgairable by the founders of the breed.

The effect of constant selectlion would then be to cause an

agssoclation between these two characters,



3., "Strain® correlations,

This 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 straing we may expect to
find correlations peculiar to thdse strains; such correlations
being established by az consistent breeding programme or by the
extensive use of a very prepotent gsire by the breeder who
established or maintains that strain.

It is obviously impossible to draw a sharp distinction between
"Breed" and "Strain" correlations as the difference 1s manifestly
one of degree rather than of essence. However, it was hoped
that as far as possible "sirain" correlationes would be eliminated
and only those discovered which were "specles" or "breed"
correlations and which would, therefore, he applicable to the
breed as a2 whole and not merely to any one strailn.

I% would be an interesting and valuable extension of this
woxrk 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 such data as a whole. At present,
however, in opening up the subject of skeletal correlations, it
~was felt that efforts should be directed towards the discovery
of the more fundamental relationships which would, in any case,
be the logical preliminary to a more speclalised investigation.




3!
MATERIAL.

(a) 8Selection of Sample,

The fundamental principles in sampling are that the sample
shall represent all factors contributing to the matter under
review and shall be free from all factors that may lead to
erroneous conclusions, The "matter under review" in this
papeyr is correlations of parts insofar as they are common to all
members of the Romney breed.

On first thoughts 1t may seem impossible to obtain a
representative semple of the Romney breed which is free from
"gtrain correlations" except by carefully selecting individual
sheep from each strain., Not only would such a method result in
expense and inconvenience through having the material scattered
over a wide area but also it is qulite unneceasary,.

Briefly, the point hinges on the fact that what is required
is not a sample of typical Romney sheep but a sample of the true
correlations inherent in the Romney breed. A little consideration
will show that poorness of type from the breseders polnt of view
cannot affect the existence of true inherent correlations.
Yhereas good quallty sheep will evidence true and also
"agrtificial” or strain correlations, only the former will exist
in a flock more or less lndiscriminately bred from the
conformation aspect and such a flock was found conveniently at
hand in the College wool experimental flock, This flock has
been accumulated from various sources on the sole basls of
fleece type displayed and has been bred withouit any consideration
being paid to conformation; that is, both with reference to its
gource and to its meintenance this flock can be regarded as
"indiscriminately bred" in regard to conformation,

Aaaumé for the purpose of discussion that a true inherent
correlation exligis between shortness of cannon and good spring
of riv, This would not only mean that =a shért cannon would be
asgociated with a well sprung rib but also that a long cannon
would be associated with a poor spring of rib., In other words a

true relationship would be apparent irrespectlive 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 animels 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 ridb are both
desirable characters 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 fiock purely as a result of the breeder's efforts
and not because of any inherent relationship,

For these remsons it is considered that significant correlatios
baged on data obiained from the wool experimental flock will be
applicable to the Romney breed as a whole; 1f these calculations
show no correlation between two characters,it means that mutual
relationship is not common to the breed and,whether 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 ig 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 undertsken separately for each
sex,as the existence of different proportions between parts would
be a disturbing factor if.the sexes were mixed. In the present

work, therefore, the investigations were confined to ewes.
7

It will be seen below that it was necessary to eliminate the
effecﬁ of heterogeneity of size amongst the sheep measured.
The effectlof age must, however, be considered apart from its
efféct of general size, because, as is well known, the ratios

between parts vary at different stages of growth, For this
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reason it was necessary that the sheep measured be approx-

imately of the same agse. Furthermore, the effects of external
factors such as nuirition are more apparent when the sheep are
still growing; 1if a growing animal recelves a check due to
nutrition or disease, the effect of that check will be most
apparent while the animal i1s young and as maturity spproaches 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 éth.

In gselecting the sample of sheep on which 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. 1In accordance with the principles of sampling, a random
selection of twenty was made from sheep in the wool experimental
flock which satisfied the above special conditions,.

(b) s8ize of Sample.

The second essential in sampling i1s that the sample be large
enough to ensure that conclusions based on it are applicable to
the whole, strictly speaking,it is impossible to regard
"agdequacy” of sample as distinct from representativeness, The
former is often used to refer to the size of the sample but 1t is
obvious that size is really one of the factors that determine
"representativeness". In e sense the sample must be large
enough to adequately represent the emount of variation between the
individuals,

A formul;'is provided by statisticians for testing "adequacy’
based on the relation of the probable error of the mean of the
semple to the standard deviation., It is considered that the sample
is adequate if the standard deviation is at least six times the
probable erroxr of the mean. A consideratioﬁ of the value of such
arbitrary tests is not within the scope of this paper; suffice
to sey,that the application of this test to the sheep used,showed
that they provided a theoretically adeguate sample, Furthermore,it

was found that twenty sheep were more than sufficlent to occupy the

time avallohle Taw thin wow-




COEFFICIENT OF CORRELATION,

The degree of correlation between any two variasbles 1s
expressed as a correlation coefficient, Perfect positive
correlation is indicated by a coefficient of +1.0, lack of correl-
ation by a zero coefflicient and perfect negative correlation by &
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 copefficlient. These rules
vary slightly among different authorities but the following
represent the general opinion:-

(1) significant correlation is indlcated where the coefficient
(accepted symbol r) is at least four times its probable error.

(2) vhen r 1s 0.3 and the probable -error is sufficiently smsll,
it 1s regarded as indicating moderate correlatlion. A coefficient
of less than 0.3 is of doubtful significance,

(3) Wnen r 1is 0.5 and the probable error sufficiently small,
there is evidenca of decided correlation. |

The coefficient of correlation is obtainable from various
formmulae which have been evolved for various purposes. The two
most commonly used which were considered in the present work are:-
(1) Coefficient of concurrent deviations.

This is obtained from the foymula ~

2c - n

+ g - 4
r = ~.¥// n
c,

Number of concurrent
deviations.

]

n.

]

Number of pairs of itenms.

This method memsures the tendency of the items of each series
to deviate in a like direction from their respective means; 1t is
concerned only with the directions of the deviations and not with
thelr size, The attractiveness of this coefficient is its
simplicity but it is apparent that 1t would not be very reliable
vhere, as will be seen later, a certain esmount of personal error
is involved., . It would he possible for "personal grrcr" to cause

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



by this method such a deviation would be gliven as much weight
as one whose position was unquestionable.
(i) Pearsonian coefficient,

This method, evolved by Pearson, is that most commonly
employed in statistical work and is subject only to the
restriction that it is8 not applicablé to any but linear or
nearly linear relationshipas. There is no apparent reason for
expecting that relationships in the’preaent work should depart
from the -linear to any extent, if at all., Scatter graphs are at
best difficult to interpret but when these were plotted
(see later) there were no indications of definite non-linear
relationships.

Furthemore the Pearsonlan coefficient 1s deéigned to
reflect the magnitude as well as the directlons of the deviations
and despite the somewhat laborious calculations involved, it
was decided to employ in in this paper,

The coefficient isg calculated from the formula -

N.ox. 9y
S a = the algebralc sum of the products of the
x‘dy deviations of each pair of and

varisbles from thelr respective means.

x. = the number of palred items.

i

the atandard deviations of the and the

ox and Iy variables.

The following example of the method of calculation of the
coafficlent Indlcates how it expresses the tendency of the

variables to fluctuate in sympathy -

(a) Method of Calculation of Correlation Coefficient.

Groséﬁéorrelaxion between wither height and fore

cannon,



- Fore Devns ., __Product dxXdy Devns, <
Witl%?r Ca.;_mon dx dy + - dy? dy2
239 5.0 -.5 .28 Y14 - .25 0784
25:0° 5.4 4.6  4+.12  .072 - .36 0144
23.7 4.8 -7 - .48 336 - 49 ,2304
247 5.3 4.3 +.02 :006 - .09 .0004
24.4 5.3 - +.02 - - - L0004 -
24,1 5.5 i3 4,22 = .066 .09 .0484
22,2 53 2.2 4,02 s .044 4,84 .0004
25.8 5.5  +1.4 4,22 ,308 - 1.96 .0484
24;5” 5,3 4.1 +.02 002 - .01 ,0004
24,1 5,2 -, -.08  .024 - .09 .0064
24.8 5.1 +.4  -.18 - w072 .16 .0324
24.9 5.3 +. +02 ,010 - .25 ,0004
23,4 5.1 -1.0 -.18 .180 - 1.00 .0324
23.9 5.3 =, +.02 - .01 .25 .0004
25,2 5.5 w8 4,22 176 - .64 .0484
24.8 5.3  +.4 +,02 .008 - .16 .0004
23.1 5.2 -1.3 -.08 . 104 1.69 .0064
24.8 5.3 +.4 +,02 .008 - .16 .0004
25.14 5.4  +.7 +.12 .084 - 49 .0144
25,6 5.9 +1.2 4,22 264 - 1.44 .0484
488.0 105.6 - - 1.9Y2Z 0,192 14.42 0.6120
Mean y = 195_4_6, = 5,28 Inches. oy = =612

20 ‘ 20 = 0,175
/ Qxéy = 1.427 - 0.192 = ¢1.530,
+1.539
xr

= 20 x 0,849 x 0.175
7 = +0/52

s



(b) Interpretation of coefficient,

An exact interpretation of the term "correlation” isg
difficult to make and the statistical literature studied did not
provide a satigfactory definition, However, some observations
can be made which will indicate the conception of correlation
held by the author and, therefore, the conception on which the
discussions in this work are based. The purpose of these
observations is primarily to render the resulis of this Work
more intelligible to those who are not famillar with correlation
coefficients; but there is also reason to belleve that many, who'
are more or less familiar with correlatibn work, are 1inclined %o
attribute a significance to the coefficlients In excess of that
which is strictly justified. TFor these reasonc it was felt
that some brief observations on the point would not be out of
place.

For the sake of simplicity 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" direction of
deviation.

It appears that a significant positive coefficlient may be
regarded as indicating that there 1s & tendency for the two '
variaebles to fluctuate in sympathy,but thaet the relationship
is not an invariable one but only a general rule, This point
will be spparent from inspection of the example above where it
will be seen that concurrency between the deviations is only |
general not invarlable,

It is very difficult to go beyond this point in defining
the properties of a correlation coefficient and some authorities
appear to avoid doing so. It is atated however, that a
significant positive correlation means that a change in one
variable is likely to be accompanied b& & 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 is only a "likell-
hood" and it seems probable, thersfore, that concurrency in
regard to the magnitude of the deviations involves a still
greater element of doubt. Indeed, even the term "like magnitude"
required comment, Conglder for example two series of values A
and B ag given velow; the coefficlient between these would be
+1.0 1,e., perfect positive correlation,

A=- 14 : 121 10 : 8 : 6.

B- 16 : 13 : 10 : 7 : 4

The deviations of the A variables are two units and of the
B varlables, three units but actually the deviations are of
*like magnitude" when consldered in relution to the range of
variation - the range of A varisbles being 8 units and that of
ﬁ, 12 units,

It will be seen, also, from the above exemple that the
ratio of A : B varies from gfeater to less than unity. So that
perfect positive correlation does not necessarily mean that the
ratlio between the parts is constant.

It will bve apparent that an accurate definition of a
correlation coefficient is difficult, if not impossible, to make.
Readers may feel that the above brief dlscussion has confused
rather than clarified thelr conception of correlation, 1In a
sense, this is the purpose of the discussion; to emphasize the
Impogsivility of attributing speclfic 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 relationship or its cause cannot be desduced from the
coefficient itself but requires further investigation,

(c) Probable error of the coefficient.
It has already been pointed out that the significance of the

correlation coefficient depends in part on its probable error;
the coefficlient 1is required to be at lsast four times its

probable error to be considered significant.
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The probable error of the correlation coefficlent is

calculgted from the formula -

0.6745 (1 - r2)
P.E. = /N

where by the correlation coefficient.

i

N

f

the number of gheep,

A simple expedient can be adopted to save time from calculating
the probavle :eyror of each coefficient, It is seen that the
lowest signinificant value for r is that which satlsfles the
equation -

0,6745 (1 = r2)
rT = 4 x //ﬁ

Since N ig constant throughout this work, r is the only
unknown and it is then simply a matter oﬁ solving the quadratic
equation. The value for r so obtained wast0.47 and this 1s the
lowest value for I;which can be regarded as significant in the
present work,

(d) The calculations,

It will be readily appreciated that the mathematicsl
calculations involved in this work would in themselves requlire a
very great deal of time, It was considered essential, however,
that the author should become thoroughly famllilar with the
methods themselves in order to galn some appreciation of their
limitations and ensure that the analytical devices employed gave
a ressonably accurate reflection of the physical facts. The
particular problems encountered in this work have not yet
recelved the critical attention of statisticians and their
solution required considerably more time than could be antici-
pated, This,  unfortunately, left little time for the
interprétation of the results except in 80 far as theif general
interpretation would follow from the discusslion of the methods,
Nevertheless, it was felt that the cautious course pursued was
a much wiser one than endeavouring to draw conclusioms from
results obtalned by a method whose reliabllity had not been
thoroughly investigated.
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TECHNICUL OF MEASURING.

The original intention was to cover the sheep in as much
detail as possible and e list of nearly fifty items was according-
ly drawn up. It wes hoped that thls would be merely a
preliminary survey and that = condensed list of measurements
qould be complled as a result of the experience so obtalned 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 unguestionable and extenslon to
a larger number of sheep would only be necessary in doubtful
cases, It soon became obvious, however, that this hope had
been bhased on @ lack of appreclation of the difficultles ahead.
The only sound basis for discrimination between measurements
would be g thorough understanding of the data already collected;
this involved the estimation of personal error by repeating all
megsurements and also the discovery of suitable analytical
devices for treating the data.

In other words,it was dlscovered that the preliminary work
in entering an entirely new field of research ~ that of
gkeletal correlations in sgheep - was, in itself, a project that
would fully ocoupy the few months avallable.

(a) Difficulties encountered.

The principal difficulties encountered in the actual
neasuring of the parts and the manner in which they were met,
are glven helow. »

(1)  Tocation of points.

The dlfficulties congequent on making the measurements on
live sheeﬁ can readily be appreclated and not the least of
theée,waa that of obtaining bointa of reference which could bcy
1o§ated uith acouracy in different sheep. In few cases were
the ends of bones sharply delineated and considerable care and
patiénoe was necegsary in acquiring the necessary skill, A

few days were spent before the main work was actually




commenced, in becoming familiar with the pointsof referenca}3'

the meagsurements so obtalned being discarded. It soon became
apparent that in some cases it would be necessary to sacrifice
gtrict anatomical detall 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 was 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 certaln amount of assistance was obtained
by the use of simple 1n§trumenta to be considered below,

{2) Wool and curvature,

These two may be conslidersd together as they both prohibited
the uge of = plain rule oxr tape méééure.y_lt would .be difficult
%o measure with rule or tape the distgnoe between two points on
a more or less flat surface when those points, even apaxt from
their covering of wool, were not visible but had to be located
by touch. VWhere there was an actual curvature between the
points and also @ covering of wool the use of tape or rule was
manifestly imposeible if an accurate "stralght-line" measurement
was to be obtained.

It was fortunate that the work was done in the late summer
when the ewes were not in very good condition. Beyond
rendering the location of points a little more difficult,
condition was not really a serious problem in view of the methods
employsd,

(3) Stance,

When the individusl measurements are congldered it will be
gseen that in very few cases could the stance of the animal
affect thelreading. As far as poasible, however, the sheep were
held in a normal standing position to seliminate the possibvility
of influences that were not anticipated., In those cases, for
exsmple ~ length from shoulder point to last rib, where it was
obviousg that stance could have an effect, both sides were

measured while the sheep was held fimly and the mean recorded,




14'
Where stance could have no effect 1t was not considered

necessary to measure and average measurements on each side, It is
exceedingly doubiful whether any variation due to bilateral
asymmetry would be recorded within the limits of accuracy

obtained and a brief preliminary trial supported this view. There
is no doudt 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) Restlesaness of Sheep.

The sheep used were, fortunately, accustomed to handling but
they naturally became very restless when held in one position for
long periods. This was not conducive to speed and sccuracy of |
measurement but i% was a difficulty that could only be met by
patience; to a certain extent the instrumsents used enabvled the
investigator to meet slight movements on the animal's part.

() Measuring ingtruments (Fig. 1V).

After a little consideration three simple wooden instruments
were evolved which proved quite satisfactory.
(a) (Fig 1V A). The mejority of measurements were made with the
simple dividers as illustrated; the most convenient size being
with ams about fifteen inches long. A smaller divider was used
for a few of the small measurements but this was not essential.

The arms of the dividers were held, one in each 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 poinits of the instrument held in position at the
same time, This light simple instrument was particularly useful
for restive sheep as small movements could be followed fairly
easily,
(v) An adap%ation of the above was necessary for measurements of
the nature of dlamsters e,g. body depth and width, The
instrument (Fig 1V B) served this purpose and also had the
adventages of the ébove in regard %o simplicity and convenience.

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

perpendicular heights e.g. wither height, an instrument
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(Fig 1V C) was used - thig consisted of a graduated rod with two
armg 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 berveroome; it was-
by no means independent of restlessness and further the measure-
ments for which it was used were liéble to be affected by stance,
It was found that restlessness generally Iincreased the longer tha
gsheep was held but that the stance was generally most unnatursl
at the beginning of the measuring process. In this case, restless-
ness was the lesser evil so that the use of this instrument was
postponed until the sheep had relaxed,

Scales were attached to all three instruments so that the
values could be read quickly; 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 also rade ub
frequent intervals to ensure that the scales were glving true
readings and had not suffered Qarping eto.

In order to eliminate the effect of the wool on the glrth
measuiament a thin strong cord was used; the wool being parted
80 that the cord lay close to the skin,

An attempt was algo made to measure various angles and slopes.
with the possible exception of the angle of the hock, 1t was found
quite impossible to measure angles and slopes directly with eny
gccuracy. It will be obvioua.that angles would bs particularly
affected by comparatively slight movements and it is felt that i%
is not possible to place much relisnce on them. The indirect
method employed can be best explained by an illustration -
slope of pelvis (see Fig V).

By subtracting the 'height to pin (BG,) from the ‘height to
hook' (AGq) we get the distance A C; the length of pelvis A B
is known and the calculation of the angle of the slope is then a
natter of gsimple trigonometry. The angle is A B C which equalé
the angle of slope of the pelvis from the horizontal(6). The

same principles may be applied to the slope of the shoulder etc,
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ACCURACY OF MBEASUREMENTS,

From the above discussion it will be apparent that a certain
amount of error of measurement would be expected, owing mainly to
the difficulty of locating reference points with accuracy. ' To
some sxtent, of course, the difficulties were beyond the control
of the investigator but, it is obvious that the personal skill
acquired,would be a very important factor, In order to obtain
some measure of the error and also to develop skill, all
measurements were repeated. When thils was done 1% was found
that the differences between the two recordings ranged from zero
up to 10% in the case of a few difficult megsurements and,in two
or three instances it was apparent that the measurements were
qulte unreliable, |

It is obvious however, that the difference between these two
recordings would not give a just measure of the error associated
with the second series hecause of the skill dovelopced by the
time the latter were made; a certaln 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 so choosing the
more difficult measurements, the error eveluated from them, could be’
regarded with confidence as representing the maximum error
that could be attributed to the second serles.

The mean error of measurement calculated in this wesy was
very nearly 4% of the second recordings - a flgure which, under
circumstances is gratifyingly low/hggd hardly be mentioned that
in all cases where repeat measurements were made, it was quite
impossible for the investigator to remember previous readings.

An expression off%recise effect of this error on the
correlation coefficient, apparently,would involve very complex
mathematics and no method could he suggested by mathematiclans
whoge mssistance was sought. The general 6pinion was, however,
that the effect of the error would probably not be great.

Furthermore, according to YuleTthe effect of error is to reduce

+ J.V, Yule: "An introduction to the theory of statistics" - 1929,
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the correlation coefficient below its true value. This

reduction will be more or less the seme on all coefficients and
will not, therefore, affect their value for purposes of

somparison,

THE SIZE FACTOR

(a) Effect of the "size factor".

There have been references in the above paragraphs to the
limitations of mathematicel method in its application to blological
data and a certain amount of doubt was felt, therefore, as to
how far the use of complex: and intricate mathematical method was
Justified, On the other hand, however, would not the very
exlstence of such limitations emphasize the necessity for accuracy
in the methods themselves? Turthermore, 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‘truiam that the size attained by the
various parts of the body is in a large measure dependent on the
slze attained by the body as a whole; that is to say, a large
sheep would have a longer head and longer pelvis, for exsmple,
than a small sheep.

In effect, this means that variation of general size amongst
the sheep would superimpose a varliation on g portionm .. ' in
addition to that/mishk be the independent property of that
portion,

Since the nature of this superimposed variation is 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 "sigze factor" would tend to obscure this fact while any real
tendency to assoclation between the portions would be accentuated.

The influence of the "slze factor" on the correlation coeffic- |
ient would therefore be -

(a) 1In cases of true zero correlation - to produce an apparent

positive correlation
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(p) 1In cases of true negative correlation - to produce a
lower negative, a zero or even a slight positive correlation,
(¢) 1In cases of true positive correlation - to produce an
sbnormally high coefficient,

On theoretical grounds, there is no doubt that the influence
of generai size 1s a factor that demands consideration but, on
the other hand, there is conslderable 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 sufficlent 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 varlation among
separate portions was also small,so that the relative effect of
size variation might be conslderable. It soon bescame obvious
that the problem could not be solved by casual observation but
that 1t would actually be necessary to devise means for
eliminating the effect,before it would be possible to judge
its influencs.

(b) Methods of elimination.

(1)' The most obvious method that would suggest itself is to
express the messurements 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 example,lt was discovered
that it contained a very serious flaw,

The correlation between humerus and radius celculated from
actual measurements in inches was +0.15 whereas, when the values
were expregaed a8 percentages of wlither height (using this as a
ai;e'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 figuré, this result seemed
inexplicable. The point was rathér outslde the field of
atatiaticiéﬁs to whom the matter was referred and only indirect

information was available in textbooks, However, the ldea of
A ST e e v, O peeiy
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simply abandoning the method with its flaw undiscovered did

not appeal. 'In accordance with the convictlon expressed in earlier
gsections - that a full understanding of statistical devices was
prerequisite to their successful application - it was felt that

the consideration of any matter likely to promote such understanding
was more than justifled.

Congideration in the present case made 1t 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,as it would reduce the range
of variation without materially affecting the mean; in a sense,
1ts 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 greater than
that of the actual values in inches,

The coefficients of variability were:-

Humerus - from actual values in inches 3.95%
o "  percentages _ 5.09%
Radius " actual values in inches 3.63%
" " percentages 3.66%

It 18 seen that the increase in variabllity was greater in
the case of the humerus; the key to the solution of the problem
was obtained when 1t was noted that the correlation coefficient
between humerus and wither height was less 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 he made - namely, the assumption that the
particular portion varies directly with size, Where the portion
diﬁ‘not 8o vary the expression as percentages would tend to
increase the variability. As we have seen above,this is |
precisely what took piaca; the effect beilng greéﬁer in the case
of the humerus than in the case of the radius - that is, inversely

as the degree of relationship between each of these portlons and
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wither height.

The percentage method would only be applicable where the
~portion considered varied directly with size - that is, exhibited
perfect positive correlation with size; the obvious solution
therefore, was to seck some method of eliminating the "size
factor® whicﬁ involved the actual correlation between the
characters and size.

(11) The position is that there are two varliables (any
two portions of the sheep) whose true relationship is obscured
by the influence of a third variable (general size). Mathe-
magticians have devised a formula for the elimination of such a
third variable which gives the "pertial® oxr "net" correlation
between two variables. Applied to the present work, partiesl
correlation should express the mutual relationahip’between any
two baita, independent of their common relationship to the
general size of the animal. _

The formula for "net" oxr "partial" correlation coefficient
ia:~

r42.3 = T2 - M3, F éa
(1. =T 13701 -7 232)

r 12.3 = the partial correlation between pbrtioné i

and 2 with the effect of 3 eliminated.
r 12, r13 etec = the gross correlations between portions 1 and
2, 1 and 3 etoc,

Vhen this fomula was applied to the example of humerus and
radius used above, the partial correlation between the two
portions was calculated to be 40,10 (gross = +0,15) and from |
the above dimcussion it will be understood thut such a reduction
was the anticlpated result of the elimination of the "size
factor",

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

doubts were expressed,. It gppears that an Americen worker,

Montgomery D. Anderson® has expressed doubts as to the reliability

4+ Referance not svrilable.
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of the me.thod when applied to factors which are concomi-

tantly related. It is considered that reliability 1s not
obtained where the factor "partiamlled out" (i.e. size) is
appreciably affected by elther of the two factors between which
partial correlation is sought, The point is obvious if we
consider such an example as crop yleld, weight of fertilisger

per acre and rainfall, It is apparent that elither fertiliserx

or rainfall could be "partialled out" whereas crop yelld could
not; in this case, for perfectly obvious reasons. Unfortunately
no informmation could be obtained as to the exact remsons for
Andersons opinioﬁ and the question remaing as to whether there
are other reasons besldes the obvious common-sense one that

would apply to the case above/8£0p yield etc, Furthermore,it 1s
somewhat debatable whether a small portion of the gsheep could

be regarded as "appreclably" affecting general sigze.

A study of statistical textbooks threw no light on the
problem but it was felt that recourse to complex theoreticél
considerations was unnecessery and possibly even futile.
Mathematical methods are not belng used in this paper in order

to prove the existence of skeletal relationships but rather

a8 strictly mechanical devices for the expression of information
that was apparent from a thorough un&erstanding of the data.

The opinion is held, therefore, that the validlity 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
gimple question - does it express the result to be anticlpated
from intelligent understanding of the data®

On this basis,it wes concluded that the partial correlation
method could be used with confidence,

It was at this stege of the work thet a paper was accident-

: written -
ally discovered,/by en American worker - ¥.B, Sumner' whio had

+ Proceedings of the Natlonal Academy of Sciences,
Vol. 9, No 11, November 1923,
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calculated correlation coefficients between various

portions of the deermouse (Peromyscus), Unfortunately, he

gave very little detail of the methods he employed and the cross
references given,were not obtainable in the libraries avallable.
The question at issue in Sumner's paper was the extent to which
the sizes of various portions were inherited independently but
there are one or two points in his paper which have a bearing

on the present work,

One interesting point was that Sumner criticised the work
of Castle who had calculated correlation coefficlents between
parts of the rabbit, on the grounds that the latter had
neglected to eliminate the "size factor". Sumney states that
the extent to which the variation of a portion/igdependent of
general slze factors is indicated by the percentage ratio of the
" "net" to the "groas" standard deviation, The latter is the
ordinary standard deviation obtained from actual messurements
end the "net" standard devliation is obtained from the "grossg®
by multiplying the latter by a factor 4/?j—;2; , where T ig
the correlation coefficient between the portion and sigze. On
applying this factor to the humerus of the sheep the "independent
variability" of the portion was calculated to be 98.8% a
iesult 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 this
work,

Sumner also employed the partial correlation method but,
unfortunately, he did not discuss 1ts use and.apparently did not
question Lits velidity. It was gratifying, however, to find th;
oonclﬁsiona in regard to this method, supported by precedent
provided by an American worker of repute.

(c) The size index,
. The questlon remained as to the choice of a suitable measure
of "general size". At first,it was felt that the best method

would be to use the major measurement appropriate to the
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particular portion under consideration, for exsmple,

wither height when consldering cannon length or body length when
conslidering length of loin, The obvious difficulty arose when
congldering the correlation between portions from distant perts
of the body, e.g. cemnnon length and loin length and it became
apparent that s single size index would need to be svolved.

‘ It is obviously impossible to define "general size® ag it
is no more than a general impression to which all parts of the
animal contribute., It was consldered therefore, that a single
major measurement such as wither helght or body length would not
be a good index of size tut rather would it be necessary to use
a oomposite index that would, as far as possible, represent all
portions of the body. Furthemore, 1t was reaslised that any

'attempt to express general size in very precise tems would ve
absurd; actually, the elimination of the "elze factor" smmounts
to little more thanvan arbitrary reduction of the correlation
coefficient to an extent that depends on the estimated effect of
slze on the portions concerned.

The index, then, must be a genersl, “all-embracing" thing
which reflects all those dimenslons which oontribuge to the
general impreseion of size; in effect, this would be obtained
from a compound of the four major measurements - wither helght,
height to hook, girth and body length.

The gross correlation coeffliclents between these fouyx
measurements were not very large (considering that they were
gross coefficients) and this gave more weight to the conclusion
that all four be compounded in evolving the index,

The coefficients ectuslly were:-

vither height - Helght to hook +0.64 + 0,09
e e airth | 40,54 % 0,11
® . ®  Pody Length 10,46 + 0.12
Girtn - Body Length +0.,49 + 0.14
» Height to hook +0.25 + 0,14
Helght to hook Body Lengith +0.44 £+ 0.12
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The "size index" was obtained by calculating the mean

. of these four major mepsurements. It wea suggested that 1¢
might be advisable to0 employ a method that would give to each
of the four messurements an egual "welght® in the index; in the
simple arithmetic mean as used the largest measurement has, of
course, the greatest "weight" in the index, On the other hand,
howa#ar. the largest meassurement contributes most towards
"senaral slze” and one would expect therefore that Lt should
mexrlt greatest "welght® in an index designed 4o represent
general sige,.

It was considered that the vealidity of the "size i:ndex" would
be tested by the correlation it exhibited with the four major
measurements taken together 1.e. by the methoed of multiple
~oorrelation, This multiple correlation was caloulated to be
+0.,998, In this work thie may he regarded as perfect positive
correlation and it 1s considered that this indlicates that the
"gize index" as caloulated above fulfils the purpose for which
it was designed; viz. to measure the composite effect of the
four najor measurements,

In other worde the calculation of partial correlation
coefficients with the "asize index" held constant ie eqguivalent
to holding the four mejor measurements conatant and so eliminating
the effect of general size variation on the correlation |
coefficients - an effect, which will be seen from the results,
¢ be vexry important,.
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SCATTER GRAPHS,

scatter graphs are, at best, difficult to interpret but to
some extent they indicate the extent of the correlation that
exists and graphe have been plotted for different degrees of
gorrelation., It is geen that whore high correlation exists the
points tend to lie in a disgonal band across the page wnile lack
of correlation is indicated by an indiscriminate "acatter",
Begression Lines,

These may be drawn from the equation (referring to the

intersection of the means) i~

ox%
dy = r—a.y- dy

dx and dy = deviations of x end y variables,

oy and oy = standard deviations of x and y varlebles,
b S = correlation coefficient between x and y.
ox
re oy % the re;ression coefficlent of « an y.

If we substitute various values for dy in the above
equation we get values for dx which lie in a straight line.
Thé values of 4x so obtainad,rapreaent the average values of
the deviations of x varisbles which will be associated with
particular values of the deviations of y variables. In a
similar way,the regression of y on x may be calculated aimply
by substituting y for x throughout the above equation.

This process 1s illustrated in graphs 1 and 11. The vhole
red line in greph 1 represents the regression of 'pelvisg' on
thend length' end in graph 11 the regression of 'width eye-
setting' on 'width between hoovks' - the broken red lines indicate
the reciprocal relation in each case.

It vlll be seen that the regression lines in graph 11 do
not deviate greatly from the mean values of 'widith eye setting'
and of 'width between hooks'; in graph { where the correlation is
greater the situation is very different, It appears then, thet
the position of the regression lines indicates the degree of
correlation that exists. |

At the present stage of thils work, however, regression is
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of 1ittle practical interest.. me above brief mention of i¢
has been made merely to show the further infommation obtainable
- from c'orrel.au,on deta which may prove of value in extensions
of this work, |

B
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SUMMARY OF PART 11,

St

(1) 1t wes necessary to exzercise grest care in selecting
the sheep on which to work, A brief discussion of the theoretical
basis of correlation in its bearing on this problem reveeled a
somevhat complex situation but an endeavouyr was made t0 secure
materiel which would contain only "true® corielations. The
effect of gex and aze was also considered and finaelly a
'sample' of twenty mature owes was sslected from the College
wool Experimental flock,

(2) Dpifficulties encountered in the actual measuring, were
to some extent overcome by the use of simple instruments. The
development of a certain amount of skill in measuring reduced.
the error 40 a reasonable figure whose influence on the
correlation coefflicient wes not serlous.

(3) The results were expressed by Pearsonian correlation
coefficients, An exact definition of the term " correlation "
is difficult and it is necessayry to emphasize that attributing
very precise meaningas to the coefficients is not justified.

(4) The most involved problem encountered was the elimin-
ation of the influence of general size variation on the
coefficients, This wes {inally accumﬁliahad by uéing the
"partial’ or ‘net’correlation method and employing a oompoaite
size index,

(5) A few "scatter graphs” have been plotted to
illustrate the nature of these graphsj - exsmples of repression
lines are also provided, but at present these are of little
practical velue.
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