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General imorepsions are never to be trustod.
Mfortunately when they are of long standing they
booax fized rules of 1life, and asssume u prescripte—
tive right nover to be questioned. Consequently
thoBe who are not accustomoed to originael inquiry
entertuin & hatred and a horyor of statistics.

They camot ondurc the idew of scubmitting thelr
pacred inmprescions to cold blooded verificstian,.

But it is the triwagph of sclentific mon to rise
surerior to cuch cuperctitlions, to desire testie by
which tho vuluc of such beliefs nay be ascertuined,
and to fecl pulficlently nmacters of themselves to
diconrd contenytuously vhatover may be found untrue.

Francls Galton.
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The throe main conptituents of a meat cureass are bane,
muscleo, and tat, ud of these tix lesn mest or rmscle is o
greateot Interoct and importance to the consumer. Done rep-
rosants «n alnoct total waste and is hencce considered as
undeosirublo und ao gorpthinge vhich rmot be sceepted with the
Aesirable rmusculay ticcue. In Lhe vopds of iwobert Drkewcll,
Tiow can't cat bone, therefore give the publie sareihdng: to
eat.? (luwsan, 1957).

The phyocical jwojerties of msecle and bone aro miricdly
differont. Jucculer Uibgoue 1o conpressible und hence dlificult
$0 nououre vith uccurmicy on & lincar sculg. The intiixte
abBoclatiun ol gicletal muscle with othor tlsoues inskes ito
cory:lotc roawvedl for seeurate veipsht ostinntion voth difficult
and teddous. Doy tiosivoy on tho other hund, lends itself
nore roudlly $o the meusurereont of lineayr dimensions and welight.

“ho closo physleal wsgoclation of the muscular and bony
ticouwes dn tle anlowl body promptc tie question us to the
poasiblllity of tho oxistence of a4 scimilur guantitative relationw
ship betucen tlvase two tiscucs. The prosence of a strong
quuntlitative reldtionship betwoon mmwsele «=nd bone which would
allow un accurste prodiction of the amount of musculsr tiscue
to be made from & knowledge of the weight and/or linsar measuro-

ments of ono or more bones would be of considerable value to
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sroducere nnxl consumers of meat animels. In this respect tle
metacerpal and nmetatarsuel or cunnon bones are of particular
interest 28 poocoible indicos of the weipht of muscular tissue
in the cuarenss, in that theso bones are not included in the
cupe:ins ap oo torm is ponorully understood in llew Zdealand und
Greut ritain, thus obvinting the ncoecsity 'or sny mutilution
of the cureuss in on attenyt to acsess tho amount of nuooulay
ticoua. Although the availability of the cannon bones nales
then a first cholice in the seurch Lor w pimple index of rrscle,
the bones of the curcuss, wnd porbiculorly those of theo 1inbo,
apo also vonthy of consideration as thelr very inclusion in the
curcuns o.uopends thet thay muy be more clusely ussociated in a
quantltative senco, with the curcucy musculature.
Invoeodirutions In tle £icld of bone-muscle relationshis
nove Loon ado at various tdmes by dliferent workers. In the
majority of inotuncos the nwiiers of curcusses studied have
beon ornell, =nd beecuuse of thic and other reasons the reports
in 4o litosuture luve frocuently been conflic ting. The rrecont
ptudy 5 bused on data from soine 150 mutton and lamb care 0000,
which, it is folt, providec a sowder busls than any hithoerto
for investipating the posnibilitics of using certsin simple
bone reasurerents to estimate the aoount of muscular tiscus in

mitton or lamb CaPrCLsseS.



In emmerating tho factorp vhich handicap progress in the
Lrrovement of ohocp, me (1946) places firot the "lack of
obJective techniwuos for incereacing productivity in wool and
neat.™  The need for recise, simplc, cblective and reliable
indlcos ol curgucs composlition and of cayeass quulity hage been
rcaliosed o a consldoruble time, and although & large number
of worixers have wppliocd thengelves to this problsm since the
surly otudies of fush (1986), it i doubtful whether any have
procaced an index which can Juotiliably oluim to fulfil these

roguirciontc of nreccision, clrilicity, objeotivity and reliability.

Hany atteryts have been mado to relate meusurenents made
on the live anlual 0 carcass composition, snd $0 curCuoB CCLOUrCe
ments which sre considered by sox workers to be indices of carcass
caposlition or carcass gqurlity. “he existence of a simple
measurencnt, tuken on e live animel, which would give a satis=
factory estimate of curcass composition would be of inestimable
value to the moat industry es a whole.

Helght at withers appears to be ane of the most satisfactory
live-animal indices of carcass merit. This measurement hes been
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used rmminly on beef eattle and is fregquently combined in a rotio
with pome other oxternal linoqar reusuroment, or with live weight,
Lush (1928), and Lush, Jdones, Dumeron und Curpenter (1930) uced
the ratio of heart glirth t0 heipht at withors in an attoenpt to
ectinutc the dogice of fatness of ool cspcusses, and to this

end correlutod tho petlo with futnesc, ss8 estimuted from drocsinge
out jorcentuge und woilght of caul fate Knapp and Cook (1933)
confimmed that this patlo was the best mpusure of "fleshing”™ in
Chorthorm cows and calves,. Thooe warkers aleo found evidence

ol brood difforences Between beel and duale-purpose steers in the
ratio of live welght to acight at withers and supgested the use

of thip soecond rutlo ug u messure of boel typce Hore recentl;
Tullis, Clootermwun and ahill (1057) found thut, of nine live-
anioul ratios otedled, those of 1live welprht to height at witiero,
and of 1live woirht to body icngti:, were the most closely related
o curcans charucteris tics of beel otoors, fledpht at withocro

and live velghi have 210 beon used by Brody and Regedsle (1935)

88 & WG 01 evalusting condition in dairy cattle. Bleuels,

Tnapp wnd Cook (1938) fourd height at withers, in a wolghteconstunt
vopulation, to be closely reluted to claughter grade. In devising
a method of deteruining nlaughter grades of steere wder fleld
conditions Enapp (1939) demonstrated a curvilinear relstionship
botween height at withers, live weight and slaughter grade, and
coamputed & multiple regression eguation, bssed on date from 167
steers of beef and dalry breeding, whereby grade might be estimated
from height at withers and the logarithm of live weight. In
revicuing performance recording in beef cattle Mason (1951) suggeets
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that, whore informatlion reluting to curenss guality por sg cunnot
e obtuined, grade muy best be dotormined om the 1live snimal by
L0 ratlo of body woliiht to heisht ot withers, or by the multiple
regression ogu tion relerred to above (Knupp, 1939).

Othor voricrs have atterpted to jredict carcass composition
und factoin clopely wsocintod with ecurcuss quelity, as opposed
to the Jdoterninatlion of grade, {rom helrht at withers and other
livo=niinl ncasurerente. nking, Xnapp und Phillips (1943),
workin: wiia 135 beef end duuldepurioce Shorthorn steers, rclated
helfhal b withers, hoart givth, cuanon bone circumference, und
cleot width, «& .ouswred on tie live uniml, to the curcuss
musclotbone patlo, which thoy, and nore recently Callow {(1901),
concidor tuo o u uscful index of curcace merit. ione of iho

live~nimnl neusurerents was oimitic ntly correluted wvith the

-

nrABCle Lo

.

rutlo af the carcuso, indic:ting th.t c.reurno terit
cunnot be 'noespced oy the elic of conformetion ao ev: la tod by
such MeusurcLents. Adzevor, the fact that these vorizers could
£ind no simificunt corrolation betwoen ths muccletbaw patio
and the propartion of sepusuble £2t in the curcuse suggosts that
the cholece of this rutio as a criterion of curcuss merit may not
e altogetivr saticfactory.

In a ctudy involving 153 steers Weseli, Good and Hollsnd
(1958) related live-animnl mecusurements to loin eye area in en

attenrt to find a pospible index which would be useful in predict=

ing tlo degroe of muscling in beef carcasses. However, these
worktors do not quote any relationchips between loin eye area end
total curcans muscle, The live-animuml characteristics used
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in thelr particular study were an assessment of grade on the hoof,
circunioronce off foroarm, a sublective asscessment of bane score,
and cammon circuwrrference. The highest correlation (r=0.30) was
botucen cuonon clrcuwerence and loin eye arcas Other corrclations
between live siecr characteristico, botwoen live and curcass cunnon
rmeasurerunto, and between curcass ciuracteristics were little better.
These workers concluded thut liveeunlinmsl rwasurements were not
corrolated ¢ locely encuch with loin ¢ye area 0 be of use in
ostin ting the «woount of musculdur ticoue in beef ¢ .reunnele They
fuprtler wdded thaty In penerul, live=wniin:l ncweuraaonts vere not
b wseful indleators of curcuss composition as expceoted.

These coclusions ure in perpral ugreement with thooe cxiressod
by other workeors. Backus, Dollanhon, Taylar, Williems and Travis
(1960) curricd out eimili» studies on 294 steers of divoirge Dreed=-

coovious troutiont. The majorit, of the rcelutionshius

ing and
progsented b thoge wo:itors are o0 low for pirgdictive pwrioecs,
and the Tow high correlations are botwoen variates which huve
llttle srac lceul sipnificunce. The vor, large differences in
correlation found betiveen breod wund treatoent groups support the
conclusions of Ternun, Zidwelly tnmtor, Sheloy and Clarke (1955)
thut relationchise developed for one group cannot be successfully
applied to others. These luaste=nmcntioned vorkers inveotigated
relationships botween livewanimal measurerents and conformation
800TCB. They reported thnt zero order corrclation coefficients
were either not significant, or were too low t0 be useful.
Correlations involving ratios or combinations of repasuwrerento

were of cimilay worth, and multiple regression eguations were
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ineffective in ruicing the sccurecy of prodiction to suticfuctory
iovois. Hovovor, these workers subiit that the rutio of icenpgth
of rumy to Lody longth is worthy of fur her consideration.

Brooizes «nd lurrington (1960) {ound chest girth uand height
at shouwidcer to bo aimificantly reluted to the live welght of beofl
steerr .. dinear and multliyle regrecsions on these variutes wore,
howevor, conslderably affected by plane of nutrition, and it wan
cone dored tint thoge measurements cxhlvited 1little promise as
eotinutors of ilve walght wiich could be generally applied.

Yoy Davoon und Cook (1953) found that the best gencral index
of what the, doseribe as "boof ch.ructor” was given by the mitio
of tho product of width and cilrcuderonce reasurersnts to the
woduct of holeht snd longth mnsusurenonices Their results showoed,
in agrcamcnc vith those of Coak, Zohli and Duwson (1951), thot the
nopd satiofuctory width rousupemnt wus thet of the chest, thit the
circunforoncee «+b the navel muive blx best reasure of girth, thu.t
heirht was beot moapured ot the withers, and thut body length wus
tiwo mos{ woful easwrcment in thet dincnoion. Similur studios
by [lankine «nd Beand (1944), andosgtoek and Sullsbury (1946),
Kidwell (1005),; and othor workors would suggest, however, thut
heart gArth 1o more closely reliuted to carcase characteristics
than io ciroumforonce at thc navel, Orme, Pearson, Magee and
Bratzior (1959) working with steers, and letzer, Henkins, King
and Zellor (1950), with pigs, have also established significant
reluationohips between recasurerents tuken prior to slaughter and
varicus aceeplted indices of carcass quality. The conclusions
of all tho above workers may be sumarisced in the words of Hetzer
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at_ule. thut "...althoush the predictive value of the measurements
studicd Tuo not as great us might be desired ... certain bLody
meap.resento offfer possibilitics of being « valuable tool in
eatinting curcass yields {raa the live andial.™

dth the ezception of the worlz of letzer gt al. (1950) an
Pirp, 611 of the otudles discupsed above have related to the
carcass coapocition ad carcass quulity of cattle., Rae (1946)
atatos that "...the major criticisn vhich can be levelled spainot
the wse of Dody rousurceronts in sheep ic the fect thit 1¢ ic not
nom to vhot extent thoy indicate desirable body conformntiong
and cnreasa qu 1ity. To the best of the vriter's knovledpo
(1n0), no investigation hos bheon conducted into the yLrohlenm of
interpretine Lody mepusurcrents in nhwep in terms of prol tiowhi)s
t0 curcase Quw.litye"

In the couwrne of some woris on $h¢ progeny testing of iiew
Zoalund camwey Jursh rag Fue inveotigeied the relationshigs
betwoeon livoeunirui massaromsts «nd certain earcuss chaructericticso
indicutive of carcass qualitye To the best of the present writer's
knowivdpo ¢his has bean the cm.‘J attempt to interpret body ceasure=
ments of shoep in relatiun to curcaso guality, and as such descrves
due considerution hore.

The heipght at withers reusurencnt discussed above has been
shom to be ane of the most useful live-animal indices of beef
earcose gu 1ity. Rae (1946) hasc shown that this is also true in
the phoop, and his Lindings support the contention of Phillips and
Stoehr (1945) that this roasurement cen be tsken with » high dogree
of scowrucy. Rae reported highly significant correlations runging
fron 0.72 to 0.80 between height ut withers, as measured on the
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live aaimul, @d certain externnl carcass messurements of leg
longth, viz., length of fore cunnon bowe, length of tibLin +
tarsus, length of radiuse-ulns, length of leg from the symphysie
pubis to the distal end of the tarous, «nd leg longth as
mousupred and defined by Falsson (1939). The lengths of the
fore cannon and of the redius-ulna shaved the highest correlstion
cocflicients, ap might be expocted from the fuct that these cusure=
monts forn Intcgral paprts of the height «t withers measuremecnte.
Rue concludos that "...although the correlation coefficionts
arce not i-h anough from the point of view of predictive purposes,
thoy defini ¢ly cotublich a strons rolationship, as would be
ex;poiod, notiroon the helght ot withers and length of leg as
meecured in verious waye on the carcass, and therefore vindicate
the validity of e waswement.”

valloer and CicMeckan (194y) showed the product of length of
tivia + terown wd width of sipots (Falsson's T X G index) to be
~elosely rolnted to the total weight of musele in lamb carcuaseces
(r=0.09 for cortain prades), and elso to the total weight of bone
(r=0.93 for certuin grudes). 48 height at withers 1s clocely
rolated to length of tibia + tarpus it might be rouwsonuble to
expect at leant o fair degree of relationship between height at
withers and T x G, a8 mn index of carcass guality. In such a
cepge it might ulso be reasonable to enticipate the existence of
a relationshipy high enough to be of predictive value between
height at withors and the smount of muscle and/or bone in the
carcass. Bae (1946) showed, however, that the correlation between
holght at withere and T X C was not significant.



10,

A highly significant negutive correlation (r==0.63)
batween hedpht «t withers and tot: 1 block test points hag
also beeon demonotrated by Bsze. Ile pointe out, however,
that a conoldersble portion of thie relutionship is due to
the sssoclution between lep length and other Te:ztures of
the curcoso which tend W lower overall quulity, and also
to the Tact that 30 porcent.of tho total carcess points are
alloticd o log longth,. The standard error of estimate of
heirht at withors (8.33am) su plicd by the regression on
totadl Lliocl toot polats s too lurge to pormit the equution
to bo wod Lo predletive Jurioset.

In a »eport dsaling with the physicel definition of
shegp, Turmer, 'uymun, Riches, “dberte snd Uilson (1953) huve
ex recsed sone diosatisfaction with the cuecurement of heisht
at vltioro. Jhese vorkers corpider thet this particulsr (0 GuPC=
ment 1o more finc-corsumlng then wny other, and thot it ic moot
affected by the posture of the sheoep. One of the objects of
tozing this reusurernnt io o obtnin the ratio of depth of chest
%o lencth o ler, anxl Turner et al. huve proposed an alterntive
and pore Girect ipupuwre of lep length, viz., the elbow to coronet
meagurewni, for this purpose. They report that the elbowy to
coronet ieasuroment error (2 to 3 per cent.) is lower than that
of withor height (2 to 4 per cent.), and that it is more easily
and more (quiakly taken.

Rue (1946) also investigated the relationships of other
livo-anlnel mpusuremonts to lincar carcess measurements which
might therselves be indices of carcass quality. The correlstion
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between width of forequarter as measured prior to slsughter and
again on the carcass (r=0,53) Just falled to reach the level
recuired for sipgnificsnce at the 1 per cent. level of probabllity.
Corrclutions between width of loin, us meassurcd on the live animal,
and "longth® of eye mupecle (messurerent A) and "depth" of eye
moelo (measuroment B), and between the width of hindquarters and
widsh of gigots (meapurement G), werc all not significsnt.

Rae &lso studied the relationships between subjective grudings
on the live animal and carcass meacwreoncnts., It is sufficient to
note here thut hirhly significant correlations, but not of leveols
reauired Tor a roeasonuble sccuracy of yrediction, were demonstrated
botweon Dody A8 4 vhole and axport Grade, live and carcass assestw=
monts of loin confommtion, live loin grading and depth of eye
musele, iive shouldor grading and carcass forequarter conformation,
live chowlder grading and width of caprcass forequarters, and
subjoctive apscooront of log length and tibla + tarsus length,

The corprolation between 1live loin grading and "length" of cye
muocle wao not significant.

Various body meagurcients and arbitrary morphological retings
have boon usod at different tires in attempts to estirmte the degree
of fatnese in huuan gubjects. The oyotem of somatotyping devised
by Sheldan {194) and later modified by Hooton (1951) ic considered
by Keys and Prozek (1953) to be of some use in the evaluation of
fatness in the live humen. The use of skinfold measurcrents, as
deseribed by Brosek and Keys (1950), snd Eeys and Brozek (1953)
would seem however, $o be more sppliceble to livestock than would
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somatotypo ratings. This possibility has rscently been investigated
by Tulloch (1961) who related okin and skinfold measurements, made

on thoe midelde of octeers imiediately before sluughter, to the depth
of subcutenwous fat on the cut surfuace between the tenth and eleventh
ride. s results indicate that such rneasuremente heve no value

ag Indicen of Lhe degree of futness in beef c:rcuasnoes.

It would appoar £ om the cbove=montioned work on cntile «nd
shoop thit there is no single linecar neasurement of the live 'nimal
wileh is oufficiontly closcly relcetod to an ecomomically importait
churacteristic of the cuprcuss €0 be of vale in the ucseccront of
carcuds canpocsition and quality. The conclusion drewn Irom o study
of the usc of Dody mo.csuraenits in ugceptaining fatness of stoers
might well aruly to tho whole Picld of cupeass composition as
dotormlned fras livee-snioel Ccusurement: "The question of whether
sy cesooranent Lo sulliciently intormutive to be worth teking ...
romaing o dobat.ble one.” (Lush, 1928).

“hoe use of backfat probos, developed by Hazel and Kline (1952)
and of tho Leansucter, evolved by Jindrzews und “haley (1954), comps
under Ui hoading of the estimation of carcase composition from
lineur meusuresients on the live animal. Probing technicues are
also applicable o curcass studles, but bedng concerned with strictly
intemal measurements uare more conveniently considered in a later
secticn.

(2)

Ixternal linesar mesgsurements of the cargzss snd internal
lingar moasuremente on the transverse section at the last prid
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have been widoly used In the estiimtion of body composition in
temas of bonc, mescle @nd fat. Although Houltony iroubridge
and Tulgh (1921, 1922a) recarded ccrt:in 1line.r CurCess [OHOUDO=
monte in thclr otudlees of the Lody corpooition of cattlc they
d4id not possoss the Inovledpe at that time t0o relutestotintically
the two msets of varisbles. Hunkino ond 5ilis (1934), who invoste
irnted the rolntionohip betweon mecsurenents of the thdckness of
pui.cutansous fat, as veveeled on u longitudin:lly-split cucuss,
and the corcaonvage of chemical £4:4 in the c¢dible tissue of pig
curcupent, ure senerelly ecredited with being the first wurkers
to attacd the ootiution ol carcuss composition from linear
CaPCLln L OusurorntSe

dueh o8 thwe curly work In thiis £icld wus carried out by the
Huprond Dchool. rirsel (”ié‘,’ji) rolated eertain lineur meusulc=
ments ol matton wid ool curcugses at ‘mithficld Futstock thows
t0 curonos composition, wid develoued indices whereby supcrior
garcuccor mlphit be objoctively sciectod, and which he also used
in comprlars broeds wlth rogerd Lo thelr sultubility for reut
production. Jorking with the shocy, utlsson (1939) evolved a
series of oxternal and intern 1 curcuss messurements which he
reloeted to conformation «nd composition. fdthough his results
vere basaed on the study of u smull number of individuals end &0
not now carry mueh weight, his system of reusurerent demonstr:ted
the poseibllity of wing lincur measurerents to estimate body
composition, and to this end has been widely used during the
pust twenty yesurs. Haummond made use of linesr carcass measure-
oones in his development of the Cunbridge Block Test for lambs,
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which providos & pimle and reagonably objective means of Judging
and doccribing the corcuss (lciicekan, 1539)e Robinson, Hinct
and Doig (1986) have also uwsed extorn 1 line:r me:surerents s
tihe baslis of « gruding systen for lambs. lelecksn (1040, 1941),
wosking with the plg, used & serios of lineur curcusSs meussurcments
bused on thooe of ralsson (1939)e llcieakun's work is also open
to criticioia on the grounds of the omull numbers of aninuls used
per treutoont. arpington (1958) has also pointed out that the

0]

stock weed wero clocely inbred and sall slaughtered at the same
live wolpght Melieckan's muin contributions in the present
comnection vere in the further developrent of the relationship
betuocen bucllut thdeknoss and totol futty tlcoue, und in the
ectinutiion of tolul curguass muwsele {ron eye mpele negusuremnts.
Socomniderstion of the wsefulress of such meusurencnts us
indiceos of ¢riczsug conposition io most corwenliently deult with

under tic houdings of the component tisnuos.

af tho timee major tisoues of the cuarcaes, bone ic the lsost
important, the lcast valueble and in most cases tho lewst in
uantity, and it io therofore not suryrising that lesc titention
has been pald to the estimtion of bow from caresss and other
measurements than to the prediction of the other tissuos.
ralsson (1939), Hclicekan (1941), and Walker :nd HoMeekan (194L)
have all reported that extornal curcass meapurements serve prim-
arily ag a neasure of skeletal size and that such measurements
are, 1n goneral, more closely related to skeletal weight than to
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the weights of citier muscle or fet. Paloson found that the
Jongth of tibia + tarsus (T) provided the best index of the
weight of hane in the sheep ¢ rease, although the later woark

of talker and Moileckan surgests that the product of this measupre—
ment :0d width of gigote (T x C) is more satisfactory for pre-
dictive puroocses. lcHeekan has shown that in the pig the length
of hind Jern and longth of forcarm + fore trotter were the neasuro=
ments moot ¢laccly correlated with the weight of total bone.

The ulitlmte conclusion of the sbove workers is, however, in
agrecncnt with the opinion exiresced by Lush (1926), that hone
welrhtso, «oxl corbinations of bHono waeirhts and lineur meaguronents
provide sore acgurate cetlmotes of total bone thun do linoup

measuraiento 2lone.

ralason (1939) has stated that extornal corcuasc monsarcients,
ag indices of townl muscle welpht, sre only of indireget vuluGe.
lle found thnt leg length (F) mimugs length of tibla + tuisus (7T),
and width ol glgots (€) x 100/F were the factors most closely
correlatod with weight of ruscle us a percontage of skeletal
weight. ullkor snd Heleekan (1944), who consider Falsson's
high corrolations to be lurgely fartuitous, reported T x G to
be the rost satisfactory index of carcass mascle.

The internal measurements most videly used as indices of
total muxele spe those obtained from the cross-section of the
at the last rib, Such eye muscle messurew
ments have considerable qualitative importance as well as their
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quantitutive irportance as indices of the weight of carcass muscle.
The moot comonly used eye muocle measurerents are those of width,
which i8 poenerally roferred to as "length® (A), and depth (B).

The shaye indez (100B/.) of the eye muscle wap first used by :lamnond
(1936) ap an indicator of rmpculapr dovelosment in domestic aniimls.
ralppon uwed e A snd B messurerents ag indices of musele weight,
and ahiowed that A wags the more clooely correlated with weight of
garcaug mucale in lambs, whoross D was the better index in hogpetioe.
Thic he aoseribed to the lnte metirity of oyc muscle deith. Shape
index was not related to the weipht of csrcace muscle, ile found
(+ + B) to be the best index su;llod by internsl respurarents,
and (L/4 &/)( + D), in vhich L roucurcos body length, the best

index -;;2:23'4."1@0& by « canbination of intoimul and external COsTCw-
nonts. Valkor wnd Uclleekan fuzilod to denmonstrate any worthwhile
rolutionside belwceen .y By or casbinations of 4 and B, and totul
nelo, aldhiough B alone was rpdeorately well relsted to 100 x
volght of nwele/weipht of bow. liorking with pig carcusses
Holleckun (1041) Towd very hish correlations (r=0.93) between

(28 + B) snd otior combinations of those two mousurements, and

the woight of carcass muscle. hiteman and YWhatley (1953) ulco
mado use of those measurements on plg curcasges, and reported

the product (4 x 3) to be as good an index of total muecle as the
measuramsnt of eye mecle area determined by planimetry. In beef
carcuss, hovever, Nodwoll, Harrington and Pomeroy (1959) found
planinmctry to be superior to the product of pure lineap measurte
ments, which, although highly repeatable, were not considered
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to be culiiclently accurate for experimental useGe

Branemon (1950) reported the area of loin eye muscls to
be "a fuirly good index" of the lean neat contont of lamd
garcapseg, ul pave no correlation coeificients or standard
errors of esiitnte to oubotentiate his claim, Klins and
Hazel (1955), ané Pourson, Bratsler, Hoefer, Price, lagee and
Deanp (1956) have demons trated highly simific:nt correl:tions
betwcon il =roas of eye muscle on the tenth and lust ribe, and
the _ercentuge lown cubs in pork care:sseg. Frodeen, Doumen
and Otothert (1955) have chown u similur reletionship betwveen
apge wid porcontupe arow of lean in tie cut curfuce of ¢he h 45,
aindl the wmount of muwscular tiscue in thut Joint. Although no
stundusd errors of esvluwte of rmgele weisht huve been given by
these vuricru, tie carreiution coefficlents would sugpest that
the relutionohiss quoted heve only + limited amount of predictive
vorth. oplking wid beel corcesses Cele, Orme and Xinaid (1960)
roportoel that the area of loln gyo wus associated with only 18
pepr cenl. of the veriation in the ubsolute weight of separable
curgupn low.  These warkerc also found that the relationshipe
of various linear curcass measurements, including careass longth,
leg length, and loin length, to the weight of muscular tissue
were too low to be of any predictive worth. Goll, Kline and
Hagzel (1961) and Goll, Hazel and Kiine (1961) eould £ind no
evidenge from & study of 90 beef carcasses that loin eye arca
was closely relsted to items indicutive of overall carcess vulue.

It is pertinent at this juncture % mention some thing of the
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attenpts which heve been nade to estimite the welght of carcuss
muscle fras the weirhts of certoln entirs muscles. Helieekan
(1941) noied that in the pig there wus » high degree of aspocistion
(=0.81) betwoen the welght of the e peous mejor wné the total
welsht of muscle in Lho CalouBSe Although this rclationship

is scurcely high enough for jredictive purposes, the recent work
of Urme, Colc wnd Kineaid (165%9), wnd orme, Cole, Kincaid wnd
Coorer (1900) with becl cattle has produced some high correlations
batweon tlw weights of indlviducl masccles snd totul cuarcuss muscle.
vhile reletlonchie with the . pooas nsajop (r=0.82) were not
superior to thut in the plg cuarcuco, those with the m, biceis

abtorulis + [313] termed +
genimsnbrinonsug
sidictor (r=0.92), and e lonsiscimus dorsi (r=0.92) were more

satisfuctory for srcdictive purpoocB. Orme, Cole aumd Hineaild

report that the weights of tihv rmuusclos ctudied in their articulur
investicution wera foud to be assocliuted with fram 63 to 92 per
conty off the vupistion in the weirht of totnl separablc curcuss

1loane

Ixternal carcess measurenmaits are generally more cicsely
agpociated with skeletal weipght thun with the welights of muscular
or fatty tissuec. Pélsson (1939) found that length of leg (F),
which was negatively correlated with fatty tissue as e percentage
of bone, provided the best index of ull the externsal linear
measurenents. Althoush Henkins, fdiner end Simmons (1951), in
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u gtudy of thoe meat characteristice of Xaraiktul sheep, demonstrsted
that the measurcrents of body length, width and depth increased
a8 the proporticn of fat in the carcucs incrossed, neither Pilsson
with sheep, nor Melieelan (1944) with »igs, could find any relation=-
ship of —rodictive valus othor thun thut between external linear
noapure:ents of the curcass wnd Ulwo weight of fatty tissue.
Jalker vod rielleckan (194L) consider external carcass neasurcments
and €orreooe of fuiness to be unreluated. These workers state thut
TeeeBince fut doposits are lurrely independent of skeletal develop=
ment, und oilnce tie yrlmaery ddmension in regard to fat depots is
hat ol dopth, it would be unrcuconable o expect any clogse
apsociution botweca 1incur curesse mpasurerents and the total
emownt of fut in tho careans. Any such corrolutions as night
exist would rocesosrily be purely fartuitous.”

- E/;’siny linecar measurcments fram the surface presentcd by a
tranoverse coction at tho last rit Palsson (1959) found that the
cun of e thickness of bucifat over the deopest purt of the eye
roocle (C), the thickest layer of fat over the ridb (J), «nd the
thickneess of the £at over ile nuwccle layer in the lower hull of
the rib (YY), srovided the most acourate estimste of the weight
of fatlty tissue. Combinations of intemal and extef-nal measure=
monts, notubly (L/10)(C + J + Y), gave better prediction of total
fatty tlcsue thun sny combinition of either internal or external
meusurcrents. Valker und MeMeekan (1944) made no attempt to
relate internal linesr measurements to the amount of fatty tissue
in the carcass, Although these workers used internal measurements



20,

ag indlees of curcuaceo muscle they ctate thit "internul mousures=
nenic - puch 1o those relating to fut depths 8¢ the last rid

cut = wdoubtedly offer botitor scope (as indices of futty tissue,
thun do extorn.l measure.entc,) but they huve not been considered
sve OUinr {10 the impructicability of obtulning them except under
speciul conditions.”

Hoasumanento of thxe thickness of the layer of subcutuneous
fat reveuled vhen a curcass is divided longlitudinally huve long
beon tukon sg Indices of tho gerersl levcl of fuatneco in the pige
sustificutian for thic comes fram the work of Hankins and £llis
(1.34) wiho noted a corrolation cocfficicnt of G.83 betwoen the
average of {ive buciXut wasuranents tolien betveen the shoulders
and tho oy and the percentume of chomical Lute veilieekan (1944)
alpoo Lwostig:ted the relutionchiy betucon intern:l line r fut
meagurerpnts st totul fut in Ww pip, (nd found thut tle singcle
oeaguremnt oot closely correlqted wvilth the velght of fatty
tisouc was the thicknesso of fut over the oye imuscle (C) us
rovcaled wlen tho curcuos 1o cub at the last rib (r=0.97).

Tho ccope o Intemul lineuar casurenents as indices of
futty ticoue has boon extended by tle development of the live
yrobe by lazel and Xline (1952, 1953) and of the Lean-meter
by ‘ndpewe and Yhaley (1954). Both devices, and partiocularly
the lLean-moter, have produced sirple, quick, convenient and
reaconably sccurate means of yredicting total fet from lincar
backfat moasurements, both in the live animel and in the curcass.
Yearson, Frice, Hoefer, Bratzler and iapeoc (1957), Hollsnd end
Hazel (1953), wnd Walker-Love, Cormack and Laird (1958a, 1956R)
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havo rcported mood repulis from the usce of probing devices in
pign, but Templo, Stonulzor, Howry, (osuakony and Hazeleus (1956)
Tound the Leun=notor wwputislactory when uwsed on live cuttle, dus
to the lucgic of vaslability betvecon readings and bec:wse of
huemorrh:ge «t tho probe sites. Ulyatt and Barton (19C1) have
investic«tod the usefulnoss of the Lcunw-meter for predicting

the physicel and chevdeal corpocition of live shesy. helir
reoults choaw that thic techniguce oy be used to estimnto the
thicimess o cubcutaneocus utty tiscoue of scheep with sn asccuracy
sindiar to timt 2eported far pirs, nd considerudly better hwn
hug been found to dute with cqttle, The thickness of suicute
ancous £t ic not, havever, periecctly corrcl:ted with c:..rcass
camopitica, wnd 1t is larpely bocuuse of this that Vlyutt uand
Burton surclude thut while the Icun=moter techmicque will give a
rougaehic Btdmnte of the composition of w group of sheep, it
is not suldlelonily accourvite on un individuul sheep basis.

Ons vewlooos comon 0 tic use of sll yprobing devices is the
difficulty of dedinding accurately tie pointe of inscrtion.
Indeed, 1%t is lmpossible to cotimmte certuin backfat measurenents
frecuantly emplaoyed in corcass cuality studies, s these are
defined In termyx of maximum and minimum depthe of fat cover

in variouw body regions.

Hany other workere have used linesar messurements in the
estimntion of total fat, but there are good grounds for treating
such results with a degree of caution. Investigations into the
use of backfat mosswrements in pig grading in Oreat Britain have
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shown that the nethod of butchering, tirc from slaughter, rote
of cooling :nd other exogenous fretors c:n sericusly affect o
vuluo of ouch mescurcments (ilurrington, 1958). Invironmentul
factors weting betore sluughtor, C.g., plane of nutrition and
rote of fottening, are wloo importsnt in this res.ect, (1l Hing
(1957) hes uresented evidence to shov thot cach messwroront heo
a degroe ol genctic independence. “his could well cxpluin the
co00d sgrecient of reosalits found within experiments, wnd the
trequontly condlicting results botween eXperimentis.

s (1953) lee exoressed the opinion that lineur msuscure=
monts i not 8 reliable us physBicel separution and chemical
anlycic 0 detemmining the fat content of a carcass, He added,
haowover, bt 12 thoe uwe of linewr ncasuccrents to evaluate
deproos of Lutnese in curescees =l cute I8 bused on sufficient
nuwbers (o porrocentative samples, wnd if theore is a hirh
depreco of apsociciion with the Laclors being rsusured, then it
is an advuntapge to the investigutor to include the usthod in
his otudy.

The repeatabllity and accuracy of linSur Garcass MNEapuro=
ments are of consideruble importance where such measurements
are used a5 indices of carcuss conformation and composition in
detormining grede. Some factors influencing the accuraey of
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linear mpoasuwranents have already becn tentioned in connection
with buckfed thicimess in pigs. Cutherun, !hrrington end
rameroy (1950), in investigations of butchoring, sluughtere
house wad curlng techniques, have showvn that scinmilur cansider-
stions wloo wpply o rousurerents of muscle, wxl that the

is purticulurly prone to distortion.

Cuch studles have chown that if neuwsurements tuken at meat
works oy’ Lucon fuctories ure o be of sny value as Indices, the cone
Aitiong wyrlecr whidch thoy are teizen st be stundardised as much as
po8Bitlic. rors can be minindised by taking the necessary nousuree
vonts at the shortest possible constont intervuel uafter slaughtere.
Dodrell, . worlitt, urpington and rforeroy (1959) huve exuwnined
the uwwo =t come of ralsgon's aore froquantly used meusuwrdnonts on
beef curcatadt. Theoe workers conclude that in all ¢ reiss invest-
ipations ycasurenants should be tulcen on both sides snd averarcde
Thoy sloo consider that in order W achlieve u sutisfaoctory degree
of re.ecataebility soe redelfinition und clarificution of thio points
of reference sre rgjulred. Bodwrell, Hurpringtdl, POOErQy and
willlame (1559) have ex;ressed the opinion thaut in cattle, »nd
probably in other gpocies ulso, the value of curcess meusurements
for predicting the yields of wholesale and retail cuts (i.6. for
meaguring vardations in conformation) may have becn over-emphasised.
These workers furthor state that tho high correlations between
linesr mousurements and caprcass characteristics, vhich have been
domons tated in many studies, need to be biologicslly intelligible
before the rsasurement or combination of measurements is used in
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practice, wnd that detailed growth studies are required before
guch sn uderstanding can be achieved. These comments are
applicable to muny ctudics,

S poneral conclusion regurding the use of linear reasuirce
ments ue indices of curcass compotition muy be sumred up in tho
words of Iratzler (1958), who, in reviewing Fifty years of proe-
greao in :woat roscarch statcd that "no single imeasurerent or
combination or reasurorents tulen of the espcass have choun

saticlactory velationghles to gr:ide or c.re«cs composition.”

(3) Live—ini

Lush (192€) nas stated that Ye..ti® aninal body 1o of such

a cotpilcated chupe tht any one or fevw rousurenents could
aporokinute & deceription of it in only the erudest posoible
Ve «ee Gerteinly no one wmeusurenment or sowll group of CuGures=
Dents can oo prouch weight in complotoness a8 s deseription or
in econonic Lrportaite... The InTormation ylelded by meusurerents
chioddd o regurded as suyplecentury to and confiriutive of the
inferencon drawn from wveight chunges ruther than as a substitute
for tic indomution gmined from studying the weights alons."
Warmick (1958), in roviewing £ifty yeurs of progress in beef
cattle brecding, expressed the opinion thut insufficient attontion
has beon peid to this statement.

Another plea for the worth of weight measwrements has been
made by Lush and Copeland (1930), who contend that “...the
principal objection to the extensive use of Lody mEEBUCrENLS..s



25.

seciic to be not their inuccurac; bubt theilr inadequacy to describe
the uninel in & caplete Wway.. « Formost purpoces & very few
meusurenats cunsidered In rolution to euch other or in roistion
to weicht seen no mach @8 would be really waful in contridbuting
to the ponoral picture of the minmal and of the changee which
occurred in it.Y

dore rocantly obther workers huvo considered the relationship
ol live weight and ¢ rouss weight to circass camposition. In
nopd capes te ainm of these studlicc hao been to deternmine tie
oot of 4Ly tiscwe in the Guprcabt. In cutlining the succeoow
ive chungeos in compocition of tiw curcass vhich talm place during
grovth Paluson {(1085) and coueroy (1056) huve both indicuted that,
in the ature aninel at lesst, live weight und cureass weight sre
largoly wiiccted by thw asmoundt of fatiy tissus in the carcase.
Silsey (19570 In an Inwostigation of the caurcases composition of
the uut Adrlean dwarl post, denonstrated that, within any given
trectiont and for wy glven sox, fut has & higher standard error
thony eny othor coopanent of guicacs weighte.

In beel cattlo studdes Vhite and Creen (1952), Green (1954),
and Oroen, Jesscuy and vhite (1U55) huve found 1live weight to be
more closely assocliated with the weights of wholesale cuts than
was any single linosr meesuremncnt on the live enimal. Dvsong
Hiner and Madson (1955) also made use of live weights in the
evaluation of becf and duslepurpose cattle for neat producticn.
The superiority of welght mcasurements as indices of careuss
composition hes beon stressed by Orme (1959) who, in a study of
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lincar mpacurenents and live weight, denonstreted that loin
gyec area and the veight of separsble carcass lesn, which he
used ao indices of carcuss guallly, were more s function of
live welght thun of any lincur meus aent.

Informutian relating to the shoeep comes from the work
of lcleelan and Clurke (1942) and Clarke and Uceekan (195Za)
who doronstrated that, within welght and quzlity grades of
dew Zealod Jamb and mbton eurcagsss, thore is a decrease
in o proportion ol bone axwl muscle, and an increase in the
provontion of fut with increasing carcass weight. Those
findLye vro suwported by the work of le'lcekan {1940, 1941)
on Dig CLNABBEs . i a resldt of studies on the determination
o Ui nuiritive value of New enlund lath and matton carchnses
Shopland, de 1o larg, Sorrell aond Daraicont (1U7) concludod
that enrenns wolrht couid be used to sim. 1ify the determin tion
oi carcuns coryosition. They ndd, hovevery, thut the uXx;licability
of thic technique is limited, and thwut such an approuch would not
dictinguleh betweon anlnmals of differcnt breed, sex, or grawth
rutGe Parther ovidence of the influence of fatty ticsue on the
carcass welglit of cves has been presented by smitherilling and
Barton (1954)s Xirton (1957) has also demonstrated very strong
relationshi o bewmsrm tes and has computed regression
equations for predicting the weight of fatty tissue in the curcass
fron garcucs welight.

Barton and Kirton (1958a), working with data from 98 mature

Romney shoep and 70 Romey and Romney-Southdown cross lambs,
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correlated corscues weight with the welghte of carcass futty
ticoue, curcuss muscular tissus, «wd other varistes. Treir
resultes dior that In miture sheep, carcues veight 1s more
closely correlated with the weight of Lutty tissue (ewes, r=0.94;
wethoro, r=0,9L) thun with the weight of dissectible muscle
(orou, r=0,37; wethess, r=0.84) despito the fact thut in both
8exXes manc:lur tissus forre o greuter proportion of curcuns
welght tivan Qdoos fouti, tiscuc. lowever, the stundurd orro:s

of enti wbo aooociated vith the pes ective regreessions on
garcans welrht indicate thoet this veriste jrovides a more

accurcte orcdicidon of the wveight of musculiar tissue (owes
]

8, .=2.21103 wethers, §_ _=2.261b) th:n it diee of the welpght
Y& TeX
of disocebtible fut (oves, uy 2 =2,0G1hs wetheros, S,J = 2 761H)

notwithotunding the clioser corrclution of the latter to ¢ reuss
velirht. in the tuo lumb classes there is 1ittle difforaice
betucen the corpelations of earcuns velght with dissectible

Put (ewe Lo, p=0.087; wether lurbs, r=0.94) and with discectible
musculer Siocus (evo lumbs, r<0.09; wether Luibs, r=0.95). The
corresponding stundusd errors of ostlimate ugaln show that
msculsr tissue can be predicted within closer limits (ewe
lambs, O X =1,361b; wethor iachs, Sy =1,041b) than can the
weight of fatty ticecus (ewe lambs, S 1.721b3 wether lambs,

ToX
ay.xn‘l.aﬁlb). These resultc indicate that, in certain eircun~
stances, curcass weight may provide a reasonably accurate, scimple,
objective and reliable index of carcess composition in gensral,

and in particulsr of the weight of muscular tissue in the curcass.
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These worlors add, however, thaet for the detectian of small
diffcrencos in the carcase composition of experinmental animals,
and in the cvaluation of treatmonts vhich are likely to affcct
carcuss conposlition differentially, more accurate methods of

wlyslo thin corcaco weight ger 8o are reguired. It is alsoo
doubtful vhother the regrosclon ocuatliono presented by these
workers fop the grediction of carcass composition could bo
apsdied to breeds of cheep other thion those used in this jopte
icular study.

Gole, Orre mnd ¥incald (1060) noted s correlation coofficient
of O 77 betwoon the weight of beel curcecpes md tho wount of
ociurable leun, Dat tholr roport contsins no infarmation rer:rding
the srodictian of tio latter from a novledge of curcuss el ht.

At variouws titeo workers cnguped in the study of the body
comprosition of humang have attampted to relute body weight to
the arowmts and proportiono of the varlous body tissues,. {tandard
helghteioisht tubles huve been used to & lurge extent in the juot,
and e sUlll wed to a limitod extent at the present time, for
life incurance purposes and by the medical corps of the ‘rmed
Services. It apyecars, however, that iive or body weight is not
a saticfuctory index of body compooition in man, This particular
apyroach to the otudy of body composition in the humen has been
soverely criticised by Keys (1947, 1955), Brozek (1956), und
Brozek and Keys (1950@s 1950h). The grounds far this criticisn
may be expressed in the words of Keye and BroZek (1953) who state
that"...the fuct that the constituents of body weight, fut, water,
otc., may vary widely in their percentage contribution to the
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total constitutes tho fundumental limituation to interpretation
of body weirht.”

This sare inheront biologicul varisbility between individusls
is cormonly reg:red as the rajor obstucle to the estublishnent of
& procise, siimple, objective und relliuble index of body composition
in animels, and in viow of this it io not wnreason:ble to extruw
polate the poneral ¢onclusions of Heys and Brozek to include the
rundnan te Althouh the studios on human body composition aure
open o criticicm on account of the slmost Insuperaiule difficulty
of obtuininges hwwn cadavors in adegu. te nuber for stutistical
analynlo, e wide veriation which exists in the constituents of
the walined body muet pluce a 1limitation, sinllar to that specifiecd
by Yeye and HpoSel, on the use of body or Garcuss weight as an
index off corposition. The apparent anomaly in the u .efulness
of Lody or carcass welpnt as an index of compesition in aninials,
and the wsaticfictory nuiare of body weight ae en index in man,
may aloo lic rlly in the greater ascourncy and degree of gertainty
denanded in nwrn studics. Such weight rousurerents oc:tisly the
conditions of gimplicity and objectivity in both msn snd be:st,
but the definition of the remaining qu-lifications, viz., recision
and relizbility, may differ according to the subject under considerw
ation and the purpose of the study.

/ W)
In gpite of the considerable interest shown during recent
years in the poseibllity of using some messure of bone size or
bone weight s an index of muscle development, this idea is not
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new, Lush (1926) stated thut "...tho @hiole prodlem of size of
bono in it reilution to reat value, 0 the Gesirubilities of
cuttle as fooder cutilo and to the desirabllity of cattle for
range=beof production is u lurgc oe.”

Beforc reviowing wxnt little work hus been done on the
eatinntion o carecass coiposition snd particularly the amounts
of moculdur tiocsue from bone welphts and llnear meusurenents
ol bonet 1t will be advuntapgeous o consider the classical
aporoach o sad ntermaretation of bone=muscle relationshiis.

The Tirot invostisutdon of the relationship between bane
and mascle in sheep earcasses wus made by Harmond {(1932), who
deronstroted ot .. the relation of rmmiscele o bane is not &
fixed onc, bub oy very vith «ge and s0x." In his consideration
of tho effects of sex e notod thatT...the relation of bone
voipht to musele velipht shows grouter differences thmm o
rolution of bone length o mwsele weight," and concluded thut
Teesthe offect of testicular secrotions is not only to thicken
Done but eloo to thickon muscle, but not, however, in progortion
to the thickening t:king place in ihe oonc..e.slthough development
proceeds fucthor in the ram than in the ewe, the proportion of
mugcle to bone is not increased because of the extra thickening
of the Dones in the former.” In discussing the effects of age
on the bone-muscle relaticnship in shoep Hammond stated that
".esthe 'log'! umscloe, and to a greater extent the 'thigh' muccles,
inereasc in proportion to the tibie with sge...the femur incrouses
in weight more thun the tibia with age, ...but...when the different
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ratas of provth in the twe bones sre allowed for there still
exiote o difference in the rate of growth between 'thigh' and
'leg® musclos; so0 that mwcelos not anly show a relation to the
growih oi' ¢w bane thay surround, but they show it in an
exagrorateld form.”

Hirzel (1939)s in hic study of carcasses entered in
Smithfield Futstock Chows, rolteruted the opinlons cxpressed
by Haoond (1932) thet length of bone is oppooed to curcass
guality, @l $h % bone ihickening is sccapunied by sn incresce
in the welight of the muscular tissuc sdjucent to the particular
bono | lesel concantrated his attentions on bone lonsth mad
thiclmweos, a8 he compidered that "bow weight mey be to s eertain
oxtont camouflugod by a shortening «nd thickening of e bano. ™
n discussing broeding policy llirsel coteted thet " thiclkeaing
of the baone in ochwrctening it, with no weight reduction, is
Freflerudle Lo reducing the wel ht of the bone in a carcese by
mulkkdng tic bones wiiners actundlly then it {8 puther the long
bone, then the pomewhat heavy bone thut is objected to, nart-
icularly in rmtton.™

In his studies of meut qualities in the sheep Palsson (1939)
made extensive use of the weiphts and measurements of bones. In
his search for an index of the skeletal weight of carcasses ‘alsson
used caman bane leongths and weights, both independently and
incorporated in & weightslength ratiop, which he subsequently
utiliscd as a meusure of eannon thickness, In equating the
welght:1length retio to bone thickness Palsson implies a constant
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bone denolty a8 he otates that "the weight of & bone depends on
1ts length, thicimess and dencity." No evidence of constant
bone denslty ic zrosented in hic work. levertheless, his proof
that the rujor oot of growth in bone thickness occurs at a later
stage then grorth in lenpth ic buged solely on s comparison of
raetos of increcuse in bone weipght aad length,

“ilsson corpelated the weipght of bone in the ¢ rescses of
lacbo end hoggets with the length and weight of the ieft xtae-
carjat, the welpht of «l1ll four cunnon baws, nd the woight x
100 : length zatio of the 1left mctucirius. In all cagonsy wnd
purticularly in the rolationshiy incorporuting his neuwsure of
viilckneos, Uho correlation coofficients were greater for the
nogmets thun for thoe luasbs,. i interpretution of these
rescualte in thut in the older prou) tilcknoss contributes relutivoly
more w sielietul weight thun at the younger age. In the lanbs
canmoa longtiv has v groator influence on the welght of the
pkeloton thun is the cave in hogpots. “alsson concluded that
cunmon veight wiTorded a more satisfuctory index of skeletal
welpht than did cannan length, and thmt the weight of all four
cammons wasc not in any way syporlor as an index to the weight
of the left forec cunnon. [l also related the weight of the
skeleton to the length of tibis + tarsus (T)e This ressuremont
proved to be superlor to camnon length s8 en index of skelotal
weight in the lamb group, but not in the hoggets.

Palsson also attempted to use the cunnon bane sg an index
of carcass qu:.lity, and %o this ond correlated length with the
shape index of the eye muscle (100B/A). In all cases the
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corrolutlion cucl'ficients were negative, und significant only
batreen brecds, Pualsson interyreted this as proof thut shorte
boned snlnils Luve ubsolutely docper eye ruscles (measurcront D)
relitive W oye muscle "length' (mescurement A). although tho
shape index 1o ponerslly scce ted ag « sotisfectory index of
curcuns qa ity Phlsson haa shovm th.t it it not significontly
related to e mmount of muscular tiseue in the eurcaon, vhich
is likewige consldered to be « good index of curcase quslity.

In hic stcdios on pl; carcasses lellecksn (1841) also demonstruted
s none~gimificint, but negative, correlation between the shupe
index «wi& veight of curcans muscle. “hic apparent anomaly may
be ex iuincd in terue of the distinetion dbetween quantitative und
Qu di «tive indlcos of curcass ¢u . lity. 48 Mcifeekan pointed
out, "...the loin ic tho noot valusble ,aprt of the curgasn, und

1t is the chape ruther thun tle cuantity of mascle in are. which

deterzinos its cailability for high-quelity und hiph=priced tondo.”

It 1o thus oy urcat timt althouph: the shape index is frequently looked

upon ao Lelvwy Indicative of the depree of muscular develowrent it is

not poesible from Palsoon's correlations of cannon length and ghape
index to infer snything regarding the relationshipy between camon
length and the veight ar dogree of development of caresss miScloe
Studies on the use of certuein weights and reasurements ss
indices of carcass qu lity in shoep have also been cerricd out
by Waelker and Melioeksn (1944). Although these workers present

a considerable amount of data relating to cannon lengths and weights,

which they use to dommmstrate the later-naturing growth in bone
thickness (as measwred by the weight:length retio) compared to
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grogth in length,

they do not prosent any relstionshipe betwean

cannon longth or weight and the weight of curcuss muscle.

Vorpes (1952)
longth and thilcimess growth in

Palssom and

attarmt to roiante bone weights
maculer tissuwe in the oarcass.
eavilor
(19h1),

000LDe L00tly ub @

Tindings of Iwmnond {(1932),
iyl ‘alker and !

latar

-,wnr

anil Vergon' study of the difforontianl
optliwld lwe of nwuteition shows that

SO 8 grecter extont than bons weight,

stare thun groawth in length.

also investiguted the differcntisl
the sheep skcleton, but nrde no
or lengths to the weight of

Thelir siudles confirm the
ralsson (1939), McMeckan
otcalkan (19L4) that growth in “"thicknescs"

Faleson
efiocts of & lecs than
tone shape 1s affected

that thickness i affocied

to u pgrowtor depres th'a length, wd that the luter-maturinge
bonee o.ch as tho femwr «nd thoge of the olvic apo nore ulffocted

thaen the esaller-gataring cannon bhine,

he Jownell of the tlow doal ad 2omey Mursh

Sheeop Breedors?
sssociution {1559) belleve
ha

QHat o otrong relstionship axists
meselds in the coh

]

o e R s

.s.u

wieen baps o body otuten that

"gu ity of bono 15 automaticzlly an indicstion of the fleshing
qualitler {(snd character of the flocoe)", and again that "good
quallty bong ic the indication of pood quality meat (and good
mamfacturing wool)«™ In thic context quulity of bone is Jjudged
by the extoemeal aprearance and form of the cannon. The definition
of what io dociod desirsble in this connection is given in the

following guotstions
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"BOITt  The camnon bone should not be long, and
at loust udequ te in eise for the weight of the
aniud (und a little to spare is all to the pood)
yeovided always and above all that the bone is of
the very best quality. Coarse round bone of any
oize Is bad, and the more there is of it, the
more hoamful the andinl will beg but a very dime-
Lnutive spindly shunk is equully undesirsble and
doce not indicate & robust hardy sheep,”

The Council attem:tc to define bone quslity in the followings

POUALITY OF DONEs Just a8 Jaferior quality flesh

can bo detocted to o large axztcont by its inferiop

and bhaprgh ouler covering of chapacterless wool, 80

cun cenive bone boe detected by its cutward covere

Ing of lersh chulky~white hairs inclined to stick

ous prarinently from the surfuce of the skin, where-

an good quality bone may be diccerned by ite ocuter

covering of helr lying smoothly. This uwpplies to

the hoir covering the fuce as well ao to the cover—

ing of the legs of the sheepe”

It ic doubticl, to say the least, whether such o subjective
asseopment rede on the live snliwl beurs «ny relation to the

a1on boNc or $8. he extrerply soall amount of mucculuy
tissue found In the vicinity of this bone would also suggest
tint tiorc ure better live-animal indices of the development
of raseulsr tissue in the carcuss. Rae (1946) has shown that
the subjectlve assessment of bone guulity bears no relation to
cannon bono weight (1=0.07).

Thuoy in spite of tle considerable arount of data available
from the work of Hamuond (1932), Hirzel (1939), Palsson (1939),
Wulker and Helieekan (1944), and Palsson and Verges (1952) on the
welghte and masurenments of the csnnon and other bones, and on
the welght of muscular tissue in the sheep carcass, there remains
a2 lack of information on the worth of bone weights and lengths

a8 indices of carcass rmuscle.



36,

-4 limdted wmount of information conceming the possibilities
of' predicidnz tho welght of curcass cmwcular tissue rom bone
date cooeg from the study of bone~mwcle relationshipe in s.ociecs
othor thun 410 cheape. In Lis ctudies on the growth and developw
mont of e pip Jdetiecksn (1940, 1944) considered & nurber aof
carcass and bune reusurenents ss possible indices of the welght
of curcuno miselo. One aof tho better indices noted in thiis work
wae the length of tie fore~trotter, which showed o copvelsation
coefficlent of 0,80 with tho weight of carcans musclo. Kropd
(1959) found no ovidence of any sirmificaent rel:ticnchipy betwean
camon lonsth snd the jercenture of loan cuts in i curcussces,
and conolided timt secmon churacteristics in gencrel were not
clonely =2ouociated with phonieul cancass measurcnents in this
nieclen,

ZAny.ormen {‘2?;‘5{@9 4.95;3{3‘._3_} nlao investigated bone-muscle
reletionwhing in the pip, and roported positive correlations
betwoen anmon eircurfarence wnd the weight of the ad jacent
maisculature, and betwesn the length, circunfercence and weight
of the fermir, and $he proportion of muscular tissue in the hsm.
Hone of the relationshipe was sufficiently high to be of prodictive
velue, Jimmerman extended hisc studies to the transverse section
of bones, and noted a positive relationchip between the crosae
soctional area of the femorsl medullary cavity and tho welght
of mmele in the ham. He also reported a negative correlation
botween the thiclmess of the wall of the femur and the weight
of ruscle in the hame There wes no significsnt relationshiy
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betweon the woight of this muscular tissue and the surface area
of the fernwr.

orts (1959) studied the use of certain bone cherscteristics
48 Indices of muocling in beal curcucnes. Adthovgh many highly
s8immificant corrclutions were demonnti ted between tho weipht,
cross~pectiomul urgus, wolghtilength ratlo, and specific grmvity
of the cumma bone, e’ the weichts af vholesale cute and ribeye
nreay Opto showred $hot those sclntionshirs generelly lost their

Bignilficce whien the offectc of carcuss weight were elinmdnated.

o

Hetleakna (1956) hes vlzo discucnod the quzotion of hore-muscle

P

walatlonehl e in boef cottlo. In roviewine the work of Hummond
o

-

at Cemeldes wd bio o Torl An Tow Zoalsnd he states that
Tooeti reginds Wo welsht and chupo (of bons), the chorter and
pACHCr e bore 09 groutor the depth or thickmess of muscle

S

vang over thet Boae." It s certeinly true thet thore 1o
ovidenoe of ¢ poclidve relatlionshis dedveon the wolght of muscular
tissuwe end bune thicknoss, as rpasurcd by the veighttlength ratlo,
ayl sitdtondyy to e best of the rogent writep's movledrc, no
@ a8 polsted the depth of muscular tissue overlying o long
baxe to the thickneas of that bone, =6 night readily be done on
tho trencverse sectlom ofy 8ay, the lerc, 1t 1s generally agcepted
that an Inerezse in bone thickness ie accampanied by «n inerease
in the depth of tho overlylng misculaturs. However, there is no
evidencs nown to the writer which would sugest that a decresse
in bone longth 15 ascocianted with an inoreased weight or depth
of muscls. Palsson (1939) has shown thet, in sheep, there is a
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highly sirmificant positive corrclation between csnnon longth
und skelednl veight, which eleckun (1956) conoiders to be
closely rclated to tlw weipght of curcass muEclc. In support
of' hip eontention quoted above lcHeekan cluiied thet "thers
io 4 strong positive correlution between the weight of bone
in cach: moat aninwl «nd the v:éig;ht of muscle tissue. In other
wopde, 1t 1o ot possible to get 4 carcase with a reully great
woulih of Licshing without having associuted with that flesh e
houwvy weicht of bono, e reupon for that is obvicus if you
thinit ubout 1t from u biological point of view, hw mascles
are tivd 1o the bone = they arc there to ouerate tle bone = 80
thelir size ond shape must, for rechanicsl roasonc, be sscocinted
with tho size @yl shepe of the bones.! llellecken's o worlzs on
Pig cuarencnes supports the view thet bone length is pooitively
relatod to rmuoclo woight (elleekan, 15L1).

ich of the confusion surrounding the nature of tho rclation=—
ghip botween bone lenpth sand muscele wolght rises from the studico
of Jlaviiond (9932, 1952) amd the reports of Pilocon (1955) concorme
ing the dorcoticution and improvement of icat animals. These
workers have shown that the improved and curlier-maturing breeds
of meat aninels which possess a well-developed musculature have
shorter and thicker bones than the more primitive breeds., Howe
ever, there is no evidence to suggest that an increase in bone
thicinessp is necessarily accanyanied by a decrease in length;
indced, the evidence from the work of Zimmorman (1956a) and others
suggests a positive relationship between these two dimensions.
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In discunsing the strong corrclation between bone and muscle
veights in boef curcanses lcllecksn (1956) stated that "so strong
is thic relutionship thnt the weight of muscle csn be determined
within 1 ver cent. 1 the weighte of the cannon banes are known."
o ovidence for this precision of cotimation is quoted. Mcllockan's
elaim hag since boen considered by Armerican workere., Viythe (1958),
and Yytho, Orts and King (1961) studied the relationship of bone
to musele in beel curcesses, usinge the welghts of certain tholew
sale and “potc il trirmoed” cuto, and the are . of pibeye as indicators
of muscling;, =d oquating the bone weight:length rotio to bone
thicknooo., Theoe workers found tint the weights and leangths of
the meducurpun, mtataroue, tibis, fomwr, wnd padius=ulne were
glipnilicantly «ad positivel, corrclated ot the 1 per cent. lovel
of provubllily to tle sbove indicee of mungle, ¢8 wore tho thici=
neoses”’ of the retacarpun, metatursus, and tibls, Ho relationehirs
botwoen thw welght:length rutios of the femur or radluse-ulna and
the indices of mugcle were uresented. Bone "thickness" was more
closoly correluted (r=0.70) with coms index of muscle than was
either Dong wolight ar length in only one of 12 possible instances,
yet thoepe workers place more arphasic on bone thickness than on
either woight ar length as a poseible index of carcass musclee
They consider that "the strong positive correlations cobtained
indicuto that bonen of an animal develop proportionately in length
and weight and suggest that a reul assoclation existed between
bene thickness aod musoling of the cattle studied." It is Goubte
ful, however, whether any of the relsationships reported by these
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workers could Lo considered to be af predictive value, and ulthough
no regresoion eau tionec or stundsrd errors of cstimnte of rmecle
are progsonted, thero io cortuinly no ovidence vhich would supgpest
that the weight of curcuss muscle could be predicted to within

1 1cp cent. from the welght of the cvnnon or :ny other bone
studied.

Gimilapr otudics on cuattle were carricd out by Orts und Xing
(41959) who rol:ted carmon weight, lensth, the rutio of welght:
length, and ures to the weights of cord. in unspecified wholesale
cuta, riboyc arcs and chilled curcuus welght., Cunnon weight and
the wvedght:lacth rutio worc more closely correlated with these
neagures of carcuce mmocle than were the cunnon length and area
vurlatos, Dub although &1l Uik correlations were highly significunt
none cxeept thet betucen cwmon weight and curcuss weight (r=0.95)
waes Ligh cunounh o be of Lredictive valus. The relationshi;s
reported by sarton and Xirton (1950u) between curcuss weight und
the weirht of earcasc mucele in sheep would suggest th:t carcsss
welght 1o not a sufficiently good index of the welpght of musculsr
tissuwe Vo allow predlction from cannon weight within the limits
claired by Hoileeskan (1956)

The usefulness of certuzin measurements of cannon bones and
lumbar vertebrae as pocsible indices of muscle in beef carcesses
has been intensively studied by Ome, rearson, DBratzsler, lugee
and vheeler (1959). These workers reported that live weight,
ehilled carcass weight, primal cut weight , and the weight of
total carczcs lean, a5 estimated from the separable leen in the J=10-11
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rib cut using the regression equ.tion of Henkins and fiowe (1940),
were, in slmost all cuses, significantly and positively relsted

to the welpht, length, width, circunfeorcnce snd thickness (QucUPGe
mants of the fore and hind cannon banes. The conbined effects of
live wolght and cuch of the cennon rcusurenonts considered seopszrately
agcounted {or only 14 to 34 per cent. of the variation in ribeye
arcn. Sadiogruphic rmeoasureients of the lumbar vertebrae bore
little I iy relaticnshiy to the urca of ribeye muscle, and in
combirwmitlon with live woight d1d not account far any more variation
in ic (cusuwronent than that supolled by live weight und the cannon
variantes, The oconclusions deavn from this work were that moacuree
mento of Whie cunnon boews and lwbuar vertelbrac are related to
miseling, but thut the relationshiis are not sufficiently hiph

0 be uwgeful for nredictive i HOBCS.

Jolo, wrnme and Kincaid (1960) hsve reported a correlation of
Oe75 botweceon tlw welghte aof totz:l o rencs bone und sepsrable
garcaes lomn, it give no indicution of the procision of caotimation
of tiie weight of curcase mueele from tot:l bone afforded by thelr
data,

French (1938) mmde use of the weighto and linoar dinensions
of the cannon =snd other bones as u busis for the comparison of the
degree of deovelopmont attained by different breeds of sheep. This
perticulsayr work was modelled on the more intensive studies of
Dritish sheoep carried out by Hammond (1932) but no attempt was
made to relate the consideravls amount of data referring to bones
to carcasa couponents other than bono.

Thore is a suggestion from work on the humen that certain
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bones might prove botter indices of body composition thun others.
In a stud, of the wolphts end linear measurements of human
akele.ong Lowiunge and Lutiner (1057) noted that average skeletal
weirht wan logs variubie than thut of any of the individual bones,
The rwet constunt of the individuul bones were the fenur and 98
goxucs tho oternum @nd hyold were the moct variasble.

Lowpenoce and Lotimer (1657) also vresented evidence of
biluteral appa ctry in the bones of particulurly the uppor oxtromne
itiec, Bllateral asyiretery in the welght and chemical corposition
of the long bonos of chickens, pigs wnd dairy helfers hes «lso been
reported by eukley and Dustman (1959).  Studies by Crufe (4 ‘360).
of tho oarly prowth of ile skeleton in mice have shown evidonce of
bilatornl usoymetes in the grovth jatterns of the long boreo, although
thwere wap no coneictent Dias in Lavour of one purticular sldo,. The
megnitude of the billater:l varietions fouwx in the :bove sctudies
pumpests, hovever, thit the reliublility ol linoar rpubwrernnis 238

indices of ¢ rcusg camposition would celdoi: be serlously uffected.

Investigations into the use of sarple joints as indices of
the phycical composition of the carcuss may be divided, perheps
sorovhat arblirarily, into two mein categories, vis., the aprroach
favoured by Anericen workers, and that of the Cambridge School.
The /American workers have tended to concentrate their attentions
en the throo rid cut (i.6., the 9th, 10th, and 11th ribs) which
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iz a particularly convonilent sarple Joint for many of their
ctuddes involving a lurpge nunbor of beef curcacses, The ¢urly
vork of the Cumbridpe School wus carried out on cheep and pip
curgangaes, «d those coancorned in these studies have favoured
the use of tie lep «d the loin ac sample joints for the
agtinmution of curce.s compcsition.

The requlrerents for a saticlfactory sample joint have been
diseusnod iy Palocon (1939) and icicelkan (1941). In the first
plece L0 1o oosontinl thut the Joint be as typleal of the whole
curcuaes In ros oot of compositlon Lo is possible. The sccaxl
reguircnicnt 1o thut the Joint selccted Lo capuble of seoparation
from vie casecnss with a hich deproc of wcouracy, and that the
pointo of Jointiar be wvell defincd 40 ansure a o tigfactory
degrec of rolicustion by differcent worikerso, i.c., 1t should be
1liablc to the minimu of cuttlny errors in t'e Jointing. “hece
tvo workers ulso concider it :weferuble that the sample Joint
be cut from & valusble uart of the cawcasc, for, if such a Joint
fUAfils the first two rec.lrawento indicated abowey, it wlll have
the ndditional advuntuge of ,ielding o ceific «nd exsct informe
ations recerding s reglon or regions of economic importunce.

Palsson also states that a cumple joint should be typical
of the whole csrcass aa regucds rate of development. This
qualiricution would scem to be somewhat idealistic, and McMeeksan
(1941) is more realistic in his realiscation that, because of the
difforential rates of development of the vurious regions and
tiosues of tho body, no one region is capable of providing a
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perfect index of the whole carcuss. For this reason Mcieskan
advocutes the estimetlon of caresss composition fram two sample
Joints, ane of which attains “maturlity” carly in life, and one
which io reintively lante developing. 1% should be noted, hove-
over, Wt at least Lart of tle sreater accuracy of prediction
affomisd by the wie of two sueh sarplec Joints than can be
provided by eltlvr alone may be atiribuied to the closer mtio
af the surt=whole reistionohip nocessarily incwarred in the use

of surle Joints.

(1) Zhe b gutp

v extensive wso by Americin workors of rib cuts a8 indlicos
of cuarcass comooition ctens from Lo curly studics garricd oub
=% iosouri by loulton, Trowbridge and | lalgh (1921, 1.22y, 1922b,
1003)e  Although tiese workers aid mot pocsess the oceccur)
tochnlgues to derive tho staticticul relutionships betwecen the
caquonition off sanyle Joints and thut of the cureass, they roc-
ocniset the possibility of utilising certain cuts as indices of
tho wols, wrd in a comamnication 1o Lashy Moulton expressed the
opinion Usit "the wholssale rib cub ruther adequately represented
the carcass” (Lush, 1326). Lush (1926) subsequently demonstrated
& vory clooe relationshipy (r=0.93) between the percentage of fat
in the wholesale rib cut (9 ribs) and that in the entire live
animal, He reported this index to be more reliamble than any
other esingle indicator or combination of indicators, amd thut
it was 1little influenced by sex, brecd or Blaughter technigue.
In the sare study Lush also noted thut the rercentages of fLat
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in the live anlnal and in the carcass vere slmost perrectly
correluted, ocuggesting that the poercentape fat in the wholosale
rib cut would prove i equully sutisfuctory index of the perconte
age vt in e carguss.

In @ iavestipution of the wwefulness of the boneimuse
ratic as n index of carvcass merit in beef cattle, Hunkins,
Fnapp «nd 'hillipe (1943) usced tho S=10=-11 rib cut to obtain @
estinvite of the composition of tiv entire dressed curc:ce, on e
strength of _reviously deteminced, but hitherto unpublished,
rolationshiis, The gorrelation botween the percentsgcs af
aicsoctible Tutty ticsue in the G=-10-11 rib cut and in the

su06 (=0.93) wec certuinly high, but not as high

o
&
&)
o
£
O
(3

<

as odoht Laove Deon anticlirated from Lush's carlier work. The
corrgl tians botween the  creentupes of separable muscular tissue
and botucon the porecontuses of bone in the three rib cut and in
e curcans were 0,90 und 0480 resectively. althoush these
Cosrgiutions supgest the Lrosence of relutionships sufficiently
hirh %o De of sore predictive worth, it is debatable whether
hese rc.stionshl s would e good eroush to be wed as indices

of carcaos composition in a studs desipgned to evaluste the worth
of anothor index of curcass merit -« in this case the bonesmwcele
ratio.

Hoppor (1944) statistically awlysed data co.lected in
ctudies at iiesouri (Trowbridge, Moulton and Haigh, 1915, 19103
Boulton, Trowbridge and Halgh, 1921, 1922a, 1922h, 1923) and
added to thom some unpublished data from North Dakot:, in a &tudy
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of the differoat methods of estimuting the physical and chemicsal

compositia:r of cuttlc. Hoppor cong idered the use of tho wholesule

rib cut, tie 9-10-11 rib cui, @d the cdible portions of these cuts,

48 possible indlces of tic compucition of the empty body, tihic cupe
CuGoy und the cdlble portions of the cupcust. The odible rortion
of tho 9=10=11 rib cut was selccted &g $hHe nost satisluctory index
of the phyolcul cuposition of the edible porsion of the curcuss
(sopurallc loun, roO.9L3 sceparable Tuty r=0,98). From this the
shysleal composltion o e curcass could be estiouted, tuking the
percentuns ol tone in the U=10=~11 rib cut as an index of the L O
centage of Dono in the curcuss (r=0.94), und culculating the
poreonvupen of leuwn and fat from those oestimsted for the edible
vortion of the calgcuss.

e videsprend use, by dmericunt wordiors, of the rih cuts as
Bui-le Joints may 150 be uttriiuted to aking ond Howe (1046).
Thent witer wolkors have preconted correlations snd regrocsion
equations »elating the components of the G=10=11 rib cut to those

£ the drepoed ecarcoss, working ag:in on a percent:re L sis,

This study, curried out on 120 csattle, yielded oversll correlutions
of 0.93 for the fatty tissue, 0.805 for the separeble loin, nd .83
for bone. There were, however, some noteworthy sox dirferences,
CeBes the correlstion coefficient of 0,90 botween the percentage
Jean in the three rib cut and tiat 4in the ecarcass of stcers was
very much higher than the eorresponding relationship derived for
heifers (r=0.72)s The relationships presented by these workere
are, in goneral, less satisfectory than those of Hopper (1944).
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In a moro rocent study of the use of various indices of
mancular ticoue in beof curcusses Cole, Orme and Xincald (1960)
Tound the 9=10-11 rib cut to be the least satlsflactory of seven
parple Jointe unw lysede ~hese vorkers uoed absolute welghts
ruthor thon porcentuges ap esp.loyed by the majority of others
in this ficlde

Jardzine (4947) hus reported on the use of the wholesale
rib cut ws « index of e physical composition of lambd carc:eceSe
The relationshi e reported in thic work (fut, r=0.983 ruscle,
r=0,92; bone, 0.97) ure compuruble to those presented for
cattic by Tlooper (1944).

It vauld tirp upn oar thut, in genor:l, the wholesnle and
Ge{O=i4 rib cude are cupablo of Jrovidinge reusonably cuticfuactory
cotinuter 0f the physicul corm.onents of tho curcasn, aixi in p b

icul. r of the proportion of futty ticcuec.

raloeon (1939) and lelleskon (1944 ) both consider that the
sanple Joints which best £.4AT1il the requisoments they siecify
are tho log und %o loin. Palscon hus oxpressed the opinion
that tio log 18 the best single Joint for predicting the dissecte
ible conpoanants of the sheep carcasc, although he adds the
qualification that, because of 1t8 relatively early development
and srall amount of fat, this Joint may elightly underestimate
the total anount of carcags fat in ourly maturing, over=fat
individuels. The loin, on tho other hand, is a late-developing
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Joint in vhich & consideruble cmount of fat may be laid down

in letes 1life, and, beetuse of thisc, PLlsson considers that

the cosbination of one leg + loin gives more sutisfuctory results
than ¢/ e of cither joint alome. 48 already indicuted, hove
ever, Ui greuter ascewracy afforded by the use of two such paiple
Joinie (uy be sttributed not only to the corbination of O]y
and lato=~icturing arts, but «lso to the comparison of » gres ter
rroyvortion of the curcuss with the whols cureans.

One @ioadventapge which lscon found in using the loin oo
a gaple Jodlnt was the variuble nunber of vertebrae containod in

hic part.  Glsson (1U30) gives the number of lurbap vertobin
in the sheep as soven, slthoush he stotes th t frecuenidly only
gix may be founl, and veay oceuuionully, Tive. _“loson sdopiod
8ix as the ctand:ied nutber, and fowxl 1 ¢ corpection to this
stendard L roved the prodiction of curcuss bono. Similap
corrmections Lok auscuiur and Latty tissuos, however, resulted in
lover corrulation coef'ficicnts. it io of interest to note here
that Thiosan (1000) has Qiccessed variations in the nwiber of
vortobruc in the dilferent anatomicul roglions ag they uffect the
value of an animml for meat production.

In spite of this disadvantage assoclated with the use of the
loin Palsson's results show that the physical components of both
the log and the loin are closely related to the total amounts of
the rospective tissuss 4n lacb and hogget carcasseg, and th:t in
all ciges the combination of one leg + loin provides an cven more
relieble estimate of carcaso composition thin that Bupplied by
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cither joint slone.

Later reports by Zirton (1957), and Barton end Kirton (1958h,
1960) who studied the use of the leg wnd the loin, separately and
in combinstlian, as cample Joints in a large nunber of lamb and
matton carcasses, have pubstantiated Palsson's finding. Barton
and Kirton (1958p) have ulso chown that there is no predictive
advantage to e geined by treating the leg and the loin as separate
indegendent variates of a multiplec regression equation. The
standard crrors of eatimute provided by this apyproach were very
ginmllur %o those sypplied by the linsar regressions on the cun
of lepg and loin.

dodicclznn (1941) hes also found the wse of leg + loin to be of
higher prodictive worth than either Joint considered on its own,
in the estination of the physical components of plg cercuspes,
Aunan and vinters (1949), also working on the pig, rclsted the
rorcantages of lean and fat in the wholesals loin cut to tho
percentages of these tispues in the carcass. The correiations
moported by these workors are somewhat lower than those guoted
by lcHeeksn for the loin alone, but, as !larrington (1958) has
pointed out, bocause one set of results wes expressed in absolute
weights &nd the other in percentages, and because there is no
evidence tat the two samples of pigs were equally variable, it
is not pessible to conclude that the use of a wholesale cut
rather than an anatomical joint reduces the predictive value
of the sample Joint.

It is worthuvhile to note here that Barton and Kirton (1958h),
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1960) huve anphuscised the need for cautlion in the use of sample
Jointoc in svaluting the reopults of certuin types of exgerimentsl
wo:k. choy uote exumples from the work of Freston and Goe (1957)

Dooton (1958g, 1950h) in which implantations of

[N

and Llroton an
hozocntrol <o thyroxine evoked differential and opposite responses
in the lop wid loin Joints of sheep. In such cuses rcllinee on
surple jJoints us indices of enreacs composition could ieud to
gerious ervore «nd misinterpretetion of tho true nuturc of an

exporlimental trestrente

(3)

The voe o carple Joints other thia those alroudy discussed
abhove hat Loon considered at veriouws tires. Barton and Kirton
(1958R) mwe Qenonstruted the existonce of some very close relution-
shiuo botucen the physical corponants of the neck, thorax, shouldor,
and pelvis, @d the totsl mmounto of tho same components in the
cureuonon of ovea and wether lambs,. Tho results presented by
theoe v 0o sugeoest et tie thorax provides a prediction of
curcucs componlition equivalont or superior to thut provided by
the leg + loin = & conclusion which is not surprising in view of
the fact that this joint campriscs ap.roximetely one quurter of
the total curcuss weight. They add, hovever, that the practicsl
cansiderations of the difficulty of separating the thorax from the
carcass, snd the considerable tire reguired for dissection, make
this joint unsuitable for yredictive purposes. Palssan (1939)
and MeMeekan (1944) have also eriticised the use of the thorax
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ab a sarple Joint on sccount of its rclatively low compreial
valuc.

Palseon conoideors that, from the point of view of conp oBe
ition, the ghoulder 18 probably swyerior to any otler scumple
Joint, but bLoth o and loMeckun cluosify the choulder us un=
su.tuble beocuuse of its 1iuwbility to Jointing errors. Ialsson
hus put farvard the pamo criticism aguinst the use of the pelvis
becaunce it has three cut surfuces; but Barton and Kirton considey
hig jJoint preforcble to the neck and shoulder as regards easc of
disccction and Jointing.

The uwne of Nprlcan wholeoele ¢uts, as opposed to the anatome
ical jointc emloyod by Beltich warkers, in the prediction o
vhysical cureach corpositlon, huas also recolived attention at
variguc tireo, bolyine the adecuucy of the generalisution rogarding
the woe o thw throee pib cut by ‘wprican workors. rRegent Anvoes te
igationn of the pelationchipo of wholes:le cutse and geprt.in ¢ ¢i66
meagsurenonts to the weipht of the muscular tissw in boef ¢ rCcasooS,
by cole, Crme and Kinesild {(1960) huve demonsirated the poscibility
of wing the round =nd the chuck a8 swile cute for the prediction
of earcass musclcs These cuts, and par.iculasrly the round, were
found to bc more dosepriptive of carcass muceling than any other
vholesalo cuts, lincar carcass measuranentsc, ares of loin eye, or
garcuss woight,. The wholesale round is approximately equivalent
to the anatomical leg used by Dritish workers, and the correlation
suprlied Ly this cut was of the same order as those reported by
Barton and Kirton (1953h) for the leg joint of mutton and lamd
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carcanses, bus was inferior to thosc noted from the use of leg +
doine. Cole, Orme und Kinecaid 4d1d not consider the prediction

of curcusn futty tiscue or bone from wholesale cuts.

Tho camparctively small amount o work which has been unders
teken oo tho we of sarple Joints in the _rediction of the physical
congosition of the curcuss indicutos th ¢t tho 9=10«~11 rib cut las
a piace in this £icld, paurticulurly in studiee involving s lurpe
nadcr o cattie, it vould appesr, however, that in sheop tho
camination of one leg + lodn bBest saticfics the requlreronts
damanded of sungle joints, nd ic eapable of providing the rost

satlolactory decceription of the curcnos us & whole,

In Ide now classcic studies of the growth and development
of shaap, Hammond (1952) assesscd bone thickness from the
quotiont of bane weight/bone leng&h.’ Bong weight is determined
by the external dlmensions of the bone, the internal dimensions
of the modullary cavity, snd thw densities of the bony material
and of the marroy contents of the medullary eavity. Thus, any
comparison, such as that employed by Hammond, of bone dimensions
which are derivod from the ratios of weight to some other dimension



53

mwt also take into account the composite densities of the banes
eonrpured. (the term “camposite density” ic used here to denote
the donpity »f » bone as a whole, and will have a value which
1ies botween the density of the bony matorlal snd that of the
marrov scubsitance. Hencef'orth the term "donsity™ will, for
convenleance, be used to indicatc corposite density.

Herinend quoted difforences noted by lofmedister (1873) and
sangon (1940) 4n the biocific pravities of vapious bonet as
evidence for his hypothesis of difforontlal skeletsl growih,
it made no referonce to the possibilily of differences in bone
siecific pravity or density in his uso of the veightslensth
rutio as a lgusupe of bone thickaess. Palseon (1939) slso
made exlensive Juse o bone welght/length a6 & reasure of thicke
ness, alticugh he wag aware thet in eaploying the quotient for
this aeose he nocessarily invoked the assumption of constant
bone densliy (ef.p. 32). Indoed, the whols concept of the
later maturlity of bae thickness relative to length, as noted
in wn earllicr section, is based on this weightilength which
8till finde favour with certain workers (cf. Wythe, Orts and
King (1961) 5. 39)e

In the paust the skeleton was rogarded as an inert supporting
structure somevhat akin to the steel frame of a building, 7The
early work of Hales (1727) and Duhamel (1742) demonstrated, howe
ever, that bone is not a etatic tissue, and there is now a con-
s8iderable body of evidence to show that, what Pritchard (4956)
hss termed "s unique tissue®, is in & dynamic state, and is
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constantly uwndorgoing rapld reconstruction and remodelling to
ot e'vacing rochinical and bilochamical demands. Sissons
(1983, 1000), Ottavay (1955), Bell (1956), Dourne (1956),
HeCince wid Viddowson (1956), snd nomer (1958) have all taken
pains to dispel the conceopt of bone as an inert tissue, and
have continually ctressed tho living and dynamic nature of
bones.

Bince it was £irst uppreeiqted that the skeleton, 1liko
the othor components of the body, wes a 1living tissuc thore
has becn n connideruble amount of rescarch into the Physio=-
logdeul wd Dilochenlesl propertiocs of bone. From tho £indings
which have emcrged from this work it hns become :p, urent tihvt
thore arve considerable fluctuutions in the vurlous physical
and chendiecel Tuctors determining bone density.

Durnett (1908) was one of the Pirct to denmonstrute tiwt
the effects of certuin nutritionsl treutments ape nonifested
on the intemad asgects of the bone. This carly finding has
cince boen substantlated by Bell, Cuthbertson and Orr (1941)
who found that although neither the cxternal dimensions nor
quallty of the bony materisl of prat femurs were affected by
& ealcium: doficlency, the strength of the bone ee a vhole was
diminiched by a thinning & tho metaphyseal wall due to inercased
absorption of the walls of the medullary cavity. It would
appear that in an attempt to meintain normal growth expansion
in the aboence of a sufficient calcium intske the bone is come
relled to draw on ite own cslcium from the inner surfaces in
order to ro-dcposit it on the outer surfice. Clark (1958)
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reportod that a slmilar cituation has been postulated in humans
suffering from only moderate calcium deficiencies. In studies
on the sheep skeoleton Benzie, Boyne, Dalgarno, Duckworth, Hill
and Valker (1955, 1950, 1960), and Benzie, Boyne, Dalgarno,
Duckworth and 1411 (1959) found evidonce of bone resorptiocn
undor condltions of both calecium and phosphorus deficioncics.
Theoe woriers noted thet the severity of rescrytion vuried
botvoen bones within sheep, und betwecen regions within bones.
Cortain vitamins are also capablc of influencing thoe
pattorn of grovth and the conformation of bones. Mellanby (49,
1947), and Barnicot (1950) hawé investigated the effocts of
vitanin 4 on boe groavthe 4 deficlency of this essential
factor clous bone growth and loads to abnormalities in shape
throug!: 1te retarding effects on the maturation, vascularisation,
and ;volifcretion of the epiyhyseal plete. The general effect
is to causo the bones to become thickened and coarse in appearance.
Fell and tellanby (1950) have demongtrated that vitamin 4 exerts
a direct local sction on bone and that excessive amounts lead to
skelotal rarefaction and resorption. Bourne (1956) has ehown
vitamin C %o be an important factor in the calcification of the
bone mateix, and has suggested that deficiencies of this vitamin
elso affect the trabecular pattern in the metaphyses and slow
the proliferation of cartilage in the epiphyseal plate. The
ingortance of vitamin D in the metabolism and mobilisation of
calciun and phosphorus is now well known. Wolbach and Bessey
(1542) have shown that vitamin D deficiencies cause retardation
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and suppression of nornal grogth sequences in eplphyveal cartilage
and aloo fullawro iIn the culeification of bLone end curtilage
matrices. Apoapently the fallure of mature cartiluge celis to
degonercic und of mutrices to culeify both result from a defice-
ioncy of caleium wndfor phoszhorus ions in the blood.  lliyper—
vitaminopis D causcs the withdrawal of calcium and phosphorus
from «11 availuble sourcec, including the bones.

Adthoagh this revicew of some of the effects of minerals
and vitiing on e gearth and groos anatory of bones 18 necoooe
arily scxiwmetory und incomplete, suffliclent evidence has Deen
preccentod to shar thet mutriilonul quctom are copuble of ufecting
the intemul @l external direnslions and the composition of bones,
axd thris Inlluoicing bome density.

There s ybundant ovidence in tlo literaturce to show it
the endocsinologic:l fctors poverning bone growth could huve an
nppreciubie effoct on bone density. aoling and Svans (1956)
have reviewed t'o role of the anterlor pituitery in the prepul.tion
of skeletal development, und huve showm thit the endoorine
socretionc of ihe anterior hypophysis are largely responsible
for the muturation of the skeleton, a8 Judged from the pattern
of cpiphyeesl ossification. O4lberberg snd Silberberg (1956)
have likewise appraised the inowledge regurding the relationships
of the storold hormones 40 bans growth. More recently the section
of this ficld deallng with the use of synthetic steroids in animal
production has been reviewed and contrituted to by Gassner,
Reifenstein, Algeo and Mattox (1958), Casida, Andrews, Bogart,
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Clegeg &nd llalbaendov (1959), Durgess, Kennedy and Ingram (1960),
Burgees and Larming (1960), and Ireston, (resnhalgh snd MacLeod
(196C). One of tle many importuint findings which have emerged
i thut cortuln stercid hormones aun cuuse the persistence of
bay tioouo which would nomuilly have been resorbed. This cone
trivuteo peliwrily to the excess bono found in enirsls treuted
with o nthetic oesirogens, while the actunl aceretion of bone
plaje » sccondar; rolo. One of tlp effects of such un inhitition
of Lone prescorpltion would be to swlter the proportions of e bowy
tiscue and the medullury cavity. Zhis would certuinly uffeoct

Pyle and Sontug (1943), Roynolds (1943), and Sontag und
Lipford (19435) otudied cortain agiocts of skeletul prouth 4n
the humane ihcse voriwrs have denonsticted that in wddition
to the nulriticanl and endocrine fuctors rentioned «bove, there
is un hereditary fuctor operating u.on onoth the time wnd order of
appoulunce ol the shkeletul epiphyses und upon the pattern of
coeificution. Thus, there is also gvidence to indicate that
gonotical fuctors can aloo exert & dopgree of influence over the
compositlon and conformation of bone, and are consequently of
ioportance in the detemination of density.

The eficcts of growth rate on skeletal development have
been studied by Dickerson and Viddowson (1960), and Widdowson
and toCance (1960). These workers found that ratse which had
grown more rapidly than the aversge had skeletons which were
in all respects more mature at sny age than those of their
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1ittopentoo which had grown more slowly. However, the rate of
maturity of the sieleton was not increusod sul'ficiently to keep
pace with thw repld grovth in body welpht, so that rapidly grove
ing unlmals of 6o cwre body welpht as more slowly prom and
odder individauls, had fomorw which were shorter, contained lesp
culcliwg, snd had less woll dovolopod oplphysos. It nuy de
resgon:bilo W conclude in view of these results thut differences
in growith pute would also produce differences in Hone denslty.

The truabgscular zatiern of a bone may have same influcnce
on bone welpht, und, through weight, on bone Qensity. The
relationshipy of the bone weightilongth rutio to bong thiclkness
will vary with the shape of the trsnsverse section. Bell (1:56)
cunpliders it 2robable that both tie truboculur pattern and shape
o’ cropc=-coction are developed in direct rosponse to mechunical
otizmli, «lthough the srecise naturce of the response is not
wxlero tonds ~vidence of the direct adaptive response to
Snctloncl roquirenant is shown by the fuct that the lamellar
archltocture in the bYonee of the lower 1limb of nan acquires it
finul arrangoment only when the child begins to walk, It has
also boon sugrested by Clark (1956) that the refinements and
detalls of contour of bones are conditiansed by similer extrinsic
factorsy @+8.; the nccurete adaptution of Joint surfsces is
related to moverent, and the less conspicuous ridges end
deprocsions to the tensions and pressures of the adjuzcent
msculsture and associated ligaments., This view is supparted
by the work of Murray (1957).



50

The literwture also contains = certuin anount of more
diroct evidence to show that bone density is not constant.

Such proof cones {rom the wark of !uek, Brown snd Trapp (1949)
vho emplosed roentgonorrwe far the guontitstive evalustion of
bone density, end fran thet of Fraydbill, Tankins »ad Purnvorth
(1954) who used hydroptuticelly dotermined bone dencitics #so
an Index of e percentage of bone in eattle.  Ereybill gt ul.
noted thuat bone denoity inerecced uwpy to m.turity in & typlceal
|roT il cweve relationshipe. These resulis show, however, that
evon in nnturce endiwle there wy be wide variations in bane
dorpmity. the means and pltandard deviations of metacarpal
donoity ol onc group of 13 bulls wnd unother of 34 cows were
13770 156 and 1.0328C.042 respecilvely. {(These workers do not
quoto W mits of rousurorent of Jdonsity, and it is prcbable
thiet tho Ciguwes reflerred to ape in ot rolutive densities op
speeilde provitlen.)  Eropf (1959), in his studics on the Lig,
noted dilflcroccos of mope thin 0.3 in withinebone specirfic
gr-vition,

Chungos in tho compooition of bone with age have -1so been
noted by slienbergor, Newl:-nder and Jones (1950) who showod thit
in duiry cettle the percentage of dry matter in the skelotom
approximately doubled from the time of dirth until msturdty.
Kraybill et al. consider that such chunges in the chenicel com
pocition of bone are reflected by chenges in bone density.
Shorland, Barton end hae (1961) have shown that there is
considerabic vuriation in the chamical composition of the
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bonos of mature eves, peritlcularly as regeards the jerecontage ard
io@ine value aof the fut. These voriiers noted u Aifferonce of
moro than 15 per cont. in the oan fat porcentuges of the netae
cuzpus and tho Lommure A Aifference of a«loct 35 in the ipan
lodine vuliuwes of these banes showed that thic comgonent was
subjJeet to lurge gualitutive, as well as quuntitative, veriations.
udnoy (1955) has attom ted w .ce the quantitutive variations

in o Lut content of bone moror wg 4 usans of evaluating the

comndition of rod deer ) in llew Zealand. In

hic seuwrch for u cultadble Lndex of condltion he noted thaut the
bone urrov wup the firvst fat depot to respond to any fuvourable
metavolic chunyCe

Thoso wvorkers who huve eiploed the zutlo of bone velpht
to lencth as = ipusurc of thickness hive no doubt uppreei ted th t,
beeruse no bono ise a perfect eylindcr, this derived dirension
i, in fact, under conditione of conci.nt density, « function
of ¥ oQuure of a purcly hypothetic:ul rudius, The evidonce
rovieved in thic section would cuggest, hovever, th t it is
unlikely thut bone denslty is sufficiently comstant to wurrant
any great dogroe of reliaence being placed on this so=called
bone "thiclmesc®., This 48 not to say that the weight:length
ratio has no value, but rather that it be regarded as measuring
bono wolght per unit length, which may well have some indicatory
value, and not as & reasure of bone thickness per se, a8 has
frecucntly been implicd in the past.



nvestigutions und ox_erimenis curried out by the Sheep
Mebundry Depertiont, Massey agricultural College, have

rrovidod the 7o pources of duta used in this study.

(1)

In meeponse to a pequest from the Britigh Yinlctry of
Pood work w.g undertolten in MNew Zealand in 1942 to provide
informmtian on the composition of rutton snd lumd ¢ pe cces
end Joints in toemx of tho three nadn netomicul tiscues,
vlg., bone, mecle, @l futy on the chomic:l composition
of the edibie tissues of the curcussy »nd on the ealoriric
and _rotein slelds of the princijul grodes of New Zealusnd
export mattonl and lLard cureanses. This informution wus
requlrel Jor the effective erpinicution of food rationing
and the determdnation of food import policies under the con-
ditdans rovelling in Creat Britain during World war II
(Clarke and Heleekan, 1952a).

Tho major part of this work wes carried out at Massey
Agrigulturzl Collope vhore 120 lamb, ewe, and wether care
casses, obtauined from the Co=-operative Wholesale Society
Limitod®s Longburn Freezing Vorks, vere examined. Samples of



Descoription Grade ieight Carcusses liean Frozen
ark Range B8elected Wt. ex Store
(1b) (1iv)
Primoe Dowm 2 Up %o 36 10 3262
b 43«50 10 h6.2
gﬂmb 5 2 Up to 36 10 32.1
rossbre
Lamt 8 Br=h2 10 39.5
kL L1 3=50 10 b, 1
Segond
Qualdity Y Up to 36 10 30.5
Lamba |
Ewes 1 Up to 48 5 Us.7
7 Lo=56 5 5246
3 57=6L 5 60.4
b 65~72 5 68.6
5 735-80 5 76.5
vethers 7 4{9~56 - 5343
3 57=064 5 61.0
9 65=72 5 6% 5
5 73 and over 5 7649
Second
Quality X Up to 56 5 Ui6e5

Wethers
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larb, ewe, and wethoer carcasses of each grade were selected
from com:ercially graded lots in such a manner as to ensure
that the welght runge within each grade was adeqguitely covered.
Details of grades and mean carcass weights within grades are
given in Table 1.

The carcasses used in the originel study were chnosen to
represent a typical crossesection of the North Island mmtton
and lamb industry of ilew Zealand, i.e., the ewes and wethers
were Ifrom Rommey, or more correctly '"Hommey Crossbred" flocks,
while the lambs included both Romey and SouthdovneRommey
CPrOBBes8. All carcassces were telescoped to facilitate export
under war tlme conditione of restricted shipping space,

Further details of the mmterials and iethods used in this
wvork, and reports of the results, have been given by McMeekan
and Clarke (1942), Shorland, de la llare, Sorrell and Barnicoat
(19L7), Barmicoat and Shorland (1952), and Clarke and McMeekan
(19528, 1952b)s The grading system referred to in Table 1 has
been discussed by Bartan (1947), and Smith-P1lling (1959), and
a statistical analysis of the differences, in terms of bone,
miscle, and fat, between the various grades, based on the above
data, has recently been given by Barton (1960).

In 1950 a series of measurements was made on the bones
which had been labelled and stored at the time of dissection.
During and subsequent to the ariginal dissection work a number
of bones were unavoidably broken, and thus only those carcasses for

whlch the skeletal records were complete were used in the present
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study. e anended nurbers of carcesses within each grode end
s8ox are pronatod in Tabls 2.

The informmtion extrscted from the originel data sheots
and the cubsequent bone reasurenent investigution is jresented
in Tuble 3. The division intc derendent mnd indezendent
vardates, and tho sywbols used throughout this work are «1lso
glvon in ths table.

The second oource of duts has Leen provided by trials
curried out on the Jussey agricultural College sheep farm from
Moy 1957 untll Decorber 1056 to detormine the effect of shorte
rotation wnd peremial rregruss, with and without white clover,
an the icdine status of shecps Details of this work have boon
gilvan by rlux, Butler, lme end Drougham (1960).

“lyatt (1960) carried out carcuss snulyses on 39 Romney
ewes used 1a the yeprass Otruin Trial (R.0.T.).  Hig materisl
wag mde avellsble for the present atudy. The information in
Table Ly reloting o the muwscular tisscue und the weiphts of
certain bones, was extrsced from Ulyatt's raw data. The bone
measurements were subsequently made by the writer.

26

(1) 120 Beries
All carcesses used in this investigetion were divided into
neck, thorux, loin, pelvis, two shoulder, and two leg Joints, the




Units Symbol

4. Dopondent Veristee

Veight of Musculer Tissue in

C..oguss kg !1

feisht of Musculser Tissuwe in

Shoulder kge !2

Vedght of Muscular Tissue in

lag kge 1y

Ppozan Curcacss Velght kge X

Ilength of Radius-ulna Cille Rl

Viedoht of Zudiuseulna e Rw

Longth of Haorus Cite Hl

Feicht of Mumerus 8 e

edight of Humers

per cn., length 8o HY

longth of Tibia Cie Tl

Weight of Tibia Be ™

Length of Famur I, Fl

Weight of Pemmur 8 Fw




Units symbol

Curoans kg. b 4

Vadght of Mhmoular Vissue in
Shouwldor "Rfve Y

Prozon arcuss eight Ere X
Leagth of otacarpus C, cl
Yelght of llotucurpus Ee Cw
Widwh oL lstacurpus Cle Cd

velcht of Metucurpus per
¢m. lingth 8e ct

Longth of Humerus . ;£ 1
Ycight of heerus Ce 3.7

Weight of Mamerus per
cile length 8e ot
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Join being separated from the thorex in such s manner as to
include the last thoracic vertebra in the loin Jjoint. =ight
choulders and legs only were dissccted in all but o fev c:pes.
411 Joints wore dissected in a defrosted or semi-=defrosted
condi tion into Domo, muwecle, fut, nd tondon and waste.

The welights of muscular tissue in tie shoulder and leg
wvere obtuined by doubling the weights of muscle dissected
from thoe ripht chouwlder and log, respectively. Thus, the
weipht of tive total mmuscular tissue in the carcass was taken
as the sum of tho weights of muscular tisswe in the neck,.
thorax, iodn, uwnd jelvic, plus twice the welght of the muscular

ticoue In S zight ehoulder and log joints.

(2) _Feppasg Slro

In tlhe [yegpuos Strain Irial investipgation only the lef'd
slde cof each cuicuse was dissected into its component tiosues,
the oight glde being wsed Lo chemicul anclysis, ‘“he frozcn
garcagses vere split dovn the mid=1ine with & meat bandBaw.
Sho loft side wus then divided by the bandsaw into four Jjoints,
viz., leg, loin, 9=10=11 rib cut, and "rest®, These Joints
wore later subdivided to give seven smller joints, similap
in definition to the anatomicul Jjoints described by Palsson
(1939). The bandsewed "leg" was divided into the snatomical
log and clvis, and the "rest" divided into neck, thorex, and
shoulder, agein following the procedure cutlined by Palsson
(1939). Thus, the weight of the carcass muscular tissue is
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tho sua of the separate welyhts of musculnr tigcue dissected
out from the leg, relvis, loiny =10=11 ridb cut, thorax, shoulder,
und neck, mltiplied by a fuctor of ap roziinately two (the ratio
of earguess weight to weight of loft cide) to convert the figure
to a v:0le curcans busis, ihis convorsion fuctor ranged from
1.95 to 2.08, The inequallty of the weights of the two sides
i1s emeoidersd to be due mose to the difficuiltics involved in
bandsuwzing thun to any inherent bilatoral agyreetry, and thus
the weipht of rwscular tissciue in it a! ouldery, which is not
affocted by thw Landoew cut, wus caleulutod o axactly twice

the weisht of mwsculsr tigous disgsocted fram the left shoulder.
his wus oo to mive data comporeble to thut avuiluble in the

120 Serico.

(1) 120 feopries
Detuils of the isapurenents of the hones 1listed in Table 3
wl@ given below, In ali but a fcw instunces the meusurcements
refer to LDones from the right side of ths carcuss.
Radius-ulns Length (1) =« from the tip of the olecranon
frocess of the ulna to the tip of the styloid
rrocess of the radius (Plate 1).
Iumerus Length (Hl) = from the highest point of the superior
border of the lateral tuberosity to the most inferior
and lateral point of the latersl epicendyle (Plate 1).
Tibia Length (T1) - from the interspincus noteh on top of
the hesd of the tibia to the anterior median notch
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on the d . stal extrenity (Plate 2).
Femwr Longth (¥1) - ifrom the up.or 1limit of the great trochanter

to tiho lovor limit of the luterul condyle (tlate 2).

ihe bane mewsuranments detuiled below were mude by the
writer using CGneugel anthrorometric calijers (Plute 3)s In
thic esse only Wose bones from tie left sidec of the curcses
werc uvailoble Lop apuasurement, tlhe e tire right side having
beon bandsatm and ground for choindcul anulyeis.

Motacurpus (Cixnan) longth (C1l) - from the hiphest point
the redial tuberogity to the awet inferlor point of the
edind eondyle (ilute 1).

Jetact.sun (Cawnon) vidth (C4) - tho muxiram width &t the
cintul eXtremlity, mewsured between the most distal foramen
und the sagsitul notch (Flate 1).

Tuerun  enpdh (1) - from the highest polnt of the superior
bordopr of the lateral tubcrosity to thie most inferior

and lateral npoint of the laterul epicondyle (rlate 1).

L‘. 8 NTO B MY

The analysis of covarisnce, a8 described by Snedecor (1957),
was used to test the significance of differences between populuation
regressions, and to ussess the homogeneity of variance.

Tests of sero order correlztion coefficients were mude using
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Fisher's g trnoformation (Fisher and vates, 1943). Misher's
tremefomation was also used to obtauin weighted values of z in
coaabining the sauple corprelation coefficients of groups of une
Gguul 8ize, where teets of rogreccion and correl tion coefificients
ghaved that tiwse grows could be coms ldercd as having been drawn
from the onc populstion.

Hultiple rogreesion eyuwtions wnd multiple correlation
coofliclents wore corputed from stundord partlal regression
coofficimia derived from zero order correlutions. The com=
patation of partlal regression coafficlents also involves the
ucg o corpectod sumg of BQuLIeSs. Thus, in corbining cuarcuss
elanoes o groups which can be considered as different samples
of v one oualutlion, tle zZero order correiation coefficlento
awsed I caleulsting the stundurd purtl.l regression cosefficionts
of the cobincd grows were also derived £rom poolad sung of
Sgures aul croscproducts, wnd not fras veighted values of 2.
However, the om:ll diffeorencet, in moct oises apyarent only
in the third decimul pluce, between tho two estimtes of corrclation
shov that the 1lagik of & guitable ststisticsl techniquoe {or overe
coming the asyzmetrical distribution of r 4n this case is relstively
uninyortant,

The significance of the inform:tion contributed by esch of the
indcpendent varistes in the maltiple regression eguations wag
tested by the method described by Snedecor (1957). The general
case io set outl as followss



Souprco of aof.

Variation Sum of Squares HeSa P
X, and X n 1§ o
1 2 —v42
o 2
x., alone Ne1q ;:y1
B B et B
X, aftor X, ne{ne=f ) = =y, P P/E
and X n =y 2
X4 o 12
X alone 1 =y,.©
2 &
X, after X, n-(n=1) 2§ 0% = = 2 Q /B
Erpop Ne(n+1) S 5" B
vhere,
x1 and x2 = independent variates
n = nugber of independent variates
i = total nunber in sample
=¥y 22 = gum of sqQuares due to regression
of Y on both x‘ and 12
X = Py, FET + Dy XY
23‘,“ = 8um of squares due to regression of
ryaa = oum of squares due to regression of
Y on xa = bﬂszgy

sun of squares due to deviations Fron
regression = =y° - :»;i' 22
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he duba poluting to the Byegruss Struln Trial carcusses
wore arpranged uccording to o twoeway classificction (pusture
ty o und birthrank), with unequ.l subcless nuwbers. The
staticticnl Lrocedurc used by Jlyatt (1960) and most ap.ropriate
to this clupoification wis the mothod of fitting constanio by

leagt BQUErOG, “he model chocon wass

Tige = M+ By + b;j + (yb)“ + 8

WhorG,
: § B 1"(£,eoet.’1."
3 = 1,2,0‘:00;5
k = Uplgcacanoplly,
- i paien 4 103
w2 . o 5 i
Ji e 40 e obourvailon on tho o andial of the ;}m

?

slpthras an the 19 pugture type.

f+ 46w offect comaon to ull owes in the population
wid 1o, 4o offect, a jopualution meane

The conoiant By & an offect comwon to all ewes on the
ith pabtwre tyie.

Tho four weiure tyies words

pi = peremnial ryograss,
Pp = shopt=protution ryocpruss,
pB = perennial ryegrass plue vhite clover

Py = agf‘?t-rotaum ryopgrass plus white
clover

The constant bJ is an effect common to all ewes in the

¥ 51useification of birthrank,



The

e fow bHirthrunis wvered

'b1 = ogwes reurlag single lunbs,
b,2 = ewee reurine twin lurbso,

03 a ogwes whieh borc < 1-ob but dla
not reur 1t,

ba = dry owes.

Tho intcrection contributed to the individuals in the
(fe.;})f‘h cell ilo meusuwred by tiv cons tuant (pb)“.

The: comstunt eijk is « doviution or error. In testing
the eimiliconce of differonaes vetvoon the Classificalions
the dovictions ure asswrd to be nornelly and inde_endently
dictributed around o rocun of goro with veriuncs 602.

L Pormml Jrecsentation of tho seocedure used in es tlmating
the unlmom runeters in thds paprticalier model hus beon given
by fompilorno (1952)e Dotolls of the mutrix .sed, wnd of its
inversion, torcthor with the co patatlon of the pedection in
sawn 0¥ 8cllires due to Litting constinits wnd $ho s lysis of
viriinee woed in testing for inter .ction huve becn setd out by
Ulyatt (1900).

The procedure outlined above wus ap.lied to the viri tes
listed in Tsble 4.  Uhere inter.ctions wore found to bo none
significant furtlhor tests were up.lied to deteruine the signific=
ance of tic pusture @nd birthrunk effects. The effect of the
8ignificant "troatmont® was tien eliminsted by sunming the
correctod cumo of BQu res and crocsproducts computed within
each treatment group. Where a sipgnificant interaction was found
the teatc of signilicance of the pasture and birthrank effocts

wore no longer ap licable,
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RESULTS

It is noccesousy to define the terms used in referring to
the subdivicion of the duta. The Lirst broukdowyn is into two
muin ‘sorics” -~ e 120 Oories ndl iyemruss Stesain Trisl Scrles,
whleh have wlocedy been encountercd in the revious chantor.

The 120 Lerico io {urthor oubdivided 1nto four "elussen,
viz., cwes, wedlwis, ove luahs «wxl wethor lurmba, The COrChe
roaddng ¢ tcgorios in the Ryeg wss Steein Trisl Scries ure the
Pour treutziont or pupture “crougsY. hese teiws are .god

tiwoughout thils worl,

T e wewn, stundard deviutions, and ruanges of the 120
Sordes varlates arg givan in Tobles 5 and 6. In all cases
the mien hwve hichor mows thun the femules of a comparuble
dogreu of wmturdty, C.te, tho wethore have a greater weight
of iwacudnr tissuo in the carcsss and in the shoulder snd
leg Jjoints, u higher carcass weight, snd heavier and longer
bones than the owes. The same pattern is seen in a comparison
of meand in tho two lard grows. 1o such consistent effect
in favour of oo 86X 18 appsrent in either the standard
deviations or ranges.



Cluse de::n 5.0 Ranpe

Musculer Tissue in Jurcass (kg.)

Twes 13.41 2,03 Detly = 17.11
Jothers 1393 139 0,60 = 17,36
20 Lambs EeB6 130 0e03 = 1170
vother Lacbg Gl 1.34 6.76 = 11,47

Mupedlar Jlosue in Shoulder (kg. )

e 2402 Dol 1.77 = 5.29
others 2.67 0.33 1.67 = 3.32
we Laios 1.060 0.25 125 = 220
cetler Lumbs 1.74 0.8 116 = 2.30

Ihapeular Tiosue in Iog (kg )

Lwes 3.27 0.48 230 = U423
ethors 365 OeliS 2¢508 = Lol7
Bue Larivs 2631 0e39 1.80 =« 3.27
VWether Lambs 2.45 0.38 1.78 = 3.40

120 Series Class hanbers: Bues = 23
viethers = 24
BEwe Lanbe= 24

Wethey
Lemtg = 30



Class lean 8.D. Runge
Carcass Veight (kg.)

Exrgs 2737 558 1749 = 36.65

Vethers 28.00 S5.43 1758 = 36,06

Bwe Luamdbo 17022 2.” 12093 - 23.00

Yethor Lambe 17.46 2.94 11.75 = 21,82
Rudius=-ulna Length (em.)

fma 16.93 Oow “6.9 - mos

Wethers 20.28 0.84 185 = 21,8

Ewe Lambs 15.98 079 1405 = 17.5

VWethor Larbs 16.94 1.0 15,0 = 19,5
Radius-ulns telght (g.)

Vethers 9.33 10. 93 77 = 119

Bwe Laribs 57.45 3.09 Ly = 74

Vethor Lambs 66.28 9081 h9 - 86
Humerus Length (om.)

%m 15.13 0053 13.7 - 16.1

Buwe Lambs 12.43 0.51 11.5 = 13.5
Hamerus Weight (g.)

Wethers 123.41 12.73 100 - 148

Ewe Lambo 74,50 10.73 56 « 93

Wother lLambe 86,20 13.7h 5 = 410

(Cantinued)
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TABLE 6 (Continuea)

Cluss lgun S.De Ranpe
IMunmorus Yeight ver en. (g.)
B'ﬁ'oa 7011 Onas 5.67 - 8011
Lgthers 8.15 0.6 6,90 - G.21
Lwo Lambe 5.97 Qs 70 Le©O7 = 7.36
sothep Lanbo .03 0.80 3,92 = 7.59
Tibia Longth (am.)
e 19@72 0.% 1708 - 21 Qu
Lethens 20.71 0,66 19.0 = 22,2
e Lacho 16,82 072 15.0 = 18.0
Vothor lumbs ‘370{;‘-‘7 13%7 1500 = 20,0
wibia vVedsht (go)
BIGo 104,30 1344 8 - 13
"ethors 125.92 145.70 99 - 153
e Leobs 1563 1027 60 = 97
Jother Lazho 69.78 122 66 = 120
Pore ieongth (cm.)
es 170!‘5{) Oo% 1505 - 1992
viethe ve 18,47 0.78 16,0 =~ 19.5
Sve Lambso 15.02 1. 71 13.5 = 16.5
Vothcr Lambs 15.60 0.99 4.0 = 15,0
Fermr Weight (g.)
Bwes 131.13 20.67 92 - 1P
Wethers 158083 17056 130 - ‘%
Swe Lambg 95.42 1448 69 = 120
tiethoy Lambo 11317 16.84 78 - 162
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Linsar regressliaw of weight of musculir tiscue in tho
Garcues on enresos wolght, on bone lenpths and on bone weights,
7ith assoglated gtandurd errars of ostimate in sbsolute und
sencentuge units, are given for the four gcparate curcssn
clacpen 1n Fuble 7y together with tho corregponding zero order
correlation coefficients. In all four clusses carcass welght
ic moro cloocly correolated with the welght of muscular tissue
in o curcupss thin is any other independent variate, und provides
the oot wcowswato prediction of totul caresss musele. In genorpul,
boro wedghts ure nore clwsely relutod to and give better predice=
tionw of the velcht of carcass musculars tissue than do the
corpeo onding bone lengths.  iSxecpt in one ins tance, the
corrclatiann botueon the weinht of capescs mwele und the
independont veriates are hipgher in the two lamd classoe than
in tie two clicues of nuture 6HCOLe “hese differonces ::re
greaver in the rolationships with bore length thun in thoce
with Lone weirht,

Length reoasurements of the rediuseulna ard tibia src not
oignificantly related to carcass rusels in eithor elsss of
mature sheep. The correlation between curcass musele wnd
hunerus lemgth does not reach the level required for significe
ance in the wothers, and 16 significsnt at only the 5 per cent.
lovel of probability in the ewes. The correlation betwecn
carcacs muscle and femur length is likewise significant at
ocnly the 5 por cent. level in the ewe cless, In such cases the
corresponding regression equations are of little predictive



Dependent Variate = Veight of 'luscular Tissue in Curcess (kg.) (r,).

Glucs Correlation wopgression 8, .(kg.) 8y x5 8y
Coeffic ient(r) Bouation Fo ‘

X = C.rcass ‘eight (kg.)

it

Beves 0.66 T,=0.31X + 4.67 1,06 7.90
Jethors 0.8 Y,=0.29X + 5.7 1.04 7.47
Bwo Luobo 0.89:: Y =0.U3% + .15 0464 7.48
Wether Lumbe 0.93 Y1==G.LDX + 1.67 0.49 5.38
Rl = R.diuseulnsa Length (am.)
iwes 0,38 Y =0.85R1 = 2,65 1.92 14,32
Wethers 0,367 Y,=0.81R1 = 2.53 1.80 12.92
Bwe Larbs  0.75 ¥ 21,3081 = 12,47 0.9 10.63
Vetler Lambs 0,75 Tg=0.84R1 = 5.10 0,90 9.88
Rw = Radiuseulns Veight (g.)
“wes 076" Y,=0.16R9 + 1.50 1.34 10,00
Vothers  0.68" Y =0.12R7 + 2.78 1.4 10.12
Ewo Lanbs 0,86 Y,=0.14k7 + 0.28 Ou71 8029
vether Lambs 0,80 Y =0.1109 + 1.89  0.82 900
Ml = Mweres Length (cm.)
iswes 0.46° Y =1 ,4OHL = 6.88 1.84 13.72
Uethers 0,297 Y, =1.0201 = 1,46  1.85 13.28
gwe Lasbe 0.7 Y =1.900 - 16.11 0,93 10,86
vethor Lams 0.59 Y,=1.0101 = 3.98 1.10 12.07
M = Mumerus Weight (g.)
Becs 073 V0. 1 + 1467 1ol 10.51
Wethers 0.68"" Y=0. 100w + 1.k 1.k 10,42
Eve Larbs  0.84 Y,=0.11B7 + 0.61 0,74 0.6l
Hother Lambs Ge73 Y,=0.0717 + 2,94 0.93 10.24

(cmmum)
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2ABLE 7 (Continued)

Classc Corrolution Legresoion (kg.) S %y
Cooificlient(r) Houation

It = Thanerue Veipht por e (g.)
L

X160 Q‘.{Yﬁﬁ Y,‘:zéiehfaﬂt - 3.88 1.31 9077
lethors 0.71;; Y,=1.921 = 1,72 1,36 5. 76
g
Bve Luanbe OuTl ‘x‘,‘a‘i.SOHt - 0.37 0,88 10.28
Ll S P
Cother Lechn 0.69° T, A6HE + 1.1 0,98 10476
71 = Tibia Length (em.)
%GB 0,338 T,=0.7671 = 1.66 1,96 1462
Cethors o,,‘zlf V20,6971 = 0,40  1.83 1514
e Larbs . ,'55& Y, =1.0591 = .09 1.15 1543
vether Lurbo 0.65 3'133.7"'331 - L.,0L 1.03 11.351
Tw o Tibli. Jocight (g.)
Iien 0.7) ’ V=0, 1179 + 1,98 .42 10,59
_othoro 0,62 T,=0.06Tw + 3,84 1.5 10,6
ivte Larbo e b& ’f1n0.12’.ﬁ7 = 055 0,67 7.63
cther Liahe 0.76 ¥, 20,09Tw + 1.l 0.85 9.33
Pl = Forur Longth (cm. )
OIS \3051.) Y1ui 336}?1 - 10078 1.& 11'“9
e lsuabo ‘6?&* ¥1a1c27F1 - 10.‘}8 1003 12.03
Vether Lumbds Oe74 T,=0s96F1 = 5.83 0.9 10454
"o = Femur Yeisht (g.)
&
Eves 0.73; Y =0.07F7 + Lai0  1.43 10.66
Tethers 0.56” Y, =0.06F% + U4.32 1.59 19281
iwve lsrdbo 0.8&’ Yiﬂoom L 2 0091 0.76 8.88
&5
tether Lanmbg 0078 Y1u0.06W + 2.82 0085 9033

ns = Not significent at the 5% lovel of probability
* = Significent at the 5% level of probability
= Bignificant at the 1% level of probability

i‘?la nomenclature will be used throuphout this work to denote levels
of gignificance.

ng
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value and have been included solely for the sale of com-
plotenoss.

The standard orrors of estimnte eéxpressed as a perconte
age of the moa of thoe dependent variate also show the sup-
eriority of the relationshiis betivecn curcass nuscle and bone
velghty, as opposed to length, and the closer limits of prediction
of the regression equations pertaining t%e the lamb classes,
particoulnrly vhen the comparisons with nmature sheep are mede
within £oXe0.

The excertion to0 the above penerulisations is found in the
reiationshiszs botween totul nwcle and hwerus weight per cm.
Althouen there is little difference betweon the four correlstlon
coufficients (r=0.69 to 0.77), the ranking order, together with

that o the lercentope ctandard errors of estimate, is chunged.
In both the ewe and wother clesses hurprus weight per cm. is
more clocoly correleted with the welght of muscular tissue in
thi0 carcuss then is sbsolute bone welghte The percentuge
ptandard errors of cotimate likewise show that bane weight
per unit length gives more accurste prediction of the dependent
varisnte in those classes. In the lamb classes, however, total
humerus welght 48 more closely related to and gives better
prodictions of carcass muscle than is the cace with bone weight
per cme In all four classes humerus length is less satisfactory
for prediotive purpopes than either of the variates involving
bone walighte

Cargass welight provides better estimates of the weight
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FIG.

Diagrammatic Presentation Of Correlation Coefficients In Table 7
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of musculder tissue in tie careuss than doos wny Done G uBUPANMte

among the fowr bones s tudled there arc no cicarecut differe
enees in _rodictive valus in fsvour of any onc. A8 the humeree
io the only vone common to this data and thet of the Ryegrass
Strain Uricl it tas boen solected for the computation of weight
por wnlt length, with a view to yroviding & comparison and
poselble contbination of these two rmin seriles.

he correlation coeffic iente contuined in Table 7 are
rresaited graznleally in ¥ig. 1. ihis presentation contulns
no new information but allors the reader to make canparisons
vithin ond betvoen rrouss more roadily than does any tabulation
of Firig.

In Table ¢ the voight of musculsr tissue in the shoulior
i6 rolated to ecarcass veight and to the langthe «nd weil hts of
the radius=uln: and hurpeus, the rincizsl bones of that Joint.
bimilar relatianshizes betwecn the weight of muselo in the icg
awl 1oapurerents of the tibia wnd fermr wre presonted in Tibhle
Oe 4 study of the carrclation coefficients in these tablceo
rovesls e suuk putterns @8 noted in the relationshijs with
total cercuss muscle, vizes

(1) correlatione with carcass weight are consistently
higher thon those with bane lengths or weights,

(i1) vone weight i more closely correlated with the
wolght of muscular tissue than is bone length,

(111) correlation coefficicnts are higher far the two
classes of lwibs than faor the iature sheep,



FIG. 2
Diagranmatic Fresentation Of Correlation Coefficients In Table N
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shouldor and Othor Veirlatgs = 120 ‘eries

Dependeont Wurlote = toight of uscular Tissuc in Shoulder {kg. ) (Y2)
015006 Jorrelation Regreons ion S x(kg,) S, ax"“s%g
CoefPicient(r) fqustion Jo J
X = Curcacs ileight (kg.)
Cwres 0.82 Y,=0.06X + 0,98  C.24 9.20
L L
Ulothers 00 82 Y,=0.05K  + 1426 0019 7.42
. N y
we Lambs {Jo&} Yguﬁ.ﬂux > 0.30 00134 &2‘075
other Leibs 0.07 Y,=0.00X + 0.27  0.14 $e19
Rl = Hadiuseulna longth {cm.)
Swen Ou 35“}“ ¥,=0. 1001 = 0.4 0e3Y 14.94
Lethers OelyT 1,50.18R1L = 1.05  0.30 11.24
.
cve s 0075 Y m0.24R1 = 2.25 0,17 10.63
6B =
Jethnr Lirbo 0081 ¥,=0.19R1 = 1,48  0.17 9. 94
B7 = Radiuc-ulna ‘ioight (g.)
o 07l ° ¥,=0,0LR7 = 0,07 0,28 10.73
.ethers G678 Y 20,025 + 0.79  0.23 G614
swe wibe  0s06 T Y, #0.03R% + 0.06  0.13 3413
(o2
Viether Lambs Q661 Yaa0.0ERw + 0.19 0.17 o,
Hl = Damerus Length (cm. )
Ives O.hﬁz ¥,=0.20i1 = 1.43 0,37 1447
)
Jether Lambe 0061 T,m0,2271 = 1,43 0,22 12.87
By = Husrue Teight (g.)
&
Bwes 0.71.:' ¥,=0.020 + 0.31  0.29 11.11
Yathers 0073“ st0.0ZﬂW + 0.34 0.23 8461
Zwe Lagbs 0.65“ Yzﬂ.OQHV + 0,12 O.‘"; 8075
fether Lanbs 0.76 T,=0.0210 + 0638 0.18 10.53

i




Correlation Coefficient

FIG. 3

Diagramnatic Presentation Of Correlation Coefficients In Table ©
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Depandont Verliite = Welight of Muwsculur Tissue in Leg (kg.) ('.1’3)

GClusg Corrclation Hegression S x(kg“ ) 8 %8 By
Cogfficient(r) Beuation Jo Je

X = Curcuns ‘eight (kg.)

e 0e82" Yz=0.07X + 1.34 0,28 8456
othuro 0uT5 520,07 + 1,76 0.33 940l
Hoo Larbs 0006 Y=0.12% + 0.25 0,20 5.66
iother [abs 0.68 V=0, MK + 0li5 019 7.76

n9

71 = Tibia Lensth (em.)

wes Co 559 ¥570.2071 = 0,63 0.46 101,07

othors T, T;=0,20T1 = 0.56  0.47 12,00

e Lanbs  0.63 Ug=0s3UTL = Selis 0,31 1548

Vother Latbs C.62 Y3=a,20":1 - 4.12 031 12,65
% = Tlblu oight (go)

Wes 0.72" 0 ;20,0370 + 0.57 0.3k 10,40

LeAhors 0.72 Ysm0.0E‘m + 0463 034 9.32

Ry = :

ue Lunbe 0489 Yg=0.0500 = 0.34 0418 7.79

Victher Lambs 0.77 YBw.oam + 0,25 0.25 1020
Fl @ Forme Length (cm.)

LTOB Oolys” ¥;=0.27F1 = 1.45  0.43 13.15

i ith

Vethers 0.58 on.jcSm - 2,96 O.41 11.23

2 Bt

Ewe Lambs 0.73M Y. =50, 40FL - 3,64 0.27 11.69

tether Lambs 0.65 1;-0.25@'1 - 1.51 0.30 12.24

W = Femar Weight (g.)

Bes 0,72 Y, 20.02Pw + 1,08  0.34 10.40
vethere 0.71"‘: ¥g=0.02Pv + 054 0435 9.59
Bwe Lozbe  0.86 ¥5u0.020 + 0,06  0.20 8.66

iether Lambg OuTh 20,0200 + 0.75 0426 10,61

¥y
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and (iv) the differences noted in (441) are greater in
thogse relutionships involving bune length.

e reloticaships computed on & careass muscle basis
(2eble 7) nsy Le camered with these incorporating shoulder
muwele (Tanle 8) wd lep musele (Table 9).  aAlthough the
radiuge-ulns and hunerus variates provide better estimates of
cureaso muscle than of shoulder muwele in the ewes, owe lubs,
and wotheor tumbn, the stundurd orrors of estimate expresced
as a _creentnge of pun musele weight ere consistently lower
for shouwlder mascls In the wether cluiss. A simllsr compuarison
of the Jrcedictive ability of the tibis «nd femuyr vari:tes shous
whwt in the cve, wether, sond awe Lumd classos these veristos
give better cetlmntes of lep mwele thin of curcuass mscle,
willo in the wetier lambs the gercentage stundsrd crrors of
eotlnmutc of carcuans msele are consistently smaller. Theso
differoncosc will be considereod at a later octage, but it is
wertinent to note ot this _Joint that the differences, although
cowirtonty, are s.ull in relation to the size of the stundard
errorc of cstiimte. OComparisons of the standard errors in
Table 7 with those in Yablos & and 9 also reveal small, but
nomesistenty, chuanges in ranking arder.

Cozparisons of the corresponding correlation coefficicnts
in Zable 7, and Tubles § and 9 show a high degroe of similapity
between tle relationshije of eusch independent variate to the
tvo, or in tho cese of carcass weight, three dependent varintes.
This is also readily seen in a comparison of Fig. 1 with Pigs.
2 and 3. The significance of the differences betwean ans lagous



Dependont Vardate = Weight of 'uscular Tissue in Carcass (kg.) (‘!’)

Class Correlation Regression 8 k)8,  es %
Coefficient (R) Equation o v

X = Jarcass ‘ieight (kg.) Ml = Humerus Iength (cm.)

Ewes 0.87 " z1=o.29x:: + 043N - 0,84 1.04  T.76
Gethers Celly”" ¥y =0.29K  + 0,031 4 6,36 4.20  8.62

Ewe Lembs 0e90 - Y,‘-O‘BGX + 0,567 = 4.52 0,62  7.24

fother Lambe0.95 & ¥,=0.39X  + 0.291m" - 448 045  L4.94
X = Curcass Yeight (g.) Hl = Humerus Weight (g.)
Bwos 0.91°"° Y1=o.zux“ + 0,067 °  + 094 0,86  Golid

othors o.e'i:m -o.ahx " o.omdf: 4+ 2,43 0,98  7.04
Bwe Leoibs 0,95 z,‘uo.aax + 04061\ o 0.69 Oli2  4.9%

L2

Vethor Labs0.95 ~ Y,=0.36X" + 0,020+ 0495  Ouili 483

A1l = Humsruo Length (om. ) Hw = Humerus “eight (g.)

Eves 0s79""  Yyee1, M 4 0,191 0+ 18,79 1.03  7.68
Wethors 071" ¥,==0.95M%+ 0.13HE .+ 12,63  1.05  7.54
Bwe Larbs 0.66:: ¥y= 0.69m™ o.oem:f: - 6oily 0,72  Bali
Wether LumboO.73 Y= 0.0901"%+ 0.07Rw + 2,10  0.94 10,32

X = Camcasn Yoight (kg.) Hl = Humerus Length (cm.)
W = Tumeras Weight (g’.)

Bwres o.%f’i Y1~O.22)I ‘e 1.25M1° 4 0120 = 413.60 0.75  5.59
vethers 0.88:: ¥1a0.23x -o.sgxn""oo.oﬁm ,¥10.57 0.96  6.89
Bwe Larbo 0,96 .3ox '- 0.20H1"40,06M" + 1.47 Ookilh 814

Vether Lerds0e95 ¥1uo.36x ® 4 01301 + 0,028 %= 0.26 Ouhly  4.83
X = Caposse uoight (kg ) It = Iumerus Jeisht zer cm. (g.)

Eves 0.93: Y1=-0.231 + 13508 = 2,30 0,77 5.7%
Wethers 0.88 ¥,=0. az.x + 0.8411t" + 0.70 0.95  _.82
Bwe Laribs  0e95 - Y uo.zzx + 081087 = 1.79 0.2 L.

Wethor LabeO.ol”" Y,no.sox + 0,28H8" + 0.64  0.46  5.05
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relationships (e.g. humerus length and carcass muscle, and humerus
length and shoulder muscle) was tesied using Fisher's z transe
formation. In all of the 36 possible comparisons the differences
proved to be non=-significant.

There is thus no evidence to suggest that the baone measure-
ments used In thls study are more closely related to the weight
of muscular tisscue in the anatomlical Joints containing these banes
than to the welght of the total carcass muscle, or vice vei'gsa;
nor is there evidence that these measurements give a better
prediction of the weight of muscular ticsue in the Joint thsn of
that in the carcass, or vice versa, As the ecarcass is generally
of’ greater bilogiecal interest and economic importance than either
thc shoulder or the leg thoe yrediction of the weight of muscular
tissue In tie carcass has been selected as tle objective in the
develogment of the sbove bone-muscle reiationships.

iulti.le correlation coeificilents and regression equations
relating welght of carcass muscle to carcass weight and humerus
measureients within the four carcass classes are presented in
Table 10. The correlation coefficients and percentage standard
errors of estimate show the same general pattern as was noted
in Table 7 and Fig. 1. The differences in the relationships
of bone welght and bane length to carcass muscle, although still
apparent, are of lesser magnitude due to the effect of the
relatively high correlations between carcass weight and nuscle
weight.

Age differences are again apparent in the correlations,



Cless Corpelation
Coefficient (»)
Carcangs Yelght : flumerus Length
Bwos O.wm
Yethers 0.33:::
Bwe Lanbs 0'73313
Yather Larbs Ce4i0
Curcass Vieight s Humerus Yeight
Eves 0.55::
Vothers 061 -
Bwe ILaubhs 0065.‘
Wethor Lambs 0.65
Carcass Yelight @ lumerus Veight per om.
I¥es 0,55:‘
Wetho 16 0.61‘:
Bwe Lambe 0.51;“
Vethor Larbs 0.63
humerus Yelight t Humerus lLength
Ewves 0.85::
tiethers 0.65 .
Ewe Larbo 0.7&;#
Yether Lerbs 07T




Curcass Muscle on (a);

(b) and (¢) held constent

YOr Gm.

Indepoendent Vurictos Clusscsg
& b e Zwes tethers LBwe  Tethen
- Lanbs Larbs

Carcans Hanerus C.00 0.84 0.73 0.85

olcht Lonpth
sureass Hfamwra 0,66 0.68 0,58 0.79
vieighd ‘eight
Curouse TR rue e ras 062 0,66 0,62 Ue69
‘edght Len th veight
Cubcungo FRITD GG 0062 0165 0.66 Oe 83
Viedsh ¢ cedirht

LGP it

Humerao O IouBn Oelly 0,01 Ce21 Ce17
Lanpth veleht
o rus HFrerms =86 =0.,27 0.26 0.05
Longth Jeight
Thamoruns Culcuns Thanerus Qi1 «0,19 «0.07 (.08
Length w@isht Jdedghit
lamerag Caprcass 0.37 0.27 046 0.22
tedght tielorht
Humeras Aumerus 121 0.85 0465 0.69
Yedght Length
Hamerus Carcess Humerus Ca7ly O0lit 0450 016
Vioight Weight length
Hunmerus Curcuss 043 0631 0442 0.17
fiodlpht Yielght
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tho lembs having higher coofficients thon tho = ture shecyp,
perticularly vhen the cospuricons ure rmde vithin scxes. ihese
dfferenccs sre likowise reduced W the inecorporution of curcsess
wveighi 8o an indoyendent vuriutc. 48 was noted in the considere
ation of -.ble 7 the relutionshic including humerus weight .er
unit longth prove to be oxceptions to these generalisutions,

- capardson of the stundurd orcors of estimate, both in
abgolute and joreentuge teric, in “ables 7 and 10 shows that the
multlslo rogroosion ecu tions g.ve better srodictions of the
wvedpht of curouss rusele than &o the lincur regrecsions. “he
maltislo rogrensions also  Lrovide sdditional infortnition
rogurding Vo predicetive wopth of the sepurete independent
varis tes, < Imawledpe of the eorrelutions between thooco in=-
dependent variatos and of the Stendapd suartial rogrescion
coefiicients allows of u better accencrent of wodictive vuluen
tun can be arrived at solely from un exumination of tiv cip-
ailicuace of the infarmetion contributed by any sinple viarluto.
“his informwtion is givaen in Trbles 14 and 12,

vath cocfllelont diagrars, ss deviced by right (193L),
and whieh give » ochematic reprosentution of the relationships
betwaeen the thwee or more variutes, arce also of value in the
interprrotation of the results given in Teble 10¢ An exanmple
of this type of presentution is given in Fig. 4, where the struight
1lines reprosent stendasd purtial regreveion coefficients and tho
curved lines indicate correlutions. b: is the path from H1
to Y1 and measures the dircet effect of humerus length on cuarcass



FIG. 4
Schematic Presentation Of Multiple Regression Equation

Yl = 0.36X + 0.13H1 4+ 0.02Hw - 0.26

From Table 10 (Wether Lambs)

—_—
r=0,5862 Humerus
Length (H1)

b;=0.0757
r=0,.4887
r=0.9336 /
“?”’—’ -h\\\*\~Clrcass(x)

. Carcass ' r r=0.7711
(Y )uuscle —— b, =0.7932~———Weight

r=0,6490
'
b3=0 | 5\9.4
7

\\‘ \
. Aty Humerus(”w)
r=0,7326_ _y',keight

R=0.049¢€
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welpht (X) and humerus weight (Iw).

Alternutive paths from 1 to Y1 act through curcass

The value of an alternative

or indiroct sath ic defined as the product of the correlation

betucon the Wwo independeont variastes in question and the stundard

particl rog.eoaion coefficicnat of Y1 on the second independent

variute.

The correlation botween Y1 and any inderendent variate

is the sum of &1l the paths from that variate to Y1.

o, in Fige 4 the corrclation between carcass ruaccls (Y.')

and Iumsrun length (1) may be brokon down as £ollows:

Dlroct offect o
Indiveet effoct
acting thwough X

Indirect cffoct
acting throush w

Cinllurly,

Di:rcct effect of
By oon ¥
1
Indrect effect
acting through X

Indiroct offect
acting through 1

Direoct effect of
X on Y1

Indirect effeoct
acting through v

Indireect effect
acting through H1

= 0.0757

063076

1]

it

J.1229

= PpuxePp

]
= PPy

= 0.0581&

r. :
Y1HW

]
= l'm.bs

]
= PrixePy

b
Y,

= 00 7326

= 007952
= 001031&

= 0,0370

= 009336
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Zhe sbove is given &5 an example of the use of path
cocflicionts in tie interpretation of the multiple relation-
shige in 2uble 1C. Althoupgh sore %0 such diagrams have
been constructed in the course of this work it is both im-
rracticable and unnecessary to Include all of them. The
relevint Lnfomwtion for tho constrmuction of such schenmntic
ropresentationg is contained in the tables of results.

Pour of the five cets of rmultiple regression equations
in T¢ble 10 contuin curcuss weight us sn indepandent variate.
In cach case thls verinte makes o highly simificant contribe
ution to the predictive pover of the rogression equation, as
teoted by tie mothod outlined on ruge 72, The predictive
worth of thio verlulc can also be Judged from the mugnitude of
tho chunes in the coofficiont of regression when other ine
dependent variates sre incorporuted in the equation. Tiking
the ews cluss up & cxuride,; the rogrocsion goefficient of
wvelrht of curcass musele on eurcass weight alone 18 0.31
(Pcble 7). Tho inclusion of humerus length, which makes a
non=cigillcant contribution, reduces this by 0.07,. Tanerue
length and humerw weight, es separate inderendent variates,
are prospongible for the largest reduction of 0,09, while the
cambination of these bone messurements in the weight per unit
length variste decresases the comfficiont by 0,08.

The corresponding regression coefficients for the wether
elags follow those of the ewes very closely. In Table 7
where carcass weight is the sole independent variate there
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is a differonce of 0,02 between the coefficionts of the two

clesses. In the rultiple regression eguations (Tadble 410)

the particl rogression coefficionts are the same far both

carcass classes in threo of the four rolationshipe incorpore

ating cavcass weight. In the fourth case (curcuss mecle

on carcass weight, humerus length, »nd humerus weight) thore

1o a difforonce of only 0.01 bvetwecon the curcass weight

partial coefflicients of these two clapces. The above

pattern 1o also cvident in the o tandurd partial regression

coofficionts {(fvbic 12).
Thero is also a marked, although less striking, similarity

betveon o carguass welrht articl regression coefficients of

the two lad Claspode in all casco theoe coefficients are

higher ' the lamd clascos thun in the mature sheep. \
The Incorporatlion of humcrus lenpgth with carcass weight ‘

and/or hanerus weisht adds little to thoe rredictive powers

of tiwcpe other variutes, Of the 12 nultiple rogressions in

which whin varinte appours, ito contribution to the grediction

of carcans musecle welsht 1o significsant in only three inctinces,

and then at only the 5 ger cent. level of probubllity. In the

ewve and wether classes this i1s due primarily to the poor reletion=

ships between this variate and carcass muscle (Table 7). The

correlation coefficients in Table i1 and standard partial

regrassion coefficients in Table 12 show that the highly

significant correlations between carcass muscle and humerus

length in the lamb classes ere largely a result of the close
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rolationships of the latter to humerus weight and, through
hurerus welght, to carcass welght. This is well axemplified
in Pig. 4, shore, in gpite of the highly significent corprelatiom
betwcen curcaoe muicle and humerus length {r=0.59) the standard
pertiazl regresgion coefficient showing tho direct effect of
humerus lcngth on carcass musele is very small (b; = 0,08).

Tho changes in the partial and standard partial regression
cocfficienta of humerus length are less in the two equations
contulning humerun welght than in those which include carcass
wolrhite “his may bo taken as further evidence of the derendency
of huwmerus lansth on tie welpght of that Lone for its predictive
LOWErD o

“he nogatlve sign of the humeruo length partial regroscion
coofficiont neen in Live of tho 12 oguations eontulning this
vuprluate is 3 pesclt of the poor reliewtionship of humerus length
to curcugn musclo, und urises vhonever the product of the
corrclution betwecon the two indejcdent variastes and the s tundard
paprtial regression coefficicent of the seconxl indegendent variate
is greuter then the correlation between huaper.ss length und e
dopendent vuriate.

The inclusion of humerus length in a rmltiple regression
equation with humerus weight and/or cercass weight reducses the
standard crrors of estimmte of carcass muscle, although not to
any arnpieciable extont. Exceptions to this generalisation are
founé in the regression of caprcass muscle on carcass weight and
humerus length in the wethers, the rogression of carcass muscle
on humerus length and humerus weight in the wether lambs, and
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the rogression of carcass muscle o carcues welght, humeius
length und hunerus weight in the cwe lanibg. In these instances
the standand erpors o estimate are increased by the inclusion
of hwxermo lengthe Such srell incrouses are certalnly non-
gignificant, und are at leust partly atiributable to the loss
of tihoe degroe of Treedom assccinted with this additionsal
varistce

Thrwras woelphts in corblination with carcass weight,
contirdl uteo highly significwnt informmation regurding the weight
oF carcuns mscie in all capcass clacses except tly wetherg.
In 81l cinnoes, including the wethers, the correlations with
curcnon rocle are lncreased, nnd the ctundard errors of
occtinnte decreased, Ly the laclucion of the hunerua welight
variato, in combination with humcrus length, hwerus welght
cgarries alrost all the zredictive power of the relationchips,
as may be geen froil the standard paprtind reogression coefficieonts
in Tuble 12, and sg might e antlicipated from the correlation
cociflicicnita in Tables 7 &1d i1. In the multiple regressions
an all thiee variates the ¢imiflicance of the additional
inforrmtion contributed by humerus weight is lessened, although
its inclusion is still effective in reducing the standard
errors of cstlimute, perticulurly in ths mature sheep and ewe
lamb ¢ lusoes.

The partial and standard partial regression coefficients
of humorus weight in the equ tions containing all three in-
depondeont variates bDear a closer similuerity to those in the
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regreosions incorporating curcass weight and humerus weight
than to thosce in the regressions which exelude carcass welght,
1.00p e addition of humsrus length to humerus weight does
not lwuve 1o great an effect on tho vredictive power of that
vuriato oo doco the addition of curcuss welght.

T mralti 1o regrosclons with curcass weight, humerus
weisht Jor cm. makes sipnificont cunteibutions to the wrediction
of the woight of muoculsr tissue in the caprcass. Tho uddlitional
information supplicd by the welight ver wnlt length variste 1o
significant 2t the 5 per cent. level of (wrebability In ilo nwie
clusces, and ot the 1 sere cent. lovel in the femules. he
corbinatica of carcans veight snd hunerus weipht rer cme. ailords
better credicticn of the decondent vuplute thun Joes cureats
veisht with hanerue length, taprticulsrly In the two classes of
mature 5i0Che Jpodiction in those clasces, but not in the
Lawabre, .o diproved te o lesser extont by the substlitution of
huane s veleht jopr e for tis aboolute bone welght vuariate
in e cwltiple regrossions with carcass waight.

e maltiyzle correiation coefficients and standard errors
of estinte ascocluted with the coobination of carcass weipght
and humorus weipht per unit length show marked similerities
to those provided by the combination of cercsss welght, hurcrus
length and humorus welght. Althoushh the single humerus welpht
per it length vaprlete can replace both the length and weight
variates in the multiple reletionships without any appreciebls
logs in the efficiency of irediction of curcass muscle, a com-
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parisoen o. the linear regressions on humerus welght per cm.
(Suble 7) end the rultidple regressions on hamerus length end
hwerus welght (Table 10) shows thut, in the ebsence of the
cireass woiht verlute, the combinution of the two absolute
varietes is moro closely ralated to an srovides better
predictions of the dependent variute thmn is the euse when
both mousurcnonts are incorpovated in the ane varinte.

Of the maltiple relationahips . resentod in Table 10
the combinatlions of hwmerus longth and humeras welght, and
0L cupeuse welght and hamerus length, ;rovide the least Sate
islugtory entimates of auoesse rrscle. There is little
differaice in the efflcicncies of octimstion afforded by the

othcr camwluwmtions of indo.endent variates,

<he model wod in unulysing the Ryogenes Strain drial
dats Iiag Loen outlined in Cuptor II. The enalyses of v:riance
eir-loryed in tocting the interaction betwroen, nd the sirmificsnce
of, the birthrank and pasture effects in certein varis tes G0
givon in Appendix I. These tests were not applied to the two
welght Der unit longth variates, cc these gquantities ure
derived from the aboolute length and weight messurements of
tho respective bones.  Evidence of a significent intersction
between birthrank and pasture effects was found only in the
canmnon width veriate. As the tests of significance of
treatment offects are no longer applicable for this variate,
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camon width his not been included in the ensuing anslyses.
In none of the variatos tested was birthrunk found to have
Wy simific:nt effects rasture tyoc, on the other hund,
prodaced an offect significunt ¢t the 1 yer cent. level of
Lrobablllty on the weight of musculur tisgue in the carcuss,
on gurewos weighty and on both reius meusurenents. In the
two cemon voriutos tosted tie offect of pusture type was
similiciat ub the 8 opr cont. leveole

Cagvure type is thup responcible fop significant differe
encas in il w . yogress Straln Trial vepbiutes. The tests
guaarised in Spoondlees IT wnd 111 wpo dosignod to show
wvhethor tide tarticulur troctient effected any alterstion
in the relntionshiies anonp theoo varlatos. Appeondix IX
deals with (o vithin pasture=tyoe regmeosionc of cusreasso
mgcelo o cuchi of the seven inde;ondont variato. Theoe
testo povenl no significant differences botween the four
sanole rogrosoion coofficlentc in oix of the seven familics
of regracolons, and a differonce, cimillcunt st the 5 er
cent. level, betweon tho slopes of tie four regrosslions on
cumnon weigit, Thus, with thc excoption of the last~mentioned
relationchl,, the four regression cocfficients of any one
fanily cun ¢ considered ac roferving to different samples
dramn from the one population.

Yasoible causes of the difference in the slopes of the
sampls vegressions of cuarcass muscle on cannon weight will
be considered in Chapter V. Iowever, any biological explanation



Variate Moan 8.D. Rangeo
Musculay Tisoue in Cureass (kg.) 11.85 146 676 = 1642
Muscular Tissue in Shoulder(kge ) 2419 0.26 1428 = 3.10
Cuprcans Wﬁi@t (-m.) & .2& 5.03 11.7‘! - h‘ .77
Cannon Length (cm.) 10661 037 9,7 = 1148
Cannon oight (g.) 35,01 3.91 2042 = 15,2
Curnon idth (om.) 2.83 0.15 2.5 = 3,2
Cunnon Veight per oan. (g.) 3+30 0.28 2070 = L O4
Humerue Longth (om.) 1314 Oel48 12¢1 = 1447
Humorus Yeight (g.) 9646 10.15 7% - 128
Humorus Weight per cme (ge) 7.32 058 6.02 = 8,76
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of this difforence does nothing to make the difference less

Peal, While fully appreciating the opening to criticism
creatod by the further use of the cannon weight variate, this
measurenent has becn retuained snd will be used in the sube
secuont coalyces because of the importance of its role in

any study of bone-rmuscle relationships. Its inclusion is 2ls0
supported by the relatively low level of probability at which the
differenco in the semple regression cocfficients attains sig=
nificaence, «nd furthor, by the lack of any such difference in

the toocts mons independent variestes (Appendix IIX),

Purthor eviderce is presented in Appenddx III to show
thnt, although the different yssstuwre types produce sipnlif-
icant difforsences in the vurlous corcasc and bone IEuSUree
ments, the relutionchips zmong these vericbles 4o not differ
between troutment proups.

The simiflicant pasture type offecet is oliminated in
the summetion of corrected sums of sguares and crossproducts
caputed vithin pasture types and used in the derivation of
the cunnon regression coafficients in Appendices II and III.

ihe reans, standard devistions, and ranges of the Rye-
grass Strain Trial variates are presented in Table 13,
Comparisons with Tables 5 and 6 show that the Ryegrass S8train
Trial carcesses have higher mean carcass weights and higher
mean humerus weights per cme. length than the 120 Series ewe
carcapses, Tho dependent veriates and humerus length and
weight variates of the Ryegrass Strain Trial carcasses have



Dependent Varilate = Ueight of Muscular Tissue in Carcass (kge) (21)

Independent Correlation Regression § (kg) 8__ %y
Variate Coefricient(r) Squation X
Capcass eight 0,83 Y,=0.24X + 5.03 0.82  6.92
Cammon Length em.) 0.32° ¥, =1.2701 = 1,64 140  11.84
Cannon Wolght (g.) 0.69 Y,=0.2609 + 2,89 1.08 9.1
Camnon Telight g - Q

:;JBI' Cle (80) 0-75 Y1=3omt 1.03 " 0‘97 &.19
fumerus Length (em) 0.60° Y,=1.80H1 =11.85 1,18  9.96
Tamerus Yeight (ge) 0.76° ¥,=0.111 + 1,24 0.96  8.10
fuerus Uelght 0.73 " Y,=1.82Hb = 1,48 1.01  8.52

por cme (ge
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lowver moan valuse than the ewes of the 120 Sepries.  Although
the rangos of all variates, except humwerus length, are greater
in the lyegrass Strain Trial curcusses than in those of tho
120 Serios ewes, the stundard doviations of all Rysgrass Strain
Trial verlates are lower tian those of the ewes in the 120
Serics.

The zcro ordor carrelation coefficionts and linsar
repgrosgion cquations relating the welght of carcuss muscle to
carceacc woicht and %o tixe cannon and humerus variates are
pregeted in Tuble 1. The best srediction of the dependent
varinte io apulin given by carcass weight.

The ranking order of ile correlations with the three
carma: variates Lollows that of the humeruc variates in the
120 Sciico o700, Camon welght _or unit length is most
clocely rolsated to and rovides the most satisfactory estinato
of cuicess mueeclee This is foliowed by the absolute weirht
variato, and in third plicc,; by connon length which is sip=
niticantly releted to curcoos mpels at anly the 5 por cente.
lovel o probailitye.

The ranking order of the three humrus variates does
not follow that of the cannon measuremsnts or of the 120 Seories
ewes' humerus measurcments. In thic case the relative pocitions
of humerms weight and humerus weight per om. are reversed,
although the differcnce between them 1s not large. This
change may be duc, in part at least, to the difference in
the correlations between the components of the weight per cm.
variatos. The lower correlation between cannon length and



Dependent Variate = Weight of !Muscular Tissue in Shoulder (kg.) (22)

Independent Correlation Regression 8 x(kg.) 8, 488 x5
Varia Coefficient(r) Bquation Jeo ¥
Carcass Veight (kge) OuTh Y, =0.0LX + 1,10  0.18 822
Cammon Length (ome) O34 Ym0, 2401 = 039 0,25  11.42

Cennon Veight (g.) 0.6 " Y,=0.04CW + 0.69  0.21 9459

Homerus iengtn(em)  0.62°° Yo=0.34M1 = 2.2 Oa21 9.59
umerus ?ioiﬂlt (8.) 007&‘” Yaﬂom + 0.34 0.18 8.22
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weight (r = 0.54) than between humcrus length and weight (r = 0,76)
gives nore pover to the derived weight per an. variate in tie case
of the camon (Tuble 17). The length vardate sguin offords tie
lesgt suticfuetory prediction of curcass mpcle. The standurd
errorts of estlonte associsted with tlhe three humerus varintes are
consistently lower in the Ryegrugs Strsin Tricl ewes th:am in the
120 Sepries ewes, although the correlation coefficients of tio
wedght snd weight por cm. varliates are very oimtilar in both
instungces. dhic could be attributed to the greater nuiber of
oboicrvution in the Ryegrszes Struin Trial data.

4 conparison of the efficiencics of grediction afforded by
the camion und humerus veriates shows that there is little
differcnce betveen the stundurd errorc of estimate of the
reiooclono on humerus welght and cunnon weight _er om. Hare Mg
welght or c.. jrovides an only slightly less satisfactory cotimate

hany ciltiwer of Ui above vuriutec. e ranking ordor thereweltor
is camon welpht, hurprus length, snd cannon length.

The relationshipc to and predictions of the weight of
macculsr tisgue in the shoulder (Table 15) are of interost, eoven
if not of as great import as the corresponding carcess muscle
relationships. The major differences to be noted here ure,
Lirstly, that humerus weight provides as pgood an estimute of
tho weight of ruscular tissue in the shoulder as does curcsss
weight, and secondly, th:t the efficiency of prediction of humerus
length is equal to that of cannon weight. Csnnon length maine
tains its conwistently poor position as an index of muscular
tissue.
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The differences between the .nulpous relationshiys in T.vles
14 and 15 were tested usiap Pisher's z trunsfornation. In nons
of the five casos was the difference larpe enough to be sipnificant,
Thus, the longth and woipght moasurements of the cunnon and humerus
are no nore closely relsted o the welsht of museulsar tiosue in
the shoulder thin to the total weight of nuscle in the cnprc.sS.

As in the 120 Sordos, the aim of the further studies using the
sbove bone meusurements will be the _rediction of the velgnt of
the curcucs maoclo. Tho estiimution of ghoulder musculor ticoue
Will not be connidered further.

The maitizle corpelution coefficicnts und regrescion ecusntions
relating ciorgups mosele to enrcase weizht and to csnnon nd hwerus
mougurcrenss we glven in Tuble 16, Of the five eyuations cone~
talning camon vurjetes the best _rediction of the welight of curcugs
msole o piven by the combinatian of carcass weight, cunnon len;th
and cunnon Gedpht. U.pcase welpght with cunnon length, with cannon
Weifnt, snd with cumnon weight vor wnit longth are all of s simdlap
efficioncy of ostimution which 1s only 8lightly less satisfuctory
.thun thut fwniohed by the three-indo endent-variate rorrension.
The standard error of estimate of carcacs msole provided by the
combination of cammon length and cannon weight is cans iderubly
greater thin thut of any regression incorporating curcuss weight.

In 81l e equations containing c:re:cs weight this veriste
carries mwt of the predictive value of the regression, as may be
Judged from the level of significence of the ¢ .reuse woedrht jurtial
regression coefficients, from the magnitude of the ch:nges in these



Variates

Correlation
Coefficient(pr)

Cuprcass Velght
Gapcase Velght
Carcass lcight

Curcacs Yeight
Carcass Yeight
Curcuss Velght

Carmon Length
Humerus Lemgth

Camnon Length
Cannon YYelght

a» 98 N

28 % e

s

[ L N

Cammon Length
Camon “eight

Camnon Veight
per cm.

Humerus length

Humerus VYelght

Humerus @ight
per Cile

Cannon Welght
fameruws YWedight

Humerus length
Humerus Veight

0.01%8

-y wvu
0.62""

0.26%8

0.56':
0.64"

Ow ﬂt“

L

0.76

Ll

0.60""
0.85°
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coelficlonts betueen rogressions, and from an examination of the
standurd partlel rogrosclon coefficients in Table 18.

Carmon longth and cunnon weight both contribute highly
signiflicant rredictive infomation regurding the welight of curcass
ruscle when eithor io separately consldercd with curcasp wolghte
Howevery tidzen togother, and excluding curcass weight, ¢ nnon
length docs not add wny significunt informution to th-t alroady
cupi:liod by cannon weipht. A neth cocfficient diarrum constructed
ran the currclation coofficients in Tables 14 and 17, ¢nd octendard
grtlal regroccion cocfficients in Tubie 10 shows th-t the non-sige-
nlilcuance of thio contribution arises Lrom thie fuct that the
infiuenee of camnon longth is eXpressod almaot wholly through
cannon wo it

vhen carewso welght is included as a thlird inde endent varlate
with coman length and cunnon welirht the contributions of the bono
mgasilaento e signdficant at only the 5 per cent. level. ihis
clwyre in the prodictave viduc of these vurintes 1s dus to the
fuct Gwt cumnon welght s relatively closely related to curcaos
weipght (r = Oeiif) whilo cannon length and cureass weight ure
virtully unrelated (r = 0,01). Thus, the effect of cannon
lenzth on circuss musoele, although cmall (r = 0,32, significant
at the 5 yer cent. ievel), ascts either directly or through cannon
welght, but not through curc:ss weipght, whereas appyraximestely
hall of the effect of cammon weight on cargsss muscle acteo
through ¢ reacs weighte Although carmon weight always gilves
more information regurding the dependent variste than does cunnon



Curosss Huscle on (s)3

(b) and (¢) held constent |

Coefficiaent

Indepondent Verlatos
@ i 4] e
Curcass Weight Camon Length 0.83
Carcass ‘eight Cammon Weight 0.65
Carcuss Yelght Camnon Length Cannon Veight 0.7
Caprcasc licight Ceannon VWeight 0.52
per Ciie
Carcape leight IHumerus Longth 0.73
Carcusse ‘cight Jhumerus Welight Oolily
Carcuss “glght Humerus Length Humerus Veight 0,66
Capcass Yeight Humerus lieight 0.62
por Che
Camnon Length Carcass YWelight 0.31
Cumnon Length Canmnon Waight «007
Cannon Length Curcass Weight Camon Weight 0.18
Cannon Veight Cuprcass teight 0.37
Cannon Viedzht Cumon Length Ce72
Carnon Weight Carcass Weight Cannon Length Q.2
Cemnon Tedight Capoass lVigipght 0.39
PEr Chle
Humerus length Carcese feight O.444
aerus Lengt: Humerus Weight 0.03
Ilumerus Length Carcass Yelight Humerus Weight 0.30
Iumerus Welsht C.reass Welght 0.59
Humerus Veight IHumerus Length 0.7k
Humepus Weight Carcess Weight Humerus Length 0.17
Humerus lVeight Curcass Weight 0.35

por il
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lengthy it fuils to provide any additicnal information when curcass
veight ic incluled as an inde,endent veriate; hence the changes in
the redictive veluce of the puritinl regrossion coefficients.

The multiple regroesion oquations incorpor-ting humerus length
wil hwnorun welgnt Jrovide smaller octunderd errors of cotim:itc than
the corpenyonding cxnnon bone rogresgions.  Althoupgh humcrus
weipght i8 ore closely correluted to the dependent veriate than
1s humerus length, the multiple repression on curcass welsht and
humres length (rovides a glightly better estimte of ¢ reups
mpcle than doeo thoet on eureuss weirnt «nd huorus weirht. Pauth
coofficient dlaprp are ugkin Ielpful in interpretatione. Humerus
length ic el tivels closely reluted to carcuss muscle (r = 0.60),
but not $o cascuns welrht (P = 0.20). lHumorus weight, on the
other Tuoyl, i8 moue clocely cosrelutcd with both curcass muscle
(p = 0.,70) w:d cupcucs wvolrit {r = 0«56)s In the regression an
curcass wvelent wnd hworus weight m<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>