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SECTION I 

INTRODUCTION 
AND REVIEW OF LITERATURE 

In the wild state , the body form of ungulates is deter

mined by two factors : - ( 1 )  the animal's necessity to cover 

ground in search of food and to e scape 1 te enemies and ( 2 )  its 

need to convert efficiently the f ood it obtains into energy for 

its maintenance and for the performance of the first factor . 

Another set of environmental responses, those incidental 

to the perpetuation of the rac e, appear to have but little 

influence on the bodily form of th e ungulate (Howel l, 1 944 ) . 

Hence, in the main, the musc ulature, skelet on, internal organs 

and the d istribution of fat deposits in su ch species as the wild 

cattle or tne wild sheep in their evolutionary response to 

environment would be governed by locomotive demands and the form 

from whic h a new adapta tion evolved. As pointed out by Simp-

son (1 949):- "in the evolution of a species • • • • •  the surviving 

organisms must meet the minimum requirements of life in an 

available envirorunent and c nanges can only occur on the basis of 

what already exists." This latter factor is sometimes over-

looked or not given enough emphasis in animal improvement in

vestigations, but it is all important and probably t he main 

reason why most adaptations are not absolutely perfect and why 

the selection applied by the domestic animal breeder for at 

improvement cannot produce auch rapid results as would be hoped. 

In the improvement of the meat qualities in the sheep 

some account baa to be taken of the animal • s functional demanda. 

The animal must first be able to thrive and be able to reproduce 

in the environment 1n which it is reared before much attention 

can be paid to selection for the meat qualities demanded b7 the 

coiuaumer id tton and lamb. It IDWit be conceded that .uch ot 

1 



-2-

• 
the artific ial selection for meat improvement can very well b 

in the opposite direction to  natural election. Thi is mo t 

likely where the animal i reared in an easy and protected 

environment. As the c onditi ons under whic h the domesticated 

animal is reared became more diff icult, the more is the pre sure 

exerted by election o-r a natural c.haracter. 

Although the recorded origin of the various breeds of 

sheep of the Brit ish Isles are , in mo t cases , not more than 1 50 
y ears old, i t  has been held that the geographical environment 

has bad no small part in haping the various breed conformation • 

A flat terrain , f or example , would re ult in mall differences 

in c onformation from those that would ari e in r ough and 

mountainous c ountry. One diffic ulty enc ountered in attempting 

to get a picture ot ome partic ular breed type at ome time in 

its hi tory is that a true description of the prevail ing type 1 

rarely give� Given in tead are the breeders' ideals or what 

the observer visualizes the type should be. Thus the part 

played by artific ial selecti on in the changing of a breed type 

to t he type as it is known t oday is not always c lear. However, 

one fact is relatively clear. That is  the fact that in the 

earli er origins. of t he British breeds of sheep there was very 

little cross-breeding between districts  and eac h  distric t 

evolved a distinc t  type. Al o the c rossing t hat did occur 

( more lately) is fairly w 11 recorded. 

Whether or not sli ght physical dif-ference make one 

animal more adapt d to a certain topography is a bard question 

to an wer in the sheep or in any otb r spec ies. C rt in 

· obvi ou ditf'erence whic·h are u ually t rmed adaptation can b 

identified but amaller riatians are ore ditticult to ort out. 

This 1 especi lly true in d at ie animal w re ucb thing a 

"Breed re' fanc ies" eo into the picture. T e tir t part of' 
the probl 1 , obviously , the aorting out and claaa1f1c· tion of 

dif'ter no a. Thi. involves the thorough observation of a 

corr et a le and the pplication of' atati tical procedu.re �o 

determin · whether tb se variation are real and not a prod: t f 

e7 appraisal and 1 g1nat1on. Then the dift c , if real, 
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is ready ror applicati on of a tentati ve htPothesi s  aa t o  the 

ori gin or cauae of the variati on. 

Ju.at such a problem i s  poaed by the situat i on of the 

R omney breed of sheep as contrasted w1 tb t he Chevi ot breed. 

The R omney Mars h  breed ori ginated in t he marsh district of 

southeast England. This i s  flat tish country and carries one 

of the dense s t  sheep popula t i ons per ac re in t he world ( Bri gg , 

1 949) .  Thi s fac t al one suggest relatively li t tle exerc ise. 

In t he improvement of the Romney Mars h t he rec ords s how only one 

ot her breed type brought in f or improvement purposes.  This 

was t he Engli sh Leicester, a breed tha t ori ginated i n  a fairl7 

ferti l e  area of roll i ng t opography. This infusi on of Engl iab 

Leice ter bl ood was only temporary , h owever , as t he R omney Marsh 

bree ders found t hat fleece weights were l owered and the sui ta

bil i t y  of the resultant type t o  l ocal condi ti ons was reduced. 

So t he breeder ' aims reverted to the older type and the markS 

left b y  t he infus i on were wiped ou t { Nichols , 1928). 

On the other band t he Cheviot breed type devel oped on 

t he rugged terrain of t he C hevi ot hills. The very nature o� 

t hese bills demands an acti ve and hardy type of abeep t o  search 

out the food necessary �or its survi val and self-perpetuation. 

There is some evidence to suggest that t he C hevi ot type is in 

part derived from the original "Tanfaced" sheep of these parts. 

However , at vari ous times t here have b een intuai ons of t he blood 

of ot her bree ds and it i s  qui te defi nite that the character o� 

the breed has changed. The fir t infusi ons , though undocumen-

ted, were very l ikely wi t h  t he Mer ino be tween 1480 and the late 

1700s ( Barber, 1 91 4) .  Barber quo te s a number of ob scure 

references about the cros s i n g  of the or i ginal Cheviots wi th 

beep c ontaining "Spani s h  bl ood" ( the Merino ) Which resul ted in 

a more desirable type of wool produced. He goea on to say 
t hat t he torm and size o� t his re ul tant croaa lert much to be 

desired o turther improvement led to t he intu i on ot Lincoln

ahire sheep and aheep with a dash of the Diahley or Leiceater 

blood. Another cross tbat atfected the �ra:me and wool o:t the 

C heYiot breed was one W1 th tb.e Ryeland or Here·:tord breed which 
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waa us•d at one time t or grading up purposes. T o  the above 

types that contributed to the present day to� ot the C heViot 

breed of sheep , Bri gga { 1949 )  adds the Black Faced Hi ghland and 

t he Soutbdown. However , i t  i qui te l ikely t hat the intro-

duct i on of t he  last two types was only ot an experimental·nature . 

Because of t he fact tha t  the Romney and the breed used 

at one stage 1n attempting to improve it were devel oped on smooth 

t o  undulat ing country, thi s breed can be cons i dered as essen-

t ially a l owland type of sbe ep. On the other band the Chevi ot 

and some of the breeds suspecte d of contributing t o  i ts present 

form were evolved in very rough and steep terrain. Hence , the 

C hevi ot can be classed as a hill sheep. 

Since the above two breed types were developed under 

uch con trast ing environmen ts , i t  follows that bas ic differences 

in habit ( f or ·example, hill cl imbing hab i t  as opposed to the 

less demanding l evel land locomotion ) would doubtle devel op. 

To maintain the hill cl imbing habi t during the evolut i on of the 

pre ent day Cheviot type . it is poss ib le t hat certain characters 

were re ta ined anq/or more fully developed. 

Both of the above breeds have been transplanted t o  New 

Zealand condi tions , and whi le the Romney bas undergone a certain 

amount of croaaing wi th ot her breeds, i ts basic form is still 

similar t o  that of the beep of t he Romney Marsh. The average 

C hevi ot in New Z ealand , being a descendant of much more recent 

�portations, even more closely resemble its cousins of the 

C hevi ot Hills. 

Among the characterist ics t hat di stinguish the Cheviot 

type of beep from the Romney type is the conrormation of t·he 

boulder region. The C hevi ot b reed has sbarp , pointed W1 there 

and rather s l oping boulders while the Romney type has tairl7 

rounded boulders and is relative ly smoo�h over t he wi thers. 

T hi s  feature makes the Cheviot type objecti onab le to a great 

many aheepmen Wbo seek to j ustify ibis objecti on by accusing the 

C heviot of carrying les at. Less meat would mean less 

muacle and certainly this can be doubted in an animal or an 

active mountain tJpe which { bodT we i ght s being �qual) would need 
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proportiona.tely greater ID118Cular development to thrive on the 

hilla. The probable answer lies in a lightly different dis-

tribution of mu.scu1ar tissue, leas fat and in certain skeletal 

differences.. Here in lies the problem a.nd objective in the 

present study. The logical attack to this problem would 

necessarily need to be in the following sequence:- firstly, a 

stocktaking in a reasonable sample of each breed type in order 

to establish any real differences in the shoulder architecture 

ot the two breed types; secondly, if differences proved exis

tent to find their anatomical determinan�and thirdly, an 

attempt to relate tne·type difference to the ecological back

ground of the breed types under study. 

In order to achieve the above objectives certain 

measuring techniques had to be devised. Since the project 

involved the use of radiography, the literature on this subject 

was reviewed, but most of it proved to be concerned w1 th small 

animal work ( dogs and cats ) and yielded little information on 

the restraint of animals during radiography. No literature 

was located on the p roblem of x-raying the animal in the normal 

standing position { without restraint) . 

Next came the problem of the anatomy of the sheep and 

" here again rarity of material on the subject was 1n evidence. 

Although Siason' Anatomy of Domestic Animals, { 1 930), proved to 

be of great value insofar as muscle and bone de crtptions were 

concerned, it did not adequately cover the anatomy of the sheep. 

Tscb.agge� and Vermeulen ( 1 922) have drawn up a very comprehen

sive atlas in colour which well illustrates the skeleton and . 

musculature of the cow and tbis was consulted on certain anatom

ical questions. The German veterinary anatomist, St. Iwanoff, 

( 1 930) , made a study of the fore-end of t he sheep, but his 

report has mostly to do with the internal organs, blood vessels 

and nerves. In order to belp fill this gap in. knowledge of 

tbe anatouw ot the sheep ( particularly in the shoulder muscu

lature and in. the no�l articulate angles of the boaes of the 

pectoral lamb ) a great deal of space is necessarily 4eToted to 

�he purely anatomical aapect. 
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With regard to the above m ntioned angulations, tud1ea 

have been made by Bethcke { 1 930) on possible difference due to 

function in trotting horse and cavalry hor es. In the 

elephant and certain extinct quadrupeds, Osborn ( 1 900) reasoned 

that the articulate angles formed by the limb bone are an 

adaptation to body weight. 

In connection with the boulder architecture or the 

mammal, it was found that everal tudies had been made by 

various author • Most of these concern either marrmals in 

general or some animal unrelated to the d omestic beep. The 

mo t comprehensive article located cone rning the boulder 

architecture or mammal in general was written by Ho ell ( 1 944 ) , 

and it provides clues to the po ible evolutionary origin or 

muscle groups and their components. Windle and Parsons �901 ) 
have made a good , though sketchy, review of the muscles or the 

ungulate, but only major variations were mentioned while forms 

and relative sizes were excluded. 

Concerning the relation or form to function, ame back

ground material h s been provided by D'Arcy Thompson ( 1942) in a 

general treatise on "Growth and Form". In the ungulate, Howell's 

study ( 1 944) on speed in animals provides sane thoughts on the 

form or the nimal as an adapt tion tor escape tran its enemies .. 

His book deals mainly with wild animals lthough the horse is 

dealt with as it is one or the mo t highly specialized or the 

mammals fitted tor running. When attempting to e.xpre the 

actual movement ot quadruped locomotion in thematical terms, 

Rashevsby { 1 944 and 1 946) admits that he can do no more than keep 

things on purely abstr et and theoretical level. He dds 

that the actual situations are much more complex and his 

:tormulae, difficult the¥ are, can only be 1Dlpl1f1ed versions. 

In the tu� of the :torm ar b e , llurray ( 1 936) u 
a number ot ideas and theorie concerning the hape � b s, 

but 0 t ot the workers nose ·research be revie re ez Jli-

menting with special refere:ace to the :r orm ot human ones. 

Bowevex-, Banmond { 1 932) has made a rather exhaustive s�udJ' on 

the di:tf r ce in the bon · bape of the emi-wild t7P8S o:t · b p 
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as contrasted with bone proportions in the improved mutton 

breeds. 

Muc h good dissection work has been done in reference to 

the mutton qualities o� sheep. Mainly , these investigat i ons 

have been e oncerned wi th inmature sheep and s tudies of �owth 

and the dissections were done on p�ely a bone , ·muscle and, fat . " " separation bas i s. \ 
McKenz1e and Marshall (1 91 7 )  made a preliminary study ot 

Merino cross Shropshire sheep in which they classified the sheep 

into Shropahire-like and Merino-like groups. One of the 

points used in e lasaitying was an "over the shoulders" appraisal 

by palpation. From the palpati on ot the s boulder region tnecr 

concluded that the s hape of t he Merino-like shoulders ( sharp, 

narrow and not well covered) was due to:- The height of the 

dorsal spines of the vertebrae , the height o� t be scapula in 

relat ion to the vertebrae and the extent to w hic h the scapulae 

converged towards the middle line. They also indicate that 
the developuent o� tlesh "over the shoulder" is not as good 1n 
th is  type as in the Sbropshire-like sheep. 

In conclusion, it was �el t that rather t ban go into an 

exhaustive review of literature, most of w hich did not deal 

directly w1 th the sub3ect  at hand, 1 t would be better to make 
more re�erence to t he literature during the analyses ot results. 

In this manner the points can be more tally dealt wi tb as they 

ccxne to  light. 



SECTION I I  

ANATOMY OF THE SHOULDER REGI ON 
IN THE SHEEP. 

• 

In order to familiarize the reader with the anat� of 

the region tudied, it was relt that a special section should be 

devoted to a rather complete description of the bones of the 
thoracic limb, the thoracic vertebrae, the muscles of the 
shoulder and tt;le f ore-limb, cartilage of the scapula and the 
ligament\lll nuchea. 

In preparing the following descriptions, Sisson's ( 1 930) 
"Anatomy of Domestic Animals" was closel� consulted as well as 

Tschaggen� and Vermeulen's ( 1 922) atlas of t he cow. Also,help 

was provided b� an article b� Windle and Parsons ( 1 901 ) on the 

muscles of the ungulates. In  addition a paper by Howell ( 1936) 
on t h� shoulder architecture of the mammal was closely followe� 

-8-
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A. The Long Bones of the Pec toral Lium 
and the Thorac ic Vertebrae. 

There are four major b ones in t he thoracic l imb :- the 

scapula, the humerus, the radius-ulna and t he metacarpus ( third 

or large metacarpal bone). In the sheep the poster i or border 

of the scapula and the ventral l ine of the thorac i c  vertebrae 

f'o� an angle of about 35 degrees . The angle b etween the 

scapula and the humerus ( the shoulder angle ) when the animal is 

s tanding is approximately 95 degrees and the angle between the 

humerus and the radius-ulna ( the el bow angle ) is about 1 15 

degrees. 

1 .  !!!! scapula •nd � cartilage � the scapula . 

T be scapula i s  the uppermos t bone of the l imb c olumn. 

It is triangular shaped �d i s  rat her flat. It i s  placed on 

the anterior and dor sal porti on of the wall of the thorax and has 

two surfaces, tnree angles and three b orders. 

T he lateral surface is divided by a bony ridge called the 

spi ne of the scapula, whi ch runs generally in t he distal-proximal 

directi on. This spine divides tbe lateral surfac e into two 

lateral fossae:- the supraspinous fos sa on the an terior side and 

the infraspinous fossa on the posteri or side. In the s heep the 

spine of the scapula is placed so that the supraspinous fossa i s  

about one-fourth the.size o f  the infraspinous fossa. The 

medial sartace of t he scapula i s  rather hollowed out to form the 

ubscapular fossa. The spine ot the scapula ends at i ts distal 

ter.minua in a pointed pro j ec ti on called the acromium and a t  ita 

proximal end on what i s  c all ed. tlle vertebral root of' the spine 

of tbe scapula. 

The anter i or b order has an extended S torm or c ontour and 

is qui te a thin edge until lt. begins to round ott to ard the 

distal end. 

The posterior b order is almost straight and tairl.y thick: 

tor its ent:i.re length. Tbe angle wbicb this b order makes with 

t lle horizontal is approx�tely 50 degrees in the sb.eep. T he  . 
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vertebral border is on the proximal end an d is nearly straigbt 

with a slight suggestion of being c onvex. The anterior and 

posterior borders converge to the neck of the scapula Which, 1n 

lts cross-section, has roughly the shape of a 1 80 degree segment 

ot a circle , the diameter being on the medial side of the neck 

ot the scapula. The anterior and vertebral borders come t� , 

gether at the anterior angle of the se pula and the posterior \ 
and vertebral borders join at the posterior angle. In the . 

sheep the anterior angle is fairly thin , and the posteri or angle 

is thickened. 

Distal to the neck of the scapula is the glenoid or 

articular angle which contains the surface that articulates with 

the humerus . The articulating surface is the glenoid c avity. 

This depression has an oval form of Which a segment on the 

anterior and medial part is ab sent. Thi s break in the oval 

outline is called the glenoid notch. Anterior to this is a 

projection called the tuber scapulae ( or b icipital tuberosity). 

The medial part of the tuber scapulae bas a small prominence 

called the coracoid process to which the tendon of th e coraco

brachialis attaches. 

The ventral border of the c artilage of the scapula tits 

along the vertebral border of the scapula. In the s heep, it 

is wider than the vertebral border and tends to overlap at both 

the posterior and anterior angles. Its width appears to be 

about one-fourth greater than the vertebral border and ita 

ventral-ciorsal depth is roughly one-third of its l ength. 

2. !!!!. .-h-um-.-e ... r.us,_. 

T he bwnerua is one or the long bones of the 11mb, and it 

lies between the se pula and the radius-ulna in the limb col� 

It is a heavy and columnar b·one and in the sheep (When standing) 

it inclines at an angle or about 135 degrees with the horizontal. 

The bone's shatt l ies between t he proximal and the distal 

extremities. 

The shaft of the hwnerus, wbi.ch 1s roughly cylindrical 

1n rorm, bas t"our surtae s:- the lateral , medial, posterior and 

ant rior attrtaces. 
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The lateral surface appears to be the largest and bas a 

suggestion of a spiral f'orm. It is on this surface that the 

anterior portion of the brachialis muscle tits. 

The medial surface contains the teres tubercle Wbich, in 

the sheep, is not much more than a roughened spot about one-third 

of' t he way from the proximal end of the shaf't. This surface 

is smooth except for the teres tubercle. 

The posterior surface is the top ridge of the s baf't and 

is rounded for almost the entire length of the shat"t. 

The anterior surface has roughly the shape of a very long 

right triangle whose hypotenuse is concave. The proximal end 

of this curved hypotenuse is the deltoid tuberosity. 
Tne point or collar where the shaft joins the proximal 

extremity is known as the neck of the humerus. The well 

defined part of the neck on the lateral , posterior and part of' 
the medial side is sometimes referred to as  the surgical neck of' 

the hwnerus. 

In addi tion to the neck the proximal extremity of' the 

humerus contains the head, two tuberosities and the intertuberal 

groove. The head is tbe round dome-shaped articulating surface 

that fits into the glenoid cavity of' the scapula. 

The lateral tuberosity of the humerus is lateral to the 

head and projects beyond it in an anterior direction. This 

tuberosity is very promdnent in the sheep. Lateral to the 

anterior part of' the bead and medial to the anterior part of the 

lateral tuberosity is the intertuberal groove. The anterior 

part of' the l teral tuberosity curves to some extent over this  

groove. 

The posterior part of the lateral tuberosity is relativel¥ 

\hin and leaf-shaped and as the ridge proceeds anteriorly, 1 t. 

broadens until it is quite thick at the ant rior pamt, Where it 

gives attachment to the supr spinatua muscle. 

The medial. tuberoai ty on the prcaimal extremi tJ" is not 

very pronounced in the slleep. It consists ot a rel.at1Yel7 

broad pos� rior part whose edges converge 1n an ant rior d1.r< tiE 
to f'o� �e pointed anterior part. 
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The distal extremity of the humerus , which c ontains the 
surface tbat artic ulates with the radius-ulna, has two c ondoyles 
of unequal size:- the larger medial c ondoyle and the smaller 

lateral c ondoyle. Tbe lateral c ondoyle, as well as the 
divisi on of the shaft to which it is  joined, projects lateral�J 

to acme extent. 
c ondoyles furnish 
of the fore- arm. 

The medial and lateral surfaces of the se 

surfaces of attachment for many o� the muscles 

3. !!1!. radius-ulna. 

This is really two bones ,  the radius and the ulna, which 
are very closely ·j oined. They are placed in the limb column 

between the hunerus and the proximal row ot carpal b ones. 
The radius is another long bone consi sting of a sha:f't and 

two extremities. Fran the lateral aspect , the shaft is curved 

�or its entire length , the c oncave part of t he c urve being on the 
anterior s ide of t he bone. The shatt in cross-section is oval 
wi th t he posterior surface flatter than the anterior surface. 

The proximal extremity of the radius is sanewhat flattened 
on its dorsal surface which carrie s  two depressions into which 
fit the c ondyles of the humerus. On the medial side i s  a 
rather sharp projected edge known as the radial or bic ipital 
tuberosi t7. The lateral tuberosity is quite pronounced and is 
s ometimes known as the tuberositas proximalis lateralis.  

The u1na is the smaller of the two bones and its distal 

end is joined to  the proximal extrem1 ty and the shaft of the 

radius. Thi s  is on the posterior s ide of the extremity and 
surface of the radius. Between tbe c onnection on tbe extremity 
and tbe shaf't there is an opening c alled the interosseous pace. 

There is no d.iatal interosseous apace as in the c ase of the ox • 

.Att.er the 41stal part of the s�t of' the ul.Da :tusea W1 th tblt 

abaf't of' t he  rad1us,it remains :tuaed :tor the remainder of' ita 

length. 

)\ 'l'he proxi 1 extremity o:t the ulna is tbe jor part and 
I 
·:the largest porti on of this bone. It projects pftrd f'rom tb 

; / dorsal surface ot the radius ·and inclines backward to some stent. 
I I 

I 
r ', i 
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This extremdtyrconaists or two surfaces, two edges and a summit. 

The medial surface is slightly concave and tile lateral surface 

is convex. Viewed lat erally,  ·the anterior and posterior edges 

of the ulna both bave a c onvex outline . The summit is the 

moat proximal part of the ulna. 

4. � metac arpus. 

The th ird or large metacarpal bone was the one studied. 

It is another long bone and consists of a abaft and two 

extremi tie • A cross-section on any part of the s hart would 

resemble a 1 80 degree segment of a circle, the posterior surface 

repres ent ing the diameter of the above circle. 

The proximal extremity artic ulates with the di st al row 

af the c arpal bones and the distal e xtremity artic ulates with 

the first phalanx and the proximal sesamoid bones. 

5. � _t_h_o_r_a_c_i_c vertebrae. 

In the shee p  the t h or ac ic vertebrae are thirt een in 

number although sometimes there are twelve or fourt een .  In the 

sheep these lie in a plane that is roughly 1 0  to 20 degrees from 

the horizontal. 

Each vertebra consists of a bo�, two transverse 

processes, two artic ular proc esses and one spinous process. 

The bod¥ is on the ventral side and is short and constricted in 

the middle .  On the posterior and anterior surfaces or t be 

body is t he centrum. The vertebral foramen whicb carries the 

spinal cord is 1n a po i tion dorsal to the bodT, ventral to tbe 

dorsal process and medial to the transverse processes. Tb 

arch is the part of t he vertebral bo� that carries these 

processes. The artic ular processes are 11 and contain two 

oval facet • The transverse processes pro� et laterally h-
the arch an4 each contains a tacet for art1culdion with a rib. 

These processes tend to rise dorsally so ·that a groove is formed 

between th and the spinous or dorsal process. 

The spinous process of the vertebra is large in -compari-

aon wi th o tb r thorac ic vertebral processes. It is thin and 
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slopes upwards and bac kwards ( except the twelfth and thirteenth 

spines which slope forward) . Transversel7, these spinous 

process es are thic ker in the distal and proximal ends tban they 

are in the middle. The first spinous process is relat1vel7 

short as c ompared with the s ec ond , third and fourth processes 

which are the highest of the th orac ic vert ebrae. Poster ior 

from the fourth vertebra,  t h e  spinous proc esses gradually 

diminish in height • 

• 
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B. The Ligamentum Nuchea. 

The ligamentum nuchea is made up of two p rts:- the 

funic ular part and the lamellar part. The funicular part 

c ons ists of the main anterior-posterior strands whic h  arise on 

tbe occ ipital bone of tt.a skull and lie along the b ck line 

until they merge into tho lumbo-dorsal region of' the supraspinous 

ligament. The lamellar part forms a connection between t he 

cervic 1 vertebrae and the funi�cular part and the spines of' the 

thorac ic vertebrae. 

In the sheep, the funicular part is divided into two 

separate lateral s trands which are merged antero-posteriorly to 

a point just anteri or to the s ec ond thorac ic dorsal spine where 

t hey make a defini te split. One strand c rries on posteriorly 

on each side of the dorsal region of the thorac ic spines. 

After the divi sion, the two strands are c onnected by a thin, 

membraneous tissue. In the t horac ic region these strands re 

part of tbe origin of the trapezius and rhomboideus muscles. 

In the sheep , after the division into two sep r te par ts, the 

dorsal tips of the s eGond to sixth thorac ic spinous processes 

were the highest point in the thorac ic region. 
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c. The Musculature. 

The muscles are grouped in the sections or divisions 
given by Howell (1 936 ) in h.is account on the Shoulder Arcbi
tecture of MaDIDBls. These groups and t heir components are 
shown in,. Table 1 as adjusted f'rom Howell's general list f'or 
mammals to f'i� those present in the sheep. 

TABLE 1 .  

GROUPING OF THE MUSCULATtlRE 
OF THE PECTORAL LIMB. �Trapezius 

1 .  Brancbiomeric Group···················· Brachiocephalicua 
Omo-transversarius 

2. Dorsal Divieion:-
a) Suprazonal group· ·········· ···· · ( Serratue ( Rhomboideus 
b )  Shoulder derivativee:- ( Latissimus dorsi 1) Thoraco-dorsal matrix· ··· { Teres major !Teres minor 2) Axill&r7 matrix·········· Subscapularis 

Deltoideus 
(pars acromiali&l) ( pars scapularis ) !Tensor f'asciae tmtibracbli 

c) Elbow derivatives··············· Triceps brach11 
AnConeus 

3. Ventral Div1s1on:-
a) Intrazonal group················ Sterno-acapularis 
b )  Shoulder derivatives:-

1 )  Pectoral matrix· • • • .  • • • • • Deep pectoral . � Superf'icial pectoral 2) .AlrterioP coraoo14 atrtx· · · · Supraspinatus 
. Infraspinatus 

3)  Poster.tor coraoot.d mat.r.lx • •  coracobrachilais 

c) Blbow dert . at1 vea .. . . . . . ..... • • • •  ( .Br
B1

aobial
b

.1a . bJ.1 
· ( ceps rac ' 
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The panniculus carnosus was listed bf Howell (1936) in 

the pectoral matrix section o� Table 1 , but in t his stucq- this 

muscle was omitted as its function concerns more the twitching 

of the integument rather than the movement of . the limb. S1sson 

(1930) calls this muscle the musculus cutaneus trunci and does 

not l ist it w ith. the muscles o� either the shoulder girdle or 
th e s houlder. Sisson's gr ouping of the musc les of th e  th oracic 

limb of the ox is shown in Table 2. 

TABLE 2. 

SISSON'S GROUPING OF 
THE SHOULDER MUSCULATURE OF THE OX. 

I. Muscles of the shoulder girdle 

Trapezius 
Omo-transversarius 
Rh omboideus 
Latiss imus dorsi 

II. Musc les of th e shoul der 

The delt oids 
Supraspinatus 
Infraspinatus 
Teres minor 

III. Muscle s of the al"'Il 

Biceps brac hii 
Triceps brac hii 
Tensor fasciae antibrachii 

Brachiocephalicus 
Superficial pectoral 
Deep pect oral 
Serratus ventralis 

Subscapularis 
Teres major 
Coraco-brachialis 

( �though not listed f or the ox, it is suppo ed that 
Sisson would place the anconeus and the brach1alis in 
this group. This is their place in his grouping given 
for the horse. ) 

Bowell's ( 1 936) classirication is probably �he better 

because be considers the evolutionary origin of the muscles 

involved. In an earlier account Howell ( 1933) lists some 

general considerations which supports this class1�1cation on the 

evolution ot tbe main gPoups and how tbese can be more or less 

traced trc:m tbeir evolut1onarr origin. He has some doubt 

about tbe origin and placing ot the subscapularis. Howell 

<j 
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'thinkS it possible that the anterior portion of it .1D87 have 

originated through the encroachment of a part of the aupr -

apinatus. If true , this theo� would place the anterior part 

of the subscapularis under the be ading of the "anterior coracoid 

matrix" in Table 1. For the purposes of this study, 1 t la 

listed 1n the group derived :trom the "axillary matrix". 

1. � branchiomeric sroup 

This group, which Romer (1950) says originated from the 

gill bars in the evolution of the tetrapod, is pre sent in most 

ot the vertebrates (including the primitive ones). The gill 

bars evolved into the trapezius musculature, and Romer goes on 

to state that slips of this formed the muscles that complete the 

group {brachiocephalicus and omo-trans versarius in sheep). 

All of this group is a part of those muscles that connect 

the pectoral limb with the head, ne ck and trunk. Leach (1946) 

state s that the trapezius group and the rhomboide us group in 

mammals are particularly concerned with holding the scapula 

close to tb.e vertebral column. It is a fact that the branchio-

meric group as given in Table 1 has its insertion lateral to the 

bone s of the thoracic limb. This makes it the out ide member 

of the musc le cradle fran wbic h the fore part of the animal boO¥ 

swings on its anterior piers or limbs. 

In the she ep there are three muscles in this group:

the trapezius, the bracbiocephalicus and the amo-transversarius. 

a� The trapezius. 

·This Dlllacle, apart fran its function as a trunk-11mb 

connector, has the action ot elevating the shoulder. Ita 

muscle origin, although varying as illustrated by Beaton and 

Barry (1942), is generally as :tollows:- the anterior part an 
the ligamentum nucbae and tbe posterior part on the sup raspinous 

ligament :rrcm the dorsal spines of the thoracic vertebra. Its 

insertion is mainly ·along the spine o:t the scapula, thus making 
it possible tor 1t to mave tbe scapul.a torward and upward as 

well as backward and up1rard. 
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b) The brachiocephalicus.and amo-transTersarius musc1es. 
In t his study, 1h ese two muscles were treated as one 

muscle because in t he sheep they are in veey close association 
with one another. The dorsal border of the omo-transversarius 
lies neat to the ventral border of the anterior portion of the 
trapezius. The anterior end of the amo-transversarius crosses 
under the dorsal edge of the anterior part of t h e  brachio
cephalicus as they converge on the win g of the atlas which is 
their common origin. For the om o-transversarius, the origin 
is the wing of the atlas and the insertion is the spine of the 
scapula and fascia of the sh oulder. Its acti on supplements 
that of the brachiocepbalicus. The brachiocephalicus has its 
origins on the wing of the atlas, the occipital bone of the , 
skull, the ligamentum nuchea. the muscle rectus capitus ventralm 
major and on a tendon tran the mandible. Its insertion is on 
the deltoid tUberosity of the humerus and the arm and shoulder 
fascia. Its action in locomotion is mainly in assisting in 
drawing forward the limb. When the animal is standing it 
llelps to move the head. 

2. !!1! ..... o.o--.r.-s.-&1_ division. 
Tbis division is comprised of three groups:- the supra

zonal group, the shoulder derivatives and the elbow derivatives. 

a) The suprazonal group. 
This musculature forms a part of that whicb attacbs the 

limb to the t runk. It forms its limb connections, as is indi-
cated by its title, medial to the bones of the limb and in the 
dorsal regions ot tllis bone column. In addition to its !'unction 
of attachment of t he limb, this group acts as a shock absorber 
system to r ceive and dampen the jolts of locomotion. This is 
particularly true of the serratus muscle which is much the 
larger of the two in this group in the sheep. Romer ( 1950) 
terms tbese muscles the a11ngs of the trunk and says they are 

' 
derivatives or· t he external oblique mascle { obliquus externus) 
with the rhomboideus probably tbe later in evolutionary origin. 
The latter 1s tound only 1n •WMls and one ot its special. duti• 

,/ 
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is to keep the scapula at more or less a constant distanc f'rcm 
the tbol"&X. 

1·) The serratus muscles 

In the sheep, the divisions of the serratus ventralis, 

such as Sisson ( 1 930) describes f or the horse, are not so clear� 

defined. Its two parts are the serratus cervicis and the 

serratus thoracis. The serratus cervic is lies between the 

last few cervical vertebrae (its origin) and medial to the 

anterior angle of the scapula (ita insertion). Tbe serratus 

thoracis (much the larger of the two parts) is a l.arge, fan

shaped muscle with its ventral edge presenting a rathe� jagged 

appe�l'ance at its points of origin on the ribs. 'l'he 811»1"ace 

that spreads over the ribs is the in origin of this muscle. 

It is inserted on the medial surf'ace of t he  dorsal ction of 
the scapula. This insertion extends to the adjacent portion 

of the cartilage of the scapula. Its chief action in loco-

motion is to elevate the thorax and to assist 1n the same motion 

as previously described for the trapezius. 

2) The rhomboideus. 

This muscle which serves as a lateral c onnection between 

the scapula and the trunk did not seem to be so clearly d1 visib:L 

into the cervical and thoracic parts in the sheep as is indicated 

in Sisson ( 1 930) fo r the hor�e. It bas its origins 1n the same 
regions but underneath those of tm trapezius muscle and is 

inserted on the costal side of the cartilage of tbe scapula. 

This muscle supplements tb.e action of the anterior part of tb 

trapezius in. drawing the scapula upward and forward. 

) The shoulder derivatives of the dor 1 41v1 ion. 

In t beep, there are six muscles 1n th1 s group and 
the e are further divided into two parts:- those muscles ar1sSDg 

or volv1ng t'Jtom tne thoraco-dorsal 

the axillary trix. 

'I) The thor co-dora 1 trix s ctio • 

In this tion the�e are two 

tru and those coming f'r 

eel :-
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dorsi and t he teres major. Although tb.e teres ma jor is frGm 
l imb  b one t o  l imb bone ( scapula to humerus) , Howell { 1 936 ) places 

1 t in this group, as be believes that i t  was orig.inally a part 
of tb.e latiss imus dorsi which , as a trunk-limb connector , 
certainly arose from the thorac o-dorsal matrix. Howell ' s  
opini on i s  aupp.orted by that of' Romer ( 1 950) . Both of these 
muscles, as will be seen late� are involved in the flex ing of' 
the shoulder joint . 

{ a) The latissimus dorsi. 
Altb ougb. t his muscle is a trunl.t-limb connector, its main 

functi on i s  that of provi ding locomotive power rather than ac ting 

as a support musc le as most o f  the ppevious muscles have done. 
It is a relatively large, flat, tan�sbaped muscle tbat has a 
broad origin in the lumbo-dorsal. fascia. Its general. pattern 
of musc le fibres are roughly at right-angles to those of the 
serratus t b.oracis which b orders it medially 1n its ventral part. 
Its tend on of origin in the sheep does n ot seem to extend as tar 
forward over the anteri or part of the upper th orax as Tschaggeny 
and Vermeulen ( 1 922)  illustrate for t he ox. The ventral part 
of the origin blends w1 th the fascia that lies over the oblique 
abdomin1s externus muscle. The insert i ons of the latissimus 
dors i are into tendons wbich c onnect with:- ( 1 ) tb.e teres 
tubercle of the humerus ( with t he  teres major ) ; ( 2) with . tbe 
aponeurosis on th e medial s ide of the long head of the . triceps 
brachii; and ( 3) with a tendon shared with the deep pectoral 
muscle. Its functions are to assist 1n lift ing the humerus up
ward and bac kWard. When the 11mb is he ld stationary this musele 
helps 1n drawing the trunk forward. It is one of the main 

opposing musc las to the b rac b.l oc ephalicus in limb action,. 

( b) The teres ma j or. 

As ment ioned before, i t  is t-he c onmon opinion among 

zoologist that this uscle evolved f'pom tbe lat1as1mus dorsi 
and became a musc le ot tbe b oulder �olnt... It l ies p�ial1N 

in a groo e dlal and ant rior lo tb · anteri·or order of the 

latieatmua 4or i. The Gl'igln ot the teres ma J or 1 3u.at 
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ventral to the posterior angle o� the scapula ( on the scapula ) 
and i t  is inserted into the c oliiilon tendon shared with the 

latisstmns dorsi Wbieh connects to the humerus at the teres 
tubercle. Its action involves helping t o  close the scapulo-

humeral angle and thus to li ft tbe arm. In addition , it i s  
c oncerned wit h  adduction of t he arm ( rotating it medially ) a s  can 

be visualized by noting its attac runent on the medi al side ot the 
numerus. 

2) The axillary matrix section. 

In the sheep , tb.ere are tour muscles in tb.i s  section : 
tbe subscapul.aris , the teres minor , the deltoideus pars aoro-

mialis  and the deltoideus pars scapularis. In regard to the 

evolutionary ori gin of the last three muscles , Howe11( 1 936) says 

tnat tll! deltoids and tne teres minor arose as a single sbeet 
trom t he membraneous girdl e ,  a fac t wh ich i s  indicated by the 
close relationship of' their respective innervation. 

( a ) The subscapularis.  

Thi s m�cle which occupies the sub scapular fossa branches 
. 
into three fairly di stinc t heads in its dorsal end. Moat of 
the fossa is occupied by its origin and these three heads f'ose 

as t he scapula narrows towards its distal end. The subaeapu-

lari s inserts into a tendon which passes over the glenoid notch 

of the scapula and attaches to the posterior eminence of' the 
medial tuberosity of' the humerus. Ita obvious action is to 
help in adduction of' the humerus. 

( b ) The teres minor. 
This is a rather small muscle that is medial to the 

distal. portion of' the infraspinatus and to the deltoideus pars 
sc apulari s  mosclea . Its arigin is  partl.y on the distal and 

posteri or part of' the intraspinatus fossa at the acapul.a ( wbere 
it begins to round otf' ) and partl.y on the lower m1d4le part ot 
the posterior barder ot the scapula. Its insertion is eo aDd 

ar the proximal region ot the deltc ·a �erosity ot t he humema. 
It has an oppoa�ng aotion to that of' the subac apular1a in that 
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it. helps in abducting t he humerus. In addi tion it ass1st.s 1 1n 
I 

clos ing the scapulo-humeral. angle { tlexing of the shoulder jqint). 

( c )  The deltoids. 

In the sheep , there are two easily . distingui hable 

deltoid muscles. Howell { 1 936 )  says that in perissodactyla 
I 

there are , in reality , three muscles whi ch may in different 
\". 

spec ies be in partial or c omplete fusion. The two wh ic h. 

\ 
• · '  \ I 

I I 

Sisson ( 1 930 } gives for t he
.
ox , the pars acramialis and the -d ' pa ... .,. : 

scapularis ,  are easily located in t be sheep. 

The deltoideus pars acromialis has its origin on the 

acromion of the spine of the scapula and is inserted on the 

humerus at the deltoid tuberos ity. In t his position it can 

help to abduct the arm and to t'l.ex the s houlder � oint. It  is ! 

a small muscle and rather flat,  but it was f ound to be the larg�r 

of the two deltoids 1n all sheep dissected. 

The deltoideus pars scapular is is the smaller member of 

the pair in sheep. Its origin i s  on the posterior border of ' 

the scapula and t he aponeurosis tllat c overs the ln.fraspinattlB. 

I t  is inserted partly into the fasc ia that covers the lateral 

head of to;, triceps brachi1. At i ts ventral end it beg in'S to 

fuse with the pars acromialis. Its acti on is  to c omplement 

t hat of the deltoideus pars acromialis as previously described. 

c )  The elbow derivatives of t he dorsal division. 

There are three muscles in this  group ot w h ich the 

I 

triceps brachii is the most important. The other two , tbe 1 1  
tensor fasc iae antibrachii and the anconeus are merely the medera 1 \ \ 
of the supporting cast whi ch enable the tric�ps bracbii to 

tunct1on more effic iently. As, regards the evolutionary origin 

of this gro , Bowell ( 1 936 ) holds w1 th the tbeoey that s 

fibres of the latissimus dorsi migrated down the arm to t orm a 

slip w1 th triceps action. He is undecided as to et er the 

dorao-epitrochlearia ( tensor �asciae antibrachii in Sisson , 1 930) 
evol Yed later t'r t triceps brach11 or as another Slip trom 

the latisstmna dorsi. 

\ \ ' 
I 
I I 
I 

j 
l 
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1 )  The tensor raseiae antibrachi i . 
Thi s is a long, thin muscle whi ch follows the posterior 

border of the triceps brachii. In t he sheep, its origin is on 
the posterior border of t he scapul.a dorsal to tte origin of the 

long head of the triceps brac h1 i. It is inse rted int o a sbol't 

tendon whic h b lends part ially w1 t h that of the insert ion of the 

triceps brachii  on tbe olecranon. The action of the tensor 
fasciae antibrachi 1  is to tense the fasciae of the fore-arm and 
to he lp extend tne elbow j oint. 

2 )  The anc oneus .  

This i s  another very small muscle i n  t he sheep , and i t  
lies along the posterior aspect o f  the humerus.  I t  has its 

origin on the dis tal half' of thi s surface and is inserted on tbe 

lateral side of the olecrano� Its func t i on concerns the 

assisting of extens i on of the e lb ow j oint. 
3 )  The triceps b rachii . 

Thi s  musc l e , as its n� impl ies , has three main 
• 

divi si on s : - t he long head ( also cal led the triceps longus, caput 

magnwn or caput longum tr1cipi tis ) ; the lateral head ( also known 

as the triceps lateralis, caput medium, or caput laterale 

tricip1tis ) and the me dial head ( also called the triceps medialis, 
caput marvum or caput mediale tric 1pit 1s ) . The triceps bracbtr ...... 

tills the triangle whic h is f ormed between the shoulder j o int , 

the olecranon and t he posterior angl e of the scapula and When 

taken as a whole i s  the largest of the muscles in the sheep that 

have the ir origin on the fore-l imb. 
The long head i s  b y  tar the largest of tbe three heads 

of thi s muscle 1n the she ep. It is roughly three times as big 

as the lateral head whic h  i s  the next largest. Its origin is 

the posterior border of' the scapula. ( along roughly three-t ourths 

of this bord.er ) , and i t  is inserted on t he dor sal re gi ons ot the 

olecranon of the nlna. It has dnal action 1n fle�g the 

shoulder �oint and 1n extending the elbow joint. 
The lateral head ot the triceps brach11, as 1 ts name 

indicates , lies on the lateral aurtace ot the � and covers the 
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ventral part of the long head. Its points of origin are trom 

the del to id tuberosi ty toward and 1nc lud1ng part of t M neck of' 

the scapala. Thi s  lateral bead i s  inserted into a tendinous 

s heet that c onnects with t he lateral side of the olecranon and 

al.so blends in with the tendon of t he long head of t he triceps 

braehii.  Its action complements that of the long head in 

extending the elbow j oint. 

The medial bead of the triceps brachii lies on the 

posterior and medial edge of the humerus and in the s heep extends 

for the entire length of t te  shaft of that b one. In fact , a 

portion of its origin is  on the neck of the humerus j ust below 

the posterior part of the articulat in g s urface of the bead. 

Part of' its origin i s  by means of' a tendinous shee t to the 

surfac e of the b one which i t  borders. It is inserted on the 

medial and anterior part of t he sunmit of the olecranon and its 

main action is to help extend the elbow j oint. 

� 3. � ventral division. 

There are three secti ons in this  divi sion : - the intra

z onal group , the s houlder derivatives and the elbow derivatives. 

a) The inf'razonal group. 

There is one musc le only in tbi s  group in the sheep. 

I t  is the sterno-scapularis. There appears to be a great deal 

of c onfusion about this muscle in t he literature reviewed. 

Windle and Parsons ( 1 901 ) call t his muscle the sterno-scapularis 

and tound it to be absent in the Mouflon and rudimentary in the 

Fat-tai led sheep. They quote Chauveau ( 1 891 ) who did not find 

it 1n sheep and also Lesbres ( 1 897 ) wbo says tbat it i s  present 

in ruminants as a small bundle that joins the cephalo-humeral 

muscle. ( braehiocephalicus ) .. St. Iwanotf ( 1 939 )  de se rib tbe 

muscle in his sheep dissection studies but calls it the pars 

c lavicularis. In the ox ,  Sisson ( 1 930 ) calls it tbe scapular 

portion ot the deep pectoral , but this  is not quite the r ight 

terminology tor the sheep as it ends in or �oins the bracllio-

cepba11cus. This muscle was . observed medial to tbe anterior 

portion ot the superficial pectoral. Its origin is on the 
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ventral border of t he anteri or part of t he sternum and it i s  

inserted into the brachiocepnalic us just ventral t o t ne shoulder 

j oint ( also inserted into the fasc ia of the biceps brac hii) . 

It is a rather small , :tlat musc le and c ertainly not rudimen�ary 
as Windle and Parsons ( 1 901 ) :round 1n the Fat-tailed sheep. 
Howell ( 1 944) says this muscle is  used in fixati on and is  

unimportant in  l oc omotion. 

b ) The shoulder derivatives of the ventral division. 

In most ungulates this group is  divided into three 

sec t ions : - the pectoral matrix , the anterior c orac oid matrix and 
the posterior coracoid matrix. 

1 )  The pec toral matrix. 

In Howell ' s  { 1 936) class if ication , t he panniculus 

carnosua was inc l uded as was �nt ioned previously but th is muscle 

was not treated in this study. This leaves only the deep -

pectoral in t his group. 

T b.e deep pectoral i s  ano ther o f  t he trunk-limb connect ing  

musc les , but its main functi on is  to provide l oc omotive power 

rattler tb.an to bind the 11mb to t ne body. In t he s heep it 1a 

a broad , sl ing-shaped muscle w1 th a wide origin on the abdominal 
tunic and along the posterior part of the ventral aspect or the 

stern� The deep pectoral is inserted on both the lateral 

and medial tuberosities
.
of the humerus . I t has great power in 

drawing the t.runlt forward if' tbe 11Di> is advance d  and fixed by 
g1 ving a strong downward and backward pull on t he humerus. I t  

i s  by f'ar tbe largest of' the musc les i n  t he pec t oral region. 

2) The anter i or c orac oid matrix . 
Howell ( 1 936 ) states tba t when t he evolutionary c hange 

trom the reptilian to ID8DIIllllian type of posture occ urred , the 

c hange in the pos ition of the humerus provided a st imulus that 
pl1 t t he c orac o-humeral group. Some of' t he original ma't�ix 

migrat d doraa1ly ·becoming the supra- and 1Dtraap1natua and part 
went ventraJ.ly to t orm the pectoral i s major ( aupert'io ial pectoral). 
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( a) The supel'"tic ia� pec \oral 
In t he sheep, this musc�e is clearly divisible into two 

parts : - the relatively thick and sh ort anterior part and the 
broad and very thin p osterior section. Its origin is alo� 

the ventral border of t he sternum. Due to the spreading nature 
of the superficial pectoral, it has two main inserti ons : - the 
fascia of the tore-ar.m and the deltoid tuberosity ot t he humerus. 
Its action in addition to that of tensing the fasc ia of the tore
arm is to assist in adducting the limb . 

( b) The supraspinatus. 
This is a relatively large muscle that in t he sheep more 

than fills the supraspinous fos sa of the scapula. This tossa 

and t�e anterior surface of t he s pine of the scapula are the 
origins of this muscle, and it is inserted mainly on the lateral 
tuber osity of the humerus on its anterior aspect. Its action 

is to extend the s houlder j oint as well as aidin g in binding this 

j oint to help prevent dislocation. 

( c ) The infraspinatus . 
This is t he  larger o f t he two that originate in the 

lateral fossae or the scapula. In the sheep it fills th e inf'ra

spinous fossa with no overlapping of the posterior border of the 

scapula. It is inserted into a lar ge tendon th at connects on 

the lateral tub erosity of t he humerus p osterior t o  the insert i on 

of the supraspinatus. Its tunctions include the abduction ot 
the arm and t h e  fixing of the s houlder 3 oint to help prevent 
dislocation. 

3 )  Th posterior c orac oid matrix • 

In th� sheep t h  re is one small IDilScle ( the c orac o

brachialis) 1n this section and Windle and Parsons ( 1 901 ) are ot 
the opinion that in the sheep it is the coracobrac hialis medius. 
This muscle has i ts origin on the coracoid proc ss ot the scapula 
and is insert d on the tlumerus anterior to the teres tubercle . 

I t  as ia"a in adducting the arm and in flexing the shoulder 3a1.nt. 
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c ) The elbow derivative• at the ventral division. 

This g�oup consi st s  of two muscles in the sheep and their 

chief ac ti on is t o  flex the elbow joint. They are the 

brachial. i
'
s and t he biceps brachi i .  

1 )  The b rac hial.is. 

This muscle spiral s around t he humerus f'ran 1 ts origin 

jus t  bac k  of t he  surgical neck of that b one. Its inserti on is 

on the me dial surfac e of the neck of the r adi us and on the ulna. 

Its functi on ,  as ment i oned ab ove , is to flex the e lb ow j oint. 

2 )  The b iceps brac h i i .  

Howell ( 1 9.36) says that thi s muscl e  was derived from the 

brachi alis. I t  lies on the ventral side of t be  humerus 1n the 

ungulate and bas a tendinous origin on t he tuber scapulae. In 

the sheep its insertion i s  a tendon that split s ,  one part 

attac hing to the radial or b i c ipital tuberosity and the other on 

the ulna ( Sisson ,  1 930) . The ac ti on of t he b iceps brachii in 

l oc omot i on is to flex the elbow j oint. 

In Table 3 a brief review of all t he muscles of the 

shoulder region , whic h are given ab ove , i s  presented. The 

table gives tb.e origin and insert ion of e ac h  muscle as well as 

i ts chief action. 



TABLE 3. 

MUSCLES OF THE SHOULDE R REGION 
AND THE IR ORIGIN , INSERTION AND ACTION. 

Muscle Origin Inserti on Action 
( In loc omoti on ) 

Trapezius Ligamentum nuchae Spine of scapula Moves scapula 
spinous pr ocess of forward and 
the thoracic vertebrae backward 

Brachioo ephalicus + Atlas , occipital bone De ltoid tuberosiv Draws 11mb 
omo-transYersariua ligamentum nuchea , etc. of humerus , spine forward 

"' ' of scapula , 
shoulder fascia l 

. r\) 
Serratus thorac1 8 Lateral surfac e  of ribs Medial surface of Elevates the thorax, \0 

scapula and moves scapula. 
I 

cartilage. 

Rhomboideus Ligamentum nuchae , Me dial side of Rotates scapul a ,  
spinous processes of cartil age of prevents lateral 
thoracic vertebrae scapula movement ot scapula 

Latiaatmua dorsi Lumbo-dorsal fascia Teres tubercle ot Lifts humerus 
humerus , triceps, upward and back 
deep pectoral 

TeJtes maj or Posterior angle of Teres tubercle Flexes shoulder 
scapula joint , adducts arm. 

Subsc apularis Subscapular tossa Medial tuberositv Adducts humerus. 
of humerus 

Teres minor Infraspinous fossa , Del to id tuberos1t7 Flexes shoulder 
posteri or b order of ot humerus. j oint. 
scapula 

Delto14a Acromion of scapula , Del to 14 tuber os!� Flexes shoul der 
posterior border of of humerus joint , abducts arm. 
scapula. 



lluacle 

Tenaor taac iae 
antl-brachii  

Anc oneus 

Triceps brac h1 i 

Deep pec �oral 

s�erno-acapularis 

supert1c1al peotoral 

Supraspinatus 

Infltaapinatu8 

Corac obrachialis 

Brachial is 

Biceps brachii 

TABLE 3 C ontinued. 
' ,� 

Origin 

Poster i or border 
of scapula 

Di stal half ot 
surfac e of humerus 

Posterior border of 
scapula , deltoid 
tuberosi ty ot humerus, 
me dial surfac e of 
humerus. 

Posterior part of 
sternum , abdominal 
tunic 

Ventral border ot 
sternum 

Ventral b order of 
sternum 

Supraspinous tosaa 
or sc apula 

Infraspinous tosaa 
of scapula 

Corac oid pPoo ess ot 
sc apula 

Neck of numerus 

Tuber so apulae 

Inserti on 

Triceps and 
olecranon 

Olecranon 

Olecranon 

Lateral and 
medial tuberosi'tf' 
of humerus . 

Braob1ocepbal1ou s 
and tasc ia of 
biceps . 

Fasc ia ot tare arm, 
deltoid tuberoa i ty 
ot humerus 

Lateral tuberosity 
of humerus 

Lateral tuberoai t,y 
of humerus 

Medial surface 
of hume rus 

Medial aide of 
radius and ulna 

Radial tuberosity 

Ac tion ( In l oc omotion) 
Tenses fasc iae o:t' 
fore arm , extends 
elb ow j oint 

Extends elb ow joint 

Extends elbow joint, 
flexes ab.oulder 
j oint 

Draws trunk forward 

Tenses fasc ia of 
forearm, adduc ts 
1 1mb .  

Extends shoulder 
j oint. 

Abduc ts arm 

Adduc ts arm, tle:.r.ea 
shoulder j oint. 

Flexe s elb ow j oint 

Flexes elb ow joint 

J. 
f 

\ 



SECTION Ill 

MATERIAL S AND MET HODS . 

A. The Experimental Plan. 

This study inv olves a comparison of the average Romney 

breed type and the average Cheviot breed type with spec ial 

r efer enc e to the t horac ic regi on and t he pectoral l imbs. The 

experimental animals were as nearly as possible a r epresentative 

sample of t en an imals from eac h breed type. In order to 

ob tain data to draw this c omparis on of tTPe , the live animals 

were fi rst s ubmi tted to a s eri es of measurenents after which theT 

were all photographed and radiographed. 

The next step involved two sl aughtering methods. Thre e 

animals of each breed type were embalmed with a tormal sal ine 

soluti on and later were dissec ted. Six animals in eac h breed 

tTPe were slaughtered in t h.e ordinary manner. In the latter 

method ,  thl"e e of eac h breed were sectioned transversely While 

the remaining three of eac h b re ed type were dissected. 

In selec ting the animals for t hese three divis i ons , 

randanisation restr1c t�d on the bas is of body weight was used. 

All twenty of t he  ewe s were we ighed and t he heaviest 1n each 

b reed type discarded. The remaining n1� in each breed type 

group re divided in to three groups by weight res ult ing 1n a 

l ight , m.ediwn and hea'V)T w ight group tor eac h breed type . one 

animal was selec ted. at random fran eac h of tb.e above weight 

groups tor tbe applic t i on of the embalming technique. From 

t be  remaining two 1 n  each 1ght group ono sheep was selected at 
randCD tl'om eac b. group for slaughter and d1ss ct1on. The tllree 

animals then rem ining went to the gr.oup tor alaughter1ng and 
oroas-aeotionlng. Thus tt was hoped tbat a b ett-er balance of 

an1JMls waa ured and a more leg1\1mate caaparlaon or treat-

-31 -
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����tnts made possible. , 

The six �ormll sal ine � ixed animal s were again measured 

and rad1ographed after emha1ming and a di ssec t i on of the le�t 

tore-l imb and shoulder followed. ' ·  
\ ) '  

The twelve carc asses of tre ordinary slaughter gro p were 
' \ 

photographed and carcass measurements taken. Two of these -.re 

radi ograpbed. Tnree of eacb. breed type group were dissec te
'
d ·. 

in the same manner as the f ixed sheep. The remaining three ot 

eac h breed type were cros s-sec t i oned transve�sely and these 

sections photograpbed. 

The expe rimental plan i s  illustrated in Figure 1 .  



T e n  Romne ys 

Nine Romneys 

-, 
Six s laught e re d  

Carc asse s measure d 
C arcas s e s  photographed 
One c arcass X-raye d 

r 
Three 

dis s.e c t e c  

1 
Thre e 

cro s s -s e c t ione d 

T en C hev iot s 

\ 
Twenty Anima l s  
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Photographed 
Radiographed 

7_ 

Nine C h e v i o t s  

T hre e 
formal fi xed 
and d i s s e c t ed 

Thre e 
formal fi xe d 
and d i s s e c t e  

\ 
S ix s laugh t e re d  

Carc a s s e s me asured 
C arcas s e s  photographe d 
One carc ass X-raye d  

I 
Thre e 

cross -s e c t ioned 

1 
Thre e 

d i s s e c t e d  

F i g . l. -- D i agrammat i c  S c heme o f  Experime ntal Plan 

I w w 
• 
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B. Select i on  and Training of the Animals. 

T ne  animals used in this study ccmaisted of ten ROIDD.eJ'S 

and ten seven-eightn bl ood Cheviots , the latter resul ting from 

three topcrosses of C heviot rams on R omney ewes. They were 

mature ewes , four and one-half years of age , and had been run on 
the Massey Agric ul tural C ollege hill farm { Tua Paka) si nc e  birth. 

Tne Romney ewes were selec ted a.s being typical of the average 
New Zealand Romney cross tha t i s  run on North I sland hill sheep 

farms. The select i on was done soon after weaning when t be  

ewe s  were beginning t o  rise in c ondition. 
Since the experimental plan called f o r  body measurements ,  

l ive animal photographs and radi ographs , the animals were given 
a short training peri od of three weeks in order to acc ustcm them 

to handling. During mos t of th is time the sheep were penned. 

Ample water and good lucerne hay were at all t �es available and 

a protein supplement ( l inseed nuts ) was fed by hand. Towards 

tne end of th 1 s taming peri od when the sheep would c ane into the 

pen in antic ipati on of the linseed nuts , t ne y  were let out in tbe 
adjacent pasture and t he hay feedi ng was dis c ontinue d. 

Approximately 1 50 hours we re actually spent training the 

animals over the three weeks ' peri od. This mean that ab out 

seven and one-half hours w s spent wit h  eacb individual. 

some of t he  live animal measurements were taken during tnis 

per iod , this training t ime served a double purpose. 

S ince 

As a point of interest in connecti on w ith c omparative 

b reed behaviour and response to training , it as noted tbat th 

Chevi ots learned t o  l ead and to s tand quarely in about ten days , 

whereas , the Romn.eys , even at the end of tne training peri od, 

still did not lead and stand well . The Cheviots re alert and 

responsive to training , while the Romneys r sullen and at ibom. 
Trib e  ( 1 949) in his experiment on sheep Qebaviour preceptor 

responses e ms to have mainly used t be Chevi ot breed. Al tbougb. 

he gives no reason -ror this c hoic e , this may be an indication or 
their gre r " trainabi lit7. " 

Mid'flaJ' "'brough tbe training pe ri od ( 1 2  Februarr-5 Marc ) 
the beep re shorn as clo el7 as possible in order to allow 
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greater ccurac;y in taking body measurements and t o  avo·id any 

effect whic h the wool ( then about two to three inc long )  

mi ght have in c louding the radiographs. 
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c. Measurements on the L ive Animals. 

1. .!!2& weig!lts. 
The live wei gnts were rec orded at intervaJ.s during the 

training period. They were taken using a spring scale w1 th 

the sheep in a weighing sl ing. Just prior to slaughter the 

weights were again rec orded. Bef'ore this last wei ghing , the 

sheep bad been s ub jected to a 10 hour starvati on peri od. 

2.  Linear measurements . .  
The linear measurements undertaken in thi s study were 

he ight at withers , heart girth , depth of tnorax and width between 
the lateral tuberosities of the hwneri . These measurements 
were repeated on each anima1 using two different systems. In 
the first system , all the repeat measurements were c ollected by 
one observer. Before shearin g , this  observer took the above 

measuremen ts on six successive days on each sheep. After 
shearing , all measurements were again taken on eac h animal on 
s ix di fferent days. Thua , apart from a comparison of the 

breeds , it was possible to determine �hether sheari ng had any 
effec t on c hanging the accuracy of the measurements. 

Near the end of the above mentioned training peri od the 
second system of repeat measures was put into operat i on. I t  
involved three observers eac h  taking tne measurements tWice , 

following the method used by Rae { 1946 ) .  The three observers 

each took tne series of measurements on two successive days. 

On eac h occasion , the sbeep were taken at random and measured by 

tne first observer • the process being then repeated for subse-
quent obs rv rs. Eac h observer completed ·all tbe me asurements 

on all sheep before tbe next observer started measuring. Each 

observer me sured all 20 ewes on the atternoon of' one dlq , and 

the repeats were de on the morning of the following day. 

The sbeep , while being measured, were all standing 
squarely on a lev 1 ,  c oncrete tloor. 

a) Heigh� •' Withers 
This is the vertical distanc e b tween the floor le.el and 
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the highest point over the w ithers. It was taken by t he use ot 
the sliding cal.ipers shown in Figure 2 and 1n the -.nner illus-
tra ted in Figure 2.  These calipers were well braced and 

remarkably :free trcm play. While t he  base of this instrument 
rested on the floor , the sliding porti on was dropped to the 

withers ,  a c onstant pressure being applied in all cases by the 

weight of thi s  sliding arm of the calipers. Then the locking 

screw was tightened and the base to sl ide distance measured With 

a steel tape to the nearest 0. 25 inch. 

b ) The heart girth. 
The measurement was made using a fiex1ble steel tape 

which was read t o  the nearest 0. 25 inc h. The tape was fitted 
around t he heart girth at its least c ircumference jus t  posterior 

to the lateral bulge of the s boulders. An attempt was made to 
use a standard tensi on on 

assist in reducing error. 

is  found in Figure 3. 

the tape for eac h sheep 1!13asured to 
An illustrat ion of this measurement 

c )  The depth of thorax. 

This measurement is t he d istanc e  between the highest 

vertic al point on t he withers t o  t he lowest point on the sternum 

between the fore l imb s ,  the line between the two points being 1n 
an almost vertic al directi on. The measurement was taken by 

resting the lower projecti on  of the c al ipers fi rmly against tb.e 

sternwn so t b.at thi s b ar passed on a diagonal between the fore 

legs. Then the sliding portion of the c al ipers was dropped to 
the highest point of the withers as in the height of w�t.h�s 
measurement , the locking screw tightened and t he distance bet een 
the two bars measured to the Dearest o. 25 inc h using t he steel 

tape. 'rile method is hown. in Figure 4. 

d) Width bet en the tuberosities of the humeri.  
For this measurement the calipers were placed over the 

sheep ' s neck as shown 1n F1gur 5. The edg ot th non-sliding 

arm was placed against the s boulder point t the right s14e and · 

the other arm slid to the s houlder point or th opposite side. 



Fig. 2 . ---Measurement 
of he i ght at withers . 

Fig. 4 . ---Measurement 
of de pth of thorax . 
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F i g . ) . ---Measurement 
of the heart girth . 

F i g . 5 . --�easureme nt 
of width betwe en the tuber
osities  of the humeri . 
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T he locking crew was tigh ten d and the distanc e measured to the 

n are st o. 25 inch using the s teel tape. 

3. T he "shoulder mould. " -
In order to get an idea of the general cross-section 1 

s hape df the r egi on under study on the live eidmal ,  a " shoulder 

mould" was made in the following manner : -

a )  The first step was to est blish by palpati on t he lateral 

tuberosities ( tuberos itas proximalis medi ali s )  of the radii which 

are quite prominent on the l ive an imal ben i t i s  standing 

squarely on b oth tore legs . The width between these two tube-

rosities was measured and set , using the ab ove ment ioned calipers 

When the s heep was standing naturally wi th equal weight on b oth 

tore legs. 

b )  The cal ipers 1n thi s  set posit ion were plac d so they c overed 

the edge of a sheet of paper. ( Shown 1n F i gure 6. ) 

c ) Then a mould was taken of the 

shoulders by means of a rope wrapped 

tightly wi th soft wire. It was 

f ound tbat th is d vice ould bol.4 a 

shape and yet be flexible enough to 

get a t irly accurate c ontour. 

· When the sheep is standing normally 

and squarely on both t ore legs , with 

bead up and fac ing f orward, the 

high at poin t of the withers is al-

oe t directly above the tuberositie 

ot the radii.  The rope was pl ced 

at t he highest point of the wi thers 

and moulded ar-ound the shoulders in 

a vertical plane until the position 

of the tuberosities of the radi i 

Pig. 6 . -Li:ae 
diagram showine the 
method of reproducine 
the ahoulder mould . 

ere · gain st blish d. Holding these points the rope was · 

laid on the paper with these points at the nd of tbe c 11pers 

as shown above-. Then tr c ings were de foll owing tb.e lin of . 



tile mould as taken. 

d) Afterwards tbe area inside trac ing was measure d to the 

nearest s quare centime tre using a planimeter as described 

i:n F 4 . 

I \ 
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D. Photography of Live Animals 

All the ewes were photographed from three different 

angles in order t hat body proporti ons could be studied by 

enlar ging all the pictures to t he same scale , cutting out the 

pictures and re-photographing on graph paper. This method, 

although not acc ur te as far as taking measurements i s  concerned, 

( Phillips and Stoenr , 1 945) has been used t o  stud7 proporti ons 

with success. ( Hammond, 1 932) ( McMeekan , 1 94o-41 ) However , 

Tanne r and Weiner ( 1 949 )  have found the photogrammetic technique 

fairly reliable in getting me surements on the living human. 

Their photography was done t a dis tance of 30 metres and the 

negatives were e nlarged to one-eighth natural size . 

The pos i tions and distances used in. 
the present studT 

were as follo s : -

1 .  Lateral view taken � � sheep 

The camera position was fixed at twelve inc hes above the 

ground , a distanc e which was approximately one-half of the height 

at the withers of the sbeep studied. The dis tance between tbe 

camera and sub ject was sixteen feet and all the sheep were posed 

so that t neir left hoofs were just inside a line perpendicular 

to the camera l ine. ( See Figure 7. ) 

Camera Sheep 

1}14-------- 1 6 '-----�f: 
Fig.  7 . --Line diagram showing camera set-up 

tor photography ot lateral view ot the sheep.  

2.  Frontal View taken � .!!! sheep. 

The camera was fixed t tb.e same height as bove and tbe 

d�stanee from the camera to  a l ine on Which the fore feet ot the 

animals ere placed, s shown in Figure 8 ,  s 1 6  feet. 
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Caller& Sheep  

� <1 

I 0 

1 6  
Pig.  8 . --Line diagram showing camera set-up 

for photography of frontal view of the she e p .  

3. Dorsal .!!.!! taken S: ill sheep 

The camera was fixed on a large tripo� The vertic al 

camera to  ground distance wa s  73i inches. Since the difference 

between "t he shortest and t he highest animal in hei g ht at withers 

was not more than three inches , little error was intr oduced by 

the fact that one sUbjec t  would be a little closer t o  the camera 

than would another. The greatest error in this view c anes 

from not being able to place all the animals in exactly the same 

position . 
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E. Pluorosc opy and Radiographf 
of the Live Animals. 

An attempt was made to view the limb bones of the thoracic 

region ( scapulae , humeri and radi i-ulnae ) of t he live animal by 

means of the fluorosc opic attac hment to t he X-r y plant. The 

ttempt was unsuccessful for two r easons. Firstly , i t  was aot 

possible to g t the c omplete darkness required for best results ; 

and sec ondly , the region of the t horax i s  too thic k t o  get a 

good image on t he screen even when the x-ray plant was turned up 

to the max� safe MA ( milliamperes ) for fluorosc opy with the 

plant used. The rib could be picked out ,  but the b on s of 

the limbs presented only dark, fuzzy-edged blobs.  This region 

is the thickest on t he animal as tar as bone is  c oncerned, since 

there are two layers of bones or th thoracic walls s well as 

t he two sets of limb bones. 

In order to ke p t he animals c lose against the x-ray 

plate which was kept at a constant di stance of 36 inc hes fr om  the 

x-ray tube , a wedge-shaped bail was constructed. It was 

dec ided that , although a clearer plate might be Obtained by an 

oblique s hot , the lat ral shot would be best in order t o  minimize 

po sible distortion of t he  natural articulate angles or the b one 

of the thoracic l imb .  In the resulting plate , it was easy to 

pick out the left limb b ones trom those of the r ight limb . In 
all c ses the left side was studied as this was the side pressed 

ga1nst the pl te. 

The princ iple us d in d i stinguishing b tween the two 

limbs on the X-ray plate is ill ustrated in Figur 9. As y 

plate 
X-ray tube -

- -�ltfa:-
- - lja' A' 

� - - -- - - - -- -

�ig. 9 . --Line diagram show�g principle used in 
i dentifyi�g limb bonea of the right and left leg on the 
X-ray plate . In the diagram • A • and •B• are of the aaae 
length but their reapective iaagea o the X-ray plat 
( •A ' "  and •B • • )  are of different aizea . 
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be readily seen tram Figure 9 ,  tne bone nearer the plate will be 

smaller and c lose� to the normal size. 

The setting used on tne x-ray macnine wa, : -

H9 2011A !seconds Distance-- 36 inche s 

The H value i s  a control in the mac hine that , when altered 

( assuming a c onstant MA ( milliamperes ) , will change the Kv. p 

( Kilovolts-peak) . The Kv. p ( kilovolts-peak) in t he above 

settings is 70. 9. 
With t he long exposure used it was inevitable that same 

movement of the animal would take place. It so happened that 

six of the first twenty r diographs had to be repeated becaus 

of movement of the animal. The slightest mov ment , other than 

that of the breatbing , will result in fuzziness and make 

definition difficult. 

The setting to be used on the machine was worked out by 

a method of tri 1 and error and , as was di scovered later in 

further radiography , could be improved upon by decreasing tbe MA 
( mdlliamperes ) and inc reasing the H value. However , the radio-

graphs obtained were suffic iently satisfac tory to define the 

points sought. Sinc e no literature on the x-raying of s h  p 

tran the lateral t horax view was available , the setting sugg steel 

by Kirk ( 1 937 ) in radi ograph.ing a Great Dane dog was used as 

starting point. 

To interpr t the plat s ,  use was made ot a dark room 

.safe-li gbt from which the amber glass sheet had been removed. 

Under this amber glass was a plate of opal glass. On tbis the 

x-ray plates w re placed and a sheet ot arc hit eta ' tracing 

papar was J.aid on top in ord r to trace outl ines of th 1 

needed to measure tbe vari ous angles considered. 
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P. Formal Saline Fixati on. 

1 .  Method ,2!: fixati on. 
The ewe s were f i rst narc otized with an intravenous 

in 3 ec t i on of Thicentone Sodi um. After l osing c onsc i ousness 
they were placed on a squared b oard agai nst which t h ey had been 
previ ously photographed. 

T hey were banked into posi ti on b y  means of small 
parti ally filled sand b ags. ( Shown in Fi gure 10. )  The 
ob server di rec t ing the pos i t i oning was in a vert ic al pos i t i on 
over t he sbeep. T he live animal photographs we re 1n his 
possess ion and t be placement of t he animals ' body and l imb s  were 
orien te d f'ran the posi t i ons shown in the phot ographs. The 
ob server-sheep dis tanc e was s ixteen feet which was the c amera
sub jec t di stanc e during the previ ous phot ographing of the �� 
When the sheep ' s  pos i t i on ,  as shown by t he photograph , was 
attaine d ,  an inc i s i on was made ab out halt way up the nec k on t he 
left s i de  just below the vent ral edge o f  the brachi ocephal icus. 
T he j ugular vein was then se7ered in order to insert a c annula 
through lftli c h  the t ixing s olution fl owed. The fixing s oluti on 
was f ormal saline which c ontained 100 cc . of forma1 1n and 8. 5 

gms. s odium chloride per l i tre of soluti on. The container ot 
s oluti on was about seven feet ab ove the a nimal. As the f � 
s al ine flowed in to one end of the vein , t he c ontents of t be  
bl ood stream flowed out the othe r. When the liquid flowing 
out became clear { being almos t pure f ormal saline s olut i on ) , the 
tree e nd ot the ve in was tied and ab ou t  two additi onal li tres ot 

the s olution all owed to tlow in. This �s all the c adaver 
would take b tore pressure was bui l t  up to atop the tl ow. 
Twelve to fourteen l i tres ot the s oluti on were used on each 
animal . In a s imilar anatomical atucST St. Iwanoff ( 1939 )  used 
7-8 li tree ot 8 per cent olut i on. 

In order t o  ensure that the c ontents of t be rumen w r 
well saturated with the f ixing solution , an addi tional amount ot 
50 cc . was 1n3ec te d through tile stomach walls. Thi s  was to 
prevent poaatble fermentati on . and Ub sequent tor.mation at gas a 
whicll migbt bave the ef'fec t ot di s t orting t he ciuiaTer. The 
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animals subjec\ed to the f ixing treatment w re weighed prior to 
and after fixing. On the day following fixing the b odies were 
again photogr phed against the squared background from ¥ rt�c&l 

distance of s�iteen feet. 
\ 

On the day after the �ixing proce ss , t he six cad$vers \ 
were measured in the same manner as when they were alive. T�e 
measurements taken were : - heart girth , height at wi thers , a pt� 

of thorax and wi dth between . the tuberosities of the humeri. 
Thre replic tions of eac h me surement were made on each cadaver. 
In addition shoulder mould s previously described was taken. 

2. Radiograptq .2! lli fixed animal s. 
The formal sal ine fixed cadavers were placed in a posi�n 

closely approximating their stanc e Wben x-rayed alive .  This 
was done using the same equipment set at t he identical posit ions 

used in t he l ive an�l radi ography. These pos itions had been 
marked while t he x-raying of the live animals had been in pro-

gress. In order to find more suitable setting for penetra� 
the thorac ic region ,  several more test settings were attempted 

using the pr vious settin g as guide. In the same setting 

tba t was used for the live animals , there appeared to be no 
ditferenc re ulting from the fOP 1 l ine impregnation or the 

b ody tissu s. In a s tting of 25 IIA ( milliamperes ) nd Kv. p 
( kilovolts-peak) of 72, the radiograph lacked contrast. Bow-
ever , when the IIA ( milliamperes)  were lowered to  1 5  and the Kv. p 

( kilovolts-p ak) increased to 83 , the d f inition was greatly 
improved. The new s tting used was : -

B1 1 1 511A. !seconds Distance 36 inc bea 

3. Dissection i!£, � fixed sheeJ? 
The dissection was muscle by muscle of all mu cle ot 

the 1 ft shouider girdle , the muscles of the left shoulder and 
the � muscles of the left tore limb. The left forearm mus 
w re treat d a .  group. 

After the in of the s boulder and arm r gion bad b n 
re oved,the anterior portion of the panniculu carno us was 
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reflecte� This  muscle did not enter the stuQ1. However , 

the t t medial to it whicb was lateral to muscles that were 

removed was wei ghed. The f'at lateral to and between all 

muscles dissected was remov d and weigh�d. The f t between or 

lateral to the thorac ic wall but medial to the deepest muscle 

di ssected out was not removed. Muscle , tendon and periosteum 

removed whilst cleaning bones and muscles was weighed with the 

f'at. 

The same .order was maintained throughout the dissection 

on 1 1  an�ls , and precauti ons were taken against any evapo-

rati on that might occur during the d issecti on period. Tbe 

weather at the t ime was c ool and damp and there was l i ttle air 

movement in the dissecting rooms , both factors which helped keep 

p o  sible evaporati on losses to a minimUD4 The dissection work 

was done by t he  same person tb.roughou t  and eac h animal required 

b etween 1 2  to 14 hours dissection time . The musc les were 

lif ted out , c leaned of fat and tendon , weighed, me sured, cross

sections taken and volume obtained by immersion. 

A list of' the muscles di ssected f'ollows : -

Trapezi us Supraspinatus 
Rhomboideus Infraspinatu 
Latissimus dorsi Teres mdnor 
Brachioc pbalicus Subsc pularis 
Omo-transversarous Teres maj or 
Superficial pectoral Cor c o-brachialis  
Deep pector 1 Biceps brac hii 
Sterno-sc pularus Brach1al1s  
Serratus t horacis Tensor f' sc i antibrac� 
Deltoid pars acromi lis  Tric ps  braehii 
Deltoid p rs scapularis Anconeus 

'l'b.e muscles of t he f' ore rm were treated as one group in t he 

we ighing. 

The bones that were dissec ted out and me sured were : 

the se ptlla , t he hwnerus , the radius-ulna , the metac arp 1 and the 

thor c ie V< rtebrae. .• 

Positions of the above uscles and b ones are llown in 
Figures 1 1 , 12, 1 3 ,  whioh illustrat diff r nt tages in t he 

dissection proc dure. 

Tb.e c ·rtil ge or t he scapula was remov d from the se pul 
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Fig . 10 . --Showing the animal banked int o  po sition 
w i th part i ally filled sand bags in pre parati on f or 
f ixing wi th f ormal saline s olution . 

Fig . 11 . --Lateral mus cle s of the s houlder after 
the panniculus c arno s us mus cle has b e e n  refle c te d �  

a ,  Trape zius ; b ,  brachi o c e phalicus ; c ,  omo 
transvers arius ; d ,  infras pinatus ; e ,  lat is s imus 
d ors i ; f ,  tric e ps brac hii ; g ,  t ens or fas ciae 
antibrachii ; h ,  delt oideus pars s capularis . 
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Fig . 12 . --Anatomy of the s houlder re gion af t e r  the 
removal of s ome of the lat e ral mus c l e s . 

a ,  Latis s imus dors i ; b ,  de e p  pe c t o ral ; c ,  b i c e ps 
brac hi i ;  d ,  supras pinatus ; e ,  s e rratus t horacis ; 
f ,  t e re s  minor ; g ,  s c apula ; h ,  cartilage of t he s c apula . 

F i g .  13 . --ve ntro-lat e ral view of mus c l e s  of t he 
pe c t oral limb . 

a ,  Brac hi o c e pha l i c us ; b ,  superf i c ial pe c t oral ; 
c ,  de e p  pe c toral ; s t e rn o -s c apulatis . 



weighe d to the nearest 0. 1 gm. , measured tor width ( antero-
pOsterior) and tor depth ( ventro-dorsal ) . It was or iented an 
a sheet ot paper and a trac ing made around the edge. Later 
this outline was measured tor area with t he planimeter. 

The l i gamentum nuc hae was measured tor length b oth � 
..!..!E! and when di s sected out of the animal. 
we igned and measured tor depth and width. 

It was al so 
Ac tual ly , not the 

entire li gamentum nuc hea was treate d ,  but only the tunnic ular 
part of t �  l i gament anteri or to the c ut made at the junction 
between t he thoracic and lumbar vertebrae . 
of the tunnicular por t i on. 

4. Treatment .2! 1!.!! .m.u.s.c.l.e.-s 

This inc lude d  most 

After each musc le had been cleaned of fat and tendon it 
was weighed to the nearest 0. 1 gm. and t hen oriented on a sheet 
of paper in the approx imat e position i t  had occupied in the 
animal. The greatest wi dt h , the greatest length and t he 
greatest depth were determdned using a pair of dividers . After 
being spread to t he proper dimensi on t he dividers were placed on 

a steel rule and t he r eading was made t o  the nearest o. 1 cm. 

While the muscles were still on the s beet ot paper a penc il out
line ot each · one was drawn tor future measurement or area. 
After this trac ing the muscles were severed and an outline dl'>awn 
of t heir cross-sections. 

Followin g the ab ove treatmen t ,  the volume of each muscle 
was dete�ined by immers i on. The water in the apparatus used 
drained from an overfiow and the surface tension was afterwards 
decreased by adding three drops ot Teepol. Then the muscle was 
immersed and t he overflow c ollected in a vessel of known wei ght. 
When the overtlow had stopped the surface tension was again 
decreas d w1 th t hree mor drops ot Teepol. The total ov rtlow 
caused by the musc le was weighed to the nearest 0. 1 � 

Later a planimeter was used t o  determine the area within 
the traced outline of each muscle. This me�hod ot measuring 
area is qui-te accurate according to  Burns and Clarkaon. ( 1 949 )  lltlo 
tound that there was no error in tne aaurementa of' areas except 



-51 -

in the c ases of areas of leas than 50 sq. ...._ in whic h case the 
maximum error was three per cent and t he average error o. 5 per 

cent. 

In order to determine the a ccuraey of the planimeter 

used, tests were made on areas of known size. Two areas were 
tested ( one or 25 sq. cm. and one of 200 sq. cm. ) by measuring 
them ' 0  times each and calculating the standard deviat ion , the 
c oeffic ient of variability and the average error. The c o-
efficient of variability was calculated by divi ding the standard 
deviat i on by the mean reading and multiplying by 1 00 t o  get it 

in a per cent form. Ttle average error was calculated b7 
41 viding the spread by th.e mean reading and mu1 tiplying by 1 00. 

The results of these tests appear in Table 4. 

Size of 
tested area 

25 sq. cm. 

200 sq. cm. 

TABLE 4 

ACCURACY OF PLANIMETER. 

Standard 
Deviation 

0. 1 70 

0. 736 

Coeffic ient of 
Variabilit7 

0. 60% 

0. 37% 

Average 
Error 

2. 1 4% 

0. 30!' 

Sinc e  most at the areas measured were between 25 and 200 sq. cm. , 

very little error was introduced in the use of the planimeter. 

The most error in Obtaining the muscle area probably arose in the 
tracing process. 

s. Treatment ,2! !11! .-b.-on--.es-. 

At this stage the bones were weighed only , the other 
measurements being lef't to a later time. 
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G. Treatment of the Freshly Killed Ewes .  

1 .  Method 

Twelve 

six be ing f or dissection study and s ix tor cross-sectional work. 

The sheep �or the dissecti on studies were slaughtered at 

intervals of two days While the ones for the cross-sect�oning 
.......... _ 

were all kllled at one time .  Pri or to slaughter ,  the s�eep 
\ ', 

were penned tor about ten hours , and kill ing coDJDenced a'bdut.\ 
4 : 30 P. M. At the t ime or slaughter , live wei ght , weight after 

bleeding ,  hot carcass weight and weight of the cannon b one were 

taken and r ec orded. The carcasses were then hung on gambrela 

of standard wid-th arid placed in a c ool room overnight. 

2. Photosrap& � radiograptq. 

Each cooled carcass was photographed from a di stance of 
ei ght feet prior to taking the carcass measurements. The same 

gambrel was used tor eac ll carcass. After the carcass had been 

severed into two halves , the cross-section of the longissimus 

dorsi { "eye muscle " )  on the fore half of the carcass was photo-

graphed using a c amera-sub3ect distance of 44 inc he s. The 

carcass was photographed b oth from the dorsal and the lateral 

{ left s ide ) aspect. 

In order to get an idea of t he d ist ort1on caused by 

hanging on the gambrels overnight , one carcass of eac h breed 

type was taken to the X-ray plant and hung so tbat the f ore end 

of the c arcass was in the bail previously used in the other x-

raying. Since the c arcass was banging , t he aspect was shifted 

90 degrees from the previ ous rad1ographf. The setting used 

this time w s :-

B8 1 5 MA !seconds Distance 40 inches 

3. Carcass measurements 

Tbe measurements on the cooled carcasses included those 

described by Palason ( 1 939 ) aDd Barton , Phil�ipa and Clarke 

( 1 949) .  The measurements were tak n immediately atter the 

photographing ot the entire carcass which COIIID8nced at about 
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9 : 00 A. M .. on the day following slaughter. 

a) External carcass measurements 

These were as follows : -

1 )  Measurement "F" Leg length , from the deepest 

point in the c rutch t o  the anterior edge of the distal 

end of the tarsal. 

2 )  Measurement "G" Maximum width at gigots . 

3 )  Measurement "Wi" Maximum width of ribs. 

4) Measurement "WF" Maximum width of f orequarters.  

5 )  Measurement "W'l'h" Minimum width behind the scsp.Ua • 

6 )  Measurement nTh" Depth of thorax. Thi s i s  th 

maximum depth of the c hest behind the shoulders. A 

measurement was taken on eac h side and these appear 

hereinafter as "Tb1 " and "Th2".  
7 )  Measurement "T" Length of the tib ia and tarsus 

from the tubercle on the proximal end of the tibia to 

the anteri or edge of t he d istal end of the tarsal. 

8 )  Measurement "R" Length of the radius-ulna from 

the olecranon process to the styloid process.  

9)  Measurement "K" Length of the body from tbe tail 
head to the baSe of the neck. 

1 0} )( asurement "I." Length of tb.e body t'ran the 

sympeysis pubis to the anterior edge of the midclle of 

the fi rst rib. 

1 1 ) Measurement "H" Length from the symphysis pubis 

to the posterior edge of the last rib at  the juncti on 

with its vertebra. 

1 2) lleaauremen_t "P" Length ot leg tram the sympb7s1s 

publ1s to the anterior edge of the d istal nd of the 

tu sal. 

All the above asurem.ents w re taken to the ·nearest 

cme-tenth of. a centimeter. The weight of the coo1 d carcass 

was recorded to tlle nearest one-tenth or a pound. 

b)  Internal C&l'Cass measurements 
Atter tb.e external measure rnts bad been recorded, tbe 



-54-

carcass was divided into tore and hind halves by cutting trans

versely between the last thorac ic vertebra and the first lumbar 

vertebra. In cutting, the knife followed the posterior border 

of the last rib on each s ide. The fore-end and the hind-end 

were then 

taken on the 

division. 

1 ghed separately. The internal measurements were 

tore halt cross-section exposed by the transverse 

These measurements were recorded t o  the ile rest 

one-tenth ot a centimetre. 

The measurements are as follow : -

1 )  Measurement "A" Length ot "eye muscle" .  This 

is the ID&%imum distance acros the c ut surfac e  of the 

loag1ssimus dorsi from the e nd next to the pinous 

process outwards along the rib. 

2) Measurement "B" Depth of "eye muscle" . Thi 

is  the greatest distance at right angles to Measurement 

"A" on the same surface.  

3 )  Measurement "C" Thickness of the subcutaneous 
fat lateral t o  Measurement "B" .  

4)  Measurement "D" Depth of fat over t be  spinous 

process. 

5 )  Measurement "X" Thickness of muscle layers 

( mix d with intermusc ular fat ) on the lower halt ot tbe 

rib , but not including subcutaneous fat. 

6 ) Measurement nyn Tb.ickness of subcutaneous fat 

lateral to Measurement "X" . 

rib .  

7 )  Measurement "J" Subcutaneous fat overlying the 

4. D1 section .2! lli freshly kill d _ 

The d1 ection of tb.e care s conmenc d 1Dmed1ately 

after the above l i  ted sur ents bad been taken. E:.motl7 

tbe ame proce<t re was followed a s described tor the dis-

ction of the fi� d sheep. The bone , mu cle and fat were 
trea tea and aaured in the sam er. 
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5. Cross-sec t i onins � � carcasses 

Tbree ewes of eac h breed were used 1n this part of the 

s tudy. Tbe cross-sec ti on ing was done just after the internal 

c arcass measurements ball been taken. The procedure was as 

f ollows : - The fore end of t ne c ar-c ass was cross-sec tioned or cut 

transversely in a plane parallel to that of the c ut tha t  divi ded 

the carcass into fore and hind. halves. There were. six of tbeae 

parallel sections wit h  the transver se cut s  as t ol l ows : -

a) Between the eleventh and twelfth thorac ic vertebrae. 

b ) Between the ninth and tenth thoracic ver tebrae .  

e )  Between t he  seventh and e ighth thorac ic verteb rae. 

d) Between t he  fifth and s ixth thorac ic vertebrae. 

e) Betwee n t h e  third and fourth thorac ic vertebrae. 

f' )  Between tbe first and sec ond thorac ic vertebrae . 

As eac h sec ti on was cut , i t  was photographed from a 

c ons tant distance of 44 inches so that afte rwards a photographic 

c ompari s on could be made between t he two breed types .  When the 

transverse sec t i ons inc luded the limb b one s , a meat saw was used 

to sever the b ones. It was found that one of the animals bad 

fourteen thorac ic vertebrae ; 

fr om that animal included the 

thorac ic vertebrae instead of 

h�nc e , the f irst sec t i on removed 

twelfth, thi rteenth and four teenth 

too twelfth and t hirteenth 

vertebrae in the normal animal. 

6. Measurements ..2!! .!:!1!. .;::;b.-on--.e.;s 
At t he time of di s sec ti on onl.¥ b one wei ghts were taken. 

Then the bones were l abelled and put aside until the di ssect i on  

work had been c ompleted on all twelve animals. 

A nwnber of' measurements were made on the b ones of the 

forelimb in order to determine if &n1 ma j or struc tural difference 

between breed type was 1n eVidenc e. The bcm.ea asured re :�  

the left scapulae . the le:tt bwoerus , the l e:tt radius-ulna . the 

left metac arpus and the t borac ic vertebrae. M&n7 of tb. e 

measurements were "the same as those outlined b7 Barton and Wb7� 
( 1 952) , wb1Le the idea for the scapular index waa obtaine4 

from SisaoB ( 1930 ) . 

I . 

/ ·  
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a) . Measurements on the scapula 

on the scapula·e the following measurements wre taken: -

1 )  Measurement "SA". Distance between the tubex

scapulae and tne vertebral root o:r tbe s pine of tbe 

scapula. 

2 )  Measurement "SBn., Distanc e from t. be anterior 

l.imi t to t he posterior limit of tbe vertebral b order ... 
3)  Measurement " SO " .  Distance from the root of 

tbe spine of t he scapula to t ne posteri or 11m1t of tbe 

vertebral border. 

4) Measurement "SD" . Distance :f'rom the root or U. 
spine of the scapula to t he anteri or l imit of the 

vertebral border. 
5) Measurement "SE".  Lengtb from the middle at 

t tle glenoid cavity t o  t he verteb ral root of ttle spine of 

ttle scapula. 

6 )  Measurement "SF" . Lengt h fran the middle of 

the glenoid c avity to t he posterior limi t  of tbe 

vertebral b order. 

7 )  Measurement "SG" . Minimum di stance between ttle 

anter i or e dge and the posteri or edge of the neck of' the 

scapula. 

Measurements "SA" to "SFn were made usin g a pair of' 

d1 viders and measuring their spread on a steel rule t o  the 

nearest 0. 1 centimetre . Measurement "SG" was taken with a pm 

of' sliding calipers that bad a vernier scale permitt ing a reading 

to 0. 01 centimetre. 

b )  Measurem n ts on t b.e hwuerus .  

T he  following measurements were made : -

1 )  Measurement ••BA" . Lengtb. from t b.e ost an'\encr 

point to the most po terior lateral point. 

2) -'easurement "BB" .  Clrc umf'erence at the mi d-

point or Measur ent HA:" . Th1 was taken b7 c lrellng 

a very thin wire around tbe bone , marking lt and, atter 

tb.e Wire bad been straight.el16d, measuring the distance 

between the marked poi nts to the neares� 0. 1 c entimetre 

� 
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on a steel rule. In measuring the c ircumference of 

banes , some workers use . the position of t he nutrient 

foramen as the g uide point. According to  Lutkin ( 1 950 )  

this point i s  not reliable s ince he found t bat t be  

positi on of the nutrient foramina on the shafts of the 

humeri was so variable t hat it was not possible to  

determine one typical pqaiti on for it.  As  th e  Measure-
ment "HB" was to be use·Ci in a ratio it was felt that the 

pos ition of the nutrient foramina should be disregarded. 

3 )  Measurement "HO " .  The maximum width at MeasUI-e

ment "HB" ( lateral side of t he b one to t he medial. side ) .  

4) Measurement "BD" . The maximum depth at Measure

ment "BB" ( anterior face of the bone to the posteri or 

tace ) . 

Measurement "HA" { to the nearest 0. 1 centimetre ) was made 

using the dividers and Measurements "HO" and "HD" { to the nearest 

0. 01 centimetre ) were taken with the sliding calipers. 

c ) Measurements on the radius-ulna. 

The measurements on t his b one are as foll ows : -

1 )  Measurement "RA" . Distanc e  fran the most dorsal 

point and ventral tip of the styloid process. 

2) Measurement "RB" .  Maximum width at mid-point 

of Measurement "RA" . ( lateral side of t he bone to the 

medi al s ide) 

3 )  Measurement "RC " .  The maximum depth at the mid

point of Measurement "RA" . { anterior tace of t he  radius 

to t he posterior face o f  the radius , medial to t he ulna) . 
4) Meaauremen t "RD" . Minimum width below the ole

cranon { anterior edge to the posterior edge ) .  

Measurement "RA" ( to the nearest 0. 1 centimetre) was 

made using the dividers and Measurements "RB" , "RC" and "RD" 
( to the neare t o. 01 centimetre ) were taken with the sliding 

calipers. 
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d) Measurements on the metacarpus ( "cannon bone" ) 
1 ) Measurement "MA" . The length frcm the proximal 

and to t be distal end. 

2)  Measurement "IlB" . Tb.e circwnf'erence at the mid
point of Measurement "MA" 

3 ) Measurement "MC " .  The width at Measurement "MB" 
( lat ral edge of the bone to the medial edge ) 

4) Measurement "MD" .  Tne depth at Measurement "IlB" 
( anterior :face of tte bone to tne posterior face ) 

Measurement "MA u was made using the d ividers and 

Measurements "� " and "MD" were taken with tbe sliding caliper • 

Measurement "MB" was made using the thin wire as described tor 

Measurement "BB" . Measurements "MA" and "MB" were read to the 

nearest 0. 1 centimetre and lleaslU'ements "MC" and " IlD" to the 

neares t  0. 01 centimetre. 

e ) Measurements on the thorac ic vertebrae. 

In all cases t he thorac ic vertebrae · measured were thir-
teen in number. The measurements taken were as follows :-

1 )  Measurement "ThVA" . Distance between the anteri or 

aspect of the centrum T. 1 ( firs t  thorac ic v rtebra ) to 

the posterior aspect ot t he centrum ot the last thoracic 

vertebra or T . 1 3. This was taken with a pair of larg 

calipers and read t o  the nearest 0. 1 centimetre.  

2)  Measurement "TbVB".  Greatest vertical b ight of 

tne spinous processes ( excluding the cartilage at t 

dorsal tips ) . Tne b se point was the lowest point 

dial to the transverse processes and lateral to the 

spinous proce sses. The point is 1n a groove that ex

tends the entire length ot the thoracic vertebrae Tb 
measurement was taken with tb.e use of a 45 degree 

triangle that bad centimetre rulings along one edge. 

Tb:e baa of the triangle :rode in the above descr1be4 

groove and tbe height ot tne d orsal spine of eac h 

T rtebra was aaured. This asurement s to � 

nearest o. 1 c entimetre. 
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3 )  Measurement "TnVC".  The angles of the dorsal 

spines.  These were measUI'ed for each dorsal spine 

with a transparent protractor Whose base rode in the 

groove described in the measurement of the dorsal heights 

of the spines. The actual angle measured was the angle 

between t he horizontal plane and the most anterior point 

on t he anterior edge of t re dorsal spines as determined 

by a straight line from . the origin of the a ngle Wb.ich. 

was at the anterior base of the spine being measured. 

The reading was to th.e nearest degree. 

4) Measurement "ThVD" . Transverse thickness at the 

dorsal spines.  The gre atest thic lmess of t� dorsal 

half of the d oraal spines was measured using the afore

mentioned sliding calipers. All spines were measured 

to the nearest 0. 01 centimetre. 

5) Measurement "ThVE" . The posterior-anterior width 

of the dorsal spines. This is t he d i stance from the 

posteri or edge to the anterior edge of t he s pinous 

process at ita mid-point in vertic al height. This  

point was marked When the vertical height measurements 

were made. The width was measured with the sliding 

calipera and read to the nearest 0. 01 c entimetre. 



SECTION IV 

RESULTS. 

A. Body Measurements on the Live Animal . 

The se�ec ti on of linear measurements to aid in desc rip

tions and c omparisons of the l ive animal presents a multiple 

problem. The first part of t his problem has to do wi th the 

selec t i on of' base p oints that c an  e asily and quickly be l oc ated 

and relocated not only on the same animal but on different 

animals 1n the same spec ies. Sec ondly , having estab l ish ed 

wh ic h  measurements are rel iable , i t  is t hen necessary_ t o  disc� 

what t hey mean in relat i on to the animal ' s  functi onal demands 

and/or meat produc ti on in the c ase of c ertain domest ic animal s. 
In a pre vi ous investigation , Lamont ( 1 934) made the 

f ol lowing measurements on the forequarters of Ramney sbeep :

( 1 ) dis tanc e between t he s boulder points ( lateral tuberosities 

of' the humer i ) , ( 2 ) length of' the scapula,  ( 3 )  breadth of t he 

sc apula , ( 4) length of t he  humerus ,  ( 5 )  length of the radius

uJ.na , ( 6 )  hei ght at wi thers , ( 7 ) body depth ( depth of thorax) 
and (8 ) heart girth. or these be states that little rel ianc 

c an be placed on the measurements between the s boulder points 

and the me surements of' breadth of scapula. 

In a study of acc uracy ot measurements of' beep Phillips 

and Stoehr ( 1 945) found tbat the height at with re , width of' 

shoulders ,  depth ot thorax and the c ircwoterence of t he  chest to 

be qui te depenilable. 

T he asurements taken in t his canparison ot breed '\ype 

included th height at wi�hers , heart girth , depth of thorax and 

width between the lateral tubero 1t1�s ot the bUIDI.U'i. Th.eee , 

it. was te1t . were the beat possi�111tles s tar as repeatab111ty 
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• s conc erned. Also the point s  of me surement to be u ed r 

easily loe kd on all animals in this stuci7. 

The ab�ve body me surements were taken using two diffe� 

systems of obtaining repeat measure s. The fi rst of tbes will 

be termed the "Repeatabil ity Trial "  and wa the system involving 

three observers eac h taking the s ame  observati on twice. Th 

s ec ond system will be known as the �ree d C ompari son Tes t "  in 

whi c h  the data were coll ec ted by one observer on twelve succ e ssive 

days. 

In analys ing the data t he an lysi s  of variance technique 

used by Rae ( 1 946 )  in a s imilar s tudy was appli ed. The valianoe 

was parti ti on d to its vari ous s ources following the method of 

Winsor and C lark { 1 940) as c ited by Rae { 1 946 ) .  

1 .  � rePQatabili tg trial 

As mentioned before , thi s type of trial was used by Rae 

(1946) in order to determine the degree of acc uracy tha t  c ould be 

expected in making l ive animal me�surements. The proc edure 

involves tb.r e ob serv rs e ac h  taking the s ame me asurement at two 

different times on the same animal. This trial was made after 

the animals bad been closely shorn in order to reduce error that 

might resul.t from the fleece. S inc e  t b.e animal.s had b en 

tr 1ned to stand wb.en they had a halt r on , the error which migbt 
ordinarily be attributed t o  the animal ' s  "exc i tab ility" or 
"n rvousnesstt was pract ically eliminated. Tb.e means f or breed 

types , oba rvers and repeats are pre ented in Table 5. 

Measurement. ( Inches) 
Height at 

witber 

Heart girt 
De£th 0� 

t orax 
idth b t ea 
humeri 

TABLE 5. 

MEANS FOR THE MEASUREMENTS 
IN THE REPEA'rABILITY TRIAL. 

Breed Type Observers 
R ey Cheviot No. 1 o. 2 

22. 67 23. 21 22.91 23.03 
35. 04 33. 95 34. 37 �47 

1 2. 45 1 2. 20 1 2.38 1 2. 23 

8 . 71 8. 46 8.43 8.59 

R peats 
No. 3 1 t 2nd 

22. 87 22.95 22.93 
3Lt. 65 �24 34.75 

1 2.37 1 2.32 1 2.33 

8. 74 8.51 8.66 

I 
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a) Tbe �eight t withers 

Thi s  easurement was taken bee use or the possibility of 

combining it With the depth of thorax measurement to indicat 

length or l g in relation to depth of bo4T in the t boracic regioa. 

Source 

Total 
Between Sheep 
Between observers 
Sheep x observers 
Repeats 
Repeats x observers 
Repe ts x sheep 
Rpts x obsrva x shp 

TABLE 6. 

ANALYSI S  OF VARIANCE 
FOR HE IGHT AT WITHERS . 

d. f. s s  
1 1 9  95. 28 

1 9  74. 36 
2 0. 56 

38 7 . 55 
1 0. 02 
2 1 .  40 

1 9  4. 24 
38 7 . 1 5  

MS 

3. 91 
o. 28 
0. 20 
0. 02 
0. 70 
0. 23 
0. 1 88 

F 

20. 80 •• 
1 .  49 
1 . 06 

3. 72 . 
1 . 1 9 

The analysis of variance of hei ght at withers is shown 

in Tab le 6 and the partition of the variance to its vari ous 

sources  is given in Table 7. Differenc s b tween s heep are 

hi ghly s ignificant and acc ount for 72. 54% of the tot 1 v riance. 

The an di ff ren.ces betwoen observers and between repeats r 
small and nOB- igniticant which is gPatifying from the viewpoint 

at repeatability of thi s measurement. Of the interacti on the 

repeats  x observers interaction is sign ificant t the 5% lev 1. 

Thi s indicates that there was no tendency for a ll o ex-a to 

a ure the ght at withers c onsistently big� or consis� ntly 

low 1n eh r peat. R ther , for example , the ten ncy- for 

Ob erver No. 1 to be high in Repeat No. 1 and to b low in Repeat 

No. 2 ,  While Observer No. 2 r versed the order in such a that 

over b oth. repeats and ll obs rvers ,  tb. d1f'f rences av rag d o :t. 
In general , this interaction does aot affect the ccur cy of' tb 

measure.m nt £or prac tic l purpos s to the extent that interactions 

of s h  ep x Obs rvera or sb p x repe ts would do , since thes  

lat�e� 1n �cti ons imply that ditt r nt observers and ditf r t 

repe t nd to rank the h ep in different orders. 
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TABLE 7. 

PARTITION OF VARIANCE 
FOR HE IGHT AT WITHERS. 

Source Components Value of Value 
C omponents as a %age 

Sheep E + 2SOE + 3 RSE + 6SE { S )  0. 61 3 72. 54 

Observers E + 20ROE + 2 SOE + 400E { o)-o. 01 1 

Repeats E + 20ROE + 3RSE + 60RE ( R ) -o. 01 2 

Sheep x obser'Vers E + 2SOE ( A )  0. 006 0. 71 

Repeats x obeeMerS E + 20ROE ( B )  0. 026 · 3. 28 

Repeats x sheep E + 3RSE ( C )  0. 01 2  1 . 42 

Rps x obsrv x sb.p E ( E) 0. 1 88  22. 25 

Total 0. 845 

SYMBOLS USED IN PARTITION OF VARIANCE. 

s is variance in average measurements between sheep. 

0 is variance in average measurements made by different obser"Vers 

R is variance in average measurements on di fferent repeats. 

A is varianc e due to interact! on between sb.eep and observers. 

B is varianc e  due to interaction between repeats and observers 

c i s  varianc e due to interaction between repeats and sheep. 

E is variance due to triple interaction of repeats , observers 
and sheep. 

b )  The heart g irth 

This measurement was taken because it was thought that 

the heart girth canb1ned w1 tll that of the depth of thorax 

measurement might give some indication of the shape of the cross

secti on of the chest. 

Table 8 shows that the mean squares bet en s heep and 

between repe ts are highly significant , while the between 

observ rs value is significant. The high variance for beep 

indica-tes that the heart .girth measurement can in f'act �h· 

41f'ter noes b-etween stleep which, of' course , la �eey essential i.n 

the use of this measur ent.. The anal.ysis also brings out the 
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TABLE 8. 

ANALYSIS OF VARIANCE 
FOR HEART GIRTH. 

Source d. f. ss 118 F 

Total 1 1 9 277 . 02 
Between a beep 1 9  249. 29 1 3. 1 2 62. 28 •• 
B tw en observers 2 1 .  63 0. 82 4. 21 • 
Sheep x observers 38 6 . 08 0. 1 6  
Repeats 1 8. 01 8. 01 41 . 08 ••  
Repeats x observers 2 1 . 1 9 o. 6o 3. 08 
Repeats x sheep 1 9  3. 41 0. 1 8  
Rpts x obarvrs x shp 38 7. 41 0. 1 95 

ract that the observers tended to measure sheep differently and 

that the repeats by observers were not entirely c onsistent. 

However , the above values may be magnified by the rel tively 

small triple interac tion whic h was used in the test for sign1f1-

cance. 

S ource 

TABLE 9. 

PARTITION OF VARIANCE 
FOR HEART GIRTH. 

Symbol for Value of 
C omponents Componen ts 

Sheep s 2 . 1 64 

Observers 0 o. oo6 

Repeats R 0. 1 24 

Sheep x ob servers A -0. 01 8 

Repeats x ibservers B 0. 020 

Rep ats x ab ep c -o. oos 
Repeats x Ob vrs x sheep E 0. 1 95 

Total 

Value 
as a �g 

86. 25 

0. 24 

4. 94 
-

0. 80 

7 .. 77 

The partition 1n T �le 9 shows that tile gr at.est portJ.on 

ot tb variance in the h art girth measurement is due to ah .. p 
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differences and relatively little due to repeats as was sus

pected in t�e interpretati on of the analys is o� variance. The 

sec ond largest value is that of t he t riple interac ti on ,  but this 

is still relatively smal l. On the whole , then , this measure-

ment is suffic iently reliable for use in the present stud7. 
c ) The depth of thorax 

The measurement was taken because of t l'B poss ibility of 

combining it  wi th either the measurement of heart girth to indi

c ate �orm or with t he he ight of wi thers to indicate length of 

leg in relation to depth of body in the thorax region. A 

further advantage was tha t the base points used were easily 
located and stable. 

TABLE 1 0. 

ANALYSIS OF VAR IANCE 
FOR DEPTH OF THORAX. 

S ourc e d. f. 

Total 1 1 9 
Between sheep 1 9  
Between ob servers � 
Sheep x ob servers 38 
Repe ts 1 
Repeats x observers 2 
Repeats x sheep 1 9  
Rpts x obsrvrs x shp 38 

ss 
1 6. 23 
1 3. 48  

0. 55 
1 .  04 
0 . 00 
0. 09 
0. 29 
0. 78 

MS F 

-
0. 71 0 33. 81 •• 
0. 280 1 3. 33 •• 
0. 027 1 . 29 
0. 000 

0. 045 2. 1 4  
0. 01 5 
o. 021 

In this measur ment , Table 1 0  shows the variance- b t en 

sheep and between observers t o  be highly significant , the other 

�actors being of small effect. Again , the table of means 

bows a s 11 differenc e between the bre d types Which w ould 

indicate a larger differenc e between sheep. The means �or th 

repeats are very similar but there is a small difference bet een 

observers. This shows t.hat ac h observer , while d1't1'ering 

s11gbtl7 from the o-thers , as able to repeat this measur ent 
with remarlt&ble accaracy. 
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TABLE 1 1 .  

PARTITION OF VAR IANCE 
FOR DEPTH OF THORAX 

Symb ol for Value of 
C omponents Components 

Sheep s 0. 1 1 40 
Observers 0 0. 0056 
Repeats R 0. 0000 
Sheep x observers A 0. 0035 
Repeats x observers B 0. 001 5 
Repeats x sheep c o. oooo 
Rpts x obsrvrs x shp E 0. 0200 

Total 0. 1 446 

Value 
as a %age 

78. 84 
3. 78 

2. 42 
1 .  04 

1 3. 83 

The apportionment in Table 1 1  again shows that 
differenc es between s heep c ontribute most to the total variance 
while the amount contributed by t he differences between observers 
is small.  The sec ond largest value is th e triple interac tion 
which is  c omposed of the true triple interaction and error not 
accounted for by the other i tems in the analysi s. 

d) The width between the tuberosities of the humeri. 
These points  were selected since t bey seemed to be f"air]¥ 

TABLE 1 2. 

ANALYSIS OF VARIANCE 
FOR WID'l'H BETWEEN THE TUBEROSITIES OF THE HUMERI.  

Source d. t. ss MS F 
Total 1 1 9  23. 69 
Between she p 1 9  1 5. 67 0. 82 21 . 59 •• 
Between ob ervers 2 1 .  87 0. 94 24. 74 • •  
Sheep x oba rvera 38 2. 93 0. 08 2. 1 1  • 
Repeats 1 0. 71 0. 71 1 8. 68 • •  
Repeats x observers 2 o. 1 4  0. 07 1 . 84 
Repeats x auep 1 9  0. 89 0. 05 1 . 32 
Rpta X Ob81"1'1"8 X &hp 38 1 . 48  0. 038 
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e a s i l y  identifiab le on al l an imal s ,  and bec ause an acc urate 

wi dth measurement might give addi t i onal i nf o rma t i on on t he f orm 

of t he shoulder regi on.  

The anal y s i s  in Table 1 2  shows the F values f o r  between 

sheep , between ob servers and b etween repeats to b e  h ighly signi-

f i c an t .  T h i s  indicates t ha t  not only did t he s heep vary , b ut 

s o  di d t he observers in t aking t he � asurement and t hey varied 
between repeats.  The sheep x ob serve rs interac t i on was s igni

f i c ant and indi c a t e s  t ha t  t he ob servers fai led to rank t he sheep 

in the same order for t hi s  measurement . 

TABLE 1 3  

PART IT I ON OF VAR IANCE 
FOR WIDT H BETWEEN THE T UBEROS IT IE S  OF THE HUMERI . 

Source Symb ol fo r Value of Value 
C omponents C omponents as a %age 

Sheep s o .  1 21 7  29. 00 

Ob servers 0 0. 0207 4. 93 

Repe a t s  R 0. 21 33 50. 76 

Sheep x observer s A 0. 0200 4. 76 

Repe a t s  x observers B 0. 001 5 0. 36 

Repeats .x sheep c 0. 0030 o. 71 
Rpts x ob svrs x shp E 0. 0400 9. 52 

Total 0. 4202 

T he par t i t i on of t he v arianc e in Table 1 3  shows that 

alt hough there is c ons iderab l e  var i am e due to the differences 

between animal s , ab out one-half of t he t otal must b e  attributed 
to repea t s .  Ev idently , for t he observers c oncerned ,  t his 

measurement was not repeated wi t h  any high degree of acc uracy. 
The varianc e  ac tual ly due to di f f e renc e between ob servers is , 

however , n o t  lar ge .  From t h e  f i nd ing s i t  c an be c onc luded 

t ha t  t hi s measurement i s  not as repeatable as might be hope� 
T he greates t  di ff ic ul ty i n  tak i n g  t he reading i s  in the applying 

a cons t ant pressure  for all animal s on the s li di ng arm of the 
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c al i pers when i t  i s  pushed aga inst the mea s ur ing point. 

Anothe r s o ur c e  of error would b e  in t he s heep ' s  stanc e .  It is 

nec essary that t here be t he s ame di s t anc e between the two front 

feet f or eac h measurement .  A l t h ough t he s heep were standing 

nat ural ly e ac h  t ime , t he ac tual di stanc e c ould have varied 

sl i ghtly b e tween measure ment s .  

e ) A survey of results 

A s urvey of t he re s ul t s  for all t h e  mea surements by thi s 

sys tem reveal s a relat ively h i g h  order o f  acc uracy except for 

the measureme nt b et we en the la teral tuberos i t i e s  of t he hume r i .  

Even thi s l a s t me asurement h a s  s ome mer i t  in t h a t  very l i t tle • 

interac t i on appears i n  the analy s i s .  T he app ort i onment of 

vari anc e for the he i gh t  a t  wi the r s , dep t h  of thorax and for the 

heart g i r t h  s howe d  72 per c ent or more of the variance due t o  

the anima l s .  In all o f  t he se c a se s t he sec ond h i ghest val ue 

was due to t he t r i ple interac t i on or var i anc e t hat c ould not be 

ac c ount f or i n  e i t her the ob servers , repeats or any of the other 

i nterac t i on s .  

2.  � b re e d  c omparis on � 
I n  t hi s  s ec t i on a t �e n t i o n  i s  foc us s e d  on a c ompari s on 

between t he t wo breeds under c onsi dera t i on .  Eac h measurement 

was made in two series of six succ essive day s , one ser i es b e ing 

taken bef ore t he an imal s were s horn and t h e  o ther after they had 

been c l osely s horn in preparat i on f or t he phot ographing a nd  

radi ograph i ng. T hus , a n o t her c ompar i s on ,  t ha t of e ffec t o f  the 

f l ee c e  upon mea s ure me n ts and t he i r  acc urac y , was made poss ib le .  

A l l  t he me a surement s were t aken b y  t he same ob server i n  t he 

mann er de
.
sc ribed prev i ou s ly .  I n  t he analy s e s  of varianc e ,  the 

c ompar i s on of t he measureme nts taken b e f ore s he ar i ng wi th those 

take n  after s hearing is referred to as " tre atmen ts " .  

a ) The he i g ht a t  wi t hers . 

T he means for t h i s  measuremen t and the anal y s i s  of 
vari anc e appear i n  Tab le s 14 and 1 5 . 

I n  t he analysi s s hown i n  Tab le 15 t he triple interac tion 



APPENDIX I ( e onti�) 

W i dth between 

lateral tube ros i tie s of tne humeri after shearini inenes) 

Sheep 1st 2ncl 3rcl 4th 5th 6th 
No . Repeat Re peat Re peat Re peat Re peat Repeat 

Romneya 

5 8 . 25 8 . 50 8 . 50 8 . 25 8 . 50 8 . 75 
10 8 . 75 8 . 50 8 . �  8 . 50 8 . 50 8 . 50 
11 8 . 50 8 . 00 8 . 25 8 . 25 8 . 25  8 . 25 
23 8 . 75 9 .00 9 . 00 9 . 00 8 . 75 9 . 00 
26 9 . 25 9 . 25 9 . 25 9 . 00 9 . 00 9 . 00 
27 8 . 50 8 . 25 8 . 75 9 . 00 8 . 50 8 . 56 

:R28 8 . oo 8 . 00 8 . 25 8 . 00 8 . 25 8 . 00 
3 5  8 . 00 7 . 75 8 . 00 8 . 00 7 . 75 8 . 00 
39  9 . 00 9 . 50 9 . 50 9 . 25 9 . 50 9 . 25 
44 7 - 75 8 . 25 8 . 25 8 . 2 5 8 . 00 8 . 25 

Total 84 . 75 85 . 00 86 . 25 85 . 50 85 . 00 85 . 50 

ATerage 8 . 48 8 . 50 8 . 63 8 . 5 5  8 . 50 8 . 55 

CheTiota 

13 8 . ?5 9 . 25 8 . 75 9 . oo 8 . 50 9 . oo 
17 8 . 2 5  8 . 25 8 . 50 8 . 50 8 . 25 8 . 50 
18 8 . 50 8 . 50 8 . 25 8 . 00 8 . 25 8 . 00 
19 8 . 50 8 . 25 8 . �5 8 . 25  8 . 50 8 . 25 
20 8 . 25 8 . 25 8 . 25 8 . co 7 . 75 8 . 25 
2 4 7 - 75 8 . 00 8 . 00 8. 00 8 . 2:5 8 . 25 

C28 8 . 25 8 . 25 8 . 00 8 . 25 7 . 75 8 . 00 
30 8 . 25 8 . 75 8 . 25 8 . 25 8 . 50 8 . 75 
5 5  7 . 75 7 . 75 7 . 75 7 - 75 8 . 00 8 . 00 
68 8 . 25 8 . 50 8 . 2 5 8 . 25 8 . 00 8 . 25 

T otal 82 . 50 83 . 75 82 . 25 82 . 25 81 . 75 83 . 25 

Average 8 . 25 8 . 38 8 . 23 8 . 23 8 . 18 8 . 33 
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TABLE 1 4  

MEANS F OR 
HEIGHr AT W ITHERS. 

Treatment Bree d Type s ( Inc hes) Romney Cheviot 

Unshorn 22. 77 22. 52 

Shorn 22. 73 22 . 77 

Breed Mean 22. 75 22. 65 

TABLE 1 5  

ANALYSIS OF VARIANCE 
FOR HEIGHT AT WITHERS. 

Source 

Total 

Between sheep 
Between breeds 
Within breeds 

Between tre atments 
Treatments x s heep 
Treatments x breeds 

d. f. 

239 

1 9  
1 

1 8  

1 
1 9  

1 
· 'trtmts x b reedS 'f8 

Between repeats 5 
Repeats x sheep 95 
Repea ts x b reeds 5 
Within repeats x b reeds 90 

Repe ts x tre tments 

Rpts X Sh p X trtmts 

5 

95 

ss 
269. 68 

1 02 . 1 8  
1 02. 1 8  
1 01 . 39 

0. 79 
20. 02 

1 . 1 0 
m. �2 

1 .  09 
7. 45 
3. 90 
3. 55 
0. 54 

1 37. 63 

Treatment 
Means 

MS 

5. 38 
5. 63 

0. 79 
1 .  05 
·1 . 1 0 
l . 05 

0. 22 
0. 08 
0. 78 
0. 04 

0. 1 1  
1 . 459 

22. 64 

22. 75 

F 

3. 71 • •  

term was u ed to  test the three inter cti ons :- treatments x ab 
repeats x sh ep and repeats x treatments. These re ll found 

to be non-s1gn1r1cant. Hence , the triple interaction • s ue d 

in t st ing the repeats ,  sheep and tre tment mean squares. The 

only term tound to be slgnit'icant was t hat of sheep whic h indi

cates tbat mo t of the vari anc e  lies in thi s fac t or and t hat. 

11tt1e or none of it c an  be attributed to the repeats , tr t nta 

·Or aD¥ ot the interactions. In other words , the asurement 

, 
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is very- repeatable and the fact that there ns two to three 
inc hes of' wool covering the point of measurement made no 
difference to resul ts . In testing the s ignificance of breed 
differences , the within breed term was used. T b.e mean square 
between breed types was found to be non-significant , indicating 
that tb.e small difference between the means is due to c hance. 

b ) The heart girth. 
The means for the he art girth measurement and the 

analysis of' varianc e are shown in Tables 1 6  and 1 7. 

Treatment ( Inc hes ) 
Unshorn 
Shorn 

Breed Mean 

TABLE 1 6  

MEANS FOR 
THE HEART GIRTH 

Breed Type 
Romney Cheviot 
35. 29 33. 90 
34. 26 32. 50 
34. 78 33. 20 

!-ABLE 

ANALYSIS OF VARIANCE 
FOR THE HEART GIRTH. 

Source d. f .  ss 

Total 239 557. 84 
Between sheep 1 9  423. 23 
Between breeds 1 . 1 48. 84 
Witb.in breeds 1 8  247. 40 
Between treatments 1 88. 21 
Treatments x sheep 1 9  4. 99 
Tre t nts x breed 1 1 .  92 
Within treatments x bds. 1 8  3. 07 

B tnen r peata 5 3. 62 
Repeat x sbeep 95 1 4. 42  
Repeats x breeds 5 0. 72 
Within r peats x breeds 90 1 3. 70 
Repeats x treatments 5 6. 1 0  
Rpta X abp X trtmt 95 7. 26 

Tr atment 
Means 
34. 59 

33. 38 

MS F 

22. 28 
1 48. 84 1 0. 83 •• 

1 3. 74 
88. 21 72. 29 • • 

0. 26 3. 44 • •  
1 . 92 
0. 1 7  
0. 72 4. 77 • •  
0. 1 5  1 .  98 • •  
0. 1 4  
0. 1 5  
1 . 22 1 5. 97 •• 
0. 076 
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In t he analys is shown in Table 1 7  the within b reeds 

terms was used to test  for any diffe renc e between b reeds.  T he 

triple interac t i on was used to test  the repeats x treatments , 
repeats x sheep and the treatments x sheep interac ti ons , al l ot 

wh ich proved t o  be signi�icant. In order to test the treat-

ment mean square , the repeats x treatment fac tor was util ized. 
In test ing tbe repeats , the repeat s  x sheep te� was use d. 

In thi s measurement the differences between breed types , 

be tween treatment s and between r epe ats were � ound t o  be signi�i-
cant. The tab le of means ( Table 1 6 )  shows that. the Romney 
group has the large r heart girth b oth before and �ter shearing. 

The shearing made an average di fference of about 1 . 2  inches wben 

c ompared wi th the same group in t he unshorn condi tion. This 

is qui te �eaaible in that in making the measurement the flexible 

steel was against the skin or wool of the sheep for the whole 

measurement. Any wool present would tend to increase the 
heart girth measurement as t he tape c ould not be drawn up to the 

ac tual surface of the skin. 

c ) The depth of th orax 

The means for the depth of thorax and the analysis ot 
variance f or this  measurement appe ar in Tables 1 8  and 1 9. 

TABLE 1 8. 

MEANS FOR 
THE DEPrH OF THORAX.. 

Treatment Breed Typ ( Inc he ) Romney Cheviot 

Unshorn 1 2. 43 1 2. 1 6  
Shorn 1 2. 33 1 2. 06 

Breed Mean 1 2. 38 1 2. 1 1  

Treatment 
Means 

1 2. 30 
1 2. 20 

In the analysis shown in Table 1 9  the triple interaction 

was �irst used to test t b.e repeats x sheep , the repeats x treat

ments and the treatments x sbeep an squares. In tb.i s it wa 

found th•t only the repeats x treatments interac tion was eignl-
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TABLE 1 9. 

ANALYSI S OF VARIANCE 
!'OR DEPrH OF THORAX.. 

Sourc e d. t.  ss IlB F 

T otal 239 31 . 00 
Between sheep 1 9  20. 65 1 .  09 24. 99 • • 
Be tween breeds 1 4. 27 4. 27 4. 69 • 
Wi thin breeds 1 8  1 6. 39 o. 91 
Be tween treatments 1 0. 55 0. 55 5. 26 
T reatments x sheep 1 9  1 . 1 3 0. 06 1 .  51 
T reatments x b ree ds 1 o. oo o. oo 
Wi thin treatments x bds 1 8  1 . 1 2 o. o6 
Be tween repeats 5 0. 28 0. 06 
Repeats x sheep 95 4. 1 3  0. 04 1 . 1 1 
Repeats x breeds 5 0. 55 0. 1 1  
Wi thin repeats x breeds 90 3. 58 0. 03 
Repeats x treatment s 5 0. 52 0. 1 0  2. 67 • 
Repea ts x sheep x trtmts 95 3. 74 0. 039 

f ic ant . I t , in turn , was used to test t he trea tment me an 

square which proved to b e  non-signi�ic ant . I t  was also used 

on the repeats mean square w1 th the same resul t .  T o  test the 

sheep mean square t he tri ple interac t i on was used and a h ighly 

si gnif ic ant result ob tained. The wi thin breeds term was again 

used to test the b e tween b reeds fac t or .  This showed tba t  t he 

Romney group averages s i gnificantly deeper in the t horax. Sinc e 

the difference due to t reatment was non-significant i t  is 

apparent t bat the meaa u.rement can be taken satis�actor ily on the 

unshorn animal . 

d) The wi dth between t he tub erosities of the humer i .  

T he  means an d  analysis o f  variance for ttU.s me surement 

will be :tound in Tables 20 and 21 . 
This t ime t be  t riple interac t i on was used again t o  test 

the treatments x sheep . the repeats x sheep and t he repeats x 

treatments interact ions. Ot these , t he last two were signifi-

cant. To teat t he mean aquare :tor sheep , the treatment x abaep 

val.ue was ua4 and ahow d l t  to be hig bly signiticant. Tbe 
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TABLE 20. 

MEANS FOR 

THE WIDTH BETWEEN THE LATERAL TUBEROSITIES OF T HE HUMERI. 

Treatment 
( Inches ) 

unshorn 

Shorn 

Breed Type 
Romney Chevi ot 

8. 65 8. 59 
8. 53 8. 26 

Breed Means 8. 59 8. 43 

TABLE 21 . 

ANALYSIS OF VARIANCE 

Treatment 
Means 

8. 62 
8. 40 

FOR WIDTH BETWEEN THE LATERAL TUBEROSITIES OF THE HUMERI . 

Sourc e d. f .  s s  MS F 

Total 239 50. 1 6  

Between sheep 1 9  34. 30  1 .  81 1 8. 48 •• 
Between breeds 1 1 .  71 1 .  71 
Within breeds 1 8  32. 50 1 .  81 
Between treatments 1 3. 07 3. 07 1 8 . 90 * *  
Treatments x sheep 1 9  1 . 86 0. 1 0 2. 30 * *  
Treatment s x breeds 1 0 . 54 0. 54 
Wi thin treatments x bds 1 8  1 . 32 0. 07 
Between repeats 5 0 . 79 0 . 1 6  
Repeats x sheep 95 5. 30 0. 06 1 .  31 
Repeats x breeds 5 0. 59 0. 1 2  
Wi thin repeats x breeds 90 4. 71 0. 05 
Repeats x tr atments 5 o. 81 0. 1 6  3. 83 •• 

Repeats x she p x trtmts 95 4. 04 0. 043 

repeats x tre tments term was used to test treatments and repeats, 

and, of tb.eae , only tne between treatment �an squar was of a 

aignif'icant gni tude. To check tor breed �ference the 

Within breeds term ns used as the testing term. No breed 

type diff' renc e was in evidence. The high si gniticance of' the 

tr atment an square indicates that the measur ment att r 

ab aring waa s ignificantly leas than the same measurement on the 

unahorn an�la. 
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e ) A survey or resul ts . 

A survey of the results in this section shows in wery 

case that ditferences between sheep were si gnificant and impor-

tant. Ho ever , only in two of the measurements , depth of 

t horax and heart girth ,  was a breed type Oifferenc e indicated. 

In both these c ases , the Romney group was the larger by 1 . 5  
inc hes in heart g irth and by about 0. 25 inc hes in the depth ot 
thorax. 

Treatment exerted an effec t only in the heart girth and 

in the depth of thorax measurement but only in the former was 

the di fference apprec iable. 

The measuremen ts taken were all satisfactorily repeat� 

as evidenc ed by the non-significant mean squares for r4peats in 

all but t he heart girth measurement. In thi s  one as with the 

rest , a partiti on of variance showed e ither a very small or a 

nil val ue. Wit h some prior pract ice on these measurements , 

one observer c an take them quite acc urately even wit h  two or 

three inches of wool on the animal. When wool to t hat extent 

is on the sheep , only the heart gir th measurement is affected to 

any great degree . 

The breed type means ,  S tandard Deviation a nd Standard 

Error are tabulated in Table 22. These are the means obtain d 

from the measurement of the sheep when shorn. 

TABLE 22. 

.MEANS FOR 
THE LIVE ANIMAL MEASUREMENTS. 

Me aurement Breed Type Mean S. D. S. E. 
( Inches ) 

Height at i thers Romney 22. 73 0. 67 o. 21 
Cheviot 22. 77 0. 79 0. 25 

The heart girth ROIDiley 34. 26 0. 81 . 0. 26 
C heyi ot }2. 50 0. 77 0. 24 

Depth of thorax Romney 1 2. 33 0. 1 5  0. 05 
C h-evi ot 1 2. 06 0. 29 0. 09 

Bet en humeri Romney 8. 53 0. 1 6  0. 05 
C he:v1ot 8. 43 . o. 21 0. 01 
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· f ) Ratios using the live animal measurements .  

In order to g et s ome idea of the t orm of the t orequarters 

tram the means as given above it is necessary to use them in 

ratios or proportions. 

The first and most obvi ous ratio is the proportion of 

the height at withers that is taken up 1n body depth. It 

might be represented as the length or leg in relati on to depth 

of body. It is calculated by t aking the mean depth of thorax 

measurement as a percentage of the he ight at wi thers. For the 

Romney group this is 54. 2 per cent and tor the Cheviot types it 

is 52. 9 per c ent. Thi s difference of 1 . 3  per cent is not 

apprec iable and should not be considered as a real one tor these 

groups. 

The next rati o c onsidered is a shoulder blockiness pro

portion whic h c ombines t he averages tor the depth of thorax and 

t he width between the humeri . Using this  last measurement as 

a percentage of the depth of thorax might show one type t o  be the 

more bloc� in this region. For the Romney group thi s  percent-

age i s  69. 2 and for t he  Cheviot group 69. 8 .  Again , there is 

no noticeable differenc e.  

A third possibil ity insofar as rati os are c onc erned is a 

shape of thorax index whic h can b e  calculated by using the depth 

ot thorax measurement in c omb inati on w1 th the heart girth 

measurement. With depth of thorax expressed as a percentage 

of heart girth , the Romney figure is 36. 0 per cent and tor t he  

Cheviot group i t  is  37. 1 per cent. A small percentage in this 

calcula tion would indicate a mor circular thorax and a larger 

one would mean a more oval type. In thi s c onnection , an inte-

resting th ory has been worked ou� by Stockard { 1 941 ) in h1 

experiments on form and behaviour in the canine. He was able 

to classify a lethargic type and a more ac tive type of dog b7 

considering their form. The Bassethou.nd i s  a short legged 

animal with a round thorax and tends to become tat easily , while , 

1n c ontrast , the German S hepherd has long ,  thin legs and a thiD 

thorax and abdominal region and is an acti ve type. Although 

no real differences were discovered between the two breed t7J)ea 
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under c onsid ra ti on wi th re spec t to this aspect of for.m , a 

further study wi th more c ontrast ing b ree d types c ould VerT easilf 

bring up s uc h  a c or rela ti on in the s heep . 

A photographic comparison of the frontal , lateral and 

dorsal viev.e of t be  t wo b reed types app ears in F igure s 1 4 ,  1 5  and 

1 6 .  

3 .  Live animal measurement s and t he same measurement on the ......,_, .--, - .___ - -

_r_u ..... ed ... �· 
Eac h measurement t hat had been taken on the li ve animals 

was appl ie d t o  the same animals at"ter t hey had been f ixed wi tb 
the f ormal sal ine s olution. F or purposes of· compari s on ,  the 

average l ive measuremen ts of eac h animal tixed was taken from tb 

s ries of six repeats on the shorn animal by one observer , as it 

was the same Observer that repeated these measurement s on the 

fix d animals. The same proc dure as de sc ribed previ ously was 

f oll owed in taking the meas urement s. On the fixed animal s ,  

each measurement was repe ated three times and t he average of 

t he se taken. It was found t hat on the f ixed animal the b ase 

point s we re very stab l e  and henc e there was prac tical l y  no 

di fferenc e  between repeats. The measurement s d id not vary more 

than 0. 25 inc hes between repeats. 

TABLE 23. 

MEANS SHOWING 
EFFEC'r OF F IXING ON LIVE MEASUREMENTS 

Animal. He i ght at 
Withers 

L ive Fixed 

20 22. 63 22. 83 
24 23. 29 23. 83 
68 22. 46 22. 75 
1 0  236 96 23. 67 
23 22. 29 23. 67 

R28 21 . 50 22. 67 

Avweg��22. 50 23. 24 

Heart Girth 

Live Fixed 

31 . 50 34. 75 
32. 38 34. 75 
31 . 42 33. 42 
33. 25 35. 42 
35. 00 35. 58 
33. 83 35. 50 
32. 89 34. 90 

Depth � 
Thorax 

Live F ixed 

1 1 . 75 1 2. 08 
1 2. 21 1 2. 25 
1 1 . 83 1 2. 00  . 
1 2. 1 3 1 2. 58 
1 2. 54 1 2. 75 
1 2. 21 1 2. 58 

1 2. 1 1  . 1 2. 37 

( INCHES ) 

Width Between 
Humer i .  

Live F ixed 

8. 1 3  8. 08 
8. 04 7. 67 
8. 25 8. 00 
8. 54 8 . 50 
8. 92 8 . 50 
8. 08 8. 08 

84 33 8. 1 4  

A c ompar ison of t he average s  in Table 23 would b �eg1t1-
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mate , because in every case , with the exception of one , the 

c hange 1n eac h measurement on eac h animal from t he l ive state 'o 

t he f'ix d c ond1 ti on was in the same direction. From a review 

of' tbe av rages i t  will be noted t hat 1n the r ixe4 state there 

was a slight increase in the height at withers and in the depth 

of thorax , and qui te an apprec i ble increase in the heart. girth 

measurement. In the distance between t he lateral tuberositie s  

of the humeri there was a slight decrease wh ic h  i s  natur 1 1n 

vi w of t he body position of the animals while undergoing fixation. 

4. Shoulder moulds 

As mentioned in Sec tion I I IC , the reason for taking the 

moulds of t he s houlder was to obtain a general indicati on of the 

form of t he c ross-sec ti on through the s houlder region of t he 

living animal. Photographs of these moulds appear in Figure 

1 7 ,  so t ha t  a visual c ompar i son may be obtained. 

Only two measurements will be c onsidered in thi s section : -

a )  Area. The area of the c ros s-se c t i on in square centi

metres ob ta ine d by the use of the planimeter. 

b )  B se distance. The distanc e between the lateral 

tuberosities of t he radii .  

The mean differenc e s  between b ree ds w1 t h  standard devi

ati ons , standard errors and t values a�e shown in Table � 

Me 

Are 

B se 

TABLE 24. 

MEASUREMENTS 
OF SHOULDER MOULDS. 

urement Breed Type d. t. Mean S. D. S. E .  t -

( q. c ) Romney 9 455. 8 54. 4 1 7. 2 11 . 1 4  BS 
Cheviot 9 448. 3 38. 1 1 2. 1  <.0. 3 

d1 s  ce Romney 9 21 . 7  1 . 96 0. 62 2. 06 BS 
( cm) Cheviot 9 20. 3 0. 88 0. 28 <..0. 1 

The ana in the c CDPar1 sons of Table 24 &how the R ·· e7 

group to be the larger 1n both measure nts. Ho ver , 1n a 
the d1f't r no is small and non-significant as sho by !_teat.. 
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Wi tb. the sec ond measurement , al thougb. the means are quite cl ose 

together , t.he standard devia t i on  is relat i vely- small and t.be 

difference is just short of being significant. 

In order to d etermine whether there was any- difference 

1n the se measurements between the li ve animals and the same 

animals when fixed with the :formal saline sol uti on , an analys is 

of variance test was appl ied t o  these data. This and the means 

appear 1n Tables 25 and 26. 

TABLE 25. 

MEANS FOR 
SHOULDER MOULD MEASUREMENT S. 

Measurement 

Area ( sq. cm. ) 
Base d1 stance ( cm) 

Bree d  Ty-pe 
Romney C heviot 

497. 6 470. 5 
21 . 4  1 8. 5  

TABLE 26. 

ANALYSES OF VARIANCE 

Treatment 
Live Fixed 

434. 0 534. 1 

21 . 1  1 8 . 8  

FOR SHOULDER MOULD MEASUREMENTS. 

S ource 

T otal 
Between treatments 
Be tween breeds 
Interac t i on  
Error 

T otal 
Between treat n-ts 
Between b reeds 
Interact i on 
Error 

d. f. SS MS 
For Area 

1 1  37797 
1 301 00 301 00 
1 221 4 221 4 
1 1 02 1 02 
8 4381 548 

For Base Di stance 

1 1  55. 4 
1 6. 6 1 6. 6 

1 25. 3 25. 3 
1 0. 5 0. 5  
8 1 3. 0 f . 63 

F 

S. E. 

9. 56 

0. 52 

54. 92 •• 
4. 04 

1 0. i8  • 
15 . 52 • •  

In tb comparison b e tween tb.e breed tJPeS the same h olds 

as for the r esul ts of tb.e l test between breed tJPeS. Ho v r ,  
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in this 1ns�ce , the base measurement is significantly greater 

in the Romney group. 

S ince , in the breed c omparisons , the b ase di stanc e  was 

si gnificantly longer in the Romneys wi th little di:f':f'erence in 

area , it is apparent that a differenc e  of' form exi st s. This 

will be noted by c omparing the photographs or the moulds in 

F i gure 1 7. 

Treatmen t effec ts show up significantly 1n eac h case. 

In are a , the fixed group is larger , t he differenc e being highly 

significant. In the base measurement , treatment exerted the 

e:f':f'ect of' shortening the measurement somewhat. The :fact that 

the animals , w hile being :fixed , were on the ir s ide i s  the prob-

able explanat ion tor t hi s  occ urrence.  The data for area indi-

cates that dur ing the fixing treatment a certain amount of 

swelli ng took place. 

In order to  s ee if any rel ati onship exi sted between the 

area of the shoulder mould and the b ase distanc e ,  the c orrelation 

c oe:f'f'ie ient between the t wo variables in eac b b reed type was 

c alcul ated on the live animal moulds. It i s  shown 1n Table 27. 

TABLE 27 

CORRELATION COEFFICIENTS 
FOR BASE DISTANCE W IT H  AREA OF SHOULDER MOULDS. 

T he C orrelation Pai rs 

Base distance with area 1 0  
or shoulder mould 

Romney 

+0. 769 • •  

Cheviot 

+0. 546 NB 

The c orrel ti on coeffic ient necessary for si gnificanc e at the 
5% level is 0. 602. 

The results 1n Table 27 show that 1n the Romney type , 

when the basal distance ( distanc e between the lateral tube

rositi es of' the radi i )  1Dc reases , so does the area ot tbe 

shoulder cross-section. In other words , t he form or shape 

re lns relatively constant in the Romney group no matter What 

the size of' t he animal. The Chevi ot group shows a trend 1n 

this direc tion b ut sinc e  the correlation coe:f':f'1c ient is not 

qui te at. the s1gn1 leant level , it st be c onc·luded tbat the 

• 
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bape is. more variable in the Cheviot group. 

1n the photographs of the moulds. 

Tbi s is appar.e.nt 

5. Weights 

The fol lowing weights we re taken : - live weights ,  eights 

of the f ixed animals ,  slaughter weight s  and weights of the 

carcasses. 

a ) Live weights.  

All animals including tbose which were formalin fixed 

weFe igbed prior to slaughter. As mentioned before , tbis 

weighing was preceded by about a ten hour st arvati on  period. 

The means of these weights with. standard devi at ions and standard 

errors are shown 1n Table 28. 

TABLE 28. 

LIVE ANIMAL WEIGHTS . 

Breed type d. f.  Mean S .  D. S. E.  t 
( Pounds ) 

-

Romney 8 1 04. 7 1 1 . 9  3. 97 1 .  30 NS 
Cbertot 8 98. 6 7. 5 2. 50 <0. 3 

Although. the means differ by a bout six pounds , the varl-

abil ity Within the groups is very high s evidene ed by the large 

standard devi ti on . A ! test shows that the difference betw 

the means is non-si gnific ant .  This is  indeed tortunate , since 

i t  mean s t ha t  the groups under study can be comp red directly 

w1 thout necessitat ing aD¥ c ol'rection tor d1tf'er1ng b� ights. 

b) Live w ight s compared w1 th fixed weight. 

The average weight ot all the f ormalin ti xed animals �ust 

pri or to fixing was 1 07.  6 pounds. This aver ge is high because 

in the random allocation to each treatment i t  o happen d that 

the beaviest animals in each breed type w re allot.ed to this 

treatm t.  The average weight of' the tixed animal on the 4aT 

1'oli ing 1'1xat1on was 1 1 1 . 2 pounds. This increase ar three 



-84-

and on -halt pounds oc c urre d  c onsistently in all sb p and " 
be attributed t o  ttle s urplus we igtlt of t he t ormal saline in� t.ed 
over the we i gbt of the blood Whic h it replac ed. 

c )  Slaughter wei gh ts . 

This ight was taken on the s ix animal s of each b reed 

type that were sl ughtered in t he ordinary manner. It 

includes : - l ive we ight j ust pri or to slaughter , bled we i ght 

j ust pri or to skinning ( inc luding the we ight or head and in�ernal 

organs ) , bot c arcass we ight ( wi t h  kidneys left in t he  c arcass )  

and c ol d  c arcass weight ( taken after the c arc asses b.ad hung 1n 

ttle cooler overnight for a peri od of' twelve to fourteen hours ) .  

T ble 29 shows the analyses of these da ta ,  t he differences 

1:>etween t he m ana being tested by tne ! teat. 

TABLE 29. 

MEANS , ETC. 
FOR SLAU�rER WE IGHTS . 

We i ght Group d. f.  Mean S.  D. S. E .  
( Pounds ) 

L ive we igbt Romney 5 1 00. 9  1 1 . 5 · 4. 7 
Cheviot 5 96. 5 7. 9 3. 2 

Bled weight Romney 5 95. 7 1 1 . 0  4. 5 
Cheviot 5 91 . 6  7 . 6 3. 1 

Hot c are ss Romney 5 50. 7 8. 4 3. 4 
weight Chevi ot 5 49. 0 3. 6 1 .  5 

{With kidneys) 

Cold c are ss Romney. 5 49. 7 8. 4 3. 4 
we i g ht Chevi ot 5 48. 0 3. 6 1 .  5 

(With kidnap ) 

The means in Table 29 show the Romney group to be 

t -

O. 79 NS 
<::0. 5 

O. 75 NS 
<.0. 5  

0 .  45 NS 

0 . 46 xs 

' I  \ 
sligb. tly b vier 1n all cas s ,  b ut in each c ase t he - standard 

deviat i on i s  o large ( espec ially in the R ey) tbat this 

difference is not s1gn1f'1cant. How ver , 1 t nll be noted that 

the clif':terenc narrows slightly tr the 11 ve 1gtlt averages to 

the b l  d 1gbt aver ges and still more :trom the bl d lgbt 

av rages to t hot c arcass ei ght . 
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to a l i ttle larger he a or a li ttle greater weight of t he inter

nal organs or in the weight of tbe content s ot the al imentary 

tract in tb.e R anneys . C onsi dering the c b.ange tran the b()t 

c I'Cas s  we ight t o  tb.e c ol d  care sa weight , it wi ll be seen tbat 

each group veragea los s  of 1 .  0 pounds in the overnight 

c oolitlg proc ess. " Thi s  loss represents 1 .  97 per c ent of t be 

average live we ight in the Ramney ewe group and 2r04 per c ent 1n 

tb.e group of Chevi ot ewe s .  T b.i s  loss is s imilar to t ha t 

quo ted by Barton ( 1 95a,) who found tb.at in 88 Ronmey ewe lambs 

the overnight loss in the same c o oler was 2. 51 per cent. T he 

small differenc e between the perc entage los ses might b e  expJained 

by tb.e fac t that the animal s in t h i s  s tudy were mature ewes and 

tha t  the ir per i od in the c ooler as about three to tive boars 

leas than t he c arcasses s tudied b y  Barton. Acc ording t o  

Barton ( 1 95� ,  t he  above loss is due mainly to evapor tion and 

seems to be less in animals c arryi ng  more fat. Although it 

was f ound later in the di ssec ti ons tha t the Romney group c arried 

more fat , t hi s  di d not affec t tb.e l oss to any real degree. 

The dressing perc entage c alc ulated by e xpres sing hot 

carcass we i ght as a percentage of t he l ive weight i s  50. 25 f o r  

the R omney group and 50. 78 f or t he Chevi ot types. Ag in , no 

marked differ enc e  is app rent. 

d) We ight of the carcass sec ti ons . 

After tb.e c ooled carcass had been we ighed and measure d , 

it was halved by cutt ing through between t he 1 at t horac ic 

vertebra and t he first lumb r vertebra. The two resul ti ng 

p rts were eighed. The ueans and analyses ppe r in T b le 30. 
A in t he case of care s s  we ight , t he Romney group means 

ar slightly larger although. still not si gniticantlJ so. The 

standard deviati ons are still a l ittle over twice as high iD tbe 
Romney group c ompared wi th  the Ch vi ot group. T he total.s 

of the two parts are exactly the same -as previously tound for 

the c old care s weights indicating tb t the wei gh� asuremen's 

re devoid of any in ccur c i  • 

A t rm o times ued by Cheviot bre ders ha to do With 

1ihe •'balance" or equal ity of the hind and fore ends ot the 
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TABLE 30. 

WEIGHTS OF CARCASS SEC'l'IONS .  

Weight Group d. t. Mean s .  s. s. E.  t ( Pounds ) -

Wei ght ot hind Ronmey 5 23. 0 4. 4 1 .  8 0. 31 NS quarters Chevi ot 5 22. 4 1 . 7  o. 7 

Weight of fore Romney 5 26. 7 4. 1 1 .  7 0. 54 NS quarters C b.evi ot 5 25. 7 1 .  9 0. 8 
Total weight Ronmey 5 49. 7 8. 4 3. 4 0. 46 NS Cheviot 5 48. 0  3. 6 1 . 5 

animal. The proporti on of the fore-end to the hind half as 

calc ulated to see Wbether diff"erences in "balance" existed 

between the breed type s. The r tio of the anteri or half' ot 
the c arcass to the posterior end ( using the above means ) proved 

to be f : 0. 86 tor tb.e Romney group and 1 : 0. 87 for the Cheviot 

group , showing t bat t here was l it tl e  dif"ference bet een the two 

samples. 
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B. Carcass Measarements. 

1 .  External carcass measurements. 

The external carcass measurements can be divided into 

two maj or groups , t he leg measuremen ts and tbe body measurements. 

a) The leg measurements . 

The leg meas urements tbat were taken on the twelve car

casses are as follows : •  "F" ( leg lengtb.) ,  "T" ( length of tibia 

and tarsus ) , "R" ( lengtb. of the r adi us-ulna) and "P" ( distance 

be tween the symphysi s  pubis  and tarsus ) .  More details con-

c erning these measurements will be found in Section I IIG. Tb.e 

means and analyses for these measurements are shown in T ble 31 . 

TABLE 31 . 

CARCASS LEG MEASUREMENTS. 

Measurement Group d. f. Mean 
( em) 

S. D. S. E. .! 
"F" Ronmey 5 28. 8 0. 73 0. 30 3. 58 • •  

Cheviot 5 27. 3 0. 72  0. 29 
"T " Romney 5 20. 3 0. 97 0. 40 0. 49 NS Chevi ot 5 20. 0 0. 32 0. 1 3  
"R" Romney 5 1 9. 2  0 . 59  0 .  24 0 .  36 NS Chevi ot  · s 1 9 . 1 0. 34 0 . 1 4  
"P" Romney 5 37 . 7  1 .  37 0. 56 1 . 42 NS Cheviot 5 36. 4 0. 72 0. 29 

In the data shown 1n Table 31 the Romney types have a 

greater mean length for all measurements. 

is the only one in whic h this difference is 

being significant at t b.e  one per cent level 

The "Fu measurement 

rked,  the .! value 

of probabilit,-. 

Since "i'" is governed to a lege extent b;r the amount of muscle 

and fat present in t he crutch ( Barton � _!! , 1 949 ) , the logical. 

c onclusion would be that the average animal. in the Cheviot gro p 
is  better filled in tbe crutcb. 
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b )  The b ody measurements.  

1 )  Width measurements of the carcass . 

The measurements of width , which have been described in 

Sec tion I I IG ,  re as follows : - "G" ( width of gigots ) ,  "WR" 
( Width of ribs ) , "WF" ( fore-quarters width) , "Wl'h 1 1  ( width of 

trunk posterior to t he scapulae ) and "Th" ( thorax depth ) .  The 

data for depth of thorax and its repe t on the oppos ite side of 

the carcass were analysed separately and appear in Table 32 as 

nTh1 " and "Th2" . 

TABLE 32. 

CARCASS WIDTH MEASUREMENTS. 

Measurement Group d. f. Mean S. D. S. E.  t 
( cm) 

-
"G" Romney 5 27. 9 0. 95 0. 39 o. 8o NS 

Cheviot 5
' 28. 5 2. 46 1 . 00 

"WR" Ronmey 5 26 . 6  1 .  71 0. 70 0. 41 NS Chevi o t  5 27 . 0  3. 99 1 . 63 
" WF "  Romney 5 1 9. 3  1 . 1 1  0. 45 1 . 77 NS Chevi ot 5 20. 2 0. 45 0. 1 8  

"WTh" Romney 5 1 8 . 2 1 . 1 3 0. 46 
0. 36 NS Cheviot 5 1 8. 4  0 . 72 0. 29 

"Th1 " Romney 5 30. 3 0. 99 0. 40 0. 1 6 NS Chevi ot 5 30. 2 1 . 1 1  0. 45 

"Th2" Romney 5 30. 3 0 . 92 0. 38 0.  41 NS Chevi ot 5 30 . 1 0.  78 0. 32 

In width me surements , the C hevi ot group has a sl1ghtl7 

higher mean exeept for the two depth of thorax measurements. In 

tour of the measurements shown 1n Table 32 the dltrerence is not 

more than o .. 4 centimetres and in the o tber two ( "WF" and "G" ) 

the di fference is less than one centimetre. In none of the 

measurements is the d l ft'erence even close to being i gnif'icant. 

It is 1nte 1ng to note tbat 1n the asurements of width at 
gigots and of width of rib s ,  the Chev1 ot t7pes sho ore than 
twice the variability shown by the R eya , and tbat this varia

bility is relatively high as compared Wi th Yarlab ilities ot the 
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re st of t he  width measurements in e i tte r breed type . The 

mean s  f or t he d epth of thorax are in t he same direc t i on a that 

ob served 1n the depth of thorax me surements on t he l ive animal� 

2)  Length measuremen ts. 

In thi s sec ti on , the three me surements c onsi dered are : 

nK" ( b ody lengt h from tail bead to t he base of t he neck} , 

"Ln ( distanc e- b e t  een the f irst rib and the sym.pbysis pub i s ) , and 

"H" ( d1stanc e f-rom tne last rib t o  the symphysis pub i s ) . T he 

pert inent data are f ound in Table 33. 

TABLE 33. 

CARCASS LENGTH MEASUREMENTS. 

Measurement Group d. f. Mean S. D. S. E .  t 
( cm) 

"K" Romney 5 67. 3 3. 56 1 .  45 1 . 75 NS C hevi ot 5 64. 5 1 . 58 0. 64 <o. e 
"L" Romney 5 66. 4 2. 52 1 .  03 O .  98 NS C hevi ot 5 65. 3 1 .  21 0. 49 �o • . 4 
"H" Romney 5 34. 2 1 .  54 0. 63 1 . 1 1 NS C hevi o t  5 33. 4 0. 86 0. 35 �0. 3  

The me ans for the length measurements in Table 33 show 

t he  Romney group to be s lightly l onger than the Chev i ot group. 

However , this differenc e  is small and stati stic lly non-signif i

cant. Considering ttlese measurement s 1n r elation t o  the · ones 

f or the width whe re the C hev i o t  groups bad the higher means one 

mi ght say that in the groups under s tudy , the Romney tn> car

c as se s re propor'ti onately l onger nd narrower whi le the C heviot 

type c are ses re proportionately more canp e t. 

c ) Corr lat i on of c ertain c arcass measurements 

Im:J.Itt.auL.X·ement s. 

th live animal 

In order to determine i f  relationship ex1 ted b t en 

tb " " urement on the c rea s and t. he wi dt.h between t e 

tube it1 s of t: he tmmerl on tbe �1ve animal , the c- orr 1 tlon 
c oeffic ient between t he two wa calcul.ated. In the caloula lon 
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the average of the .six live animal measurements taken by one 

observer on the s horn animals were c orrelated with width of tbe 

sl'loulder measurements ( "WF" ) on the carcasses of tbe same animals. 
Also , the c orrelation c oeffic ient was calculated f or the IDIISasure

ment of depth of thorax on the 11 ve animal and the depth of 

tb.orax measurement ( "Th" ) on the carcass of tiE same animal. In 

order to do this the two depth of thorax measurements ( "Th1 " and 

"Th2" ) were averaged, as were t he six l ive animal measurements 

:for each sheep. The results are shown in Table 34. · 

TABLE 34. 

CORRELATION C OEFF IC IENTS 

FOR CERTAIN LIVE ANIMAL MEASUREMENTS WITH CARCASS MEASUREMENTS. 

Cor� i on  

"WFu wi th width between 
tuberosi ties of humer i 

"Th" with depth of thorax 

Pai rs 

1 2  

1 2  

r -

+0. 755 ** 
+0. 862 * *  

The c orrelati on c oe ffic ient nece ssary f or  the one per cent 
level of significance i s  0. 684. 

Thus 1 t i s found t b.a t  these two measurements on the 

carcass are highly c orrelated Wi th the t wo corresponding live 

animal neasurements. 

A photographic comparison of the c arcasses from b oth the 

lateral and dorsal aspec t appears in Figures 1 8  and 1 9 . 

2. Internal carcass measur ents. 

Measurements on tne posterior face of the f ore half of 

the carcass Whic h was exposed by the transverse divi ion 

previ�usly described bave been used by a numb r of workers to 

estimate and appraiae the meat quali ties of sheep. Hirzel 

( 1 939 ) and Palason ( 1 940 )  h ve \l d th se measurements in esti

mating tbe amounts of muscle and fat in the carcasses of lambs. 

Barton .!! !! ( 1 940) nave uaed them in comparing the c arcass 

qua�i ty of lambs o� "poor quali�y" lres with �be progeny ot 
"good qual1 �" rams. Howe'Yer 9  •o publis"-ed data on this aub-
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--n: LAT!RAL VIEW, 

r 

C H EVIOT 

F i g . 18 � --Late ral View of t he C arca s s e s  

Fig.  �9 . --Dorsal View of the Carcas ses 



-92-

jec t  was f ound for mature sheep .  

a) Measurements ot musc le devel opmen�. 

T he internal muscle measurement s  inc l ude : - "A" ( length 

of "eye "musc le" ) , "B" ( dept h of '\::ye musc le " ) , and "X" ( t b.ick:ness 

of musc les plus intermusc ular fat on t he lower hal f of the rib ) . 

T he analyses for t he meas urements and t he i r  means are shown in 

Tab le 35. 

'J:ABLE 35. 

MEASUREMENTS OF USCLE DEVELOPMENT . 

Measurement Group d. f. Mean S. D. S. E . t ( mm) -

"Au Romney 5 57. 3 4. 8  1 . 96 3. 1 3 . 
Chevi ot 5 64. 5 2. 7 1 . 1 0 

"B" R omney 5 30. 7 3. 3 1 .  35 0. 46 NS 
C hevi ot 5 30. 0 1 .  7 0. 69 

"X" R omney 5 1 6 . 7 . 1 .  5 0. 61 2. 00 NS 
C hevi ot 5 1 8. 7  2. 0 0. 82 .::::o. 2 

The means in Table 35 s h ow tha t the C he�t type has a 

l onger "A" measurement and t heref ore greater b r oadness in the 

m. l ongissimus dors i .  There i s  a difference of ab out seven 

mdll ime tre s b e tween t he  averages for t he groups and this i s  s i g

nificant at t he five per c ent leve l of prob b i l i ty. T he means 

f or the depth of musc le ( me asurement "B" ) are reversed from t he  

order f ound for t he "A" measurement. The R omney group ha s  a 

sli g ht�y greater average depth , t houg h this differenc e i s  non-

s i gnific ant.. Thus , when the B/A x 1 00  rat i o  ( s bape index) 
applied by Hirzel ( 1 939 ) , Walker and Me eekan ( 1 944) and others 

i s  u ed , i t  i s  noted that the aver ge Romney of this gr oup will 
have an ° e;re"muscle" tending toward the c ircular hiJ.e tb.e 

average Chevi ot type ha s  an " eye musc le" Whose shape ( 1n the ame 

c r oss-section ) tends to rd the oval or e ll iptical .. 
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b )  Measuremen ts at tat development. 

The internal f'at measurements include : - "On ( thi claless 

lateral to "B" ) , "D" ( depth over dorsal spinous proc ess ) ,  

"Y" ( lateral depth over "X" ) and "J" ( thickness of' subcutaneous 
• 

f'at over the rib ) .  T he analyses f'or these me surements and 

the ir means appear in Table 36. 

TABLE 36. 

MEANS 1FOR 
MEASUREMENTS OF FAT DEVELOPMENT. 

Measuremen t Group d. f'. Mean S . D. S. E. t 
( mm) 

-

t'C "  Romney 5 3. 3 1 . 75 0. 71 1 . 35 NS Cheviot 5 2. 2 1. 1 7  0. 48 <::0. 2 
"Dtr Romney 5 3. 0 o. 51 0. 21 0. 98 NS Chevi ot 5 2. 3 1 .  67 0. 68 �0. 4 
" Y" Romney 5 2. 2 0. 98 0. 40 0. 86 NS Chevi ot 5 1 .  7 1 .  02 0. 42 <0. 5 
1fJU Romney 5 6. 2 2. 32 0. 95 0. 1 1  NS Chevi ot 5 6. 0 2. 48 1 .  01 

In none of the fat measure s shown in Table 36 is t he re 

a s ignifican t breed type difference. However ,  t be Romney group 

mean i s  hi gher in all instanc es. As wi ll be noted from t he 

standard deviati ons , the v riab il ity wi thin breed types is  high. 

A photogr phic c omparison of all c ross-sections from 

whic h the ab ove internal measurements were taken appears in 

Figure 20. 
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TRANSVERSE SECT!ONS 

P�tq: rior to La•t  Rib 

R O M N E Y 

C H EV IOT 

F i g .  20 . --View of trans verse s e c t i on on the fore half 
of the c�rcass es . The cut was made be twe e n  the thorac ic  and 
lumber ve rtebrae . 
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I 1..0 
� I 
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c. The Thorac ic Vertebrae 
and Bone s  of t he Thorac ic Limb. 

The c urrent ideas regarding the c ausati on of t he partic

ular shape of a bone are brou ght out by Yurray ( 1 936) who regards 

bone form as a c ompromise between a number of fac t ors and f orc e s .  

Briefly , t he se fac t ors inc lude : - ( 1 ) the infl uenc e of t he form 

of the se lf-different iating c artilage model of the b one in its 

embryonic peri od ( largely c ontrolled by here di tary fac t ors ) ; 

( 2 ) the influence of stre sses and strains as a result of use or 

functi onal ac ti vity ; ( 3 ) the pressur� of muscle s , tendons and 
• 

neighbouring or gans ; ( 4)  the influenc e of an earlier form on 

i ts later var iant in that t he la ter shape has t o  be built on the 

exist ing f oundation re gardle ss of new functions ; ( 5 ) the li t tl e  

under s t o od necessity of the apace Whic h t he or ganism nee ds for 

marrow and storage of fa� and ( 6 ) the possib i l i ty of certain 

growth patterns that bave n ot c hanged to mee t the need for a 

more e;fi c ient adaptati on. 

The influence of stress and strain has mi slead a number 

of early workers by causing them to overemphas ize its e ffec ts. 

I t  is c ertainly one of t he predominant f ac tors but not the c om

plete story if the rest of the a b ove fac t ors are t o  b e  gi ven 

the ir full due . This may be noted by observing bone differences 

in c ontrasted b reeds of s he ep reared in t he same geographic al 

environment ( if other fac tors suc h  as we i ght of animal , pro

port i ons , etc . are the same in b oth) . 

In making bone comparisons in thi s study the above was 

kept in mind. If , tor example , di fferences 1n b one shape be

tween the two breed type s were round ( other thing s be ing equal ) 

then other reas ons for the s hape of a particular b one have to be 

added to that of the functi onal explanati on. 

In t hi s study of the s hou1der architecture of the sheep 

the bones c onsidered include both the thoracic verteb rae and the 

main b ones of the thoracic 11mb ( the scapula , the humerus , the 

radius-ulna and the metacarpus ) .  S inc e  the thoracic vertebrae 
may c ontribute substantially to t he high withers of the Cheviot , 

they re c onsidered very c loaely. 
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1 .  !!!!. tbot-ac ic vertebrae 

In all the animals dissected , there were thirteen 

thorac ic vertebrae , alt hougn in sheep , occasionally there will 

be fourteen and, more rarely , twelve. The foll owing me asure

ments were taken on the thorac ic vertebrae : - length, he ight. of' 

dorsal spine s ,  angle f o�ed by dorsal spine s ,  transverse thic k

ness of dorsal spines and width of' dorsal s pine s. 

Although the total length of the thir teen thorac ic 

vertebrae was measured , the main ef'fort was devoted to an obser

vati on  of the spinous proc esse s  of eac h of' these vertebrae . I t  

was i n  this region Where the greatest differenc es between 

shoulder types of the animals studied was in evidence. In 

analyzing the data obtained from the v ari ous measurements , the 

procedure as outl ined by Snedec or { 1 946 ) for the c ompari son of 

two groups having equal numbers was used. As might be expected, 

there was no differenc e  in the total length of the thorac ic part 

of the vertebral column. This is shown in Table 37. 

Group 

Romney 
Cheviot 

TABLE 37. 

TOTAL LENGTH 
OF THE THORACIC VERTEBRAE ( "ThVA" ) 

d. f. 

5 
5 

Mean 
( cm) 

30. 77 
30. 50 

S .  D. 

2. 1 9  
0. 45 

S. E.  

0. 89 
0. 1 8  o. 30 NS 

· Although t he me an s  tor the breed types are very similar 

( Table 37) , t he Romney group shows a wide variability as evi

denced by a c ompar ison of' .the standard deviat ions. 

a) Height of the dorsal apinea of' the t borac ic Tertebrae { "ThVB" ) 

These measuremen ta were made w1 t h the view to obtaining 
tbe greatest vertic al height of the bQnJ portion of the spinous 

proc esses. T he c �arison between the breed t;vpes in the se 

heights was macle using tile ! test.. The me ans and analyaes :f'·or 

the height of' the thirteen dorsal spines appear in Table 38. 



Vertebral 
nwnber 

T. 1 

T. 2 

T. 3 

T. 4 

T. 5 

T. 6 

T. 7 

T. 8 

T. 9 

T. 1 0  

T. 1 1  

T. 1 2  

T. 1 3  

-97-

TABLE 38. 

HEIGHTS OF 
THE SPINOUS PROCESSES ( "ThVB" ) 

Group 

Romney 
Chevi ot 

Romney 
Cheviot 

Romney 
Cheviot 

Romney 
Chevi ot 

R omney 
Cheviot 

Romney 
Cheviot 

Romney 
C hevi ot 

Romney 
Chevi ot 

R omney 
Cheviot 

Romney 
C heviot 

Romney 
Cheviot 

Romney 
Cheviot 

Romney 
Cheviot 

d. f. 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

Mean 
( MM} 

43. 67 
53. 83 
48. 50 
57 . 00 
48 . 67 
58.- 33 
48. 00 
57 . 50 
46. 67 
53. 00 
43. 33 
49. 33 
42. 33 
47. 00 
41 . 50 
44. 00 

39. 33 
40. 33 

35. 00 
34. 50 

30. 83 
28. 67 

23. 67 
24. 83 

21 . 83 
23. 67 

S. D. 

2. 58 
4. 44 

3. 02 
2 . 53 
2. 34 
2. 07 
2. 90 
1 . 38 
3. 07 
1 . 84 
2. 58 
1 . 91 
3. 07 
1 .  89 
2. 74 
1 . 78 

2. 88 
1 .  51 

3. 27 
2. 34 

1 .  33 
1 .  75 

1 .  63 
1 .  33 

0. 98 
0. 82 

S,. B .  

1 .  05 
1 .  81 
1 . 23 
1 .  03 
0. 96 
0. 84 
1 . 1 8 
0. 56 
1 .  25 
0. 75 
1 .  05 
0. 80 
1 .  25 
0. 76 
1 . 1 2 
0. 73 

1 . 1 8 
0. 62 

0. 93 
0. 96 

0. 54 
0. 71 

0. 67 
0. 54 

0. 40 
0. 33 

! 

5. 03 • •  

5. 26 • •  

7. 61 • • 

7. 25 • • 

4. 29 • • 

4. 53 • •  

3. 1 6  • 

1 .  87 NS 
<0. 1 

1 .  33 liS 
<0.·3 

0. 74 NS 
<0. 5 

0. 76 NS 
<0. 5 

1 . 35 NS 
�0. 3 

3. 52 • •  

Tab l  38 shows that the dor sal spines of tbe anterior nd 

of tbe thorac ic vertebrae are higher in tbe Chevi ots than 1n the 

Romn.eys , the differenc e being greatest in t he th ird and fourth 

spine s .  The differenc es in t he b reed ana b ec CID,e lea for 

eac h  successive spine posteriorl;r , Ulltil , in tac t ,  tbe means of 

the Romne;r b eo greater at t he tenth and eleTenth spin a. The 
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difterenc e , is ,  howeNer , reversed again on tbe twe lfth and thir

teenth spines , t he thi rteenth be ing si gnificantly l onger in the 

C heviot . An attemp t  was made t o  i l lustrate thi s gitua t i on in 

F i gure 21 . This finding foll ows tha t  of McKenz ie and Marshall 

( 1 91 7 )  who classified the high wi thers of the Merino type and the 

wide , level shoul ders of the Shropsh ire type in a group of Me rino 

cross Shr opshire sheep. They estab l i s hed the differences by 

palpati on on t he l i vin g ani mal .  They found the sp inous process 

of t he fif th vertebra to b e  generally the hi ghes t ,  t he tapering 

off in hei ght beginning from there. Likewise , they found the 

sec ond to t he s ixth dorsal sp ine s  to be t he highe s t  in all their 

animal s. 

In the pre sent data t he t hird thorac ic verteb ral spine 

was the highes t: in b oth b reed type s with prac ticall y no differ� 
be twee n t he sec ond and fourt h within b reed type s. An interesting 

po int to note i s  t hat the var ianc e i s  greater in the Romney types 

throughout except f or t he first pr ocess and the eleventh proc e s s  

( this l a s t  one being where the mean of the Romney group i s  the 

larger ) . Al so , the pr oc e s s  wi t h  the wi dest standard deviat i on 

is the firs t  in the C hevi ot s ( 4. 44 mm) wi t h  all the rest in b o th 

b ree d types being 3. 00 mm or l e s s .  

While a true type differenc e  in the height of the dorsal 

spines has b een e s tablishe d ,  it is difficult to give an adequate 

reason for t h is differenc e. In discussing t he presence of 

high spinous proce sses over t he anter i or thorax , Howe ll ( 1 944) 

states that suc h  a c ondi t i on i s  c harac teri s t ic of mammals with 

extremely large heads or large ant lers. He adds t hat , 1n wi ld 

animals , heavy forequarters an d light hindquarters are c orrelated 

wi th high spine s.  Thi s fol l ows tbe reasoning of Thompson (1942) 
who c ompares the skeleton of a quadruped with the framework of a 

cantilever bridge with
·

a cantilever at ei ther end. The verte-
" 

bral c olumn represents the c ompression amb er , the spinous 

processes are the hig h s truts , and t he t ies are represented b7 

the musc l ea and ligaments. Us ing th is
. 

approac h ,  Howell ( 1 944) 

states t ha t  high spinous processes certainly would indica te 

strength 1n movement , but adds that low one s do not nec e a sarlly 

mean tbat st_rength la lacking. Sinc e the head ot the Chenot. 
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�ype is not ext�emely large , nor are the forequarters muc h 

larger in p�oporti on to t he h indquarters , nor does the breed 

have heavy horns , the reason for t he hi gher spines mast be t ound 

elsewhere . Certainly the relati on between strength in movement 

and the he ight of t he processes nee ds more inve stigat i on. I t  

i s  possible , for instance tha t  t he hi gher struts give greater 

leverage to t he t ies  ( the l igamentum nuc hea whic h  supports the 

free end of t he anteri or cant ilever ) . 

b ) Angles of t he dorsal spines of the thorac ic ver teb�ae ( "ThVC'' ) 
This measurement ,  as desc �ibed previ ously in Sec t i on I I ,  

i s  the angle between the line of t he verteb�al c olumn and the 

do�sal spine s  of the t horae ic vertebrae. The da ta analyzed for 

the angles appear in Table 39. 
As may b e  readily di scerned , these spinous angles were 

so extremely variable within breeds , tha t  a breed type difference 

made i tself apparent only in one instance.  T hi s  was in t he 

c ase of the twelfth vertebra where the Cheviot had a signifi

cantly greater angle . On a st udy of the means in Table 39 , 
howeve r ,  it i s  f ound that the C hevi o t  type has a sl i ghtl y greater 

angle throughout. This woul d indicate a tendency for the first 

eleven spinous processes to be sl i ghtly more erec t and the last 

two to sl ope a l ittle more 1n the-anteri or direc t i on. In b oth 

breeds the first spinous process has a rather l arge angle , b ut 

this gradually decreases wi th eac h successive spine ( caudally) 
unti l the least angle is reacbed on the sixth verteb ral spine. 

After the sixth ver tebral spine the angle increases gradually ' at 

first and then more rapidly wit h eac h succ eeding spine .  However , 

it must be said t ba t ,  although b oth breed types follow the same 

general pattern in the spinous angle , there is no significant 

difference between type s. I t  is to  b e  noted tbat t-be veey 

l owest  s tandard deviat i on is 3. 27 degrees and more usually it is 

between tour , and seven degrees. 

In order t o  ob tain a c omparis on  w1 t h  the spinous angles 

as listed by Hammond ( 1 932) � t he f irst six apinou.s angles were 

aaure-d by the method be describ d. The mean angle s  were 

calculated tor each breed type and the six added tog ther f or 

; 
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TABLE 39 

THE ANGLES 
OF THE SPINOUS PROCESSES OF T HE THORAC IC VERTEBRAE ( "ThVC " )  

Vertebral Group d. f. Mean S .  D. S . E .  l 
nwnber ( degrees )  

T . 1 Romney 5 58 . 50 5 . 92 2. 42 1 . 1 8 NS Cheviot 5 63. 00 7. 24 2 . 96 
..:::0. 3  

T. 2 Romney 5 55. 33 6. 44 2. 63 0. 87 NS Cheviot 5 58 . 68 6 . 86 2. 80 <0. 5 

T. 3 Romney 5 52. 1 7  4. 96 2 . 02 1 . 1 7 NS Chevi ot 5 55. 33 4. 41 1 .  81 <0. 3 

T. 4 Romney 5 50. 1 7  3. 82 1 . 56 
0. 96 NS Chevi ot 5 52. 33 3. 96 1 . 62 <0. 4 

T . 5 Romney 5 48 . 1 7 3. 71 1 .  51 
0. 38 NS Cheviot 5 49. 00 3. 89 1 . 5 9  

T. 6 Romney 5 45. 50 3. 27 1 .  33 O. 97 NS Cheviot 5 47. 33 3. 27 1 . 33 <0. 4 

T . 7 Romney 5 47 . 50 3. 94 1 .  61 
0. 81 NS Chevi ot 5 48 . 50 3. 73 1 .  52 <0 . 5 

T. 8 Romney 5 51 . 50 3. 45 1 .  41 
0. 01 NB Cheviot 5 51 . 67 5.  05 2 . 06 

T. 9 R omney 5 56 . 67 5 . 75 2. 35 0. 1 4  NS Cheviot 5 57. 00 5. o6 2. 07 

T . 1 0 Romney 5 65 . 83 6. 62 2. 70 
O. 70 NS Cheviot 5 68. 50 6. 63 2. 70 

T . 1 1  Romney 5 79. 1 7  5. 00 2. 04 1 . 1 8 NS Cheviot 5 83. 33 7. 06 2 . 88 <0. 3 
T. 1 2 Romney 5 91 . 67 3. 67 1 . 50 2. 75 . Cheviot 5 97. 83 4. 07 1 . 66 

T. 1 3  Romney 5 1 07 . 83 5 . 98 2. 44 1 . 1 0 NS 
Chevi ot 5 1 1 1 . 33 4. 97 2. 03 <.0. 3 

the mean angle of al.l six spinous angles. The figures obtained 
w re 52. 3 degr es ror the Cheviot types and 51 . 2  for t he R 87 

type a. These lie bet en Hamnond' s  ( 1 932)  tigu�a fo-r proved 
mutton b reeds and those ot the semi-wild and 1 s i proved �pes. 
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T he fi gures quoted by Hanmond ( 1 932)  

Sutfolk ram -- 59. 6 degrees 

Sutfolk ewes - 56 . 6 degrees 
Hampsbire ram - 55. 7 degrees 

are as foll ows : -

Soay ram ---- 49. 7 degrees 

Shetland ram 49. 0 degrees 
Merino ram -- 49. 7 degrees 

In suggesting \ & reason for the c audal s lant of the 

anter i or dorsal spine s of the t borac ic vertebrae , Howell ( 1 944) 

says that spines sloping in one direction connote a strees from 

the . opposite direc t ion alt hough a strai ght spine need not indi

cate a lack of stress or a different stress. 

c ) Transverse thickness of tte dorsal spines ( ''ThVD" ) 
The measurements were taken t o  the nearest 0. 01 centi-

me tre wi th the sl i ding calipers. The thickest portion was near 

the tip of the spinous processes in all the animals and, on a 

cursory inspec tion , it appeared that there was a breed type 

di fference. 

be true. 

The analyses presented in Table 70 shows this to 

It was f ound that the difference between the Romney and 

Chevi ot type s in this lateral thic kness measurement existed 

mainly in the spines of the anter ior thorac ic vertebrae. T he 

differenc es in t hickness are greatest generally on the same 

vertebrae as those whic h bave the greates t  height differenc e. 

Throughout , the Romney types had the greater mean. The stan-

dard deviati on , although i t  seems to fluc tuate rather widely , i s  

not c onsistently larger in one type or the other. I n  the 

Romneys the re i s  a lack ot he i ght in these spines and they have 

s ignificantly greater thic knesses in the s ec ond to fifth spinous 

processes. From thi s i t  would appear that b one growth is 

probably more equal tor eac h breed type than it appears to b e , 

but that this g rowth proceeds in d ifferent direc tions ; tha t  is , 

'the Cheviots have longer but narrower spines while tbe RODBleys 

have aborter and t hicker spines. In this connec� i on  Hammond 

( 1 932) states tbat it appears tbat tbe extra growth made by the 

�proved mutt on breeds consi sts of a relatively greater tbidkentng 

of the bone { dorsal spine ) than or increase in its length growth. 

Hence , the Romney group c ould be regarded as a more 1mproYed 

mutton �7Pe than the CbeY1ot , it this aspect were the criteria. 
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TABLE 40. 

TRANSVERSE T HICKNESS 
OF THE DORSAL PROCESSES OF THE THORACIC VERTEBRAE ( "ThVD" ) 

Vertebral 
number 

T. 1 

T . 2 

T. 3 

T. 4 

T . 5 

T. 6 

T . 7 

T . 8 

T . 9  

T. 1 0  

T. 1 1  

T. 1 2  

T. 1 3  

Group 

Romney 
Cheviot 

Romney 
Cheviot 

Romne7 
Cheviot 

Romney 
Chevio t 

Ronmey 
Chevi ot 

Roumey 
Chevi ot 

R oumey 
Chevi ot 

Romney 
Cheviot 

Romney 
Chevi ot 

Romney 
Chevio t  

Romney 
Cheviot 

Romney 
Chevi ot 

Romney 
Cheviot 

d. f'. 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

5 
5 

Mean 
( cm) 

0. 84 
0. 80 

0. 87 

0. 90 
o. 74 

0. 82 
0. 65 

0. 77 
0. 64 

0. 67 
o. 6o 

0. 58 
0. 52 

0. 47 
0. 43 

0. 42 
0. 42 

0. 43 
0. 43 

0. 49 
0. 44 

0. 54 
0. 50 

0. 57 
0. 50 

S. D. S. E .  t -

0. 053 0. 022 0_ 93 NS 0. 091 0. 037 <0. 4 
0. 1 30 0 053 
o. o64 o: o64 2· 37 • 

0. 1 06 0. 043 2 77 . 
0. 093 0. 038 • 

0. 079 0. 032 3 75 * *  
0. 078 • 0. 032 • 

0. 095 0. 039 2 54 . 
0. 082 0. 033 • 

0. 092 0. 038 1 • 43 NS 0. 086 0. 035 <0. 2 
0. 083 O. 034 1 53 NS o. 049 o. o2o <o. 2 
0. 094 �. 038 3 07 • 
0. 040 0. 01 6 • 

0 . 064 0. 026 0 OO NS 0. 047 0. 01 9 • 

0. 041 0. 01 7 O OO NS 0. 042 0. 01 7 • 

0. 056 0. 023 1 45 NS 
o. o63 o. o26 <o. 2 
0. 060 0. 024 1 1 1  BS o. o65 0. 027 (o. 3 
0. 062 0. 025 1 91 NS o. o6s o. 027 <.o. 1 

I t  will be noted in Figures 22 to 27 that the lateral thickening 

does not occur noticeably tor the ntire vertical height of' tbe 

ap1ne but ia more apparent 1n ita dorsal halt. 



-1 04-

d) Posteri or-anterior widtb . of the dorsal spines ( "Thvwm ) 
T hi s  measurement i s  the distance from the posterior edge 

to . the anterior edge of the spinous process at the mid-point 1n 

vertic al height of each. Visual inspec tion gave the indication 

that there was a type diff erence and t his is c onfirmed in the 

analyses that appear in Table 41 . 

In the compari son of the two groups , the ! test shows a 

real difference in t b.e tlrst seven spines and in the twelfth spine. 

In all of tb.ese cases tb.e C heviot group is wider tb.an the Romneys. 

After the fi�th spine , in whic h the difference i s  greatest , the 

gap between the two means gradually narrows until , in f'ac t ,  the 

mean shows the Romney group to be the widest at the tenth spine. 

However , from this point caudally , tb.e CheYiot mean is the 

l arger. The variance i s  not c onstant nor does it follow a 

pattern 1n either group , but it is higher in the C heviot type in 

nine of the c ases. No reference was f'ownd for a possible 

reason for this me asurement b eing the larger , but it would f'ollow 

�or at least mec hanic al reasons tb.at , if the lateral thic�eas 

remained the same , the width would have to be greater in order 

t o  maintain strength as tb.e vertical height increases. C on

sidering the function of these spines in the manmal aa an attach

ment f'or the ligamentum nucb.ea , this c ould also partially be 

compensated �or by a different angle . No angle difference 

c ould be ascert ined although a di�f'erence in vertical height 

was apparent. 

A photographic comparison o� the thorac ic vertebrae of' 

the two breed types appears in Figure 28. 

2. Bones ,2! .!!!! pec toral � 
Acc ording to H•nvnond ( 1 932 ) , the relation of' bone lengttl 

to �one ttlickness dif�era between improved and unimproved t7Pea 

of she ep , the earlier maturing mutton �ea having bones thicker 

ln relation to their length. This hy-pothesis was kept 1n mind 

in the f'olloW1ng comparisons on the limb bones ot the Cheviot 

and Romney tJPea. In order to obtain �igurea io compare thiS 
relationsldp of bone thickness to b one length a nWJi)er of' 

aaurementa were neeeaai tat WhereTer possible , al141Dg 
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TABLE 41 . 

POSTERI OR-ANTERIOR WIDTH 
OF THE DORSAL PROCESSES OF THE THORAC IC VERTEBRAE ( "ThVE" ) 

Verteb ral 
number 

T .  1 

T. 2 

T. 3 

T . 4 

T . 5 

T. 6 

T . 7 

T. 8 

T . 9 

T . 1 0  

T. 1 1  

T . 1 2  

T. 1 3  

Group 

Ronmey 
C hey i ot 

Romne y  
C heviot 

Romney 
Chevi o t  

Romney 
C hevi ot 

Romney 
C heviot 

Romney 
C he vi ot 

Romney 
Chevi ot 

Romney 
Chevi ot 

Romney 
Cheviot 

Romney 
C hevi ot 

Ronmey 
C hev iot 

Romney 
Chevi ot 

Romney 
Chevi o t  

d. f. 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 
5 

5 
5 
5 
5 
5 
5 

Mean 
( cm) 

1 .  36 
1 .  71 
1 . 35 
1 . 59 
1 . 36 
1 . 55 
1 . 35 
1 .  53 
1 . 32 
1 . 54 
1 .  29 
1 .  43 
1 . 29 
1 . 38 
1 .  29 
1 . 36 

1 .  44 
1 .  47 
1 . 44 
1 .  35 

1 . .38 
1 .  41 
1 .  65 
1 .  92 
2. 1 4  
2. 27 

S . D.  

0. 1 27 
0. 1 28 
0. 043 
0. 1 23 
0. 096 
0. 057 
0. 079 
0. 095 
0. 048 
0. 077 
0 . 068 
o. o6o 
o. 071 
0 . 045 
0. 042 
0. 1 20 

0. 035 
0. 1 35 
0. 1 22 
0. 1 50 

0. 1 03 
0. 083 
0. 073 
0. 1 57 
0. 1 07 
0. 1 31 

. 

S. E.  t -

0. 052 4. 76 * *  
0. 052 
o. 01 8 
0. 050 
0. 039 
0. 023 

4. 53 * *  

4. 1 7  * *  

0 . 032 3 57 * *  
0. 039 . 

0. 020 5. 93 ** 
0. 031 
0. 028 3 71  • •  
0. 024 • 

0 . 029 2. 55 • 
0. 01 8  
o. 01 7 1 . 35 NS 0. 049 <0. 3 
o. 01 4 
0. 055 
0. 049 
0. 061 

0. 53 NS 

1 . 44  NS 
<0. 3 

0. 042 0. 56 NS 0. 034 
0. 030 3. 83 * *  
0. 064 

g: g� 1 . 89 RS 
4(0. 1 

cal ipers with a v rnier reading to 0. 01 centimetres were use� 

Thi s  s possible for the measures ot tbickn sses and widths 

wb.ie h  are described in Sec ti on II. Also circumference measure-

men ts ere 1111 on t b.e hu,meri ana tbe me acarpi using a thin Wire. 
Tb.is was done in ord r to c orrel te c irc umferenc e with either 
the w idth or �ckne ""' If ei ther c orr laUon were very high, 

tb.en t cal1per ' asuremont s ,  being a great deal more accurate , 
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T hor acic Vertebr a 
T.t 

C H EVIOT · 

F i g . 2 2 . --Frontal V i e w  of the F i r s t  Thora c ic Verte bra 

T horacic  

F i g .  2 3 . --Fr ontal V i e w  of the S e c ond Thorac i c  Vertebra 
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F i g .  26 . --Frontal V i e w  of the Fifth T horac i c  Vertebra 

F i g .  27 . --Frontal V i ew of the S ixth Thorac i c  Ve rte bra 
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c ould be us d 1n making the c omparison between bone length and 

b one thic kness. 

T he bone s  are examined in the order they appear on the 

limb of t he liv ing animal starting from the proximal end. 

a ) The scapula and its c.artilage. 

The scapula , in i ts uppermost posi t ion among the members 

of the f ore limb chain , se rves as the poi nt of attachment tor 

t he muscles of the suprazonal group and part of' t he branch1o

meric group whose funct ion i t  i s  to attac h the thorac ic 1 1mb to 

t he trunk. The scapula also ac ts as a base for the point of 

origin of the muscles of' the shoulder joint. T bi s  bone and 

i ts cartilage were measure d in a number of' ways to determine i� 

any d.it'f'erene es existed between the breed types under conside

rati on. The weight of the scapula , the we ights ot the c arti

lage of the scapula and the othe r measurements on the cartilage 

of' the scapula were analyzed using the analysis of' varianc e 

method. This was done in order t o  pick up any possible treat-

ment effects on e 1tber the we ights of these i tems or on the 

dimensi on s  of the carti lage . The analyses of variance appear 

in Table 42. 

T he analyses of variance in Table 42 do not reveal any 

differences between breeds and inspection of Table 43 shows the 
breed means to be very much al ike. The l ength of the c artilage 

of the scapula i s ,  ho ever , affected to a significant degree by 

the treatment. I t  is longer in t he fixed group. There is 

no apparent explanati on for this differenc e. - Y: - · M  � · 

T he rest of the analyse s for the scapula is stric tly a 

c omparison between two groups of equal number and the ! test as 

used pr v1ously was used. T he measurements are as f'ollo s : -

''Sea" ( d1 tal end to vertebral root ot spine of scapula ) ; "SeB" 
( anteri or lim1 t to posterior limit of vertebral border ) ; "SeC" 
( vert bral root of spine to posterior limi t of scapula ) ; "SeD" 
( root of spine to anteriov 11m1 t of vertebr 1 b order ) ; "SeE'-' 
( middle of gl oid cavity to vertebral roo-t of spine ) ; "ScF" 

( m1ddl ot glenoid c vi ty to vertebral root of spine ) ; "Se " 

minimum Widtb of neck at' scapul ) • These are ·more tul�� descr d 

1n Secti on I·l. 
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TABLE 42. 

ANALYSES OF VARIANCE 
FOR WEIGHTS OF T HE  SCAPULA AND ITS CARTILAGE AND 
FOR MEASUREMENTS ON THE CARTILAGE OF THE SCAPULA. 

Source d. f. ss liS F 

For Weight of Scapula 

T otal 1 1  831 
Between treatments 1 5 5 
Between breeds 1 40 40 
Interaction 1 49 49 
Error 8 737 92 

For Weight of the cartilage of the Scapula 

Total 1 1  52. 83 
Between treatments 1 6. 23 6. 23 1 . 1 1 
Between breeds 1 0 . 51 0. 51 
Interaction 1 1 .  20 1 .  20 
Error 8 44. 88 5. 61 

For Length. of t he Cartilage of the ScapUla 

Total 1 1  7 . 05 
Between treatments 1 3. 30 3. 30 1 0. 21 
Between breeds 1 0. 08 0. 08 
Interacti on 1 1 .  09 1 . 09 3. 37 
Error 8 2. 58 0. 323 

For Depth of the Cartilage of t he Scapula 

• 

( Ventro�orsal ) 

T otal 1 1  1 .  00 
Between treatments 1 0. 03 0. 03 
Between breeds 1 0. 03 0. 03 
Interacti on 1 0. 00 0. 00 
Error 8 0. 94 0. 1 2 

For Area of the Cartilage of the Scapula . 
Total 1 1  263 
Between trea�ents 1 52 52 2. 00 
B tween breeds 1 2 2 
Interacti on 1 1 .  1 
Error 8 208 26 

\ ' \  

I 
I 

. '. 
I I \ 
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TABLE 43. 

MEANS FOR WEIGHT 
OF BONES AND CARTILAGE OF SCAPULA 

AND FOR CARTILAGE MEASUREMENTS. 

I�em Breed Tn>e Treatment S. E .  
Romney Chevi ot Fresh Fixed 

Scapula ( gm) 82. 3 78. 7 79. 8  81 . 2  3. 91 
Humerus ( gm) 1 1 0. 0  1 04. 3 1 05. 5 1 08. 8 5. 22 
Radius-ulna ( gm) 81 . 5  78. 3 81 . 3  78. 5 4. 1 6  
Metacarpus ( gm) 39. 3 37. 9 38. 3  39. 2 

( 3. 1 4)* ( 3. 1 4) ( 2.72 ) ( 3. 85 ) 
Cartilage of Scapula 

weight ( gm) 1 7 . 6 1 7. 5  1 6. 8  1 8 . 2 0. 97 
Length ( cm) 1 5. 4  1 5 . 1  1 4. 7  1 5 . 8  0. 23 
Depth ( em) 5. 5 5. 4 5. 4  5. 5 0. 1 4  
Area ( sq. cm) 75. 7 76. 5 74. 0 78. 2 2. 08 

•In thi s table t he standard err or was calculated trom the 
e rror portion in the analysis of varianc e. Sinc e there 
were a greater number of metac arpal bones in one of the 
trea�ents than in the other , one standard error wi ll not 
do tor all cases.  For t he metacarpal bones ,  the standard 
error tor eac h group appears i n  brackets below eac h mean. 

As may b e  seen from Tab le 44 ,  . the differences between 
b reeds in the over-all d�ensi ons of t he sc apula were small .  

I t  was found, however , t hat the SeC "  measurement was larger in 
t he  C heviot type than in tbe R omney indicating t hat the intra
spinous to.ssa was wider. This was not due t o  any difference 
in the total ver tebral border widt h ,  but to a tendency tor the 
proximal end of tbe spine of the scapula to be shifted in a 

posteri or direc ti on. This s howed up to s ome extent in tne 
" Sc·D" measurement but in this l.att·er c ase .the ditf'erenc was not 
significant because of the amal.l measurement and t he relatl vel7 
large standard deviation.  

The scapular index as given by Sisaon ( 1 930) is ttle 
ratio between the greate t length and greatest breadth o� tbe 
acapul.a. Sisson • a  average index tor the florae is 1 : 0. 5 and 

I . 
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for the ox 1 : 0. 6. N o  fi gures are given for t he sheep. In 

this study tb.e average scapular i ndex for the Chevi ot type as 

1 · : o. 81 and for the Romney tn>e . 1 : o. 80. These indices 
indica te a broader appearanc e in the scapula of a sheep as 
c omp ar e d  with that of the horse or ox. 

TABLE 44. 

MEASUREMENT S OF THE SCAPULA. 

Measurement Group d. :r. Mean S . D. S. E.  ! ( cm) 
" SeA" Romney 5 1 4. 6  0. 45 0. 01 8 

0. 36 NS Chevi ot 5 1 4. 7 0. 51 o. 021 

" Scan Romney 5 1 1 . 7  0. 53 0. 022 O. 78 NS 
C hevi ot 5 1 1 . 9  0. 33 0. 01 4 <:0. 5 

" SeC" Romney 5 9. 2 0. 36 0. 01 5 2. 56 • Cheviot 5 9. 7 0. 37 0. 01 5 

"SeD'' R omney 5 2. 6 0. 25 0. 01 0 1 .  58 NS 
C hevi ot 5 2 . 5 0. 1 2  0. 005 <:0. 2 

" SeE" R omney 5 1 3. 7 0. 65 0. 026 O. 89 NS 
C heviot 5 1 3. 9 0. 42 0. 01 7  <0. 4  

"ScF" Ronmey 5 1 4. 0  0. 37 0. 01 5 O. 44 NS 
Cheviot 5 1. 3. 9  0. 34 0. 01 4 

" ScG" R omney 5 2. 35 0. 1 73 0. 008 0� 49 NS Chevi ot 5 2. 31 0. 1 02 0. 004 

Most studie s of sc apular shape have been c oncerned wi th 
the vertebral b order since i t  is this porti on which seems to be 
the mos t variable. Gates ( 1 946 ) c onc lude s  t hat scapular typ·es 
in humans may be inh.er1 ted and says tb.a t a c hange caused by 

functions tram a c oncave type of vertebral border t o  a strai ght 

type of vertebral border b.as not been proved by observati on, 

However , olffson ( 1 950)  in studies with. growing rata was abl� 

to produc e marked changes 1n tb.e vertebral border , the scapular 

spine and t he  two lateral f ossae by removing certain l'llqSc les in 

that regi on . He concluded that muscle func tion had consi der

able influenee in shaping tbe final form of the vertebral border 
of tbe c pula. Howell ( 1 944) says that the relative s i ze of 
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the lateral fossae of t he  scapulae of quadrupeds does not seem 

to depend on the requi rements of t he s upraspin tus or the 1nfr.,_ 
�-.. 

spinatus Rl11Bcle s  but upon t he posit ion of the spine of t he 

scapula , and the over-all shape of t be scapula is ma inl.7 governed 

by the requirements of tne suprascapular musculature. He 

further adds that the s ize of t hese fossae is no indication of 

the muscular power involved as t he muscles which have their 

ori gin in tb.em do not necessari ly always fit in them. Further-

more , he was not able to correlate scapular proportions with 

cursorial spec ializati on in any quadruped. 

A photographic comparison of the scapulae of the two 

breed types studi ed appear s 1n Figure 29. 

b )  The humerus. 

In Table 45 the analys is of varianc e of the w e i ght of 

humerus is presented. 

TABLE 45 

ANALYSIS OF VAR IAifCE 
FOR THE WEIGHT OF T HE HUMERUS . 

Sourc e d. f .  ss MS F 

Total 1 1  1 478 
Between treatments 1 34 34 
Be tw en bre ds 1 97 97 
Interaction 1 27 27 
Error 8 1 31 8  1 64 

Here again t he treatment had no effect and t he humeri of 

t he breed types were very much ali ke.  This is  further sub-

stantiate d  by inspecting t te  means in Table 43. As with the 

scapul , the rest of the measurements on t lle humerus were 

analyz d ing t he ! t st. The asurements , briefl.y , are :-

"HA" ( length of hwnerus ) ; "BB" ( e 1r�umt'erence ot b rus ) ; 

"HO" (width t "BB") ; and "HD" ( depth at "HB" ) .  
The 41tf"erences betveen the 'breed types 1n linear 

a re nt re not significant ( T ble 46 ) .  Ho ver , t e 

Romney group abowed a .alightl7 larger average in all cases. 
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Also , the standard deviat ion for the Romneys was larger in a1l 
measurements except depth. 

Since the width and depth measurements coul d be taken 

wit h  a relat�vely high degree of accuracy , while that of o irc� 

ference was liable to error ,  the c orrelati ons between the se 

vari ables were c omputed to s ee if ei ther width or depth could be 

used to  estimate c irc umferenc e.  These c orrelat ions are shown 
in Table 47 . 

TABLE 46 

MEASUREMENTS OB THE HUIIERUS. 

Measurement Group d. f. Mean fcm) 
"HA" Romney 5 1 4. 3  

Cheviot 5 1 4. 1 

"HB" Romney 5 7. 5 
C heviot 5 7 . 1 

"HC" Romney 5 2. 1 0  
Chevi ot 5 1 .  95 

nHD" Romney 5 2. 23 
C heviot 5 2. 1 8  

TABLE 47 

CORRELATI ONS OF MEASUREMENTS 

correlation 

C ircumference ( "HB" ) 
Width ( "HC" ) 

Cirownferene e ( "BB" ) 
Depth ( "BD" ) 

with 

with 

Pai rs 

6 

6 

S.  D.  S. E .  t -

0. 45 0 . 1 9  1 . 03 NS 0. 1 4  0. 06 .((). 4 
0. 33 0. 1 1  2. 20 NS 0. 30 0. 1 2  .(0. 1 
0. 1 57 0. 064 1 . 76 NS 0. 1 37 0. 056 <0. 2 
0. 1 38 o. o56 0. 37 NS 0. 297 0. 1 21 

ON THE HUMERUS. 

r ( R omiiey ) 
+0. 782 . 

+0. 777 • 

r ( Cheviot ) 
+0. 981 •• 

+0. 81 8 . 

Correlation c oeff ic i ent necessary for five per c ent is  0. 754 
and for the one per cent level of probability i t  i s  0. 874. 

It is evident t ba t  the widtb measurement give s  a f'airlJ' 

good pic ture at cross-sectional size at the point where the 
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circumference was taken. Tb.e c ircwnterence wi tb. width. c orre-

lati on is higb.er in botb. breed types tban .the c ircumference with 

depth correlation. For this reason , width instead or depth 

will be used later in calculating t he thickness x length relatioD. 
In order to illustrate c orrelations exi sting between the 

depth, width and c ircumferenc e measurements these msasurements 

were plotted on graph paper as sb.own in Figure 30 in the order 

of ascending circumference tor eac h  breed type. The lines for 

c ircumference and width follow each other very c losely , but the 

line tor depth seems to vary cons iderably. Since t he measure-

ment of width is much more accurate than the one o t  c irc umference, 

the former was used in grapbing the length and Width of the 

humeri as shown in Figure 31 . Again the b one s were placed in 

order of ascending width. W�tb.in each group some rather sur-
pri sing resul t s  show up. In the Romney group , with increasing 

width and circumferenc e ,  the length inc rease s at firs t  unti l i t  

seemingly reac he s a threshold a t  whi ch point the length decreases 

wi t h  an increase in width. 

Witb.in tb.e C hevi ot group however , increasin g width is 

assoc iated at first wit h decreasing length. Then,  tor a period, 

tb.e width and length relati on i s  relatively constant and finally 

length begins to inc r�ase wi th greater width. I t  i s  realized 

tb.at the numbers of animals involved 1n each case are t oo small 

to indicate any trends or differenc es ,. b ut certainly with sucb. 

opposing changes , a more thorough investigation would be 

warranted. 

The proportion of width to length. is also plotted in 

Figure 31 . It shows a different situation ,  b.owever , as it 

points out tbat tbi s  proportion decreased wi th increasing width 

regardless of the d irecti on of the length line.  It does this 

at about the same rate and With about the same spread . in each ot 

the breed types under consideration. 

In one oth�r proportion , that of the width to the depth , 

there seemed to be a group difference. For the Romneya thi s 

proportion was 1 : 1 & 06 and for t be  Cheviots i t  was 1 : t . 1 2. 
Although this  i s  but a small difference ,  it is mentioned because 



I. 2 . 40 
.......... 
s () '-'I 2 .  3 0  

..c! .p 'd ·rl � Ff: 
H 2 . 20 0 

11 2 . 10 
..c! .p � aJ R 

2 . 00 

1 . 80 

r,;t;::;-,'1-tH 

1-11-< !-'-4)1 fH· f"ffil'i'l�•r•L��I Ei· 
FJ:j: 

li.ititl+lt�li: 

E 

!t#+t 

P.II 

+}rq....... 

Pn!ffif:81fttijHjlti H � irnf :;n ;-� : :-"1 1: :; i : : t  r-:<, tt-mmt:� 
r=;: ffilr.t;Hl: 

R= 

-l • • o ._� + • • • I ' • ! . • �� +-• ' • 

�t 1,:nu mtli[ wl � t il mi :nt Hrrfm :Unit� Hr:!!; �ih!ti�lh fi�� : 1:i : : i · :: 1 nn HHtiitllil!!itmrnn rrnn;ff fftH!E- ""i ;! lrutEf: ::: : j :�: ;:-:: :m m;  r. rW :Ll .m iiU ::: : : :1:1!lp: :qrriir1��" w: n� 1fil:f1Ji ilil:Hm -� �+ 
� · · : .. ·:_:_ ·� :t.: �;� �t4' ·.:::: ·· � ... :::' .._ � ·  . ·: �- -��-. -.;. �: ·_f ' - · 

. • bl-tl � ·t :±tl..::t.r.rt.-:::J � . . . 1 .t .• · ·nth:· • . . .  t:�1 i-t P: r.t · ·tu t:t;_� . :t tt: r I · ·!! · . J · · � r, l!:t J lriiJ m tm 
•• �-+-� ·� it .. T • :-t !· : t :J  r : ,  :1 ::: :t fl: ._ : tt:.:  t t -l . :r-;� . � . :  � : :1 a  -:1 : t  H .  • : : . � .. .... : .: : : _�  :u; 11 _ t 1 ut tttt 

+Ji 8tf n1 m ffll li �1E iJ�; Hi :Jnl lt! Hn m1lfft �11 2H lm ��lr :: t!Hd l l i l  · ;p ml illtlnH nJ �i ll! 

m 
tffi 

::m : �t:t f1t · q :;=: •:,: 1:-t .  rt:t = • : : r�u :pt : :n . : tj t:: • i  :m ·f-1' ;: p l :±t : . :..: :1w !rH l �w i l!J : � :!-- :: ,.l,.UJI�l''L.J��it:· : ·.u;�tt±rmllmtt;®mm!$mn-HWrt:llllmLnn. �n:u�-!Ull �-�+ :t;_rr ��f :;.tt �r--:-. Ht � .r �:- t-t:� t ; : :  i � :! ! tq ! �+ • ....:r • L-+. !11� ;:.� :�1  : ; : : :q� + +l • :-t+� : : ! .  � :� :  ::il �� rt 1 +H++HHH+I llTI m: . ::: ·iW ./. � -If: • •  : I . : l :: : t q ;lU :] . : 1 f!IJ m mr t l !l1f n : :  : .; ) ; · i  j ll � . l .  j · i · ; !IIU I: j: ij!f+ � 1 � B"r· l�til :j� : : ���; L� �: � -� t�j. �, t��t ;fl_· I; : �t �i ��� � llit �-�-� �� l; • 
•
: L� ;1 j �f;� �;-i , � : :tf 

F , :� ++- · ��� m · t.t+t t.t rt �- :+± 1 , �1 l: : · r IEJ!- � �- r. �:..t HH :t-.tt ��:·t +rH : tr +-= H: �· t-tr' t · t :tt.: m�t:: t·/� > :: .�. �:, : . � :r� :  =� �!.: i� �� �:�!�h :�! r�� 111 �::: �_;:tn T: � �r: ��l: 1� r�r:l1f1!:m " � -�'!'t1f):, . .:.mH�Li!:� ' =-'.::c:r:. , :::t : :� Ell :;1 : : :"'±!..! :;:u ;r . , r.+:-t::tr:. m• . . .. . ..... : . . . . .. i11i+! 0 ·, ""'' �+. :wJ • :::: :ttt1 nt. :;-:. .1 • • · � .  � · · . . . .  � . . . . . . . . ... , . :t=� .�.. . . . . . . . .  . . .. ... .. ..  •.. . . . .  . •. . 
w -r+l-++t �· Ti1 • • l ; h f w.r \:£I :t1 : :- : r  jl: : : :_ 1 •1_H  : :+._ i : : : i  HU · · :  t�f ii P ::rr if i ... _ :_ : t:_ H ; : i-4!!1 1Fl U· n : ;  . {_t ·;t: �-; · :. ;ot-r -++=t 1 t . tt l._ i : ; .t • .::�: ;wt  H: ; !  � :: ;�-t- � +1 .. t!it +-rt-t-rtP •Li .. :.;l --�tt +- 1 ± 1  r;rf:tHI • i - �+ :+. � JT;"'!:I:LH : t : +tt l1 ti "li-� 1 :-:-·; :± ,  ;�!':: ;::'n :!J: : : . : ; . : :1�! :- . : :r;f1 ttH:� .; •• f ::::+ :+r •l; ; ;  lr.:..f!: ;.:; : : · ·  ..;• J!:W �· .if�.! 

. 
iW • tn• . . lt • •1 �r : : : 1± : ; :: · --: :  : : . : : :i ·HF : ·u :: · HE !:1: :::u ::!.! m! Ett 111 �·+; ' " ::: : : ;  t:HJ 

'-'�1 t'rt_t i; Ei. ;:- 1 • : 1 : �:.1 c ;E :Tf: :U:1 1tq ml :: ::-:1 l_ lt!Je::Pj ::+_ 1 ilt'f.� n_�·t :1;:tli1 � :U; n u  : �t; m tt +t-+1 1-t �: � · :- �; :- :� �tt: t . �.--t;u t t:: : ! H-t· • : : . r�� .;.�H H-tfH_�� ·tttt -ru H�:�t !.1  ::tt f � m-1- · tt -f-1: � !:lti' �;_?.: r'it: 1 � :::JP1: i:ljd ;t ift •it!: tu!� !.:';_; :4':! ::t1 .:� r;..F.t-11 :G !111: ,;::j. ++++- -l-1� -'�· ::tp t • • .  t: ,L .. ' .�.� . u "11;4 H - -<4 !qi · •  ' !ltf' 
::n-iffiltfillfrBUfu El*� :TI :g; �g; m� :m ml ttr41lli u tiUr.-iil § W:lli :UE '�l � ffi illi illil::u t.::H;�E: • · l i!::! • W! · • t;· · · · • · • ·  " • ' • tt : • �)t::-:!'rr I j:'t .. · ' • : t t  • . . - �  � 't "C+t· j ·�� '! �  · :i+ ".il 
::-;m:Wt!tit! ·:_. f;l..i ·11 : :r: : di �: i : : : : iH :  � : 1  : r : :  nt: :-H l:il t : : r  : :; ;  i: !.1  £:i : �: t  H i :  _ l: ::;c H E  Hi F:t !h1 

: ; :-t  f.�:-: rru H-::T; : : : i  , ; ; ; : : ' · j :p  ; : p  : tt} : : t; • i:J-. +-tt i. : : ;  :iH f.:!+ : :j : :.:-: H l • ·  - t: : > ii : :: !_ ::: : �.t tY= J+-r-tt . � :  n� �: �t! : ; ;i -t!-it ; : ·: t . : n . '  : -t�-: . ; .. ;- t ! •  ltl ... ·.: -:. :� . . + : !t :- ;- � �  ; j . t  t � t. ; t: : :.f . !1�:�. �4 -7t.f . 
11' �r i::tli$i:ti til_:t� nE � ; :  : : : :  ; ! : :  : : :1: �: :  : � ; :  !-i!i 11! n : �,::;i•::-:1 !iF :Tti lt:1! rm ��! iir1 r;:! I • -J !'i'../4 • · . ttt__..._..._.._. .. _ .  - •  �- +•• .J�- .... To-;-- �--- � .. �":"�• t ... ..... . .._. . .j. .._._.. �t� ._� .,_ . ••• L.J �-� Cll.F1;j1i H_ + ;..; . .  oft 1:.;1 : : : . :: : ;_ : : : : : : .  : r  : : :_ :  : r : .  : :::-!lif rl : ; : ; ;  · J · 1 : : :  1 : : .  :: : : j t J' :  ! ji l T ' I '! i : t ·  ti.l1'" :: ;tj �: : • t ··. t  :-: " r : . � :. : 1 � �  m : �� · ; -:--: � �  � !  t� : :  :- : ! t  � .t:-1 :--t � ·.:t:t : t -: !  : . . : � : : ;  : ! :- 1  : .. �' .. . : r� ; . : . ; !  ..911.' , ��- -+t� ltti m- r -1· . · · · · t · "  · · · 1 · ·-· .. . . · · • · · � . . . . • t · . ..... ::urn;:: .. . . .... . · · · · . . � .  - -:�t;t· � > • ·· · :...t'-"J · t· 111 tttt .ttt -±:·l i  t!.E �t-H H!:  -:!:! ::;ti ;.! t :  i ! �  tH+ ! ! : :  : i ;;  i-!tt�tt1· r : ; :  :: : i  H- H  ::t -r-: :;� ,  1-!-t! : · :: . �� ·/-t· -· : tl 1.:� rrtr. :-: : : ; · : �  ;�E �� ilit ;.J.: :-::-1 :-: : . t : :  : : ;: =:r: !111 ;Hl w : k  :�: :  r: = =  : : : : .r-t rm. � A" I 4_ : : . ; it11 

, . , . . . . . .  ·� i�t""lE_ /��1·; ��: ��i q1· :� �d: ;:t·i� �; ��L����� ;;;; :;:; ���i �;�� �t1:;; �t:��1 :2�{, t ,tHI, . '" H t  ittL ._. . . . . , .. . . . . . . .  tf • • , . . • .  it.l , t!t . · -· . . .  ·�i ., .. ' : f:1J.Iriittt ;l , Ail · lt1•H td+!_i, F�ttr-t u ru::tfH;: :-: : :-:ift:::" ;: ! !F  : : l !' l l : :  :a· t": : :  f:l : � :  c : : j  : : j :  : : . ::;;.rF . ' : ! :. c"_/. ; ; ;l'j t:t � J - tn- !l ::.:r,.t. t !r�::;-: : :t;.: :.1'-'-· · : :  · h� :  i :- !  : ; ; �  : . .  -: : t· ;  , : ·! : i ! :  1:.� : : . 1 · :; · ;,tt ;: . : . : · : 1:;/, · :· ' :8 ;;±;: :i iJ�l !.!.: : :ii: j.j-t: ;:: ; ; :-:F : p ;  : : : : : : �  : : : :  t : : :  . : : : .�'":-. ' . . .  '' I / . : : : .  tt1 ;! +-� �· • 1+� tlh fH:! ; : !! ; .: .: · . : :  � :--!• :-:-. • !:::  : : : ; ; ; : ��:-: · :� :: · :  :: · · �rl , ;_ ! !�1 :� -:1 

� 

· ·mrn �:r: ;:g;'"' t::tt !f; : ; . 1: ;fF :�; : :_: t ·: :  ii '�� : : 'i i:T � : : :  · : lJlli � 1 · :  : . : t : ; H!Hb_' :J� /!Jlill[l :i!:Ull tl!-: jlUltid"11ll: i ;W:: 1,UJ1 :JllUt ! fUj:·w fWUtt;·H:fm+wt.tmfttrtt:t�+U1l:lfmttt:t''m!!miln+11� r� tH+H.t.! :..:T : J.ii.L �- H!l -� • ..:.;..: •��· · ! :. :  : ; t :  tt ! i ! ;4 · . � -! :P : ' · :: t , .4-�r-: A) tH �t:! 1 : · � + :J!fl: tt : :; .. atutn+utu�-lm+ttt1 
�u t : H� : : I wl . ;  l ! t:.. � ; : : : : : t :, : ! , : : l l i  . ':' ' : t  ;. ; ;  : : :! :I ; r'Jtl :-: : : .  : . /!!'· :�: : ] · · � l ' •''il· ht1. i ; tilttttJtHH1U1Ht:ltttlttl: ��: 1 : , : :: t  tp :.1 ! : · : �  : t : . : :l.tT: : • . : i H  : .• · ; , 1H :w �· ; w ·.t.: :  ... /. ' : p.: : :n � ,. · ,.  : f ! ; L.!:l . ,  
rifi�1 . m� g · Hi Bi i im � t � i  : 1 ; £  � ; L  i i i :  :: . ·� �i �H ftt! t= ·:.tti# ! :: �  � :4 Httf:T Ir : t; u,itJ ! ::-tr n = ·"" :u :: ·'t:.t • -:11 :lJ: l r: J::: 1· j t :p.J ttl, ttu1t1 ;H '"":- • : i ttnJi;�ut:r 
. . 

. · - -If � .. · rnr +; • �n · I H • 1 1tt !tt: • :tt·..... + · -1 • ; -t, :� tttt mtf.: 

BW ' 
t !  l'i1Hll: tt ' 1 '  • • • l " "  1 1  . .. , . !.:. � u::  tt11 lP I!:!±:; ttl 1 : ·� J_;. :j nr. nJi;::;+t: :t:..i:++.:-+� H:.:.: ..... .... . ±L 1.1..:.;: 11-=- " trL' �� P� • �+• .... · · .:..tnt-t-:-i�!-tt 
!";! JtU·11L�t: :.,ilq�llJ.�4!t 1:1:1=- !1: f�+::n.fl !!1:. f!tt all.! ,:!:! ! . .:.,: $}1Lltij� 

- li�llliif � 
rr • . 

R omne ys C he vi ot s  

8 . 0  
7 . 9  
7 . 8 

I 7 . 7  t---J t--' --J 7 . 6 I 

7 . 5 t o 1-'· 
1-i 0 7 . 4 1 § H) 7 . 3 1 � CO 
::s 7 . 2 1 g 
........... 7 . 1 1 g 
.__, 

7 . 0  
6 . 9  
6 . 8  
6 . 7 



..s:: 
+" 
ro 
·ri S:. 

2 . 41 
2 . 3  

2 . 2 

1 

2 . 0 

1 . 9  

1 . 8  

� .... :±t L!t 

IerililP- t:: 
it4fl41.:::l::O: 

��..;:t!j:t! 
pt:t;!l:q:JfHll�� 

ltt 
f4l1Htfl!: 

i!tnt!mtHIWJt!Hi 
::i!J 

�� 

tmr+:: 
'll: f, . . 

R omneys 

----r 

!:±l:l:±±:!!t:ll�ht 

� P"-!141,; 
'lill;: n:�' Pl'rttt-

lti 

R= 

f.."::f 

i1r�c+u :1, t:� t!ti •il:±i •:p .t;: j tf:;.1h• ; ::: '"!H=l'+'fFJ.tiit::itc"·f+.::: ;..:+ . +--HI:IIm fh-. ft:: • .  ' ti j!"..j. :q:-: lE! :;t1 �; :  !!!t . t: :  ;f_,;:r.-:t-:t.� !;_;: l 'tl�1-! -.lii��J -� �--}ffi++c J"' jft"1''1ir+ t• · •  . .. , W1J.J1 11':��� -o1: • 
..:_:, · .lfili: 1· · I :P • c.'j't� j·: : :  _:!l. ! ttt! ; t1; ;  • : : ; : ; : ll 1·: f : . · : :  " '· � 'l ,v ' 1  ---:1• _1 f • · ., . ...... �T f"_:i•·fl'=Ht · !r . . , .. . , .  t_!l , + • • · · · --. ' . -r 

' '  w I .. . ' .  '"�j' li..:' :tt H-++:::-;-+..c • ·t- +ib . ... "" ' "  . .. ... . •t l!:t ttt_ :t' ::• .: ... �- r: :, l �n, :J :-,·c;hr.::t' ::J � �; . r;r: ::-t '  � �  :- : :- !: , r· :tr.vr : :  :�·:: : : : : : · : :  tr; t· : t"r t-H_ I++ H-_;· ... -!"t- ....,... ... ;r7Tt1rl .. .-4 . ·tt�1 I • • .... .. . . .. t : :  . . . . i � +- - . '-• - .. . .. . . . . !!� • - tti 
��m � ·:H� ·:?: · ���ft"":t ·  H� :;H t+i :ti�t 1�� i. �YriHtliilf".lli 1lff! i t it.t)W �lli @tiW1llii :tlL 1<++++t#++-l-44+l+e!<+,, t++++_++_,.tH,+...... -; · r 1t··�� r+t-· ;t� ·m r+�f --t=rt;.;=r: t : t  .. • • + . .. t!1 .. � n� · �_Jllif· fT:r. !! ..--! lttimt tt+t tt+ � 1 �: ! - ..... .,__, . h�1 :if t ;i.:J : ! ! ' : : :  ::! r: : · i!itr,TH i ! i  :jj: !i :� ; : : : " Hi i : :z 6: ·�H li !H �:;:n;:::rrn t ;:<l ·u: d: ll: . : · 1. - ' t :J I ' j ! :! : : :  W.j W1 

. 
.!'!: !j; t Ji nr:- :� i:\;:; ] j l '  1: : : :. : 1 ; n : : : t ::: l!iJ !  HJ� f!! � t�!-Jl ± .+!.4- ! :ti t � · �,._ • _ � d!.! : : ;rr . -1;P r:i i •Hi r-.::U · ; : :  -l :�f , � ; :  ; ;. .. : ; : .  - � !-1 ;.�;: • ::ilHr !l ntt-

: t r.r 't!;n : :;� �i ::::; .. + • Hil�r�� ��i !J. ��P�1 ��: l:ll :  i: : �· lt::ttt : �  · ·� :.t, nu !11=11i. :trt1· Jit : : ��· ·�·r:: t rrn. - ·till !I :r �t �t· ·�t· �t . . . ,,...,_. • H · :r� r;. t H-I ... + . d  • • • . . . . . . . •  t :: • . . . .• • • • • · ·--- · · · �t� , mum cp: }f r� t . r' f� ! - l/ � . : : : !  : : : !  l t ji :ty 8: r · . : 1 :;1� ! !  . z : : rl: :  :f:1 � "i : ; : ; ; J : j  i : :qwl 1 4 . 9 
�:�:; �-�i; � -r:: �;#:�.; ·, J± �§·?.�;;;! ;�;:; :�:�. ��� ;��� : t��!!i f :�7 �;;�;tt;�� 4-:�� .· f: i� � tJi: !1fi:-t: :�.;: t.t: f�t  Jf • . .t • •  r: �"l . . . . . , • • r:.:r!H� . . . . t •• !T . . • J: . • f ·� .. . • · t1 . , -:<f!::-� . iff; ®n · � m;::; rtt:. :_� ... ri':� t - � , . .... . o>+M .... P·r• · +· ·  +• • .. .... . . . ;t .. .  -- �1 :  . .. . t1-Y H- · 1 +• • • r """1 •....;.-t tt•r · · H· 1 4  8 :nr rm ti mr � ·JTit#r ·· .). · 1rr ::n tr.!JIT rm T:i HH : ru  ;:1 mr  1 ! ! :  urLm rJ ; ifl IT;ji�n 1111� ; m · 

+:f.:. " · :tt · l.t -:::-1- � · tt:'7 " '1 : :re "'' .t'''' ' 1 '  • · �.;: · · · · : : : ' T r:n:r !.f.: t�=:. •;:::jlr:1: tET::Llffl. :l:!mt-H:Wftmmmmffi=ltmf:ltn:�m I 1--' 1 4 . 7  1--' CO 
;-tl :� t H -· l t -·r;-� .. . ,.._. � I :· H� 7"�i tfl� -� t:-11 i.� :f:! 7tf:-�4 �s ++f;Tf;-�;+F. sl�: . 

1 11 ��l mrltll H rfl:t ��: 11 .t , � I ' i ilit' [! : ;. ;;· : : : 1  Jll l f. l. :i ! l lrn t i : : :  T 1 t j ! l  lif if+ .... .i t ! l  lull :::�: t±:Hrn · ;:;.j fit: • t : "'· · . 1 ,.:  . : :: ill ;;• f;..rlitt;:I::JF . :.,.;. ! . .;., : . : :  tL:" n ... . : · : r;t tr�: � : 
Ht-"' . ·tt : : •· · I+H � . pl-tt.:  � <Titt"" T· ' + t:fl ; -1 : t  tt lt� t- l l !  .;...tt--t:tt -:- t : �  :·tw_ , t;t tFt Lw.�· : , : t-: · lt:i�. ttt;+J.; · !L• ij 1t:: •;t;r:' " '  'L . 0". ! I l L· ' "  "l +� T 'ID . . . .  1;!; . . . . : i t t  l!-+l n-::;- :j:j! u-l rt�l! cil : • •  · ·

- ·:· .. 1 �:· ::· • •• • •  
� � •· �: ::�- �- ·., � "t� ' :::: :::. ��:· + -� .::t :-:: . . .

. 
�· 

. ;� Et ;�1 . rr. :r'r'E:',;" 1 . ' ittJl1�li# ill �n! ;; : ; :_ ::;H; ��I1J�!�L1r;fftj:! :JTI BJ! f�� 
� +/t:�:-� · · · ·Ll!.:.tW.;b!: ' · · . .._L7ll:�J�-I!• · l!:!!-� "'"' . .. :�i · · •  ·-:� ttri- H ��· ... · · t '""' g:.t � �._t� fir, L of .:::: f+'-o' �.: � ·:1f ... r,"' 1 : : r .  m� -5.1 ' • t!l t�� ':!J: .�1- �:H :+:."'-''fit.--: .:: :E: 11..:. # �· .... . · � 1t Et�� . : ;£: c ; v  !fr! i1i J!4.:f!l � f:l:�R� : : :1 : :i!Jj:ll-i!f fi:! :1:1 =E�J:!fj:j±,:�-;,� . �et·< ::-;± ':�� � � � � :s .. . - . - . :ffi :;!'! ;:.: ::B :: �:; ; ;;; ·:+± ���i ii�;: : ;; :zB :s i� ::; I Wl .:i: :;: -!ffi!-Hi1 ·• n : t 11  . . 1 \ I:f 1 l: : ;  . .  c r-. • · ' ' " !-r. . · • 7t [[l l .  · • · ·  · - •  · • · . .  : t-11. � · .  :F" .. . . • ·lt!! ! l  , ,qi:jlj 

m�1.{: \ :;h :p ITi : : : : . u ¥ i ! r  :m�s� h'TI ;tJ rt1� nEttt � : � i  ij iffi ;t.rst� :1: :J ill' iH1kH ::;-111 !H · · ·ill n = ·HFEii 1 - r t· : : i ;1· : � 1.: : i- ; !.tT t  : j : :  � : : �  ::· : r : : � � : : : + H.: : t;:;.:';:; FU �: : 1  n :t:l:Uj: : :t.;t.. it;; +t!-: :�t· +f!tF.:- · :! :  -r. _.O. i.: : : ! . : t-;• ���-tt:t. .:.._: · .::. !1 : : : t:  : : ; !  ! ' � t  t :L : ; .;::: t ;-:r . LP ;..:..;_l ;..:t� ���+-t.:= 
'F  : t!I'Hil :� : j  :;\ i i. : : !F�-. . . VT V t l  : : t :  ; ; , i  ;�;: ltd j i i :  : q :  c ; ; l• : : . j  r : : !  : � ; t  j t ' : " · i ' ! , ;  j' ! t t  :: ' j i 1 1 !  w j ; t  
: . : r • •  :-tn 1 : :  ��\ ! , . j�..::�; t • t : ! ·: : : ! .. !.;.! : t +:..t • .  : tl � � : !  � : : ·  · : : · i : : �  . -· : 1 :... i. t :n ; �� �  . t t-t' 1-1+ 

:tttt Jrt! ::rr , ; ; Gli . �n  · -��-�; . , . ' : : r: :  fr.l- i;: : r : · : : � : : : . � : : . �, : : :1 -;;.t: :i . .  1 ! ': " u' n :  1 ; 1  i t  .:. � �iJ ! : 1 .:.:..; · ::-iL . �:� "'" t • : 1 · - 11. ;L. · · ;  :fi: �� �t; � . ; :  :: �: : : .l t  � 1 . : : :  1�-� ii"t: t :-r l id �1: ·;1 :1 �Hl 
: ; ;  � · r ;�:t: �tllf · l PTf- · "IN. : i: :  r : r  W Hl J :  " i  : : : :  �� lPUli;W 'I9 m� :+ • tr: :  i1 IJrJ �-:�tt�j�� �. · . ���-:·�t + 4.� .:t�:· 

· .: :  :��! .� i+�:�; ���;- : ·�;: : !�� �: .: . ;-� �. : �-�; �:�-! ! . :• :1 . 1 �· .. . . . . . . ��· . ... . r _ J- IX_ " ·t !.. . · l · t  . . . . . . . .  , . . . 1 1 · ·· jl:+ ti: ;J Ji. .t . . • , ,-' rL' :::::::---! . . . . .. . .  :::� . ... .  • .  r. . •  �::"' .. . . .  · · • ·  . .. . . •• • . •.• �t-;:t. : : � . . . . ... ;r �1: � Jftl : � � llt!t! ::-; ; !:!; • h ' v; ._. • ; ; u  �:: . :�:X . : �� ; · , • ..,.V"�..._ ' : :; • i:; ' !• ,)'j'0J. ,.,. iij 

1 4 . 6  
1 4 . 5 
1 4 .  
1 4 .  
1 4 .  

�" 1 4 . 1 
::.:::·:tf ��:: -�ttt �-�: :·; . . .  : . . � .  ·- ::�� �:�: :::: :��� :: :; · · _ ·  - �: --� ,� : . : � : :: ;it /:�· j!' �i1 
TI.t:#ll#Ufgf�J;if#i Hi��:+.:: r-. .- � il itf. :::: : : : :!X/V ' . :. I p,�� ::: : Ul 1�tiiittmmtt; 1 4  0 1�:::p.t ::-: :L:.li rrl t l  t;i� :r= u . _.; t:::_ • •  l -:-!1' : ; ; : : : : :  , : : .  : : : : : : . : : ! ; !  : : : j' : : . ;/ : · . : 1· ; q  :) l : :rp1111t+ll-11l1�t11l+titmttmtr1+1 • 
�ii t: : : i ..:..H = I� :'"" :pt·:H!; , t t .: ; :1-1.: : : ; : 4.: : ·::· : !..; : :  :. : : �  · : ; :  1 ' .. . : : 1 ; : : ; · t: q:��n;Ht-ttttlt�k+tH·H� 

� t' t: •• . • ' • j  " ' :-!::- l ' '" tit! : ;_ •;: t . l ' :t � ! · · ! it ' . . . • · t > <  . . . . . • ' ' " · ; � :  " ll j :i ! !1 ' . ·�t t t tti "ttittrt!1t1t titlll 'trttitl1 t;� :  ii J:t :1' ri H 1i1 ;t;; . ' .Hl :1 : h-1� �ll t : 1J ?! i :  ! i :  :::: : : : : : : : : A �. : : : :;1 t :"' t:1 : ·- 1 3 . 9 
1 3 . 8  

·��:.'�i'U' ; : : :  tlr· :;.t::_ 1:++ :::, r 1  . , 1 °  ": 1 _· � · � · :J :t:J :!f Ui• :H! : · : 1  ::�1: · :<Y.:H+,:J :-t:: : , ; .1· Fl t:h d I j_ • • :�1 !ltt· .. ' ' • ·�..:::. t ! • " .:1 ' t fl ' · �· " ' � d4- ... + 1 • •  tt· I 1 . . . � " :: ;_; !l :.: e: ::r:;::::: !�i tt1 h, u..Jd .i::: � �n ;;:t: • r+H trt'';?i' .�:. •:ttrl · i :.r .r�t,r !;:!-�;.; 'f. :... !1 I ttt_,tt;.;.;:._,+. C.:'Y.' Tir tt- 1ft lrl+t ++ · � -tt:' .rr+mt rth i '  r,1t•ili:ffi1 =Ei1 n r . ! : :-: ;' ±: ;Mn: . :l ·..,�1 . .J c . . d !  . . • '7'-;i� 1-.1": : > . : , 1 ;;;· ;·;n +11- rs:1 .;.,.; , hi ;;�·. ; 
. 

. •  : p1 i t• · · ' t  ·f� !HHJ� . , , t  ..J.; r �, ;ot.-� !j- ��p. + n · ··a.�+ -lt•• >+ ·� . . r:r +-.... . �:1;1!; ' 1 : : r�T t: , ; •t- ��i . i1a ..... J� : :11' • . • t ·tj! rt!j: ;i�tf!=. :!:. : .: :! tf"i ;..:.t1 :tt:1 tl� ... � +:�I:!++ · t+ ·'nl t'-il r; ,.· IF '" ' ' 1 .-�· :+ti ut: • +-:; :tq :r: rm - c:-:: · .. "!t. � T'f.t-::1 ·rt ::t ··n:mJ �4 :i.mt f.l :· • mr, :t!t · :. :[b; .J: nat " iti'r 111 ft�f;;: :ft; 11 · ·l1iJ �f.1,�: 
. �-U1H �$.. � ll-ttt ifttttjg :Y H. Ill : ++! tit tfi ·� riof- �;t :,g.FtiJ 

Chevi o t s  

1 3 . 7 
Ut 

' 



-1 1 9-

as may be seen by c onsulting Appendix X, there i s  very little 
overlapp ing between g roups. These ratios indicate a tendency 
for tne humerus of the Romney at its  mid-point to be nearly 
round whi le the same b one in the C heviot group is more oval at 
the same point. 

A photographic c omparison of the humeri of both breed 
types appears in F i gure 33. 
c )  T he rQd ius -ulna 

. The analysis of varianc e  f o r  the weight o f  t he radius-
ulna i s  presented in Table 48. 

TABLE 48 

ANALYSIS OF VAR IANCE 
FOR THE WE IGHT OF THE RADIUS-ULNA. 

S ource d. f. ss MS F 
Total 1 1  942 
Between treatment s 1 23 23 
Between breeds 1 29 29 
.Interac tion 1 53 53 
Error 8 837 1 04 

Again no breed or treatment difference i s  revealed in 
the weight of the radius-ulna. Also , the means as shown in 
Table 43 are very much al ike. 

The l inear measurements 
follows : - "RA" ( total length ) ; 
length ) ; "RC" ( depth at "RB" ) ; 

taken on the radius-ulna are as 
"RB" ( width at one-half of 
and 11RD" ( minimum Width below 

olecranon ) . 
in Table 49 . 

T he breed c omparisons using the t test are s hown -

In these analyses no real differenc es were apparent 
exc ept in "RD" whic h i s  t he minimum posteri or-anterior width of 
t he olecranon. This measurement was larger in the Romney group. 
S ince the olecranon is t he point of ori gin of the triceps brac� 
a lar ger measuremen t here should indicate an origin of greater 
potent ial ��rength. Also the measurement should be c orrelated 
wi th the size of the triceps brachii  musc le if the theory that 
b one form depends entirely on function holds true. That 
greater idth does not necessari ly mean a larger triceps muscle 
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or 11££ versa is sbown by the fact t hat t he Chevi ot group has 

t he hi gher average we i g ht of triceps brac hi i  in the c ompar i s on  

of the two breed type s .  

TABLE 49. 

MEASUREMENT S  ON THE RADIUS-ULNA. 

Measurement Group d. f. Mean S. D. S. E .  t 
( cm) 

-

"RA" R omney 5 1 8 . 2 0. 86 0. 35 1 . 1 4 NS 
Chevi ot 5 1 8 . 7 0. 39 0. 1 6  <0. 3 

"RB " Romney 5 2. 21 0. 1 85 0. 076 1 . 1 3 NS Chevi o t 5 2. 1 0  0. 1 51 0. 062 <0. 3 

" RC "  Ronmey 5 1 .  04 0. 091 0. 037 0. 51 NS Chevi ot  5 1 .  02 0. 003 0. 001 

"RD" R omney 5 2 . 57 0. 1 04 0 . 042 2. 50 • Chevi ot 5 2. 43 0 . 089 0. 036 

Because a true c irc umferenc e c o uld not be taken on the 

radi us-ulna , this me asurement  was omi tted for this b one . How

ever , as wi th  t he humerus and metacarpus , b oth width and depth 

measurements were made at the mid-point i n  leng th. 

The radi i-ulnae were also graphe d ( Fi gure 32 ) in t he 

order of the ir ascendin g width and re l a t e d  t o  depth and length. 

The propor t i on of widt h  t o  leng t h  i s  also  shown in the s ame 

F igure . The animal s , w1 t h  the exc ep ti on of one in eac h group 

ere ranked in t he same order as was found in graphing the humeri 

in order of ascEnaing widt h. As before , the depth of t he radius-

ulna at t he mid-point of i ts length genera lly follo ed the c urve 

for inc reasing widt h. However , wi th inc re ase in Width , the 

trend i s  t oward an inc rease in length although t he curve i s  very 

e rratic . As w1 th t he humerus , the rati o  of wi dt h  t o  length 

drops wi th an inc rease in w i dt h. In Figure 32 i t  may be  

noticed that t h e  c urves for the Chevi ot group are much more 

defini te and not as variable as those for t he Romneys. A 

general statement that , with an inc re ase in length and w i dt h  of 

the radi us-ulna there is a narr owing of the ratio between these 

t o i tems , ght be ma de.  
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T he average ratio  of widt h to lengt h  is 1 : 8. 30 for the 
Romney group and 1 : 8. 94 for the Chevi ot breed type s. In 

thi s c onne c t i on ,  Hammond ( 1 932 ) states tha t the radius-ulna i s  

proportionately slim i n  t he semi-wild type s  of sheep and thick 

in the improved breeds.  If  this is so ,  then the Romney group 

tends t o  be the more improved mutton type . 
Photographic c ompar isons of the radi i-ulnae of both 

breed types appear i n  F i g ures 34 and 35. 

d) The metac arpus. 

The analysis  of var i anc e for t he e i ght of the metacarpal 

b ones is  presented 1n Table 50. 

TABLE 50. 

ANALYS IS OF VARIANCE 
FOR THE WEIGHTS OF THE METACARPUS . 

S ourc e  d. f.  ss MS F 

T otal 1 7  1 1 75 
Between treatments 1 4 4 
Between breeds 1 8 8 
Interacti on 1 0 0 
Error 1 4  1 1 63 83 

Here again , the breed and treatme nt varianc e are negl i

gible and Table 43 sh ows the means of t he groups to be only a 

l ittle more than one gram apart. Since nine metacarpal b ones 

were available from eac h group , the analyses in Table 50 has the 

advantage of greater numbers. 

The l inear measurements taken on the metacarpal b ones 

are as foll ows : - nMA" ( total length ) ; "MB" ( c ircumferenc e ) ; 

"MC"  ( width ) ; and " MD" ( depth ) . 
In every respect ,  except for length , the mean measure-

ments of the Romney ncannon b one s" were the larger. The last 

t hree measurements show the Romney group to  be significantly 

larger in ci rc umferenc e ,  width and depth at the mid-point of 

total length. For length , there is a suggestion that the 
C heviot is  the l onger ,  although _ the difference found is  not 
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si gn ific ant. T he analyse s  in Table 51 indicate that , in 

appearance ,  the C hevi ot group b.a s  "cannon b ones" of longer and 

slimmer proportion s while t he R omney group has s horter , broader 

and more round metacarpals .  

TABLE 51 . 

MEA:::>UREMENTS ON THE METACARPUS . 

Measureme nt Group d. f. Mean S .  D .  S . E .  t 
( cm ) 

" MA" R omne y 8 1 1 . 2 0. 80 0. 27 1 . 74 NS C hevi o t  8 1 1 . 7  0. 29 0 . 1 0  <.o. 2 
" MB "  Romne y 8 5. 4 0 . 26 0. 09 3. 95 * *  

C hevi ot 8 5 . 0 0 . 1 7  0. 06 

" MC "  Romney 8 1 .  89 0. 030 o. 01 0 4. 58 * *  
Chevi ot 8 1 . 70 0. 026 0. 009 

"MD" R omney 8 1 .  22 0. 051 0. 01 7 2 1 . 00 ** 
Chevi ot 8 1 .  1 8  0. 003 o. 001 

A s  with the humerus , c orrelat i ons we re c alcula t e d  to s e e  

whe ther e i ther t he width  o r  depth o f  t he metacarpus were more 

c l os ely related to t he c irc umferenc e. These c orrelati ons are 

s hown in Tab le 52.  

TABLE 52. 

C ORRELATION S OF MEASUREMENTS ON THE METACARPUS . 

C orrelation 

C i rc umferenc e ( "MB" ) w1 th 
Widt h ( "MC" ) 

Circumference ( "MB" ) i th 
Depth ( "MD" ) 

Pairs 

9 

9 

r 
( R omney ) 
+0. 893 • • 

+0. 830 • •  

r ( C he viot ) 
+0. 81 2 •• 

+0. 545 NS 

The c orrelat ion c oefficient nece ssary for si gnific anc e 
at the f ive per cent level i s  0. 666 and f or t he one per 
c ent level , 0. 7 65. · 

In both cases t be  c irc umf rence and width are very b.1g� 
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c orrelated , but only in t be R omney group i s  t he c 1rcurnferenc e 

and dept h  c l osely rel ated. Henc e , in t he lengt h-thic knes s 

c ompa r i s ons , the wi dt h measureme nt will b e  used i nstead of c ir-

cumferenc e .  T hi s  was done because t he acc uracy of c i rc um-

ferenc e measurement was not h i gh. 

In F i gure 37 the c ircumference , wi dth and dept h are 

pl o t t e d  f or eac h b one w it h  each gr oup arranged in orde r of 

inc re a s ing c i rc umferenc e .  T h i s  was done i n  order t o  ill ustrate 

whether an inc rease in one of the s e  mea surements nec e s s ar i ly 

means a c orre sponding i nc re ase in one or b ot h  of t he o t her 

measurements .  As may be seen , it i s  apparent t ha t  an inc rease 

in c i rc umference is ac c ompanied by an inc rease in wi dth and 

general l y  by an incre ase in depth. Al t hough th
.
i s  la s t  me asure-

ment doe s n ot seem t o  foll ow the othe r s  c l osely , i t  i s  a muc h 

b e t te r  f i t  t han was found wit h  the humerus . Sinc e t he widt h 

measurement , usi ng t he sliding cal ipers , i s  muc h more accurate 

than t he c i rc umferenc e meas urement , us ing t he wi re , it was used 

as s hown in F i gure 38 t o  illustrate t he r elat i onship t o  the 

lengt h of the b one. 

In F igure 38 t he b one s  a re grouped i n  order of t he i r  

inc reas ing wi dth .  The relat ions hip b e tween widt h  and length 

for the R omney s  is very erratic b ut it seems that generally wi t h  

an inc rease in width , t he re  i s  an i nc re as e  i n  leng th , b u t  caution 

i s  nec e s sary i n  t he i nt e rpretation of thi s relationship in view 

of t he var iable na ture of the c urve. W i th t he Chev i ot group , 

however , there appears to be a de fini te and regular trend i n  the 

di rec t i on of a decrease in length w1 t h  an inc rease in w i dth. 

In b oth groups t he ra t i o  of w idth to length dec rea s e s  wi th 
' 

inc re a sing width , al t ho ug h  w i th muc h greater irregulari ty in the 

R onmeys .  

A c omparison of t he average rat i o  of wi dt h  t o  length 

s hows t hat the R omneys have a shorter " c annon b one " in proport ion 

to i t s  wi dt h. T he fi gure f or the R omneys i s  1 : 5. 92 and for 

the C he vi ot s it is 1 : 6. 89 . T he average ra t i o  of depth t o  

wi dth o f  t he "cannon b one" at i t s  mi d-p oint in length is als o  

intere s t ing i n  t hat i t  demonstrates a tendency for the C hevi ot 
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type "cannon bone" to be more round at that point and for the 
Romney type to be more oval shaped. · Thi s  average ratio  is 
1 : 1 .  55 for the Ronmeys and 1 : 1 .  44 f'or the Cheviot s. 

Concerning the b reed differences in the ncannon b one" 

Hammond ( 1 932 ) s tates that the reducti on in  size of this b one is  
one of t he ways in  whi c h  improvemen t of c onformation i s  brought 
about , and that with the more improved mutton breeds , t here is 
a shortening and a thic kenin g of the metacarpus. In fac t ,  he 
goe s  on t o  state that greater t hickness  of all bones in relation 
to their length is one of the chief differenc es between t he bones 
of improved and t he semi-wild type s of s heep. Us ing a system 
of rec tangular c o-ordinates , Thompson ( 1 942 ) illustrates that 
between different spec ies of ungulates , the differenc e in 

"cannon b ones" is me1•ely a thi cke ning in relati on to  l�ngth. 
If this b e  so , i t  should be feasible to ident ify differences 
within spec ie s. 

A phot ograp hic comparis on of the metacarpi of both breed 
types appears in  Figure 36 . 

e ) The relationsh ip between weight and l engt h of bone 
The relationship b etween weight and length of bone does 

not necessarily remain the same from bone t o  bone. This results 
fran the fac t  that there are differenc es in shape and differences 
in the proport i on of c ompac ta and spongy t i ssue in different 
b ones of the b ody ,  the l at ter appearing to be related to t he  
function of the b one c oncerned. 
c ontent in different bones of t he 
Hofmeiste r  ( 1 873 ) , and this would 

A difference in water and f'at 
animal b ody i s  reported by 
affect a length-weight  c ompari-

son. In a c omparison of t he same bone from different animals ,  
Hammond ( 1 932 ) shows tha t  there may be differences due t o  sex 

and suggests that since there are differenc es  between wild and 
improved mutton breeds of sheep , there mig ht also  be breed 
differences wi thin these types. 

In order to ascer tain whe ther a breed differenc e existed 
in the present study , the ratio of eight to length of eac h b one 
was calculated. Sinc e the analysis of varianc e  revealed no 
differences in weight due t o treatment,  the data were pooled and 
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breed averages determined. The results are shown in Table 53. 

Group 

R omney 

C hevi ot 

TABLE 53 . 

RATIO OF WEIGHT TO LENGTH 
( Grams wei ght per centimetre length) 

Metacarpus 

3. 52 

3. 25 

Hwnerus . 

7. 66 

7. 39 

Scapula 

7 . 00 

6. 60 

Radius-ulna 

4. 46 

4. 1 9  

Inspecti on of the mean rat ios in Table 53 s hows that the 

rati o of weight of bone to l ength i s  bigb.er in the Ronmey group 

t han in t he Chevi o ts. 

Although. there are no s ignificant d1 f'terences bet een 

breeds , inspec t i on of' the data in Appendix XVIII shows that the 

rati o ranks eac h animal in a fairly c onstant posit i on in all 

f o ur bones examined. T ha t  is t he animal having the highest 

rat i o  in one bone woul d have t he highest in all b one s  and the 

animal with the lowest ratio ot weight t o  length in one bone 

would accordingly have the least ratio in all bones.  
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D.· T he L i gamentum Nuchea. 

T he l igamentwn nuc hea is made up of' two parts : - { 1 )  the 

funic ular par t , and ( 2 )  the lamellar part. The funic ular part 

c onsis ts of the main strands which a ri se  on t he occ ipital b ane 

of' t he  skull and l i e  along the back l ine until they merge into 

)Jle lwnb o-dor sal part of' tb!': s upraspinous l i gament. T he 

lamellar part i s  that wh ic h forms a connec t i on between the 

cervic al vertebrae and t he funi cular par t and the sp ines of t he 

thorac ic vertebrae. 

In t he sheep the t uni c ular part i s  d1 vided 1n to two 

separate lateral strands which are merged antero-posteri orly at 

a point j us t  anter i or  
. 
to t h e  sec ond thorac ic dorsal spine where 

they make a definite spl it. One strand carri es on posteriorly 

on eac h si de of the dorsal re gi on of the t horac ic sp ine s .  Af'ter 

the di vi s i on , the two strands are c onnec ted by a thin , membraneous 

ti ssue. I n  t he t horac ic re g i on the se strands are part of t he 

or ig ins of the trapez ius and rhomb oideus muscle s .  I t  was 

observed in the sheep dis sec ted that after the d iv i si on into two 

separate parts , the dorsal t ips of' t he sec ond to s ixth thorac ic 

spinous proc e  sea were t he highest point s  1n t he thorac ic regi on. 

In thi s  study only t he funicular part was di ssected out 

and measured. The measureme nts given for length and we ight are 

not for t he entire ligament or thi s part s i nc e  i t  was severed 

between tbe tborae ic and l umb ar vertebrae when the c arcasses were 

h&lved. Likewise , a short porti on of the anteri or end was n ot 

measu.r d ,  sine 1n b oth treatments the heads were removed before 

taking the ab ove measurements. However , the points of' sec t i on 

were c onst&At for all she p. 

The length between the origin of the l igamentum nuchea 

and the point ot severance desc rib•d above was asured atter 

expo ing the . l.i gamentum nuc hea during dissecti on. A piec e  of' 

soldering wire was tit ted al ong its dorsal c ontour , marked and 
strai ghtened. The marked. di stanc e  was then measured to t be  

nearea' mill imetre. T ile  depth. measurement was t he  ventro-dorsal 

41staDCe at the point where the two e�randa d1 vide while the w14th 
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measurements were made ��s� posterior to that division. The 

measurements were taken wit h a pair or d1 v1d.ers and read to the 

nearest millimetre. The means and analyses of varianc e for 

the measurement s appear in Tables 54 and 55. 

TABLE 54. 

MEANS FOR 
MEASUREMENTS ON THE LIGAMENTUM NUCHEA. 

Measurement Breed Type Treatment S . E .  
Romney Cheviot Fresh F ixed 

Wei ght { gm) 31 . 2  30. 4  28. 5 33. 0 1 . 37 
Depth { cm) 0. 72 0. 72 0. 63 0. 80 0. 06 
Width of one strand {cm) 0. 93 1 .  00 0. 98 0. 93 0. 1 2  
Width of mole { cm) 2. 05 2. 1 2  2. 1 3  2. 03 0. 51 
Length 

{before dissecti on) (cm) 44. 4 43. 9 44. 6 43. 7 0. 51 
Length 

{ after dissect.ion) (cm) 34. 5 35. 2 32. 3 37. 5 1 .  71 

The means and the anal.ys s of variance show that all 

me surements taken on the ligamentum nuchea were similar in both 

breed types. The treatment means also show little di frerence • 

except :for t he measurements of w ight and f or length measured 

after dissec tion. In these it was :found that weight after 

diss c t1 on was significantly greater for the f ixed animals ,  and 

a tendency ensted for the length after dissecti on to b e  great r 

1n t.bis group. Not much reliance should be placed on the 

dit'f'erence obuined for the depth measurement as this measurement 

has a l ow mean length and is liable to error in m asurement. 

To get s ome  14ea ab out the lastic 1ty of this lig n� � 

comparison was made between the length .!!'! !.!!!! and the length 

af'ter dissection 1n each treatment group. The means and 

analyses o'l variance appear in Tables 56 and 57. 
'fable 56 shows that there 1s a Ter'J' definite ditterence 

in length of' the lig ntum nuc b.ea bet'ore ·and a'lter dissection 

icb. indicates that it i s  under considerable tension in si tu. - -

The ·al.ao indicate that t he t 1x1ng ot ttae animals resulted 



.. 

-1 32-
' \  \ 

TABLE 55 

\ \ .  
ANALYSES OF VARIANCE I I \ I 

FOR MEASUREMEN'rS ON THE L IGAMENTUM NUCHEA. ' \ ' 

Source d.. t. ss MS · F I 
\ ; 

For We ig ht 1'-
Total 1 1  1 52 .  1 7  
Between treatment s 1 59. 86 59. 86 5 . 32 * 
Between b reeds 1 2. 08 2. 08 ' \  
Interac ti on 1 0. 1 6 0. 1 6 

Error 8 90. 07 1 1 . 26 

For Deptn 

T otal 1 1 0. 237 
Between treatments 1 0. 084 0. 084 4. 42 
Between breeds 1 0. 000 o. ooo 
Interact i on 1 o. ooo o. ooo 
Error 8 0. 1 53 0. 01 9  

For Wi dth ( One strand) 
T o tal 1 1 0. 087 
Between treatments 1 0. 004 0. 004 
Between b reeds 1 0. 014 0. 01 4 
Interac ti on 1 0. 002 0. 002 
Error 8 0. 670 0. 084 

For Width ( B ot h  strands ) 
Total 1 1  0. 257 
Between treatments 1 0. 030 0. 030 1 .  20 
Between breeds 1 0. 01 4  0. 014 
Inte rac t i on 1 0. 01 3 0. 01 3  
Erro r  8 0. 200 0. 025 

Por Length ( Before di ssecti on) 
Total 1 1 1 6 . 45 
Between treatmen ts 1 2. 08 2. 08 1 .  31 
Between b reeds 1 0. 48 0. 48 
Interac ti on 1 1 . 1 5 1 . 1 5 
Error 8 1 2. 74 1 . 59 

Por Length ( Atter di ssection ) 
Total 1 1  241 . 1 5 
Between treatments 1 86. 94 86. 94 4. 95 
Betw en bre da 1 1 . 40 1 . 40 
Interac t i on 1 1 2. 20 1 2. 20 
Err or 8 1 40. 61 1 7. 58 
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· TABLE 56 

MEANS FOR T HE  LENGTH 
OF THE LIGAMENTUM NUCHEA ( CM) . 

Group 

Free� slaughtered group 
F ixed group 

Breed Type 
Romney Cheviot 

37 . 9 38. 8 

40. 9 40. 3 

TABLE 57 

ANALYSES OF VARIANCE 

Condition. 
In situ At"ter 

Diseectson 
32. 2 
37. 5 

44. 6 
43. 7 

FOR LENGTHS OF THE LIGAMENTUII NUCHEA. 
Source d. f'. ss MS F 

Freshly Slaughtered Group 
Total 1 1  522. 2 
Bet en measurements 

( In and out of' animal 1 461 . 2  461 . 2  76. 23 • •  
Between breeds 1 2. 1 2. 1 
Interac ti on 1 1 0. 5  1 0. 5  1 . 74 
Error 8 48. 4 48. 4  

Fixed Group 
Total 1 1  1 21 . 2  
Between mea urements 

( In and out of' ani mal 1 1 1 3. 5 1 1 3. 5  1 81 . 60 ** 
Between. breeds 1 1 .  2 1 .  2 1 . 92 
Interaction 1 1 • . 5 1 . 5  2. 40 

0·- >L�� 
in some l os s  in thi s tension as c ompared with the freshly 

S . E. 

1 . 00 
0.32 

slaughtered group. In the freshly slaughtered group the liga-
ment c ontracted to seventy-two percent of' i ts natural length , 
While in the fixed group it c ontracted to only ninety-three per 
c ent of' i ts !!'.! .!!!.!! length. 

Ho l.l ( 1 944) states tbat tte ligamentum nuchea is better 
developed in artiodactyls than in perissodactyls and that the 
longer Tertebral spines which are c baracteristic of the former 
appear to be c orrelated with this better deTelopment. He adds 
that the ligamentwn nucba is so arranged that 1 ts pul.l practic
all¥ equalizes tb.e weight of the b ad and neck. 

While between ·apecie dif'f'erenc es baTe been noted, 1 't is  
unlikely that W1tb1n speci LS Tar1at1on wll.l be very apparent 1n 
the ligament nuchea. 
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K. The Musc ulature . 

It was in the muscul ature that i t  was expected tha� the 

differe nces between the treatments would b e  the most not iceab le .  

T he formal sal in e s ol ut i o n  used in t he f ixati on went through all 

blood vessels and c api llari e s  and t hus made it more l i kely t hat 

t he se musc les would retain approximately the shape they held 

When thi s  s ubstanc e  first entered. T he muscles in the freshly I 

slaughtered animals woul d possibly be distor�ed 1n three ways : 

( 1 ) the b lood would run out allowing the blood vessels to 

c ollapse ; ( 2 ) the muscle cells would lose the turgescence that 

they maintain in t be l iving stage ; and ( 3 )  the c arcasses we re 

hung on a gambrel overnig ht , thus forc ing t be less turgi d  musclea 
to reac t to gravi ty in a new direc t i on  tor abo ut a fifteen hour 

period. In other words , the f orm or the muscles and possibly 

even the we i ght c oul d easily be different to that of the li ving , 

func ti oning musc l e .  

On t he other hand , it was al so qui te possible t ha t  sane 

c hanges in shape might occ ur  in tbe musc les of the fixed an1mals. 

For example , when t he animal s •re being fixed they were on 
tb i r  side and the normal b ody  wei ght was not on t he  muscl s 

that normall.y support thi s  wei ght. Furthermore , it is poss1bl.e 

that some ll ing of the musc l e  took place through t he entry of 

the f ormal saline soluti on into the musc l e  cells. Os te rtag 

( 1 934) says that muscle s , when still warm and not yet rigid , 

have a great c apabi],l ty of swell ing ( c apac i ty for absorpt i on  of 
large quantities of flui d ,  such as saline sol uti on . etc . ) . 

T be  prob lem of a treatment effec t on the w e i ght of the 

1�div1doal muscles i s  eas ily solved by c omparing t he average 

weights and measurement s , but the ques t ion as to whic h treatment 

most at'fec�s the weights and measurements i s  �re di fficult. 

S inc e thi s is a compara'Cive study between two breed types , the 

act ua� living norm is not qul te ao important. Howeve r , it 

w1�l have to be assumed that the t ormal saline· fixed muscles 
more c1oae.l7 approach the· normal than do .the muscle s :rrom the 

:rreably sl.aagbtere d  animals.  
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In order to determine if there were any muscle vari
ati ons due to the treatments administered just prior to dis
sec tion ,  an analysis of variance was applied to all muscle data 

c omparisons. These c omparis ons include : - weight , length . 

width , dep th and area. The se are listed wi th e ac h  of the 
muscl�s studied and the muscles are group d in the sec t i ons or 
divi sions as described previ ously in Section I I. Hence , in 

these muscles of the shoulder evey poss ible effort was made in 
order to determine if any difference existed between t he Ronmey 
and Chevi ot groups in t he ma�ter of muscle wei ght or muscle 
c cnt"ormation. 

Necessarily , for purposes of clarity ,  sane of the infor

mati on given in the int roduc tor.y statement tor each muscle 
ana1yses will be a repeti ti on  of that given in Section II .  

1 .  � branc niomeric srou:p 
This group has three major divisions or muscles 1n the 

sb.eep . They are the tr:-apez1us , the brac hiocephalicus and the 

omo-transversarius . 

musc le . . 
The l ast two of these were treated as one 

a ) The trapezius .  
This muscle , apart from i t s  functi on a s  a trunk-limb 

c onnector ,  has the ac ti on of elevating the a boulder. Its 

origin , although vary ing as illustrated by Beaton and Barry (19 42), 

i s  generally as foll ows : - the anterior part on the ligamentum 
nuc hae and the posterior part on the supraspinous li gament from 

the dorsal spines of the t horac ic vertebra. Its insertion is 

mainly along tb.e spine of tb.e scapula thus making it possible 
tor it to move the scapula forward and up rd a w ll as back-
w: rd and upward. The means for the �rapes1us and the ana1.y s 

of variance appe r in Tables 58 and S9. 
In the analy e s  of Table 59 the only real dif'terences 

rev al d re due to "treatment.. Tbe m cles of the ord1.na17 

l ughtered group were signific antly longer and were not as wi de  

in t e doreo-ve tral asurement. A shown by the table of 
ana (Tab 58) • the average &r� a o<f t.he � ormal saline tued 
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TABLE 58 

MEANS FOR THE MUSCLE TRAPEZ IUS 

Measurement 

We i gb.t ( gm) 
Length ( cm) 
Width. � cm) 
Depth cm) 
Area sq cm) 

S ourc e  

T ot al 
Between Treatment s  
Be tween breeds 
Interac t i on 
Err or 

Total 
Between treatments 
Between breeds 
Interac ti on 
Error 

T otal 

Breed Types 
Romne y  Chevi ot 

57. 2 63. 3 
30. 1 30. 3  
1 2. 4  1 3. 6 

0. 65 0. 65 
1 02. 5 1 88. 0 

TABLE 59 

Treatments 
Fresh F ixed 

58 . 2 62. 3 
32. 1 28. 3 
1 0 . 7 1 5. 3  

0. 65 0. 65 
1 62. 2 208. 3 

ANALYSES OF VAR IANCE 
FOR THE MUSCLE TRAPEZ IUS. 

For 

d. f. SS MS 

Weight 

1 1  1 480 
1 52 
1 1 1 4 

F 

1 234 

52 
1 1 4  
234 
1 35 

1 .  73 
8 1 080 

F or Length 

1 1  71 . 42 

S. E .  

4. 70 
0. 75 
0. 6 9  
0. 05 
9. 30 

1 41 . 81 41 . 81 o. o6 
2� 08 
3. 43 

1 2. 1 9 ••  
1 0. 06 
1 2. 08 
8 27. 47 

F or Width 

1 1  94. 2 
Between treatments 1 65. 8 65. 8 

4. 2 
1 . 5 
2. 84 

23. 1 7  •• . 
1 .  48 Bet een bree ds 1 

Interac t i on  1 
Error 8 

F or Depth 

T otal 1 1  
Between trea�ts 1 
Be t en breeds 1 
Int.eracti on 1 
Error 8 

For Area 

Total 1 1  
Between treatme nts 1 
Be tw n breeds t 
Interac tion 1 
Err-or 8 

4. 2  
1 .  5 

22. 7 

. 0. 1 20 
o. ooo o. ooo 
0. 003 
0. 1 1 7 

1 1 61 6  
6393 

90 
9� 41 

o. ooo o. ooo 
0. 003 
0. 01 5 

-
6393 1 2. 34 •• 

90 
991 
51 8 
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group was s 1gn1f'1c antly larger. Weight was not af'f'ected to 

areat fUilount by the treatment and neit her was the depth of' the 

muscle. The analyses in Table 59 indicate that the ordinary 

slaughter tec hnique resulted in a shrinking and stretching ettect. 

Tb.e stre tc hing was natural ly in tlle antero-posteri or direction 

� in acc ordance with the new position of the carcass as it hung on 

the gambrel. 

The m ans show the C heviot group as the larger inevery 

e ase exc ept f' or depth of the musc le. 

b� The b rac hi oc ephal 1cus and amo-transversar1us musc le s. 

In this s tuay these two muscles were dissec ted t o gether 

and treated as one. musc le as they are in very cl ose as soc iati on 

with one another . The dorsal b order of the omo-trans¥ersari us 

lies next t o  the ventral b order of the trapez ius , and . in same 

c ase s , it was difficul t  t o  de termine the di vi si on. It seemed, 

however , in the c ase of the animals c arry in g more f a t  that this 

divi sion wa s more clearly evi dent , the muscles being up t o  0. 5 
cm. apart. These two muscles ori ginate on t he wing of the atlas , 

the occ ipi tal bone of the skull , the li gamentum nuc he a ,  t he muSCle 
rec t us c api tus ventral i s  ma j ox• and a tendon from t he  mandib le. 

The in ser t i on of' these musc les i s : - for the amo-transversar ius , 

the shoulder fasc i a  and the tuber spinae ,  and far the brac h i o

cephalicus , the deltoid tub eros i ty of t he humerus and t he arm and 

shou lder f'asc ia. Their ac t ion in loc omot i on i s  mainly that of 

helping t o  draw the 11mb forward. The means and analyses f'or 

these muscles appears in T ables 60 and 61 . 

TABLE 60 

MEANS POR 
TUE MUSCLES OIIQ-TRANSVERSARIUS AND BRACHIOCEPBALICUS 

M uremen� 

eight �gm� · 
Length cm 
Width cm 
Depth cm 
Area sq cm) 

Breed Types 
Romney C heviot 

1 1 3. 3  1 09. 8 
32. 4 33. 2 

8. 5 7 .. 8 
1 .. 08 ' ·  20 

1 97. 6 1 2. 5 

Treatments 
Freab Fixed 
1 01 . 2 1 2:2. 0 

28. 5 37. 2 
7. 5 8. 7 
1 . 1 8 1 . 10 

1 48. 8 231 . • 3 

S. E .  

4. 80 
0. 46 
0. 29 
0. 04 
7. 29 
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TABLE 61 

ANALYSES OF VARIANCE FOR 
THE MUSCLES OMO-TRANSVERSARIUS AND BRACHI OCEPHALICUs. 

S ource d. t' .  ss. MS F 

For We igh t 

T otal 1 1  2545 
Between treatme nts 1 1 302 1 302 9. 43 • 
Between b reeds 1 37 37 
Interac t i on 1 1 02 1 02 
Error 8 1 1 04 1 38 

For Length 

T ot al 1 1  240 
Between treatment s 1 225 225 1 80. 0 • • •  
Between breeds 1 I 2 
Interac ti on 1 3 3 
Error 8 1 0  1 .  25 

For Width 

Total 1 1  1 0. 32 
Between treatments 1 4. 81 4. 81 9. 54 • 
Be tween breeds 1 1 .  47 1 .  47 2. 92 
Interac ti on  1 0. 01 0. 01 
Error 8 4. 03 0. 504 

For Depth 

T otal 1 1  0. 1 29 
Between treatmenta 1 0. 021 0. 021 2. 80 
Between b reeds 1 0. 041 0. 041 5. 47 • 
Interac t i on  1 0. 007 0. 007 
Err or 8 o. o6o 0. 0075 

For Area 

Total 1 1  23775 
Between treatmen ts 1 2041 8 2041 8 64. 00 •• 
Between breeds 1 690 690 2. 1 9  
Interac t i on 1 1 1 5 1 1 5 
Error 8 2552 31 9 

The means in Ta�le 60 s how tor these musc le s  that the 

Romney group i s  the heavier and wider. Also ln t he Romneys 

these muscles c over a greater area. The brac h i oc ephalicus 

plus the transversarius t'ram the Chevi ots is longer and deeper. 

However , only in the case ot depth thi s ditte�enc e signit'i-

cant .  
! j 

The treatment means sbo•\ a beavler , longer • w ider .and 
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. 
larger area c overed in t b.e case of the fixed anirnal while t he 
freshly slaughtered group have a greater depth. These treat-

ment differenc es are si gnif.icant except t.'or depth ,  t he length and 

area differenc e being highly significant. The weight difference 
in analysing all tb.e data f'or all muscles shows up very infre-
quently. The probable explanation f'or the treatment et.'t.'ect in 
thi s  instance i s  that this musc le was exposed during the 

embalming process and remained partially exposed to the a ir untll 
the time of' dissection. This part ial contact with the atmosphere 
over a peri od of t ime would certainly exert an int.'luence on the 
weight at the muscle c oacerned. 

In these musc le s , t he freshly slaughtered technique 
resulted in a shrinking effec t ,  but it did not seem t o  be obvious 
1n any one direction as in the case of tb.e trapezius. These 
facts  indicate that in t he case of' a large t.'lat muscle as tbose 
of the branchiomeric group tb.at the true shape and f'orm was more 
c losely retained tbrough the use of f ormal saline injec tion and 
1mpregna ti on. 

In c omparing the trac ings of t he radiographs of' the two 

carcasses X-rayed w1 th those of' the live animals (Figures 41 and 

42) , it  wil� be noted that the l imb  bones are displaced f orward 

in the c arcasses. Since tb.e above muscles are connected to the 

scapula and the humerus , an anterior movement of these b ones 
would tend t o  s horten and thicken tb.em. I t  must be pointed out 

tbat the above cannot be the entire explanati on :f'or t he s hape 
alterati on ,  but feasibly could contribute a fair porti on of' the 
variance. 

2. !!!! .d .. o.-.r.-s ... a.-1 d1 vi si on 

Thi s division c ontains three maj or groups of' muscles. 
These are the suprazonal group, the shoulder derivatives and the 
elb ow derivatives. 

a) Tb.e suprazonal group 
This group in t be  sheep inc ludes two muscles : - tbe 

s rratus ventralis and the rhomb oi deus. The serratus ventralis 
( sometimes c alled the serratus magnus) c cmsists -of t-wo par\s , �e. 
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serratus cervic is and t he  serratus thorac is.  

part was c on si dered in thi s study. 

1 )  The serratus thorac is 

Only t he l.atter 

In the sheep dissec ted ,  the divisi ons of the ·serratus 

ventrali s  were not s o  clearly de�i ned. The · serratus thorac i s , 

whic h �orms muc h the greater part , was the port ion of the muscle 

treate� I t  i s  a large , fan-shaped muscle with i t s  ventral 

edge present ing a rather jagged appearance in its plac ing on the 

r ib s .  The surface that spreads over the r ib s  is the main 

origin of t he larger , thorac ic porti on of this muscle. The 

musc le is inserted on the medial surface of the dorsal section 

of tb.e scapula. T hi s  insertion extends to t he adjacent port i o.n 

of the c artilage of the scapula. I ts c hief acti on in l oc o-

moti on is to elevate t he  thorax and to assi st in t he same moticm 

as previously described for the trapezius. 

T he l i st of means ( Table 62) shows the Romney g roup to 

have the larger average in all measurements exc ept width (ventre

dor sal ) and depth. This lat ter i s  a very small di ff'erenc e and 

i s  open to questi on as will be shown later. In length the 

Romney group is significantly longer While depth shows the 

Cheviots significantly deeper. This means that the C heviot 

type on the average has a more c ircular sbaped serratus tborac i s  

while that of the Romneys tends more toward the elliptical form. 

The area and weight c omparisons show no s i gnificant differenc e s  

bec ause of t he wi de variab ility present , mainly i n  the Ramney 

group. 

The treatment effects �ollow the same patterns as already 

e stablished for t he  previous muscles de scribed. The fixed 

muscles have the greatest wei gh t , width and area , the latter two 

b eing s ignif'icant. The wei ght difference is very small. The 

treably slaughtered group has the highest average length and 

depth , but these differenc es are non-significant . 

Interact ion i s  present to a significant degree in the 

c ase of depth , indicating tha t ,  in this measUl"e , the breed tJ'1)8a 
• 

did not react 1n a similar manner to the two treatments. With 

sue h a large muscle Whose greatest depth occurs some distance 1D 
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TABLE 62 

MEANS FOR 
THE THORACIC PORTI ON OF THE SERRATUS MUSCLE 

Measurement 

Wei ght {gm� 
Length cm 
Width cm 
Depth cm 
Area ( sq cm) 

Breed Type Treatment 
Romney Chevi ot Fresh Fixed 
294. 6 280. 0 279 . 3 295. 1 

27. 0 23. 9 25. 9 25. 0 
1 9 . 6 20. 9 1 8. 8 21 . 7 

2 . 00 2. 00 2. 1 2  1 .  97 
365 . 6 1 56 . 1 336. 3 385. 5 

TABLE 63 

ANALYSES OF VARIANCE FOR 
THE THORACIC PORTION OF THE SERRATUS MUSCLE. 

B. E. 

1 5. 84 
0. 47 
0. 40 
0. 09 

1 1 . 1 0  

Source d. r. SS MS F 

For Wei ght 

Total 1 1  
Between treatments 1 
Between breeds 1 
Interac tion 1 
Error . a  

For Length 

Total 1 1  
Between treatments 1 
Between breeds 1 
Interaction 1 
Error 8 

For Width 

'l'Gtal 1 1 
Between treatments 1 
Between breeds 1 
Interac tion 1 
Error 8 

For Depth 

Total 1 1  
Betwe n treatments 1 
Bet en breeds 1 
Interaction 1 
Eri-or 8 

For Area 

Total. 1 1 
Bet en treatments 1 
B been breeds 1 
!Jlteraction 1 E :ror 

1 3822 
752 
660 
31 0  

1 21 00  

44. 87 
3. 32 

27. 61 
3. 33 

1 0. 6 1  

39. 34 
23. 93 

5. 77 
2. 04 
7. 60 

0. 689 
0. 1 67 
0. 020 
0. 242 
0. 360 

1 4963 
7252 

270 
15i 9 
5922 

752 
660 
31 0 

1 51 3  

3. 32 
27. 61 

3. 33 
1 .  32 

23. 93 
5. 77 
2. 04 
0. 95 

-
0. 1 67 
0. 020 
0. 242 
0. 045 

7252 
270 1 �t6 

2. 52 
20. 92 •• 

2. 51 

25 . 1 9 •• 
6. 07 . 
2. 1 5  

1 . 49 
5 . 37 • 

9. 80 • 

2. 05 
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tran its edge. it is understandable that thi s measurement done 

with a pair · of di viders would not •e very rel i able . This 1 

e spec ially true in the fresh di ssec ted group where t he data 

c ol lec ted for depth shows a muc h greater range than in the f'ixed 
group. 

Because of t he firm and t ixed ori gins of this muscle , the 

treatnents would not af'tec t the length , but the width measurement 

wou ld be al tered because of the twi st ing act i on exerted by the 

sc apula and arm as they were rotated f orward as a result of t he 

c arcasses being bung up overnight j us t  prior to dissec t i on. 

T hi s may be seen by referring agaJn t o  the trac ings of' radi ograpbs 

tha t  c ompare the live animal with. the c arcass. 

c ould al so resul t  in dec reased area. 

This ac t i QI'l  

_2 )  The rhomb oideus 

The rhomb oideus , whic h serves as a lateral c onnec t or 

between the sc apula and the trunk did not seem t o  b e  so clearly 

divisible int o the c ervic al and thorac ic parts in t he sheep as 

is indicated by Si ss on ( 1 9  30) for th.e horse and the ox. Hence , 

t he whole musc le wna treated in one piec e. T hi s  muscl e  has 

i ts origins 1n the same re gi ons but underneath those of the 

t rapeziu · musc le. T he  rhomb oi deus is inserted on t he costal 

s i de of t he  c art ilage of the sc apula. Th is muscl e  supplements 

t he action of' the anter ior par� of the trapezius in drawing t he 

s capula upward and f orward. 

11 a surement 

e i ght !SIP� Length cm 
Width cm 
Dep th cm 
Area ( sq cm) 

TABLE 64 

UEABS POR T HE  RHOMBOIDEUS MUSCLE . 

Breed Type 
Ramney Chevi ot 

56. 5  52. 2 
22. 8 21 . 2  

9. 0 9. 4 
1 .  08 1 . 1 7 

94. 2  89. 8 

Treatment 
Fre s h  Fixed 

51 . 8  54. 8 
23. 4 20. 7 

9. 5 8. 9 
1 . 1 5 1 . 1 0 

94. 8 89. 2 

S .  E .  

2. 35 
0. 88 
0. 08 
0. 07 
2. 54 
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TABLE 65 

ANALYSES OF VARIANCE 
FOR THE RHOMBOIDEUS MUSCLE 

Sourc e  d. f .  s s  MS F 

For Wei ght 

Total 1 1  339 
Between treatments 1 3 3 
Between b reeds 1 57 57 1 . 73 
Interac ti on 1 5 5 
En or 8 264 33 

For Len gth 

T o tal 1 1  76. 1 
Between trea�ents 1 23. 0 23. 0 4. 99 
Between breeds 1 B. 7 8. 7 1 .  89 
Interac t i on  1 3. 0 3. 0 
Error 8 36. 9 4. 61 

For Width 

Total 1 1  6.  91 
Between treatments 1 1 . 08 1 .  08 2. 80 
Bet een b reeds 1 0. 48 0. 48 1 .  24 
In terac ti on 1 1 . 26 1 . 26 3. 26 
Error 8 3. 09 0. 386 

For Depth 

Total 1 1  0. 303 
Between treatmenta 1 0. 008 0. 008 
Between breeds 1 0. 021 o. 021 
Interac tion 1 0 . 008 0. 008 
Error 8 0. 266 0. 033 

F or Area 

T otal 1 1  47 
Between treatments 1 9 9 2. 32 
Between breeds 1 5 5 1 .  29 
Interac tion 1 2 2 
Error 8 31 3. 9 

As se from t he means in Table 64 , the RonmeY' group ba 

the highest average weight , length and area , and t he Cheviot 

group has the greatest average width and depth 1n the rhomb oideus 

musc le. In nQDe of t he cases is the di ff rence large enou.gh 

to even approach s1gnit1cance except in the case of width and 

there the differenc e is reduced by interac tion. 

Al thottgh there is no real tr tment dif'terence ,  there 1a 

a tenc1ency for tb.e IIIWICle tD be stretched 1n a lengthwise tashlon 
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in the same direc tion as in the trapezius o� the freshly 

slaughtered group. The means also show a tendency for stret-

c hing to oe e ur  in the direction o� i nc reased width in the Romney 

group. T his would be due aga in to the �orward di splac ement of 
the pectoral l imb as it hung on t he gambrel. S ince this muscle 

i s , in shape rat her l ike a hatc he t ,  with its insert i on being on 

the blade ef the ba tc het , this ac tion c an be vi sualized. 

b )  The shoulder derivatives of the dorsal division 

In the sheep there are s ix muscles in thi s division and 

these can be �urther divided into the thorac o-dorsa.l matrix 

sec ti on and the axil iary matrix section. 

1 )  The thoraco-dorsal matrix section. 

This sec t i on i s  c omposed of two muscle s ,  the lat1.ssimus 

dorsi and the teres maj or. 

( a )  The latissimus dorsi 

Althoug h this muscle is a trunk-11mb c onnec t or , its main 

func t i on is that of providing loc omotive power rather than as a 

support muscle as has been the function of most of the preceding 

muscles. It is a relatively large , flat . :ran-shaped mnsele 

that bas a broad origin in t he lumbo-dorsal fasc ia. Its general 

pattern of muscle �1bres is roughly at right-angle s to those ot 

thf;t s erratus thorac ia wh ich borders i t  medially. Its tendon 

of origin in the sheep does not seem to extend as far forward 

over t he thorax as Tsc haggeny and Vermeulen ( 1 922)  illustrate 
tor the ax. Tbe ventral part of the origin blends w1 th the 

tasc ia tbat lies over the oblique abdominis externus muscle. 

This muscle is inserted int o tendons wh ich connect with :- ( 1 ) the 
teres tubercle o:r the humerus ( with the teres ma� or ) ; ( 2) with 

the aponeurosis on tbe dial side of tne long head of the triceps 

brac bii ; and ( 3 )  w1 th a tendon shared with the deep pectoral 

muscle. Its func tions are to assist 1n litting the humerus up-

ward and to t he rear. When t he l imb is held stationary this 

muscle helps 1n drawing the · trunk f orward. It  is one ot the 

main opposing muscles to t• bracbiocephalicus in limb action. 
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TABLE 66 

MEANS FOR 
THE LATISS IMUS DORS I  MUSCLE 

Measurement Bree d Type 
Romney Cbevi ot 

Treatment 
Fresh F ixed Weight (gm� 

Length ( cm 
98. 7 1 08. 5 1 01 . 8  1 05. 3 

Width ( cm 
Depth ( cm 
Area ( aq cm) 

25. 0 25. 4 
1 6. 5  1 6. 4 

1 . 1 8 1 .  27 
247. 1 248. 0 

TABLE 67 

25. 2 25. 1 
1 5 . 4 1 7. 5  

1 . 1 5 1 . 30 
239. 3 255. 8 

ANALYSES OF VARIANCE 
FOR T HE  LATISSIMUS DORSI MUSCLE 

Source d. t. SS MS 

For Weight 

T oJ�al 
Betwe en treatments 
Be tween breeds 
Interacti on 
Error 

1 1  
1 
1 
1 
8 

For Length 

Total 
Between tp atments 
Betwe en breeds 
Interac t i on  
Error 

1 1  
1 
1 
1 
8 

For Width 

T otal 
Bet een treatments 
Between breeds 
Interac ti on  
Error 

1 1  
1 
1 
1 
8 

For Depth 

Total 
Bet en treatments 
Bet en breeds 
Interact i on 
Error 

f 1  
1 
1 
1 
8 

For Area 

'l'ota� 
Bo,t en tr a · en ta 

et en breeds 
Interact i on 
Brror 

1 1  
1 
1 
1 
8 

1 81 7 
37 

290 
331 

1 1 59 

20. 57 o. 01 
0. 44 
5. 71 

1 4. 40 

1 8. 27 
1 2. 61 

0. 02 
0. 24 
5. 40 

1 . 275 
0. 675 
0. 208 
0. 001 
0. 393 

6680 
807 

2 
541 

5230 

37 
290 
331 
1 45 

o. 01 
0. 44 
5. 71 
1 .  80 

-
1 2. 61 

0. 02 
0. 24 
0. 675 

0. 675 
0. 208 
0 .. 001 
0. 049 

807 
2 

541 
654 

F 

S . E. 

5. 02 
0. 55 
0. 34 
0. 09 

1 0. 44 

2. 00 
2. 28 

3. 1 7 

1 8. 68 ••  

1 3. 78 ••  
4. 24  

1 . 23 
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As sbown by Table 66 , the C heviot group is the larger _in 

every respect except in the c ase of width and in this case t be  

means are practical. ly the same. However , the only difference 

t hat approac b.s s i gnific ance is t he one of depth. The means 

show ab out a ten per c ent difference in w eight , but sinc e  t he  
spread i s  so large wi thin groups, and also since interact i on is 

pre�ent , i t  is unlikely that the d ifference is significant . The 

area c overed i s  about the same in both breed types; - hence , it 

appears that the greater weight of the Cheviot group is absorbed 

in greater average depth or thic kness. 

The averages for � he f ixed group are greater in .al.l cases 

except length. For dth and depth , the fixed group i s  larger 

to a highly significant degree. In area c overed the means 

indicate a differenc e ,  but because of the wide variab ility 1n 

the freshly slaughtered group , the di :r:t'erence is not a real one. 

The differences found in t he treatments indicate that some 

s hrinking and flattening had taken place in t he freshly slaugh-

tered group. The fact tb.a t there was no shrinking in the 

length measurement c ou ld b e  due to  t he pres sure exerted by the 

forward rotati on of the limb as it hung on t he gambrel. 

b) The terEa ma j or . 
As mentioned before , it is the conmon opini on among zoo-· 

logists that this muscle e volved trom the latissimDs dorsi , and 

became a muscle �f t he shoulder joint. I t  lies partially in a 

groove medial and anteri or to the anterior b order of the lat1ssi-

mus dor 1. The origin of the teres major is just ventral to 

tb.e posteri or angle of the sc apula and on t he scapul.a , and it i s  

inserted into the c ommon tendon shared w1 th 'the latissimus dorsi 

which connec ts w1 th the numerus at the teres tubercle. Its 

ac�ion involves helping to clo e the se pulo-humeral angle. In 
• 

addition, it is concerned with adduc ti on of the ar or rotat-ing 

it medially as can be vi uali�ed by noting its attachment on the 

medial ide of the humerus. 

The ana in Tabl 68 h ow that the Chevi ots have t he 

high t average in every meaau.re.ent on t. he t rea j or xce�t. 
tbat or le gt In weight , wldtb., depth and area � the m.uacle 
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TABLE 68 

MEANS FOR 
THE TERES MAJOR IWSCLE .  

Measurement Breed Type Treatment 
Romney C hevi ot Fresh 

Wei ght �gm� 
Length cm 
Width cm 
Depth cm 
Area ( sq cm) 

30. 1 
1 4. 8  

3. 4 
1 . 40 

33. 0  

37. 4 32. 2 
1 4. 6 1 4. 2  

4. 1 3. 7  
1 . 72 1 . 53 

41 . 7  36. 5  

TABLE 69 

ANALYSES OF VARIANCE 
FOR THE TERES MAJOR MUSCLE. 

Source d. f. ss 

For We i ght 

Total 1 1  338. 1  
Between treatments 1 28. 2 
Be tween breeds 1 1 56. 9 
Interacti on 1 8. 7  
Err or 8 1 44. 3 

For Length 

T otal 1 1  6. 04 
Be tween treatments 1 2. 81  
Between b reeds 1 0. 06 
Interac t i on  1 1 .  07 
Error 8 2. 1 0  

�"' or Width 

Total 1 1  2. 33 
B tween treatments 1 0. 07 
Between breeds 1 1 . 54 
Interacti on 1 0. 02 
Error 8 0. 70 

For Depth 

Total 1 1  0. 469 
Between treatmen ts 1 0. 007 
Betw n bree ds  1 0 . 300 
Inter ao t i on  1 0. 090 
Error 8 0. 1 53 

For Area 

Total 1 1  298. 6 
Bet en treatments 1 75. 5 
Betwe n bre ds 1 86. 9  
Interacti on 1 7.  6 
Error 8 1 28. 6 

F ixed 

35. 3 
1 5. 2 

3. 6 
1 . 58 

41 . 5 

MS 

28 . 2  
1 56 . 9 

8. 7 
1 8. 0  

2. 81 
0. 06 
1 .  07 
0. 263 

0. 07 
1 . 54 
0. 02 
0. 088 

0. 007 
0. 300 
0. 090 
0. 01 9 

-

75. 5 
86. 9 

7. 6 
1 6. 1 

S � E .  

1 .  73 
0. 07 
0. 1 2  
0. 06 
1 . 64 

F 

1 . 57 
8. 72 

1 0. 68 * 

4. 07 

1 7. 60 •• 

1 5. 79 • • 
4. 74 

4 .. 69 
5. 40 
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the differences are s ignificant. In appearance then , the 

teres major muscle of the Cheviot group is broader and deeper 
but of much the same length as the same muscle in the Ramney 
group. The musc le , in any ease , is  a rather wide , tlattish 
one ,  and 1n the Cheviot group th is ef't'ect is exaggerated. 

C onsidering the treatment effects , although t he fixed 
group has the greater measurements throughout , very little 
difference s hows up except in the length whi ch is significantly 
l onger. The se tigures indic ate an over-all shrinking of the 
size of the muscle , the greatest effect being a reduction 1n 
length. 

Interac tion shows up to same degree in the length and 
depth measurements. 

2) The axillary matrix section 
In the sheep there are four muscles in this section : 

the subscapularis , the teres minor , the aeromio deltoid and the 
spino-deltoid. 

( a ) The subscapularis 
Thi s muscle , which occupies the sub scapular t�ssa , 

branches into three fairly distinc t heads at its dorsal end. 
Most of the fossa is occupied by ita origin and tbese three heads 
fuse as the scapula narrows towards its distal e nd. The sub-

seapulari s  inserts into a tendon which passes over the glenoid 
notch of the scapula and attaches to the posterior eminence ot 
the medial tuberosity ot the humerus. Its obvious action is 
to help in adducti on of the hume rus.  

In the subscapularis , the means for each breed type 
( shown in Table 70) are practically identical except for the 
width �suremen�. 1n which the average is slightly higher 1n 

the Chevi ot group. This lack ot difference is not surprising 
When one remembers that no di:tterences w re tound in the 
measurements on the scapula. 

The same holds with the treatment cc:xnparisons except tor 
the one at area , in Which the fixed group bad a s ignificantly 

larger average. Tb.e lack of difference 1n tbe li ear a sure-
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TABLE 70 

MEANS FOR 
THE SUBSCAPULARI S  MUSCLE. 

Measurement Breed 'J:ype 
Romney Cheviot 

Treatment 
Freah Fixed 

Length cm 
77. 2 77. 2 
1 7. 7  1 7 . 6 

8. 6 8. 9 

75. 3 97. 0 
1 7 . 7 1 7. 7 

8 . 8 8. 7 

Weight �gml 
Width cm 
Depth cm 
Area ( sq cm ) 1 .  45 1 . 40 1 .  36 1 .  48 

97. 8 1 00. 2 95. 2 1 02. 8 

TABLE 71 

ANALYSJ:S OF VARIANCE 
FOR THE S UBSCAPULARIS MUSCLE . 

Source d. t .  SS MS 

F or We ight 

Total 
Between treatments 
Between breeds 
Interaction 
Error 

F or 

Total 
Between treatments 
Between breeds 
Interaction 
Error 

1 1  
1 
1 
1 
8 

Length 

1 1  
1 
1 
1 
8 

For Width 

Total 
Between treatments 
Between breeds 
Interaction 
Error 

For 

Total 
B�tween treatments 
Between br 4a 
Interaction 
Error 

1 1  
1 
1 
1 
8 

Dep th 

1 1  
1 
1 
1 
8 

For Area 

To� 
Between treatments 
Bet�e� breed& 
Interact! OD 
E.rror 

1 1  
1 
1 
1 
8 

400 
41 

0 
1 2  

347 

3. 21 o. oo 
0. 04 
0. 1 4  
3. 07 

3. 35 
0. 03 
0. 27 
0. 1 2  
2. 93 

0. 403 
0. 041 
0. 009 
0. 020 
0. 333 

45� 1 76 
1 6 
23 

239 

41 
0 

1 2  
43. 4 

o. oo 
0. 04 
0. 1 4  
0. 383 

0. 03 
0. 27 
0. 1 2  
0. 366 

0. 041 
0. 009 
0. 020 
0. 041 7 

F 

S . E .  

2. 69 
0. 25 
0. 25 
0. 08 
2. 23 

5. 89 • 



ment a was due to the fact that at the point s at measurement , the 

muscle was firmly attached to the bone. In other porti ons , 

notably t oward t he dis tal end where t here was not d1rect bone 

at tac hment , t he re was a chance tha t t he fresh muscle s could 

shrink w1 thout a ffec ting the maximum width and length moasure

men ts but would alter t he area measurement s. 

( b )  The teres minor 

This i s  a rather small muscle that is medial to the 

· distal portion of the infraspinatus and t he delt oide us pars 

scapularus II1118C les. I ts origin is partly on t he distal and 

posteri or part of the infraspinatus fossa of the scapula where 

i t  begins to round oft and partly on the l ower m14dl.e part of 

the posterior border of the scapula. Its inserti on is on and 

near the proximal region of the deltoid tuberosi ty of the 

humerus. It · bas an opposing action to that of the subscapu-

laris in that i t  helps 1n adduc ting the humerus. In additi on 

it  assists in clos ing the scapulo-humeral angle ( flexing of the 

shoul der j oint ) . 

In t he teres minor the C hevi ot averages ( as mown in 

Table 72 ) are larger throughout except for length Where this 

measurement is practically the same for both groups. However , 

only the differences in depth and area are significant a1 though 

Wi dth shows a tendency in thi s direction. 

By c omparing t he treatment means , it  will be noted that 

the f ixed group is the larger in every case excep t for width,  in 

which c ase the averages are identical. The measurements that 

ar s ignificantly larger in t he fixed group are the length , 

depth and area readings. Tbe fresh treatment evidently 

resul ted 1n a shrinking ,  f'latt!ning action. A probable reas.on 

•b1' the treatment did not attect the width is that this muscle 

at the point of' greatest width has a relatively round cross-

section. Interac tion appears only in t be area measu.remen t to 

any great extent. This i s  feasible as t he smaller , thicker 

muscles were the most. ditf'icul t to handle in t he tracing process. 
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TABLE 72 

MEANS FOR 
THE TERES MINOR MUSCLE 

Measurement Breed Type 
Romney Cbeviot 

Treatment 
Fresh Fixed 

Wei ght ! gm� 
Length cm 
Widtb cm 
Dept h. cm 
Area ( sq cm) 

1 1 .  6 1 2. 6 
8. 5 8.  4 
2. 7 3. 0 
1 . 38 1 . 58 

1 5. 0  1 7 . 0 

TABLE 73 

1 1 . 8  1 2. 4 
8. 1 8. 8 
2. 8 2 . 8 
1 .  27 1 .  70 

1 5. 2 1 6 . 8 

ANALYSES OF VARIANCE 
FOR THE TERES MINOR MUSCLE 

Source 

For Weight 

T otal 
Between treatments 
Between breeds 
Interaction 
Error 

For Length. 

T otal 
Between treatments 
Between breeds 
Interac tion 
Error 

F or Wdith. 

Total 
Between trea�ents 
Between breeds 
Interac tion 
Error 

For Depth 

Total 
Bet n treatments 
B tween b reeds 
Interac tion 
Error 

For Area 

Total 
Between treatments 
Between breeds 
Interaction 
Error 

d. f'. SS MS 

1 1  
1 
1 
1 
8 

1 1  
1 
1 
1 
8 

1 1  
1 
1 
1 
8 

1 1  
1 
1 
1 
8 

1 1  1 
1 
• 
8 

22. 1 3  
0. 97 
3. 20 
0. 65 

1 7. 31 

2. 85 
1 . 62 
0. 09 
0. 26 
0. 88 

0. 697 
0. 004 
0. 21 4 
0. 000 
0. 480 

0. 837 
0. 563 
0. 1 20 
0. 01 4 
0. 1 40 

34. 67 
7. 20 

1 2. 62 
5. 7 
9. 1 1  

0. 97 . 3. 20 
0. 65 
2. 1 6  

1 . 62 
0. 09 
0. 26 
0. 1 1  

0. 004 
0. 21 4 o. ooo 
0. 060 

0. 563 
0. 1 20 
O. Oi 4  
0. 01 75 

7. 20 
1 2. 60 

5. 76 
1 . 1 4 

�- \ 

F 

1 . 48 

1 4. 73 •• 
2. 36 

3. 57 

32. 1 7  •• 
5. 85 • 

6. 32 • 
1 1 . 05 • 

5. 05 
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( c ) The deltoids 

In the sheep there are two easily distinguished deltoid 

muscles ,  the pars acromialis and the pars scapularis.  

i ) The deltoideus pars acromialis 

This part has its origin on the acromion of the spine o� 

the scapula and is inserted on the humerus at the deltoid tube

ros ity. In thi s positi on it  can help abduc t the arm and �lex 

the s boulder �oint. It i s  a small , rather flat muscle , and 

was the larger of the two cleltoids in all animals . 

Here , again , the Chevi ot group shows the highest average 

in all of the measurements. The dif'ferences in we ight , width 

and area are signific ant. ( Table 74) 
Treatment has a definite and signi�icant effect in t hat 

the muscles in the fixed group are significantly longer and 

greater in area.  Treatment effec ts are not a pparent for weight, 

width and depth. Thus , as ••�ore , the muscle has a tendency 

to decrease in length in t be :freshly slaughtered animals while 

i ts attachments prevent any width shrinkage. This results in 

a lessening of t he area which i t  c overs. 

i i ) The deltoideus pars scapularis 

This was the smaller member of the pair in all of the 

animals dissected. Its origin i s  on the posteri or border of 

the scapula and the aponeurosis that c overs the infraspinatus. 

It  is inserted partly into t he fasc ia that covers the lateral 

bead of the triceps brachii.  At its ventral end , it  begins to 

fuse with the pars acranialis.  Its action is to c omplement 

that or the pars acromialis. The means and analyses ot vari-

ance tor this muscle appear in Tables 76 and 77. 

In this muscle the Cheviot group bas the higher average 

in all measurements except tbat ot width. In this latter 

measurement , the means are very close together. In no case is 

the ditt.erence significant. However , in weight , depth and 

area the mean squares lie between t he ten and tive per cent level. 

ot probablli\7. 

Although tbe fre�hl;r dissected group b.as a slightly 

higher a-verage 1n w ight ,  the meana tor length , width , clepth and 
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TABLE 74 

MEANS FOR 
THE DELTOIDEUS PARS ACROMIALIS MUSCLE. 

Measurement Breed Type 
Romney Cheviot 

Treatment 
Fresh F ixed weight �gml 

Length cm 
Wi dth. cm 
Depth cm 
Area ( sq cm) 

1 4. 1 1 8 . 4 
8 . 5 8. 8 
3. 6  4. 0 o. 87 1 . 1 8 

21 . 1  24. 4 

TABLE 75 

ANALYSES OF VARIANCE 

1 6 . 2 1 6. 4  
8. 0 9. 2 
3. 9 3. 8  
1 .  05 1 .  00 

20. 5 24. 9 

FOR THE DELTOIDEUS PARS ACROMIALIS MUSCLE 
sourc e d. f'. ss MS 

F or Weight 

T otal 1 1 93. 97 
Between trea�ents 1 0. 1 0  0. 1 0  
Between breeds 1 56. 80 56 . 80 
Interac tion 1 3. 08 3. 08  
Error 8 33. 79 4. 22 

For Length 

Total 1 1  7. 32 
Between treatments 1 4. 44 4. 44 
Between breeds 1 0. 24 0. 24 
Interac tion 1 o. 01 o. 01 
Error 8 2. 63 0. 329 

For Width 
Total 1 1  1 . 23 
Between treatments 1 0. 02 0. 02 
Between breeds 1 0. 60 0. 60 
Interaction 1 0. 31 o. 31 
Error 8 0. 30 0. 038 

For Depth. 

T otal. 1 1  4. 825 
B tween treatments 1 0. 075 0. 075 
Between breeds 1 3. 008 ). 008 
Interaction 1 0. 409 . o. 409 
Error 8 1 . 333 0. 1 67 

For Area 
Total 1 1  1 32. 23 
Between treatment 1 56. 68 56. 68 
Between breeds 1 32. 34 32. 34 
Interaction 1 2. 99 2. 99  
Errc.r 8 40 .. 22 5. 03 

F 

S. E.  

0. 84 
0. 07 
0. 08 
0. 1 7  
0. 92 

1 3. 46 •• 

1 3. 49 •• 

1 6. 00 •• 
8. 27 • 

1 8. 01 •• 
2. 45 

1 1  .. 27 •• 
6. 43 • 

' 
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TABLE 76 

MEANS FOR 
THE DEL'l'O[DEUS PARS SCAPULARIS MUSCLE 

Measurement Breed Types Trea tment s . E . 

Weight ��! 
Length cm 
Width cm 
Depth cm 
Area ( sq cm) 

Romney 

1 1 . 6 
7. 6 
3. 4 
1 .  32 

1 5. 9 

Cheviot 

1 4. 2  
7. 8 
3. 3 
1 . 50 

1 7. 8  

Fresh Fixed 

1 4. 5  1 3. 0  0. 89 
7. 0 8. 4 0. 09 
3. 1 3. 6 0. 05 
1 . 30 1 . 52 o. o6 

1 5. 5  1 8. 1  0 . 70 

ANALYSES OF VARIANCE 
FOR THE DELTOIDEUS PARS SCAPULARIS MUSCLE 

S ourc e d. :e. ss MS F 

For Wei ght 

T otal 
Between treatments 
Between breeds 
Interaction 
Error 

F or Length 

Total 
Between treatment s  
Between breeds 
Interac ti on 
Error 

For Width 

T otal 
Between treatments 
Between breeds 
Interac t i on 
Error 

For Depth 

Total 
Be tween treatments 
Between breeds 
Interac ti on 
Error 

For Area 

T otal 
Between �atment 
Between breeda 
Interaction 
El"'ror 

1 1  
1 
1 
1 
8 

1 1  
1 
1 
1 
8 

1 1  
1 
1 
1 
8 

1 1  
1 
1 
1 
8 

1 1  
1 
1 
1 
8 

63. 30 
0. 1 2  

20. 28 
4. 98 

37. 92 

1 0. 55 
5. 74 
0 . 1 4  
1 . 1 7 
3. 50 

0. 209 
0. 066 
0. 003 
0. 003 
0. 1 37 

0. 429 
0. 1 40 
o. 1 oo· 
0. 022 
0. 1 67 

57. 54 
20. 53 
1 0. 53 

2. 82 
23. 86 

... 

0. 1 2  
20. 28 4. 28 

4. 98 1 .  05 
4. 74 

5. 74 1 3. 1 1  • •  
0. 1 4  
1 . 1 7 2. 67 
0. 438 

0. 066 3. 86 
0. 003 
0. 003 
o. 01 71  

0. 1 40 6. 70 . 
0. 1 00  4. 68 
0. 022 
0. 0209 

20. 53 
1 0. 53 

2., 82 
2. 98 

6 . 89 • 
3. 53 
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area are greater in t he  formal 

differences are significant in 

highly significant f or length. 

sal ine fixed group. i These 
q, 

the area and depth rea.dings and 

Thi s  indicates agai� a 

shrinking and flattening acti on in the freshly disseet$d muscles.  \ 
The interaction effec t is not important except �n the 

\ 
case of weight where i t  approaches but does not reach signifi-

' 
c ance.  \ 

c )  The elbow derivative of the dorsal division. 

There are three musc le s in this group in the sheep �f� 

whic h tbe triceps brachii is  t he mos t  important. The other 

two are the tensor fasc iae antibrac bii and the anc oDeus. I 
' 

1 )  T he tensor fasc iae antibrachii : · \ 
This i s  a long , thin muscle which follows t he posterio� 

border of the triceps brachi i.  In the sheep , its origin is  an 
the long bead of the triceps brachi i  and i t  is  inserted into a 

shor t  tendon which  blends partially i th that of the insertion 

of the triceps brachii on the olecranon. The action of the 

tensor fasciae antibrac hi i is to tense the tasc ia of the fore

arm and to help extend the elbow loint. 

Measurement 

Weight fgml Length cm 
Width cm 
Depth cm 
Area ( sq cm) 

TABLE 78 

MEANS FOR THE 
TENSOR FASCIAE ANTIBKACHII MUSCLE. 

Breed Type 
Romney Cheviot 

1 6 . 9 1 6. 8 
1 4. 7 1 4. 5  

2. 3 2. 4 
1 .  07 1 . 1 0 

26. 1 28. 9 

Treatment 
Fresh Fixed 

1 5 . 8 1 8. 1 
1 4  .. 2 1 5. 1 

2. 3 2. 4 
1 .  02 1 . 1 5 

27. 2 27. 8 

S. E. 

0. 94 
0 . 52 
0. 09 
0. 06 
1 . 22 

With this muscle , the table of means { Table 78) sbows 

the group aver ges t o  be practically the ame in all cases. In 

the treatment averages , the fixed group has a higher mean in 

every asurement but none of these are si gni:f'icant. In 

addition ,  in�raction appear �broughou� �o have ve�y little , lf 

arq '  ertect. 

\ � 

\ 

\ 
."' 
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TABLE 79 

ANALYSES OF VARIANCE 
FOR THE TENSOR FASC IAE ANT IBRACHI I MUSCLE 

Source d. f. ss liS F 

For we i ght 

Total 1 1  
Between treatments 1 
Between b reeds 1 
Interac t i on 1 
Error 8 

For Length 

Total 1 1  
Between trea�ents8 1 
Between b reeds 1 
Interac t i on 1 
Error 8 

For Width 
T ot al 1 1  
Between treatmen ts 1 
Between breeds 1 
Interac ti on 1 
Err or 8 

For l)ep th 

T otal 1 1  
Between treatments . 1 
Between b reeds (J 
Interact ion 1 
E rror 8 

For Area 

Tota1 1 1  
B tween \reatments 1 
Between b ds 1 
Interac t i on  1 
Error 8 

2 L Th anc oneus 

61' . 37 
1 8 . 50 

0. 04 
0. 1 6  

42. 67 

1 5. 97 
2. 33 
0. 1 2  
0. 51 

1 2. 97 

0. 450 
0. 066 
0. 008 
0. 001 
0. 373 

0. 237 
0. 054 
o. oo4 
0. 01 2 
0. 1 67 

95. 29 
1 .  26 

23. 80 
o. 01 

71 . 22 

1 8. 50 3. 47 
0. 04 
0. 1 6  
5. 33 

2. 33 1 .  44 
0. 1 2  
o. 51 
1 .  62 

o. 066 1 .  45 
o. o08 
0. 001 
0. 047 

0. 054 2 .. 58 
0. 004 
0. 01 2 
0. 0209 

1 .  26 
23. 80 2� 67 

o. 01 
8. 90 

This is another very small musc le whic h lies along the 

. pos
.
ter1 ot:t aspec t of the humerus. It has its ori gin on the 

�stal ba1:f' of this surface and is inse:.ted on the lateral side 

of the olecranon� Its �unc ti on is tbat of assisting in the 

extension of tbe elbow joint . 

ffable 80 show the Ctlev1ot group to hav tbe luger 



Measurement 

Weight �gm� 
Length cm 
Width cm 
Depth cm) 
Area ( sq cm) 

---
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TABLE 80 

MEANS FOR 
THE ANCONEUS MUSCLE 

Breed types 
Romney . C hevi ot 

9. 8 1 3. 3  
6 . 6 7 . 0 
2 . 4 2 . 6 
1 .  87 2.  08 

1 o. 9 1 2 . 6 

TABLE 81 

Treatment 
Fresh 

1 1 . 1  
6. 7 
2. 5 
1 .  75 

1 1 . 5  

Fixed 

1 2. 0  
6 . 9 
2. 5 
2. 20 

1 2 . 0 

ANALYSES OF VARIANCE 
FOR THE ANCONEUS MUSCLE. 

Source d. r. 

For Weight 

Total 1 1  
Between treatments 1 
Between breeds 1 
Interacti on 1 
Total 8 

For Length 

Total 1 1  
Betw en trea�ents 1 
Be tween breeds 1 
Interaction 1 
Error 8 

For Width 

Total 1 1  
Between treatments 1 
Between breeds 1 
Interacti on 1 
Error 8 

For Depth 

Total 1 1  
Between tr atments 1 
Between breeds 1 
Interacti on 1 
Error 8 

For Area 

Total 1 1  
Between treatment• 1 
Between breeda 1 
Interacti on 1 Error 8 

s s  

70. 79 
0. 69 

3�. 71 
5. 35 

29. 04 

2. 45 
0. 1 4  
0. 61 
0. 37 
1 .  33 

0. 55 
0. 02 
0. 1 9  
0. 1 0  
0. 24 

1 .  222 
0. 607 
0. 1 40 
o. 021 
0. 454 

25. 09 
0. 75 
8. 01 
2 . 25 

1 4. 08  

MS 

-
0. 69 

35. 71  
5. 35 
3. 63 

0. 1 4  
0. 6 1  
0. 37 
0. 1 66 

0. 02 
0. 1 9  
0. 1 0  
0. 1 3  

-
0. 607 
0. 1 40 
0. 021 
0. 057 

0. 75 
8. 01 
2. 25 
1 . 76 

s . E .  

o .  78 
0. 1 5  
0. 07 
0. 1 0  
0. 54 

9. 84 . 
1 . 47 

3. 37 
2. 23 

6 . 33 • 
3. 33 

1 0. 69 • 
2. 46 

4. 55 
1 . 28 
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average in every item. Although only the weight and width are 
significantly greater , the other three items show a marked 
tendency toward a breed difference. 

In the comparison of the treatment means the f ixed group 

is  equal to or larger than the freshly slaughtered group in 
every case. However , only the d epth neasurement is significant. 
Hence , the only real treatment effect i s  t hat of a flattening 

ac ti on in the freshly dissec ted muscles. Interact i on shows up 
to a small extent in most of t he measurements. Thi s  probably 
indicates that such meaaurements are not as accurate as might be 
desired on small muscles. 

3 )  The triceps brac hii 
Thi s  muscle� as its name implies , bas three main divisions. 

They are the long head , tne lateral head and the · medial head. 

As the triceps brachii 1 s  a very important muscle in l oc omotion ,  
each of these heads were dissected out and measured separately. 

( a ) The long bead 
T hi s  is by far t he largest of the three beads . In the 

sheep it is roughly three times larger than the lateral head 
which is the next in  size . Its orig in is the posterior b order 
of the scapula ( along roughly three-fourths of this b order ) , and 
it i s  inSerted on t be dorsal regions of t he olecranon of the 
ulna. It has a j oint ac tion in flexing the shoulder j oint and 
in extending the elbow j oint.  

T he means in Table 82 show the members of t he Chevi ot 

group to have the heavier , wider and deeper measurement tor the 
long bead of the triceps brachii .  The aomneys , however ,  are 
slightly longer. The only breed comparison showing signifi

cance i s  the one of width although • ight and depth have a 

tendency in that di rection. It m&T be c oncluded, then , tbat 
the Cheviot type has a more concentr ted mass ot musc le { l ong 
head of the triceps brachii) . 

In tb.e treatment eans i t  will  be noted that tbe ayerage 
is generally higher in t be t ixed group. Tbe one exception is 
the width difference. The difference in length is the only 
one wb.ich is ai,gniticant. 
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TABLE 82 

MEANS FOR 
THE LONG HEAD OF THE TRICEPS BRACHI I  

Measurement Breed Types Treatment 
Romney Cbeviot Fresb Fixed 

Weight i gm� 1 46. 0 1 60 . 2 1 49. 3 1 56. 8 
Length cm 
Width cm 
Depth cm) 
Area ( sq cm) 

1 4. 9 1 3. 9 
8. 0 8. 9 
3. 32 3. 60 

78 . 7  82. 3 

TABLE 83 

ANALYSES OF VARIANCE 

1 3. 8  1 5. 1 
8. 5 8. 3 
3. 30 3. 62 

79 . 2  81 . 8  

FOR THE LONG HEAD OF THE TRICEPS BRACHI I  
Source d. :f. ss MS 

For Weight 

Total 1 1  21 69 
Between treatments 1 1 69 1 69 
Between breeds 1 602 602 
Interac tion 1 1 9  1 9  
Error 8 1 379 71 2 

For Lengtb 
Total 1 1  1 0. 86 
Between treatments 1 5. 07 5. 07 
Between breeds 1 3. 21 3. 21  
Interac ti on  1 0. 03 0. 03 
Error 8 2. 55 0. 32 

For Widtb 
Total 1 1 4. 73 
Between trea�ents 1 0. 1 4  0. 1 4  
Between breeds 1 2. 52 2. 52 
Interac tion 1 o. oo o. oo 
Error 8 2. 07 0. 26 

For Depth 

Total 1 1  1 . 1 3 
Between treatment 1 0. 30 0. 30 
Between b.reeds 1 0. 24 0. 24 
Interac t1 cm 1 0. 01 0. 01 
Error 8 0. 58 0. 07 

For Al"ea 

Total 1 1  229 
�twen tr atments 1 ' 21 21 
Between b 1 40 40 
Interaction 1 1 .6 1 6  
Error 8 222 27. 8 

S . B. 

5. 36 
0. 23 
o. 21 
0 . 27 
6. 80 

F 

3. 50 

1 5. 89 • •  
1 .  01 

9. 73 .  

4. 1 4  
3. 1 3  

1 . 44  
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{ b )  The lateral head 

This head of the triceps b rac hii ,  as its name implies ,  

l ies on the lateral surface of the arm. It c overs t he ventral 

part of the l ong bead. Its points of origin are from the 

del toid tuberos ity toward and inc luding part of the neck of' the 

scapula.  This lateral head i s  inserted into a tendonous sheet 

tha t  c onnects wi th tbe lateral s ide of the olec ranon and als o 

blends in wit h the tendon of the l ong head of the trio ps. Ita 

ac ti on c omplement s tbat of the l ong head in extending the elbow 

� o int. The means and analy e a  for t bs lateral head will be 

found in Tables 84 and 85 

TABLE 84 

MEANS FOR 
THE LATERAL HEAD OF THE TRICEPS BRACHII 

Measurement 

wei ght �gml 
Length cm 
Width cm 
Depth cm 
Area ( sq cm) 

Breed Type 
Romne y Chevi ot 

47. 7  55. 3 
1 0. 2  1 1 . 1 

5. 0 5. 0 
2. 43 2. 60 

37. 0  40. 7 

Treatment 
Fresh F ixed 

49. 3 53. 9 
1 0. 6  1 0. 7  

4. 8 5. 2 
2. 32 2. 72 

37. 3 40. 4 

S . E. 

1 . 82 
0. 1 9  
0. 21 
0. 07 
1 • .52 

The data in Table 84 shows that t here i s  defin ite breed 

e ffe c t  in the we ight and lengt h of thi s  head of the triceps 

b rac h i i  with a possib i l i ty that there i s  also a group difference 

in depth. The means s how t hat the members of t he Cheviot group 

had a heavier , l onger and pos sibly a deeper lateral hea� 

Treatment does not have a defini te effec t except in Width 

where the muscles or t he fixed group are i gnificantly wider and 

in depth wbere the musc les of t he tresh17 dissected l ot ar more 

sballow. 

( c ) The medial bead 

The medial bead of the tricep b:rac bii lies 011 the 

posteri or and medial edge of t be humerus and 1n the sheep extends 

tor t he entire length of the abaft of t bs  b.umerus ." In :tact , • 
portion of 1 ta origin i s  on the neclt of the humeraa �ust below 



-1 61 -

TABLE 85 

ANALYSES OF VARIANCE 
FOR THE LATERAL HEAD OF THE T RICEPS BRACHII 

Source d. t'. ss liS 

For Wei ght 

Total 1 1 397 
Between treatments 1 56 56 
Between breeds 1 1 76 1 76 
Interac tion 1 4 4 
Error 8 1 61 20 

For Lengt h. 

Total 1 1' 4. 25 
B tween treatments 1 0. 09 0. 09 
Between breeds 1 2. 09 2. 09 
Interaction 1 0. 32 0. 32 
Error 8 1 .  75 0. 22 

For Width 

T otal 1 1 2. 76 
Between treatments 1 o. 61 0. 61 
Between breeds 1 o. 01 o. 01 
Interacti on 1 o. 01 0. 01 
Error 8 2. 1 4  0. 27 

For Depth 

T otal 1 1  0. 777 
Between trea tments 1 0. 480 0. 480 
Between b reed 1 0. 083 0. 083 
Interaction 1 0. 01 4 0. 01 4  
Error 8 0. 200 0. 025 

For Area 

T otal 1 1  1 89. 8 
Between treatments 1 29. 1 29. 1 
Bet een breeds 1 40. 6 40. 6 
Interac tion 1 9. 0 9. 0 
Error 8 1 1 1 . 1  1 3. 9 

TABLE 86 

MEANS FOR 
THE IIEDIAL HEAD OF THE TRICEPS BRACHI I. 

lleasuremen t Let:�: t=� 
Width cm 
Depth cm 
Ar a  ( q c )  

Bre d T7P8 
Romne7 Cheviot 

1 2. 7 1 7. 2 
8. 8 9. 6  
3. 7 4. 1  
1 . 2 1 . 3 

22. 1 26. 7 

Treatment 
Fresh Fixed 

1 5. 1 1 4. 8  
9. 2 9.  2 
3. 9  3. 9  
1 .  2 1 .  3 

23. 6 25. 2 

I 

F 

2 . 80 
8. 80 • 

,\ 

1 3. 20 •• 

2. 26 

1 9. 20 
3. 32 

2. 09 
2. 92 

S . E. 

1 . 1 5 0. 37 
0. 1 9  o. o6 
1 . 25 

•• 
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TABLE 87 

ANALYSES OF VARIANCE 
FOR THE MEDIAL BEAD OF THE TR ICEPS BRACHI I 

Source d. t. ss MS F 
For Weight 

Total 1 1  1 28. 6� -
Between tr atments 1 0 . 2 0. 24 
Between breeds 1 60. � 6a: �8 7 . 55 • 
Interac tion 1 4. 0 
Error 8 63. 95 7 . 99 

For Len gth 

Total 1 1  8 . 40 
Between treatments · 1 o. 01 0. 01 
Between breeds 1 1 .  84 1 .  84 2. 27 
Interacti on 1 o. � 0. 09 
Error 8 6.  o. 81 

F or Width 

Total 1 1  2. 47 
Between treatments 1 0. 2? o. oo 
Between breeds 1 o. 1 0. 61 2. 77 
Interac t i on 1 0. 1 0  0. 1 0  
Error 8 1 . 76 0. 22 

For Depth 

T otal 1 1  0. 35 
Between treatments 1 0. 03 0. 03 
Between breeds 1 0. 03 0. 03 
Interaction 1 0. 1 0  0. 1 0  4. 40 
Error 8 0. 1 9  0. 023 

For Area 

Total 1 1  1 56. 16 -
Between treatments 1 7. 6 l . 68 
Between br eds 1 63. 48 3. 48 6 . 75 . 
Interac ti on 1 1 0 . 08 1 0. 08 
Error 8 74. 95 9. 37 

the post ri part of t he artic ulat ing surface of the tlead. 

Part of its ori gin is by means of a tendonou a sheet attac hed t o  

the s urfac e of the b one wh ic h i t  b orders. I t  i s  inserted on tb.e 
medial and anterior part of the a ummi t of the olecranon , and 1 ts 

main action is t o  help extend the elb ow � oint . 

In the medial bead porti on of t he triceps brac h1 1 ,  the 
Cheviot group has the higher means throughout. However ,  OD17 t.b.e 

weight and area differenc es are s i gnificant. The fac t that length 

and widt h both tend toward a real di fference causes ttle are 

difference to be s ignificant even though length and wi dth are 
non-si gnificant . 

Tr atment seems t o  have no effect in any of the 
as t he means are all prac tically the same in both groups. 
action ahows up to aome extent in the depth asur nt. 
will be re ered , ha beell the ea e wi th other small 
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2 .  The ventral division 

In the she e p ,  this division has three sectiona : - the 

infraz onal group , the shoulder derivative s  and the e lbow 

derivative s .  

a )  The infrazonal group 

In the she e p  only the sterno-scapularis is present in 

this group . Thi s  muscle was observe d medial to the anterior 

portion of the superficial pe ctoral in all animals disse cte d .  

Its origin is on the ventral border o f  the anterior part o f  the 

sternum , and it i s  inserte d into the brachi ocephalicus just 

be low the shoulder j oint . I t  is  a rather small , flat muscle . 

Howell «1944) says this muscle is use d in fixati on and i s  

unimportant in locomoti on . The means and analyses  of variance 

f or thi s  muscle appear in Tables 88 and 89 .  

Measurement 

We ight �gm) 
Length cm 
Width om 
Depth oml 
Area ( s q cm) 

TABLE 88 

MEANS FOR THE 
STERNO-SCAPULARI S MUSCLE 

Bre ed Type 
Romney Chevi ot 

21 . 3  
8 . 9  
5 . 6  
0 . 83 

36 . 8  

19 . 2  
8 . 2 
6 . 3 
0 . 88 

36 . 7  

Treatment 
Fresh "Pixed 

19 . 3  
8 . 8  
5 . 6  
0 . 75 

3 5 . 7 

21 . 1  
8 . 4 
6 . 3  
0 . 97 

37 . 8  

s . E . 

1 � 18 
0 . 14 
0 . 30 
0 . 0 5  
1 . 24 

Th means in Table 88 show the Romney group t o  have the 

hi ghe r average we i ght and length whi le the Chevi ots have a 

larg r average width measurement . Ranee , the ave rage ate rAo-
aeapularis of the Romney group is longer and narrower in shape 

when c ompare d with the ·same mu•cle in the Chevi ot group . 
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TABLE 89 

ANALYSES OF VARIANCE 
FOR THE STERNO-SCAPULARIS MUSCLE 

S ourc e  

T o tal 
Be twe en treatment s 
Be twe en bre e cis 
Int e racti on 
Error 

T otal 
Be tween tre atments 
Between bre e ds 
Interaction 
Error 

T otal 
B e tween treatments 
Be twe en bre e ds 
Int e rac ti on 
Error 

T otal 
Be �we en treatments 
Betwe en bre e da 
I nteracti on 
Error 

T otal 
Betw e en treatment s 
Betwe en bre e da 
Interac ti on 
Error 

d . f'. 

11 
1 
1 
1 
8 

11 
1 
1 
1 
8 

11 
1 
l 
1 
8 

11 
1 
l 
1 
8 

ss 

F or We ight 

95 . 07 
11 . 41 
13 . 44 

3 . 31 
66 . 91 

F or Length 

3 . 04 
0 . 66 
1 . 47 
0 . 01 
0 . 90 

F or Width 

7 . 19 
1 . 14 
1 . 14 
0 . 61 
4 . 30 

F or De pth 

0 . 269 
0 . 141 
0 . 008 
o . ooe 
0 . 103 

J or Area 

11 
1 
1 
1 
8 

88 
14 

0 
0 

74 

MS 

11 . 41 
13 . 44 

3 31 
8 .. 36 

0 . 66 
1 . 47 
0 . 01 
0 . 11 

1 . 14 
1 . 14 
0 . 61 
0 . 54 

1 . 36 
1 . 61 

5 . 84 * 
13 . 00 ** 

2 . 12 
2 . 12 
1 . 13 

0 . 141 10 . 91 * 
0 . 008 
0 . 008 
0 . 013 

14 
0 
0 
9 . 3  

1 . 51 

In the analyses of varian c e  in Table 89 , however , only the 

length difference is s i gni f i cant .  

The treatment c omparis on shows the f ixe d mua olea t o  be 
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/ 
the he avi er , wider and de e per whi le the fre shly s laughtere d 

group have the longe r .  This i s  undoubte dly due , i n  part , t o  

the ne w pos i t i on assume d by the fore le g when the carcass ia 

hung up . As may be seen from the analyse s of variance , treat

ment e xe rt s  a s i gni f i cant e ffe c t  only in the case of le ngth and 

de pth . 

b) T he shoulder derivat ive &  of the ventral divi s i on 

In mos t ungulat e s , thi s group i s  divi ded int o  three 

se c t i ona : - the pe c t oral matrix , the anteri or corac o i d  matrix 

and the p osteri or c orac oid matrix .  

1)  The p e c t oral matrix . 

In Howe ll ' s  ( 1936)  clas s i fi c at i on there are two mus c l e s  

i n  thi s group . They are the d e e p  pe c t oral and the panni culua 

oarnosua . In thi s study the latter was omi t te d .  

T he de e p  pect oral i s  ano ther of the mus c l e s  c onne ct ing 

trunk t o  l imb and its main func t i on i s  to provi de l o c omotive 

power rather than t o  bind the limb t o  the bo dy .  In the she e p  

it i s  a broad , s l ing-shape d mus cle with a broad ori gin o n  the 

abd ominal tunic and al ong the p os t e ri or part of the venaral 

as pe ct of the s te rnum . T he de ep pe ct oral is inse rte d on both 

the late ral and me dial tuberosi tie s of the hum rua . I t  haa 

great power in drawing the trunk f orward if the limb i s  advance d  

and fixe d ,  by giving a str ong d ownward and backward pull on the 

hume rua . I t  is by far th larg r of the two pe c t oral musclea . 

T he means in Talle 90 indicate that the de e p  pe ct oral 

mus cle on the Che vi ot is a l i ttle l onger , narrower and de eper. 

However , in no oaae does the mean ditferenoe approach s i gnifi cance 

except in the de pth measurement . 



-166-

TABLE 90 

MEANS FOR 
THE DEEP PECT ORAL 1IDS C LE 

Measure:p1en� Bre e d  Type T reatment s . E . 

W e i ght �gm ) 
Length cm � 
Wi dth am 
D e pth cm ) 
Area ( s q cm ) 

R omney 

174 . 0  
33 . 1  
12 . 0  

2 . 1'; 
2 74 . 1  

Che vi ot 

175 . 0  
3 4 . 3 
11 . 3  

2 . 53 
265 . 6  

Fre sh F i xe d  

167 . 1  181 . 8  5 . 97 
3 4 . 2 33 - 3  0 . 64 

10 . 8  12 . 5  0 . 38 
1 . 67 3 . Q2 0 . 13 

262 . 5  277 - 3 7 . 50 

T re atment , howeve r ,  e xe r�a a s i gni f i cant e ff e c t  on 

wi dth and d e pth s ince the f ixe d mus c l e s  are wi der and deeper. 

T he length is gre ate r in the fre shly d i s s e c t e d  group whi ch ia 

an effe ct opposite t o  that whi ch oc curre d wi th the brachi o

ce phalicus as a re sult of the carcass hanging up overni ght . 

T he limb be i ng thus ro tate d forward would caus e the de e p  pe c t oral 

to flatten , lengthen and be c ome more narrow . I t  mus t not 

be reas one q ,  however , that this is the only or main re a s on 

f or the change s in the mus cle . 

2 )  The ante ri or corac o i d  matrix 

How e l l ' s  ( 1936)  c lassificat i on plac e s  thre e of the mus c le s  

of the she e p  int o thi a s e c t i on : - the superfi cial pe c t oral , 

the supras pinatus and the infras pinatua . 

a) The supe rfi c i al pe ct oral 

· rn the she e p  thi s mus cle is cle arly divis ible into two 

parta : - the re lative ly thick and ahort anteri or part and the 

broad and very thin posteri or s e c t i on .  I n  this diaa e c ti on 

the muscle waa remove d and measure d in toto . _ ........, ......... I t s  ori gin 1• 

al one the ventral border of the sternum . Due to the s p�eadina 
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TABLE 91 

ANALYSES OF VARIANC E 
FOR THE DEEP PECTORAL MUSCLE 

S ource · d . f .  ss  MS ., 

F or We ight 

Total 11 2417 
Be twe en treatments 1 6 45 6 45 3 . 01 
Be tween bree ds 1 3 3 
Interaction 1 56 56 
Error 8 1713 214 

For Length 

T otal 11 2 8 . 16 
Be twe en treatments 1 2 . 80 2 . 80 
Betwe en bre e d  1 4 . 07 4 . 07 1 . 64 
Interaction 1 1 . 49 1 . 4� 
Error 8 1 9 . 80 2 . 4 

F or Wi dth 

T otal 11 20 . 56 
Between treatme nts 1 8 . 17 8 . 17 9 . 50 * 
Between breeds 1 1 . 54 1 . 5 4  1 . 79 
Interaction 1 3 - 96 3 . 96 4 . 60 
Error 8 6 . 89 0 . 86 

F or De pth 

T otal 11 7 . 11 
Betwe en treatment 1 5 . 47 5 . 47 57 . 66 ** 
Be tween bree ds 1 0 . 44 0 . 44 4 . 6 4 
Interaction 1 0 . 44 0 . 44 4 . 64  
Error 8 0 . 76 0 .095  

'P or Area 

T otal 11 3765 
Between treatme nt• 1 660 . 660 1 . 95 
Betwee n  bre e da 1 216 216 
Interacti on 1 185 185 
Error 8 2704 338 

nature of the superficial pect oral i t  has two main insertiona ; 

( 1 ) the fascia of the fo re-ar.m and ( 2 )  the deltoid tuberosit7 

of the humerua . Ita action in addition to that of t nains the 
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fasc ia of the fore-arm is to assist in adducting the arm , 

TABLE 92 

MEANS FOR 
THE SUPERFICIAL PECTORAL MUSCLE 

Measurement 

We ight lgml Length cm 
Width cm 
De pth om 
Area ( aq cm) 

Bre e d  Type 
Romney Che viot 

57 . 2  
19 . 2  
10 . 8  

1 . 17 
136 . 2  

59 . 8  
18 . 9  
10 . 5  

1 . 28 
128 . 7  

TABLE 93 

Treatment 
Fresh Fixe d 

5 3 . 3  63 . 7  
18 . 4  19 . 8  
11 . 0  10 . 3  

1 . 10 1 . 3 5 
131 . 8  133 . 0  

ANALYSES OF VARIANCE 
FOR THE SUPERFICI AL PECTORAL MUSCLE 

Source 

T otal 
Between treatments 
Between bree ds 
Interaction 
Error 

T otal 
Between treatment• 
Between bree da 
I nt eraction 
Error 

T otal 

d . f .  

11 
1 
1 
1 
8 

11 
1 
1 
1 
8 

11 
1 

ss - MS 

F or We i ght 

965  
320 3 20 

21 21 
13 13 

611 76 

P or Length 

1 5 . 73 
5 . 61 5 . 61 
0 . 34 0 . 34 
0 . 95 0 . 95 
8 . 83 1 . 10 

F or Width 

6 . 16 
1 . 60 1 . 60 

., 

4 . 19 

5 . 10 

44 . 44 

s . � . 

3 . 56 
0 . 42 
0 . 08 
0 . 07 
3 . 36 

** Between treatment• 
Between breeda 
Interaction 

1 0 . 37 0 . 37 10 . 28 • 
1 3 . 90 3 . 90 108 . 33 ** 

Error 8 0 . 29 0 . 0 4  
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TABLE 93 ( C ontinue d ) 

S ource d . f . ss  MS ., 

F or De pth 

T otal 11 0 . 483 
Be twe en treatments 1 0 . 188 0 . 188 6 . 0 9  * 
Be twe en bree ds 1 0 . 0 41 0 . 0 41 1 . 31 
Interacti on 1 0 . 008 o . oo8 
Error 8 0 . 2 47 0 . 031 

P or Area 

T otal 11 969 
Between treatment a 1 4 4 
Betwe en bree ds 1 168 168 2 . 47 
Interaction 1 353  3�� 5 . 19 
Error 8 5 44 

In this muscle the Chevi ots have the larger mean 

we ight ( shown in Table 92 )  an d  the greater mean depth, while 

the Romneys are greater in the other measurementa . None of 

these , as will be explaine d below , are significant . 

The averages  in Table 92 show the fixed group to ba the 

larger in every case except width.  

In the width measurement , interaction shows up t o  a 

marke 4 degre e , and this , in part , results in some inte�aQtic� 

in the case of area .  This means that the treatment had oppo-

site effects on the different bre e d  typee . Since the posterior 

par1 �of this muscle is very thin and pliable , it was very e asy 

to stretch it out of its proper shape •ven in the c ourse of 

normal handling. Also in the width measurement , the anterior 

head of this muscle was sometime s wider and other timea the 

posteri or section had the larger width measureme nt . This ia  

the most logical explanation of  the large interacti on .  Sinoe 

the interaction is so large , it would be beat to diaregar4 the 

fact  that bree d  and treatment seemingly show significant difference a .  
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b ) The supraspinatus 

This is a re lative ly large muscle which, in the she e p ,  

more than fills the supraspinous fossa o f  the scapula . This 

f ossa and the anteri or surface of the tuber spinae of the 

s capula are the origin of this muscle , and it  is inserted mainly 

on the late ral tuberosity of the humerus on its anteri or aspeet . 

Its  action i s  t o  extend the shoulder j oint as well as to aid 

in the binding of this j oint to help prevent dislocati on .  

Measurement 

We i ght �gm) 
Length cm l 
Width cm 
Depth cm 
Area ( s q  cm ) 

The re 

TABLE 94 

MEANS FOR . 
THE SUPRASPINATUS MUSCLE 

Bre ed Type Treatment s . E . 
R omney Chevi ot Fresh Fixe d 

153 . 0  153 . 2  142 . 7  163 . 5  6 . 66 
16 . 7  16 . 8  16 . 5  16 . 9  0 . 32 

6 . 5  6 . 4  6 . 5  6 . 4  0 . 18 
3 . 43 3 . 37  3 . 05 3 . 75 0 . 12 

72 . 7  72 . 2  70 . 7  74 . 2  1 . 82 

is  prac tically no difference between the bre ed  

type s in  any of  the measurements taken on the supraspinatus . 

However , in the treatment means ( Table 94) , the fixed 

muscle� show up wi th a slightly greater weight and present a 

•ignificantly greater depth. Interaction does not show up 

t o  any marke d degree in any of the it as . 

c ) The infraspinatus 

Thi s  muscle is  the larger of the two that originate 

on the lateral fossae of the scapula . In the sheep s tudie4 

it filled the in!raspinoua fossa with no overlappina of the 

posterior border of the acapula . It is inserted into a large 
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TAJ3LE 95 

ANALYSES OF VARIANCE 
FOR THE SUPRASPINATUS MUSCLE 

S ource 

T otal 
Betwe en treatments 
Between breeds 
Interaction 
Error 

T otal 
Between treatments 
Be tween bre eds 
Interaction 
Error 

T otal 
Betwe en treatments 
Betwe en breeds 
Interaction 
Error 

T otal 
Between treatments 
Between breeds 
Interaction 
Error 

T otal 
Between treatments 
Between breeds 
Interaction 
Error 

d . f .  

11 
1 
1 
1 
8 

11 
1 
1 
1 
8 

ss 

For We ight 

3 421 
1302 

0 
3 47 

2129 

l'or Length 

5 . 69 
0 . 61 
0 . 02 
0 . 14 
4 . 85 

For Width 

11 
1 
1 
1 
8 

11 
1 
1 
1 
8 

1 . 69 
0 . 0 5  
0 . 01 
0 . 09 
1 . 54 

For De pth 

2 . 22 
1 . 47 
0 . 01 
0 . 09 
0 . 65 

For Area 

11 
1 
1 

· 1  
8 

207 
3 7  

0 
9 

161 

MS 

1302 
0 

347 
266 

0 . 6 1 
0 . 02 
0 . 14 
0 . 61 

0 . 05 
0 . 01 
0 . 09 
0 . 19 

1 . 47 
0 . 01 
0 . 09 
0 . 08 

31 
0 
9 

20 

17 . 09 ** 

1 . 05  

1 . 85 

tendon that connects onto the lateral tuberosity of the humerus 

( posterior to the insertion of the supraspinatus ) . I t s  funotiou 

inc.lude the abducti on of the arm and the fixing ot the ahou1de;o 

j o�t to help prevent d islocation. 
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TABLE 96 

MEANS FOR 
THE INFRASPINATUS MUSCLE 

Bree d  Type a Treatment 
Romney Chevi ot Fre sh Fixed 

162 . 8  180 .0  161 . 7  182 . 0  
17 . 6  18 . 4  17 . 1  18 . 9  

8 . 5  8 . 7  8 . 2  8 . 9  

S . E .  

7 . 50 
0 . 32 
0 . 30 

Weight l�l Depth cm 2 . 55 2 . 97 2 . 40 2 . 98 0 . 31 
Area ( sq cm) 106 . 5  114 . 3  103 . 8  117 . 0  

TABLE 97 

ANALYSES OF VARIANCE 
FOR TBE INFRASPINATUS MUSCLE 

Source d . t .  ss MS 

F or Weight 

T otal 11 5352 
Between treatment• 1 1241 1241 
Betwwen bree ds 1 972 972 
Interaction 1 432 432 
Error 8 2707 338 

For Length 

T otal 11 16 . 97 
Between treatments 1 9 . 84 9 . 84 
Between bree ds 1 2 . 14 2 . 14 
Interacti on 1 0 . 07 0 . 07 
Error 8 4 . 92 0 . 615 

F or Width 

T otal 11 5 . 73 
Between treatments 1 1 . 3 4 1 . 34 
Betwe en breeda 1 0 . 17 0 . 17 
Interaction 1 o . oo o . oo 
Error 8 4 . 23 0 . 529 

F or Depth 

T otal 11 1 . 73 
Between treatment• " 1  1 . 02 1 . 02 
Between bree4a 1 0 . 24 0 . 24 
Interaction 1 0 . 01 . 0 . 01 
Error 8 0 . 46 0 . 058 

2 . 92 

., 

3 - 67 
2 . 88 
1 . 28 

16 .00 ** 
3 . 48 

2 . 53 

17 - 76 •• 
4 . 17 
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TABLE 97 (C ontinued ) 
Source d . f .  ss MS 

F or Area 

T otal 11 1173 
Between treatments 1 520 520 10 . 20 * 
Between-., bre eds 1 184 184 3 . 61 
Interaction 1 61 61 1 . 20 
Error 8 408 51 

In this muscle , the Cheviot group has the larger 

avera&e in every measurement . None of these differences are 

significant although those of length , d pth and area have mean 

s quare s  that are betwe en the ten and five per cent leve l  of 

probability .  

The formal saline fixed muscle s have a bigger average 

in every c ase , but only the measurements of length , de pth and 

area are s i gnificantly larger.  

3 )  The posteri or corac oid matrix 

In the sheep only one small muscle is included in thia 

se c t i on .  Windle and Parson ( 1901 )  believe that , 1n the sheep , 

it  is  the corac o-brachialis med1ua . This muscle has it• 

origin on the c oracoid process of the s capula and is inserted  

on the humerus anterior t o  the t re s tubercle . It  assist& in 

adduction of the arm and in the flexing of the shoulder j oint . 

The means and· analyses of variance for this muscle appear in 

Tablea 98 and 99.  

The means ( in Table 98) show that this muscle ia 

heavier and shorter in the Cheviot group , while width is about 

the same for both groups . However,  this extra weight ia made 

up in greater thioknesa in th Ch�viot group . The �e a ia  aboat 
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TABLE 98 

MEANS FOR 
THE CORAC O-BRACHIALIS MUSCLE 

Measurement Breed  Type Treatment 

We i ght lgml Length cm 
Width om 
Depth cm 
Area ( s q  cm) 

Romney Chevi ot Fre sh 

9 . 4 10 . 8  9 . 9  
9 . 2 8 . 4 9 . 0  
3 . 4  3 . 3  3 . 2  
0 . 87 1 . 0 5 1 . 02 

18 . 1  18 . 1  lf/,. � 

TABLE 99 

ANALYSES OF VARIANCE 

Fixed 

10 . 2  
8 . 7  
3 . 5 
0 . 90 

18 . 9 

FOR THE CORACO-BRACHIALIS MUSCLE 

Source d . f .  ss MS 

F or We ight 

T otal 11 2 9 . 46 
Between treatment s  1 0 . 21 0 . 21 
Between breeds 1 5 . 88 5 . 88 
Interac tion 1 1 . 77 1 . 77 
Error 8 21 . 61 2 . 70 

For Length 

T otal 11 4 . 46 
Between treatments 1 0 . 24 0 . 24 
Between bre e ds 1 2 . 00 2 . 00 
Interaction 1 o . oo o . oo 
Error 8 2 . 22 0 . 28 

For Width 

T otal 11 1 . 20 
Between treatments 1 0 . 34 0 . 34 
Between bre e ds 1 0 . 02 0 . 02 
Interacti on 1 0 . 15 0 . 15 
Error 1 0 . 69 0 . 09 

For Depth 

T otal 11 0 . 269 
Between treatments 1 0 . 041 0 . 041 
Between bree 48 1 0 . 101 0 . 101 
Interacti on 1 0 . 008 0 . 008 
Error 8 0 . 120 0 . 015 

S . E . 

0 . 67 
0 . 22 
0 . 12 
0 . 05 
1 . 14 

p 

2 . 18 

7 . 19 * 

3 . 95 

2 . 72 
6 . 72 * 
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TABLE 99 ( C ontinue d ) 

S ource d . f .  ss MS 

For Area 

T otal 11 73 . 86 
Between treatments 1 6 . 75 6 . 75 
Between breeds 1 0 . 01 0 . 01 
Int eraction 1 5 . 07 5 . 07 
Error 8 62 .03  7 . 75 

the same in both groups , but since length and de pth are dif-

ferent , a slight difference in form is indicated .  The 

differences in length and de pth measurements are the only onea 

that are significant . 

The average s in the treatment c omparisons are very c lose 

exce pt for width and in this case the fixed group is more 

narrow . However , the difference in non-significant . 

c)  T he e lbow derivative s of the ventral division 

This group c ons ists of two muscles whose chief acti on 

is t o  flex the e lbow j oint . They are the brachialis and the 

bic e ps brachii .  

1 )  T he brachialis 

This  musc le spirals around the humerus from its origin 

just posterior t o  the surgical neek · of that bone . Its  insertion 
-

ia on the medial surface of the ne ck � of the radius and on the 

ad jacent porti on of the ulna . I t s  function ,  as mentione4 

above , is to flex the elbow j oint . 

In this muscle , a compari s on of the means in T able 100 

for bre ed types and treatment• reveals no difterencea .  
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TABLE 100 

MEANS FOR 
THE BRACHIALI S �ruS C LE 

Measureme nt Bre e d  T ype s Treatment 

We i ght !gml Length cm 
Wi dth cm 
De pth om 
Area ( s q om) 

S ourc e  

T otal 

R omney C hevi o t  Fre sh 

2 4 . 8  2 4 . 5 2 4 . 4 
11 . 0  11 . 0  11 . 0  

4 . 0  4 . 1  4 . 1  
1 . 17 1 . 22 1 . 18 

3 2 . 5 31 . 9 31 . 7  

TABLE 101 

ANALYSES OF VARIANCE 
F OR THE BRAC HIALIS MUSCLE 

d . f .  ss 

F or W e i ght 

11 111 . 16 
Betw e en t re atme nts 1 0 . 70 
Betw e en bre e ds 1 0 . 29 
I nt e rac t i on 1 8 . 73 

MS 

0 . 70 
0 . 2 9 
8 . 73 

F ixe d 

2 4 . 9 
11 . 1  

4 . 0  
1 . 20 

32 . 8  

Error 8 102 . 42 12 . 80 

T otal 11 
B e tw e en treatment s 1 
B e twe en bre e da 1 
I nt e ract i on 1 
Error 8 

T otal 11 
Between treatment s 1 
Between bree ds 1 
I nt e rac t i on 1 
Error 8 

F or Length 

2 . 49 
0 . 02 
0 . 01 
0 . 1 4  
2 . 32 

F or Width 

0 . 45 
0 . 01 
o . oa 
0 . 06 
0 . 30 

0 . 02 
0 . 01 
0 . 14 
0 . 29 

o . o1 
0 . 08 2 . 13 
0 . 06 1 . 60 
0 . 038 

S . E . 

1 . 46 
0 . 22 
0 . 08 
0 . 0 4  
1 . 15 
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TABLE 101 ( C ontinued)  

S ource 

T otal 
Betwe en treatments 
Betwe en bre e ds 
Inte rac tion 
Error 

T otal 
Between treatment 
Between bre eds 
Int e raction 
Error 

2 ) T he biceps brachii 

d . f . 

ll 
l 
l 
l 
8 

11 
1 
l 
l 
8 

ss 

F or De pth 

0 . 109 
0 . 002 
0 . 007 
0 . 008 
0 . 083 

Por Area 

68 . 31 
3 . 85 
1 . 07 
1 . 07 

6 3 . 32 

MS 

0 . 002 
0 . 001 
o . oo8 
0 . 010 

3 . 85 
1 . 07 
1 . 07 
7 . 92 

Howe ll ( 1936)  states that this muscle was derived from 

the brachialis . It  lies  on the ventral s ide of the humerus 

in the ungulate and has a tendinous ori gin on the tuber scapulae . 

In the she e p  its  insertion is a tendon that divide s  into two 

parts . One part attach& to the radial or bicipital tuber-

osity Hf the radius and the other part to the ad jacent porti on 

of the ulna , ( 61sson ,  1930 ) . The action of the biceps in 

locomot i on is to  flex the elbow j oint . 

Measurement 

Weight lgml Length cm 
Width cm 
Depth cm 
Area ( sq cm) 

TABLE 102 

�EANS FOR 
BICEPS BRACHII MUSCLE 

Bre e d  Type 
Romney Chevi ot 

36 . 3  
10 . 0  

3 . 0  
2 . 63 

2 4 . 0  

37 . 7  
9 . 8 
3 . 1  
2 . 67 

23 . 2  

Treatment S . E .  
P're sh Fixe d 

31 . 3  
10 . 4  

3 . 0  
2 . 75 

24 . 3  

1 . 82 
0 . 20 
0 . 08 
0 ., 10 
0 . 75 
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TABLE 103 

ANALYSES OF VARIANCE 
FOR THE BICEPS BRACHI I MUSCLE 

S ource  

T o tal 
Be tween treatments 
Betwe en bre eds 
Interaction 
Error 

T otal 
Betwe en treatments 
Between bree ds 
Interac tion 
Error 

T otal 
Between treatments 
Betwe en bre e ds 
Interaction 
Error 

T otal 
Between treatments 
Between breecla 
Enteraction 
Error 

Total 
Between treatments 
Betwe en bree ds 
Interaction 
Error 

d . f .  

11 
1 
1 
1 
8 

11 
1 
1 
1 
8 

11 
1 
1 
1 
8 

11 
1 
1 
1 
8 

11 
1 
1 
1 
8 

ss  

F or We ight 

166 
1 
5 
2 

158 

F or Length 

4. 72 
2 . 71 
0 . 07 
0 . 06 
1 . 88 

F or Width 

0 . 47 
0 . 12 
0 . 02 
o . oo 
0 . 33 

For Depth 

0 . 6 40 
0 . 070 
0 . 015 
0 . 164  
0 . 45 4  

For Area 

3 5 . 21 
5 . 46 
2 . 16 
0 . 38 

27 . 21 

MS 

1 
5 
2 

20 

2 . 71 
0 . 07 
0 . 06 
0 . 24 

0 . 12 
0 . 02 
o . oo 
0 . 04  

0 . 070 
0 . 015  
0 . 164  
0 . 0 57 

5 . 46 
2 . 16 
0 . 38 
3 . 40 

11 . 53 ** 

2 . 93 

2 . 89 

1 . 61 

A comparison of the bree d  type means (Table 102 )  

revea1a n o  difference between the groups . A treatment 

difference doe s show , however,  in length, the muscle being 
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s i gni ficantly l onger in the f ixe d group . When t he carcas s e s  

were hung up , i t  was n o t e d  t hat the e lb ow j o int be came s ome 

what flexe d .  T h i s  would c ompre s s  the b i c e ps brac hii t o  s ome 

d e gre e and c ould poss ibly shorten i ts length . 

A summary of the s i gnif i c ant difference s in the 

mus c l e s  be twe en the two bre e d  type s and be twe en the two 

treatment is given in Tab l e s  103 and 104 .  In the s e  tabl e s  

one symbol ind i cate s  s i gnifi c ance t o  t he f ive per c ent leve l  

and t w o  symb o l s  ind i cat e s  s i gni f i c ance to the one per c ent 

leve l  of probab i l i ty . 



TABLE 103 

SUMMARY OF SIGNIFICANT DIFFERENCES 
BETWEEN BREED TYPES 

Muscle Wei ght Length Width 

Trapezius 
Erachiocephalicus + omo-trans . 
Serratus thoraci s  ** 
Rhomboideus 
Latissimus d orsi 
Tere s  maj or * * 
Subscapularis 
Teres minor 
Deltoideus pars acromialis ** ** 
De ltoideus pars scapularis 
Tensor fasciae antibrachii 
Anconeus * * 
Triceps braehii ! lohg head ) * 
Triceps braehii lateral head ) * ** 
Triceps brachii medial head ) * 
Sterno-scapularia X 
Superficial pectoral X 
Deep pectoral 
Supraspinatus 
Infraspinatus 
C oraco-brachialis X 
Brac�ialis 
Biceps brachii 

* e quals Cheviots greater 
x e quals Romneys greater 

Depth Area 

* 

** * 

* * I 
** 1-J (XI 0 

I 

... 

* 



I 

-" 

• 

TABLE 10 4 

SUMMARY OF S I GNIFICANT DIFFERENCES 
BETWEEN .- TREATMENTS 

Muscle We ight Length Width 

Trapezius XX ** 
· Braehiocepbalicus+omo-trans . * ** * 

S erratus thoraei s  ** 
Rhomboideus 
Latissimus dorsi * *  
Tere s  maj or * * 
Subscapularis 
Teres minor ** 
Deltoideus pars acromialis ** 
Deltoideus pars scapularis ** 
Tensor fasciae antibrachii 
Anconeus 
Triceps brachii !long head) ** 
Triceps brachii lateral head) 
Triceps brachii  medial head) 
S terno-scapularis X 
Dee p  pectoral .. 
Superficial pectoral XX 
Supraspinatus 
Infraspinatus ** 
Coraco-brachialis 
Brachialis 
Biceps brachii 

* e quals fixed muscle s  greater 
x e quals fresh muscles greater 

De pth Area � - ... - - t_-

** 
** '-· 
* 

** 

.. I 
** * 1-' ():) 

.... ..... 
I * * 

* 

** 

* 
** 
* 
** 
** * 
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l. The Volumes of C ertain Muscles 

The measurement of muscle volume is c onsi dere d to be of 

doubtful accuracy be cause of certain unavoidable errors in the 

technique use d .  Factors whi ch serve d t o  introduce error into 

the actual measurement were as follows : -

a) Small air bubble s on the surface of the muscle a  

when immersed.  The se were cause by the s omewhat greaay 

surface of the muscles and onc e  the muscle was immerse d , 

it  was impossible to ge t rid of the se bubbles .  

b )  I t  is possible that the surface · tension was not 

e qually de crease d each time . This would re sult in a 

small difference in amount of over-flow·.  

c) The possibility of absorpti on of water into  the 

muscle during immersi on .  Thi s factor could also  very 

easily be different in the fresh and fixed muscle s .  

d )  Varying sizes of muscles . Smaller muscle s .  were 

more difficult to handle . F or these , use of a amaller 

apparatus would have cut down �rror . 

A further error resul�ing from temperature change s 

causing change s in the weight of a cubic centimetre of water 

was consi dere d  to be negligible . At four degre e s  centigrade , 

one cubic centimetre of water we ighs one gram ; at twenty degreea  

centigrade , it  weigha 1 . 0018 grams . 

It was impo sible to  make repeat measurements for any 

one parti cular muscle be cauae re-immersion would introduce 
. 

further error due to water absorpti on and becauae of the 

presence of a water film on the aurfaoe of th muaole left by 
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a previoua immersi on .  Furthermore , if time were allowed 

for this water film to  evaporate , it  would be almost impossible 

to dry the musc le back to  its previ ous state . 

From the above difficulties  i t  will be de duced  that any 

figures obtaine d for muscle volume would only be an approximati on .  

I n  order to make a rough c omparis on betwe en bree d  types 

and treatments for mus cle volume as determined by immers i on ,  the 

following proce dure was adopte d : - The twelve muscle s that hai 

the highe st average weight ( all those over 50 grams ) were liste d 

and a list of these  in each animal pre senting the ir weights and 

volumes ( in grams ) was c onstructe d .  

Latissimus dorsi 
Infraspinatus 

Supraspinatus 
Subscapularis 
Triceps brachii 
Trape zius 

T hese muscle s were : -

Superficial pectoral 
De ep pectoral 
Rhomboi deua 
Serratus thoracis  
Muscles of  the fore-arm 
Brachiocephalicus + omo-

transversariua 

Thus , total we i ghts and volumes of the above muscle s were 

available for each animal in the dissec ti on groupa . J'rom the 

an�al totals an analysis of variance was applie d  to  c ompare 

bre e d  types and treatments .  Also from the animal total of 

muscle weights ( grams ) and of muscle volume ( grams ) ,  the rati oa 

of volume to weight were worked out . Thus , it i s  hoped that an 

approximate figure may be presented whi ch will give an indication 

of the amount of water. displaced by the mu c�•• analyse d .  
r 

Musc le volume expressed as a percent ge of muscle weight is 

hown in Table 105 and the analysi s  of variance for volume 

t otala appears in Table 106 .  

The percentages shown in Tab� e 105 d o  not indicate any 

bre e d  differ-nee , but do show that treatment had a s light efteet . 
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TABLE 105 

JlU SOLE VOLUME 
EXPRESSED AS A PERCENTAGE OF MUSCLE WEIGHT 

Romney Chevi ot 

Fresh Fixe d Fre sh Fixed 

96 . 32 % 97 . 79 % 95 . 99 % 95 . 77 " 
96 . 26 97 . 47 9 5 . 69 97 . 20 
94 . 81 96 . 79 95 . 58 96 . 97 

Mean 95 . 97 97 . 35  95 . 75 96 . 6 5 

I t  appe ars that the t otal for the freshly d i s se c te d muscle s  

list e d  was be tween one and 1 . 5  per cen� less in volum� than 

the total for the sa.�:Je  muscles disse cted from the fixed she e p .  

That this difference i s  n o t  s ignificant is borne out by the 

analysis of variance in Table 106 . 

S ource 

T otal 
Between treatment• 
Between breeds 
Interaction 
Error 

TABLE 106 

ANALYS IS Oi VARIANC E 
FOR MUSCLE VOLUME T OTALS 

d . f . ss MS 

ll 218 . 99 
l 62 . 50 62 . 50 
1 1 . 67 1 . 67 
1 12 . 14 12 . 14 
8 142 . 77 17 . 85 

p 

3 . 50 

The slight treatment apparent in Table 106 can either 

be attributed to a shrinking ot the fre sh muscle•  or to a 

awelling of the fixed muacle• . Probably , it ia a c ombinati on 

of the two . 
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G .  Bone , Muscle and Fat Proportions 

The te chni que use d  in disse cti on provided an excellent 

opportunity to obtain informat ion on the ratio of bone , muscle 

and fat 'in the shoulder re gi on . While the dissecti on technique 

was not the same as that of Hammond ' s  ( 1932 ) and Palss on ' s  ( 1940) , 

it followed well-def ine d line s in the regi on dissected and waa 

done in the same manner in all animals . Certainly , there waa 

no e rror of the type that would occur when the carcass is  

j ointed to obtain a " Sample J oint" . As pointed out previ oualJ , 

the muscles c once rned were we ighe d wbole and the bones were 

we i ghe d immediate ly after dissection and c leaning of cartilage 

and ligamenta . The fat measure d was that amount remove d from 

the area dire ctly late ral to the most medial muscles dissected  

in  an area . (lor example , fat we ighed in  the area in  which the 

rhomboideus was place d  would include all fat lateral to  this 

mus cle whe ther inter-muscular fat or subcutaneus fat . ) If a 

dissected muscle was the deepe st of the muscles removed in the 

re gi on from whence it came , the fat on ita me dial s ide would 

not be weighe d ,  although this fat had to be remove d from that 

muscle in order t o  ge t its true wei ght . The muscle tendons 

were inc lud d wi th the fat . The fat was we ighe d at intervals 

throughout the dissec tion process , so that it would not have 

the opportunity t o  lose we ight by drying out . T he one 

excepti on to this fat removal was in the oaae of panniculu. 

oarnoaus muscle which waa refle cted along with the small amount 

of fat lateral t o  it . Although the muscles of the tore-arm 

( those around the radius-ulna) were not diaaeoted muaole by 

muaole , . the bone , muaole and tat tissue were ae parated and theae 
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figures are include d in the calculations . 

With the above proce dure applie d  t o  the three c omponent a  

involved in the bone , muscle and fat rat i o , a fairly accurate 

c omparis on c ould be made between the groups of animals studie d .  

The means and the analyses of variance for these tissue totals 

appear in Table s 107 and 108 . 

TABLE 107 

MEANS FOR 
THE BONE , MUSCLE AND FAT TOTALS 

Item Breed Types 
Romney Chevi ot 
( grams ) ( grams ) 

Treatment S . E . 

Bone ( including 
cartilage of scapula)  291 279 

Musc le 1807 1862 

Fat ( including tendon 
and fascia ) 852 470 

Fre sh Fixed 
( grams ) ( grams ) 

283 287 

1762 1906 

670 652 

13 . 7  

6 4 . 4  

6 5 . 9  

Total ti ssue dissected 2950 2611 2715 2845 130 . 3  

In the table of means ( Table 107 )  it may be noted that 

the Romney group has the hi gher average we ight of t otal tissue 

disse cte d and we ighe d in this study . However , when the analysis  

of variance i s  applied , it  is found that thi s  mean difference 

is not significant . Thi s  is largely a result of the high 

variability within breed  types as indicated by the standard 

error. There aeema to  be a tendency for the Romney group t o  

be heavier a s  the J value for the mean square between b�ee•s 

comes up to  the ten per cent level ot probability . 

The b one weights of those dissected and weighed are 



S ource 

Total 
Between treatments 
Between bre eds 
Interaction 
Error 

Total 
Betwe en treatments 
Betwe en breeds 
Interaction 
Error 

Total 
Between treatme nts 
Between breeds 
Interaction 
Error 

Total 
Between treatments 
Between breeds 
Interaction 
Error 

-187-

TABLE 108 

ANALYSES OF VARIANCE 
FOR DI SSECTED TISSUES 

d . f .  

11 
1 
1 
1 
8 

ss 

For Bone 

9954 
38 

481 
434 

9001 

For Muscle 

11 
1 
1 
1 
8 

11 
1 
1 
1 
8 

285806 
61877 

9070 
15956 

198894 

Por Pat 

767500 
1032 

435877 
12226� 
20832 

• 

MS 

-

38 
481 
434 

1125 

61877 
9070 
15956 

24861 

1032 
435877 
122263 

26041 

For T otal Tissue 

11 1273307 
1 49665 49665 
1 346120 346120 
1 62209 62209 
8 815313 101914 

l 

16 .. 74  ** 
4. 70 

3 . 40 

very similar with the Romney group having a slightly larger 

mean.  This  difference prove s to  be non-significant . 

The average muscle weight shows the oppoaite trend to  

that of  the bone wei&ht , the Cheviot group being slightly 

higher in average we ight of this tisaue . 

differenee is non-significant . 

. 
Again, the bree4 

lor the weight ot tat , however,  the Romney type • hat 



-188-

roughly twice as much fat by weight per animal in the shoul der 

region .  When the analysis o f  variance is applie d t o  the 

animal totals for fat , it is found that this difference between 

breed  types is highly significant . Although se parate we i ghts 

were not taken of subcutane oua fat and inter-muscular fat , it 

appeare d that the greater amount of fat in the Romneys waa due 

to  a thi cke r layer of subcutane ous fat . In looking for a 

reason for thi s difference in fat , a check was made into the 

life historie s  of the ewes dissec ted in order to see  if they 

had produce d a lamb or lambs in the lambing season pri or to 

thia study . This search reveale d that two of the six Romneya 

had been dry , but a check of the fat figurea fp� these two ewes 

showe d that one was above the Romney group average and the other 

be low so that they cance lle d each othe r .  I n  other words the 

higher fat c ondition of the Romney group was very little , it 

at all affe c te d  by the two dry ewea . As a point of intere st � 

it was disc overed that all of the Chevi ot type ewea had produced 

a lamb or lambs in the previ ous season .  

The e ffect of the treatments is not marked i n  any o f  the 

t i s suea .  The total tissue and the bone and fat have a little 

hi gher average in the fixed group and the fat has a slightly 

higher mean in the freshly dissected animals . The largest 

difference is found in the muscle tissue average• but this dif

f rence doe s not even approach significance . 

If the amount of fat found in this region is  any indica

tion of fat in the rest of the body , it might be c oncluded that 

the higher average live weight of. the Romney group was mainl7 

due to greater amounta of tat rather than to either the bone or 
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musc l e  tisaue . In this regard , Shorland !! !! ( 1947 )  state 

that the fat c ontent of the thorax , loin, pe lvis and shoulder 

are highly corre lated with the t otal fat content of the caroaaa 

and that any one of the above menti one d re gions can be use d  t o  

e stimate the t otal amount of this tissue in the carcass . Thi a 

observati on refers t o  New Zealand lamb and mutton .  They go 

on t o  state that there was a high corre lation between di ssec table 

fat and fat dete·rmined chemically for both the carcass as a 

whole and for individual j oint s . 

T o  further compare the effe c t s  of treatments and bre ei 

typea on these t issue c omponenta , the percentage carcass c omposi

t i on in terms o f  bone , muscle and fat is  presente d in Table 109 .  

I tem 

Bone 

Mus cle 

Fat 

T otal 

TABLE 109 

PROPORTIONS OF 
BONE , MUSCLE AND FAT 

IN THE S HOULDER REGI ON 

Bre ed  Type 
Romney Che vi o t  

9 . 86 cf. 10 . 69 cf. 
61 . 25 71 . 31 

28 . 89 18 . 00 

100 . 00 100 . 00 

Treatment 
Fresh Fixed 

10 . 42 % 10 . 09 " 
64 . 90 66 . 99 

24 . 68 22 . 92 

100 .00 100 . 00 

Table 109 shows that the greater amount of fat f ound 

in the Romneys aff e c ts quite c onsiderably its percentage of 

the t o tal tissue . 

1 .  Muscle in relati on t o  bon -

In order t o  determin if any re lat i on existed b twe n 



-190-

we i ght of bone and the welght of mus cle of the re gi on di s s e  ted 

a c orre lat i on c o  ffi o i ent was calculate d.  T he re sult was : -

� ( b one w e i ght w i th mus cle we i ght ) i s  e qual t o  +0 . 743 . F or 

e le ven de gre e s  of fre e d om thi s c orre lat i on c oefficient i s  highly 

s i gni f i cant . Calculat ing the c orre lati on c oeff i c i ent i s  ne e s 

sary , a c c ording to Le onard and C larke ( 1939) , i n  order t o  pro

c e de to the next ste p  whi ch i s  the comp��ati on of the re gr a a i on .  

A s catter graph was c ons truc ted t o  illustrate the re gre s s i on o f  

mus cle on b one and thi s  will be found in Fi gure 39 . I t w ill be 

note d that with an incre ase in bone there 1 a c orre spondinc 

increase in we i ght of mus cle . The re gres s i on c oeffic i ent indi

cat e s  that for e very gram increase in bone ther ia 3 . 98 grama 

increase in muscle in the group studi d .  A ! test was appl i e d  

t o  t he re gre ssi on and thi s was f ound t o  b e  hi ghly s i gnificant ly 

diff e rent from zero . 

2 .  Percentage _2! mus cle t o  bone and !!! .12. � 

The me ans for e ach bre e d  type were us ed to cal culate the 

pe rcentage of musc le t o  b one to s e e  if any �arke d d ifference 

existe d .  T he pero ntage of mus cle to bone in the Romney group 

w s 608 per c nt and in the Chevi ot group , 674 per c �t . In 

di •cus ing this type of re lati onshi p ,  Hammond ( 1932 ) saya tha� 

the proport i on of mus cle t o  bo�e is ver.y much larger in th small 

unimprove i  bre � ts that he studie d .  He acc ount for thi s in two 

way• z - firs t ly ,  that the inor aaed mus cular e xerci se in the wil 

type• leads t o  greater mus cular development and se c ondly , that 

th thi ckening ot the bone s in the improve d mutton type a le da 

to a re duc t i on in the propQrt i on of mua le to bone . 
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T he percentage of fat to bone was als o  calculate d f or 

the groups studie d .  The re sults are : - The Romney group , 

2 93 per cent and the Chevi ot group , 168 per cent . As menti one d 

b e f ore m o s t  of thi s difference appeare d t o  be in the thicker 

layer of subcutane ous fat of the Romney gr oup . 

T he above two fac ts if interpre ted  on the bas i s  of 

Hammond ' s  ( 1932 ) sugge s t i ons , would indi cate the R omney group 

t o  be the more improve d mutt on type while the Chevi o t  group 

te nds t oward the semi-wild  bre e ds .  
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H. Angulati ons 

This s e c t i on i s  pre s e nte d under t w o  main sub-he adings : 

( 1 ) the angl e s  forme d be twe en the long axe s of the bone s and 

t he hori z ontal and ( 2 ) the angle s f orme d betwe en the l ong axi s  

of one b one and the s ame axi s o n  the a d j o ining bone . 

l .  T he angle s be twe e n  the long � o f  � bone s and 1h! 
hori z on t al 

S inc e the living she e p , whe n b e ing rad i o graphe d ,  were 

standi ng on the hor i z ontal plan and the s i des of the X-ray 

plate w e re paralle l wi th thi s plane , the s e  e dge s c o ul d  be use d  

a s  a base f o r  the me asurem ent o f  the ab ove angle s .  The mea -

urement s  we re taken from the trac ings o f  the rad i o gra phs made on 

arch i t e c t ' s  tracing paper as illus trat e d  in F i gure 41 . T he 

points of measurement , al s o  shown in F i gure 41 , were s e le c t e d  

be c ause they were e a s i ly i dentifi e d  on all plat e s . T he angle 

thus measure d in thi s s e c t i on are as f o l l ows : - ( 1 ) the angle 

b e tw e e n  the p o s t eri or b order of t he s c a pula and the hori z ontal , 

( 2 ) the angle between the long axi s  o f  the humerus and the 

hor i z ontal ( s l o pe of the hume ru ) ,  ( 3 ) the angle betwe en a 

l ine al ong the ventral b order of the t ho rac i c  verte brae and 

the hori z ontal and ( 4 ) the angle be tween the radius -ulna l ine . 
and the hori z ontal . T he s i gnifi canc e of differenc e s  be twe en 

br e d  type s was t e s t e d us ing the ! t e s t , the re sults be ing 

pre sente d in Table 110 . 

T he first two angl e s  li t e d  in T able 110 show no i gnif-

i cant differenc • Not only are the me ans c l o s e  t oge the r ,  but 
< 

the variabi l i ty within bre d i s  qui t e  high as e vi denc e d  by the 
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TABLE 110 

MEANS FOR ANGLES 
BETWEEN THE LONG AXES OF CERTAIN BONES AND THE HORIZONTAL 

Angle Bre e d  Type d . f .  Mean S . D .  S . E .  t 
( de gre e s )  

Be tween the scapula 
5 . 58 and horizontal Ro.mney 9 49 . 2  1 . 77 1 . 11 NS 

Chevi ot 9 51 . 8  4 . 90 1 . 55 ..::0 .  3 

Be twe en the humerus 
and horiz ontal R o.mney 9 133 . 8  7 . 06 2 . 23 1 . �0 NS 

Chevi ot 9 137 . 3  7 . 21 2 . 28 <.. . 3  

Be twe en ve rte brae 
and horizontal Romney 9 17 . 1  5 . 02 1 . 59 3 . 20 ** 

Chevi ot 9 10 . 9  3 . 51 1 . 11 

Betwe en radius-ulna 
and horizontal Ro.mney 9 68 . 0  5 . 06 1 . 60 2 . 49 ** 

Chevi ot 9 73 . 5  4 . 83 1 . 53 

re lative ly large s tandard deviat ion in each case . In dis-

cussing the angle be twe en the hori zontal and the plane of these  

two  bone ( the scapula and the humerus ) Howe ll ( 1944)  lists 

s ome unsubstantiated  c laims made in re gard to them in the rac e  

horse . F or ins tance , a re latively vertical s capula is  sup
�r-

posed t o  he lp promote spe e d  in the s print and a horizontal 

humerus is said to favour spe e d .  I n  additi on ,  i t  is  claimed 

that a sloping humerus naturally acc ompani e s  a verti cal s capula . 

I n  the first two point no differenc e s  are apparent in the 

sheep group studied nor does a sloping humerus seem t o  be 

associated  with a verti cal s capula . T hey both s lope at approx

imately ninty de grees  t o  one another.  

In the angle between the thoracic part of the vertebral 

c olumn and the horizontal , in spite of the high standard 



deviat i on ,  a significant bre e d  type di fference i s  demons trat e d .  

The R omney gr oup has t he large r ave rage angle indi cat i ng that 

t he thorac ic porti on of the ve rte bral c o lumn has a stee pe r  

sl o p e . T he C hevi o t  gr oup had a ve rtebral c o lumn ( thorac i c  

s e c t i on ) that i s  more nearly paralle l t o  the hori z ontal plane . 

T hi s  me ans a l ine al ong the d orsal t i ps o f  the th orac i c  spine 

in t he Romney ( in which the s ix ant e r i o r  s pine s are signifi cantly 

short e r ) would be more ne arly paralle l t o  the horiz ontal t han 

in the Che vi o t s . Thi s  d i ff e rence undoub t e dly c ontribute s  t o  

t he se emingly hi ghe r and more po inte d w ithers of the Chevio t  

The c ompari s on be twe en groups i n  the angl e be twe en the 

rad ius -ulna and the hor i z ontal plane shows that the Cheviot 

group tends more t owards b e ing ve r t i cal in this bone . The 

d if f e re nc e  i s  s i gni f i c ant even though the wi thin-group varia-

b i li ty i s  high .  The angle s re c orde d should not be co nsi dere d 

as the true angles be twe en the l ong axi s of the rad ius-ulna and 

the horizontal be cause the p o int s locate d  d o  not ne ce ssarily 

f ollow the true ventro-dorsal axi s  of the bone . The point 

were used because they c ould be sp otte d more easily on the 

radi ographs and are sati sfac t ory f o r  c omparing t he two type s . 

The six animals that were formalin fixed we re X-raye d 

in the manner describe d in Se c t i on III , Since the se same 

animals had be en X-raye d  alive , a c omparison was p o s s ibl t o  
. 

show i f  any t re atment difference existe d .  The means for thi 

c ompar i s on and an analy is of variance appear in T able 111 and 112 . 

A c ompar i s on of the means of the bree d type s c onfi rms 

th e arlier f inding in re gards t o  the angles with the hori z ontal . 
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TABLE 111 

MEANS S HOWI NG 
BREED AND TREAT VIENT DIFFER ENC ES 

I N  C ERTAIN ANGLES O F  BONES ( DEGREES ) 

Angle Bre ed Type Treatment S . E .  
R omney Chevi ot Alive F ixe d 

Be twe en the s capula 
48 . 3  and hori zontal 4-9 . 0  52 . 3  45 . 0  1 . 49 

Betwe en the humeru 
and hori z ontal 131 . 0  1 3 5 . 2  140 . 0  126 . 2  1 . 35 

Be twe en ve rtebrae 
and horiz ontal 19 . 5  13 . 7  15 . 7  17 . 5  1 . 53 

Be twe en radius-ulna 
and hori z ontal 63 . 3  70 . 2  72 . 3  61 . 2  1 . 94-

Aga i n ,  the angl e forme d b e t w e e n  the ventral b orde r of the 

thorac i c  vertebrae and the horizontal and the angle be twe en 

the radius-ulna and the h or i z ontal are s i gnif i c anly di fferent 

betwe en bre e d  type s . 

I nspe c t i on of the means in Table 111 in the treatment 

groups ind i c a t e s  an effe ct in e ve ry case , all of the se be ing 

signif i cant e xc e pt the angle be twe en the vertebral co lumn 

and the hori z ontal plane . T he techni que used  in the fi xing 

of the animals re sul t e d  in a de crease in every angle . Such 

a de crease w ould occur if the humerus were rotat e d  in a c lock-
wise dire ction and t he total di s t ance betw e n  the proximal 

end of the s capula and t he kne e j oint remaine d the sam • 

S ince the limb b one s were not bearing the we ight of the animal ' s  

b o dy during t he pro ce ss of fixing , just  such an action c ould 

feasibly occur .  This  is  illustrated in an exaggerated  form in 
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TABLE 112 

ANALYSES OF VARIANCE 
FOR CERTAIN ANGLES OF BONES 

d . f . s s  MS 

Angle Be twe en the Scapula 
and the Horiz ontal 

Betwe en treatments 
Be twe en bre e ds 
Interact i on 

11 
l 
l 
1 
8 

283 
162 

2 
11 

107 

162 12 . 10 * *  

Error 

T otal 
Betwe en treatments 
Between bre e ds 
Interact i on 
Error 

2 
11 
13 . 4  

Angle Be tween the Humerus 
and the Hori z ontal 

11 
1 
1 
1 
8 

883 
574  

52  
169 

87 

574 
52 

169 
ll 

Angle Betwe en the Vertebrae 
and the Horizontal 

Total 
Betwe en treatme nts 
Betwe en bre eds 
Interact i on 
Error 

11 
1 
1 
1 
8 

2 3 9  
10 

102 
14 

113 

10 
102 

14  
1 4 . 1  

52 . 18 ** 
4 - 73 

15 . 37 ** 

7 . 23 * 

Angle Between the Radius-ulna 
and the Hori zontal 

T otal 
Betwe en treatments 
Betwe en bre e d 
Interac t i on 
Error 

11 
1 
1 
1 
8 

724 
374 
140 

30 
180 

the acc ompanying fi gure , F igure 4 9 . 

374  
140 

30 
22 . 5  

16 . 62 ** 
6 . 22 * 
1 . 33 

The interact i on variance 

pre sent in the slope of the humerus indicates  that the bre e ds 

react e d  differently in this acti on. In other word it  did 

not occur to the same extent in the Chevi ot group as in the 

Romney group . 
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Shoulder J oint 
Elbow J oint 

C arpal J oint 

S capula 

, Hume rus 

Radius-ulna 

----------�--------------------L-���carpus 

N ormal Humerus rotate d 
clockwi s e  

;.:J 
F i g .  43'. -Line diagram showing the di fference betwe n 

the normal angles of the l imb bone s and those in an animal 
whose we i ght i s  off i t s  feet ( laying on i t s  side as in the 
fixing pro cess ) . 

In order to  de termine whe the r  there was any ma j or 

change in the above an les caus e d  by hanging the carcass es 

overni ght , a re pre sentat ive carcass of each bre e d  type wa 

rad i ographe d pri o r  t o  diss e c t i on .  The measurement taken 

from the X-ray plates of the carcasse s are shown in T able 113 . 

TABLE 113 

CERTAI N  ANGLES FROM 
CARCASSES ( DEGREES ) 

Bre ed Type Be tw . S capula Betw . Humeru Be t  . Verte bra Btw . Radius-uln · 
& Hori zontal & Hori z ontal & Horiz ontal & Hori z ontal 

Romney 

Chevi ot 

Mean 

28 

29  

2 9  

112 

lOO 

106 

18 

16 

17 

A c omparis on b tween the three treatment : - live , 

fixed and carcass is shown in Tabl 114 . 

41 

36 

39 

It  will b . noted from Tabl 114 that change s in the 

angles of the bone of the l imb ere greater between the fixe d 
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TABLE 114 

COMPARISONS OF CERTAIN ANGLES 
BETWEEN THE LIVE , FIXED AND CARCASS 

• 
Treatment B tw . S capula Btw . Humerus Btw . Vertebrae Btw . Radius-ulna 

& Hori z ontal & Hori z ontal & Horizontal & Horizontal 

Live 50 . 5  1 3 5 . 6  14 . 0  70 . 8  

Fixed 45 . 0  126 . 2  17 . 5  61 . 2  

C arcasse s  29 . 0  106 . 0  17 . 0  3 9 . 0  

and carcass s tage than from the live t o  the fixe d state . In 

the carcass e s  the whole leg rotate d in a clockwise dire ct i on ,  

the scapula moving less than the humerus which , in turn , moved  

less  than the radius-ulna . Thi s is  probably explaine d by the 

fac t that there are more supporting c onne cti ons of the limb t o  

t he trunk in the upper or d orsal section of the limb . This  

movement i s  i llustrate d  by the trac ings of the radi o grapns 

whi ch appear in F i gures 41 and 42 . 

2 .  The angles betwe en � l ong � .£!: �  bone s of the limb 

The se are the angle s forme d between the long axe of 

the limb bone s as the animal stand s  normally . The angles 

which could be measure d were : - ( 1 ) the angle of the elbow 

j oint ( angle betwe en the long axis of the humerus and the long 

axis  of the radius-ulna) , ( 2 ) the angle of the shoulder j oint 

( angle be tween the posterior border of the s capula and the 

l ong axis of the humeru ) and ( 3 ) the angle be tween the pos

teri or border of the scapula and the ventral border of the 

thorac i c  s e c t i on of the vertebral c olumn . 

• 



F i g . 41 . --T rac ing made from a rad i o 
graph o f  a l i ve s he e p . Al pha i s  the angle 
be twe e n  the thorac ic  part of the ve rte bral 
c o lumn and the s capula ; be ta is the angle 
be twe e n  the scapula and the humerus ; gamma 
i s  t he angle be twe en the hume rus and the 
rad ius -ulna . Point " A "  is  a po i nt 4 cm . 
ve ntral t o  t he antero-proximal e d ge of the 
ra d ius . 

· 

F i g .  42 . --Tracing made from 
a radi ograph of the carcass of the 
s ame animal re pre sente d in F i gure 
41 . Pri or t o  rad i o graphy the car
cass had hung on a standard gambre l 
for a 1 5  hour pe ri od . 

I 1\) 0 0 
I 
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In comparing the above angle s  taken from the radio-

graphs of the live animals ,  the t test was use d .  

are pre sented in Table 115 . 

The re s J.l ts 

TABLE 115 

ANGLES F ORMED 
BETWEEN T HE LONG AXES OF CERTAIN BONES 

Angle Bre ed Type D . F . Mean S . D .  S . E . t 
( de gree ) 

Elbow j oint Romney 9 114 . 1 7 . 3 3 2 . 32 0 . 62 NS 
C heviot 9 116 � 1  7 . 92 2 . 51 

Shoulder j oint Romney 9 96 . 2 6 . 80 2 . 15 0 . 5 2 NS 
Cheviot 9 94 . 7  5 . 94 1 . 88 

Betwe en scapula R omney 9 32 . 6  7 . 6 4  2 . 43 3 . 19 ** 
and vertebrae Chevi ot 9 41 . 8 4 . 94 1 . 56 

I n  the normal arti culate angles forme d in the shoulder 

j oint and in the e lbow j oint there appear to  be no real group 

difference ( shown in Table 115 ) . Howeve r ,  it wi ll be noted 

that the Romney group has a slightly hi gher average angle of 

the shoulder j oint while the Chevi ot group has the greater 

average for the angle of the elbow j oint . 

A signifi cant difference was found to  exi t between 

groups in the angle forme d be twe en the posterior border of th 

s capula and the vertebral column ( thoraci c  part ) . The angle 

forme d by the cross ing of these lines is  c onsiderably smaller 

in the Romney group than in the Cheviot  group . Thi s  occur 

in s pite of a re lative ly high variability within group • As wa 

found in the previ ous section ,  this difference is due more to  

the position of  the vertebral c olumn than to the scapula be ing 

more vertical in one of the groups . 
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In a study betwe en bre e d  type s in horses , Be thcke 

( 1930)  f ound that the trot ting horse has a smaller angle in 

the shoulder j oint but a larger one in the elbow j o int when 

c ompared wi th a cavalry horse and the thoroughbre d .  He 

s tudi ed 2 3  animals and found mean differences  of only on 

degree . Hi s conc lus i on ,  that that this i s  probably a func

ti onal adaptation difference should not be acce pte d as definite ,  

be cause of the fact  that the spread in his group of trotter 

f or the e lbow angle was ten de gre es and f or the shoulder angle , 

twe lve de grees . As a point of interest , his figure s for the 

trotter average 105 degre es for the shoulder angle and 144 

degre e s  f or the angle of the elbow j o int , whi ch means that , if  

this can be  taken as  typical of  horse s ,  the horse would have 

the appearance of being straighter in the leg than the she e p .  

The point i s  that , i f  Be thcke ( 1930 ) f ound little or no differ

ence be twe en two horse type s having c ompletely different 

func ti onal training , it would be unlike ly that there would be 

any wit�n s pecies  difference betwe en normal arti culate angle s  

unle s  , of  course , there were a vast difference in body 

we ight ( or we ight suppnrted  by the limbs ) .  

In conne ct i on with the que sti on of body wei ght , Osborn 

( 1900 ) points out that the atrai ghtening of the limb is  an 

adaptati on designe d to transmit the increas ing wei ght through 

a verti cal shaft . Thus , he cites  the elephant , whose limbs 

support a great wei ght and whose limb columns are nearly 

vertical because of the large art iculat angles of the limb 

bone s . This permits  the e lephant to  have only a kind of 



-203-

shuffling movement in its  loc omotion , where as , in lighter 

animals , whose art i culate angle s  more nearly approach ninty 

degre e s , leaping , bounding and galloping are possible . Also 

on the same theme , Gre gory ( 1912) points out that the bent 

or angulate character in the limbs of curs orial animals i 

c orre lated  in part with very long , slender fe et and with a 

bound ing , galloping or trott ing gait , in combination with a long , 

very rapid s tride of maximal acce lerati on increment . Not only 

d o e s  this  apply to  the long bones of the leg such as the radius

ulna and the metacarpus , but also to the distal end of the limb . 

With re gard to the phalanges in the animals , Stillman ( 1882 ) 

states that the sudden strai ghtening out of the bent paste rn 

greatly ass i st in sending the animal body into the air . 

T he angle s forme d be twe en the long bone s were also  

measure d on the radiographs of  the fixe d animals and c ompared 

with those of the same animal when alive . The mean in this 

c ompari son and the analyses of variance appear in Table s 116 

and 117 . 

TABLE 116 

MEANS SHOWING 
BREED AND TREAT!m&NT DIFFERENCES IN CERTAIN ANGLES 

Angle Bre ed Type Treatment S . E .  
Romney Cheviot Alive Fixe d  

( de gre e s )  ( degre e s )  ( d  gree s ) ( de gre es ) 
Elbow j oint 113 . 7  115 . 3  113 . 8  115 . 2  2 . 20 

S houlder j oint 97 . 8  94 . 7  93 . 2  99 . 3  1 . 55 

Be twe en scapula 
35 . 8  3 . 89 and vertebrae 2 9 . 2  37 . 5  27 . 5  
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TABLE 117 

ANALYSES OF VARIANCE 
F OR C ERTAIN AN GLE S  BETWEEN LONG AXES OF BONES 

S ourc e  

T o tal 
B e t w e e n  tre atments 
Be twe en bre e ds 
Int e rac ti on 
Error 

T o tal 
Be twe en treatments 
Be tw e en bre e d  
Int e ra c t i on 
Error 

T ot al 
B e t w e e n  tre atment s 
Between bre e ds 
Int erac ti on 
Error 

d . f .  s s  

F or the E l b o w  J o int 

11 
1 
1 
1 
8 

509 
5 
8 

27 5 
23 4 

F or the Shoul der J o int 

11 
1 
1 
1 
8 

530 
114 

30 
271 
115 

The Angl e Be twe en 

MS 

5 
8 

275 
2 9  

114 
30 

271 
1 4 . 4 

the S capula and Verte brae 

11 
1 
1 
1 
8 

1215 
300 
133 

57 
725 

300 
133 

57 
90 . 6  

9 . 48 * 

7 . 92 * 
2 . 08 

18 . 82 ** 

3 . 31 
1 . 47 

T he me ans in Table 116 , of c ours e , f ollow the s ame 

dire c t i on as note d in t he live animals f o r  the e l b ow j oint and 

the angle be twe en the s c apula and the ve rte brae . T he y  are 

larger in the C he vi o t  group and the shoulder j o int angle i s  

large r in the R omney group . H oweve r , with the s e  gr oups there 

are no s i gnificant bre e d  type di ffe renc e s .  

T he fixe d group has a large r elbow j oint and shoulder 

j oi nt angle and has a smaller angle be twe en the s capula and the 

ve rtebrae . This i s  s i gnifi cant only in the ase ot the s houlder 

j o int angle whi ch appe ars to have been increas e d  by the fixing 



-205-

treatment . Inte racti on i s  apparent in two case s ,  in the 

analy s i s  f or the e lbow angle and in the analys i s  for the 

shoulder angle . T hi s  ind i ca t e s  that the bre e d  groups di d 

not �e s pond in e xac t ly the s ame manne r t o  the fixing t re atment . 

The angle s be twe e n  the l ong bon e s  were als o me asure d on 

the rad i o graphs of the two carcass e s .  

are give n  in Table 118 . 

T he s e  me asurement s 

TABLE 118 

CERT A IN ANGLES 
TAKEN FROM RAD I OGRAPHS OF CARCASSES 

Bre e d  Type Angle of Angle of Angle Btw . S capula 
E l b ow J o int Shoulder J o int and Verte brae ( de gre e s ) ( de gre e s ) ( de gre e s ) 

R omney 116 110 13 
Che vi ot 109 95  11 

Mean 113 102 12 

T he me ans in Table 118 were c ompare d wi th tho s e  obtai ne d 

from the o ther tre atme nt s . This c om�ari s on appe ars in T able 119 .  

TABLE 119 

C OMPAR I S ON OF CERTAIN ANGLES 
BETWEEN THE LI VE , F I XED AND CARCASS 

Tre atment Angle of Angle of Angle Btw . S capula 
Elbow J o int Shoulder J o int and Verte brae ( d e gre e s ) ( degre e s ) ( de gre e s ) 

Live 115 . 1  93 . 2  37 . 2  

Fixe d  115 . 2  99 . 3  27 . 5  

Carcas s 113 . 0  102 . 0  12 . 0  
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In the change from live t o  f i x e d  the e lbow j oint re 

maine d ab out the same whi le the s houl d e r  j o int was e xt e nd e d  t o  

a l imi t e d  ext e n� ( shown in T able 119) . A l s o , the s c a pula 

rotat e d  in a c l o ckwise d ire c t i on t o  s ome d e gree . A s  shown by 

the analys i s  of variance in Table 117 , the e xtens i on o f  the 

shoulder j o int was the only s i gnifi cant change . In c ompar ing 

the angl e s  be twe en the b one s in the c arcass w i th the s ame 

angl e s  in the l i ve and f ixe d animal s ,  i t  wi ll be n o t e d that 

the e l bow j o int c l o s e d  t o  a limi t e d  e x t ent whi le the s houlder 

j o int extend e d  s l i ght ly . · The angle be twe en the s c a pula and 

the ve rte brae narr o w e d  a great deal , i ndicating that t he we i ght 

of the arm caus e the scapula to rotate ( about 25  de gre e s  from 

the l i ve state ) . 

In order t o  i l lus trate any as s o c iati on e x i s t i ng be twe en 

angl e s  f orme d by t he l ong bones in the same animal , a graph 

was c ons truct e d .  The animals inf each gr oup were l i s t e d in 

the order of asc end ing or increas ing angle of the e l b ow j o int . 

This line was pl o t t e d  and point.s re pre sent ing the o the r two 

angl e s  ( the shoul der j o int angle and t he angle be twe e n  the 

s capula and the ve rte brae ) were l o c at e d  and c onne c t e d  as shown 

in F i gure 43 .  Al though the last two menti one d line s  are qui t e  

erra t i c , the graphing d o e s  show t hat whe n one o f  the angl e i s  

large , the othe r  t w o  will gene rally be greater in the same 

animal . T he e lbow angle and the shoulder angle are more 

c l o  e ly c orre lat e d  than any o ther c ombina t i on of the t hre e .  

T he aph als o i l lust rate s  the group d iffe rence b e t we e n  the 

angle be twe e n  the scapula and the ver t e brae . C orre lat i on 

c oe f f i c i ents for the vari ous angle s appear in Table 120 . 
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TABLE 120 

C ORRELATI ONS BETWEEN 
ANGLES BETWEEN THE LONG BONES IN THE SAME ANIMAL 

The C orre lati on 

Elbow angle with shoulder 
angle 

Elbow an gle with angle be twe en 

Pair a 

10 

the sc apula and ve rt ebrae 10 

Shoulder angle w i th angle be tween 
the scapula and ve rtebrae 10 

r r ( Romney ) ( Chevi ot ) 

+0 . 906 ** +0 . 657 * 

+0 . 561 NS +0 . 085 NS 

+0 . 761 ** +0 . 185 BS 

C orre lat i on c o e ff i c i ent ne ce ssary for s i gni f i cance at 
the five per cent l e ve l  is 0 . 602 and for the one per cent leve l  
o f  probability is 0 . 73 5 .  

I t  i s  shown i n  Table 120 that the elbow and the shoulder 

angl e s  are c orre lat e d  to a signifi can� degre e in both groupa and 

the re lat i onship betwe en the shoulde r  angle and the angle 

be tween the scapula and the vert e brae in the Romney group 

is als o significant . 
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I .  Locomotion 

The limbs of the quadrupe d are re spons'ible for two 

funoti ona . The first is the support of the mass of the organ

ism and the sec ond i s  concerned with locomoti on. These two 

funoti ona , in helping to shape the natural form of the individ

ual limb and ass ociate d structures ,  interact and are dependent 

on one another. Hence , the components of the limb are neither 

strictly for support or for movement but for a combination of 

the two .  This dual purpose has made studies of the physics 

of the limb very difficult indeed. 

Two obvious facts facilitate the study of limb movement 

in the ungulate . They are , as Gray ( 1944) points out : - ( 1 ) 

when the animal is at re st the long axes of the limbs are in 

approximately a vertical plane and ( 2 ) the forces pro duced by 

the musculature which displace the limbs forward or backward 

are greater than those which tend to displace the limb laterally . 

Hence , a simplified . version of the limb moving in an arc in one 

plane i s  justified . In this simple case the limb has two 

function• ; - ( 1 )  that of being a longitudinal strut and ( 2 )  that 

of acting as a propulsive lever�  In the forward movement of 

the entire rganism , the ungulate ' •  limbs achieve two thincs -

( 1 )  the centre of gravity is shifted forward and ( 2.) at tbe 

same time the e quilibrium . is  maintaine4 ( H�· ell ,  1944 ) . 

The limb itself can be likened t o  a series of levera 

that fold and unfold whil fulfilling the locomotive functi on. 

One complicating circumstance in this notioh is that each of 

the joints or links are closing or opening at a different rate 
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at any given ins tant . T o  simplify the c oncept of a compouna 

lever movemen� , Howell ( 1944) has divided the " stride of 

locomoti on" ( the complete d acti on by a s ingle limb) into four 

periods . F or the pectoral lLmbs these are z - ( 1 ) when advanced ,  

the limb first pulls the body forward , ( 2 ) when the foot passes 

the point directly be low the shoulder,  it  pushes the body up

ward and forward , ( 3 )  at the end of the push,  the leg ia bent 

and pulle d forward clear of the ground and ( 4) then pushed 

forward in extension ready to begin again the first period . 

In mos t animals , the second period is not important in the 

movement of the fore limb . This is be cause the centre of grav

ity of the usual quadrupe d is nearer the fore-end and too 

much emphasis on this period would throw the animal out of 

e quilibrium . This action is better demonstrated in the propul-

sive thrust of �he pelvic limba . The se facta have been 

excellently illustrated  by Manter ( 1936 ) in an experiment 

using the oat as a re presentative quadruped .  

T o  further simplify the above four periods in the action 

of the fore limb of the sheep they will be c ombined so  that 

hencef orth only two periods will be c onsidered . The ground 

c ontac� period• of pulling and pushing are combined and will 
. 

be termed the "work phase "  while the free moving periods of the 

distal part . of the limb will be put together and called the 

" fligh� phaae" . This latter term has been used by Rashevak7 

( 1946 )- to describe the period when the limb ia detached  from 

the ground. . . One group of musclea is more direc�ly conoern.eci 

with the movemen� of the limb during the " flight phase " of 

lifting the limb from the ground and throwing it forward . 
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Another group of muscle s takes over at the end of the " fligh� 

phase "  and exerts the power necessary t o  c omple te the "work 

phase" . 

It  is  realized that moat muscle s have more than one 

purpose , but certain of the musc les  are more direc tly concerne4 

with one of  the above " phases " than with any other acti on or 

function .  Hence , ·it is  possible to  form two muscle group• on 

the basis of the " phase " with which they are ass ociated.  

Those muscles most c oncerned with the lift ing of the 

fore limb from the ground and swinging it forward are the bicepa 

brachii , the brachi ocephalicua , the supraspinatua and the 

brachialis . The trape z iua and the rhomboideus also assist 

in this movement . The trape zius is a divide d  muaole and its 

posterior part assists in the opposite moti on , s o  for purposes 

of clarity , it  is omitte d from both " phase " groupa . The 

rhomboideus (a  relative ly small muscle in the sheep) is also 

left out be cause its function is mixed up with be ing a limb

trunk c onne ctor and in preventing lateral movement of the 

scapula . The flexors of the carpal and other more distal 

j oints j oin in the "flight phase " ,  but as none of the musolea 

of the fore -arm were disse cted and we ighe d separately , they 

will have to  be omitted .  

I n  the " flight phase• the part played by the biceps 

braohii and the brachialis is to flex or close the elbow j oint . 

This  acti on causes the distal end of the radius-ulna to be 

move d  further forward . The work performed by the supraspinatus 

in thia . " phase"  is the extending or opening of the shoulder 

j oint which adda to the reach of the fore-ar.a. The brachio-
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cephalicua pulls the entire limb f orward . Ita action pulls 

the distal end of the scapula in an anterior direction and 

rotates  the humerus in a clockwise dire ct ion to s om extent . 

Near the end of the " flight phase " ,  the extens ors of 

the j oints of the lower part of the limb operate to straighten 

out the foot prior to its striking the ground . When the foot 

strike s the ground , ( gravity , momentum and relaxati on of the 

"flight phase " muscles  acting) the "work phase "  muscle• come into 

operati on t o  draw the body forward aa it pivota on the hoot . 

A certain amount of braking ac ti on may take place here aa gravity 

acting during the "flight phase M  will tend to lower the body to  

some exten ; henee part of the initial work of the "work phase"  

muscles will involve a slight " pole-vaulting" action.  However,  

momentum wi ll minimize the braking acti on and help car;y the 

we ight of the body slightly upward and forward past this braking 

factor. 

During the "work phas e "  the following muscles appear to 

be the main one s responsible for carrying out the more dire ct 

pulls re quire d for the c ompletion of this " phase "  z -

Trioepa brachii 
Latisa imus dorsi 

De ep pectoral 
Teres minor 

Teres maj or 
Anconeua 
Tenaor fasciae antibraehii 
'!he del toida 

The c orac o-brachialis ,  the subscapularia and the infraapinatua 

may have s ome effec� , but 1� is understood that they are more 

c oncerne with adducti on and abduction of the arm and with acting · 

•• binders around the shoulder joint to help prevent dislocation. 

The triceps brach11 , the eep pectoral ancl the latiaai.Jma dorai , 

being the largest of the "work phaat " group undoubtedly do m t 
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of _the work of  this " phase " • The combined acti on of the "work 

phase " muscles results in a counter-clockwise movement of the 
• 

scapula , the humerus and the radius-ulna as the b ody ia carried 

forward . Nee dless to say ,  all the movements in both "phases" 

are highly coordinated ,  and it must be re-emphasize d that the 

above de scription can be no more than a highly simplified 

version .  

It  would seem that the beat animal ( body and bone weights 

be ing e qual ) for climbing about in rough terrain would be the 

animal with the better developed "work phaae "  musol s .  Henoe , 

the next obvi ous step is to  apply an analytical c omparison to 

the data at hand . This is easily done by listing the weights 

of each animal ' s  " flight phase "  muscle s as we ll as their "work 

phase " muscle s .  The " phase"  t otals for each animal can then be 

analyse d  by the analysis of variance te chnique as previously 

applied to  the individual muscles . 

The means and analyses of variance for the " phase "  

groups that are d acribe d above are shown in Tables 121 and 122 . 

TABLE 121 

MEAIIS !'OR 
THE "PHASE• MUSOLE GROUPS 

"Phase " group Breed Type Trea�ment S . E .  
Roaney CheTiot Fresh Fixed 

"llight pbase " ( gm) 327 326 305 348 11 . 9 

•work phase•  ( gm) 574 630 583 620 16 . 9  



Source 

T otal 
Be tween treatments 
Between bre e ds 
Interaction 
Error 

T otal 
Between treatments  
Between breeds 
Interaction 
Error 
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TABLE 122 

ANALYSES OF VARIANCE 
FOR "PHASE "  MUSCLE GROUPS 

d . f .  ss MS 

For the "Flight Phase "  

11 
1 
1 
1 
8 

13377 
6504 

7 
6 4  

6802 

For the "Work Phase" 

11 
1 
1 
1 
8 

28408 
. 4219 
9241 
1179 

13769 

650 4  
7 

6 4  
850 

4219 
9241 
1179 
1721 

7 . 65 * 

2 . 45 
5 . 37 * 

The means in Table 121 show the "flight phase " t otals 

to be very much the same in both breed  type s ,  there be ing only 

one gram difference between the averages .  However,  the mean for 

the "work phase " group in the Cheviot breed type i s  much greater 

than in the Romney . The difference is  significant as shown 

by the analysis of variance in Table 122 . 

The treatment means show the fixed group to  be the 

heaviest in both cases . However,  the difference i s  significant 

only in the ••flight phase"  group . As will be remembere d  from 

the analyse s of variance for the brachiocephalicua ( which ia  one 

of the larges t  muscles in this relatively small group) , the 

same effe c t  occurre d for reas ons previously given. It  is  possible 

that thia one muscle affected the "fligh� phase "  group enouih 

to re sult in the treatment effeet in the analysis of variance . 
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The angle of insertion of a muscle may affect loco

motive abilities and muscular efficiency to a co�si derable 

degree . 
• 

Gregory ( 1912 ) from his studies on the horse and the 

mastodon and from a review of the work of Luciani ( 1906 )  ahowa 

that the more the angle of insert i on of a muscle approachea 

a right angle , the more force can be exerted on that point and 

the greater will be the component of rotation ( the pivot being,  

of  course , the j oint ) . When this angle be comes more acute , not 

all of the muscular force will be available for the movement of 

that part of the skeleton to which it is inserted . In moat of 

the attachments of muscle to bone , it will be note d that the 

direction of the muscle fibrea in relation to  the directi on of 

the shaft of the bone follow an oblique path . Thus , in similar 

organisma , the sizea of the muscle s being the same , a difference 

in the angle of inaertion will make one muscle more efficient 

and stronger for its size in performing a particular movement . 

Thia  may affe ct a set of muscles and these may together make up 

an adaptation to s ome particular habitat even though the weighta 

of the components may be the same in the animal not adapted to 

that habitat . HoweTer, in the wild ungulate•  which must depend 

on speed on relatively level country , the angles of insertion 

ot musclea that are directly responsible for moving the limba , 

need to be in the oblique direction.  The more acute the angle 

the further can the inserti on be moved with the sam amount 

ot auacle contracti on.  Gre1ory ( 1912 ) very ably illuatrates 

thia fact by meana of a diagram similar to the one shown in 
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Figure 44. 'Hence , factors coming into the speed of the 

distal end of a long bone are : - ( 1 )  the point of lnserti on of 

the muscle in re lati on t o  the j oint , ( 2 )  the smullne ss of 

the angle of insertion ,  ( 3 ) the direct ion of the muscle fibrea 

in re lati on to the bone whieh they help to  move , ( 4) the 

speed of contrac tion of the muscles involved and ( 5 ) the 

distance through whic h  the muscle c ontraota . 

In the bre e d  type s studied no difference - wi th re gard 

to  the above fact ors could be dete�ine d .  

Fig . 44. --Showing that with e qual c ontraction how the 
angle of inserti on affe cts the di stance travelle d by th in-

,- serti on . The broken lines represent muscle s ,  and the solid 
linea represent b one . Alpha is the angle of inserti on and 
beta is the angle of in ertion when c ontracted.  
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J .  Cross-sections of the Carcasses 

The re sults of the photography of the transverse 

sections of the six carcasses  -is presented  in Pigure a  45 , 

46 and 47 . As will be readi ly seen from an inspe cti on of 

these  photographa , no ma j or difference be tween bree d  type s 

is apparent . One point brought out , howeve r ,  it that in 

all carcasses , the muscles of the shoulder do not be c ome 

prominent until anteri or t o  the sixth rib . The narrowest 

porti on of the carcass i s  in the vicini ty of the fifth and 

s ixth ribs . Although it was found that the Romney group 

carr ie d about twice as much fat in the shoulder regi on than 

did the Cheviot group , the photographs of the cross-se ctions 

of that regi on do not show this . 
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TRANSVERSE S£CT!ONS 

-., 

ROMNEY 

� HEVIOT 
Bet w�" n l l t },  & 12th R i bs 

ROM NEY 

CHEVIOT 
Bct we• n 9t h &  1 0t h  Ril-- s 

F i g .  45 . --View of Transervse S e c t i ons of C arcas s e s  

TRANSVERSE SECTIONS 

ROMNEY 

C HEVIOT 

Bll twe� n 7th & 8th R i b s  

ROM NEY 

CHEVIOT 
Betwee n  St\\ & 6th Ribs 

F i g .  46 . --V i e w  of Transve rs e  S e c t i ons of C arcas s e s  



TRANSV,ERSE SECTIONS 

ROMN£Y i alMNEY 
I • 

CHEVIOT . CHEVIOT 
8t?t we� n 3rd 8r 4th R iM B e t wee n 15t & 2 nct R ibs 

F i g .  47 . --View of Transvers e Se c t ions of Carcasses  

I 1\) ...... \D 
I 
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SECTION V 

DISCUSSION AND SUMMARY 

Thre e  maj or fact ors serve d to  make the comparison of 

the two c ontrasting breed types easier.  The first of these 

was that the populati on from which the aample for study was 

drawn had be en run in the same ge ographical environment since 

birth . Any factor that might have exerte d an influence in 

shaping the animals '  c onformation was then c ommon t o  both bre ed 

types .  The sec ond maj or fact or in simplifying the type 

compari son was that all the animals studi e d  were fully mature 

and that the ir hist ory was fairly well known . As far as 

c ould be dete rmined ,  none of the sheep  studie d had suffered 

from i llness or malnutrition during their life . The third 

factor facilitating the type comparis on was that there was no 

significant difference in body we ight between the two groups . 

In other words they were nearly all the same size . Hence , in 

the treatment _of the data , a direct e omp�ris on without speci al 

ad justment for varying size was made possiple . 

I t  was characteristic of the Romney sample that it 

showed greater variability in most characters studie d . Although 
. 

a careful attempt was made t o  secure Romneys typical of the 

breed , the ne cessity of ge tting both the Romneya and the Cheviot 

from an i dentical ge osraphical environment limite d the size of · 

the population from Which the sample waa drawn . In the sele tion 

of the Romne1• tor the c omparison with the Cheviot group there 



-221-

was certainly no conscious effort to sele c t  for variability . 

Thua , there is  no apparent explanation for the greater var

iability within the Romney group . 

The first apparent feature in the comparis on of the 

Romney and Chevi ot breed types was the difference in their 

temperament . Although , at first , the Cheviot group was the 

wilder , ·  they prove d t o  be more re sponsive to training. At 

the end of the training period , they were by far the easier 

group to  handle ,  while the Romney group , although sub j ected t o  

identical training , had not learned t o  lead and stand well� 

In the series of live animal neasurements use d  ( heart 

girth , he i ght at wi thers , de pth of thorax and wi dth between 

the lateral tuberosities of the humeri ) , all were found to be 

re liable if taken by e ither o� observer or thre e observers . 

Howeve r ,  the last above-mentione d measurement was not as re-

peatable as the first three . The fac t that the animals had a 

fleece of two to three inche s in length made a difference only 

in the measurement of heart girth . Before shearing the heart 

girth measurement was about 1 . 2  inche s greater than the same 

measurement after the animals had been shorn . However , even 

with the wool pre sent , the measurement was very repeatable . 

The analysea of variance of the live animal measurements showet 

the Romney group t o  be significantly de eper in the thorax and 

larger in the heart girth, while there was no difference in 

height at withers and in - wi dth of shoulder. 

Although measurement s  taken on the shoulde� mould• 

reveale d no bree d type di�ference in area and base di stance , 
I 

th• photographs of the maul4a in Figure 17 do ausceat a differ-
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ence in shape between the groups . T he she ep in the Romney 

group tend to  have the same rounde d shape irres pe ctive of the 

size of the she e p  while the Chevi ots varied  from a rather high ,  

pointed shape t o  a rounde d shape s imilar t o  that of the Romneya� 

The fixing treatment had the effe ct  of increasing the area of 

the mould to a significant extent . 

Analyses  of the serie s of carcass measurement s  showed a 

group difference on �in two measurements . It was found that the 

Romney group had a greater leg measurement and the Chevi ot 

group had a longer " eye muscle " measurement . Since the de pth 

of the "eye muscle "  is  much the same in both groups , this latter 

difference tends to give the Chevi ots the appearance of a more 

e lliptical shape of "eye muscle" in the cross-secti on at the 

last rib . Although , as was shown by the re sults of the dia-

section ,  there was about twice as much fat in the shoulder 

re gi on of the Romneys � this was not apparent in the fat measure-

menta on the cross-secti on at the last rib .  In addition t o  the 

above , a high c orrelation was found between the live animals 

and the carcasses for the measurements of thorax depth and 

shoulder width . 

In the bone measurementa , the variability within the 

Romney sample was very apparent . In spite of high standard 

deviations , a number of bre e d  differences appeare d . These 

were mainly in the thoracic vertebrae . It was di s c overe d that 

th dorsal s pine s of the seyen anterior thoracic vert brae in 

the Chevi ot group were significantly higher than those in the 

Romney sample . In both bre e d  type s the dora 1 s pine s of the 
f 

third thoracic ver1ebra was the highea t and � the s e c ond and 
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fourth spine s were nearly as high as the third . No differ-

enoe between bree ds was found in the angles that these  spine s 

make with the horiz ontal , but i t  was note d that the within 

bree d  variability was very high in both bree d  types for all 

thoraci c  s pine s .  The analyses for the transverse thickness 

of the dorsal s pine s showe d the Romneys to  have the higher mean 

in all spine s ,  the difference be ing significant for the 2nd , 

3rd , 4th , 5th and 8th spines .  The Chevi ots had the wider 

dorsal , spine s , the difference be ing significant for the 

first seven and for the twelfth s pine·. I t  was in the dorsal 

spines where the Romney group more closely fitte d Hammond ' s  

( 1932 ) de scripti on of a more improved mutton type as c ompared 

with the Chevi ot group . 

In the bones of the limb , the bre e d  type difference s  

were few . In the s capula , the positi on of the spine of the 

s capula appeare d to vary betwe en the breeds . In the Cheviot 

group the infraspinous fossa was wider while in the Romney 

grou� the supraspinous fossa was wider. There was no bre ed 

type difference in any of the measurements made on the cartilaae 

of the scapula . 

In the humerus the average measurements for the breed 

type were very much alike . It was found that on the humerua 

the ciroumferenee at mid-length is highly c orrelate d w1 th 

lateral with at the same point . 

No bre e d  type differences were found in the radius-ulna 

except in the antero-posteri or width of the ole cranon . In thia 

measurement the Romneya were significantly great r. The ave rage 

ratio; ot width to  length was higher in the Chevi ot group 
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indicating a tendency for the radius-ulna to  be proporti on

ately narrower than in the Romneys . 

In  the me tacarpus , the Romneya have significantly larger 

average s for circumference , lateral width and ante�osterior 

de pth of this bone , while the Che vi ot group had the greater 

mean length . As , with the humerus , the c ircumference is highly 

correlated with the width of the humerus . However , only in 

the Chevi ot group was the de pth of the metacarpus corre lated 

to a significant extent with the circumference . The average 

rati o  of width to length is cons ide rably higher in the C hevi ots  

indicating a me tacarpus of  longer and narrower proport ions , 

which acc ording to  Hammond ( 1932 ) i s  another indicati on of the 

leve l of improvement for mutton qualit ies . 

There was no difference betwe en the bre e d  groups in any 

of the measurement s on the ligamentum nuchae . However , i t  was 

found in c omparing the length of the funicular part � s itu 

with its length after disse ction ,  that the fixing techni que 

resulte d in c onsiderable loss in tens i on as c ompare d with the 

ligamentum nuchae from the fre sh carcasses .  

It  was in the muscle s that �he differences betwe en the 

treatments was most  apparent . In the 115 oomparisona ,  36 
significant treatment effects showed up . In 33 of these oases 

the measurements were larger on the fixe d muscles .  Most of 

the changes were in the measurements of length , width , de pth 

and area. Only two of the significant treatment differences 

were in the wei ght c omparis on. .  Some of the differen .. in 

linear measurements between the fresh and the fixe4 · muacles 

were due to the distorti on effects of hanging the carcasses 

over-night . It i s  not possible to  aay whether the treatment 

effeot was due to a swelling of the f1xe4 muscles or to a 
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shrinking of the fresh muscle s .  Probably both factors have 

an effect . The e stimati on of volume of muscles by immers i on ,  
. 

crude as it was , showe d that the fixe d muscles �i splace d about 

one pe r cent more water than di d the fresh muscles .  Thia 

supports the finding that most  of the treatment effe ct was on 

the linear measurements and that wei ght of muscle was very 

little affe cte d .  The fixe d muscles are , doubtle ss , nearer to 

the normal shape of the muscle in the living animal . 

In the bree d  c omparis ons of muscle s ,  the Chevi ot group 

was signifi cantly larger in 20 of the 115 comparisons while the 

Romney group was larger in two . The two cases where the Romney 
was the larger was in the length of the muscles concerne d .  

Most o f  the measurements in which the Chevi ots were s ignifi cantly 

larger were those  of we i ght of the muscle . All of the we i ght 

differences and many of the re st of the difference s  were in the 

muscles that flex the shoulder j oint . Hence , in the Chevi ots 

this greater mass  of muscle concentrate d  Around the shoulder 

j oint c ould cause a bulge in that re gi on and help to exaggerate 

the effect of sloping shoulders . 

In the c omparis ons of bone , muscle and fat between the 

two bree 4  type s , i t  was found that the amount of muscle and 

bone in the re gion dissected as practically the same for both 

groups . The means for the bree4 groups showed that the Romneya 

were slightly heavier in the bones and that the Chevi ots were 

slightly heavier in the muacle a .  

A regres sion of muscle on bone in the shoulder regi on 

ahowe4 that for every gram increase ot bone there was a correspond-

1 :;. Jhncrease of about four grams in muscle . The number• 
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involve4 in the study were too small to enable a bre e d  com

paris on to  be attempte d in this respect . 

The Romney had nearly twice  as much fat in the shoulder 

regi on than did the Chevi ots . In the analysis of variance for 

fat we ights , no treatment effe ct was apparent . Expressing 

fat as a percentage of the total tissue d isse cte d ,  the average 

Romney had approximately 28 per cent and the average Che vi ot 

types had about 18 per cent . 

The proporti on of muscle to bone was larger in the 

Che vi ot group and the percentage of fat to bone was hi gher in 

the Romney group . The se facts , if interprete d acc ording to  

Hammond ( 1932) , indi cate that the Romney is the more fully 

improve d for mutt on qualities . 

The photographic s tudies  of the cross-se ctions revealed 

no marke d difference s  '
between the bre e d  type s , although on 

dissection it was demonstrated that the Romneya had more fat 

in the shoulder region . Be cause of the lack of maj or vi sible 

differences in the cross-sections , it is apparent , therefore , 

that the Chevi ot type shoulder would not be discriminate d  against 

by the meat trade . 

Except for one instance ,  the angulation& measured from 

tracings of the X-ray plates  showed no signifi cant differences  

be tween breed  type s in regard to  the normal articulate angles 

of the limb bone .a or between the limb bones and the horizontal 

plane . The one bre ed type difference was in the angle between 

the long axis o! the radius-ulna and the horizontal . In th1• 

measurement the long axis of the radiua-u1na was more vertical 

in the Cheviot group. This was aignitioan1 at the five per cent 

level.  
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It was found that the angle be tween the posteri or 

b order of the scapula and the horizontal was about 50 degrees 

in these she e p  and the angle between the long axis of the humer

ua and the horizontal was approximate ly 135  degrees . The angle 

betwe en the long axi s of the radius-ulna and the horiz ontal was 

about 70 de gree s .  The normal articulate angle between the 

scapula and the humerus was about 95  degre e s  in the se she e p  and 

the angle be tween the humerus and radius-ulna was approximately 

115 de grees . 

In the angle f orme d between the line of the thoracic part 

of the vertebral column and the horizontal , there was a signif-

icant bre e d  type difference . This part of the vertebral c olumn 

was mQre nearly paralle l to the horizontal in the Che vi ot 

group . Also· , the angle betwe en the posterior border of the 

s capula and the thoraci c  vertebrae was si gnificantly less in 

the Romney group . The se f�ots couple d with the pre sence of 

higher dorsal processes of the anterior thoracic vertebrae in 

the Chevi ot group give the appearance of higher, sharper w ithers . 

C orrelati ons betwe en the angle of the elbow j oint and 

the angle of the s houlder j oint were significant in both bree 

groups . ln other words , when the elbow angle was larger ia 

an animal , the . shoulder angle was als o larger . The correlation 

between the angle of the shoulder j oint and the soapulo-vertebral 

angle was high in th Romney group and very low in the Cheviot 

��p. 

The muscles of the shoulder were grouped into two 

4iviaioDa for purpoaea of o �paring the breed types on a baaia 

of wei &bt of the muscle a  co�oerne4 with verioua phaae a  of loco-
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mo�ion .  In a very simplifie d versi on i t  was found that 

thos e  muscles c oncerned with the " fli ght phase " of loc omotion 

were very much the ame in both breed type s ,  while those 

concerne d with the "work phase " ( provi ding locomotive power)  

were significantly heavier in the Chevi ot group . If wei ght 

is any criterion of muscular power , other things such as anglea  

of  insertion be ing e qual , this means that the Chevi ot group 

studied was more fit for active locomotion than was the Romney 

group . 

Anatomically , the shoulder conformation difference 

between Chevi ots and Romneya has been shown to be due mainly 

to the slope of the thoracic part of the vertebral c olumn in 

combinati on with higher d orsal spines of the anterior thoracio 

vertebrae . The effect is  further e xaggerate d  by the Chevi ots 

having larger muscles in the shoulder j oint re gi on and less 

fat in the regi on as a whole . The pre sent study has not 

clarified the problem as to why the Chevi ot should have this 

conformati on .  The soluti on t o  this awaits further research . 

In our present s tate of knowle dge it would be unwise 

for bree ders to  sele ct against the typical shoulder c onformati on 

of the Chevi ot . In the absence of c ontrary evi dence , it can 

only be inferred that this shoulder conformation of the Cheviot 

ia larg•ly a reault of a functional adaptati on and would be 

bett r disre garded in selection.  

lurther information is re quired for the soluti on of the 

problem• enunciate d at the outset of this pro j e ct . · . .  In part

icular , attention should be focus•ed on the tunctional adapta

ti on of the Cheviots t MllJ' terrain . It ia c onteD. e4 tha' 
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that locomotion studies  linked with behavi or investigati ons 

would enlighten the sub j ect  of anatomical for.m as re late d to 

adaptati on .  

S ince quadrupe dal locomoti on i s  a highly co-ordinate d 

process , i t  involves all parts of the organism . Therefore , 

the animal as a whole would re quire de tai led investigati on 

rather than one isolate d re gi on as was done in the pre sent etu4y . 

The value of the present s tudy would have been greater 

if pure bre e ds and larger numbe rs c ould have been available 

for de taile d c omparis on . 

Several of the techni que s adopted  were pure ly explora

tory in nature , and in s ome instance s  greater refinement is  

possible . Although the X-ray te chnique was ade quate for this 

study , later radiography showed that i t could be further im-

prove 4 .  I t  is  be lieve d ,  too , that the fixing te chni que , al-

though very satisfactory in itse lf , c ould have been further 

improve d if s ome me thod c ould be devi $ e d  to  embalm the animals 

in the standing position .  Furthermore , the cross-secti oning 

te chni que would have been improved c onsiderably if measurement s 

both on the carcass se ctions and the ir photographa c ould have 

been perfe cte d .  
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APPENDIX I 

Live Animal Meaaurementa 
Taken by One Observer 

Heigh't !! wl. thers be�ore ahearinc 

Sheep 1at 2n 3r4 4th 5th 6th N • Repeat Repeat Repeat Repeat Repeat Repeat 
( Inchea ) ( Inehea ) ( Inchea ) ( Inchea ) ( Inchea ) ( Inchea ) 

RomDey-a 

5 22 . 50 21 . 75 22 . 00 22 . 75 22 . 50 23 . 00 
10 23 . 00 23 . 2 5  23 . 00 23 . 50 23 . 50 23 . 25 
11 23 . 25 23 . 75 2 3 . 75 23 . 50 24 . 00 22 . 75 
23 23 . 50 22 � 50 22 . 25 23 . 00 22 . 50 22 . 00 
26 23 . 75 24 . 25 23 . 50 2 4 . 00 2 4 . 00 22 . 25 

R�A 23 . 50 23 . 00 2 3 . 00 22 . 25 23 . � 23 . 75 
21 . 75 21 . 50 22 . 75 21 . 50 22 . ' 22 . 00 

3 5  22 . 25 22 . 00 23 . 00 21 . 50 23 . 75 22 . 50 
3 9  23 . 25 22 • . 50 23 . 00 21 . 50 22 . 25 22 . 25 
44 22 . 00 22 . 00 22 . 00 21 . 75 22 . 50 22 . 25 

Tota1a 228 . 75 226 . 50 228 . 25 225 . 25 231 . 25 226 . 00 

Averagea 22 . 88 22 . 65 22 . 83 22 . 53 23 . 13 22 . 60 

Cheviot• 

13  22 . 25 2 4 . 00 22 . 50 23 . 00 23 . 00 22 . 00 
1 7  21 . 50 21 . 25 21 . 00 22 . 75 22 . 00 21 . 75 
18 23 . 00 23 . 50 21 . 25 22 . 50 22 . 75 23 . 50 
19  22 . 00 22 . 25 22 . 25 23 . 50 21 . 00 22 . 25 
20 22 . 50 21 . 50 23 .00 22 . 75 21 . 25 23 . 25 
2 4  23 . 00 23 . 25 23 . 50 2 4 . 00 23 . 25 23 . 50 

C 28 21 . 00 20 . 25 21 . 25 21 . 75 22 . 00 20 . 75 
30 23 . 50 22 . 50 22 . 00 2 2 . 25 22 . 50 23 . 25 
5 5  23 . 50 2 4 . 00 22 . 75 23 . 50 23 . 50 23 . 75 
68 22 . 00 21 . 75 22 . 25 23 . 00 23 . 00 23 . 50 

T otal• 224. 2 5  224. 2 5  221 . 75 229 . 00 224 . 25 227 . 50 

ATeragea 22 . 43 22 . 43 22 . 18 22 . 90 22 . 43 22 . 75 



APPENDIX I ( continuecl)  

Heignt � withera after ahearinc 

Sheep 1st 2ncl 3rd 4th 5th 6th 
No.  Repeat Repeat Repeat Repeat Repeat Repeat 

( Inehe a ) ( Inehe a ) ( Inc hea ) ( Inchea ) ( Inchea ) ( Inche a )  

RomDeya 

5 22 . 50 22 . 75 21 . 75 23 . 00 21 . 75 21 . 75 
10 24 . 25 23 . 75 24 . 25 24 .00 23 . 50 2 4 . 00 
11 23 . 50 2 4 . 00 25 . 50 2 4 . 00 .23 . 25 2 3 . 25 
23 22 . 25 22 . 25 21 . 75 23 . 00 22 . 00 22 . 50 
26 23 . 25 22 . 75 23 . 00 23 . 25  23 . 00 23 . 75 

R�A 22 . 50 23 . 00 22 . 50 22 . 75 23 . 50 22 . 50 
21 . 50 21 . 50 21 . 25 22 . 50 21 . 25 21. 00 

35 22 . 75 22 . 50 22 . 25 22 . 25 22 . 50 22 . 25 
39 23 . 00 23 . 50 23 . 50 23 . 50 21 . 50 22 . 75 
44 22 . 75 22 . 00 22 . 25 22 . 50 2 2 . 00 21 . 75 

T ota1a 228 . 25 228 . 00 228 . 00 230 . 75 224. 25 225 . 50 

·ATeragea  22 . 83 22 . 80 22 . 80 2 3 . 08 22 . 43 22 . 55 

CheTiota 

13 24 .00 23 . 50 23 . 00 22 . 75 24 . 50 23 . 75 

iA 22 . 25 21 . 75 21 . 50 21 . 50 21. 75 2 3 . 00 
23 . 25 23 . 25 21 . 75 2 4 . 00 2 4 . 00 2 4 . 00 

19 23 . 00 22 . 50 22 . 50 22 . 75 23 . 50 2 3 . 50 
20 22 . 00 22 . 75 2 2 . 25 22 . 00 23 . 25 23 . 50 
2 4  23 . 25 23 . 50 23 . 50 22 . 25 23 . 50 2 3 . 75 

C28 20 . 75 22 . 50 21. 00 21. 25 20 . 25 20 . 75 
.30 23 . 25 23 . 00 23 . 00 23 . 00 23 . 00 22 . 75 
55  23 . 75 23 . 00 23 . 25 23 . 25 23 . 50 2 3 . 25 
68 22 . 00 22 . 25 22 . 75 22 . 00 23 . 00 22 . 75 

Total a 227 . 50 228 . 00 224. 50 224 . 75 230 . 25 231 . 00 

ATeraae• 22 . 75 2 2 . 80 22 . 45 22 . 48 23 . 03 2 3 . 10 



APPENDIX I { continued )  

Heart girth before shearing 

She ep 1at 2nd 3rd 4th 5�h 6th 
No . Repeat .Repeat Repea� Repea� Repeat Repeat 

{ Inehe a ) { Inche a ) { Inchea ) ( Inehee) { Inchea) ( Inchea)  

RoDlJleya 

5 3 5 . 50 3 5 . 00 3 4 . 75 3 4 . 25 3 5 . 25 3 5 . 00 
10 3 5 . 50 34 . 50 3 4 . 50 3 4 . 00 3 4 . 25 34 .00 
11 3 4 . 75 3 5 . 00 3 4 . 50 34 . 75 3 5 . 50 35 . 00 
23 3 7 . 50 36 . 25 36 . 50 3 5'. 50 3 5 � 50 36 . 50 
26 36 . 50 37 . 50 3 5 . 50 36 . 00 3 6 � 00 36 . 00 
27 3 6 . 50 36 . 00 3 6. 00 3 5 . 75 36 . 25 36 . 25 

R28 3 5 - 50 3 5 . 00 3 4 . 50 34 - 75 34 . 50 33 - 75 
35 33 - 75 3 3 . 00 33 - 50 33 . 25 3 4, 00 33 . 25 
39 37 . 25 36 . 75 37 . 15 37 � 50 37 . 50 36 . 75 
44 3 4 . 50 34 . 75 3 3 . 50 34. 25 3 4 . 75 35 . 50 

To�al• 35 . 2� 3 �3. 75 3 51 . 00 3 50 . 00 353 . 50 352 . 00 

AYera.gea35 . 73 35 . 38 3 5 . 10 35 . 00 35 . 35 35 . 20 

Che'Yiota 
13 3 5 . 25 3 5 . 00 3 5 . 00 36. 00 3 5 . 00 3 5 . 50 
17 33 .00 33 . 75 33 . 25 33 .00 33 . 50 3 3 . 00  
18 3 4 . 50 35 . 00 3 5 . 00 34- 50 3 4 . 50 34 . 50 
19  3 5 . 50 3 5 . 00 3 4 . 50 3 4 . 50 3 4 . 75 34 . 50 
20 32 . 75 33 . 2 5  3 3 . 00 3) . 00 33 . 75 33 . 50 
2 4  3 4 . 00 3 4 . 00 34 . 00  3 4 . 00 3 4. 25 33 . 50 

C28 32 . 50 32 . 50 32 . 00 32 . 50 32 . 2 5  32 . 50 
30 3 5 . 75 35 . 50 35 . 50 35 . 50 35 . 75 34 . 50 
5 5  33 . 25 3 3 . 00 3 3 . 50 33 . 25 3 3 . 25 3 3 . 00 
68 33 . 00 32. 75 33 . 50 32 . 25 32 . 50 32 . 75 

totaa 3 39 . 50 339. 75 339 . 25 338 . 50 339. 50 337 . 25 

AYeracea 33 . 95 33 . 98 33 . 93 33 . 85 33 . 95 33 .73 



APPENDIX I ( oonti Dei )  

He� girth arter sheariDC 

Sheep 1st 2n4 3r4 4th 5th 6th 
No . Repea� Re peat Repeat R peat Repeat Repeat 

( In he a ) ( Inahea ) ( Inohea ) ( Inchea ) ( Iac bea ) ( I• hea )  

Romne,-a 
5 33 . 25 33 . 25 33 . 50 3 3 . 50 33 . 25 3 4 . 00 

10 32 . 50 33 . 25 3 3 . 50 33 .00 33 . 50 3 3 . 75 
ll 3 4 . 00 3 4 . 25 3 4 . 50 34.00 34. 25 3 4 . 00 
23 35 . 25 34 . 25 3 4 . 50 34 . 50 35 . 75 3 5 . 75 
26 3 5 . 50 3 4 . 50 35 . 00 35 . 50 3 4 . 50 3 5 . 50 
27 36 . 00 3 5 . 25 3 5 . 75 3 5 . 00 35 . 00 3 4 . 75 

R28 33 . 75 33 . 75 33 . 25 33 . 75 33 . 50 3 5 . 00 
35 32 . 75 31 . 75 32 . 50 32 . 50 32 . 50 3 3 . 50 
39 36 . 50 36 . 00 36 . 25 36 . 75 36 . 25 37 . 25 
44 3 3 . 50 33 . 25 33 . 00 33 . 00 33 . 50 3 4 . 2 5  

Totals 3 43 . 00 33 9 . 50 3 41 . 75 3 41 . 50 3 42 . 00 347 . 75 

Avera&efl 3 4 . 30 3 3 . 95 3 4 . 18 3 4 . 15 3 4 . 20 3 4 . 78 

CheTio1;a 

13 33 . 50 33 . 25 3 4 . 2 5  33 . 75 33 . 50 3 4 . 25 
17 32 . 00 32 . 00 32 . 00 32 . 00 31 . !» 3 3 . 25 
18 33 . 25 33 . 00 33 . 50 3 3 . 50 33 . 75 33 . 75 
19 3 4 . 00 33 . 00 33 . 50 33 . 25 33 . 50 3 4 . 00 
20 31 . 50 32 . 00 . 3_1 . 25 31. 50 31 . 00 31 . 75 
2 4 32 . 50 32 . 00 32 . 00 3 2 . 00 32 . 50 33 . 25 

C28 30 . 50 31 . 25 30 . 75 31 . 00 31 . 00 30 . 25 
30 3 4 . 50 33 . 50 33 . 75 33 . 75 3 4 . 00 34 . 50 
55 32 . 00 31 . 50 31. 75 32 . 25 32 . 00 33 . 25 
68 31 . 50 31. 50 31 . 00 31 . 25 31 . 00 32 . 00 

�otala 325 . 25 323 . 00 323 . 75 3 2 4 . 25 323 . 75 330 . 25 

ATeracelf 32 . 53 32 . 30 32 . 38 3 2 . 43 32 . 38 33 . 03 

r 



APPENDIX I ( conti•ued) 

Depth � thorax before shearinc ( illohea )  

Sheep �·t 2a& 3r4 41;h 51;h 6�h 
B • Repeat Repeat Repeat Repeat Repeat Repeat 

Rollll1e7• 
5 12 . 50 12 . 50 �2 . 50 12 . 25 12 . 00 �2 . 50 

10 12 . 25 12 . 00 12 . 25 12 . 50 12 . 25 12 . 00 
11 12 . 75 12 . 50 12 . 75 12 . 00 12 . 50 12 . 2 5  
23 12 . 50 12 . 00 13 . 00 13 . 00 12 . 75 12 . 50 
26 12 . 75 12 . 75 12 . 75 12 . 50 12 . 25 12 . 25 
27 12 . 75 12 . 50 13 . 00 12 . 50 12 . 50 12 . 75 

R28 12 . 25 12 . 25 12 . 75 12 . 25 12 . 25 12 . 00 
3 5  12 . 00 12 .: 00 12 . 00 11 . 50 11 . 75 12 . 00 
3 9  12 . 75 13 . 00 12 . 50 12 . 50 12 . 25 1 3 . 00 
44 12 . 50 12 . 50 12 . 75 12 . 75 12 . 50 12 . 2t 

Total 125 .00 124 . 00 126 . 25 123 . 75 123 . 00 123 . 50 

ATerage 12 . 50 12 . 40 12 . 63 12 . 38 12 . 30 12 . 35 

Che'riota 
13 13 .00 12 . 50 12 . 50 13 . 00 13 . 00 12 . 75 
17 12 . 25 12 . 25 12 . 25 12 . 00 12 . 00 12 . 00 
18 12 . 25 12 . 00 12 . 25 12 . 50 12 . 25 12 . 50 
19 12 . 00 �2 . 25 12 . 00 �2 . 25 12 . 00 12 . 2 5  
20 11 . 75 �2 . 00 11 . 50 12 . 00 11 . 50 11 . 75 
2 4  12 . 2 5  12 . 2 5  12 . 25 12 . 50 12 . 00 12 . 25 

028 11 . 75 12 . 25 12 . 00 11 . 75 11 . 50 11 . 50 
30 12 . 25 12 . 25 12 . 00 12 . 50 12 . 75 12 . 50 
5 5  12 . 25 12 . 25 12 . 25 12 . 00  12 . 2 5  12 . 00 
68 12 . 00 11 . 75 12 . 25 12 . 25 11 . 75 11 . 75 

) �al. 
121 . 75 121 . 75 121 .25 122 .. 1'5 121 . 00 121: . 25 

ATe rage 12 .18 12 . 18 12 . 13 12 . 28 12 . 10 12 . 13 



Depth o-r thorax af''ter shearing (inehea) 

Sheep 1a't 2n4 3rd 4'th 5th 6th 
No . Repeat Repeat Repeat Repeat Repeat Repeat 

Roaneya 

5 12 . 00 12 . 00 12 . 25 12 . 25 12 . 50 12 . 25 
10 12 . 00  12 . 25 12 . 25 12 . 00 12 . 25 12 . 00 
11 12 . 25 12 . 50 12 . 75 12 . 50 12 . 25 12 . 25 
23 12 . 75 12 . 50 12 � 25 12 . 75 12 . 50 12 . 50 
26 12 . 25 12 . 75 12 . 25 12 . 50 12 . 50 12 . 50 
27 13 . 00 12 . 75 12 . 75 12 . 75 12 . 75 12 . 50 

R28 12 . 00 12 . 25 12 . 2 5  12 . 25 12 . 25 12 . 25 
3 5 11 . 75 11 . 75 11 . 75 12 . 00 11 . 75 12 . 00 
3 9 12 . 25 12 . 25 12 . 25 12 . 50 12 . 25 12 . 25 
44 12 . 25 12 . 50 12 . 75 12 . 50 12 . 50 12 . 50 

Total 122 . 50 123 . 50 123 . 50 124 . 00 123 . 50 123 . 00 

ATe�&e 12 . 25 12 . 35 12 . 35 12 . 40 12 . 35 12 . 30 

CheTiota 

13 . 12 . 25 12 . 50 12 . 50 12 . 50 12 . 50 12 . 50 
17 12 . 00 12 . 00 11 . 75 12 . 00 11 . 75 12 . 00 
18 12 . 00 11 . 75 12 . 00 12 . 00 12 . 50 12 . 2 5  
19 12 . 2 5 11 . 75 12 . 00 12 . 50 12 . 00 12 . 50 
20 11 . 75 11 . 50 11. 75 12 . 00 11 . 50 12 . 00 
2 4  12 . 00 12 . 50 12 . 25 " 12 . 25 12 . 00 12 . 25 

C28 11 . 25 11. 50 11 . 50 11 . 50 11. 50 11 . 50 
30 12 . 25 12 . 50 12 . 50 12 . 50 12 . 50 12 . 75 
5 5  12 . 00 12 . 00 12 . 25 12 . 25 12 . 50 12 . 50 
68  12 . 00 11 . 50 11 . 75 12 . 00 12 . 00 11 . 75 

Total. 119 . 75 119 . 50 120 . 25 121 . 50 120 . 75 122 . 00 

A.Terac• 11 . 98 11. 95 12 . 03 12 . 15 12 . 08 12 . 20 



Width between 
lateral tuberosities of the humeri before aheariy 

inches) 

Sheep lat 2ni 3rcl 4th 5th 6th 
No . Repeat Repeat Repeat Repeat Repeat Repeat 

Rolllleya 

5 9 . 00 8 . 75 8 . 50 8 . 75 8 . 75 8 . 75 
10 9 . 50 9 .00 9 . 00 8 . 25 8 . 50 8 . 50 
11 8 . 50 8 . 50 8 . 5) 8 . 50 8 . 25 8 . 51> 
23 9 . 75 8 . 75 9 . 50 9 . 50 9 . 00 9 . 00 
26 9 . 25 9 .oo 9 . 50 8 . 75 9 . oo 9 . oo 
27 9 . 25 8 . 50 8 . 75 8 . 50 8 . 75 8 . 50 

R28 8 . 50 8 . 25 8 . 75 8 . 00 8 . 25 8 . 00 
35 8 .00 7 . 50 8 . 00 7 . 50 7 . 75 7 . 50 
39 9 . 50 9 . 00 9 . 25 9 . 50 9 . 25 g . oo 
44 8 . 25 8 . 25 8 . 50 8 . 25 8 . 25 8 . 00 

T otal 89 . 50 85 . 50 88 . 25 85 . 50 85 . 75 8 4 . 75 

Averaie 8 . 95 8 . 55 8 . 83 8 . 55 8 . 58 8 . 48 

Chertota 

13 9 .00 9 . 25 9 . 50 9 . 25 8 . 75 9 . 25 
17 8 . 75 8 . 75 8 . 50 8 . 25 8 . 25 8 . 75 
18 9 . 00 8 . 25 9 .00 9 . 00 8 . 75 9 . 25 -· I 19 8 . 75 8 . 25 9 . oo 8 . 10 8 . 50 8 . 00 
20 9 . 00 8 . 50 8 . 00 8 . 25 8 . 50 8 . 50 
24 8 . 25 8 . 75 8 . 7 5  8 . 25 8 . 25 8 . 25 

028 8 . 50 8 . 75 .8 . 75 8 . 50 8 . 25 8 .00 
30 8 . 75 9 . 25 8 . 75 8 . 50 9 . 00 8 . 75 
55 8 •. 00 7 . 75 8 . 00 8 . 25 8 . 25 8 . 25 
68 8 . 50 8 . 75 8 . 50 8 . 50 8 . 50 8 . 50 

!otal 86 . 50 86 . 25 86 . 75 85 . 25 8 5 . 00 85 . 50 

Average 8 . 65 8 . 63 8 . 68 8 . 53 8 . 50 8 . 55 



APPENDIX I ( ontinued )  

Width between 
1 tera1 tuberosities ot the humeri after aheariDJ inches) 

Sheep lat 2n• )rcl 4th 5th 6th 
No • . Repeat Repeat Repeat Repeat Repeat Repeat 

· RoiUleya 

5 8 . 25 8 . 50 8 . 50 8 . 25 8 . 50 8 . 75 
10 8 . 75 8 . 50 8 . �  8 . 50 8 . 50 8 . 50 
ll. 8 . 50 8 . 00 - 8 . 25 8. 25 8 . 25 8 . 25 
2.3 8 . 75 9 . 00 9 . 00 9 . 00 8 . 75 9 . 00  
26 9 . 25 9 . 25 9 . 25 9 . 00 9 . 00 9 . 00  
27 8 . 50 8 . 25 8 . 75 9 . oo 8 . 50 8 . 58 

X28 s . oo s . no 8 . 25 8 . 00 8 . 25 8 . 00  
35 8 . 00 7 - 75 8 . 00 8 . 00 7 . 75 8 . 00  
3 9  9 . 00 9 . 50 9 . 50 9 . 25 9 . 50 9 . 25 
44 7 . 75 8 . 25 8 . 25 8 . 25 8 . 00 8 . 25 

Total 84 . 75 85 . 00 86 . 25 85 . 50 85 . 00 85 . 50 

ATerage 8 . 48 8 . 50 8 . 63 8 . 55 8 . 50 8 . 55 

CaeTiota 

13 8 . ?5 9 . 25 8 . 75 9 . 00  8 . 50 9 . oo 
17 8 . 25 8 . 25 8 . 50 8 . 50 8 . 25 8 . 50 
18 8 . 50 8 . 50 8 . 25 . 8 . 00 8 . 25 8 . 00 
19 8 . 50 8 . 25 8 . 25 8 . 25 8 . 50 8 . 25 
20 8 . 25 8 . 25 8 . 25 8 . 00 7 - 75 8 . 25 
2 4  7 - 75 8 . 00 8 . 00 8 . 00 8 . 25 8 . 25 

-e28- 8.25 8,2§ a.co -8..-25 7 - 75 a.oo 
30 8 . 25 8 . 75 8 . 25 8 . 25 8 . 50 8 . 75 
5 5  7 . 75 7 - 75 7 - 75 7 - 75 8 . 00 8 . 00  
68 8 . 25 8 . 50 8 . 25 8 . 25 8 . 00  8 . 25 

�otal 82 . 50 8) . 75 82 . 25 62 . 2 5  81 . 75 83 . 25 

ATerac• 8 . 25 8 . 38 8 . 23 8 . 23 8 . 18 8 . )3 



J 

APPEifDIX II 

Live Animal Measurement• 
Taken by Three ObserTera 

He ight � wi ther• ( inchea )  
= -

Slle•p ObaerTer A ObaerTer B ObaerTer C 
Bo . 

1at 2ncl 1at 2n4 1at 2114 
Repeat Repeat Repeat Repeat Repeat Re peat 

Rolll1eya 

5 22 . 25 22 . 75 22 . 75 23 . 25 21 . 50 22 . 75 
10 2 4. 00 23 . 75 23 . 75 24. 25 2 3  .• 00 23 . 25 
11 23 . 00 23 . 50 2 3 . 75 2 4. 00 2 3 . 25 2 4 . 25 
23 22 . 25 22 . 2 5  22 . 50 23 . 50 23 . 00 22 . 50 
26 2 4 . 00 22 . 75 23 . 50 23 . 25 22 . 75 2 3 . 25 

. 27 23 . 50 22 . 50 2 3 . 50 23 . 50 22 . 75 23 . 25 
R28 . 21 . 50 20 . 75 22 . 25 22 . 00 21 . 50 21 . 00 

35 22 . 00 22 . 50 22 . 00 22 . 00 21 . 75 22 . 50 
3 9 . 22 . 25 21 . 50 22 . 00 23 . 25 22 . 50 22 . 50 
44 21 . 75 22 . 00 22 . 50 21 . 25 21 . 25 22 . 00 

T otal 226 . 50 224 . 25 228 . 50 230 . 25 223 . 25 227 . 25 

ATerage 22 . 65 22 . 43 22 . 85 23 . 03 22 . 33 22 . 73 

CheTiota 

13 24 . 25 24 . 25 2 4 . 25 25 . 00 24 . 75 2 4 . 2 5  
17 23 . 75 22 . 75 22 . 25 22 . 75 23 . 25 21 . 75 
18 23 . 50 23 . 25 23 . 50 23 . 75 23 . 75 23 . 75 
19 2 4 . 00 23 . 50 22 . 75 23 . 75 23 . 50 22 . 75 
20 23 . 25 22 . 75 22 . 50 22 . 50 22 . 50 22 . 75 
2 4  2 4 . 50 23 . 75 2 3 . 50 23 . 75 23 . 75 24. 25 

C28 21 . 00 21 . 75 21 . 75 21 . 75 21 . 25 21 . 50 
30 . 2 3 . 25 22 . 25 2 3 . 00 22 . 25 23 . 25 23 . 50 
5 5  2 4 . 00 23 . 50 2 3 . 50 2'-J . 50 23 . 50 23 . 75 
68 2 3 . 50 23 . 00 2 3 . 75 22 . 75 2 3 . 50 2 3 . 00 

!otal 2 3 5 . 00 23()-. 7 5  230 . 75 231 . 75 233 . 00 231 . 2 5  

ATera&e 2 3 . 50 23 . 08 2 3 . 08 2 3 . 18 2 3 . 30 23 . 1.3 



APPENDIX II ( ontinue4 )  

Hea� gi�h ( inches ) 

Sheep Observer A. ObserYer .B Ob•erver C 
No . 

lst 2nd l.a't 2nd lat 2n4 
Re peat Repeat Repe at Re peat Repeat Re peat 

ROJmeya 

5 33 . 50 3 4 . 50 3 4 .00 3 4 . 00 3 4 . 00 3 4 . 75 
10 33 . 50 33 . 50 33 . 50 3 4 . 50 33 . 00 3 5 . 00 
11 3 4 . 75 3 5 . 00 34 . 75 34 . 75 34 .. 50 35 . 75 
23 3 5 . 25 3, � 50 3 5 . 25 36 . 00 35 . 25 36 . 50 
26 36 . 00 3 5 . 75 3 5 . 50 - 35 - 50 3 4 . 50 )6 .. 00 
27 )6 . 00 36 . 50 35 . 50 36 . 50 36 . 00 37 . 00 

R28 )) . 50 3 4 . 75 3 4 . 50 3 4 . 50 35 . 50 3 4  .. 75 
35 33 . 50 3 4 . 00 3 4 . 25 3 4 . 25 33 . 75 33 . 50 
39 37 . 25 3i . 50 36 . 50 37 . 50 37 . 25 37 . 50 
44 3 4 . 2 5 3 4 . 50 3 4 . 00 3 5 . 00 3 4 . 00 3 5 . 50 

t otal 347 . 50 3 50 . 50 347 . 75 3 52 . 50 347 . 75 3 56 . 25 

ATerage 34 . 75 3 5 . 0 5  3 4 . 78 35 . 25 34 .. 78 3 5 . 6 3 

CheTio'ta 

13 37 . 25 36 . 50 36 . 50 37 . 50 37 . 25 37 . 50 
17 3 2 . 75 3 3 .00 32 - 25 3 3 . 00 32 . 50 33 . 75 
18 3 3 . 75 3 4 . 25 3 4 . 00 3 5 . 00 3 4 . 00 3 5 . 00 
19 3 4 . 25 3 4 . 50 3 5 . 25 3 4 . 25 3 4 . 25 3 4 . 75 
20 32 . 50 32 . 75 32 . 00 32 . 75 33 . 00 32 . 75 
24 3 5 . 25 35 . 50 35 . 25 36 . 00 35 . 25 . 36 . 50 

C28 32 . 00 32 . 50 31 . 00 32 . 00 31 . 50 31 . 50 
30 3 4 . 50 3 5 . 25 3 4 . 50 3 5 . 00 35 . 00 35 . 50 
55 32 . 75 3 3 . 00 3 3 . 50 3 4 . 50 33 . 00 3 5 . 00 
68 32 . 25 32 . 25 32 . 00 32 •. 25 3 2 . 00 3 2 . 00 

!ota1 337 . 25 3 3 9 . 50 336 . 25 342 . 25 337 . 75 344. 25 

A•erage 3 3 . 73 33 . 95 3 3 . fiJ 3 4 . 23 33 . 78 · 3 4 . 43 



\ 

APPENDIX II  ( eoBtinue•) 

Depth ,2! thorax ( inche s )  

Sheep Observer A Observer B Observer C 
No . 

1st 2nd lat 2rul lat 2ni 
Repeat Repeat Repeat Repeat Repeat Repeat 

Romleya 
5 12 . 50 12 . 50 12 . 25 12 . 25 12 . 75 12 . 50 

10 12 . 75 12 . 25 12 . 00 12 . 25 12 . 50 12 . 50 
11 12 . 50 12 . 50 12 . 50 12 . 50 12 . 50 12 . 50 
23 12 . 50 12 . 75 12 . 25 12 . 25 12 . 25 12 . 50 
2i 12 . 75 12 . 75 12 . 50 12 . 75 12 . 75 12 . 50 
27 13 . 00 12 . 75 12 . 75 12 . 75 13 . 00 13 . 00 

R28 12 . 25 12 . 25 12 . 00 12 . 50 12 . 25 12 . 25 
35 11 . 75 11 . 75 12 . 00 11 . 75 11 . 75 12 . 00 
39 12 . 50 12 . 75 12 . 50 12 . 75 12 . 75 12 . 50 
44 12 . 25 12 . 50 12 . 25 12 . 50 12 . 75 12 . 75 

Total 124 . 75 124 . 75 123 . 00 12 4 . 2 5  125 . 25 125 . 00 

Average 12 . 48 12 . 48 12 . 30 12 . 43 12 . 53 12 . 50 

Chertota 
13 12 . 75 12 . 75 12 . 25 12 . 50 12 . 75 12 . 75 
17 12 . 25 12 . 25 12 . 00 12 . 25 12 . 25 12 . 25 
18 12 . 75 12 . 50 12 . 25 12 . 25 12 . 50 12 . 50 
19 12 . 50 12 . 50 12 . 25 12 . 50 12 . 50 12 . 50 
.20 12 . 25 12 . 00 12 . 00 11 . 75 ll . 75 12 . 00 
2 4  12 . 50 12 . 50 12 . 25 12 . 25 12 . 25 12 . 25 

028 11 . 50 11 . 50 11 . 50 11 . 50 11 . 50 11 . 00 
30 12 . 50 12 . 50 12 . 50 12 . 25 12 . 75 12 . 75 
55 12 . 25 12 . 25 12 . 00 12 . 25 12 . 25 12 . 25 
68 11 . 75 12 . 00 11 . 75 11 . 75 12 . 00 11 . 75 

Total 123 . 00 122 . 75 120 . 75 121 . 2 5  122 . 50 122 . 00 

Average 12 . 30 12 . 28 12 . 08 12 . 13 12 . 25 12 . 20 



APPENDIX II ( continued)  

Width be-tween 
lateral tuberosities ot hUierua ( in hea )  -

She�p ObaerYer A Observer B Observer C 
No . 

1st 2n4 la't 2nd 1st 2nd 
Repeat Repeat Repeat Repeat Repeat Repea-t 

RoJIDeya 

5 8 . 50 8 . 50 8 . 50 8 . 75 9 . oo 9 . 00 
10 8 . 75 8 . 75 8 . 50 8 . 75 8 . 75 8 . 75 
11 8 . 50 8 . 50 8. 50 8 . 50 8·. 00 8 . 50 
2 3 9 . 00 9 . 00 9 . 00 9 . 25 8 . 75 9 . 50 
26 9 .oo 9 . 25 9 . 25 9 . 50 9 . 25 9 . 75 
27 8 . 75 8 . 50 8 . 50 8 . 50 9 . 25 9 . 00 

R28 8 . 00 8 . 25 8 . oo 8 . 75 8 . 25 8 . 75 
3 5 8 . 00 7 . 75 8 . oo 8 . 00 8 . 00 8 . 00 
3 9  9 . 25 9 . 25 9 . 50 9 . 25 9 . 50 10 . 00 
44 8 . 25 8 . 25 8 . 00 8 . 50 8 . 25 8 . 75 

� otal 86 . 00 86 . 00 85 . 75 87 . 75 87 . 00 90 . 00 

Average 8 . 60 8 . 60 8 . 58 8 . 78 8 . 70 9 . 00 

CheTiota 

13 8 . 75 8 . 50. 8 . 50. 9 . 00 9 . 25 9 . 50 
17 8 . 25 8 . 50 8 . 25 . 8 . 50 8 . 50 8 . 25 
18 8 . 25 . 8 . 25 8 . 25 8 . 50 8 . 50 9 . 25 
19 8 . 00 8 . 25 8 . 75 8 . 50 8 . 75 8 . 75 
20 8 . 25 8 . 25 8 . 50 8 . 75 8 . 50 8 . 00 
2 4  8 . 00 8 . 25 8 . 25 8 . 50 8 . 50 ·  8 . 75 

028 8 . 00 8 . 00 8 . 25 8 . 75 8 . 75 8 . 25 
30 8 . 50 8 . 75 8 . 50 9 . 00 8 . 25 8 . 25 
5 5  8 . 00 8 . 00 - 8 . 00 8 . 25 8 . 7t 8 . 75 
68 8 . 00 8 . 50 8 . 50 8 . 50 8 . 25 8 . 75 

'f otal 82 . 00 83 . 25 83 . 75 86 . 2� 86 . 00 86 . 50  

ATerage 8 . 20 8 . 33 8 . 38 8 . 63 8 . 60 8 . 65 

� 



APPENDIX III 

Jleaaureme11ta 
oa the Cadavers { Inchea ) 

Sheep Hei ght at Withers Hear• Girth 
No . 1st 2ncl 3rd lat 2nd 3rcl 

Repeat Repeat Repeat Repeat Repeat Repeat 

20 22 . 75 23 . 00 22 . 75 3 4 . 75 34 . 75  34 . 75 
24 23 . 00 23 . 00 22 . 75 34. 75  3 4 . 75 34 . 75  
68 22 . 75 22 . 75 22 . 75 33 . 50 3 3 . 25 33 . 50 

10 23 . 50 23 . 75 23 . 75 3 5 . 50 3 5 . 25 35 . 50 
23 23 . 75 23 . 75 23 . 50 36 . 50 36 . 7 5  36 . 50 

R28 22 . 50 22 . 75 22 . 75 35 . 50 35 . 50 35 - 50 

Depth or �horax Between !uberositiea 
1st 2nd 3rd 1st 2nd Jrd 

Repea:t Repeat Re peat Re peat Re peat Repeat 

20 12 . 25 12 . 00 1.2 . 00 8 . 25 8 . 00 6 . 00 
24 12 . 50 12 . 50 12 . 50 7 . 75 7 . 7 5  7 . 50 
68 12 . 00 1 2 . 00 1 2 . 00 8 . 00 8 . 00 8 . 00 

10 12 . 75 12 . 50 12 . 50 8 . 50 8 . 50 8 . 50 
23 12 . 75 12 . 75 12 . 75 8 . 50 8 . 50 8 . 50 

R28 12 . 50 12 . 50 12 . 75 8 .00 8 . 25 8 . 00 

B�dy Wei ghta { Pounds ) 
Before A:tter 
!ix iug ti•inc 

20 108 . 6  110 . 0  '7 

24 101 . 9  104 . 1 . :... !. I 
68 98 . 2  104 . 3  

? ,  � 
10 110 . 8  114 . 6  " 

'7 ! 
23 120 . 8  124 . 4  

- ·  e 

K28 105 . 1  109 . 8  .., I 



APPENDIX IV 

Angles Measured 
on X-ray Plates (De grees ) 

Sheep Angles Between Bones 
No . 

Elbow Shoulder Between the 
J oint Joint Scapula and Vertebrae 

Romneys ( live ) 

R28 100 86 28 
10 108 88 25 
23 110 96 40 
26 111 93 19 
11 113 93 31 
39 114 93 29 
35 119 104 -4-3 
27 120 102 34 

5 122 106 41 
44 12 4 101 36 

RoEmeys ( fixed)  

10 115 104 19 
23 119 105 2 9  

R28 123 108v 31 

RolllJ187 ( car asa ) 

11 116 110 13 

Cheviot& ( 11 ve ) 

30 97 83 48 
0 28 110 88 35 

13 114 93 35  
68 116 91 39  
19 118 96 37 
55  118 103 45 
20 119 98 45 
17 123 96 47 
18 123 99 42 
24 123 100 45 

Chertot ( fixed) 

20 106 92 31 
2 4  111 92 24 
68 117 95 31 

CheTiot ( carcasa 
028 109 95 11 



APPENDIX IV ( continued)  

Sheep Angle Between Long Axes of Bone and Horizontal ( de gre e s )  
No .  S capula- Humerua- Vejrtebrae- Radiua-ulD&-

Horizontal Horizontal Horizontal Horizontal 

Romne� ( live ) 

11 47 135 17 68 
44 49 129 14 73 
23 57 141 17 71 
35  50 127 1 66 

5 59 134 20 11 
R28 50 145 21 6 4  

39 50 137 21 71 
27 43 122 11 62 
26 41 129 22 61 
10 46 139 21 67 

Romneys ( fixe d )  

10 43 120 23 5 5  
R28 50 122 - 20 6 5  

2 3  44 119 15 58 

Romne;r ( carcass ) 

11 29 100 16. 36 

Cheviota ( live ) 

C28 44 135 9 66 
68 52 143 15 79 
13 44 131 10 65 
19 53 137 17 76 
18 50 131 9 74 
2 4  53 133 8 7' 
20 56 139 12 77 
30 " 59 155  11 73 
5 5  56 13 4  13 71 
17 51 135 5 78 

Cheviot• ( fixed)  

68 45 131 14 68 
2 4  46 135 2 1  6' 
20 42 130 12 56 

Cheviot ( carcaaa ) 

C28 28 112 18 41 



APPENDIX V 

Measurements 
from the Shoulder Moulds 

Sheep Area o� Distance BetweeA 
No . Shoulder Mould Lateral Tuberositiea 

( aqt.cm) o� Radii ( cm)  

Romneys ( live )  

44 390 19 . 2  
35  3 91 19 . 5  

R28 403 22 .. 5 
5 429 20 . 1  

10 430 21 . 0  
23 481 23 . 8  
27 490 21 . 7  
11 494 21 . 4  
26 508 22 . 1  
39 5 42 25 . 6  

Romneya ( fixed)  

R28 5 48 19 . 4  
10 5 53 20 . 6  
23 571 21. 1  

Cheviots ( live ) 

C28 383 20 . 5 
2 4  408 19 . 7  
55 431 19 . 1  
30 432 20 . 3  
68 440 20 . 3  
20 442 19 . 4  
17 471 20 . 9  
18 483 19. 8  
13 489 21 . 2  
19 50 4  22 . 0  

CheTio'ta ( fixed )  

24  501 19 . 5  
68 522 19 . 6  
20 510 21 . 3  



• APPENDIX VI 

Slaughter Weights (Pounds ) 

Sheep Live Weight Bled Hot Caroaaa Cold Carcaaa Dreasina Weight of Weight of 
No . ( starved)  Weight Weight Weight percentage Hind Qra . Fore Qrs . 

Romneys 

5 95 . 4  91 . 0  47 . 8  47 . 1  49 . 4� 21 . 6  25 . 6  
11 108 . 2  102 . 8  5 4 . 9 53 . 8  49 . 7  25 . 1  28 . 6  
26 112 . 9  107 . 2  63 . 1  62 . 0  5 4 . 9  29 . 4  32 . 6  
27 111 . 8  106 . 0  5 4 . 8  53 . 8  48 . 1  2 4 . 9 28 . 9  
35  87 . 4  82 . 7  42 . 5  41 . 6  47 . 6  19 . 0  22 . 5  
44 89 . 6  8 4 . 5  40 . 9  3 9 . 9 44 . 5  17 . 8  22 . 1  

Chevi ot a 

17 99 . 5  94 . 5  50 . 2  49 . 1  49 . 3  23 . 0  26 . 1  
18 99 . 2  95 . 2  49 . 6  48 . 6  4� . 0  22 . 7  26 . 0  

c�� 100 . 3  94 . 0 48 . 6  47 . 9  47 . 8 21 . 9  25 . 9  
89 . 0  84 . 7  45 . 8 44 . 7  50 . 2  21 . 3 23 . 4  

30 106 . 0  100 . 8  55 . 1  53 . 9  50 . 8  25 . 2  28 . 7  
55  84 . 8  80 . 3  44 . 9  44 . 0  51 . 9  20 . 2  23 . 8  



APPENDIX VII 

External Carcass Measurements ( cm)  

Sheep "F " . " G "  "WR "  " WF "  " WTh" "Th 1 "  "Th2" " T •• "R" nK" ••L" •• H" "P" 
No . 

Romneya 

5 28 . 2  27 . 8  25 . 1  19 . 3  17 . 3  29 . 2  30 . 1  19 . 1  18 . 7 66 . 5  64 . 5  3 4 . 0  36 . 8  
11 30 . 0  28 . 4 26 . 2  19 . 7  18 . 6  30 . 2  30 . 3  21 . 0  19 . 7  67 . 0  66 . 0  33 . 5  391. 0  
26 29 . 3  28 . 9  28 . 2  20 . 5  19. 9 30 . 5  31 . 2  21 . 7  19 . 9  72 . 5  70 . 5  37 . 0  38 . 3  
27 28 . 5  28 . 5  28 . 2  20 . 0  18 . 3  31 . 9  31 . 4  20 . 4 19 . 6  70 . 0  68 . 0  3 4 . 5 38 . 1  
3 5  28 . 6  26 . 3  25 . 6  18 . 2  17 . 9  2 9 . 3  28 . 9  19 . 6  18 . 6  65 . 0  63 . 5  32 . 5  3 6 . 5 
44 28 . 1  27 . 3  26 . 5 17 . 8  16 . 9  30 . 5  30 . 1  19 . 7  18 . 7  62 . 5  66 . 0  33 . 5  3 5 . 3 

Cheviots 

17 26 . 9  28 . 6  27 .� 20 . 8  18 . 3  30 . 3  29 . 9  20 . 0  19 . 2  62 . 5  64 . 5 3 3 . 0  36 . 5  
18 26 . 5  27 . 8  26 . 20 . 3  18 . 8  29 . 7  29 . 9  20 . 3  19 . 6  66 . 5  6 5 . 5  33 . 5  36 . 2  
1 9  27 . 1  28 . 4 29 . 3  20 . 0  19 . 2  31. 3 30 . 6  19 . 7  18 . 7  65 . 5  64 . 5  32 . 0  36 . 4 

028 28 . 4 28 . 5 25 . 1  20 . 0  18 . 2  28 . 3  28 . 8  20 . 3  18 . 8  63 . 0  64 . 0  33 . 5 37 . 7  
30 27 . 1  29 . 7  28 . 9  21 . 1  19 . 1  31. 3 31 . 1  19 . 6  19 . 1  6 4 . 5 67 . 0  3 4 . 0  35 . 8  
55  28 . 0  27 . 9  2 4 . 3 19 . 2  16 . 9  30 . 2  30 . 3  20 . 3  19 . 4  6 5 . 0  66 . 5  34 . 5  35 - 7 



APPENDIX VII I  

Internal Carcass Measurements (mm) 

Sheep "A"  "B" uc u "D .. " X" uyu " J "  
N o .  

Romneys 

5 55  28 3 3 18 3 5 
11 59 34  2 2 17 2 5 
26 63 3 4  6 6 18 3 8 
27 60 33 4 3 16 3 10 
35  49 27 4 3 14 1 5 
44 58 28 1 1 17 1 4 

CheTi ota 

17 6 4  33 2 2 20 1 7 
18 65 30 3 1 18 3 7 
19 63 30 2 1 17 1 5 

C28 60 28 1 1 12 1 3 
30 67 30 4 2 27 3 10 
5 5  68 29 1 1 18 1 4 



• 

APPENDIX IX 

Measurements 
on the Thoraci Vertebrae 

Vertical he ights £! dorsal processes (�) 

RomDey Group 

Vertebra Fre sh Animals Fixed Animal• 
Number 5 26 35  10 23 R28 

T . l  42 43 40 46 47 44 
! . 2 48 45 48 49 5 4  49 
T . 3  48 46 49 48 53  48 
T . 4  48 46 47 47 53 47 
T . 5  46 46 43 45 52 48 
T . 6  43 43 41 41 48 44 
T . 7 41 42 41 39 48 43 
T . 8 40 42 39  39  46 43 
T . 9  39  39  36  37  44  41 

T . lO 36 35 31 3 4  38 36 
T . ll 32 30 29 30 32 32 
T . l2 26 23 21 24  2?4 24 
T . l) 23 22 20 22 22 22 

Cheviot Group 

Fresh Animals :Pixed Animals 
18 19 5 5  20 24  68 

T . l 53  60 58 48 51 53 
! . 2 5 4  61 58 55  56 58 
T . )  56 62- 58 58 57 59  
T . 4  56 60 57 57 57 58 
T . 5  53  56 51 51 . �6 54  
T . 6  49 53 48 50 48 
T . 7  49 49 45 48 46 45 
T . 8 45  45  41 46 43 44 
T . 9  42 40 38 43 39 40 

T . lO 3 5  3 2  3 2  3 6  3 4  38 
T . l1 2 9  26 28 28 31 30 
! . 12 2 5  24 25  27 23  25  
! . 13 2 4  2 4  2 4  24 .  22 24 



APPENDIX IX { continued )  

Angulation 
of dorsal processes ( degrees)  

Romney Group 

Verte bra Fresh Animals Fixed Animala 
Number 5 26 35 10 23  R28 

T . l  65 48 59  63  5 9 57 
T . 2  59 44 57 62 58 52 
T . 3  56 43 52 �d 57 52 
T . 4  50 44 52 55 52 
T . 5  50 42 48 47 52 50 
T . 6 45 43 48 41 50 46 
T . 7  45 43 51 44 52 50 
T . 8 48 50 52 48 5 5  56 
T . 9  50 57 56 51 61 65 

T . lO 60 66 63 5 9  71 76 
T . ll 77 81 75 73 86 83 
T . l2 92 98 89 87 99 85 
T . l3 100 101 109 113 114 110 

Cheviot Group 

Fresh Animals Fixed Animals 
18 19 55  20 24  68 

T . l 57 63 6 5  76 56 61 
T . 2 52 56 61 70 52 61 
T . 3  5 4  53 5 5  63 50 57 
T . 4  52 51 51 59 47 54 
T . 5  50 48 47 5 4  43 52 
T . 6  47 48 46 53 43 47 
T . 7  51 48 49 5 4  4 5  44 
T . 8  54 51 53 59  44  49 
T . 9  59  54  58  65 50 56 

T . lO 72 66 77 72 58 66 
T . ll 83 75 93 89 76 84 
T . 12 98 98 103 102 97 89 
T . 13 114 105 118 112 113 106 



APPENDIX IX ( continuei) 

Transverse thicknesa 
ot dorsal processea (�) 

Romney Group 

Vertebra Fresh Animala Fixed Animals 
Number 5 26 3 5  10 23 B28 

T . l 0 . 84 0 . 87 0 . 74 0 . 89 0 . 86 0 . 85 
T . 2  1 . 00 1 . 15 0 . 89 0 . 97 0 . 87 1 . 18 
T . 3 0 . 89 0. 96 0 . 71 0 . 98 0 . 88 · 1 . 00 
T . 4  0 . 93 0 . 78 0 . 69 0 . 83 0 . 85 0 . 82 
T . 5  0 . 86 0 . 74 0 . 65 0 . 85 0 . 83 0 . 66 
T . 6  0 . 75 0 . 69 0 . 53 0 . 71 0 .75 0 . 58 
T . 7 0 . 69 0 . 59 0 . 49 0 . 63 0 . 62 0 . 48 
T . 8 0 . 58 0 . 49 0 . 38 0 . 51 0 . 45 0 . 43 
T . 9  0 . 45 0 . 39 0 . 35 0 . 49 0 . 44 0 . 40 

T . lO o .  51 0 . 44 0 . 37 0 . 40 o .  43 0 . 44 
T . ll 0 . 53 0 . 55 0 . 41 0 . 53 0 . 44 0 . 50 
T . l2 0 . 62 0 . 53 0 . 52 0 . 59 0 . 47 0 . 48 
T . l3 0 . 58 0 . 54 0 . 68 0 . 56 0 . 51 0 . 52 

Cheviot Group 

Fresh Animals Fixed Anima1a 
18 19 55 20 2 4  68 

T . l 0 . 81 0 . 78 0 . 87 0 . 73 0 . 68 0 . 93 
T . 2 0 . 95 0 . 92 0 . 89 0 . 79 0 . 82 0 . 82 
T . 3  0 . 75 0 . 78 0 . 64 0 . 88 0 . 63 0 . 74 
T . 4 0 . 64 0 . 64 0 . 63 0 . 77 0 . 53 0 . 68 
T . 5  0 . 64 0 . 65 0 . 62 0 . 76 0 . 51 0 . 68 
T . 6 0 . 58 0 . 63 0 . 59 0 . 67 0 . 48 0 . 64 
't .. 1 0 . 50 0 . 53 0 . 54 0 . 55 0 . 44 0 . 58 
T . 8 0 . 47 0 . 43 0 . 46 0 . 38 0 . 39 0 . 47 
T . 9  0 . 48 0 . 45 0 . 4d 0 . 35 0 . 38 0 . 41 

T . lO 0 . 49 0 . 4) 0 . 3  0 . 39 0 . 46 0 . 41 
T . 11 0 . 49 0 . 49 0 . 47 0 . )� 0 . 46 0 . 40 
T . l2 0 . 55 0 . 62 0 . )9 0 . )  0 . 51 0 . 53 
T . l) 0 . 55 0 . 55 0 . 49 0 . )8 0 . 54 0 . 51 



APPENDIX IX ( c ontinued)  

Posteri or-anterior width 
ot dorsal processes (�) 

Romney Group 

Vertebra Fresh Animals Fixed Animals 
Number 5 26 35  10 23 R28 

T . l  1 . 43 1 . 23 1 . 22 1 . 49 1 . 49 1 . 29 
T . 2  1 . 36 1 . 35 1 . 30 1 . 43 1 . 34 1 . 34 
T . 3  1 . 30 1 . 32 1 . 29 1 . 36 1 . 55 1 . 35 
T . 4  1 . 31 1 . 28 1 . 36 1 . 28 1 . 49 1 . 35 
T . 5  1 . 36 1 . 28 1 . 32 1 . 25 1. 37 1 . 35 
T . 6  1 . 34 1 . 28 1 . 19 1 . 22 1 . 32 1 . 37 
! . 7  1 . 34 1 . 23 1 . 26 1 . 19 1 . 38 1 . 34 
T . 8  1 . 32 1 . 30 1 . 23 1 . 25 1 . 34 1 . 27 
T . 9  1 . 42 1 . 44 1 . 47 1 . 38 1 . 44 1 . 48 

T . lO 1 . 63 1 . 53 1 . 30 1 . 41 1 . 43 1 . 34 
T . l1 1 . 47 1 . 53 1 . 29 1 . 32 1 . 36 1 . 28 
T . l2 1 . 61 1 . 60 1 . 65 1 . 78 1 . 67 1 . 58 
T . l3 2 . 32 2 . 16 2 . 17 2 . 03 2 . 09 2 . 05  

Cheviot Group 
Fresh Animals Fixed Animals 

18 19 5 5  20 24  68  

T . 1  1 . 67. 1 . 55 1 . 81 1 . 76 1 . 58 1 . 87 
T . 2  1 . 52 1 . 52 1 . 60 1 . 63 1 . 45 1 . 80 
T . )  1 . 47 1 . 49 1 . 57 1 . 58 1 . 5 4  1 . 62 
T . 4  1 . 48 1 . 42 1 . 54 1 . 70 1 . 49 1 . 54 
T . 5 1 . 62 1 . 41 1 . 58 · 1 . 58 1 . 49 1 . 57 
T . 6 1 . 46 1 . 34 1 . 48 1 . 45 1 . 38 1 . 49 
T . 7 1 . 41 1 . 38 1 . 35 1 . 30 1 . 41 1 . 41 
T . 8 1 . 34 1 . 2� 1 . 50 1 . 27 1 . 32 1 . 52 
T . 9  1 •. 49 1 . 2  1 . 64 1 . 49 1 . 34 1 . 56 

! . 10 1 . 41 1 . 26 1 . 23 . 1 . 62 1 . 23 1 . 3� 
! . 11 1 . 34 1 . 42 1 . 46 1 . 46 1 . 27 1 . 4 
T . 12 1 . 65 2 . 00 2 . 11 1 . 98 1 . 86 1 . 94 
T .. l3 2 . 23 2 . 23 2 . 47 2 . 23 2 . 10 2 . 38 



Measurement 

" SeA" 
" SoB" 
" SeC" 
" SeD" 
" S  E" 
" SCF" 
" ScG" 
" ScB"/" ScD" 
" SeC "/"SeD" 
"ScE "/" SeB" 

" HA" 
"HB" 
•HC"  
"HD" 
"HA " /" HB" 
"HA"/" HC "  
"HD"/" HC "  

"RA " 
"RB" 
"RC " 
"RD" 
"RA"/"RB" 

"HA" +"RA"+"MA" 
"RA " · + "MA" 
"14A"/"HA" 
"RA"/"HA" 

APPENDIX X 

Bone Measurements 
( cm )  

Romney Group 

Fresh Animals 
5 26 35 

Scapula 
13 . 9  14 . 5 1 4 . 4 
11 . 6  12 . 5  11. 0  

9 . 2  9 . 6  8 . 8  
2 . 5  ) . 0 2 · 3  

12 . 9  13 . 5  13 . 5  
13 . 2  14 . 0  14 . 2  

2 . 44 2 . 58 2 . 14 
4 . 64 4 . 17 4 . 78 

3 . 68 ) . 20 3 . 8) 
1 . 11 1 . 08 1 . 23  

Humerus 

14 . 1  1 4 . 6 13 . 8  
7 . 8  7 . 7  6 . 9  
2 . 24 2 . 23 1 . 83 
2 . 27 2 . 35 2 . 07 
1 . 81 1 . 90  2 . 00 
6 . 29 6 . 55 7 - 54 
1 . 01 . 1 . 05 1 . 13 

Radius-ulna 

17 . 9  19 . 1  17 . 8  
2 . 39 2 . 40 1 •. 98 
1 . 13, . 1 . 12 0 ._ 95  
2 , 72 2 . 54 2 . 44 
7 - 49, 7 - 96 8 . 99 

Fixed Animals 
10 23 R28 

15 . 2  1 4 . 9 1 4 . 7  
12 . 1  11 . 4  11 . 7  

9 . 6  8 . 8  9 . 1  
2 . 7  2 . 5  2 . 8  

14 . 3  13 . 8  13 . 9  
14 . 3  14. 1  14 . 0  

2 . 30 2 . 46 2 . 18 
4 . 48 4 . 56 4 . 18 
) . 56 ) . 52 3 - 75 
1 . 18 1 . 21 1 . 19 

1 4 . 8  14. 8  13 . 9  
7 . 6  7 . 4 1 . 3  
2 . 14 2 . 15 2 .00 
2 . 35 2 . 26 2 . 0 5  
1 . 95 2 . 00 1 . 90 
6 . 92 6 . 88 6 . 95 
1 . 10 1 . 05 1 . 03 

17 . 8  19 . 5  17 . 3  
2 . 26 2 . 21 2 . 00 
1 . 08 0 . 99 0 . 96 
2 . 65 2 . 57 2 . 48 
7 . 88 8 . 8� 8 . 65 

�horaci Vertebrae 

29 . 5  31 . 6  2 9 . 3 

42 . 7  45 . 9  42 . 0  
28 . 6 ' 31 . 3  28 :2 

0 . 76 0 . 84 0 . 75 
1 . 27 1 . 31 1 . 29 

3 4 . 8  )0 . 5  28 . 9  

45 .·3 45 . 5  42 . 2  
30 . 5  30 . 7  28 . 3  

0 . 86 0 . 76 0 . 79 
1 . 20 1 . 32 1 . 24 



APPENDIX X ( continued)  

Che vi ot group 

Fraah Animals Fixed Animals 
Measurements 18 19 55 20 24 68 

Scapula 

• seA" 14 . 3  15 . 1  1 5 . 0  14 . 1  15 . 3  14 . 6  
· " ScB" , 11 . 9  12 . 1  11 . 9  11 . 4  11 . 8  12 . 4  

"S eC "  9 . 7  9 . 9  9 . 5  9i 2  9 . 7  10 . 3 
" cD• 2 . 6  2 . 4 2 . 6  2 . 4 2 . 3  2 . 4  
" SeE" 13 . 6 14 . 2 14 . 2  13 . 3  14 . 4  13 . 9  
" ScF" 13 . 8  14 . 1 13 . 8  13 . 4  14 . 4  13 . 8 
" ScG• 2 . 23 2 . 25 2 . 29 2 . 49 2 . 23 2 . 37 
• scB"/" S D" 4 . 58 5 . 04 4 . 58 4 - 75 5 . 13 5 . 17 
" SeC"/"ScD" 3 - 73 4 . 13 3 . 65 3 . 83 4 ..22 4 . 29 
" ScE"/"SeB"  1 . 14 1 . 17 1 . 19 1 . 17 1 . 22 1 . 12 

Humerua 

"HA•  14. 2 1 4 . 0  14 .. 1 14 . 4 1 4 . 0  14 . 1 
"HB" 6 . 8  7 . 0  6 . 8 7 . 6  6 . 8  1 . 3  
14 HC •  1 . 83 1 . 95 1 . 88 2 . 19 1 . 8 4  2 . 02 
" HD" 2 . 00 2 . 13 2 . 14 2 . 32 2 . 19 2 . 30 
"HA"/"HB" 2 . 09 2 . 00 2 . 07 1 . 89 2 . 06 1 . 9� 
"HA"/"HC " 7 . 76 7 . 18 7 . 50 6 . 58 7 . 61 6 . 9  
" HD .. /"HC "  1 . 09 1 . 09 1 . 14 1 . 06 1 . 19 l - 14 

Radius-ulna 

"RA" 18 . 9  18 . 1  18 . 8  19 . 2 18 . 6  18 . 4  
"RB" 2 . 08 1 . 94 2 . 04 2 . 31 2 . 00 2 . 14 
"RC" 1 . 00 1 .03 0 . 98 1 . 06 1 . 02 1 . 0ll. 
"RD" 2 . 47 2 . 43 2 . 46 2 . 50 2 . 25 2 . 45 
"RA"/"RB" 9 . 09 9 . 33 9 . 22 8 . 10 9 . 30 8 . 60 

Thoraci Vertebrae 

"ThVA" 30 . 9  30 . 0  30 . 4 30 . 1  30 . 7  30 . 9 

"HA " +"RA" +"MA" 45 . 0  43 . 6 · 44 . 8  45 . 0  44 . 7  44. 1  
"RA"  + "MA" 30 . 8  29 . 6  30 . 7  30 . 6  30 . 7 30 . 0  
"MA"/"HA" 0 . 84 0 . 82 0 . 84 0 . 79 0 . 86 0 . 82 
"RA"/"HA" 1 . 33 1 . 29 1 . 33 1 . 33 1 . 33 1 , 30 



APPENDIX X ( c ontinue d) 

Measurement a 
� the metaoarpua 

Romneys 
Measurement 

11 27 44 5 26 35 10 23 R28 

"MA" 11 . 3  10 . 9  10 . 3  10 . 7  12 . 2  10 . 4  12 . 7  11 . 2  11 . 0  
"l4B" 5 . 2  5 . 6  5 . 3  5 . 8  5 . 6  5 . 0 5 . 4  5 . 3  5 . 1  
"MC " 1 . 84 1 . 88 1 . 87 2 . 09 1 . 99 1 . 76 1 . 87 1 . 88 1 . 85 
"MD" 1 . 17 1 . 26 1 . 19 1 . 27 1 . 28 1 . 18 1 . 26 1 . 21 1 . 14 
"M0 "/"MD" 1 . 57 1 . 49 1 � 57 1 . 65 1 . 55 1 . 49 1 . 48 1 . 55 1 . 62 
"MA"/"MO" 6 . 1 4  5 . 80 5 . 51 5 . 12 6 . 13 5 . 91 6 . 79 5 . 96 5 . 95 
"MA"/"MB" 2 . 17 1 . 95 1 . 94 1 . 84 2 . 18 2 . 08 2 . 3 5 2 . 11 2 . 16 
"MA "/"MD" 9 . 66 8 . 65 8 . 66 8 . 43 9 . 53 8 . 81 10 . 08 9 . 26 9 . 65 

Cheviots 

17 C28 30 18 19 55 20 24  68  

•·•MA• 11 . 6  11 . 2  11 . 9  11 . 9  11 . 5  11 . 9  11 . 4  12 . 1  11 . 6  
"0" 4 . 9 5 . 0 5 . 2  5 . 0 4 . 9  4 . 8  5 . � 4 . 8  4 . 9  
•MC " 1 . 68 1 . 71 1 . 80 1 . 69 1 . 66 1 . 64 1 .  5 1 . 58 1 . 69 
"MD" 1 . 19 1 . 19 1 . 23 1 . 18 1 . 19 1 . 14 1 . 18 1 . 14 1 . 15 
"MO "/"MD" ·1 . 41 1 . 44 1 . 46 1 . 43 1 . 39 1 . 44 1 . 57 1 . 39 1 . 47 
"J4A "/"MC" 6 . 90 6 . 5 5 6 . 61 7 . 04 6 . 93 7 . 26 6 . 16 7 . 66 6 . 86 
"MA"/"MB" 2 . 37 2 . 2 4 2 . 29 2 . 38 2 . 35 2 . 48 2 . 15 2 . 52 2 . 37 
"MA"/"MD" 9 . 75 9 . 41 9 . 67 10 . 08 9 . 66 10 . 44 9 . 66 10 . 61 10 . 09 



' 

.... 

• 

I tem 
5 

S capula 87 . 1  
Cartilage ot 

scapula 18 . 6  
Humerua 112 . 6  
Radius-ulna 87 . 5  
Metacarpus 40 . 9  

18 

S capula 78 . 0  
Cartilage of 

scapula 16 . 4  
Humerua 100 . 7  
Rad1us-ulna · 78 . 6  
Metacarpua 37 . 3  

26 

98 . 5  

18 . 6  
124 . 4  

98 . 1  
45 . 3  

19 

78 . 1  

1 4 . 6  
104 . 2  

80 . 9  
37 . 7  

APPENDIX X ( continued)  

We ights �f b one s 
(,e) 

Romneya 

35  23  10 R28 11 27 44 

6 4 . 6 86 . 4- 83 . 0  73 . 8  

14. 6  22 . 0  16 . 6  . 15 . 0  
92 . 8  115 . 3  123 . 9  90 . 8  
69 . 2  80 . 3 85 . 3  68 . 7  
3 4 . 1  )8 . 6  45 . 9 3 5 . 0  39 . 7  39 . 8  3 4 . 4 

Cheviot• � 

5 5  20 24  66 17 C28 30 

71 . 5  85 . 5  76 . 9  81 . 1  

18 . 2  19 . 1  18 . 8  17 . 7  
98 . 3  122 . 4 97 . 9  103 . 2  
72 . 9  91 . 0  70 . 1  75 . 5  
36 . 3  40 . 2  37 . 1  38 . 5 .. 3 6 . 5 38 . 4  39 . 5  ..... 



APPENDIX XI 

Measurements 
on the Ligamentum Nuchea 

Romney Group 

Measurement Fresh Animala 
5 

Length ( in situ) 43 . 5  
Length -

( diss ected)  32 . 5  
We ight ( gm) 26 . 8  
Width 

( one strand )  0 . 9 
Width 

( two strands ) 2 . 0 
De pth 0 . 5  

26 35 

47 . 8  43 . 8  

26 . 3  33 . 6  
33 . 9  2 5 . 8  

1 . 1  0 . 9 

2 . 4  2 . 0 
0 . 7  0 . 7 

Chevi ot Group 

Fresh Animals 
18 19 5 5  

Length 
( in situ) 43 . 8  44 . 0  44 . 3  

Length 
( dissected)  3 4 . 5  31 . 5  3 4 . 5 

Weight ( gm) 2 9 . 2  25 . 6 2 9 . 9 
Width 

( one strand) 1 . 1  0 . 9  1 . 0  
Width 

( two strands )  2 . 3  2 . 0 2 . 1  
Depth 0 . 6  0 . 5  0 . 8 

( cm) 

Fixed  Animals 
10 2 3  R28 

44. 4 43 . 7 42 . 8  

3 9 . 2  37 . 4  38 . 0  
37 . 1  33 . 8  2 9 . 7  

0 . 9  0 . 9 0 . 9 

2 . 1  1 . 9  1 . 9 
0 . 7  0 . 8  0 . 9  

_ ... � 

Fixed Animals 
20 24  68 

43 - 7  43 . 9  43 . 6  

36 . 4 36 . 2 38 . 0  
3 3 . 0 29 . 7 34 . 7 

1 . 1  0 . 9  1 . 0  

2 . 2  2 . 0  2 . 1  
0 . 7  0 . 7 1 . 0  



• 

APPENDIX XII 

Muscle We ight ( gm) 
Romney group 

Muacle Preah Animala '  Fixed Animals 
5 26 35 23 10 R28 ·, 

Latissim.ua dorsi 92 . 1  107 . 8  75 . 0  108 . 1 ' 113 . 6  94 . 9  
Deltoideus para acromialia 14 . 1  16 . 3  10 . 0  13 . 4  17 . 0  13 . 7  
Deltoideus para acapularia 13 . 4  11 . 4  7 . 8  11 . 3  13 . '7 12 . 0  
InfraapiD&tua 141 . 7  178 . 3  119� 9 187 . 0  194 . 0  156 ; 1  
Teres minor 9 . 8  14 . 1  10 . 6  12 . 5  12 . 2  10 . 1  
Supraspinatus 131 . 4  159 . 6  120 . 3  165 . 8  187 . 8 153 . 4  
Teres maj or 26 . 5  3 4 . 2  22 . 5  31 . 1  36 . 2  30 . 2  
Subacapu1aria 84 . 9  80 . 8  63 . 4  79 . 5  80 . 5  73 . 2  ., 

Tenaor fascia antibrachii 14. 3 17 . 5  1 4 . 8  19 . 2 14 . 5 21 . 1  
frioepa �lateral hoa4) 43 . 3  49 . 4  46 . 4  47 . 7  50 . 5  49 .0  
Trioepa long head) 136 . 4  164 . 5  121 . 7  145 . 1  148 . 6  1 58 . 7  
Tricepa medial head) 14. 5 15 . 3  10 . 5  14 .0  14. 5 10 . 5  
Biceps braohii 3 4 . 2 42 . 2  30 . 9  40 . 1  39 . 7  30 . 7  
Oo�c o-brachia1ia 9 . 8  10 . 8  5 . 9  10 . �  11 . 4  7 . 8  
Brachial is 23 . 7  28 . 9  18 . 5  26 . 3  28. 5 22 . 6  

....Anconeus 10 . 1  8 . 6  7 . 8  10 . 9  12 . 2  9 . 4  
T rapeziua 53 - 9  59 . 1  �9 . 0  63 . 6  66 . 0  60 . 5  
Brachiooephalicua + omo-tr . l03 . 3  112 . 8 3 . 8  13 5 . 6  130 . 0  114 . 1  
Superficial pectoral 46 . 2  6 4 . 0  42 . 8  70 . 0  62 . 1  57 . 7  
Sterno-eoapularia 22 . 5  23 . 1  13 . 8  21 . 4  2 5 . 0  22 . 0  
Deep peQ't"Qral � 168 . 4  187 . 4 138 . 4 182 . 1  182 . 2  187 . 1  
Rhomboideus 53 . 8  68 . 4  47 . 8  56 . 5  58 . 7  52 . 6  ., 
Serratue thoracia 264 . 8  3 5 4 . 8  225 . 3  330 . 5  301 . 3  291 . 3  
Muac1es of the fore arm 166 . 1  18 5 . 5  144 . 6  172 . 7  191 . 3  160 . 2 



APPENDIX XII ( continue d)  

Cheviot  group 

Muscle Fresh Animals Fixe d Animals 
18 19 5 5  20 24  68 

La�iasimui dorsi 110 . 8  119 . 8  105 . � 95 . 1  101 . 3  119 . 2  
Deltoideus pars aoromialia 17 . 6  20 . 1  18 . 18 . 4  18 . 8 16 . 8  
Deltoideus pars scapu1aris 13 . 4  15 . 8 1 5 . 0  15 . 2  11 . 8  1 4 . 0  
Illf'raspina�ua 168 . 8  177 . 3  183 . 9  180 . 1  184 . 1  191 . 3  
Teres minor 11 . 5  11 . 5  13 . 2  13 . 6 . 13 . 6  12 . 1  
Supraspinatus 152 . 6  1 51 . 4  141 . 4 169 . 2  153 . 1  1 52 . 4  
Terea major 38 . 2  33 . 7  38 . 1  33 . 1  39 . 3  41 . 7  
Subscapularis 75 . 2  73 . 0  74 . 7  79 . 9 83 . 5 76 . 2  
Tenson fascia antibrachii 15 . 4  15 . 7  15 . 9  16 . 4  20 . 9  16 . 4  
Biceps brach11 34. 9 41 .0  37 . 3  40 . 2  38 . 8  3 4 . 0  
C oraco-brachialis 11 . 5  11 . 3  10 ,. 2  10 . 5  10 . 9  10 . 1  
Braohialia 21 . 8  28 . 5  2 4 . 9 24 . 5 21 . 7  25 . 6  
Anc oneua 13 . 2  13 . 4  13 . 5  16 , 9  12 . 3  10 . 4  
Trioepa !medial head) 15 . 5  18 . 6  16 . 1  23 . 4  1 5 . 0  15 . 4  
Tricepa lateral head) 53 . 4  46 . 2  . 59 . 1  6 4 . 0  5 4 . 8  55 . 1  
Tricepa long head) 161 . 8  147 . 7  162 , 8  173 . 2  154 . 9 160 . 3  
Trapeziua 52 . 6  87 . 5  56 . 2  53 . 6 58 . )  68 . 7  
Brachioce phalicua + omo-tr . l07 . 0  92 . 8  106 . 5  110 . 5  110 , 2  130 . 5  
Superficial pectoral 53 . 0  58 . 0  5 5 . 5  76 . 7  5 4 . 8  59 � 7 
Sterno-scapularia 19 . 1  19 . 2  17 . 9  21 . 3  19 . 0  18 � 6 
Deep pectoral 182 . 1  175 . 0  152 . 8  180 . 2  177 . 6  182 . 3  
Rhomboideus 51 . 1  s9 . 5 51 . 7  5 5 . 6  48 . 1  5 5 . 5  
Serratus thoracis 2 51 . 5  2 5 . 1  293 . 8 295 . 5  252 . 8  300 . 1  
Muscles of the fore arm 158 . 2  164 . 3  168 . 1 191 . 6  160 . 0  1 50 . 6  



'\) 

APPENDIX XIII 

:=-

Musc le Length ( cm) 
• 

Romnez group 

Muse le Fresh Animals Fixed Animals 
35 26 5 23 10 R28 

Latiaaimus dorsi 22 . 6  24 . 4 2 5 . 5 27 . 2  25 . 1  25 . 0 
De ltoideus pars acromialia 7 . 6  8 . 0  8 . 1  8 . 6  10 . 1  8 . 5  
-D·el t oideus pars soapularia 6 . 1  6 . 6  7 . 0  8 . 2  9 . 8  7 . 8 
Infraspinatus 17 . 2  17 . 6  14 . 9  19 . 1  18 . 7  18 . 3  

, Teres minor 8 . 5  8 . • 2 8 . 2  8 . 5  9 . 1  8 . 6  
'supras pina tua 16 . 1  16 . 7  16 . 2  17 . 4  17 . 1  16 . 5  
!ere• maj or 14 .' 2  14 •. 1 13 . 6  16 . 0  15 . 4  15 . 2  
Subacapularia 18 . 0  18 . 0  16 . 9  18 . 1  17 . 8  17 . 5  
Teuaor fascia antibrachii 13 . 4  14 •. 6 14 . 3  15 . 6  15 . 7  14 . 8  
TricepM t lateral head) 9 . 8  11 . 1  10 . 0  10 . 3  10 . 6  9 .. 5 
Triceps long head) 14 . 3 13 . 9  14 . 5  15 . 4  16 . 2  15 . 3  
Tricepa medial head) 7 . 5  10 . 0  9 . 1 9 . 7  8 . 9 7 . 7  
Briceps braohii 9 . 1  9 . 5  9 . 6  11 . 3  10 . 6  9 . 6  
Corac o-brachialis 7 . 9  10 . 1  10 . 1  10 . 5  9 . 2  7 . 6  
Brachia1ia 10 . 4  11 . 3  10 . 8  11 . 4  11 . 6  10 . 4  
Anconeus 6 . 1  6 . 1  6 . 7  7 . 2  7 . 0  6 . 4  
Trapeziua 29. 5 33 . 6 31 . 6  29 . 8  30 . 2  26 . 0  
Brachioce phalicua + omo-tr . 26 . 7  28 . 6  27 . 5  38 . 9  3 5 . 8  37 . 1  
Superficial pectoral 19 . 3  18 . 6  16 . 9  19 . 6  21 . 1  1� . 9  
Stex-no-acapularia 9 . 2  9 . 4 9 . 0  8 . 0  8 . 7 . 6  
Deep pectoral 32 . 7  33 . 8  33 . 2  3 4 . 7  3 3 . 0  31 . 2  
Rhomboideua 23 . 8  27 . 7  22 . 9  21 . 2  22 . 4  19 . 0  
Serratus thoracia 26 . 1  29 . 7  28 . 2  26 . 1  25 . 6  26 . 0  

Cartilage o t  scapula 
( anterior-posteri� 14 . 1  14 . 9 14 . 6  17 . 0  16 . 4  15 . 1  



APPENDIX XIII  ( continued) 

Cheviot group 

Muacle Fresh Animals lixe d Animala 
18 19 55 20 2 4  68 

Latissimua dorsi 26 . 2  26 . 2  26 . 2  26 . 2  23 . 3  2 4 . 0  
Deltoideus pars acromialis 8 . 4  8 . 0  8 . 0  10 . 1  9 . 2  8 . 9  ., 
De ltoideus pars scapularia 7 . 1  7 . 2  8 . 0  8 . 0  8 . 0  8 . 5  

. 
In!ranspinatua 17 . 7  17 . 4  18 . 0  18 . 9  19 . 1  - 19 . 4 
Teres  minor 7 . 8  7 . 9  7 . 8  9 . 5 8 . 5 8 . 6  
Supraspinatus 16 . 4  16 . A 16 . 8  15 . 9  18 . 3  16 . 9  
Teres maj or 1 4 . 0  1 4 .  14 . 5 13 . 9  1 5 . 2  15 . 3  
Subscapularis 17 . 6  17 . 4  18 . 1  16 . 4  18 . 1  . 18 . 0 
T ensor taacia antibraohii 13 . 2  14 . 9  14 . 7  17 . 3  14. 1  13 . 0  
Trice pa ! lateral head) 10 . 7  11 . 0  10 . 7  11 . 2  11 . 5  11 . 2  
!Ticepa long head) 12 . 5  14 . 2  13 . 2  14 . 1  14. 4 1 5 . 0  
Triceps medial head) 9 . 3 9 . 9  9 . 2  9 . 7  9 . 8  9 . 6  
Bicepa 9 . 5  9 . 7  9 . 0  10 . 1  10 . 2  11 . 3  
O orac o-braohialia 9 . 0  8 . 5  8 . 2  8 . 8  7 . 9  8 . 1  
Brachialia 10 . 7  11 . 4  11 . 2  11 . 7  10 . 5  10 . 7  
A.nconeua 6 .� 7 . 6  7 . 0  1 . 2 7 . 2  6 . 5  
Trapezius 31 . 3� - 2  32 . 6  26 . 2  30 . 0  2 7 . 7  
Brachiocephalicua + omo-tr . 29 . 4  2 . 8  2 9 . 9 3 5 . 9  37 . 1  38 . 1  
Superficial pe c�oral 17 . 2  19 . 4  18 . 9  18 . 6  20 . 4  18 . 9  
Sterno-soapularia 9 . 0  8 . 1  8 . 9  7 . 9 8 . 0  8 . 2  
Deep pectoral 34 . 9  36 . 4  3 4 . 0  31 . 8  3 6 . 0  32 . 5  
Rhomboideus 21 . 2  19 . 9  2 5 . 0  18 . 9 20 . 8  21 . 6  
Serratua thoracia 22 . 3  2 4 . 5 24 . 7  24 . 5 23 . 8  23 . 7  

Cartilage of the scarula 
( anterior-posterior 14 . 6  15 . 2  14 . 9 15 . 7  15 . 1  15 . )  



Muscle 

Latisaimus dorsi 
Deltoideus para aeromialia 
Deltoideus para acapularis 
Infraspinatua 
Teres minor 
Supraspinatus 
Teres maj or 
Subscapularis �: 
Tensor fascia ant�brachii 
fricepa ! lateral head) 
Tricepa long head) 
Triceps medial head) 
Biceps brachii 
C oraco-brachialis 
Braohialia 
Anconeus 
Trapezius 
Brachiocephalicua +omo-tr . 
Superficial pectoral 
Sterno-scapularia 
·Deep pe ctoral 
Rhomboideus 
Serratus thoracia 

Cartilage of the scapula 
( dorsal-ventral distance ) 

APPENDIX XIV 

Muscle Width ( cm) 

Romney gro�p 

Frash Animals 
35 26 

16 . 0  15 . 1  
3 . 7  3 . 4  
2 . 7  3 . 6 
7 . 2  8 . 5 
2 . 5  3 . 0 
6 . 1 6 . 7  
2 . 9  3 . 7  
8 . 5  9 . 1  
2 . 4  2 . 0 
4 . 5 4 . 6  
7 . 5  8 . 7  
3 . 0 4 . 0  
2 . 8  3 . 5  
3 . 1  2 . 8  
4 . 0  4 . 1  
2 . 3  2 . 0  
9 . 4  11 . 3  
7 . 6  8 . 5  

12 .0  11 . 6  
4 . 6  5 . 4  

10 . 6  11 . 7  
8 . 5  10 . 0  

18 . 2  19 . 7  

5 . 1  5 . 8 

Fixed Animals 
5 23 10 R28 

15 . 7  17 . 4  18 . 2  16 . 5  
3 · � 3 . 7  4 . 0  3 . 4  
2 .  3 . 4  � - 2  2 . 9  
8 . 6  9 . 6  . 1  8 . 7  
2 . 5 2 . 5  2 . 9 2 . 7  
6 . 6  6 . 7  6 . 8  6 . 0  
3 . 2  � · 5 3 . 6 3 . 4  
8 . 6  . 7  8 . 5 8 . 1 
2 . 3 2 . 6  2 . 1  2 . 5  
5 . 0 5 . 2  5 . 6  4 . 8  
8 . 0  8 . 4  7 . 9  7 . 2  
4 . 3 3 . 1  3 . 8 3 . 8 
3 . 1  3 . 1  2 . 9  2 . 8  
3 . 3  4 .0 3 . 6  3 . � 
4 . 1  4 . 0  3 . 8  3 .  
2 . 4  2 . 5  2 . 6  2 . 4 
8 . 4  15 . 9  1 5 . 0  14. 4 
7 . 3  9 . 1  10 . 1  8 . 1  

11 . 6  9 . 9  10 . 0  9 . 7  
5 . 3  6 . 2  6 . 4 5 . 9  

12 . 9  12 . 8  13 . 0  10 . 9  
8 . 1  8 . 5  9 . 2  9 . 6  

17 . 8  21 . 5  21 . 4  18 . 7  

5 . 5  5 . 1  5 . 9  5 . 7  



APPENDIX XIV ( continue d) 

Cheviot group 

Muscle Fresh Animals Fixed Animal 
18 19 55 20 24  68 

LatissimUa dor•i 16 . 3  14 . 6  1 4 . 8 17 . 6 16 . 6  18 . 5  
Deltoideus pars acromialia 4 . 3 4 . 2  4 . 2 3 . 9  3 . 9  3 . 1 
De ltoideus para acapularia ) . 6  2 . 4  ) . 4 3 - 7  3 . 3 3 . 5  
Infraspinatus 8 . 2  8 . 8  8 . 1  8 . ) 8 . 7  10 . 0  
Terea minor 2 . 7  2 . 8  ) . 3  2 . 9  3 . 1  2 . 9  
Supraapinatua 6 . 9  6 . � 6 . 1  6 . 9  6 . 0  5 . 9  
Tere s  maj or 4 . 0  ) .  4 . 2  � . 8  4. 1 4 . 5 
Subscapularia 9 . 6  7 . 6  9 . 3  . 7  8 . 8  9 . 3 
Tensor fascia antibrachii 2 . 5  2 . 2  2 . 2  2 . 5  2 . 6  2 . 2  
Trioep• { lateral head ) 4 . 4 4 . 4 5 . 6  5 . 8  4 . 6  5 . 2  
Triceps long head ) 9 . 1  9 . 4 8 . 4  8 . 7 9 . 0  8 . 6  
Tricepa medial head ) 3 . 8 4 . 2  4 . 1  4 . 7  ) . 8  4 . 1  
Bicepa ) . 1  ) . 2  ) . )  ) . 1 ) . 0 2 . 9  
C orac o-brachialia 3 . 5  3 . 3  2 . 9 3 . 1  3 . 6  3 . 3  
Brachialia 3 . 9  4 . 2 4 . 2  4 . 4 3 . 8 4 . 3 
Anceneua 2 . 6  2 . 7  2 . 7  2 . 8  2 . 6  2 . 3  
!rapeziua 10 . 5  14 . 1  10 . 2  15 . 2  1) . 8 1J . 7  
Brachiocepha1icus + omo-tr . 7 . 5  7 . )  6 . 6  9 . 1  8 . 0  . o  
Superficial pectoral 10 . 1  10 . 4  10 . 2  10 . 9  10 . 6  10 . 5  
Sterno-acapularia 6 . 1  4 . 9 7 . 5  6 . 3  6 . 8  5 . 9  
Deep pectoral 9 . 5 9 . 4  10 . 7  12 . 6  12 . 2  13 . 2  
Rhomboideua 9 . 8  10 . 5  10 . 0  8 . 8  8 . 6  8 . 5  
Serratus thoraoia 18 . 9  19 . 4  19 .0  22 . )  23 . 2  22 . 8 

Oar11lage ot the scapula ( dorsal-ventral distance ) 5 . 4  5 . 7  5 . 0 5 . 3  5 . 4  5 . 7  



� ._ 

Muscle 

Latissimus dorsi 
Deltoideus para acromialia 
Deltoideus pars scapularis 
Infraspinatus 
Teres minor 
Supraspinatus 
Teres maj or 
Subscapularis 
Tensor fascia antibraohii 
f�icepa !lateral hea4) 
Trioep• long head) 
�ricepa medial head ) 
Biceps braohii 
Corac o-braohia11a 
BraohiUia 
Anconeus 
Trape ziu. 
Brachiocepha11oua � 

Superficial peotoral 
S1erno-soapulari• 
Deep pectoral 
Rhomboidelis 
Serratus thoraci• 

APPENDIX XV 

Muscle Depth ( cm) 

Romney group 

Fresh Animals 
5 26 

1 . 2  1 . 1  
0 . 1 1 . 0  
1 . 4  1 . 1  
2 . 3  2 . 5  
1 . 2  1 . 1  
3 . 2  2 . 9  
1 . 6  1 . 4  
1 . 4 1 . 8  
0 . 8  1 . 1  
2 . 3  2 . 2  
3 . 1  3 . 3  
1 . 1  1 . 4  
2 . 5  2 . 8  
0 . 9  0 . 1 
1 . 1  1 . 2  
1 . 5 1 . 7  
0 . 6  0 . 6  
1 . 0  1 . 1  
1 . 1  1 . 2  
0 . 8  o . � 
1 . 8  1 .  
1 . 1  1 . 0  
1 . 8  2 . 2  

F ixe cl Animals 
35  23 10 R28 

1 . 0 1 . 3  1 . 3  1 . 2  
0 . 8  0 . 9  o . a  1 . 0 
1 . 0  1 . 3  1 . 6  1 . 5  
1 . 9  2 . 9  3 . 0 2 . 7  
1 . 1  1 . 7  1 . 6  1 . 6  
2 . 9  3 . 1  4 . 1  3 . 8  
1 . 2  1 . 3  1 . 5  1 . 4  
1 . 1  1 . 4  1 . 5  1 . 5  
1 . 0  1 . 1  1 . 1  1 .� 
2 . 3  2 . 6  2 . 4 2 .  
3 . 0 3 . 2  3 . 4  3 . 9  
1 . 0  1 . 2  1 . 3  1 . 2  
2 . 5  2 . 8  2 . 8  2 . 4  
1 . 1  0 . 8  0 . 9  0 . 8  
1 . 1  1 . 2  1 . 3  1 . 1  
1 . 6  2 . 0 2 . 5  1 . 9 
0 . 8  0 . 6  0 . 1 O . i  
1 . 2  1 . 0  1 . 1  1 . 1  
0 . 9  1 . 4  1 . 2  1 . 2  
0 . 6  1 . 0  1 . 0 o . g 
1 . 4  2 . 3  2 . 5  3 . 1  
1 . � 1 . 0  1 . 0  1 . 1  
1 .  2 . 0  2 . 0  2 . 2  



- -

Muscle 

Latissimus dorsi 
Deltoideus pars acromialis 
De ltoideus pars scapularis 
Infraspinatus .. 
Teres  minor 
Supraspinatus 
Tere s  maj or 
Subscapularis 
Tensor faacia .antibrachii 
Tricepa ( lateral head) 
Triceps � long head) 
Triceps me dial head) 
Biceps braohii 
C oraoo-brachiali• 
Brachia1ia 
Anc oneus 
Trape zius 
Braohioce phalicua + omotr . 
Superf�cial pectoral 
S·terno-soapu1arts 
Deep  pe etoral 
Rhomboideus 
Serratus thorao�e  

APPENDIX XV ( continue d)  

Cheviot group 

Fre sh Animals 
18 19 55 

1 . 2  1 . 2  1 . 2  
1 . 3  1 . 1  1 . 4  
1 . 4 1 . 5  1 . 4  
2 . 4  2 . 4 2 . 9  
1 . 4  1 . 2  1 . 6  
3 . 4  3 - 3  2 . 6  
1 . 7  1 . 6  1 . 7  
1 . 4 1 . 4 1 . 1  
1 . 1  1 . 1  1 . 0  
2 . 5  2 . 1  2 . 5  
3 . 8 3 . 1 3 . 5  
1 . 3  1 . 2  1 . 2  
2 . 6  2 . 8  2 . 1  . 
1 . 0  1 . 2  1 . 0  
1 . 1  1 . 4  1 . 2  
1 . 8  1 . 8  2 . 1  
0 . 7  0 . 6  0 . 6  
1 . 2  1 . 4  1 . 2  
0 . 9  1 . 4 1 . 1  
0 . 7  1 . 0  0 . 7  
1 . 8  1 . 7  1 . 5 
1 . 1  1 . 1  1 . 3  
2 . 4 2 . 5  2 . 0  

Fixed Animal 
20 24  68 

1 . 3  1 . 3 1 . 4  
1 . 1  1 . 0  1 . 2  
1 . 8  1 . 3  1 . 6  
3 . 0 3 . 0  3 . 3  
1 . 9  1 . 8  1 . 6  
3 . 4  3 . 6  3 . 9  
1 . 8  1 . 6  1 . 9  
1 . 4 1 . 5 1 . 6  
0 . 9 1 . 2  1 .� 
2 . 9  2 . 8  2 .  
3 . 8  3 . 6  3 . 8  
1 . 7  1 . 1  1 . 3  
2 . 9  2 . 9  2 . 7  
1 . 0  0 . 9  1 . 0  
1 . 1  1 . 2  1 . 3 
2 . 6  2 . 1  2 . 1  
0 . 7  0 . 6  0 . 7  
1 . 1  1 . 1  1 . 2  
1 . 6  1 . 4 1 . 3 
1 . 1  0 . 9  0 . 9  
3 . 1  3 . 8  3 . 3  
1 . 1  0 .§ 1 . 5 
1 . 7 1 .  2 . 1  
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APPENDIX XVI 

Muscle Areas ( sq cm) 

Muscle 
5 

Latissimua dorsi 21� ·§ 
Deltoideus para aoromialia 1 • 
Deltoideus pars scapularis 1 4 . 0  
Infraspinatus 93 . 1  
Supraspinatus 67 . 9  
Teres minor 14 . 7  
Teres mar:r 31 . 6  
Triceps long head) 78 . 4  
Triceps lateral head) 35 . 2  
Triceps medial head) 23 . 8  
Tensor fascia anttbrachii 25 . 8  
Anconeus 11 . 3  
Braehialis 33 . 2  
C oraco-brachialis 20 . 4  
Biceps braoh11 23 . 4  
Subscapularis 92 . 0  
Jrachioaephalieus + ome-tr13 9 . 2  
Trapezius 144 . 9  
Sterno-saapularia 38 . 1  
Superficial pectoral 130 . 4  
Deep pectoral 28§ . 6  
Rhomboideus 8 . 8  
Serratus thoracia 3 44 . 0  

Cartilage ot scapula 73 . 2  

Romney group 

Fresh Animals 
26 35 

266 . 7  210 . 8  
20 . 0  16 . 4  
1 5 . 8  12 . 5  

107 . 5  91 . 9  
76 . 2  64 . 3  
16 . 3  13 . 7  �6 . 2  

3 . 1 
31 . � 
72 . 

38 . 7  35 . 1  
26 . 2  16 . 5  
25 . 8  25 . 7  

9 . 2  10 . 2  
3 5 . 8 27 . 1  
16 . 8  12 . 8  
2 5 . 6  20 . 5  

100 . 5  85 . 8  
176 . 5  143 . 5  
179 . 6  12 5 . 6  

37 . 3  32 . 0  
146 . 7  1·�6 . 4 
281 . 4  246 . 7  
109 . 6  89 . 9  
401 . 7  311 . 0  

78 . 7  68 . 4  

I 

Fixed Animal 
10 23 · R28 

270 . 2  274 . 7 243 . 3  
27 . 7  22 . 9  20 . 6i  
19 . 2  17 . 8  16 . 0  

112 . 9  121 . 7  111 . 1  
81 . 1  75 . 6  71 . 1  
16 . 3  1 4 . 4 14 . 5  
43 . 1  38 . 9  36 .� 
87 . 2  79 . 4  71 . 
41 . 7  37 . 4  3 4 . 1  
2� . 7  22 . 4  19 . 7  
2 . 3  29 . 7  27 . 7  
12 . 2  12 . 2  10 . 4  
3 4 . 0  •3 4 . 3 30 . 8  
21 . 5  22 . 4  1 4 . 5 
25 . 2  27 . 1  22 . 3  

106 . 7  105 . 7  94 . 9 
2 50 .A 2 58 . 7  216 . 4  
210 . 235 . 9  196 . 8 

39 . 3  3 4 . 9  3 9 . 6  
13 4 . 5 139 . 7  119 . 4 
296 . � 293 . 5  242 . 8 

92 . 92 . 4  9l .A 386 . 2  395 . 4 3 5 5 . 

7 5 . 7  85 . 5  72 . 1 



APPENDIX XVI ( c ontinue d)  

Muscle 
18 

Latiaaimus · dorai 260 . 9  
Deltoideus para acromialis 23 . 0  
Deltoideus para soapularis 16 . 2  
Infraspinatus 110 . 7  
Supraapinatua 70 . 6  
Teres  minor 1 5 . 5  
Terea marr 39 . 6  
Trioe pa Long hea4) 77 . 0 
Tricepa lateral head) 3 5 . 8  
Triceps medial head) 2 4 . 5 
'renaor fasc ia antibrachii 27 . 4  
Anconeus 13 . 0  
Brachialis 29 . 7  
Coraco-braohialia 19 . 6  
Biceps brachii 21 . 9  
Subscapularis 97 . 1  
Braohiooephalioua + omotr. l58 . 1  
Trapezius 162 . 8 
Sterno-aoapularia 37 . 5  
Superficial pectoral 121 . 9  
Deep peotoral 2 58 . 7  
Rhombo14eua 88 . 5  
Serratus thoracia 307 . 5  

Cartilage ot scapula 74 . 5  

Cheviot group 

Fresh Animala 
19 5 5  

238 . 0  242 . 0  . 
23 . 0  22 . 0  
16 . 1  18 . 5  

112 . 6  106 . 3  
75 . 2  70 . 0  
15 . 6  1 5 . 6  �9 . 2  41 . 2  

5 . 3  78 . 5  
36 . 0  43 . 1  
26 . 4  23 . 9  
24 . 7 27 . 1  
13 . 2  12 . 0  
32 . 4  31 . 8  
17 . 7  16 . 8  
23 . 5  22 . 6  
93 . 9  100 . 7  

126 . 6  147 . 6  
207 . 6  150 . 5  

32 . 0  36 . 9  
124 . 5  121 . 3  
249 . 6  253 . 9  

95 . 3  96 . 1  
327 . 4  326 . 0  

69 . 6  79 . 2  

Fixed Animal 
20 24  68 

250 . 3  252 . 6  244 .. 0 
27 . 7  2 4 . 1  26 . 3  
20 . 7  18 . 6  16 . 4  

108 . 9  125 . 5 120 . g 
72 .� 71 . 9  71 .  
19 . 17 . 2  18 . 5  �6 . 1  49. 4 44 . 8  

9 . 0  81 . 1  83 . 2  
47 . 7  42 . 7  39 . 0  
31 . 2  27 . 2  26 . 7  
3 4 . 5 23 . 2  30 . 0  
14 . 7  10 . 6  11 . 8  
3 4 . 4 33 . 5  29 . 8  
18 . 3  19 . 1  17 . 3 
2 4 . 0  2 4 . 2  22 . 8  
98 . 9  104 . 5  104 . 9  

222 . 7  227 . 7  210 . 7  
196 . 4  205 . 4  205 . 1  

40 . 7  3 5 . 1  37 . 3  
132 . 4  135 . 3  136 . 6  
273 . 7  279 . 2  277 . 8  

8 5 . 1  
4�A : � 86 . 7  

392 . 9  374 . 2  

79 .0  78 . 9  77 . 3  



APPENDIX XVII 

Muscle Volume ( gm) 

Muscle 
5 

Latissimus dorsi 88 . 4  
Deltoideus para acromialis 13 . 9  
Deltoideus para scapu1aria 12 . 4  
Ini'raspinatua 136 . 5  
Tere a minor 12 . 5  
Supraspinatus 126 . 4 
Terea maj or 2 5 . 8  
Subscapularia 71 . 8  
Te.aor faacia antibrachii 14 . 3  
Tricep• 1 lateral head) 40 . 8  
Tricepa long head) 127 . 3  
Triceps medial head) 15 . 2  
Biceps brachii 3 4 . 9 
C oraco-brachialis 10 . 0  
Brachialia 24 . 4  
Anconeus 10 . 4  
Trapezius 51 . 8  
Braohiocephalicua + omo-tr . 99 . 9  
Superficial pectoral 46 . 6  
Sterno-acapularia 21 . 5  
Deep pectoral 162 . 2  
Rhomboideus 5 4 . 8 
Serratus thoraois 260 . 1  
Muscles of the fore arm 158 . 6  

Romney group 

Fresh Animals 
26 3 5  

104 . 8  72 . 3  
16 . 6  10 . 2  
11 . 7  6 . 0 

169 . 3  112 . 9  
14 . 5  10 . 5  

152 . 1  115 . 3  
30 . 6  22 . 0  
77 . �  62 . 5  
17 . 5  14 . 9  
47 . 6  43 • . 4 

156 . 7  115 . 1  
16 . 7  10 . 4  
40 . 7  30 . 3  
11 . 8  6 . 6  
26 . 7  18 . 0  

8 . 0  6 . 8 
57 . 3  �9 . 4  

108 . 7  1 . 1  
62 . 4  42 . 5  
21 . 5  1 4 . 6 

179 . 9  131 . 5  
67 . 0  48 .0  

3 46 . 2  222 . 5  
175 . 6  142 . 6  

Fixed Abilnals 
23 _ , 10 R28 

106 . 3  112 . 0  89 . 9  
12 . 6  15 . 5  13 . 0  
11 . 0  14 . 3 11 . 5  

178 . 9  189 . 2  151 . 5  
12 . 0  12 . C\  9 . 5  

160 . 2  179 . 6  1 47 . 4  
29 . 5  33 . 2  28 . 0  
77 . 6  80 . 1 71 . 7  
18 . 3  14 . 6  19 . 1  
47 . 4  48 . 6  48 . 3  

138 . 3  143 . 9  149 . 9  
14 . 5  14 . 1  9 . 6  
39 . 3  40 . 9  29 . 0  
10 . 0  15 . 6  7 . 2  
24 . 7 28 . 9  21 . 3  
10 . 8  10 . 1  9 . 3  
6 2 . 0  69 . 3  58 . 3  

133 · � 124 . 6  109 . 5  
68 . 61 . 5  56 . 4  
21 .0  22 . 2  20 . 9  

179 . 3  175 . 2  185 . 7  
59 . 9  57 · 5 51 . 5  

321 . 5  298 . 6  285 . 8  
173 . 7  180 . 7  150 . 0  



APPENDIX XVII ( continue4) 

Muscle 
18 

Latiasimus dorsi 106 . 3  
De ltoideuq pars acromialis 17 . 8  
Deltoideus para soapularia 13 . 1 
Infraspinatua · 158 . 9  
Teres minor 11 . 7  
Supraapinatl18 143 . 8 
Teres maj or 36 . 1  
Subscapularis 72 . 0  
Tensor fasc ia antibrachii 15 . 3  
Trio,pa ! lateral head ) 52 ,. 0  
Triceps long head) 1 52 . 8  
Triceps me dial head) 15 . 7  
Biceps brachii 32 . 7  
C oraco-brachialis 11 . 6  
Brachialia 21 , 2  
Anconeus 13 . 4  
Trapezi� 51 . 0  
Brachioce phalicus + omotr . l01 . 7  
Deep pectoral 173 . 1  
Superficial pectoral 49 . 0  
Ste�-scapularis 16 . 9  
Rhomboideus 50 . 8  
Serratus thoracia 252 . 8  
Muselea of the fore arm 149 . 8  

Cheviot p:oup 

Fresh Animals 
19 55 

118 . 9  100 . 0  
18 . 2  18 . 5  
16 . 3  16 . 1  

164 . 1  174 . 2 
11 . 3  13 . 9  

151 . 3  134 . 3  
31 . 5  37 . 4  
70 . 3  72 •. 8 
17 . 4  17 . 4  
43 . 0  57 . 1  

137 . 3  1 5 5 . 0  
18 . 2  16 . 7  
36 . 0  34 . 3 
15 . 0  10 . 7  
27 . 4  2 4 . 9  
13 . 4  13 . 2  
84. 4 5 4 . 7 
90 . 1  100 . 9  

16 5 . 1  1 44 . 9  
53 . 6  5 4 . 1  
18 . 2  17 . 8  
48 . 1  49 . 6  

280 . 1  281 . 5  
152 . 2  159 . 7  

'Fixed Animals 
20 24  68 

9 5 . 1  94 . 5 1oA . 3  
10 . 5  17 . 0  1 . o  
22 . 6  10 . 7  14 . 6  

180 , 1  184 . 1  191 . 3  
13 . 2  11 , 8  12 . 1  

163 . 3  151 . 3  146 . 6  
32 . 1  �7 . 7  35 � 7  
82 . 9 3 . 4  76 . 3  
26 . 5  20 . 3  17 . 5  
60 . 2  53 .] 56 . 7  

165 . 7  151 , 2  153 . 8  
23 . 4  1 4 . 9 1 5 . 0  
36 . 5  39 . 5 34 . 8 
1 5 .A 10 . 3  11 . 0  
24 .  20 � 5  2 4 . 0  
21 . 1  11 . 5  10 . 0  
49 . 2  5 5 . 0  68 . 6  

107 . 1  106 , 0  125 . 8  
171 . 9  170 . 6  172 . 8  

66 . 9  50 . 0  58 . 1  
20 . 2  18 . 1  18 .0  
47 . 4  47 . 0  56 . 1  

283 . 5  2 49 . 4  290 . 3  
181 . 2  1 53 . 9  146 . 5  
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Sheep 
Ho . 

5 
26  
35  
23 
10 

R28 
11 
27 
44 

18 
19 
5 5  
20 
24 
68 
17 

028 
30 

Metacarpus 
Len�h Weigh� Ratio ( cm) ( gm) 

10 , 7 - 40 . 9  3 . 82 
12 . 2  45 . 3  3 . 71 
10 . 4  3 4 . 1  3 . 28 
12 . 7  )8 . 6  3 . 0 4  
11 . 2  45 . 9  4 . 10 
11 . 0  3 5 . 0 ) . 18 
11 . 3  3 9 - � ) . 51 
10 . 9  3 9 .  ) . 65  
10 . 3  ) 4 . 4  ) . )4 

11 . 9  37 . 3  3 . 13 
11 . 5  37 . 7  ) . 28 
11 . 9  36 . 3  ) . 05 
11 . 4  40 . 2 3 . 53 
12 . 1  37 . 1  ) . 07 
11 . 6  )8 . 5  ) . 32 
11 . 6  )6 . 5  ) . 15 
11 . 2  )8 . 4  3 - 43 
11 . 9  39 . 5  ) . )2 

- - --------�----

APPENDIX XVIII  

Ratios of  We ight to  Length 
in the Bones 

Humerus Seapu1a Radius-ulna 
Length Wei ght Ratio  

( cm) ( gm) 
Length We ight Ratio Length Wei �t Ratie ( om) ( gm) ( om) ( gm) 

ROMNEYS 

14 . 1 112 . 6  7 - 99 11 . 6  8T� 1 7 . 51 17 . 9  87 . 5  4 . 89 
14 . 6  124 . 4  8 . 52 12 . 5  98 . 5 7 . 88 19 . 1  98 . 1  5 . 14 
13 . 8  92 . 8  6 . 73 11 . 0  6 4 . 6  5 . 87 17 . 8  6 9 . 2 3 . 89 
14 . 8 115 . 3 7 . 79 12 . 1  86 . 4  7 . 14 17 . 8  80 . )  4 . 51 
14 . 8  123 . 9  8 . )7 11 . 4  8 ) . 0  7 . 28 1 9 . 5 85 . 3  4 . 37 
13 . 9  90 . 8  6 . 53 11 . 7  73 . 8  6 . 31 17 . 3  68 . 7  3 . 97 

Cheviot 

14 . 2 100 . 7  7 . 09 11 . 9  78 . 0  6 . 56 18 . 9 78 . 6  4 . 16 
1 4 . 0  104 . 2  7 . 44 12 . 1  78 . 1  6 . 46 18 . 1  80 . 9  4 . 47 
1 4 . 1  98 . 3  6 . 97 11 . 9  71 . 5  6 . 01 18 . 8 . 72 . 9  3 . 88 
14. 4 122 . 4 8 . 50 11 . 4  85 . 5  7 . 50 19 . 2  91 . 0  4 . 74 
1 4 . 0  97 . 9 6 . 99 11 . 8  76 . 9  6 . 52 18 . 6  70 . 1  ) . 77 
14 . 1  10) . 2 7 . 32 1 2 . 4  81 . 1  6 . 54 18 . 4  75 . 5  4 . 10 



Sheep  
No . 

5 
26 
35 
23 
10 

R28 

18 
19 
5 5  
20 
24  
68 

APPENDIX XIX 

T otal T issue We i ghts 
( gm) 

Rom.ney group 

Muscle Bone 

1679 . 2  305 . 8  
1994 . 8  339. 5 
1 421 . 5  241 . 2  
195 4 . 8 30 4 . 0  
1991 . 5  308 . 8  
1798 . 9  248 . 3  

Chevi ot group 

1790 . 2  273 . 7  
1856 . 4  277 . 8 
1832 . 7  260 . 9  
1958 . 7  318 . 0  
181 5 . 6  263 . 7  
1917 . 0  277 . 5  

Fa"t and Tendon 

6 9 5 . 7  
1119 . 7  

644 . 5  
1061 . 0  

6 3 4  .. · 9 
9 56 . 7 

721 . 2 
388 . 4  
4 52 . 9  
382 . 1  
506 . 0  
370 . 4  




