
illil'-"?:fl f.1.,'*li,t"E?ili:.:

ggi& As;'}{!?g Sg 9il3 BOgEFIf,jWIA
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-'t fhsig Pneegntod, at Hassey ilgnlculturel
Oollsge ln i,artl,el Frrlfllffiit otr tlre

Squlruaente fm tbe Degroo ff Beotctr

of A,grfetrltunat Solonoe ln tb
ttxt?er€lty of $ew ?€al,cndl
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A.Jrto g{eUr
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6c$rerel' @,rooolgts ass nr.lver to bs trusted.
i.bfoi"ttmnte$f wtrsr tlrsy as.o of Xsrg etardlne t&ey
beosm SLxsg riiloe of 3,l"fe1 end, egelep & tregorlpt-tiw rtl&t nsnerp to bo gieettonred. Congeqts$t3'.y
thes€ nho aro not acsrstorusd, to ortglnal lnqulrT/
entorteLn, e batrod, nrul e lroryor str et&tlotlgs.
flhey ea:not rytdurc t&e ldeo of, gubnlttlng theln
eecred lngr.eaelqrs to $oLd Trloo€eil ver"lflcrrttoa"
But lt le Als trlrelit at' ec.ten$l'fle rcn to nlee
ew€rlsr to siroh sulsrgtlt'loner Eo deslro toote by
s&J.sh, ths vtihrs otr sreh bellsf,e ney bo +ocentulnedl
anri to fc$l sufflalontly raresters of tlenaelvoe to
rlle.*rux.l €fgrtOr,4":tuOuel;r, rvtxrteVon Ant- be f,Ound untrug.

Franols Oal,tm.

I



Xt lc s 1;lorl.c-ure to ea&rre*r3.edge the ;:oreutnl lrrtgrost
ghoEcnl t*rdi. tirc rlLl,trr-: gld$rurce giSve:; by I;1r* 8..r1. Sarta
en*} Irg,€geijiro* .,i"L* &&e thrfirEh,orrt tlw go'$rss cf thLs gtudy"

The usLtsi sctt-ld. ri3.sS crlsh ts e8i,rOse hls Xrrde?rturlnsso

to tlre r"l}rcop lt*nbtr:rclr; llopa:rtnmrtp i.l*soq ,'i6rlou1tu:rE:L fiolls8er

f,O.: ralts,l':r$ ava;1f".,?r3,e tS hlm d,atn ffld, Eyrtorl,nLg fr"on Wo er;l*l:!.ef

|;:sl:gtl,fiBtlUfS. ff1,rr:lio are due to l;iil. i.l.J. ltoChe fo:." $gstgt'-

rir*s 1* g!:*toi'r:r5;lr1o m:ttenol to f.Hss ',?.Gr Ctrfpbell fc ttrtg

Ei'i.cra1$t3.gl. of tlor:-r*'*:, pr.r;€Itr ary3 to tlur 3,lb:'ary etaffr tlt^ssey

,6r*nlr1t.rl'irl Col.isgrrr for iiril*' l:olp ln abtrrlning leferonoesp

rsuly f:xln ln'lo*io'tl oori.rcssr $1;cc1ar3. ac&nosled.germnt 1g nndo

to ltrt;" .ti, ir-ru{sy fo:: ty;*'1::1t, gt1* t}logLe.

'i'if.* e;hrcly v*,s rsrd,ss.trihn tf'rilc the prlter hgLd a Poet-

Girrr*rii"u.'tc , iglde*itrrnal iit3ll*3.rrrslrlp frorn tJro . ,slrur'tlft)nt Cf

,..4rr"1or;it'::r"o fo.- Seotl,**ntl'

tt
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sF-iPtqF .. f,

HXllt0Di.rutlerre

?lp tjirreo mat;: Gr].,:stLtleritg of' rr uiEgt cnrreasa arg bclc,
m.lrielor *;td f,}rtr rr:rd. d tireeo tl:e le;in ceat 6r. rn:eiglg ls d
greiifi;ot lyrtoroct encL llrlietarice to ttle eonei.uitsllo Bqre r.olr
r€str!:rtfr i..a a];lmt tctul iyrtste rlirl- Ls Slencc snstcloreil ete

rurclscti.irJ:}o ;.r:'.6. ri{] goruthln6l vl:nch rn:ct llo e.cGglrtod. ulth tl:g

clce lpui;l,c ::nu",c.rL,rt, tJscr:e" In tir: i;ord$ of irotront i},ilorra].l.,
Iti-ou ci*rf "i s,.t, lrcneo tileref,orc glvc tirc pub].lc eff.Btj,l,.:{: to
€:,i t. rt (:tire cns I :;5?) "

'Fp i,lrycli:.':.L ..I'o;€ittiot: cf r:,r;e-ie iuyf, Lc::.e iiro i.).r,-,;d.fur

d.:lff'oront. -.iur:guhr" Llsgue la cor:1s,;telcll.rle rirrl t$nsc Ciif,ic:d.t
t,o :]oi.citrnc u:itli Liifc:iirieJ ffil ri 1i'-roriF 6q.r;.;]C. 1'lre lntfu*i,tc

ilr;gocti.{t:it$: '-r.lj r,i:c1ct.:1 ni.lgolo ;;1.iil oti:,af: tIsoL€e itiiltce 1tB

eorl-,Ii;tc t\.i.lJ(ri.i i'.r:: Licciarirtc i,'ci6l;t oct1r.-{rtion bot& d.Lffleu1t
l:-- tetH,oilr. ro.ru tieoi:.o, on ilxl *tjrcr lurnd,l Lende ltgelf

I.-lorg .:'i.:r.ri"i.i..]" to tln i-rlr.8utel:otrt, of lllrcrrr d,funenslgne un6 ryelgfit"

!t:c r.:imo 5:hyelc{rL rulgoclatlm, d tlp rurrsgul,ar. qrrd tpny

tlooips trn tln anknl bod,y lrcri4/ts tie qusatl@ nn to thc

I,os81b1l,1ty of tfts Glstsno€ oE c simi}ir gulntltatlw relstlcrF
ehtrl btrttrcon tlpac tso ttscuos. ftp li$crgsnco of ri etrong
quuntlt;rtivc roLr.tlcrei.ttp botmocn mDol,g r.ud, bone *rlctr rc@rld

ellos ii;l acctrauto pnol,llctdgr d tln &nmet of mrecrrlan tlssrc
ts bo mds SlFoa a tsnsilsdtgo d tDs wst€tht sil/s tlrran rcnourror

mte otr ryrB e tro$!' bom trould be of oonsloerablo value to

TIIASSEY AGRICULTURAL COLLEGE
LIgRARY PALMERSTON NORTH. N.Z.



2.

3;rp&rper€ niil. consir:Bre af r.pr"t tr.llsals. In ttrts l.eflIiaot tlE

nOtacur"4rtrL u:f- nstirt{tr.S8l. Or Ord$t6sr bgrFg ar5 Of partlculs3

lntcrcst sB F$soLb]'a lndLeoe s!' the vefufit of Errsoulsr tl8t}tlo

ln tho c:rrerirsflr jgr f,lrrt tlreco bonec rirc, not lncltrlocl ln tJe

CLFC,-rfiu tltj br* tC;,r:; LS gUr'Ar,r:}ly irdefrAtOd fuf ]iotl lie;rl,aln4 rind,

$reat -r;"l,trij.:1s tfuue oll1rirrtl31g fi:]o .i-:i.o0€o81ty fof any rarrtl.L*ti'cn

o{' tSre cr}x€rig{i 1n rri.l utt€fr]1,t to ssg{tg$ ?}ro luitourit rrf nrtn:ori.laif

ttsc'r_to" ;'.lthaq3h tln 8var11t^b111t; o{' tt'rc ei1lulon bones r:}al:co

iiicl:r ri flfet ChOice lf, tbc,'G€i:ft:ll fO;'r. gl.B*,l,c lndsX Of :xiOCIOl

tjrC 1$:irerJ O:i tJiO C*ieiicgl i,-Qd, u,rrirt,lcu].,:.l].f tiicGO Ctr til$ Lftlb0s

6pg ;il$g r;o:ti*r* -JC Corloid,e&rt1*rr irc tixrJ.f v€ry lnel.U8lOn ln t$e

Cr*ircrrcs Bqli,rlgt5 ii*r.t tlt.3,r i,!i.r l1g no5rg e trnOl"l tr6ggglrrtecl 1n a

qr-1r.rrtlt*.t : :;* ocnocr iiittrr tlig err;act,rl-r.tt t+i4cl,ll'atr.ge.

f:vcstlf,atlans ln tln fiold. cf ilr:$€.*x.Folo nelrrtlonsfili'8

it.'vc 'iuor: .-:i.:ds ut vurlcxic Sili:cs ll"; C.lllforent uork€ra. In tfie

nri!Or.3.ty of S.nOtuncog tho rrtl:Sur.; ot'eur€tr6889 gtutllod, lxrVO

boon il-:.*J11 r;ntl. bccr-Jgo of tjula *:'d' stjsn reasollEl the reiorto

lt,i i;lii, ilta:l*rtiu.e lxrve firoqi".;CI*tly bcerr conf,Lictlng. 'Itre ;.,roasnt

Stwly *$ i;r.lfcrj" UA d.at{.i fr.On $uF 150 mittm trnd, Lanb gsrCrrOSOGe

vtrtcirl lt i$ f,oLt, i?Ecnrtdeo a gsurd.e! lrr;sls tlurn arty hltlprto

fgs] lnveottrgr.tlng tlre Iro881b1l,1tlcs d etllng oenttln otrg:le

bso lnugrlr.grpnts to estlrmte tJlo tun.ant of mnouLar tlsstlp in

ntrtt{n G Lr}G& ottrrg&8998.
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COm.{i$I'iI o,'l OF *,'il0.lli$Sl

Jn erurmruttng ttn firctor.e vhic$ h*nd,l.oap l;r'ogreeo tn tln
fuA:eyoie:nt rif ci.cc1,l -dis (tgU;) ;,1r:coc ftngt tln ttLsrej: d
obJcretlvo tcc:lnS.tpioc f.or 1nei.o,'c-Uif, i'ro&.i<:tlvlty ln rroo1 antl,

l.)Bdt.tr T:c noed l*on p:;'oeleep Bl.rq,lcs obJoott,ve $rd, rellslJle
J:riilcoe c;i' gi,:1ci;..D* oofii,ogLtlor a;l$. of' ee*trtli.reo qurllty haE t'eerr

rti:f.iscrl 1'r.:". t; cJ:lcldcru'blc tlr*;, rnd altlrou,gh a largo nuder
of 13ori:c.;'rj i'iilvo r*3r;3,ioel i,hoL1cCIlvos to tli'rie probl,en slnce tlE
eupl;' ciiulics u5'.Laisb (ryt6)r lt lri &oubtftL wtretler arly lravc

r,r'oL":.ccd iir. lrrdox ctlulclr gri3 J',;rct1l'Lubl;i sl+tra to l}rlf11 theee

rrcr_;*1rc:.sitff 01' Ji'ecisio*, cln";l1r:1$r1 obJcotlvlty and rellabll.ltyo

(l ) LbxulE,;igtlgiacrpnip.Sn, tlr: LLve :Irllriql
LgffT/ u*tO;;rr:tg }r.rvo bt'On lrnrto to :re1ate rpusuaorrcrtte rxrcle

oD thCI l;lve erl:UraL to c;:ro*reg aoq&/ogXtlanp snd to oilrrgaog &ecuro-
rents fi?tc|r aro eorrBiGcrcd by eco troltrere to bo lndXeer: d currcasg

aon[rcltlcsr os. cr:asa&o girutlty. lhcl sclstons of a BX.q)lo

magunatrsntr trltsffi ft ttb llvc nnlrmll whlcb scrrld, gl9s a eatle-
f,sctory ostl-mto of eenseres oryreltl,d.r nor[d. bo d tneot'l'trtable

vntlp to tb reut la&$try es s trbolg.

Hgr8l't at slfiiq!€ rp$risg to bo cs d tb noet elttlofactony

Xfw..rat,mL lndlg€ dr ogroEgs @1t. lbls nrlunmt bss bca



lr.

uced natnl;r s1 besf aattls rrnd LF flroquently ccrbts:od. tn n r&tto
wlth ooilo other oxtorrxil Llrp,rr lprlgiltrr3rlg]tr or. ult]t llrao wetghtl

trrsh (f gaB), rnd Larehr Jmac, Danonwr rnrl tl:rrlxtnter (1rJA) uaedl

tlre r"trtlo of i:c'.rrt glrth tc h,-lL$rt at ultlrort !;r ,.rn uttcl:$t to
ostlj1lrto ti.lc cogi\;e] if f;trrcec (}f '.t,cf, c::.:l.ou8Bo€tr wrc to tlile
r>;lcl eo:rncir:,io€ tlro nirtlo sr.th fxty:scr so oet*tmritod from droooLng-

out -DEtglsf,,..[fo i*:{i vcllirt oi' csi:3. fat. iha;rp und Coots (19jj)
o{xrflir $il ti*t U'd.$ t'rrtlo nas L-x; 'irest, musi.:ro of 'ffLeehlng* 1n

0hcrntlru*.r e{Jil$ ,inrl ci.Ivg^. T'iroge irci'.iigra rrl,eo found evl&nce
oi' br'uo'lt il.l.i'{'c;rgncoa 'bcttvcsn bcef *r:O duol-pur;roge gtee!.c ln tho

trtitj.o o1' llvg uelgl:t to :ro1d;ht irt r;itliols qr.'d, o*ggested tin uos

of t:i-:c gooiJsrJ. i.tetlo rre ii rrudt],.lss eri'boqlf type. !{ono Focc-rt-l;l

lsrl"ll.o, r..lo$tsn:r.:ir antl ;.r.Jit11 itl"57) i.'owd. thi.t, ctr nlne llvc-
ir:lJ,i:llii t';rtli>;l rli.li[ed.1 tixsc of ]"lvc va!'ht tO lx;t6.-f,t 1it'.rlt-crcr
aiid.,"x-'livc i;*ir-'irt to )cxi,/ iur6tr:, t,e::c tl'}'g i:l$:t c],moLi rc}rtocl
tc c:.+c,'rjg cll,;:..ictcr1siLcc of hcef otcorg. tiolrlrt rit rrl,t*.rcic

anC ll.vc t";c3.1{r'i l'*ivC ',3x,O bccn-uScG il;r i}r.oclJr rind, )irigOc--l,ril.c (lr.Sg)

Bg {,\ r.Erirtii itri' EVrr}-u,tLryl eond,ttLur in d,.rlny csttlg" ill:reii,

ltlirsip r:nd oosE (tgJB) f,exrrrl tBlFSt rtt nltlrsnar ln e soltfrtcoonotrurt

&opfetlanr to bo clmely r"slaterS to olaugbton grre&. In ierylsflrg

a rsttrod d <lotcrulnlng ol.aughton grr-rdos d etecne rd.er 1:le &1

amd,lttms &ratrD (f 9t9) doEnonatr*torl lr curvlllrFarr Fl,atlchfp
botlosn hsl€bt et vlt&orcl l1ve welgbt tlnd, elarrgbtar gnadc, and,

O€GPutaG a, rqrrtlsl.e rllgrt6jclst q$tflt{@r baoed, O data fro 16?

st€alg d bcf, snit abf4f br€odlngs ntrmeby g.sdo nl€trt Do etlnotcd
fFts hslghf et trltttnrt ailil, tb lmarlfh of lllvr FiglO. In
Fo"&Ffag ponforusa ruor{lrfg tn boef oattlr trrao (f 9tf ) errgepte
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thatl glxrrs ln{'orrurtlon rtS.uting,g to e:.rerigs q{:-raLltV .Ug.Ag cr:rnnot

bc oi:&.lnedl gi.rl,Se n&/ begt bs dotor-.crlncd, cni th llvo r'sI.nn]' by

{io rutlo oS bodJ'.toLi$t to helflrg i't r,-rltlrei's, or i:;'oig r:sfltJ.i,'lg

re{;:.osslg1 er-jur.r * ti.ot rcf'elrerl to *r'tluro (tirr,plr, 1 >i9) .

Otifc:" u'.;r'jicrg Srarro iit,lot:E:tctl to i.rod,lct criilorlgg coq1.;ocltlan

-lnd f,rieto;$ (rlorlcjJ ruagGlr'.tod. r"lit;h er-irrcl:co quirLltys 88 o;y&ooed,

to ilto fiotcriilnatltrr of gp'r'Bcr l'nori lwlClrt at sLthono crncl ot,ber

llvo-,..:jjj:-',I rrci"oirinclo;rtgo iil.r;nillffl; it*atr;p und, irhll'.|.lpe (19hJ)r

vor*,i:-r' ';rlt:: i55 bsttf s*'. ("liiul-j.ji.rllj,Ogc lihonthOrn steenol nelatod,

Iteigjrl r:t t'r3tir$$Dr -lrot-ti't Itli"t&r ealuton tflre ClrCrnfOrrBnoel Lind.

ei-roi]t '.;ld,tl:e r.ii . o,rs!'.Jtr$3 tyt ti.g l:i.ve lrn$slr to tlg ee;reir$g

crl€Ck.?*'nc.nc i,;iLlge w:dct'. tiur', ru:,cl t-rolae nocOlrtly .lallor (t:ru1 )l
COn$i.*.gf tu ?;O r.i .gCft"tl, 1::,1cX q!' Qi,i3GhuC ISi.1t. liOnC Cf f*llo

111'e-r.c.ir:ilL :':criuurgtc:ngc iriuj sl.i:rjjjlc rlt.l;r ccrroLiitorS wetii tjs
ieigc].o:lJrlFfo *,:tlo rf tjie cruloi,f,;cr Ltrdrc,.ti& tll, t c,,r€..ric Lnr.lt,

cau:oi, i)e locsgcC csr ti:c i-v.sfu; or ory$on.retion us ev'trri toG bt
6ae.h norrtiijr.c;8,'tts. jt$lcvcr, ilg {'act t}r;t thrcao rzorigor.g coa}l
f&td. .'ro gli.nlfie*nt cor:€leticn betvrJer] tJE rnacclolbcrp rr.tf,g

urrr- ti}o j.:rai;(FtiOE1 ,:f s€1);,i,ilblo f:;t l$ tllg C,.:l'cr;no B'Ugg€otA tll,it
tfu choloo otr tiUB rutlo as B erltostcl of cilrcr.rss ulortt ngr not
be eLtogpunn $retiof.rctory.

In e sh:dy lnvolvtryl 15ll stccre Booelll OooA an6 Holland,

(1950) rel,rirtod ttvo.eob*il ullaaunsrEala to f.o!r qye alra ln m
8tt lal.t to flnd rr lr@lblo trllal EhlS muld De rnofirl ln lncClet-
lng tlp AeEroo cf rlncllg fn beof oagcasr.o. flrlvorl th.3.
rorkers do rnt euoto 8qr ror,trtlcnoblDc botreo lotn rys raor e{,
totel c&teesB rsrclcr tb ltvo-mlnrul otanratdrtrtlog lrgr0
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ln tbeln ;xrtLcuSrir. etudy no.s€ ryr agsogarnsnt, of grado 6r tls ho*f,;

oirsirrlfo:r,.rlcs of foroarer a subJogtlvt asaeaarent of boe Boofral

and. eiriulsi ek$uv$enonee. 'tlc ldglroet sorr.sLBtLqn (r*.jg) wae

liotiruon si'ir:ilori cl:ru-.ferglco ead 3,oln oye &rleao Otlrer oorrelatlute
betvecn llvc ctcr:r clu^rrtictcnl,etlcn; botwom llvo and seir'c*rgs s{iRnon

rf,er"lslscuri:rks ruy*l 'ogtrte€fl crrFCnsg g].*s'act<tr1s81cc trer€ l,lttl$ betteFr

'Ihsge vilr'licirs c$r:,sludod tlu"t llve-*nlisil rsasurensrte sero rrot

er-rirpolii?erf. c.-u6d&r erlour=} iiltlr lo1n eyo at€& to be of' ,"i8e La

ostfu::r,tt,,tii i:rt ,r'F.i.$ft if n-tu:ciif,;'.,: tlisuo tn ir:of, 6!;.ts;r(ioo6r ttey
f\rtier rr*.Ceci th':t,, ln 1i'cnci"rilr livo-,.ttt$;U;t 63ii6;'arrgl.nnte ucrro not

as Li$ofltl .:.rrl.lctltclr$ of e;it€/.:Ilg oo16cmlttffr us e'{iieotoA.

?hoee ct>ic:li.ieiolro i;r€ j:1, iierp;t.3' ,,g3z.Lx,'rrent -n-itir thoco exl,r€ggud,

b;' othcn tzorlcorn, lkic]:iu;1 i"b].irilrr:ns Triylse r"rtlllr,no *,rcl 'ab.rvlg

('l;i:O) G.rrt3actl out clrrtl,',;. stuilj.os cn 2q+ etoeru cS'Clvc;tc b:.aad-

5.lt94 ;rxr ;..rv:i.t.nro ts€r.iL:.nilt" :?lr; i:r*jorit, clf, tho rx;}t"tloruri:li,G

tr.cBo:.\toC l:,' -uruce 'tnl.,$o:t$ illtt} too 1::"; fol. ,,Pod.lctlve !'Lo.1,oeo61

i:ri.i.d t:e t'cr liLlji sor.rcl;rtlcXl ure l:$txoen vi^nlstoe tthlch Fi*rve

lltt1e .;!)iy"t lertl ';ig3lf1c.rori€. tlrc votp, lango dlffenencea ln
oorrrtl;-:tilcn fcn-uxi betrreen breoil unrL Sr.outront glrows e'r4pport tlhe

corrcIrrsia'r$ of fsrrrun, ;73fluc13.r l$s1tro", :itelby ard, Clrrrtse (1%9,

tlurt t'elu,tisnsi:L;n dorelo3;ed. for. ong &!oqg oannot be e'i,ieoooofL3.\y

etrDllea to otbers, &so lsotaurntlsrod Eor&orB lnveotlgqt€il

nolattoneltrpg bctrrocm 11ys,-antnitrL Enriourersntg urrt oqifor&atl,€n

Boorres. firql $eJiortod tJut aer€ orrCor osrolstlcr ooefflelmt'g
esFg elther not clgnlflountp qp tE'$r too ls to be uacfirl.
Oorrel,atlffrr lnlrolvlns nattc or oclbtnatlone ctf msceeronts
wore d olnl,l'etr troribr arrl, mrlt&fe trtlgresslcn squatlm sorg
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fuBflfffitlve ln rlr;LgLe8 tbe accuprloy tf irred,iotlsr to er,rti.8I';rotox$r

lgrol"€, Iifr'rc'volrr tlege lrCIrtscra euimlt that tlm nl:tlo of :tentth

of rwqg,,, ter b'xly ]o:rgti: :.s lft)ntliy af fu';ber coiptd,enatlon.

}trGr,:i:cB ,;rd, :ii.r:pr,lrrrgte (1960) i'orrrrt eboet glrth ruad helt'Jlt

at nlisuis:c3" to bo slf.*i.f1e.,.:1tJJ r.ols,tod to the l1ve solght of bsef
gtcsrr o r.rtl:si:rr iirc nuLtt;lo no6regsLgrs on 0hosc vattateo BoFB;

itcsrsyr)r conaLdcratrfui ;rf,f$ctsg by pleno of nutrltloe end 1t wug

crf,.rr:--di:.:x(iri tiri t tl$se triaigr,uel;r,lnts clclrlr.rlted llttle promlse rro

ootii,kitoj.'tr JJ' ilvo t;cltfit r:irlclr coilld bg tgrerrrllJ ap;I,led,.

ii.ri.le, I,}.t"loul u:rd ilook (1'-83) fo',nf u:.rrt the bs€t genorril lr!floa

o1" tlyrt ttio..,- c-X;r,;cr'1bo i:d; ttl*ef ch.::iiotog.'f vtr6 glvtrt lry thc r*itlc
sf tln ;:.,:or?ict crf rrtdth rxrd efu'crrrlferoneo rpnsurernntg to tix:

trt'OCi:ct ilf :rril,fiit r:'td Lrngth r,Elirc,'-i.irg{J6ln16. :tplr. r3$r.ij,ie girA;cgt

ln agpr:ix,1crr.r:u.lth $,rcoc of '.-!3,;iir ;iohl;i r:n$ I]is'gon (1$1 )r tl'ii,t t]ro
::ioai r;rti.i,i',:cio:,,;r rlitf,i:. : {.3.il:;ils;:f):rt. \Tr,B tirr.t of i;irc c:toots ti:. t tJrc

Gl*Clgf'orgnco i,t the::.;ivgl g,r:yg [ir.: leet f;T]r.gUpC of glrthr ttr,,t
hetfht g{le beot m{rsi.lrcd, ;"t ttrw irltinrsr u.qrl t}urt t/ody l$aEtfi vtne

ilio nmt, moftrl, ..Errg'urF'crrxl.:rt 3n tbl.t &l:,crgloa. Slmllur otwJ.log

Lr.y iir*-&lm ind. Lbuixl (ty{r+)r :ri'rdo.r..Gtoch sad li,r$B5qrl'y (lg116)r

ts.l'clseLl U>'fi)r und otllsr nos'l:cre sou1d. Bwgeot, horeverl th'.:t

hosrt gf$h lg si€rr'6 olsely reluted to cereass ohanotelnle tles
tlErt 1g oirourfor$tot at the r:avsl,. OtBr Pcargor liagcc ard,

Es.EtsLsF (f 959) ue*lrqg flAr atos$e, anA ttrotgo!, trm,tslno1 rrng

aid, l'is1t,es (l9frIt rlth FISFI tre"s aleo astxbllslnd slgnttlcant
nol$tgmssldxr botgooo reasungrDnto tri&ln trlor to sl.rrgbt€! EnE

rrrlcrue nmoptad. lnd,lsos d Easr0ss6 eunlltg. rbe om&rglqts
d rll tfir ttbsttc leos{6ro rnqy bo alamrrlso0 ln tbo rrordg of, lbtsrlr
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g*,-*1, thiit rf r o rulthough tIe tlre{lctlvs valuo d *re mgaellrrsmntB

sfir<illr:rj fri,io Rot {rB gro{rt uB rxl$g be elgeLrGd ,, . r s6rtdtln bo{y

r€an':Irc:Jcntc offer i.,oOolb13"ttl,oe of botnfg ',r Ya.lUe'bl,e tooL tn
ost:ii:rrtJ&l CIurtruoe ;r1eLdg f?sr t3:o lXvg trrrhii{l. s

i'iltJr fi.rc oacsi,tlsr d' tlir: rrorE of lietaen g,&jle (1950) @

I,lEfir ti3.3. of ttrc t:trrdles dLeclisoed. slboge Fu;rve Fgl$ted, to ths

e&rtasc s'Tq,+uLtlsn cud. ceucaso qr:r,rl,lty $f cattle. Bag (f g$6)

gtatar; t3l.rt rf ,, o o61re rinJort cnt,tLelr:il rdrlo?r eon bo levellei{ a6:ril.rst

tlre rge of T:od;i goi'sl.$.'cxpnta ln s*rrcp ls Sro f,rct th'.t, l.t :lc aot
&ncrv:r to uJ:.nt e:ctoiit thoy lcdiicr.ite d.cr:J:rtrbl.e bo{y cmf'oi-*.td.olr
er::ri eni'ciisg clt:, 1.1ty. to the tleot of tlp gnl.terrg kircrloilcp
(1*r;'o)r rlo lnveOtlg'lrtLsL lr;g bcon c*:rtrpted, L.rto tls i;Folrkxl of
!ttcin;"::et1::t: i"ro.3j.' irug'urcrrcntg Ln r:lue1; ln te r... r: of n:,;-, {;1,:r,.ch1-:g

to c;-:raGiifls q.* -1LtY. n

In tllc c:)iirgc of cor,p worii on t.ix3 i/r'ogsny testln{q cS' :ieu

l'i0t.rl..riil -itl'if'lGrf -l-tg.gir fLr,;B Ei..q, .leVeAttgUted thO fr€latlmShlp

betvo"n 1,j-vo-unir:ui n:prrgurt)Iro;:t8 r.llel. ooftiil,n oa$otrsa otprneiotenleticg

lnelJ.strtlrtc rf ctrrcrraa c1uillty. ilo ttrc beet of tho preeent wnlterte
tmowli.uc!1p t*i$ :rrr8 tla@ tJs mly attorqit to lntorpr€t body epaaiiro-

ngnt6 of e3roe3*' tn lrebtLua to c{iiea8o c1u.rL1tgr1 ad, tre eush dosstryeg

due emld.enltlexr lxlrra.

1tr8 lrolGbt et rlttnrs rrlstr.grg'rsffirt dleouaet0 alrow hne bo,
ghotn to bo cro atr tls moot usestl l1ve-aslnll tndroes otr b@6f

esres$s s! tltyo llEc (1916) tlle eh6tl tlr8t trltta ls also tne ln
t}ta aboepl €rl h16 f lrdtlngo arrtpct th€ Eert€ntlct d [{bt lltp ard,

gto&r (.l9lr9) tbst ttrLs roesurftrant sm Dc taro wllh s bt6S dsFeo

d emecy, 8oc 6Storto0 trlghly tlsal:floptrt oorne].$tl,os ltueilA|i

fFeB O.72 to O.8O bcrFem helSbt at rlthelel as mdsulo0 at tha
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l1vg rla!,r*fl,; i,alrl, GartBala Ertor*:rl, otltteisB tilSaolltPtrlents d leg

lO4.rythr Vl.Eo r longtrh oi' fOrs Ori1.t*rlo?l bqEEs lenCttr (xF tlbln +

ter'5igsr l*agtir of, $rc11i:s-+rl,na1 LonltJ: of leg froun tlp sJms$inole

fr.rbts to ti:e digt,.J. enil oi tixl tgrrsi.tsr tild. leg lerrgth as

rsusuped, rer:tl d.efLslsd $r i:i.leuonr (tgfg). l?to lery;t'iw af ttro

fo;u ciinng{r tr3rd sf thg r*d,iil$-p3,n* glt{F|ed. tlre btf'JreOt corcel.".tt@'

oc;rfifll.els'rtse a8 nlght be o4peetcd frrcrn tlrc fuot thit tlrees ;]ensilt€-

n:nts fc;,r: tr::.tcgr.r,,]. gxrr*te of tlel hel,t*rt r,t tvltlrGrg rrpagu.ggrrent.

.ti.c gcxrrli."..id$B tlrrrt {o ..Bltbou$} tln oor.relatlon cmfflclonte
anc not :.gii.r rnou$r f'rss t:"s) *.rolnt o{' vierr of iinedlctlve }turgiogoap

t[oy rncfis:1,'.eJy ostr]blle]i s etironi, nol.rrtlonshlpz sa ltoukl bs

eE;Dc+.<x;c llsfiro'.:ii tlu: le3,g$l,t, ai telthor"ti a*d. length of leg ae

me&,cLrmd li? vi,rLorrg $alis gr tlw e$lro{rasr srd, thergfone vlndleato

tlrc v;-i}ldit; od' ti.c :a*ragttrea€rtr d

l';{riifijr" 11r,.r '["1r3r6[iry1 (f 9{4) e}r(tred tho i;rodrrCt of length of
tlbta .r tr;min rn:0 rzl.ctth of glfpte (;'6lso,xrfs T I O tndlet) to no

olffiol; :t,rlnt+cl, to urs total velght of msc1o ln ls$b Ga:lcf.r6e'e8

(n.t1"89 t'or ct':r.taln gpnd*s), anri a3*o to tho tottrl wolght d l:cne

(r.=o.95 f'ar eer{Erln gr'*Cea}. its holg$t st slt}nt'o le elocoly

rctrnte{l to l€n8th d t'lbla + t&rgt:s 13 f,ght be ne6.acu.b1e to

cageot at lea$t r: fals &egree d rslattffihlD be@een lptght at

sltilBrc rnd, n I Or aa El i*tlsl d cnr.se8a eltalttfo Xn gUob a

sege lt E.gbt klso ba soagmrtbte to antlclpato t'b erLetons€ d
a ro}atlmebl,p hft& enil€b to bo d prscllotlrla rulrr bctrosr

bolGbt it sttbsrB rnd tb wrnt d urotc rnAr/c bar tn thr
esrcaasr Rflo (r*5) rbtre,lr hflcttrr tbat tb o*zrclrtls betro$
bfgbt et rr.tbrg d, ! r G rB trot rleilf;toutr
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A blglUy Bl€nlf,lcturt nsgtrtJ.re conrelsAlclr (p-O.63,
bstt?$on hol$rt a.t slilrom &ilal totli block test polnte hrrg

trlno bacsr dglurgtrrrt€d, by ltr:o. IIo p,oXnte ant; hwwenl
thrlt {r c€}sfu1cr**b3.e irrtian of' thle re}eitJ,onghlp le &D to
tho ,,egficxr.itirxr b+trrt:en log lcrlgttr nnd stl$rr l'CIr:tunos of
tlre ersgauo rlhlcrsi terxl t6 rcxrgr crenilt q.idutyr end also
?o tlr i':got tir*rt 3c pgr cenL d firo trr8'.sl oarsags pclnto art
ElLot'L';'ri ?: lcil l.cr-rgtlr, 'tlp utarxlars rsrpr.or of cstknrrtE of
irq,lr*:t {ri; raitJnrrf,is (8"5}ara) sq..iirl*d, by the $ogtirgsslflr on

tottrr. i;icell to{rt ;,t>tnte Jo 1,66 }:e:@ to pornrlt tlrc ogrrutldt
to lro rg;gcl, f'o., ;::t:l.Lctlvo ti;s:s@.

3n r,i ::n:1:cr"b ;.eal,L:l: gittl t,hc piryeleuL defllrd.tlsr d
Olreepe hlitx:r", J:irr.r4:lr:tr; l?"lclrw:o i:ro?rc:rtg :,iru1 i'jj.lnoa (195I) !u..Ve

ea;.fe*e<n]. ri,irr-a .ll ccritj.nfeCtl,rxr r';Lth tlH: :::nrrglls"erient of lrcleht
at nliirscc" -3egg $;;drea.a eoffrJ.tlor tl*,1 'thts i,,antlctilrir i.o,,o'riEro-

iient lg rrefo tlsF col"u:unlng thr*r u:y r:tJ*r, tmd, th;;t it ir: rect
slJY'octeo by tts ;,mt-irre of $r.' ol:eop" cEF of, tln obJocts d
tt'$L-n6 tirtn l-trsgr:rerwrt tg to obtxrln t"t'e cc|tlo of d.optlh of eh,erlt

to le:ti;tir ctr J.eg, affl, Turrrer g&_S&, tri;:?e trropoed an a1tc.r..-.,tive

iurd r::on$ cirCIot i"gilsi-ui€ d le6 r.Bngthr yla., tbt olboe to conmet
roaoi.:rau.irtr t\Df thl8 $urr)o6e. 'rtny neport that the elbe to
cornilet r,oesulcorrBsrt ErFc (a to 5 pr cat. ) rg lccr tban tbat
of, tltbg! helgDt (a to I pen o6lt. )r qrfi tbrt tt lc mc casllt
and ess rjlrl nJr tnh6.

&rs (1*5) arm rmwtlsptdt thg prlatlmehlp e otbr
ffw-allnrsl masus@ts to llmer oa$qeta Giaur.lct0r rhlotr
d'gbt t&aolgqa bo tn{Hru d crmsr qulllty. !!hl ocrclntlo
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bstmscrl vt{ftb of f,sequaftorr Es Eearrured }rlor to slarrghter ard'

ageln cp ?,hc CItrresgs (r"O.55) Jr:gt falled to rteech tho level'

meulxqgd fw olggrtfS.eenEa at ttro | trcr cont. LEveL of i,nobtrblLlWr

Corrglgtlons bct'drccn rrld.tlr of, Lolnr rig r€&sillrocl m ?Jre 1ltrc *nlrrall

and. rtlE:n6tli" dP eyO :m:gelg (mssiu'err,rent A) an'd' ndol}thrt cf oyg

nrnoLo (nor*'.-emre*rt F) e trnil betrreen tilo wl&th of hl'ncl,tXurr-rntere ruld,

wld.th of gle*b (rmamgreram,t tl) r sel€ eiLl nct, slfn1lfl|'orrIlt.

Rae also etudied the roLgtlcnsh1ls bgsloen subJeotlve g:ru&1n6n

et fire Llve snlie} en* cs''c&Bs isactron€nts. It le eufflalerrt to

ncto tlsso tJ:.;it hid)l,y stgnlfl€snt eon€latlouror bult not of levpls

regp,trsd i1x. rl rorigffrntrrls eccrtraey ot' i,rsdlctJcnr Borae dLemmetrstodl

botaecn: $fi:;i l,s ,1 i".Xrol,e e*i:fl .ixiror"t Ored,er llve end caroass a"8s€gg-

rnonts ',if loln ccr:{'ot':xrblrxrl l.1vo lo1ir gradllng ard, d,o},th of oyc

nruooLe, I-:..c{} Bh$',.rf.d,r)F gr*r}lng rinrJ. etuaage foroqueft€n gdlformltlonl

llvc slrsalsc:r g:"e.dlrg {ti'ld, rrle$} lt' carsesO for=guaFtorsr 8nd.

ouirjocillrc Esoo**rsrnt d log length arxl ttbla + tansrrs lmgtJt.

ths co.r'solattcnr bctneen Llvs Lotn grnad.tng and' ttlengtlrn of o5re

ransc]-e s{ra nt>t cfu#.flenrtt.
V+rr.torts t dJ reslruresprltel andl a::bLtrar? mor?ho1'oSlcal' Patlnge

hnne tre*n u€od. at dlffge$ent ttrme tn ettonryts to eotl,m:t'o tho risgxFe€

of fatsreee tr:l brrnn erCbiete, fhr: oyetom d sountotypfW devleed

by Sheldtcn tffl+) and latcr nodtf,ted by Hootdr (tggt) fs consl&tsd'

by f6ys andt &rc6oh (f955) to be of s@ rat ln t'be ovalrnttcr d
fatnme tn tfrg tltu hman Sre rgc d gtstffold magur'grDfitop at

dlgEsrlbod W &'a[€k md Eoye (tgSO)r {od eys ant Ero6sts (f 955)

lrcnrtdl aoon lrctsrorr to tp una r14:ltcrbto to tlvcstooE thdr sanlil
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smltotdtx.) rtlt*?s6r lbfs pogstrblllty hrc $scontLy boa lnveotlgetod
by ''firl3r.h (1951) trno nelatocl dst$ and. strtnfsrld r;s&slrrEments, nado

cEr tlw Ltlclclcb of eisarc &l::oqll,rrts1y befme ol,aughten, to tb: €eptlr
gf suieu?,I1og|e f,,rt on tst-* oat sir:face botneen tlr-.., tenth andl oleventJr

tllbs. ills roErrita lndScrrt'e ;1iat guch ncesurtsrlnte have no v"':&F

E{t lnd3.con ui' ths &grno o'f fntcregg 1n trcef, c:;rcii6ses.

It Eg.rlel slpo{lr f or:r ti:e iib$v(;.'.grs1ti.sud. sork on c:,A"bL$ r,:g1

ghoop t!:',t t3gr{l le iio nirgl.o l,Lnei.l. ::;Fii8ut€r{rsnt cf tlre }ive ,nlr:al
tttl,c.b Le s"uf.{:lgicmtL:r' c}trce}6r reLr,tc,3 to nn eeenoi'r1er;1L.j- fu.iportr,nt

clrartrctortst,tc otr tee cii.Fg;;Fii to bc clf vrtl,:o ln tb riog€'si:!:nnt 'Jtr

OiiI{:ia{,}S cCrr;oc:iti.tX:, rrry3 tiutlllftf" tt:e Amlgl'tiel.O d.rtlWn ltnoi:, r. OtUdy

o{' ffix.l ugc i;i' rorl.y tjg,3ri'Llltgiulrts tn ;;sct}pti.iinlrrC fatneee of' gt,_reric

:EiS!$ rrel] ;,ri{,fur' SO tircl 1Th6ic f.1e&l" sf e,.i'Casg egr;rtrioelt1On i.6

d.etonaX-r;ue ft'.r:r Iivtr-;utt.r.1 -:cucr.Fol*3nt! ttTbo quostlon of, ertetlen

E{i:I -E*{i.x'$.'La.t ;is t-rt"l{.'flcisntlf }xo;*iiitlve to ba rortlr taklflg r,.
Fcx.tiii.".lli ir rigtxrt-.,.i;1e otr€o't (l,tu:b, {gAU),

?T:s 'ur,ca CIf buekfut ;aeoboee elsvolcrpecl by Hnzel and. Kllne (195A)

anu. r.rf tra Lctul*uctei'r evolved, by -urrh:cvo *nd i,lu,rloy (1g5lt)p GorrDB

wllor tir: he:dL:c aa th€ settr:atlm of oalroase oonrynoltton fi.'orn

ll-netrtP rjTtlsu:€tssnta m thD l,lve w:lrsrl. l}l]slrrg teotrnltlwG ang

alao appllcabSo Lo cr;tsegs ettrd,loop hrt bgens aorpglnsd, sitti gtrlatly
lntcnrl trDaau"rctmnts rnsc me's eorrvenlenttgr aansl&rodt tJtr a latorl
Et}Ct16.

(8) J,trsffeJunnulemntq gr, t&e, cgqpiur€

er*amrf l.:[nea:P nooaumato sf tho Ga$oags @d, lntoFnal.
Llnesr mrsluporigntg u tfb trqrnverto ecotlgt at t]p lnst t'ib
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have -*oon iriclolt urlod tn ils ectli.xitlsr of body sottri)osltim ln
tgn:rg af bcncr mioclc r.n& f,art. "iltlrougli :louLtonr 'rnov'irr'1tl6o

end. liut$: (tg;tr {924g) rteedsql cc:rtr.ln 11ng;,F c:rl€*s,o ilorrrJurror

Ennte ln tliclr. otidtori of tiic i,od,y eorpooitlcn of' cnttlc tboy

d.lcl not l,oego$s tjre }rrcri:lofuo ut th.,tr tl:u to rel-i:.bgt;'ttrcrt,ieril.ly

the S;o eeto rrf v;rrtsblori. IIunI(Lrrr rind. :.lllts ({9}l+), w,lrr.r irrvastp

lg.tito,J thc i.alatl,oaglrl1,, lietv.,€fil i]jo.;si;ingpnts d;irle]r+egs of
giil,cu?ru16or(; f*te sg t,evcuLgl cEr u 1rxrg1tut1ful,,11pr-gp11t crit(€r.rigt

i.i;r.r.l iiro i..ertefi;irge ,..f' clrnlcerl f..rt i.n tiro orllblc tlseoo d frfs

CiillgrigsJ4€ir r,ItB fp.::rji.ii11*,' Ci.q;{itcrl. vith bel4; tho fifgt n*rrkgfg

tu *tt,u.,;.t tjx) ootl'i.'.;icri rri'c*feiiciJ colryOe1,tlon frgn LLneuf

€iiIrci..,; j, ;, r-riitilil\lif]ii'lgg.

l.-dr c-l' ti.lc orinfu sork ln t*;le flclti 'irrlg ceirr.led out by tJ:o

Ilurrprui ;,c,:.:oo}, . ,lrse} (193,,) n-lL..t,trcl ccnttrln Llnoun nor-i8u,f,,rc-

un*rts o:.' i:Gtt(xr r.iirti bgol' c.ir€;iilgos ut i::nlthflokl Fritotock ii?lovo

to ci':t:rlr;r oor{;cait,ia:t ;-*ici. c1cVelc:.,crl, lnd]cas tll*rtby e.r;crlan

o{rrui{i:ssc l:lgiit is obJactlveLy soioetod.t i,.nrl utrlch he iiLso 'csed

&: co; ',.i.Li-tr: biroods vL"tdr tr'og;rr4. t,o trioir ouj,tublilty for rcr.it

Ixoduct.Lsn.. /oni:liqi nitlr i,lic nhocl,s i,liLsgsrr (f939) ovolvod, a

eorLog of ofrtorgrul anfl. lnteFn ,1, oi.iruu88 Errugufergrts strXeh he

Foluted to cerPorrmtlcn rrxEl cmpoolt'lm. Al,tltougb hio rresultg

s€rt baeod, on tle study of tr ern'll nudsr. of lndlvle&rb a.d, do

$ot ast o$rry rneelr mlghtr irla egreton of rpugurermnt dmnet:r,.:t€(l

tf:s J,rosslt)f3'1t6r of -uslng 11rp6r trPsaurssBnt€ to etlnats boqy

ooruglosltlcnr affl to thfs erB hae bost Eldcty raoa {ltlrl$g tb
Dsgt furcnty y€rirB. Hutmrd nartg rrso of llnosa G{rrrosga r!aou!g-

mis ln lrle AerololrcDt of t}g Orrnbnfdge lllod tmt fon le6sl
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Irblch rrn0trldse a Brr4lle and. s'eaowurbl;r obJectlvo fiBFlllE 5' Sudt-d'*

elnd d.(rocr.ltltng tJrs s*rsries (l,ircr.leslir:nt 1939). rioblncon, ntfist
*F:d -Iot6 (1156) tave aLeo Ggcil. €ratsffi.l }lrp,,r ns,,oi.irofiBnt* ng

tlic baels of r, gpucllrlfl eystor,i fm J.sr$e. !;le'leolsgn (t:]l+Or I'jbl),
ljortigr$ vttlr t"iro ;.;lgs i-ised e *cl,ittd' of llnor"F Gr.rci.rJs i,1€:r{}i.l3etmntB

br,+sod cE? tJi{}oo cf, .*ialggcr (1939}. i,b.ioolll''}nfs w'cr}c le rilso oir6n

to crlt,lclts: crn tlc grourdlo r:f tln scrr:[ nu!:)ora of anl:.,ule uee8

tcr tPe*tirs:t, ;:1r,,,5T['tngttFl (1953) ]}se aleo irol,nted, out thst the

ot'ogk "ruiod. '{fet?e clogcLy irrbrx:d, iir*r3 *;}l cLaughtei.ed, at the gatrg

Livc '.i1)LS1?, ihi.lgcli"rrts l"!rl;:' cu,itr.lbietlos 1n ttp pneoent

c{rculst:.LLo:1 i?i;rr$ ln tirc ftfthgr" €erveJ.olxnnt of thc nelritluts}r1g:,

botrrue:rlliro:'rLi ihl*jmous *,r;rl tlt.;l fi:tty tl,ocrro, und ln ttre

ectfu::r.;t,1';r: ,:.i' t*fui3. c.'rrlaos ili-rcelo r'rffi eJre ni,${rl,e l:glreurerEtntso

,: eo.trfittlc:",,r1.nr of thrl i"iro*.:I;*:ce ox'sitch rpLB.l'JFet:x:ntg 116

lnd.jcca rti' t-r,'r::isg c$rat)ositlor: Lct ;:n:gt @wonlsntLy deailt rrj.ur

undor tiic l:c:iC*"l14s af tln eor:o;.rnent ti$r:uoc.

(a) Hs furrlj,p'3rj_lll btr4g

0f tllc tjece r.r::ior. ticsir€lcr d'tlr.; ct.rtucel bong Xa thc lcr.et
Lrpontu:rtl th lcast vullublc ;.rntX Lr i;igt crisoe ttp l,or;gt 1A

cJrnntltyr nnd. lt Xo tirerofons not surpnloln6 tbat l,eae ;,ttentt6r
bua boan i.,rild to tirg oetl,;l*tlsr of, baie from csroaga nno otien
rFsauremntg tban to t&o pnodl,lstlo of, tln otllron tlsguss.
p&lcstlr (f 959)1 i,bucekan (igr{ ), and rfslkel. rrd, HoEa.tssn (igl*)
brlvB all ngl,ort€d, thst e:rtormil eurcaBo trrearntnnto esrvo prlp
trr'lly as u noag'iir€ ctr gItlctal, glgr enrl tJnt 6rnh maauncmnta

Ellgl 11r gononol; rprr0 olG€ly nlDt€dl to elclstsl ralgbt tban to
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the weX.efrtg CIf, eifiro!. Egrscls e ftt. p6lsasl f,srtd. thst tt!
lorigth E:f, tlbl:r + tarers (1) lrsvlded, the beet lndor of tbo

tFel8ht crf l:ene ln ilrc elreop o::tFc{rsol ultlrnrgh tlm laton scnh

d t'rulkc-r. "srd. I,lc;tet:lrror arqi66este th.ct tlp lroduct d thl.e rrcaawleD

rnent rrx]. rvfu]th .rf' f$fgotg (g x g) le nono eatlafsotory for prrsF

dlatlve :)"nr?*-E6sg, i:lcHeehun hrrs shcmn t&nt ln ttre plg tlp length
otr ]ilne }cg end. ]s.'tf,th of fonaerrtlt + fsre trotter EorFC tlro rrpaguno-

n*ntll r:mt *ls:sly coprelafsd. sllfi the welght d total bano.

Tlp trlti.r*tc crH:eluglcr d t&e €rbwe vr:t&sro 18, hwevor.r fut

Bgrroci,*nt lrlt.*, t'lre oilnloat exi,ia€cas€ by Lrrah (tg6), thrrt bone

velghtc, rr:x.]. eor':J1;3:rt&cnc ol 'l:o:g votglto erd. Llrpl.r i:rt;{g^L.r.cr:esrt$

i;:rovidc ;.xlrc arcgi^*-'iite eetfurr-itee * ggti;l bone ttu;n do f,i::c;:s

ixsriorutgre.lt'tn *].eli:e "

(b ) sq.*li1ig?g ..o.{l ;,:ilccle

i'ql^gem (1939) hae steted. ilrut extor:rrl, Glrcheic inr-i{,i1irisi-entlr,

ao ind.icec of totel rn:eeLe uetghtr frro orr$ of Lnrlireet vnlug.

ile foi.ud, til.rt leg 1e*6t}r (x') r,*xo lsntr'th of tlbra + tur.or..ui (e),
arrd sld.th tl:. {;lttote (O) a 1CIO/? roro tlrs factom most closel,y

Genrsl.uteil siBtr rrolgbt d rnnel,e ug e iJ€rotuttagp of, ekol,stel
relgbt. i,itrl,holr nrrl rb*eetsnn (1$d+)r stro oonEldar p6leeonrg

hlgh oorreL{rti,orrs b bo ]$cgol# fcntultorel rclmtcd r r o to
bo tts nast setLef,aotony fndcr of oaroass rtrGcbr

*m *ltelilrl roasrnr€ffitts met Eldo\Ir rreil rs lndlscg d'
total qrt*cLo ae0 tbmo obtolrrcil f,m6 th; qlcar€aotlcn d ttp
s\-lqrqlsqlfrnp ,dnrnl at tlp llst tllDr Suob ojo mte
mS tlsre osngldsrablo euaat631o" fryxertnnso as urll as t$€tp
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quantltu.rt$rn trpor.tanso m tudlom d tbe rsl€ilt of, oarrcaoe rr$rol3r

TEre r::mt cng*an]"y uasd ei8 EngaLg rreae*F€rsnts er'o ttrgc of rld,thl
w?rJ.eh 1$ gwtcrrift; r'eifogs.etl to as Elcrg;flttt (A)r ard dopth (g).

1?re nlu:r*,,o tncleg, (tcxlf/,i) of tlm srru $nrcloLe stre f,lrst ueed by lianrurd

(19]6) ss err lnrtieEtsa of s's.$su3rra. rlsvol.o5m,t trn d$nreetlc iinl..nLs.

tr6l.eeu rsod, tJrl A erst IJ ue*oursrmntla €rs ln0lagc cf rfiecLs treldltr
rind slrme* S:et A wag ths nais e3.ree].$ eorre]'etail sX.tilr eelght cf
errtrenl.;g ritlicCIle ln i.rtr*'bar trlnrtae ll rrs thc bettor. lndeg 1,:r 3:oggetO.

Thlg l* rl*tgr.1-ixr! to thCI Lnte :nettg.ity ,f o.yr: cr^scle dc"-tlr. Shr:gn

l,:iile:.. r*r: Rot .roiaiteei tr"r tlm $ielffit of osrcass rtlsalo" il6 trrutd,

(,'. * B) to be ttre boct index au;.,.;;1.3.od. try tntorrruf. rri'si.*'G*rtsr
;*lil (VfO)(,'' + I))e t.rr shlch L reilsrirco boiiy lengtlhl tte bcst

tndeiB gro'.a,ao* ?ry tu gr-s;rb!1ut1ffi, of intonritr rrnd, extertuiJ. EXlnsi.rpe-

tloets:. ,:rii.itc:' i;trJ. ilcilesEan ft.l'loc{ to dsi:Dlretraite angr worthwht}e

rclertlm,chi;$ il:?"iiu€l .rp Bp or cer:rtrtn&tXone d ii trrd. I3r nnd, totul
ffiii:el$, sliJ,roi;gh il u3ene vao rrcdc::eitely reell noLated to 1@ x

solgtrt d,' iliricLc/riettf.lrt rf bcss" fiorlrtng plttr glg carroaaaog

isf.lechrrn (ltt+f ) f,orcld. TcrT frl,,ih oocnelstlons (r'O.95) botween

(a;l + t:) riirrl cti:nr canrbJ,aattcrs of thso tno ruo&eur.montgr anil

tihe welgtrt of €arreriss naolo. iibltslan d lltnttpy (1955) uloo

ngdg use d tlrose rr{reulsgmnte sr plg c*noaBBGBr ard reported

tb pr.o&rct (:1 ! ;l) go bs ae gm{ aa lnder of total nrole as tlt
B{xlst8FaEllnt d eip le+Olo ar.'oa Ostrosnlnsd lty flgnfmgZ. IIr bsef

cagqo8s61 hcmorone lffill,l Banrlnr$ou qd mnqy (f 9t9) florgrA

nfrnlmtrf to bo sturgr.totr to & Ilro0rnt of lrrrit llncrp sesgr.u€r

&rtsr Ftd.sr alths$b trLgilt nolcatsblor ilrar not o€rutdolgd
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to be sufflstcltlg e@rurst€ f,e e4nslfittr$al lfer
ib'trrrrrrlra (f 9.p) Felx$'t$d, tlre eF68 og leln qyo a,tgole to

be te fui:'xy rgood, lnds*,n otr tln J,ean nsat eontsnt of trrs
gaEc$Bscsr i;ut tBvs ns ccn$el$ta.(xr oo€if,tBleats or etsndtung,

0r11trr,6 cf +stlllrtCI to cubet$ntieto lrls elgtln. Klt_m arrd

IlageL (t:;55), a'id. ilsrassfrrl I3s,slt"sf,,ex., ilanfon, llrlcel l{agee nnd

Denlla lLgs) lpvo dogTtrtst,r*ts6 hff$ry Ftf$!{.Le;,,r1t eor?rrl,ritd,cpm

botlroa:r tI* a&)tio of ego rauecl.e cr tls tentb ernd, Lngt r-i,?x, urxl

t&e o.etree:tt{r$g Lgrrn ci"Ss ln pork ci}I€iigsog" Fb.Odeerr, l}Crnr*f

end ilt*tix-r'8 (1r5il have r*loslr:' rt S.nlL*rr l.olrrtiwmhlp bcfi,,een

$8$rr rcnl p,;:lco;rtr'go *lao;} of leanr: tn tin c'.rt ourfr:co cf tlrj h;;l:tr

frr:.I{'L t&.e llctgunt d: ;*ss;l*ir tiecils !r tfi;rt Jolnt. iLl,tlroqgi: no

ailn<br:'r3 er?or$ of ori'afu*"te of r,:r-gcf,e ueidrt !:i"yg be<rn gi.vcn by

fu-roso tr':ri::txre tin CI(Fr€i;rtlon eoef,fLclente sould suggeat thtit
tl:n ral*;fi,:ix61gra1.-o quoterl :ltive cy$r. rt lireJ.ted, anrgrat of prrcdiative
sontl:," !'i{JEti$n{: rjlt; beef C;iffiass€g Celer OrmO srd Xlnald. (igtt0}
r.o;,erntc,l fi:*rt tln $rte of loln e3m Fos eagmlsted, wlttr only lg
g€lt cr';i1nr,. itr 1irIr vac,tutl,an ln tln ubsol,utc mtgtlt of oap,arable

cii.$o{rf!I} }c*;:t" thgse gcnk€r'ti algo fcnid, t}rat tb rolatlcrohlls
of, wr€ole llntato otitt.$rg lx€{lelinmsrtSr frpf,ud,ln8 galFcosg long&1
leg lerSr,txrp ene roln lgngttrl t€ tln vetglrt of sr.saulan tleeuo
loro t'oo lfi to i;s otr nn5r pnodllotlur ratb. (bllr Klrm ano

Eqgrl (t$r) ana 6tL Baa€e qnd xllm (196r) mrra f;tndt no

wl,dGn0o f,rcn rl ehdJr of gO be€f Goronfstrl uut lofa qrg nrca
rm cloaly relntdl to ltffi lnfll€&tlr3 d cronall oessrga w&rg.

ft & prtl,not rt tbLe $motunc b srtl,a sethrqg d: tbo
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atter:1pte Vtrleir hr;i?€ beon r,radD tir oatlnr,te tJre goldrt orf c:;meus

sfirecls f?cr: tfs lr€l{$ts cf oor&,ln enttge nntsclps. iie;.iseEru:r

(l9llf ) noi.otl, S:at i.n tlrc p161 tu\,er.e Errig ri trt& de8ree si iasocclrtlct
(r."O. tJl ) bots'oex-r ttre uelgfit of tlre g. reoqB rci 1or urd, tJre toiarl.

setght of rjussls tn uro c;*rcussr Althfrrgh ttrte t uLgrtloslslrip

J.s scbrrco$l h3.gh €rrough for i,refllctlve ijlr,lltosesr tle rocc;rt r*lrilc

olf ormer Cola rsr$ llbeulld, (1959), uitl i)rsnr ,:oler Klncrraci r-nr.l.

Coo1,s3 (19rr0) irj.tir beaf, oattle }:no piu:'€Eod sore hfglr corselntlotrc

bgttresn tiir': irclSfrtg ol indlvtclu.'I miscleel riad t,otal crinctiss &t8o1e.

l",hi.Le roh"tlcxrujFrl*r: t;lth tlo E isH-€glgE (r*9.02) veno not

sr{.crlo*- to ti*rt 3n tie 31191 orrrrcncfil ti:me glt}r tlre gr-.piggl€,

i'ergarl::l (n"S"3.r)1 ri, .n:+jgtqp -qrtqJ3*Lb + +

n. v.i+;*lii".lt lgeiir,j,.is + i@ (r*.93)r m. s-s-u4$s.ttrri4rpFug

.r ta. i-ilil&-.tcr' (r=O.}f ), rurc, n. l$Slt--s$I&rc'gg8el (no0.92) wero riror€
ffi

ostl.afuc'Lo;y fix" ;;i"e,3Xct1tE lirlFllooce. Crtrer Cole tirrl illnerird.

rolxrrt tJr*t tile rciglrte of tlrc:r.xlcLos stirdl,led. ln ttnlr r,i+atlsiilrlr
j,nnor:tlt;rit1rxl 1Turfi fc.ir*:J, to ba &$6CIc!'{66. rdttr frcrn 65 to 9ii lxrr

sontf o1. tls vilr':.sitl€l ln tts weight clf tot,rl eoparabl'o ei':lcr;s8

losnr

(o) ne lftBlpe 
"o,f,. 

fe?rtv tlsflp,
ifrbsnsl sgseaa masumsrtg ano g€rnrally EErc olaely

agsosl,atodt sltJr ablet$l wolght thun slttt tb rrrrdrte cf rmnfiUar

or. f,attty ttss?*ssr p6leso U9591 forp:d. fJurt leneth of leg (F)r

ffitob lro rrstlrely oornolatpd eltib fatty tlasuo as r Ee$o€rrtigc

d bdnf frfildsd ttrs Dct ldla:r of sll t! crtornal tlnaer
&asurffsrts, Althlnrdlt krtlrer l{lnn cril gl@! (r95r)r tn
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t* Bfiryly d tlp rrcat chsnacter.latlog d Eanalnrl BhsGgr &ommntr'Btod

tlret tln rrseeirFe;.-Bnte of body leng-;th, tt1d.t& and detr,tlr lncrsased,

Ba t,Is p$cBortlcn' d fet 1n tlro g+urcricri lnorea.eed.p nelther Pi:lgeg
sltir olxle.tr,n nor j'b:,:eeltr:r-r (t g+l ) wf ta l,;lf,{sr couLd ff rd, cry reJ.atld}a

ahlp of ;,rodlcttve vr:ltg otf,los" th*n thert betgoen sxt€nnal LLrpar

m$Burroi.enLr of tls csx?{rao u.rld L}o wlgtrt otr fattg tlsguo.
.:altser or.id, llcseokrla ({9/+) conoldon extslzral eans&Bg npagunelants

end f*:tgou of futness to bo ri$rolsited.. 'Jhesc sonkons FtBte tlurt
ft...si36o fi,rt dopoglts *,nCI lnrgyely lrd.e};ondcnt otr sl€l.otal d.evel,op-

asfi,tir u::ii ntngg tle .t*L*nr,;r dlnenolun ln rogand, to fat clei.rots lo
th*rt of dc;:t!r1 lt tao".r.ful be wlroncctatrls to oxl"oot any eloso

atiBosLrrt j.<frr l:gtl?go3 13:iO,,:1" e:incrrBe !:pftgiJp(y.lh:ni,e end. th(J to$.il,

mcilsit t-*,' t1;.t :ln thc cu,rg;i,llso :\:g BLsJt a,:r:rol,utlgnr; ne i:Lgjr.t

eaLgt l?,xi}rl. r-...ocecogti3y bc r;ur€Lg fcntuitoug.F
../-/ iislni J.Lnoar iulr'rsugo?x]:rtc flt,mr t,hel g-tirfaeo itrcgffltr;d 14 tr

tF;*rcvcrso cootloar at,,tlia Laet r1t, tuLsem (f 9J9) fbrmA 6irt tiie
grlrs otr tl:,e thlalgresg $f bac;fr,t orrr,.r' tir dcolsot put't otr tho eyo

;:uscle (tl)r tts ttrteksst lrtyen otr ftrt wer the r'lb (J), ;urrJ, t!re

tblc&ncss of ttlo f,*.rt ore$ ttn r:uceLe lrx,yer' 1n ths lwren hrl.Lf of,

tho rtb (Y)r lrrvrvl{bd tb amt scoirlat€ eetJ,et€ d tb nelgbt

of Stttr tlssus, Ocdllnatlms of lntcnral and oatolaal. pgaumD

Eoiltap notmblJr (ViO)(C * J + f)r govo bGttcr pno&totlm of tcfial
egry tlserxt tlr{r my €nbln&tls of olt}rer lntornrl o! art€rnnl.
r0orsEForirorrtg. Er}}b3 sd $cssk0 (rs|b) mdc no attmpt to
releto lntenngL llfialp magrurcpnts to tb rroO of fatty tlsell
ln tho corro{aaf AfUmgD t}6c Eor*rts rneC latcranl rrsur€@uto
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aa lncjless of e*rcriaa trnraelg ttrol Bt*rte tl}it ntrnternul. 6i;6i;19-

rl<alts - cuch rrg thcce $sfurtl:rg to f'.t dei;tJrs at thc ]ri6t r1b

cut - 'Gr&)dbtcd,$r off,er bo?tor. ooos€ (*s lndloes of futty tlseucl
tll-rn '.io grtorql,,l r-strfl.r'er.cntcr) but tlreJ lruve not boen o*rsldorsd

o.. ovfu1' t,o tl're lrU'ruettcubll,lfu o1' obtrrlntrg tilreno oxcolrt urrlen

et,€cl.uL Gfftr1,1 tlcr$rr P

i,icrrsir:uno's,to d tl* tFrtckr:ess of the La;ror of suboutunsoue

ftrt rrcvci'1cri l.nun ii cirrcLigo lc illvltlod ].crqg1tud,lnri],]Jr hi.ve 3.uq3

bcon t,i'r]:,::-l :,f.i l:rrl.1sg6 of tlp [lelclqil leycl of futnooO fn tho ;'tgo
jirr;ijii'ic,.,tLcn fon tl:la cocpe frgr tS nor.Ii of ]ftnhlsre ;rrid. jllL{]
(1: je+) r::x) rlotcrl r rJorrr.e)lntlotr c,:icffLcLont af' O.Bl+ betvccn tho

ervcriitfic o-r-' ftve b*e,i{'r:t, ..Eiigu.rrgrcnts t; ]ion botgoen thc oir.r:ul,rigrg

un-il t&o .r.rtr:s t,grlJ fiic 
"-ot'contrigc 

of ehcxlllc;ll, f,rtr ll3cl.loel*rn (i glil )
arlco fu:vootl63.tcd thc relr"iiorrohlii bc;tr:ctn L,rtorn I lLlc rr f,r.t

r:x)ti3i-rfol.B::!.tg ri:Xi tct,ul fi,8 ln tlc ;,XCr : ni. fo'.nfC t:r.t tln oi:-l[;Ie

$criaurermat, r:oct clcxrofu,' cc.rrtol,,tcd '.,Lt-it tJro uclg,ht of ft:tSr
tigouo vcir tJrc tltlei;ncso sf fr;t ovo;. tiru oyu iausole (C) i:i€t

r'tsvci^]-od itircsi tho c*rcas$ ls cct r-**t iire laet rlb (r..O.97).

'Ilro oeoSn rri' A'rtogrrul llnp*r :,rergiurtxsonts qs lndlgse otr

ftitty tlsnug }lnn b.:on extsn&d l:y tln dovel,olmont of tlhc llvc
probe ir;r tlnzol and KIUF (1%4 1%3) and otr ilre Lcanqmton

bgr,lld.nurre ard, iibiloy (t951+). BotA &cvtoeel urui, partloulrrly
tlre lowlr.sotcrr Jravo produ€d elql;lo r eulotsr convsntcnt ard,

f3o6ilrably @urtrte reaDO of i"rodlntlng total, fat firan llnoar
baokfbt msgtrsrarrtg1 both ln ttp llvc on&nrl anal ln tb oarc*rggr

Irarartl lrnlool F{oeferp Enatalsp end Hngoo (1%71t to11ad, nndl,

flrsol (t9fS)r sd, Wal,bri[cw1 Ccucts rnrt Irlril (tSflg,, f g5S!)



8.7c

havu ru;:oat{rd. --ood r.ooul,te fon $p use of firoblng d,svloce 1n

{rte'or lrut ';o16:Io I fitc,brkor, :liOnrJe .r.'ogakfft}/ and, $euol,oug (1956)

forrruL tl€ Lgrur.{sstsr u'lsritlofrretorTl rth€n irocd, on livo cuttles dhto

to tlro krcjr of, v....l.t.blLttif betxrcc;:-t l€i,Alnfla rinil becr::Ls@ d
baorirorrhr"ly,: ,rt tho probe sltes. ijJgatt ard" P*.inton (t yLf ) hnve

lnveotlg;r,tc*, tJ:o 'd.se{tlrrsn of ths -ve*rFs}otoF t'or: l',rodXct1ng:

t$c ;tr;zsic;,l ;end. ejtoldcrll co{;c6itl,oq of l1ve ab€pr ilnln
s"cnurltc nlrcl;r ttreit fli-tc toohnLqui: :iidf bc'.lgorl to getfulr,to tle
tidclmcsc oi LIl:,bcut:L?sc*c l"r.ttur tloe'.j€ of oiroei-. wttt: rig rioeisfileJr

sir:li..* trn f,'s:rt ;..o;:ortcd, 1'8 t15$r i*xl concld.cr,.,bl.g bottes. ,hl,rl

lurc ioen ft:tird tc *j,r,tg sitS: c'ttLoo ?!re thlcirneec of sul;cut-

{ineeil.Jil ftirt tc n,)tr ItCX;CVOrl tricl'i'Cet1;'- COr.IlC}.tri.l. TJltfi C..I€ri8B

crr[;(si.+.iu;e :vrd 1i i.c liirge]y trueuuse of thls t]u"t u$ratti tind,

It"i'*aon oil'.crude th.:;t ghllc tlx,. l4,*:-a6t6r" tecl:nlquo w111 glve a
rc{rf,0Fi.::}'t,.) l.gtlraitc of, tt..c coif-'i;$3.tirxt of ri gtroup of gheop, lt
ls nui nrr:'flelont.lg €c+'u$i;tio cn u,JT incLivlihri.rl gheo! brrglo.

ftro l'rcirlrl,Jr.ro ootrEuofi to tlg '..${3 of uLL i.'aablng dovlcoo ls t}8
dlfflciJ.fu' of, clei'lrrln6i acc*riitely- ily: tjolnte of lngentlqr.
Indeecll lt' is futr.:coolb3"o ts estlnuto ocrrtuln bac&ftrt rmersurenpnto

8r''e1'untfur oq,l$/odt ln c".rgass qurltty strrfllosr {ig tJreso r}r€

alsfjnod. ln tertrs ctr ranlsg srl nlrrtanrn depthe of fat oovor

tn varlo'tl3 bo4y tlagfc$.
frur5l' otlmr tlorrbe$B hsve rsodl llnotrn Engurcncnto ln tlm

6gt1eatt6 of total, fat, hrt t&urre aro gooC g!flnab fon treetlng
BtBb r.egults wlllr a (bgree d oautlm. Inuretl6atls tnto tb
ugo d baoFat nrtacirtotusrts tn 1119 grsrdlrg ln Oroat Br.l,tsln bBTc
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S!6lrn tilpit tle nstltra|t Of butchcu'l"ntr ttrr frrom e1aU€ht'erls r:$to

of ecclLlng r-ad. othca e:(oFprroug f,r:otoFa c'.n BerlouglSr alifeet tirl

vrr}'f,o of oi:el [t9r.rc1iao$s]tg (il,nrlngtonr f 95S). itrvilpotxFnti.].

fr*C'i;o:-c, r.Ctifl$ bcl'O3€ Cliiug?rtOrl C.g"r plarn 01' ntitrltlcn sid.

elt$ d fr.tterr.:1,nfir ui.g uloo ln5rur,t;rnt nn ilU.6 r€6-:@fs ;::* '3nS

(ln7) hae i,,r'eostted $v.l.do:i@ to e!:cr tl;u.t' olr.cb lfitrellF-Qlx)nt Is-'s

u degroe oi- tsnetio 1:..rlo5,eni1er.r'@" .?ris GouSd' gell ex;'l'u1n tlro

1,oor1 ritr{xtlaitt df porl*3.te fowlt gltl'rln estgl'l:lentsr luld, tlre

t'rjc{;r$ntL/ c<rnl.'} 1c;tfur6' l.e8ri.].ts bot$e€a exlnrlmrto.
rrr,l.n1lll ('1153) tiiig ox'Foslcr€d tlrg si,laton tlurt llrpttt' rfniisurts

recilt{r rira.) R.ft e;B F$l3.;rblo r;s t}$glo$i r:eprnutlgt end o}remleal

tc:\yr:j.i !: rl,etetl-ai:rir6' tiiu fat content af s ciirsase. .l{o adcl,ed,l

he*yOVCro tr:i^t !.f i{X} ,;SO C(' llr,ei"rt' i,CagU4'OFBAtg to eVslua"tE

clelit"ilOg oE''f;,it:ic.;S iO C.;neeiGAgB i.:u], g.rte tS briGed Cl SufflCtgtt

ngr:tbOtc r.ry! I"B3:Iog1qpf,,;rtlye otrrri,Le$; i:sxtr !f, ti-refO 1I3 a hlii
clegr.cc ca' trlrgocir.,tLgt v.L'A:) t}rr f,iet{ri€ befrt{| ror.eur€d,r thcn .it

le GIl rrdrri:ltr.6o to tlrc tnvostlgute to lneLude tle mUrorl 1':r

hls otudg'"

& nopoet&U.l'lty rnd Boot;lra€y af llnaan cBneags seour+
eg{rto alre of eestd,o$rbLe lruo$aaoo sh$g guob Enarlu$amnto

arrio uaod ns tnilloca d ea$lasB os|fcoatlon rd, arycltlc ln
{btordrrfngl 6rre&. gm fsotcrg lrrf&lmlu tD! aoourao5r f

aaf



?3,

lLrear F$surs:?snto hew alr€afur becn reittlwp{l ln oo:l-}€atlffr
gltlr ix;rdcfu.t tl:lc;rrese ln gplge" G':thet'unl l}r;'sggicrr e:rd.

Fcxseroy (1!:5r)r tn lnaestlgsti.cfls of biitchorlng, el*ugtrten-

howo rrnrt eil*X.ryi technl,giregl hrivo alrsttl th.;t olrrlLrrr gf,rsldef-

atl,g:n til,*o ri;;)Slji to r:ioaeurrlrucntg atr m.moLol ittd that tb
nr lonrr.:.es &+JaltrqEgjl l8 p r"::t 5r. ultu]if ; ]asne to dll s tortl ol.
Such ctr"dlei] II*ve c?rl.rtrn f,Jrr:t lf, rrs,sriretmte &rken at n:eat

EorEs iql-" li*.cirsl f,erctoi'lc*J rii€ to he *f, nny verLug as lnd.1oeo1 tho con-

d,ltlo*c rit-lc:. .r:il1cl: thay rrr"o trri<ffr r&ult be et&nd,srd.leod as mroh eE

;,nsglblo" 'apt:w; ean be alsrll.:.1$od. W t*kJnr-t the recossriqf !?s*eurep

i:l:Frts ut il:c ol-ro;,tcot :xsgi.bl,s co*utr".,rt futterry.:l uftor s1r:ut.*Iter"

llo&','GL.;.u **,:r1tts i}i.rc'lngton ;,i,xl :--G.ritrog (t:i59) trrvrc exr,;:dncd.

tlre ic,s if,' r:l):p i$' -';Ioco:trg ..:cg'g *r.gr-T-l,ct."r.t1y uger:, Ii{lr.rr:illln{t;;crr:,ts on

bg'cf' c..rrj'-trilcc, Tbege rrcrkerrg r:gqr?l*iie tlu.t 1s all c.r\3,.9r; tnvoet-

LgeitXuts i cersur€r:icn,i;i: drcn:ld 'be t:"ker on both si€ee rrtxi r;vi-:l.i.t'Gt1o

Stey e3,co esui.d.cr tli;rt, in orrler to ireh:Leve ri sr.tlsfi:cioF.g clsfFoe

of i'1c,eat*bilt t, o<Tio redefi.nltlsr lg*1 cLar.1f,tcr,tl,cn of, tilo 1:olnta

of,' rgf,bi'e;rw r;;€ ;.6'iu*.ed.r ljotlr'lsl"Ir i*rr&lntt{nt l'@r.Oy i.;t*-

f,ttJjllom (1!)rg) berTe exr.ressed tlm o;lnlsr tltst 1n otrtt].el r*ry3,

frobab$r ti: otlcr s;cetog aleol tlp velirc of caroesg ne{islremnte

f,on iiq€&letlag ths ylelds d &otosa1c srd rctoltr cuto (1.o. fG
nononrlr{: wrdatlqrg Ln conf,omaEm) flny btt bcoa ovcr...cqihaslac(.

lboc sorbru frrnGhor state ihat ilB h.1& sornclBtlor bctreen

llnqr mnsursffi,tg snd cunsqae EhEractortstlcar {rlob havc bom

dmnatrstod, ln naqy otrdlaal moA b bc Uologlcrlll lntcllt8lblc
bu8c's thp ntaalrromat oF sa#'ilBtfs of moaeurcrrrtc 1r uoGA |'n
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IJracttscr UIrA ih;rt dstai.led. gE clurtlr etudles aro requlnoct beforc

E ilclr en '.illFl,ol€trindlng cen be *rcltlwgd" th366 oomgrtB ana

ap1;Lle;:b1rr to m*ar;r etudlge,

fho gernral aonclulLgr rasgur5rl[{pg the uae ttf lLnoa;3 npaguiqo-

mnts u6 ln&lcee of r:*,reaoa €or€ioelttlsn lnqy bo eus|rsd, up tn ttI'
scc4$ og fsrutslep (tgg)e $?ros ln revX,ovlng; flft# J'esJrE of i;r'6r-

Sreg{l ln : sirt rwcaneh st€ited t}:st 'e::,o atngle in&gurgr.Ent On

erx*;l,rurtj.ofi oL' :,'teug'+.llgr,-etrtg t*,,,]it:rr rrf thrs oirllcggE hsvo atrwn

Satloiju<ltt.:ry fcaintii$rulflg,'e to grrltle of,r C-,f,€r.s8 conlpmltlcrr. tt

(3 ) J,1vg-,gti$Ll .'.itd. tr"r;l3asg .rllrrjrts

Ixrsir (igAg) ;:iao st{rtod, tlrs'L rtouotix) anlnal boqr b o( eugh

€ oclll-)i1c..trrtl gfi:-rlru Elt'"t any orx: o;r foi; [giisiirqgr:Dnte co(r.{.*

aLr,.,L'rs,&rritg a Goccnlg:tlon cf lt la o*3;r the enud€Bt pooglbtrc

l?i-';r e.. $c:rt'"hfui:]o G'lg lrcirellflJt:c:tt ot gig,Ll gtDup tf r,,ciigufe-

m.:tg Gtrfl i'*;.,i-')rig$ '.ielglrt tn errn'r1>lotgnees ae a doecrliitlo on

3;: eaorrmeic 3-rg-;oi'tt..:tc€... IDg l:rioEsr,rtlon yloldcd by roueunonentg

ellg-rLd '.rc rcgrrrdes &B r31dy1;ls1.p:rtur';f to ancl eonfbr:drtlvs otr tll'
Lnfsrotrcs] flrtltilr f,r"om Eotght ohangeo rutttsr trun aa a substltute
I'sr tilo i,n:irorn*itlur gatnod, fr"osr atue,ylng tbs nlcbte alorp.i
Eemlsl (lffS)r ln novlelr&g f,lfW Jr"urB d pnognooa ln boct

arttlt bssdlnf;; epsmsodl lhc olrlrutm tb$t lnaufflolot ettfitlca
has b€oo DrlO to tiUB statrentr

Ar&hor ploa fc tro Eoaih oil: BtgS ilsauFornts bs boea

ffidE ry rrrgb gl1 oqprrrno (rJDo}r lho oontss ttrat o...tb
gnladpl ob3ootlo to ttr ortanslvG rsc d bo{y latrolroamto..r
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Bsems to b$ nlrt ?helr lnuecurdley but tlrob tltrltle{luacy to dsssrtbc

ttrre rigrllrrrl, gn a cqiloto way," . Forrnost purpseg e verry fet'

fiBri8.li'cr-i-rr.:t'oc c{}l1gid,orrsd, ln rol.rtLoa to oaeh ot}rgt| on in rolritlgr
to $e.l$ht Bc6;x iro s.rch aa iroukl bg roi^lly i"sof,trl ln c,xltnlbut'Ln{t

to tle gone'a} plcturc d the inlr.lrl l;n0 cf tlr elxutgoe sbtdr

*cur'$ad fut lt. tt

iJoa'c it*ar":tl"f otlur wroBsE€ liryg eo:r6Ld,erod ths rel,rtiffiel:lp
oL' llva izet$rt ruxl c ,$c:iirs uclgiht tc c:;tsarle cr:apmltlfft" In

leot cersss tje rrirl r:1' tl:eee ctu€Xog brte boen ts d,et'enctLm tlp
r:i-:oiE:t €tr f:.tiy tlssrc lrr tl:o e.,.r*iie{i. In outl,lnis$ ths BUoocBg.-

Xve cfu.:rgcc ?.n CIonidcx;lt3.csr crf tin srrgi.iss tlhlch tab i;};oe &rntng

grtffi'ti: J*-il.lrur:g: {t-rr55} atld -;'oinrf,{f (t;,S} }rr,ve bcth Lnd,lc.:ted tiratl
j.n *l:e L-irrtii:tc unli;r"L lrt Lg:;*tr livO wetght iiru3, c.;reelee welght rlre

3;*gol;; i$=iceied, i:y tle alr.rnt if f,riti;y tloeus ln th€ caro$8Br

.'.lLgcri {i:;i?}r ln xr lnvsgtlflrit3.o:: af, the GtlFcase ooqroeltlon cf
tlsi t(:ut .+1'laan dsaif gc*tr €$nffisfu'ate€ ilratl rt1tfiln any glver

tre;.rtirni:-L t*et1 fol "uiy gl,"cri sslis f:i? lx:s a b!,ghon et*rrdarldl enrcr

tbmr e4r otirar o(ETxxrf,Int of oilil3{1,;8 wetght.

In hnf, qrttto stirdss tfirtrte srve $re€o (l%211 oncan (f !fl+)r
arr8 (tsroenl Jsgerl1p md, rrhlte (f t95) ]uvE 11ilurd llvc Bot€bt to bs

mtre olmol,y assctntsl Etth tb sel6hto of choloaals outl ttan

reg rr5r sl&g[g llnoar sunsu$wnt m tla ttve anlsal. ILrsBClr

Iltner od, ?fidbsr (1W5, sleo rdo rgo 0f llrc slghbc ln tfrs

oslmtlcn d Daof mit &rfpfnrreoec octtls fe cat psodrtim.
Eb tqpotlodty of Fil,ght sgstuffir0s sB ladlcm of oal$tres

('q&lttm bs bra ewocc B frG (rgrp) !h01 ln r Ba{y d
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llnoar fisao,uresi€ata arrd llve sslgtrt, dcrmetratcd tbrrt loln
€ye iilF8a arxl tlle L?et€ht of Sogsirrtbl.s oarrcasB lOerne whlctr he

BecG eio lnd,J.ee$ rrf carctrge qlltrl,ltiyr rirerrg uCIr,e u frmotLgr atr

Llve eelgbt tiii*r-l cf nryr l'lneu:r noliols€*ltltr

Inf,errziti{sr rsL^rtfng to t^ho shoep eomes fnsn t}F tuoa&

rf iia:lmkr:rn eftl Cfui!,lce (19$e) erd illnr.lre srd i{o?Sekan (195qg)

s?ro den:cnistr.atsd. t*rt, Ed.thln trotght errd t,rlllty gXpadcs cf
iiog ijerr.lr.:i{i 1r*r& *xl $rttcst €tli€s[r6'*rrr1 thsro te s dooneest

Ln u* 1;r';:1rc.rrtl,tr1 ci'hgle euul rannoles arrf,, an lnenoego ln thg

i:Irofre*ti*r *:f, fiit glth L:e:roeo*18 e*urc{rsg lroletrt. ftpso
flitd.l,{':S r:'irct Ci;;;;,rCrt'gc1 by t}rc si',flr Cil l;E:lCekerf {f flFl 191+1 )

€n ;lle; e.d.tliB{;e(;e :'re a rec,:.Lt of' otu,*leo sr tlp d,etornrln*rtlgl

ai' tirr nu;r{.t1vc *,mluo cd' lfetc l:+:rrlri.tt laratr grd, rmrttctrt c;irej:i'treo

{ihor}rlrrll {ls f,.r, i&i,cg l.losrgLl ::nrl iinrrltc+it (19+T) onohdod,
thtit gr::leirsrj .'tr1':'.ltt couid bo r-lscd. to elfiL.,tl,f/ the clete:-rl1n,tXgr

of c*irs<)ii*s c,s{i€sl,ttgr. troy rrcld,p }rovrgvorr t}rert tho t.r_pi.l!cr.b1-}1tf

of t'lilc tectr:nX<;uc 10 LtJr0Ltod,, cxirl tl:rt e"firb rrn opprciclr ttcnrkl rrot

rH.{ttLugit-dsh betmcan rmfu;urf.s or' Si'ffcra,nt bneodr go:r, or. g:rcnttl

rr:to. &rr'thgr evtrd.eilcs cf ttlc l*,lllr,pncs d fatty tlosrrE 6, the

Crircs{Ia welglit, of WeE hae bacn i,rrmenteal W tjml,tfr-:t11*rS{ andl

Barton (tgSb). Elrtotr (1997) hss elsc dmrptnetdl vort stry
rolgtl@hlts botsson tlusc venbtoe dfit lns oq)utd rlgsmtlo
rquatl'+rs f,or gns&ls$tng tlr sofsm of fatty tlsnra ln t$! c{rno&so

ftrm o&rr{rss FCtrSBtto

larton ttr{ ELDtG (lgt{L), re#* rlb Ortr frrs 9E mtr,rr
wray ahoq rntl ?E j.ernr 6 W qrl'orr lrlbel
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og$$oJ.;rte0 c;urc(iag tgc1;r,bt vltb tho lrelghts cf cartaeo futty
tlocue; oi'.rrlrAgg n:Rrscnr,f.a* tlesi.se ecnd. otlgr vanl,steB. Ihe18

:resirl,t* r,$;r,rrrv tluit ln mttrng Bhis€Br carcueo wolght l.e moro

olmaf' e,irs'eiated iiLtlr ttn eellfit of fatt{ tlesuo (ones, lrl0.Sllg

tfetht;:'no :;'.x1,9&) tlrun gitir ths sctfillt of dleeoctlble snrscla

(wosn p-O.fiJ; ryethe.rer trafl.Sh) tloeplto tho ferot, tbtrt ln bot'h

geneg i rlliiC.'.:Iirr' ttgeiJt fofr,e ci g;erltef ;rrololtlcrr of Orx'Ctreg

xel6lrt t;irur cl,ocxl f*tt., tlesuo. ilcrovorr tlu] atiine.std. orrro:B

oj.. e0?.l. ;,to :*1l.-,.-ntrited, 'tilth t::c r:ue- o;ctlrc r€fgsenlimo on

Cd{rorrcjs roi;3:f" +ggL$g*rto t,l:rrt ttrl3.c vi,a'Xr,it$ i,aovldes a npre

ri.ccure:tc -,i",;l-?icilqm, of t.!:€t ueig:lrL of n'|ll,.,cr.il.r:l tl,sgue (oveco

$,, -*i'?JJ.'rg '.ictircl*, 5,, **3o26Lb) txr.n it d,.cc of tllr: velglit
do4 JrrL

of rlisr;cciibio ft.t (ei:r:a, sy"ed"LClb; unilrrono, fig.x*':" ?61::)

nutrrltir$tr.nril;:{ ti:e eimcr- c{ffx'c}.tica of tlre llitter to c, f,tiaBo

t,'clf*ri. In t'rc t';lo 1r-rr:l: eli.gses tlero i"s llttlc Clfforig':ce

bc'bt;ec:r tig cor.rr:f,r:tJ,o#; cf cr,:'c;^nc reLgirt slth d.lseectlble

fq"t (er.e1r,,:il::, !.s'o.8?i gether Lril&$, t'.o0.94) &rd. srlth d-igswtlblo
u.g;ca3.u:, tiilci,ui (errc1:ir.*re1 t$..rg' ireUre:: lrii.rtrg, Fso.95'). Ilre

corrggpcnJ3fiS; nt*u:rla"S sfrcr€ of oet,1;:iiitO uguln gbd that
rugoulair ttes.I6 c$n bs preillcted atthln olosar untts (esc

lnmbar *y.*d.561bt sstibor .larSee By.rd.OlgS; thtm €an tb
G18bt rf fatty tLserF (orvo lirnbsl $y.".1.721b3 rsthm le|*rat
8y.ro1.&61b). Ehsse Dosul.ts t"rrd,lsat{r thst, ln orrtaln olnarmr

8t&tE6r o$Bcass w€l,ght nnJr lagrlde a rtrssftrably aocrrnatgt Btry;tor

obJcotlve and, rolj,eble ,ndts of, aarrcass oqnitlon ln gunmll
ard, la ip:vttsufar d ths wcl8$t d unracslnr tlalrro ltr tb oerrsaBor
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f,bcsc vor.&s:ls addr hesrsrorr ttreit fr tlu doteotlcr of onall
dlf,ferro."rcoe tn t'he ortrsrlso oong;ooif;lcn of oxpontmntsl anlnaLgl

tlrtd, tn titc srru];lattffr of trer,itmsnt'o sthleh sre ltkely to ieffoet

CarrO{rcti C rr.{!r{r31 tlm dl:ffs'wtt ln lLy; riR)FS trcgu,ra ts rre t hocle o,f,

tur*\rulc tirrin ei,rceron uolglrt jCE-€, a$rr rrcqrrlro0. It ls teJ'sO

dotrfrt$al slrottui. ?Jro r"egrooolan oqrurtlurc prooentocl by thcso

sor{rcrc l'{rp t!re ir€cHstlgr sf crire$$& crorqpooltJ,on oorrl.d, to
ap;..lled to brtxrd.c of eh.eop otir:n t":.rl tiroso 'risod. ln tlllg j,i,,i.tF

lcul"ar cturb.

Golo, QfrB riail, !'ifu:cnLd. (tggO) :rsted, r.r corF€lrrtlon coeffLcLont

cf O,7/ bet?,Jor t3'p itelf.lrt of tncf e$$cea$gs rarl tip au-sil-,t of,

cc.,:;;i.rabl9 3,e*:t1 bat t-ts:sLt roin't co:rt:;ins no 1..:forgritlon reg:,ix11:r6

tix' l;.:rod.iettst of, ilrc lstter irixr u inovlcdlger d eurctr(iri u€lifrtr
",it v..r'l.gor tfu cc tlor*ers ontl;f{trd. in tJs st-ufly of ths boifu

e{JiLro$1t'1cr:r of hru:p:ig lrrrve attolptil*. to l.e}rto body uelght to
t'be srotgrto irld 1;i't-:'-Joa'ti.or$ o1' tJit: vl.al'lors body tlg6ueg. l:tandrrxd

hel'ghi.*o.Llitt tr.bler havo becn rrse€, to ;.i Laqgo ertent ln tfie yuotl
emd, ;n'o cttll risod to a 1funiied. orte*'lt *t tho pnoecnt tlrool for
1Lf,s lnrrunn"'rse s,ir!':;ose6 and. by tlre $sdlcel, oorxg d the .lrmod,

Eornrleoc" .rt alpi::$atrgr hor,.wor'l t}lat ilve cr body gelght is not
a aotLafrutory lncler, atr bo{y oooglooltlcn tn rlooo Dfu panttauLnr

rpiiroaoh to trn stusr d bo{y @spsltlm ta tb }rmn Dns bom
so*\rrelg crlrloleod, by Xryt (r$fr lgg?t, 8p(6r& (t956), Brs,

h'oicts aod, eqSE (195q8r rgtqb), 8rp geds fcr tble erlt1s1sa
Erlr bs e$i$ossc{ tn up worpdg of rrq&rs srd, nroi* (l:nr) rbo strto
tbatr..'tbo ftst ttnt tlp oonstltnnte ef bo{y Fgtdbt, futl ratcrl
oto' I lia$ tEIfir w!,dslg ltr thof! poneatagp qottstbrrtlc b t]re
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totat. ccsti.tetos ttrs fufl&rmcntal llsltq:itla to lnter?ret*itlca
of bofl&r lrelg$t. t

Elrls B-i: r3 tlrlrercnt b{ol.oglcu1 v':1,1*rb11l$ bgtgocEt lnd,lvldunlg

le or3trmcnl;r reg*in&ed r;e tlre s-:rJon obskialo to tho eatr.bllahsnlrt otr

ir FrroG]$or oltlta;Le; obJoctlvo arvt i.eLlirbLe Snder of body ooriU.r,cstilerr

1n arrfunnlel eirx'l 1r vletl ff thla lt 3,s not inneaeonr:bls to ex&.r-

i,oSiit+ tlo g*:lcrirl c*':cl,usLos d ibgrn rmrl Bxoirob to lnolr$,o the

nrminarnE. .'Jt',isu,_fi i;lr€ stid,ios o:r trirnpn body oonryoeltlm tilo

CI;{Jx} to e;-.Ltic*.sm ql uesdttrrt, of tfe *lnfflt tnsqlorst,l,@ cllfflor.r,lty

of obtn,ln3;t: hril,E"tr cadtrssrg l.n r:doqtr.tg nuubor fon str'tlgtloal,
{rrr*}y613r €'}s ulde v'rriatltrl chLeh tx:1et€ ln t}E aortetltuonte d
ttri: rililltirl brxl;,'nuct l,Lleg a 3.l:attoitlonl elnllar to thgt slnclfLecl

i:y l'.i;,F *::'-n 3,}*eiiCrlso CIAl th€ Ug6l of,' bO{y O.r gat?&ao wglght, €rA sn

lrulox clf; curq,roo:l.tJgr. 1Tle iippareiit ruiona\r ln ttp u,.Ef\rlnose

of'l.tcdy cf,'cl:ltiic* weigltt *s u:l lnileg of eongrcsXt,ltrr ln enfuii=l,c1

trrtcl tile'ri;:*t,rtLcfr'c:tio4/ ntrtauu d bo{y ruoXgfit uB an lnder 1:] irr,:i,

ruy t*oo 3.Lo ;.'i-1.;,lgr f,n ile gr€trtet aetlu:lricy cnd clegrce ctr oortaLrrty

don$n0rs€ 3;r i.rur:'nin etud,tss. Srs.h veight muaurerirnte B;,itlgtly tts
otrrdltlonfi c€ oln;:llelty end objclatlvlty tn both rragr r:nd br'gtg
but ths qlef;tsrttlm tf tee rq:ntnlng qir.,llfilootlsrs; ylE.r preclslo
aa{l rellsbtll'ffr r$ary dl:f:flar $caor$,nS tp fiE Bub&Ot unalpr w-rstd,er-

atlcr end tls putrp'r& d tln strry.

/ tt l F.tdrt.an4 {&pet'|H$e,um&rg.ot Fryt
In agllto ef t'lm srEtllollablo tnte$Bt rDila Aulrla! rrroat

tor$l ta tb lEslbtlq$ €f €trg Sun ntfi.r|r cf bmo fls| I
tm telghfr {F cn lrrdil of spclrr ibyclolnatr tbts lica la mt
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rsvr Ursh (1t95) Bt&itcd ttr;.,t "."otho rtrol,e pr{bl€rn of eXes d
b€no $r lts rolatd,ax to mat vali;n1 to ttre deslntrbllltles €F

e.:ttlo a6 fo6t?sc. c&itLo &nd to the d,e6Lpeblllty d cattl,e f,or

:siggo-beof ;;RrituetXe te u Li.ii"go ffts.r
llefore re\t'asetJtg: s;uit Llttls tvort h;ig bcen &rp on tfiE

estlffitlsr ctr Cirrcssg sorqlosltlsr erd. lertlculanlg tha trEX untg

d ut:iiau!"r' ti"acw fosa bone 'rrclghto au'sl Llnear rusaurgtmtg

of bo:eu lt rtt].l be ad'.rrrnt,&f$6its to osrsld,gn ths olasaloal
fs).1lra-.,{rcli tg iuul futtc:r'teetiitlfil .lf'bene.+rnlgolg relatlonehll€r

3le firut lnvoettgutior of th $elatl,qrshlp betleen bcno

rxrd rxx;elc ln ulv-le6' claiei:isiseo tt::n ieilo by naluemd ('tgSZ)r Etro

€ersff:gtr,iteci t.,:'in...tJ'!G nollitlg: ':f nnreele to bcne Le not e

flxetl. rxt$e trut xia v.,iX'sitti r-,5!r3 rrxuft. scx,.tt In hLs ecngld.er"atd,cr

og tlrs eI'f'ccts of, ec>: iB rrotod. tlt'.tn.oot}re rolstlgr d t:ox:

$sXfflt t'o :nrecl$ *cLgirt sirffig gnoriten <liff,e:sroe trrr:n tin
FoStrl,{g1 of lro;:c lengtil: to su.sclg i:a5,$:trtt Bnd, conolude€, thr,t

"*,otho eeftsct d teetlcul*:r' geerottcu:r Ls not anfy to tlrlchen

bc,b but *li:o to t"hiakon llnuclor but aots horevcnl ln pnolryticn

to tlre th,te$enl"ag t.rtr|.ng placg 1n t}lo isnso.oal,thousfi dsvo].olrcnt
gfoooedls f\&'th"or 1n the rwr ths ln t]F 8r?a1 t]p gppontl.on of
tuaolc to bcnc ig not lmrclrd beeauee of tlro crtn tilotstalng
d tb bores ln tlp forurr il In frleousglng tha annrots d qgt

oo tb bonsrtl.sclp rtlntloallp ln ebocp Hrprrcral rtrtdl that
a...tltrs rlsgt nualeer nnfl to r groetar crtmt tlu tUrUDf nsslos,
lncmeac tn pngstla to lh. ttbta uttt cgcr.. tb flu lnaneacra

ln rf8Dt mrt itua ttr tlbtr rrlt& Rgtr ..,bltt.. ortln ttrc diffrFat
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ctrtas o1' &F"crfir ln t'lB tF'ro lxmes tgr€ alltrod, f,on t&ona st1ll
gslstre ut d.lf,$sr€rioa ln tle rato of' Igr:@ttr botsoa tttldrt arrl,

tlegt::urisl"ss; eo tlst i:eisslm not rJy shos'a rclat!,m to the

g*'silih or' ti* bcule thoff g*rrr*:sNir hrt they ehos 1t ln an

eae6[B$ete$. f,brm, f

IiLrsel (lWS)r ln hls etr.rfly of, ei{i.caoooa entered, ln
SmlthflelEl, lF.itstrx:ls C0rwg; FoXtetrrrtod ttx optrnlgn erf;nesssd

by llra*;nmd (19j2) t5.rt le:rgt& of bone i.s oFmo& to eersr:rCIo

qg*t1Lty1 r+ll. til't bac* lft,lcttenlng ls rxtcGeinlod by nn ltrereaeo

tll tbe wolght at' t!-e rtrsguli:r tlcers ;"d,Jrroont to ths Brrtlculun
bcrrc. ilirsel, c*rloentr"rrted, hlc +rttont,tcng gr bono longth rfld,

t!.i1c.!r:colr rrs ho somjrj.erreil ih,rt, 'bex: vetght n'ay be to :r eeg.tiitn

ff3ttl:rt csr:rqrfJ,*g;oc1 l{i e nhorEenlru: ,i:1fl thJ.clrenArrg of '+1p bsro. i
.tr 4lacwgln: i:rt;e'31n9 r,o}[cg jij,r"fiol sf^itod tJrr:t 'tu t3rl.slff)ilfutit

of tlrc bes 3.:'l cli;;'?€nl,ng tt, :?j.gtt no ueif'Irt reduetlrrr 16

;aeforubl,: io rc*.ric*rC tfe r.,st:,ht of tle bong ln a careaee b3r

iil*fng r-*,e ?rl:sg tirfuur€no :*etuarlg thq.r lt 1g rtittpn tbo long
bonal tiurn tho etrpulv.t borivy baTr: th*t is obJootodt tol part-
toullerly ls: rnrttsr. s

rn his etia&!.eo of, rcat q'$rttttos ln t&e ahaQD F6laeo (rgr9)
s& s8tegtrrg Lao ff tb relgfirte rlnil f,lseFt|rIEta d Dos. In
hls searoh foe ex! lflb* €lf tho 6blota:f Fofgbt of ercruare paleao

utcd, oab,trt bale lengtln rd wolgbtsl botb lnalrpo6tfy d,
tmognretad ts a Flghtrl,areftfr retlo; rhfoh lr st&sqontlt
qtlalM, S a EBrrauna d Crnncr thlohras. In aguoSr'€ tb
tlrlg[trLfigttr rutto to taF tblElnc* pltrco tryllc. rr 6rnafg]
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bon$ rlcrmlty &B ne statos ttrrit {ttJE sctght of u bono delendle crl

Lte letrgqtfie thli-:lsroge and3. d.errslt/. s tro evlclsrao of corwtrint

bcne cienotrt; lc prosentad tn hl,n scr![r. lloventheloger hle i)rod
thtit iJrc i'itrJoc :.;;lt of gr.wtlr ln i:ons ttilolmoge ocourg ut a Liite!
oia6p L-i'ir,n fjt,cgrth tn lenC$h ls b{.;Bed eololj, on ri eoml,unlem of
rstss *f tnaror,.ss 1rl bcnc solg',Jrt ;,nrl lengt&,

;.)i:lciBot cor'Eel*tod. t}le welght of bone ln the c,relrr_-ri:eg clf

lri;bo r:iul hoggct€ tel.th tls Lcrrgth *nd, roi.gtrt of tJre Leit i-EtB-

G+irj4,os tlre retglit of rrll fir-ur C{,iis1s6 bmr:$p rard. thO woifFt f
{oo t leflgth rr,&i.o of ii're left i."ict:;o, ii;lia. Ilt rlJ[ gl.Bor]1 r:rrd,

;ri;,?irx.iJ:;r3;,r 1!:. ilrc rolr.ilcnslill lnccrg=rltlng lrLs i.pirgi.ro of,

tirl*iurcae, i;]'c coryslstlst goofi'Lciclitr: v;'GF€ gi'€i,.fgy g'a. tirel

iro{,;i';Otg t}..i-r d'o:" tir..; 3,a:.jbg. iir. L;:tgr"}rrub.tlqr of' t}fee
fioa-rltc it; tiri.it L:r tl:e ci]'djgr fjFou*r t::lcbpea ContElbutes relurtl;ol3r
r.{)r€, t"r s:clcfu.l uorgltt tir;ra at tlrc yo.&Eier &g€o In tlp lsnlbg

c&:?n(ii! -L*:r1-iti.i lraO u gSrtutcr' lnflt,pn,+e ffi ttn uOlght of tre
o eE:luto:i ti:r.ia 1o tiu cace 1n hoggote, :,alaoon oonaludad thrrt
ourlriin.l tio*5!:t irffiludog ,r rilorro srrtiefi-ictory lndeX d el-.e].otaL

wei6ht t'lt+ut *.tct eer,I'lncgt tery;tlrr trrrl ttrrt tlre r'3lght of all four
G8r[Iortfi rvao nut ln any 9{ur si{Ircrlory as *rrr lnd,or:f to tho welght

d ttm loft fcnro oi*rlnoltr IIg aLso rcLartod, thc mlglrt of tfro

s$olotcl to t'tn lencttr of tlbta + tarsus (f). thls ransutreEEnt

p*ovcd, tct bo aq>er4or to c$nndr lolrgt]r as e trHl,or of etslotal
EElBbt tn tb tssib €rqqp, lnrt not tn tl6 hog[pte.

Pil'sgm also ctterqrto4 to ra6 the o$ancn bm Br an tndfl,
af o*noog! elrrtlWr end, to trls od, oorsalst€d, tsngth trtth tb
slraFo tndor otr tlte oyo arrolo (tOOqTa;. Ir rll saros thc
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€o:'roL;..{,1mr c,,icj'f,1clentg r;€r€ nog.ritlve, {fld, elgnlfle&nt cntlg

bottrce:: brrsed.u. Fiilossr lnter;retcd, ttrle us ;:nouf ttrr,t ohort-
bonetl r'.ngir 3r: ll;;vo lrboolutely dor:lnr e3ro uusoloa (rerro,ror.ngt D)

rcl*tLve j.o oJc Eru,scls 'flongt&,tt (rrc,:or.lrolrent A). ,,lthough tJro

r:i:*,i:c Lrgles Ls 6€rnrkr1]*' $ssc;-ted ae i.{ sfitlofr.etory lnGoa of
c{tite:ros qa llqy.vi.leson lras shs.:rr th,,t lt lc not ei6nl'flcrntl,T
iefntorl, to tllO i.,rlcR.tstt of niigoulrirr tlool:e tn ttn cur,*,rorir irhlob

lc ltkeiirlgc co::sid,ot.od. to be i.r gsorJ. lndex of gi.roa6s Q,ur.r11go'.

In lr^lc sA;.c1Lo$ or: L,1,; crl.iroirgccs i:jcl_teoEun (t$lt) aleo d.ernonetreted

$ !1oa-oli-::ifLc;.nto i;ut rrogirtLvo, eo:Tolntlm bOtryesf tlro ebrpe

*rdes ,r'.: i;(;.ia;irt of cuF$*.i;[i ;,rrt$elCIr ftils apparront anomal;r r1a3r

bo $t;-;.Lli-Li.:"l .br bolr.u: of, tj;er r:Li.ctinetlon betgetrt qurintltatlve tay:I

rlli ,11- r,$.lt*r61 lrr'l.lco; of ci;iuujl$ (i.i l,lty. .a ilciloekan giolnted

out, tr"o.'t.ll0 lofur Lc tJrg:-;tcr:t vul.itiblo "*rnt of tlg orir€aga, ui:rl

lt 1c tiic cl'ui;:B *iitlrer ti:rur tlxr i-;iitmtlff cf, rn:oc}c ln iu,er. trjrl,cli

d-etci'.-:1t'tr;ir ltg $.iiSablllQ' fon iilgh-q.ri.ltty unrl, hlCb-pnlccrl t3ri{o.,t
It ltl thiu:; it:,i,illcat tint *Lthorel:jt ttro Bhetrn ln&ee Ls f,nor;uont\r Lorilced.

ui,sl uc 'uoJ.:{: in'Jiortl.vc ctr tile clcgneo d u^sculrrn d.eveloyrcr:t lt 18

Rot p6gLbJ,o frprn I'elsscnts coxrxllatlrxre of oannon long$r trn6 oha3p

lnds:r to l"rfer enythln$ regrirs,lng tho nels,tl,onsbly between crigldn
len6th tur{l tln uelg[t cF &ofFe$ €tr dwolO1rent d osycacie rsnolo.

Studloe 6 tho rne d certaln vot€hto ard, reaeumcnte es

lndrog d onrcags q&.tltry rn etroep havc algo b@ oar.nld, onrt

Qy flalbr ad, tsltooEnrr (f *b). Althoruh ttrmc mr*ore DFBsrt
e rei.dcl'ablp arilsnt f Ceta relntJ,ng to caancn lsrgtlrs lrrd vctrghtsr
s?tldr thEy ulla to dgmatnato ttro traton-rctrrrlae g!iltJr ln bonc

ttrtohoae (ae ronergcd by tb eslghtr fagth mti,o) aoqlnllcO to
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g:rceLb ln Ler,{rttr; tlny do not ;,noeent arly rel,r.tt,onshllg betgeul

cFlrr].cEt longtir on volght rrntl tl:e 'aerlgbt of crirrcrr88 rrtrtgelor

Fiileean tm,l. TJongfs (t952) aLeo lnv€stlgtitod tb d,tffor"entlal
longtlr arui tlrS.clareso gzrwt& tn the chtauS; ekcrotonr brt rade no

atteiqrt to ;ro"r.*tc bnp wej.6hto on lengtlro to tho salght of
rrlsslrf,c.:.. tieouo ln thr: rlarri:€so I?BIF et:rdtog onflrra ilp
eel"Li-ci, i'1;:€;;r63o tr Erimnmd, (133?io pirlsocr (1g39), l,tomeekerr

(19;1 )g r*u?. .'i]-h.ir?t tind, ;::.:cl{cdrsrn (1gl*} uu:t grrcrt}r ln l'thlctnsss"

os.);,frl :.rrit*l)" rr? ,r -r-"rt*r at":gE th,.in g$owttr tn longttr. f,6lason

a'-r;l "."trl$[irit of,r:,,i}r o.f tiie dlgfforsirtlr+l effocte cf *r leoe thsn

ol:t.1''*ii;'i::ie; rS-' ::utf.ltnc'l gi:,':rrg ti'rat, lano shape io erffeoted

ii; i'i i.,rr.l,.i;{j;"i:*i,r};rt t^1lr.^ri bcn:$ i:rc;.1$tp tir;,it t}rtcknese Ln *f,foeied,

tO i; ljl;,ci.i.;,;;, {l;ii.;lt$ th'a lOngths ,lii{. tl:riit the }r{tg+.rurt-.-lrfu€

bcrlsc tr',c:i: r:fi ilt* fbmi.ur rrafl. ti:cice *f tig i.cLvi,c &iro noir(, uffoetecl

tllrir tlig *.,.'f...-er*"*.xitur.ta1. criniltrl hixlGn

riu: :lo;nc--} of; tho ;lccl .ic;l ;rrJ ,-icrgrcy !,!i.rr€h $he,:p Dl.ue,ilcrst

.:itnac'l.uii.csr t1:5'J) bel,levo ftrt ii eitr'ffi61 irol,tlonghllr o:d$ts3

?roi*'ooe bce* :;:d l;:locfo ln the sh€ojl. l j.r: bodJ ctr,.t*:o $v:t
tgu.lllt.r cf rxxrc 16 auts.srtleeilJ.;r an lnClorltlon of tb floshtng
q*ial.ltioa tnrgl 6igrpstor of trre f,leeoalr, avd. agaln trnt ngood

qusl,lty bono tui tbe rpd,tsatls $i geod e.rraffty mat (end gooA

sn:rrfrctnrfiu uoetr).r In thls aoatqt qwifft$' d Donc ls Jd,gpd
by tb oEtoirrcl t}pI€erons and, farm d tho Eannon Ib (hftnltlcrr
d r'1nt ls &o;reA tuUnblo ln thl6 owm$6 tB gilvo ln tlc
tb:Umfry qqotatlar
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rlBff{;l ,ilp ea,mm bme ehould, not be lslar .nd,
at Ltr,$t a$,equ_ te tn elm fon the rser8ht -of' thcanl;ur{ (,.nd a litt:,o to op,rrc ls alL Ts-tto Sood)
r,irusi*sd, el,vayo urld, t'brye all tJrat thg born Ie oftlie ver4 bget qrralifur. Oot'ns€ rsur$ lmc- oi-mycj,firl 1c btrdl end. ttn EKErs therre .ls d itt tbs
il:orro lurriiful tlr$ an*url w111 bel tnrt a ver? din-Ili"rrtlw c;,trrd,ly $hrink fe BC$n11i undeslrsbfi and
dslr: not lm$,lceto a ncbrrst fxrrtgr eboepr !

rc #rruarail attaq--ln to eeflrc bone qrr*lIit&r ln tlp fo].lcrln[ll

"lj,i'd.I;V OF fi0f{Sr Jr.st Es Jrf,e:'lcr gutrllty flaeh
cr.ri: b* rlc.loi:isd to u lr.rgc q;t*rt b; -l.ts tifertor
elnd i;tneh an:lrcn eerrer"tng cf olr*rr:ecterLges uool, Co
sr-r,ii c{H:r.rlre tone be detcetcd, w ltg suhveirrs, ccr6r-lryi str jo.rtlir Glx^r3gr.shlt€ hsJ.ne lnellnsd to etiotsouf ;,re.urcntl;r flen trhn e'"uf;.;gg d tft€ g!i.lbl. s'rnr€-a* gcr11 ili:1llty bse nqy b€ rJ'ircexnerl by its-mrtor
ggvcl*rl$ tf i*llr ry|-"tg sroothl;f. fiiis- r.p;l,leo toti.tt} l:r:1r cover'lng tiro-fiieg ae *r)lj" rrs to iip eoveF-
i-"5; of tile 1o*{.r +i t:rc ells6rtr1. H

It ls rtot&ti.';Lr tr: s$;j' tilo loarcte wlxrtren giJch r: oubJectlve
$c#cflnitpnt r:sdo crt tJre llvc aall&ri ber:no .iny no]nttm tc il:,o

ee,:l;:oir botrrCI I$jl-gg. fip extre:;gfu,r ai:rrr3,L aitolurt d ral;iroiil.n
tj.ssirs fb.i::rl ln tlrc vlstnlty d thl"6 bors -*ruuf,rt aleo euggeot

tlnt ttorc *ru better riv€Farllnal l:rd,leeg d tJlo developpnt
of r!${oul't,c" tlgeln ln th6 crrltcrigs. Itse (191$ ) tss ehorn that
tln oubJectlw agsosanpnt of, bom ra&*xltr bca:re no rgLatlm to
oarrrsr bcrro relg$ (r*'S.O?)r

?lusr ln gBlt€ c tb osrsldpnablp arurnt d aata rvallebtc
fscnl t'tp sort of Reus4 (rglg), $ulssl (ig5g), p6lracr (tglg)r
!T{ill6r end }bffirm (rg+t), cd, e6lesgr arrl vo!'8ar (r95e) s trp
rc&hie od, r8aswrmmts d tb qrmcr rrd otDtn bcrol ef, on
ttho sslsht d nrrsotilaa ttscnn ls tho rboag sanragrr thrru rt*iLn
r IaoL f lafonutlon m tb rctb d bom rclgbts d langthr
rl lrdllae f cs:taeE nr&L.
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Jr lls,ltdl. tiltxrn'b d tsfotrarrttsl ooac$ml&g the psslbll,ltles
af irrcd.latln*: ths wolglrt d ca:tase r,eresulsr tlssue {!rom bep
dgt"r e&:BB fran tllo starr0;' otf bgre.*scls mlattqshl;E l"n eo,ecleg

ouror tlu's: tis cieopr 3n trln stu&tee an $!o e,rwth e11& dsrelop-
ssnt sf t3p ;ilg ;bt,!*cirr* (19k0, igll ) eonsldered. a nunrtron etr

earc&3B st-* bime :E$tlusr€ilsate es posolble lndlees d ths selgtrt
# *;'rl'<)cl;l ila.{ielc' orp d t}}€ bett€r LrxLlaee notorl g]r tJrls volk
p$E tin 1r*.*t3: of t:e f61g**".y'gttere nhlch elrc'ssd. n em:"glriil.o
coef*l"clr:nt .f S"BS slth tlro tlotght d cliiagtr$R srcscLo. Hrol61

(t-Egg) fo',rrxl go evrds.?:se ef ary cir:rrlflet:nt reL:'tlmohlp tlgfinem
crlJltft l"al=-.t!:i '.rgj. tl:e l.,ereenttr;e ff loa,n cr:tn ln plg G,-^r.rsriggog,

rtttil. co'tr'1,.r.?stl, t:nt Bl*rit€Et Ci).;'*6;lgr,istiec l$ Elorr:g:1, geu€ not
elafloJy ,:sl-:,':si+tc v.ith ;&-ytllciil csc€asa !:?oaguroraente tn thls
B;S$''.erfi"

'1!*r .lx-r*in (t ?5;ao I :i:*.rE) &Lso lni.egttgetoc bono-tausol,o

rs].atl.c,'v*rLr.,a ln ttn l>lf,e artL r?iiari,sa Irsltlvo eonrelatlons
lrotr,rper: $ft.vr/Jt el.s-c.r,farcol1ce trnrl tto rvelght of tlo ad,Jacant

!3Rl86ifirt*::Br t:r.nd, betweo:r 'Llro tangth, at$qrrafer€rrlo nnd nol$tt
d th€ fet*:,nl ti$. the pr'€rryilsr d mgdr]'alr tlesr€ la tha hnrn

Foao af, t*e t-eLgtlsrsbtpc ses stif,f,LclentlJr hldh to ba of pred,trstlye

laluBr itlufig:easr c*tmdted, hls studlas to tb tnansvemg eoottca
d DcH, nnd noldl a Dgltlro relatJ,moblp befiee*r tb eraa,-
BcOtlsral a.sa of, tb fomorgl *aCdl].ery oevl,ty ..nd tb rrctgt$
d [rs6L€ tn UD h*'1. Fe al^eo rqprtedl a mgntlilB ccgrlolrtlcr
bo&|a tho f,blshmo c tDo mrl.l of tb !uE' anil ttp rctdht
f nnclr ln thp hflEr tlrnc ras no argnflmt nrrtfesll}
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betrreoa the uolght d t,}rts r:ri.lcor:i}.tr tieeun E"xt trn sur"l:€icCI rir*ra

of Lhe fbrnsr

cr.ts ({959} etlltrled, the iese of cer.t&lrr b*e c}r*l:ri*etor.tgtXce

&s lnrtlceo af, m:acl,lng' 1n beof, Giiiica-ggs{t. ,r|lt}:dil,$ m!4?Sr hlghLy

sl{F}lflcsnt,scrtJ1*td.orrs sere der,rsntn?' te(3. betriean t}o rrelgtt;
C.i30{:}*F.e$ct$.*t:.L ut$.r1 's*rlghtt}ongth raitlOl r:rd OleClft4; pp,.Vltg

of t'lu cuiln{.a} ie:.:rca L.i}-i tte neii'hts nf i:Jro}ogale ciits ;*d. nibeyp
tll*ilp O,f'"f, ::'.!r.':fiCrj. frl:,rt tli.Ol-q* ;eJtrf;5.*Snrrl;rS g*,--:tXfrFr,l,l.!' IOSt g"retf

sig:j f!.t :i:c{r r*licil t'le cfYect: rf ci}iac*ifis velghi wer'c c[ralnr,rtcd.
-' "is's!::ir:l (1?S) ;.^arc elg,Er :]3c;*iir:r,.:ti tie ql,iilctlon d boroqrugclg

''oieti::iii-:lij.*s3 i'rr l"':e:f ec,ttJ.c. I:;r ncvl*wlrg tlro nark of llturrg.ra

..X r't,_ 11,"'j.il;;r-. i^ ri l-r1ll ..ttf:i VCe,l; Lf, :l+r; :ie*i.lrnd !p Btateg thgt
n.o.rili ;"ei]i;rtifi ffs uelght ui:,L r:]iuire (eif bcerc)r ghe e?:tgten enf,,

Li.i('liqit,'ilre igrc] tJo gf"outo;r ilr* d.el'f,h or. thlel:resc cf c:uccLCI

Jiij;1'; ovci' ilrr* bf.alo tt rt "*:; rmtrtx;inr.g trtre that ilune lc
ovitlo:m* .rf : 

".':r'LtlVe 
rgl".rt,!.crglr3;.'hetirc.=Et thO grgtgtft Otr i"3-lge1nla3

tte'sirc rxtl, l,rxrl} t!:i.c-kioaa, Rs i:B;-o-incd ::y tlr relg,httleacth n,:tlor
a:ul r:i'riho,.r,,1r t tn tiic b'eet r:f, urr ;irc+e'i:t sritcr.fg lgrolilefrlio' rro

{E}€ hsg *-:Let{}.!. t*:c degiih d m,}scu},rr. il,eem weirltrrlrE u. l,or.g

bess to tr\o t.\i*xlryEag of, ttrat bones .Hs $l8ht rend,lly be rlone on

tho tpons"sra€ 6eat1ilt ofr Bqsr tlr* l,egr 1t 18 ggrppaj.lg eaaoBt€d

tbst €r lncnoese ln bom ttrtol&eee le asceq,arl.tod W r,n gp1ggc
t3r t-ho dsDtb ctr tbo smrl;rtas Eelcnrlati:F€. sffioccr., thprc le no
eyld.€Eas :rntrrJ to ttrp rrtter rstsb soutd swgct trrt e desmeac
18 krts r'masth t6 caooolstdl rtth an tnouead, sctg[t op oaDtb
d mnolsr rirlsscrl (tg:p) ha6 atrolln thgt, ln sbrpr thm le a
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bXghly gltplftcant poltlve conielntl,oa bo&oqr orinnorl Lo4gth
tlird sksl$tr,l l;ei.-;htl vhLcfi itot.ioc;uin (1956) conoiders to be

olooery rcSr;rted to tlp ',;relg,}rt of crr:sags L*rgcle. rrr etgpont
of hto ao:it$ltton quotccl, abo'ro l.bljeslran c1;rli:ie(1 th*t ntheno

1o B atr$i:C JioeXtlYc ccrtmlritior betwegn tJre volght of bone

ln enrcir::orlt unl;:lrl tsld. tho woighi cf rnreicLo tlgerrc. In otlpn
uordr: r itJ j,g irot, .,raootble to got tr orl$case slth a roul\r gneat

wot Ltir of fLstlirlrqf rrlthoi:,8 hrrvlng agr:oclutcd sith tbat fleeh e,

hosvy ";et[]rt el'lpru1, atn" r.rluoon fo:r tjurt ls obvlorre tf you

tJ}ir*: :"rboBi i"t f'rq*e u biol.oglcrt1 tolnt of view, .!rs muccLec

$r.ne tlsc l,o th ?rarp - tJrcy u-i.s thorc to ojrerate tlp trons - Bo

tl:ei;' lr!.go r:'':-ri1 o:rtllrc iri8te fon rgclu*'nic:,1 i.oaoonci, be rs.coclutotl,
gtth tho sj.zc r';fl elrr:1;o ctr tlre borx:g.H ilci.lookr:.nrg orrn worii @l

p1g1 e':$encilec ctg4-rolto ti;ic vlcs tii',t lronc lengtb io poolttvc$r
sekitocl to r:;selo rzoLgj:t (,.?olteeiran, l,jbl).

i'firclr d tlp oonf,r*alca: o'rrnoi:rrrJlrg; the nr*tura of tf,ro r.ohtlcp-
eli:11. hotpeen bono len5;th ;_ind, rnlscle uolgtrt r:r1ge6 fr"ur tirs etudlss
of ;!'n.rfd, (t r5?r 1g5z) ,::d tho r"opontc of' t,i*Logs1 (lggi eornci:r:-
lng tllo dorrcotX.cutlsr trncl lrql rcror.rsrt of r;rsert aalrtelgr Tbege

worbra tiaYo stloua the.t tho lnprwed and osrDltoF{ntut.lng breede

&f mat anll:rr38 whlctr psoGgs a ueltdevelolad nrsaub3tuo hqy€
ghGtruP and, tblc&ar bonre tlrm tbs mc Bn!,nltlvr bnollds. Flgg,-

ffGar tbfo ls no trldffi,oc to sqggcet thrt sn Lnorassc ln bdt
tlrleJrnoee ls noocsarlly aocas,Erled by s dmrrsa. tn lsrutbf
lillood'1 tho cld;rroc flon tb rout cf ulmrnn (f 9t6d and, otbra
ouggcate a Snsltfvtl rslatla$lD bltmecr tbg. lrg frmnclsrgr
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In $lncnregtrrrg tlp etronf as.relstl,on botsadr bonr ard mpola

tretEbts in boef, Gilr€.tssso ibl"{eetssrr (19fr) stated that nso strog
lE th;c rc i.urtlsrubls tlnt tlm wolg[rt d musls cqr bc dotGrrdrs0

rvlthin t sxrn G€rlt o lf tlrc trelghte of ttre crtruton bcros an€ Xnotsn. n

l{o cvi0cnss f,c&a f'i:Ls pr.oclsion of est'li'ratlm le rluot€d. Uoiloekaarg

elar.r,: lirrc slff:e beffr coraldgs€d. b;i' ;lrmnlcro, s'.rkene. l?JrtbCI (lgSg)t

ead -';',ryti!:oe Ort$ ffin Klr1g (lg6f ) attrd.leil tb neLstJ,clstrlB o1' born

to m.rr;oIo ln T:c,ef ci.irtr:cgeo, *sLnf. the wel6hta of oortr.',ln rfiole-
tsgle nuttL ";lo'f,i':J. tnire.pri" cutcJn ;r:'ri tlxr arc', oj rtlrcgre as ird,lcr:tot€

of m.lscLX&_;r r='rd. ocgulrtlr{i ths botx e€Lght:Iengtb nr,tlo tc bore

thlair$os" "i?xise trorhors found tituit the uelghte ar$ kingthe d
tJw ::titr.ci:;"pigr ilr;tlrtanglur tlblao ibla:n; trrtrl n:idhg-til,i?,ii ver€

clf-ntfleantJ;l :'*trl j;Sltl,vgi- cot'to],t:t€d. r,t thg 1 iror: eetrrt" lavol
oi ;i,l'obabf}1qr to ttio e.ibove lnd.3.ece of rtrioolol r.rs iror€ tio 'ttbleii-
nsccrcg'' d. tlx; rct..1g;.irlrrrgr r,eteltirr.Brisr rrrxl tllrta. I'Ic, relrrilonchl,po

trat{roen tlb reli'}rt:J.engt& et,tiss d the fmrr or radl;lus-rrlna ard,

tlig l:r{i.ces oS' ngigsls ltong 1;nCIs{fit€d.r Scle ttthlalmggr ges nonB

clesl7 eor"re1.*telX (n<1.70) ni.tb soffs lnclsr d @raalc than Eae

eltlrer bolrs weig$rt or 1on6tr ln srl;r cns I 12 iloaslbls lnatanooel
get t'hese rrosg€m $l.aac rruss ergrhaolo on bqr6 tlhlotnsse tbn g,

rlthor. rsgght *' Lmgth as a Snnelbls turdEr d oaroeao rngobr
Thqr cs:eldcr ttlnt ntlr atrong trpcltfirc oonolatlg! dtatnGC

tnillnato tfiBt boaeo f an m.tras.]. dlcvsl,oll ropctlrrrntolfr tn rsutb
anA rldbt' ctd, B.*flEtot that a nonl esloel$tl,a slet€A botr-roea

be &lnlaress $'il rsollng d thc oattls cuillcd.; rt ls 6g!fir
firl'r lcllcrcrr rbttrrr qy d tls rclrtlcsblp ro5lortcdl, g thnec
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wodcarrr aou3d bo eonsl{srtd, to bs cf, prqllatlva valusr and. ul,ttlargb

no sgroesl@r eqa tlerg or nttrrd,*:rd, orcrole cf ostiffrte of rnrcclg

ene preooo-:rtoCl, tleno 1g ctr:rt*tnlg nCI flr.id,enog shleb gotrLct g'..,gfiost

tlrut tln vrol,ght d cgrsr"ir:rg rfir,ccls muLd, bs prrcd.letsd to si.th.ln

I icr. cG.rt " fr.cn tho melglrt of tJp oi,ilis{Et s +rr4} otlrr. txnf
etiifi.1e&.

[ilm1lar otiid.lss wr sattfo sors oa:rrtrod mrt by Onte r'trd, f$n6

{tggg} nho i.ol,:torl casn€r veLpfiir le'ry:thr tlp rr:tio of nsle*rtr

lei:gt&o ruxl i.ir-r-:*i. to €ro welSilrto ef eefn?'tn tinspeelfled. vhoLosrrls

outau nlbo;r-o *rito.i rutd oirllled cr"rctraa wolglrt. Otlnnor wolgtrt qJld.

ef.$ urolglitlStrr.gtJr nutlo soro f,torro cloeel$ corlrolntgd wlth theec

rlsiliiut'oo oi,' c$rcr1co ::ai,ogJ.e tirru ger€ the aunnon leagttr end, eJroa

vur.l*';ott1 i;'*t al'sircrrrflr e.3,1 tirc corrofuitlons soFo hlghly elgnlflcr:{ct

nortre ciiclo;r{ g:}st" betvce:: s.ilIritrl neisht ernd, curtuee wetgtit (r.O.951

wae lilglr c:.rouitlr to be of .rnod.1ctlve vr-itr',rc. Tho lreltrt,|.onohllie

r"e3r::.gec} lrjr ,;nrto:r ru:rl :":i.l'ton (195tlg) betvreon oureu$B welglrt rr:C

the rr--!r=!rt d' cutcass flr-racl.o ln eheei., soul.ll eu6geot th'.t c$Ro{ieg

selght ls not r: c'.ffLclently grce 1n0ox of the solgbt d n*sci.ilJir.

tlsetxl to nllmr ,:rerl,t atldt f,rw canncrt rzoiglrt Eltbln tlte lfunLte

cLriluretl ty Honoekan (f gg6).

Slbe ugofirlnegg sf oerttrla mssur€n€nte d oannm borrss nid

ISel vsrtebns ag Dosglbls lndlosa of nrsalc tn bocf oaroagsoE

has M tntml''rollr etudled W O@r i'eareonr Er-atalgrr Ulrgs€

nnd, vthsLor (t 9ff)1. SbBo so&rn rqlortod, tbet trlw Eulgbt,

oltl.Llpdl oeaoloa selght, prlnal aut welgDB, oridl tbo uetgbt of
tetel oaltolestr lcmr s ostdatdl frm tlp eol,,grablo laan ln tb€ g-l0-lf
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rlb cut usi;rg tfio nogrestrc og;,ti,qr d nsrklns and, Iicse (f 940)r

lrsser ln nlmet ;rL[ or,rsoer algnlf"lcantly ard, posltlvel'y r€]rto0
ta ttp welglrt * lesrftth; 'oid,thl sirctrnf,CIr€fireo md, tlri,oFrsss i;Issourt-

$sgrta of the foro rrnd lrlnd, cwrnm bcrpe, fhs aosblr€A ef,foctg of
llve volghi rrrd' euch of thc cdlnncl ;:sijsutr ffi&rte coneldesecl oopr.ratol;r

q$eoltrlted i'tx rnxlJr tb to 54 g,er oqnt, af t'h6 var.1stl6r ln rlboye

Br€as iLrrJl"ogrriplr.lc ssr{8rir€iipnBg of t}re Lunibar vort€bree borc

Littl,€ 1S'i'n;t i'elatlcnshlp to tln $reri of rlb'oyo mraeole, and ln
oonblru,ib.lcn 1?l tlr Livo soi€ht dful, not egssrnt fe srly tmlre vanlatlcn
ln tris : sr:si;,r"aeont thur tlurt sup.,:l!*)& by llve lrelght and, the oanngr

vttri-i$teo. l3p oonclireloff dk'arrn fgun thls work gere that EDaBux.e-

runt c of i,:ic ctltrs16's bcg:os ain& lu:[r,:$ vsFt€'!.rtre ano ne]$ted to

mr$eltli:l bd thut tlp r,slutLonahlg;c; rire not suffl.c16rt1y ;iigh

to bo ixlo*rl for ;rned'lctlve :,.i8ix)scg.

Oolcr ,-Er;ts ;srrl fiAnculd, t196O) travo r.eBonted. a eo:.reL.rticx'r of
Q.7> hotucor:, t:xl ucl,ghte d totiil. g, it:r.:ss tpne u:rul oel*i!'..rb1o

cRt€esfj Lotutr sst glve no lnd-19,;t1u1 ffi' tlr pnrelslon f;f' ostlr+itltrr
of, tl.e voJ.gbi of errrcase msoLo f,r'om tott'L bqre fiffor.clscl b.r'tlrck
dsfa"

Frenoh (tgf8) r do rroo of tiro nelghtc end Llnoa:r dls:eeslsns

d ths oannrr md otlrs! bnos ss $ b$sis for t&o o4nr.lee of the

ilegnoc of Agy€lelmt ottalned, bl' OJf,fosant brerafe d elrego fhls
Dertloul*r s6p[, sas mdsl"loA G tle rnoro lntenslva otufllea of
El{$sb Bhscp os,Fplcd ort by g@ (t yfa) hrt no attoqpt vrs

8ds to Bal$t6 tb omrllanabLo rmrd of drta nfcrnlng to bomg

to eargam @rote oth€r thsn bqrle

rlbrc LB a gqggratlgr tla sor[ G thc buwr Atrt oortala
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bm,es rdght pil-cl-re bettor tlrfltaes of body oo4lmltlsr thun otlena.

In er stud-. of the vo.!.[$tta anl. llnerrn rxaetu'goenta af, buman

akelo..su) lffi:'.r'.neg eirrl i,ut$re2. (11.57) notoel tlat evorags ekoletal

wotght r,r;in lose vr.r:.iulrle tlun tlu.t d any of tfn lndtvld.upl booe.

ttxr n,,ret eoneee*r,}t of t;r lndlvldur.l tistee wor6 tfte ferntr and €
Sgfieg,t ttro otesrri,un tr.nd lgrold. were tle taoet varlabls.

Lcrireirco tnd. Lrit$rsr (19f7, uleo lir€gentod orlderrse otf

blli;te:'a3. acyrrr.ets;l Ln the bonos otr ;'urtl€ulur'1y tho qPpor ext:"or*-

ttlee. I}lliiter*] aaitrr.r:trV Xn tin rolght snl clrenrloHl eonlroeltlo

d tSru 3.oag bo:ms of etrXatrercr ptfit] tlrcl" clalry holfers hEe r.l8o'Lson

rei:crted- lr;i ..e:*;lsp ri::d, hreb:xrn, (f 9i9)* itud,:les by Ori,ff (f g6O)

of, tlx: sr:1"1;,' g;.rrocthr of tis skoletur tn m3co lurve eh(Frr evld.oaea of
bllritoci.] rio;ruEstr.r 1x1 tir.r gro.rt$ i.,1'tteme cf tlre lor.C lxrrcs, ;:.Ltllor.Lglt

tlw;,r: v{iB ao eone,stent bli-re l:i f,i:vo';.r, cf o?s ir:rtlcul.r:r s.l.d.g. lTrO

*rg,3r3.tud.o of the blLr.tcrrrl Tt,rintSorx foin:il. tn the r bovc stut?,loo

ouif:ogtel hore*rc.r1 til,t iip ncli*b1l,ity cli' l,lnor:lr rnrroqlro:.trrrtg eg

ln&icEe of cr,trr.rss oq.roeltlon ''ouLdl, u€ir3o:.i bo eerloel; tiffected..

€' SU ;iHikr.llloa"$llllP$ oIr osiitri$r JoIIll'$ 'rp nts

W
Iurrsoil,gntlos lnto t}n use d easrytrs tolnta aa lndlocs of

th iiltycl$nl sorylclti.qo d thlr oarnesct Ey bf dlvldeCr Dorttsla

tarrorrhrit &rtlir-srttyr lnto lro utn oatogglogp vllo; tb epprloogh

&verrd W Amrfea rrcbtgt lrd t&st d th6 CrSr{dSl Sohoole

Ilre llnsrlcna rqt&rs hnrs lcofb0 to sonosrtntc tholr attatlcns
e tbs tlirs rrfb mt (l*e.r r tb gthr f Othr std llth ttU) rhfd
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tB & rr;rtloulir:'3gr aornrsrle.nt eer€tc Jolnt f,or mrry of tbslr
ntt1rlJgg lnvo3.irl,nc et ll.t"SG nur$or-. otr i.reof crlretlsgego 'ilp ear.lJr

nor{r cf t}e i}ri-iibrJ.el,go $chool nug eur.rlgd d;!t gr olieep rrnd, plg

cd8g&llB+$! rel'u,l. ii:oos ecnfc::rnerl ln 0lpge etu&teg hevO furrci.rned

tbo u,ge o{' ti:e Lop; "rrJ, il:o Loln erc oarig,lo Jolr,.ts for t&g

egtl,iiutl,fll o1.' c Droa. ;s ComL)ca ttlm,.
*lE roi}rlrgrants foi. a etrt,l,oferol,orgr ga'E,tle Jolnt hove been

d,leciiccr:il itS Pirklt,on (11,::9) :3-r"d 'tc icelrcur (1gl+1 ). In the flrpst
3-'1,*-cs :t iu ossfftti:i3 ilirit t].re Jolnt be ee tyglea! of tho whoLe

crilr;i111s Lr-r .r+c8,€ot Ltf, eoq-.elo1l3,rr u: ltr ilocolitl€. t'he aecrrn

reqciLrc':.ie'rt 1o tirr't tl:x: Jofurt sclcc'"ucl i,o oag;uble otr oolxrr.$tlc[t
frp,e t, c c.i:-''ciror-J .;rlth n hlsh d.el'::uc d r-€gi:r-lcy, ;ifd. tJist the

lnlnto c6.' Jo.irttr trr ho i;sll. clt:f:"rud, i;o (s$ure a sr tlnfiretr:rry
dogrec ot"' i-c-,119rrt1tr1 by ..it-tfo:\:n'1, trot'i--ora, loc. r lt ol:rrurd, bo

llablc to i;l:c mi-nxrner oi'c.rtt,furr, e!-FrJrs in ti^e folntfu1," ?lrecc

firo rrr:r]rcx-rg r:lso ctxrtr:dcr. it -':.efcnui.;lc ilr,rt t!:o ourni,tg .-tolnt
b$ crit fr.osr 6r vrrli;irbl$ -,ul* of tlp cri.i€iigcl fottl 1f eu:h a Jolnt
f.{-lfl,}l tIXl f.i,l,'st t-;o rt1-ilrre;cnl,r: irullciitcd. r:ccnrel tt rll,l1 }xrve

t:.u utld,111a;qir.L actvantuge af yl€ldlnE B,.ectfLc und otaot i.i:fol.np
utLgre rsf'rrrqdllr€ e roglon or regf,ons d ocmcnrlo lmtontrrlx!€r

p6usm, srso Btrtea thgt e s&rerlo Jolnt sboula bc ryploal
of tlro snolo setrnaa aa ncgunls :nto of Oevelolcnt. tl11g

$tflllflcutlon nanld, sorto to be soncilat ldeallsttor and, blcggrn
(t*r) rs noFs loextatb ttr hlc rcruoEtlcn ttrft, bcoelDc of ttF
d'Llf,Tgrcrtllll nrgt€o d rbvololmnt of tlr vunlgus rlaglons rrrc
tloewlg of' tr6 bodl'r no m legle to cepabL d provld,lqg a
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lerfeEt lndos d ths shole e H,r€cise. Slor this raosgon l8cileelan
crdveostclf) tls €Bt$rrrtlon of crilresas @rq,oglttor fncrn tro ecrnplc

Solrrtse ctslo of r:t:X.oir atti"lne ftutuni.orr=n ea.nly 1n Llf,el 11fl1 ong
W?iXc.?i lg sc;-rittve};r f.trt6 dovelog;lngr;. It should b6 noter1p hgrl._

€fo!''e t'lxri trt leu$t ;iturt otr tlp gue*rtcrr &courluoy of &redtctlan
esrestiorl. -.t''y i;he 

'.lge 
d txp ei.nh earryLe Jolate tlrun csn bo

i-'rt:",r1dcdby e$tlrgr a3.sro najr h atinltnrted to tho cloegr' lrritlo
d tStc "i-{rtF{7;!o3c ne}attl,orohlir rococoar.ll,.5/ lncculned, ln gro use
ef Gtiilr,lc; jointn.

(r ) ff}p.;xJr-gsta
Tlg cxterrsive L]Eo b;f ,ir,eg.icr.n vq*riroru of r"Lb outo lre i;.xlicxs

of eil:lcasg oo&uooitlca cts:n f,rcr,r u*,:o c;il"ly otudioe CIrrri,1*6 ,-,*
r-,t ',llosou.nl by :,tou].tonr 'Foubr.id.gp erd. ,i*3,6g (r:;at' l*.EEg; l:,gaa,
t'-:-:5). .Ut.hoti{$ tlli}Rc rrcz*tero rltd. :ri;t, 1;ooceos tho (seo6rrr,J

toeiurlq-,-6$ to d.erJ."so tiro etatj.sti$trL sslutttrrehlps bettiresr 61p

SQ;<-rgltfu.Xr crf eAEL,lO JOllte anij tticrt g\t' tfu,, g;;lg&Bg1 they r€O_

'cgnloo6 ti::o groxblJ,iiy o{' util.tefurgl eoafr.in cute as llrdloes d
tbo ul.r;lcn u:-rl ln ir coru:r.inisat;irxt tc Inigh, lbrrlton el,llossed tho
opldlon tiuit rtlrc r:holma.Le rlb aut mrtlol adoquEtcfy neproeentef,
tfio s*fi:sresF (f*nn, l,Jffi)r Lualr ({ gS) euboogmntly doenetrrato{t
a vorry slooo Dof$tl@l,p (rO.g5) betffiCIsr tE por.contego oE fat
tn $p srroLoeaLs rlb out (l rnel snd tbat tn th otllo ltto
anlmL Fa rqpqptcd trr1e lgl* to bc eEpo nrllablc trbna argr

othstr ernglg tailloats oD ao&l*aU,m of ld,toetere Ird thet
tt sre uttlo iafilrnned, by e*1 br=od c srnrrgDtor trqhnrqruor
rn ttr a arilr strEy r,rrsh als o notod that t}p Deloontag€B d fot
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ln t&e llrra cnlsi's.l &u]fl. ln tlrc cEtcu€lsg !?ei-e r.rltffiBt perqcetly

oomrelrrteilo otggestJng thst tf,s a:ercenta(p fat ln tho vrlrolee&lo

!9lb sut l?g;lfr. tt\J\rs r{n a(;i:.ti.1}&f sniJ.of,'::ctOrTf lndeg of, t}rs terrc€rrt-
ag$ fi.t 1n g"-xl erlciigg.

xir ir: SnveietJ.gatts't sf tfs 'ccef*ilrpse af tire bonelxi.tr:el$

neitlo trri r lndex ef carc*s$ L:gi'i,t in ireef oattlgl }l.u:hlrrcp

f*tu.:.,p r.irG:h111,1tr,s ttgLS) trscd ttg 9-10-l.l rt& cut to sbti:ln $n

cetli'u.if€ of tle e,r*l,ogltlgr of, ti'g grt3ile d.rcesed. Ei.rrc;,crie clt ;i€
ct'r'uig$ir &f -'rrofiiousl./ d,etorutncd., but hltJto:'to i:n$ub1ig!:cd,;

retl,irtlonghl;oo ?ts aoruelatisr -trotreolr th€ porsentrigcc d
rlicsoctlb:c fii'o'*7 blcsror": ln tJrc t-1O-11 nlb cut ad, ln l,he

&:,clcce* c;..,ir*i)f) (r+=0"95) lrac Ce*trrl,sl.g,r lrl8hl but not ti,e h.ltfr

ag iflL'hl *;i.-vc bt]o:ri ;inticlt..r"rted i?pm {ouehte oarller rror{c" !1}re

oos'noL " i;.1,ci;;: boti-lcua ttro - clree:rtii5',cs cf' oeparablg n'nrsoulan t1eeu6

tl;r*. b,it';iu'r.i tlrr) ;,ur*ofi.l,"-.,frlc oi' bone l,n iho throg n1b out ard. ln
'i,lie i:i.;x-risr:; rxli€ o.9O i+nJ O.&0 r€tij.sctxvgl_y. ;'rLthorryS ttr,see

oo.:'l.tiiatfioq:.ul siligoat ilE J;.{}*cn$€ of sslrrtton6hll8 eufflolently
br,'-tr to be of so;p ,ppeilietive r"rcopttrr .Lt ts deb'rtabro slrothsr
tlrmo rc;:i{.mafr1-.s wtrrld. 1s l:orxt gno-'l,l;h to bo uged ae lacrloog

of 66itrse:s$ soraitl'mltlm 3.n tr et{r4i doelgngd, to cvrrlu*rte thl $clth
of, alot:]oi' i:t[h of caroaas r'Bnit, - ln trls oaaG t}r b6rtta^ao]o
Ftloo

Ilol8nn (r 9$) etstlstlcelJ.Sr alnlJsod d.ets oc)-lf,etod la
etuillos at rdtegsurl (rrrortur.rcgg? btfirttfii anc Helghl igllt lg{gl
Soutrter &uDdASe srrt flal$lr 1*tt l$?Pg, rgeqh, f ru) d
sdll€d' to tfts 8tl6 E$nrbtlshod d.etei frc }fontlr Drtrotnl !a e etudy
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of tlp d,iffoncrt rnthodg of estis.tl;rg tho p!6re1g,.r and. ehe:{crrl
corqrs6ltlcr uf cuttle. ilogpor oonc;dcrecl the LEe d tho wtroLssr.,ls

rlli cutl t3n 9-1O-11 ntb cut, imrl, ttre ed,lblo pontlartl ,rf tlpeg eutsl
iis s,rroaiblo lnd.J"ccs of t5: cor$-,rxrltiqf of, tJ16 erqity bocl,Ir fu1c sqrr-
c:riicl und. ti.,c ecll.-b}: i,CIrtl@ul of' tiy* s,a!€i.osr tln orLltrtc ;ortj,gl
of'tho g'-i0-11 rlb s"":t sae eeLectecl rio Sits nnet gaitlafr,ctory 1nr1ea

of ilu i:t*rr';i.ci'iL cr,x.6oeltlorr tlf i]n ed,lbl'o l,wtl,cr of the eurcsgg
(eo;,;r.r.a}3c lgiiile r..s.9l+i Egl*:i'dbl$ futl tlao.gE). tnoro thlrj ty3
ph3roler'i} c.?{,osLtil.m o.i.' Qic oi.ii€.a$B oould lre ectr,i:ritedr tuklng t1g

i)ei-ale.-:.titfiC ui ixx:c fur tl-.e FIO-!1 nlb e.at &g a1 lndex of tho &e1r..

cart:igc u{' i:o-:o fur tlre ciu€i.sg (n-s.gll)r cnd c*lculatlry; tho
1.c:i,CJ:'''.'ij*61t';": crf }cl.ir,,u--rtl. f;t ft'r:r,i tjhir-rC gctln.rtod fOn thO ed.lble

;7o:-tJ.oEl cf tlio ci;;c;r$cr

illl; i;icl.clo:,...C1.{ '-SC' by- .irrcfleifl '-fa3-i:OnSl Of ttn rll.; CUtS i}g

s:ri.r- 1c ;icl'iirtr: ill;tJ' .. lso be L;ttx'1,-,ufu,-l to :irrnklr1g r.ncl llcrze (f :.&6).
lhei;o i-irt'ce$ ',,O-*i*gc luve .i-;I€ljciitc,rl r1,;;:rcJ1*rtlong i,.nd. retitcolon
eqUut;o::ul g'Ol'r:it,j,ng tirO Ool4rOnpnte cf tirc p-19-11 nlb eiit, to t]rme
Of tl'ic 'Jj{}gged Cr,trerlggl VOf,ktng iiS,,!r r.X! u !,Offoentr Ce b O1g,

thie atrxlgr ar,.rrled ant m t?o et;.ttLer $1s11od, gyeralL sorr€1.1?,l"Gla

d O.95 for tlro f,atty tJeoue; o.S5 fru. tlp eoBartible 10. n; ru:cl o.BJ
for bono. 'l$tgss r3ellel hmovsrp BolE ;lotcsrrthy scrr dlf:fer€1o6lg1
o.Brr tro eerelettm ooefrlorsrt tf o.go bsrecr tb perootagp
loaq fn the tbrts nlb otrt rrd, tsliat fn tfB seaEass d etoel€ Eras

?try nnn h&br tlrn t.b ooreqeBsr{lry reln{,onablp &rplrod fsr
balfrm (Fo.?a). 9tt ral^rtlctsblps pr6r@tra by tbeo DttarG
8rrB1 ln grrmr{rll rsss sat1sf8ot4,*t tb{[o urco d ttolryen (l*4).



tl7.

ta a rrcpo urccotlt stuily of eI$ use d vgr'lsil$ lndloeg of
r'*:oculr:r tlrloue LB b@f GLrr,ossgoe{i Colez Ortm c,nr3, :(lrpald. (19@)

founcl tl:s tr-{O-{1 nli: eut to bs ?}e Leaet satlefactory of eevm

Brrrg,ls Jo:LrrtB rrrr'rl;rs:ed" -lrcge Elolikers usod, abeolute selghts

rrltJlot, f!1irrt ;.otruontrrg,eCI *r$ gr,r.,LoJtsr1 by the mnJorlty of otlsre
in tl:i"s ["r<l].d,

-irrrrkfuv-: (tgtrZ) :rgs repoetod. ca tho uso d ttp rilroleealc

nlir eut rls ri : *.iflg.s' of tlra i.fr*r'sloal cornl;celtlon d lgnb GaRCuEBBEe

'Itrc roi.r-t"*tl$ng$rl.-,$ rtSortcd. 1n tJite; r,lorts (f,rtr n'O'96t raraelop

g..n0r9llg ixtn*1 s-=f).97) {rtto gor&x::rur--Lc to thsso Srresontocl f,of

eatt"l.c 'l';; lkL::rc:t (t9141"

it ir'o.i3,-f i,it'g: u-; ci:r tfi.

9-1Qr.'fl Fii; g,;tff r-i.Lt e,.i!*.ri;|,.;

in p:e:tor"..L1 tho ohoSgo,:lo lr:ld.

5.ov5.i?J.n6 $eugon&b$ tri, tfcft"c Sury

t,

ociti;::itcc ol.'tSlo;;!5rs:iclr3 con*ongnts oi'tlxl oi're:i$6s qirvi.ln;,.: r't-
1c:u3,. r of *e u.*ro5o:.'tim .:1.' fiitt;l tlrieile.

(?) ffire. j"e:r.r;xi &l-Jgl${l
,'61oos: (tpEg) ::rnd. iiciioe!";r:n (t:'t+t ) aotti oorslder. thnt the

Brrn;ifu Jol.rrtn vlridr boet f.rlfl']' tlp r.eicjulitnnnts thsy ei*elfy
are tlrs J.r:g ii:-cl tir loln' i',SLserex hera oxprrooood ttn oplnlor

tbtrt t3:o Log ls tf.s bcet elnglo Jolnt for HreClotlqg tta dlggost'-

lDlo conF&m,ts of tln ehcop oBFoassr aLthoug! be r(Ks tb
gtnffffoatla tbntr Deoenne d lts rclerttrvcly oar'.1y dawl,olmt
anA ssnll oimrnt cf tttr tfrts Jotnt my gltgbtly mder'astlmto

tho tot'$f. eenrrt cf otrrcaea fat !n oarly nsturnr'l81 o?cr-fet

lndlytelueLer .Ibs lfil,n; st the olbsn haadl ts 6 lpt6-{pyct,qllr{l
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Jolnt ln t{rLetr €r coasLd,gtriiblo r;nouflt d fet nrtry bo lalt1 dmn
ln &.te;:.. lifcj u:r,.ir bcerr"*Bo tf, thie I tsf,l,eoon ogrgld,erg th&t
t}re co'.-lilrrutis: of sne leg + loln Stvee i3;3e sutlefuetony neeiiltg
tb;ln i:lt; r.rio of olti:er Jotnt alama .r',8 alneoe$r lncllcr.toclq tros-
a?€1'1 flrc 9x3,3:te:: :i8cwrtrcy' u1'fordori ilJ tlp use d tvo alch gar+rlo

fotntn r *7 bi: a;ttributsel ns? oi:L;r' to tli* ooirblnutlon of or,4.-trtr-

end 1;:i,c-{*.::;Gl,*a; ;,'irtc1 tart r;1go t,: fie con;xinLgon of rr gg$tetl
}l.o:ioft:l*t, oji tln ei:r€s;Eg r:ith Llp r.,tiOLg e;it€aos.

tho iL;i;e{gu:ltrigc vj$e}r r,i15E ry1 i'or,..rc?d 1n usLng tho 103,n r:c

il r:tt:.i.le Jol,-rt' rz*s tlB v:;rt.lrrb}? nu$tx:Il of vento'brue co.:it:iiilod ln
thtc r,ir!t" {ixgccrr ({:Jo} 6l';oo tiy: ri.r.rb<lr" c{' llr:{:r,p vcrtgT:r,te
ftr i;lic Gitr:o1.: lu3 rtcvcil, :iLtJrAut,.,ir 3XJ $?;,tcg tli t fnoaleltJJ {xrly
8J.i'. [lriv' 'be fcx:x.I., ii:]d. vcir,r'' rfoeiir;1ff?r*]fur, r'ivo. _,,',lcson l.*i.ri,totl
ai:( {is tire c'b.;xL;,r.{.3if,,:bol-e unG foixxi il: i o-rtr5roctltrt to 611g

OtrsrClal.3 ":r"r".rr.rgcr3" tjx} .r'-OcliCtlO:: .;>i eirl€ugS borp. $fu'allalr

Ctil.';rr0gSliir:U, f,Or.. ..i*$e,..!j,{if iirr? f,r*tty tLegUAgg lfOfrcVefl $esiilt€d, 1n

lCIrrrx'c,i:)r'r..;lritLoc-r g:refflgicnrts, :t ifl of latonoet to note herc
tiu*t .r.':r r,.;i;i.il (t:*.,S) lu:n tlfier.Sgorl Ver:rlrrtl<xre fn tho nru:Den d
vont$br$o lJ3 tf,iCI t1l:feront r*rerierrleril noglqrs ae they uf;fsot tb
lral'uo d r.r.,: ar;r3;reJ, f.rn mtrt ;,rodraotlon.

Itr o;ritre af $lfs &1se&ynnta6€ aseooititcd, rlth tJro r5o gd, tho
lotn galssmrs i"s.rlta strcn that t&s I'vslorl orycroats d botD
uto rog d, ths Loln ano olmely r.elstoa to ttp total trmcrntg d'
tre rm;ioctlw tlmuoe ln flasb errrt hogget oercsseael ard, tJ*t ln
aLl, gsigga tle eor$lnntlcr of ffrg leg + lotn prorldoe ei ctrqn etclrFt

rlr;Labls oet&;rate of oerrcass cq)*tttrgr tbon that arppll,ed W
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ol.t&sr Jolnt alms.

Istor noSnrte bgr s'rtdr ({95?)r and, Barts md Elrto ({95&rt

f96O) eho ntudled, ths qao d tlp treg M, tn€ lotnp eopnetoly anll

tn @laattrcnr as e6ntr)1.e to!,nts ln a lar"igE nu&cr d 1a6 and,

mrttm c&i:rle.fflegr liav6 slsstantlaSedt p6Lgemfo flnotng: Barta
ead fr:l:'tan (tgg&) hev€ *leo drcrm ttrat $urro ls no lrodlEtlrr
advqnHgt: to bs plrndt lry tnoeitlr€ t&o l.eg ard tb lstn as sotrxmto

lnde;;wClent n*r'l,atog of e urlt&llo ncgnooelo egr.lrtlon. fho

shvldprls' o.rrore od ettrmts pnovtilEd by thLs appmach sonc eotif
glni.lllr to tiu;es e.lppLtre& by the lireorp nogroeatqns m ttrs slxl

of 3eg arid, ].oln"

lsHec&trn (134r ) rse af.so fcrunfl ths uge otr log + loln to be d
lrl6het lrss&lotlve noarttr tJren eltror. Jolnt ooneld,ercdl cn Lts oqnl

la thts eEt,tru:t&n of, tire ithyeteal ccrrycnorte of, plg caxu&Errcsr

Arm:rn and 'rtLntere (f S+9), also vor.El4g sr t$o plgr nelrited. thc
grcnecrtages of Leoa aod fet ln tle shoLssel.o loln gut to tlro
lewontagoo of tltogo tlnsuec tn thp oe$oaegr fhe oonrElatlorre

:re;rxtett !g tfieoe Eoe&Ere art eo@strat l.cpgn than t&oe qrroted

by i#}#etsm f,cr thE Latn alrc, trrtr ee lbrr"!,ngton (tySg) treo

}loInEC erts bocauao sro aot d ssults sas qrpFscil ln abeolutc

ttlslghE srd tE othor ln prcantngw, d Dooernr tbrn ls ao

cyldase tht {lb tro sa4rlea d 9lgr E$r o{ilnu|r vulrDlcr tt
lr att fgatbfa b w&dt ttnt tb rrc of a irolrurla out
rrtlw trlrr s antdral toilr$ nonr tha prrclcllvr valur
f tbs sryrfo ,eint

rt is rss'{ehrlr tg mt bn tht lreta qa llr.t6 (rg!q[)r
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{ 960) hsVtl euiith&aiaed tlu }€ed. for caat"len ln t'hs use d sei;1€

Jol'atc J.n uvi'*&;ri't1vr, trrs r+oulte of,'ee*titl'n ffiroo of esi"€stmmrtal

tro;:*., :}o;l rgioto e:(i^rgi)1s6 frw tie sortr of l'reston anrt Gce (f 957)

crr;,jt r(*.tm unrl &rrtorr (195qgr 195U&J tn whloh lraplcnt*ti.ons cf

hexoor;trol .^:*. tJgroxlrn tyvc[rql cllffereatiail etrd o]irroelte x€8ptr$es

!:r tho 3*U rr:rd Soln Jolnte cd' sheei>* In si.t$h Ol,ssg rellr.slge cll

st*tr,3rl $crl:irtS *S ln*leeO cf e,.313:.r0$ O*I3l)ffiltlgr CouXl Lcr'd' to

ser.lo'Ltg cjr:ter€ r-rrrt d,slntal'pee&"tX(n of tlxr tSuc rr*f'"513 ctr un

e*"r;crfurentl" L tgeri tngnt.

$) o.t*"q jlr,s4lg-{gX$S,

fire u;e cg' s*1"4i;?,r: Jetnts otJruI' tl: a t'hoOe ab'oad;l d'isc-.igoed'

rr?:OVO IUC l,C.'::, Co:l$;&ered, *rt Vric'ioi.lr{ ttireg. BantOn ar:d, KLrtOn

(? t5,&) lu.rrc dl6*,syrs'f,3"i.te€ t:le r*rl$ter:ee d' Eottn very eLose treLr^tlcrt-

shlu,o t:oti;ccrr uro ;{ryn1*tr} ool-ercnffrtc rf t}re noakl tiurraxl eltould.CIr1

iuiel ",clvig}, 
ra:,d, IIVS tOtai iiimi&.tts Cf' tir$ Sar0e OOS:grentS ln th€

errdlcli-i.iiflq)t:i Otl $-.,res €l* ucti*,*r lail?:so l1s l"eStrltg trrroaente,it by

tl:eoe t?:lf,',Or* {i.ig1.'.srgX tl:r:t tlr: t3;ofeX g)fOVlde8 o !}t€d,lGtlCr of

oeas&$f; go{qJcsiticn ecgiivulont or gl:3j$rlo:r to tl.rut provldod' by

tfro Log + l,nl;r * {r Gstrclr;elcrr t*rlafr ls not eurpnt elng ln vX€v d

ttre fust tix"t, t:ill Jolnt sgu&jrl,gee ep;'rek*lt€\y onc gu':nter d

t16 tctel cnr€{iss ss[gbt. they ar161 }rmrenorl tlut t&o pruct'tcsl'

oanoldlosatlsre of $re A|f,floult;r d separatlng tba t&onar' fss tfe

crrsagar nrd, Eh$ @nsi6srabl,e ttrn nequlr$ for dlcsootlab nab

tbls ,c|srt unsu,f tuble fm predloti.ve puPpsas. P6Leem (lglgl
EnO iloxeabn (tg.lt) nEw also erltlctoa0 tbr uao cf ttto t$ornr
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{1€r 6 ssrryLe Jolnt @, rlcodurtt of lts PeL{rttvolg l,ffi comlsllol{il

Vt!.trltor

piXeson esrlsld.sct tlt*tr lbon the polnt of Yles oB c6:g;oe-

ltltxrl thc shCIul.ele;: lc 1;rt*nbly oug€rlor to my otlpr ci.m5r1e

$olnt, brtit botlr [6 r*:d. L{o}treek.rn clriosLf,y t}to shoBldsr rre un-

eu"'tabl,o bce$use o6' lt.tl l,lub{Llty to Jofnthg €nportg. ;,6lsedr

hrls l;rut *'t:rtrard, tJiae errrac c;:LtlcLon egulnat tho ugc of tbe 1:olvle

bessuto tt i$ie tluee cui eurfusesr but lJai.ton end. f,lrton oaqlglder

tlrle jt:Xnt jxefs*at]le to tlrc nsch and. etroulellen aa negurr(le oage of,

dlssoctLc:: rxllG ololntLng'"

fi:g -,.r*,9 tf -\-,nrdcru: w}te1es&lo errtgr ars oppced to the arr*torr

leuL Jojntn eu-:[o']nlg by S*lt5.clr wor.lrarts ln t]ro ptpd'lctlgr otr

phyc.ictrL c,.rfi1r;s oar4rt:oltJ.oere hrro tilso r€coi,ved ettg''t,ldl rit
s.ts'lff-.c trL:r:g, bolylry" ttle er,flcgriaiey of t!:e f:orFr&1r.si.t&x: :r:5r.iillr:,9

tlie i$re O(' t:U tfuroe r.lb out by J*unic.:_n l?<)IlkoFgo .{eccat lnvsst-
lfpilcnu: ci' tbe nell'tirxchfuis of' ulroleslr,.k) cute end, oert,,in c r'c.isc

rrrlersi$€:i(xrts t& tle wei;"Jft d tJbc nugs!.rla:i' tlesi3 ln boef cr:r€r}[lcogl

by ,)olee Urtrc afld. Elnor;ld (tX;O) i,rivo derarystrutgd tlrc 1icsolt'lUty
otr uslrrg tlc rou*rC. anrl tire cfruck *o c:u,g 1c fi.rte for ttn l,rrcd.ict1at

of aarrgago Esl$glo. theee ouilBr ard. lrcr:.'"larl,tir\r the rotrs:.r E€Fo

found to b$ nioao d,eccn$rt{w d oarcase utrgo]Jng ttlras eny otJnr

ttbolggelo c&e1 llrper garoaao mreturgegrtsp rrrDo of loln cJDr c
@r{rrs6 aEl'gE. lb ltrolsalo round tre *ppslrtoft aqrrlyalst
to ttp mtodoel lcg uE€A Uy Bdtfsh ss*elor rd ths ocnrlrtlosr
sqrtpltad, B |hfE snt Es of tlr arm srdot a tboc lcDcrt { W
Bartcn sr0 Elrtm (f pj&) fr? tlr bg lol,ut d lnrtta sd 116
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garcasoeBr b$i ?rtrs llrfsrtc to ltres $otdl frco tho uec ef leg +

lotfi. Oolgp Ortao und, ttLncrltrd flA not qonsldsr tlre prcdlotlgr
ef c.Jrsiec f*rtty tl"$eus aF bins fr.oa .rrtroleaale outg.

flro or4;euut9rol; ensll s,rirorjtrlt of sor& rthlch hag bear urdogr.

tahsr cn tts 'ileo ,f ssqtle Jotnte tr,l tbe "'nc0leti,m of, thg l;tvslcal
oe4;cnlt'tffi GI'tlr$ e*itsuse 1ff1tc:.rf6s tts t ttp 9-|O-fl rl,b eut lug
a piaao lJt t11!$ flsldr pantXcull.rly l* studl.ee lnvolvlng :r 3.u.pgg

nilt&cr ad' srltt'lc. It Tlo.lld, aglirsrrl bcreven, thut ln elwcp tilo
ccr:tl;lnatlcxr clf ele lcg + loln bcei erit:sfl.ee t}c rcqux.rro.i:cnts

ilcsir::u1,ed, of e alii;}o jofutte r ,*itd. 1n e;.;;:ible of, provtdlry tJ:e :-::oot

eattiofaCtor,e. cig*c:*13,,u.9r of t,fe gllrx:rrrg drg it r.#roLeo

3. P.j4{}BE[IIQ F0]4i-rg!ilrqi?3. CF. ryI$g riF.,rSUR.El&Ii8

ffn.cgi#.frilnlffi

Irt iL18 &w elesslc atrrdtee ctr tlr gncrtb rud, dtrrlolnat
d et:erq)l Ilamrmrd (tg:a) asoos,sod btrre thiatnass flon tbs
quotlmt d bcr FsfS&t/blc lsrgth* Bs! rolght ls d,otcrattrod

by the ort'ertrsl dlnqetar d tIB bcnl tb tntcrunl dlrulru
d 8t rofrrr,rarg oav1,t1yl rt0 tts atrrslgtse of rhc Dav roatarl,el

adl d ttto mrrf, contmts of tts rn0rrllrrV 6ry1tg. ItnD, eqr

oqtar'lac1 oraoh ra &Bt oagrtqrsd W Eamdll d bG lllmafn
rhf'Gh llrt dtert.t€d tlnon fib r$ttoa d sclgbt lo goln otlrsn tlrmrslo

ata
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m.ut elg$ tnkc lrrto rrcooqrt the oor6-'oetto {cnsltlee of tlr bffitg
orc;;*ied* {ttre tann feoq,oelte dsnettyo le used, heno to dcnotc
tlltg €sno1t/:f a.i biu€ as a wholel ;rnrl til3,l, hsvo u vulr.e ulrlch

ltasl bsttrcarr tle d.ensLW cf the bery mrrtcrlnl, rrnil that of tb
nsrr'lpglr plibgttl:eso ]trgngefior"th tl:o tcrrx "deneltyt flI1r fcr
csnvelletro$, be ullsd to irrd&nfu co4ioelte ilonelt;r.

3le.:x.:sxl quotrl,l €lf$senoee noted. br itsm€ietan UA7,|J) tu$

riarsg: (tgfei) ln t;io e;eeLf1o gruvttles of vcrr'lorrs boree ae

crr-l'tica+ce for Frls hfsrotlpets sf, dl.ffortxr,tlerl shEle&rl lpwtJrl
ktt rrEde r:ro refcrs.sru'"e ttr tln lieslbi:.l Lg of d,Lffsrorcee ln bone

e.ecli'ic gr.;.,vtta. or. tlerslty ln hls €o d tin velgbtllertlttr
n*t5.o gE *i : *r,filrsrCI *f, lrorm thlchres{:" }'iltseon ('lglg) also
fixr#.Q es-u's^rr;i.ve] '-si€ t{' bgre gelf"Strllgngt}* sg a r€aouro of thtots-
rrcs$n nltl;rliiglr he rrrifi $Elrr.€ that tn eaploytng ttro quotlent for
t'3:lr i..';-L'ruc,"r ho i:,oeo*oal.l,3;{ lnrr0lcgd il}ro eroCItrmptlqr otr oonstant
boae '3rxrrl-Ly (ol"o1i. 3e)" IndoeA, ttre *rote oonoopt of tho

Iatslr r,u*tru:3,tg d bcx'rc i;.lrlghrese relatLvo to 1grgtibr as notod,

ln tur eui.Llcr sectLcnl fu] brisod m tfils rcelghtrlongtr uhlotr

ettl.l *l,nals favour rlth aortaln n@ers tcf. t?fihsr orta and

Erns (t 96l ) p-" 3g\.

In tlts prst t$e ekolston sas rcger{sl Ba rrl lncrt swporttfng
str|ntrrpe sffibrt akln to tbCI gtool f$ere d n brrlld,lngr b
ear$r no* d rtrls $laZl rd Drharel (r?ba) {tre.nmrtratod,, hous

rtfitgDl thnt 'b@ trB nof a ctetto tlmrnr aad, tihctro lr nr a @rF
a&brabls bo{lv d crldtano to cbcr tbatl ;&nt Pr'|,tohr{ (tgg}
hno tau'd, ru rnl{o tlsaugrl rB ln e ttmnuo ttlrte; enil rD
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conetantl.y untangplng narlld, rooorgtnlstlan &d r@od,culns to
reot cl::a.5;lng r.gohunlcal *nd bLocbe$tlo&l dilnandg. slsgong

fi9gh 1l)rt) I otrei;ay (1955), FnrL (tgf6)r Boursro (rgg6),
Ifeorrss r.,:.rd t'ilflctovecll (tgSglsriet qonpr ({9SS) hgvc slL tahon

sninl: to d"Lc;rl d:c mncspt of bsrc as an lnerpt tloa.uos ard,

lxlvg crrrtlnieulltr $t;.esced the t1v1ng ars, ftmanlo natrre of
boqlg.

f:llrxlc tf r.;iic flr*gt rrpprocl,'tod, tfu,t ttie gkolotcr, 1lko
thi, oti:er ccr&rorrcntn d thg bCIdjrr Eser a ll"lry tlrete thorr
hag becn t. csil$Srlc*:ble rrngwrt rrf r€Fctirttr lnto tlre 5,'ltylslo-

lOfd.Cr'L rilYi blOC?rccrlc;;L .iicpp€rtli;g c11i bgp. $tr.On th6 f:Ln.JXlryp

tii-r3ci; !r;'^vo eirc:r6;cd. f,ron ti:ie rro:ii lt h,'e beoorn rj1i. :.rrgnt tjrr t
tt:cre Bt€ cffl${dcr,"i:1e fl*cturittors tn ttn yr;ralOus }lunglcnl
:r;r.1. ehcn:leel- f i.ctost dcte;r:rtnln6; tlole d,mteity.

i','urrrett itgog) wao cno ctr tlxl flr.st to d.srwregpr.rt@ tir;t
thc ellfgcts rf csrtuln nutr.Ltd,ourr,.L trer.tncs-rts a.r.g ;;,unlfestsd
On t!:e Lrrttlrtt:d aai;eetO d tlre b+m" Olts Oan\r flndlng has

slr.rgo bce;'l c'i:bst&?t'1+:tod by j.-brlr tlutfrbontgo ard, orr (r g+r )
sho fqlrC t.'l$t rrltlpufJr neltlrer t&c srtemal {rnenalons nor
gusuty of tlua bqy matsr.l.el otr rnt furra Fr.c affeotod, bt
a o.tlc&ni dsf,lcl,sncyp tho Etsgnggh d tlp boru Fs a strolo raa
Aldnfahsdl by a ttlnnlng d ths nrtadEruoal rall dluo to taaroaocc
aDsorptlor of {ho salts d ttre rsdnllary cavlty. rt ruuld,
rlDese thct ln an otteqrt to maintrln neul enrth qllarulo
ln tbs gbs3rue f s srsfist,@t ocldu tntab tb boH !r oe-
peuca to d.nrr8 a lte m oalo{,rna f?co tbc lnrar aur.faas ln
gasr t'o ls-de?oolt lt 6 tbo crtar snr{rocr clnr* (tggg)



!fr

ilEr:4rt$d, t$at a etslla:r sltuatlsr hos bcen I'oshrretea ln hunsffi

e-rif:fBr4tr$ f$ffi srLy mdlerate ssto$s cloflolmslsg. rn etudtm
fil liho alrwp stss3,gtcn Eorrelel So;mer Dalgaurol &rotrronthr ltt1'l
an'd tiJtrlJrer (r*5* tg5tur 1960lr andl Bsraxel Boynol Dulgernol

&o*!trrls'tb *:utd, IIILI (1W9, forrrrd, evld.orse of ba're meoarltlor
uurtbr trcfl€1t1,'c83 d botfi oalsftru el:8 }hospho:mre dof,lcLenslcs"

tbese mn!:ees aotsitr tguit tfie severr.,r"* s ree@&tlcna w-rl,ed,

btttETclst bsree EflA*lr oleepe End &tEreen regLmre sltihln brxxss.

Cgr{aln vttffalne as,rg aleE eutriebLe o1' laflirsrctrrg tlp
i.ntbrn of gtoffith snrl tlre emf,omrtl,on af brrlne6. lbllaribg (ifldfr
191+7)r ant3 Ik'*rn-rrl,eot (tg5o) hnru laryeetlgatod, tlp ef8oets of
vi.tmln ; Gr b<rlo grtwtih" .i ilof,lsrensy of tbls eeecatlal
fastor c"tous boras $r"csth a:l3 loaels te abnoraal1tlee tn shapo

tll::rsq*: lt'e rotnsdfry eff,ogts sn tlg natu^r.atlon' yaeoulanleetlctl
ll*cl j r€llfoi'gt,lon ffi' tlre e;;13,,[pee]. prste, tho gprpral ef,fost
le tii grrLi,Erg tlre bmes to becosn Utr*chened, anal oonnoc ln ajpcaraflcor

FELl &ntl lieLlrrsrby t195O) havo r&morsrtratsit that vttad,rr A orerrts
s dlsest Loenl $etr.trr m bcns *6 1trat eloggaiTo amxrts loacl to
Ehclstel rrcr€rastlon ard, rmorritiffif soruas (1956) hrs sbcna

rttmtn c to bs aa tnrsAqt fasto$ rn tho onlsl;Rloatloa tr tbe
tm natlilrl grd, las srrggmtdf that ibflalsrolaa d thts vftauln
el,ao af,tbst tho trabcsrrlan pttean la ttro ctrrEpco lno altr
tba protlllnetfs f oartillgg tJr tlp clilI[ncal plnte. ths
rqDortatro f yltanlll D ln ts retabollrm rno ndsrrgetrcr d
oalgla GA l|ttr Donns lr nc rtrl hmr tsolDrab rillil goss€ry

(l$e) hrrr rtrru tbt rltml,n D tberolmotel crrro retal€Btla
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and, gqpBt€oslarr d nornel grmth seq'r.Bngos ln eplgryre$3, csntilBge
si$d rrleo ic3lur.o ln thc eaLclflsriilon of bone ecd, csrtlS,nge

rfiitnl$ser ,$g,rrrrcntLg tha fsrl3.tre d rnatuno cantll'age aelLs to
de€Slsru'bs s.r'rd, cf i:ui*:leos to crrlolfT both !BBu3.t fror e defls-
lonc$r of ctiLsfi:n ssldr/orr thmtlrofirs lons ln ttp bloo0. Ilyrien-

vtta's$:rsain D e$rseg the srltHrelEta:, otr oalohm nnd phoephonra

fron *i11, i,v*ilr*b}e ssitrrcese furcLr.rltr,€ tin borpo.

.il?,hoaglr Siis rsvlelr *f gorn of tln effoats of nlneraLs

tl;lrl vt?,r'tnfuts on {;B g;.trrt}r ,rrtd grmc nnutor4; cf boroe 1g nocogo-

ar:i.L.y 1'.c:'fiarc?or./ r-rfld. inesq:,letor o'.;f,flelont evldgr$e has beon

1y;:*sc:itOi?- t:"r SlrLlj thi,t nuiritJonrrl faCtors rg.O Gn!;arblg d {^ffOating

ttrc l;:'lei-:rti re:d- eatexrl.il ell:icrrclcns rrncl ihe Gof,!61t1ry..l. otr bor:og

u.rrL tlnu: !d'Lun:pfur; bcnc r3cersLty"

?here :s 'rbix:ll.lrlt cvLd,enco b un lltonrituro to sircht *il: ,t

tbc ond€c;'!lro1og;ie,'1 f,:ctcce ricxremrlng bor€ g"6tt.lt ooulql lr.,vCI r,n

Iri;3)fiXli;ibj.€ effect oar bone ii':ngl$" ;.C],nng rind .r:,Vure (19!l)
h*fe rovl€Bl+d, tip rolc cill t)re ao:tcrlor. pltuit*ts,t tn thc ro43l;-,tlsr
of ckelgtsl ,JevelOlrrcntl :^ild. h,i.v€ slro';m th,t tln erd.ooi"lrs

aso{€ttonc of 'r,Ip rl.atedry 1g arg l,*,rqge\y 1Bgp6lg1b10

for ttre r.rL;*t'rgatlcn of the eksletmr rB tutlgp{ frsa tb pett€rn

d oplf&lmell oeBlfloatlcn gllbetbrg snd, $tlbcrtory (f gfi,
Drru tl**lec l3rpraloo{ tJF hrfibalgp lo8pdfry tib nclrtloqf,ll€
of, ths rrtorold, bawg to bap grlrilth. fco nrcsrtLy tb Borltl,sr

d tlUs f,I$lf dgal,fng rltb lrlro rrae d qJntbottc Btcrr'oldt fn mlml
nnottgtd,ca lr€ bs@ $cylsrilcdl ena oontr'lhrtd lo Dy orrcnrrl
nolfqetstrr, AlgGo +rd Ertt'c (r$s)r oroldr, ladrwsp tgartl
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CI3egg ary3 ila].banrlm (1959't, rhrgeoar lhnedy arf rngnan (r96o)t

&x'goen r;:xL l*rralng (f 160)r etrd, 1rcEton, Or.eenhalgtrrnd. Hacl€od

({f;lG ), Ons uf ttlo nnrgr turyror.*rtt ftrxlln8p utrlab have erengecl

ls tlrrlt ooL{erlE: et*rtol& ltoElncnee cirJ: oudse tbt pomletonet qf'

lrury tlsouo n:*,ch no;rld ncrnieilfui lrsvc lxlen rgsmbed,. thlB oonD

trlbutco 1;i'1, iu;,119 to tlp sxoesa b'xro fl'wrd tn anfu.s3.c tne.,tgd,

rt!.tl: a..ntirqtle oestrro$Gr.teo virll* ttre egtrerl, wrretLcn of bor4

SrLa;c. r.1 Bcoo:ldnr.; rolor C;B oI- 't;ls cf,fecte of euch un fu:b1blt1cr

Of irOntr l.eeOi.*;t*gl '.ro;:.d. bc to r;lti:r, tiro ;jropOfttcrne of Js irCr$f

tlg$il8 tind tlcc r.rcdul].::r7 cavlty" '.rbtg sould ooirtr;lal;r i,:f,€oct

bans GoryirLtl"

i?]o and" :,iont,'.iB ({i-hj)r tiogmol,t}s (1%3), irnrl flcn:tit61 :u:cl

;,J.";fc;"d. (194J) siudie,3 gopf,,i"iJt ;rcicctn ctr elrclet',l gtra;tir ln
tlrc h'.i*rn. *Atci;e rmiriloi's ltvo d,si:ugrcti'r,lp4 thr:t ltl ri;i.dit,iort

As 6IB n'!i".,;:1i1tE:.r:]' i.r':d err<1ocr'lne fr*toris r$ntloned, a*boree alnre

lcr c.'n lrc:<ltlltui; fi.etor oiortrtlryS uo,€n i.iot.lr the tllln anrl orr8pn of
srprroGr,,ilnoo O[' il:c cl.33lotul e;lji\trSss u;rd ug,ffl tln fxrttesn d
ocelflciitic-r. 53rusr thore ls a1n$ wld'onog to lndloate that
ggnotic*I f,uott:r'g ciln eUro €lccr{ tr &greo d tnfh.unoc cren tbg

sq)@1t&rr an$ q:nfonmtler d bffir auf, aro @nsrquontly of
fqpor"tarne ln tls &stormlnstlm ctr delrattJr.

Eb offoots of grcrt$ neto cn Etsclctsl (bryalolcnt havo

bocn stualod, W msetnc(n 116 l}lddsscn (lg60), rr{ uldtdssocr

ard ttrooF4o (f g6O). E*ras6 rof&ors tbld, tlnt rratt EbtFh hgd

sF@a M? nqtld.$r ths tlrr aI@F hrc sbrotou ;hlsb B$f
ln el.t rlsBInots Ercrr'r aeturs at om5r e6o tbu ttroc of tlrgl.r'
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lltioen-rftrt@ Ehi.cb hnd gr@ri nono BltrlJr. Ibmovorl ttrE rato of
raeturlt$ cd ttre sislctoil t;*s aot trsnre&B€d suff,lclsrtly to heep

trNra€ wi.th thcl rai;3d. gr.crth tn boily 'rotghtr Go tlut rapld,ly Src's-
lng ainli'sls d tl;.* o$rffi bCId,y cletgfit sg *rotre elwly grwn:inrL

oldsn j-nilivt&'ar*3sr hr;dl fcno:,t.; ttrlsh wre ehcater; cortrllmc? liloe

enSelwrr *;ntt lrr:il lege lrsLX rlovoLoi:od eplpl$feoe. It uirS b€

reagop;bio to cegell.rle lrr vlcry lf tficeo r:ee,rlts tlrut dlfferoncoe

l;t gzrn'ttr rt.,to crfi*d, olg,o i:rod-*no dlf€e:re;ees ln ;)e-lo dgnslty"
i?re tn*bec'*1;.:.1" ;;ntte"sn d a bong ilrly lr*rve Gif,€ lnfl,uence

sr ?-lge t'reltlrtr i:nd.e ths:suclr vcigfit,l g,, brr:e dsrelty" fu
rel*;timx;hl;, o1' t*e bcsrc uelgDttlsngtei nt*tlo to bcrre tl';lclmogs

s1]1. rrr.p,/ i;lth tfx: el:li;e of ths krursvcs€e eectlm,. flol,l. (ltgtJ,
ct:tsl€$ffi, l"t ";r;?:i,blo th*t botlr fls ti,i.'bccul;.rr i)att€rrr ard chalre

d cr-*ec.+octlon *:rc dwelo;;ed Xn dlnoct r*cogcrso to rmsh-nleerl
g?18il11e ."lttmu;$tr t,lu ;rrcci@ rxittrrqs of tlg reaponas 1a not

W:rlerntoo(L iivtdsi:ce or- tic dLroet erckptlve aespolrge to
S.Irletgoi?.3, raqulrcrsrb ls olrorm by tl:e fact thut thc lemllsr
arrlir"?octlrne ln ti:s bssg of tlp l,ower. UJFb of riuan aaqulrog 1te

*tn$l sl:xrorvlosnnt qlJf w}sn ths ohlld begtno to galb. It llag

also besn eu&Wted Ey otsr* ({ SS) thnt $ro nofl.nmnts a&A

{tst&lls of eryltsur sf bsl6 srt oqrdltlsretl W Elal,lnr ertrlnslc
tbctotror org r tb nscuneto ndapttttlG d Joil,at srtrfsffi tg
rrlRtod, to rcrmntl ard, tb lce coruplorrou rl{gpa md
dbpraectm to tho tctalfis nnd, prsoau$so d tEr eatsgasi,

marrlntrrrl r{ ase6f"stc{1 l'tg*Gats. 8dt 
"lr 

lg srlfrto{l
W ttr eort otr Bqrrqr $gg7).
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Eho lltsfti hrne aLeo m$tfilru ;i certril.ra arornt d troFB

€lrgt anrl,de:so to etrg ttrat gcre ilenetty le not mngtrrnt.
Sttc!: proatr s{if,}€B frora t}n rlark 6' ;!,.:ghl hwr srnd, ft'*Bp (i9{$g}

nho eni.'lq;** noentgenogr+{r:. f{r tho eluuntltntlve ovalrm tAsr of
b,ffi; d,ciul?y1 enrS fnm f!1at cf, F,sriyblllr llrurtsl.ns :,:trd $riregonth

ttfsr) sttrp riaed lrln$r*tilttcelfur €oter:ntncd boro Aenstttos ,*{l

eg *:dsr o{' ff:s yercorxttuse uf bsrs 1n o*.ttl,e, Erruybt]-l gt ril,
a'-"ltscl trfurt 'iraiu* tlc$cltd lnce'@r,a$d. r.qgr to rp.twi,tf to a toE)leu,l

S'crru.i oi.LrFc rel;itlcnghlp. theee rt:s',"il,te ohms howover.l tb,trt
GYCn in r:;.g1Fg rinj.iarln ffie;e jr&y b€ i-;ldg VtrriEtlme ln brc
d,c:rrrt..+'i,, :i?B i;ttai1$ rc:d. gt*ry$.-re,.1, dgvlatlwrg cf rptsoe*r5el
deu:ct.tr ol.' o$f,; Cffi.lt) of 1J hul.tc rlffiC" unotler. of .j4 oms troro
1".5??:; 15rj *:rr1 1"6jt3G"sl+ll ;rce;;or:41?clf. (,lrpee sorkom do not
quotc tJ.:c rsr.lts of :-ureciri:a'ent r*, sieinelt$fr md Xt 1a ;,r,cbab!-e

tFart {:}o 1'.iI.i*f,acis :K:isit{rd t* ar'$ tn f,rCt, r.slrittVe d€nSitLOO qn

sj.ncLi'lc g'.,v*"tiJ,en.) Erotf ltwgj, ln hln etud,lso €sr tin ;,xgr
notot! dj'ffci.'eli:*ee otr ncrro tir.ll Or.5 * r6g1gefts:re o;nolfXc
gr.,rrltloo*

chtngrNl tn tln srrj.,oolt,le?-of bone sj,th a6e havo o,lso lretla

noted Er ill.le.rb€ageir, lieinl,*rd,or *rd. ilmff (tgr0) sfio ehcnyod. ttrut
tn dfllt? erlttxe tho pnoeurtege d dlrJr ranttor In ttre elr,etstfl
.pprd,etc\y dsrblcd frm tJu ttm of hlrth rntll mhrr{ty.
f,FaJblf:f at at.. e@Eldsf t$at Emb eleqgff ln tll ohaaloal ow-
poltlm of, bc*a ano rufillot {t b;f chrrS!6 fn baro dsngtty.
esrraflr lhr"tsr ad Es. (tg6r) rrs"c aborn tbt tDcse 1r
G0Bl0qr{&lo rar{ntl,€ fn tb ffi,oal oq}61tlo oE tb
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bgtrm of matu"ce €ffiear :xnrilcufurrl;r aa rrsgrrrvJls tha 1cr"eoflt,rrge Rrd

tod,lne vl.l,'{D d t-he fst. Ibeee uo:'lieE€ notocl u &l{ifore;}eo of
nor€ tluin 1| ;nr ccslt" ln ths :,.ot:n frit por.centr.ges of tle r,nta-

cr.i:,'i,l,l8 *nil tiic fem.rro ;i d,lffoiencc cf *rLrnoct 35 1n the i;Brn"r

lodlne vut.sc of tlrcse bcncs ellotts* t!:elt this ocrsronent wag

cu3:Jeet t'o l,r.rge qri*lltritlvel as t?eLL irg qBaatltrrtlvel wrrlstlonge
liltlsy tlyEil hae Btto::1-.to,3. tD ,ce tlre t3uartltrrtlva varlatlons
ln t};-r f iit con'uent of'bom ;:sirrcf? rrfl €i t*€in8 0f evaluatrng tht
cisrditi.ul lif rcd. r1$$r' @) rn liss z.oalrrrn,

litr eeffcir for :: oult'lrbLo l:d.ex oi condltlon hs noted.

bono :..rirritor.,' r,r!B ttic fli-et fat tle;;ot to r.eopurC. to {:ny

raetrr?loli,e chr.rv:o.

In

thut tho

fr:vo'ul.*bLo

73:gro $a;'l*r€ rrlx"r lrevo oi;iel,o.rrr1 tlao .;i;tto of borg welSjrt

to Lcttlfl.: 'r0 r', , Dticltitrci Of thiclrnggs h.,r'e no dpubt iipSrncci torl ^r,tr t j
bcci;i"riiu no ?ronu is rr g'turfoot, cyIlrflc.,,, thf,s clcc.lvcd. &li:rsrriimr

lti;r trl f r-..cts Lsrrl,er ccrxllttme of co::c'l,.*t d,snglty, ii frlitctlry1
of tl:e Gqu,rrr€ of ir iii]:'cl,y lg5tothetts:,i rr:,{trro. Tbe ovld,snge

rcvlervec trn ttrlc cecti{.n uanLd. cuggoctl h.cnievei.l ttr t it ls
tut3.iko\r thr.t bolro &enelty le o-rrfflcltintL,r oortant to raaErsnt

unr gre.rt d.o6nee d rrcltnno0 beXag llrrsed cn t&le so-aellod.

bcne rt&tclcrpoetr Sttls ls not to oay thrt thc sllghttlqrgth
nrtlO hes nO rru&rep but &rttrer tbat 1t b€ rqer0oA as rrrsaurlry
bono rst6t pr urlt lon8lbl rblsb mqy wel,L hrvo acln lndloatorlr
yetrulr qad. not at s rngstso of bone t&loh,caa rirg ccr rg hrg

fnoCrpntdy b6ffi floDffsd !r tlp Eato
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$rCfiiq;&S,$ *lip .Jfliil'Il0Dg

{ . $.&"1.$j.iQ_O}'..'}.;i&i

innroctlgatlws un<l cx.,,er':lrmnts cur-rslocl, out by trE sbop
Iluoh*rd:y :lf3-x*r*t>nt7 i$qeaey "rgrf,oul,tlfal Coll,ogel havo

grov3,tlod tJal ts.-r sctlrooc of d.r.its used. ln ilrlc efirdJr.

(t ) JjlL jiq$.lcs

In :*e;;o:,:.so to a nequaot fr"on t}p i}r'ltieh r.tl"nt,etry of
Footl. t'ror* r:,'e cJerSr)r't;'licn 1n 31es ilonlr:,u3 rn 1g€ tr: I;trlclv1tne

l,nt.ort:utiu: cn $:c cae&:eiJitf.on ,f nutter ,-ixl L:rS C:rps. oceo

antl- jolntc ln tor.r:r, atr tln tfu"cg ;:lr,!,rt ,iruirtc,ri$.e:]1, tLcotiool
vl8"r bwrer r'x*clc, r,rx1 fritf gr the el:€u'nj.o,,l ccnloolticn
of ilre (rdlbie t*$e"'roe of th oriicrnsl ,:rKl on tjp ciilmlflr:
unG -ri:ot€ln ,'1glc1rl of the lrtncJ...ul l",i.u deo of i'lw ze{rl&nd.

s:[g,J$t rrnrttcnr d:]rl, ]r.g& oL,tB6r}BeEr 'l?rls i,rtfompttm rnrg

rrelui;uc. f'*n tJrc effestlvo eg.,rrxcutlsr rf food, ratlolng
&nd, lho debr"rrlnatttrr ctr f,ood, lgq.'wt pollolc urder tlr cm-
dlt{qu ;.,r"6va11&lS ln f$€at, Bnlt*rln durlne HolA iflErF II
(otarb red, &ltostsan, f gSeg).

Ebo nfg ixuat otr thls norik rea oanr,1od out et Errlay
.\8r'1.sultl$Erl oolrsgg utrorrl lgo 1dr Grr mo ;tbF oarb
Glnsnr obt*tlnso fru trbc Gonalprstl$c Hhormrlo ssi.tt
f{,Fr tadrs S.stgtr6 F3lfatry r"tsr$Bl Wsr qed,nilr gaqrlgg d
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Lamb, owo, and. vletfrer canoaagea of eech gtrad,€ wsns geLootcd

fnom eom.:encla1l;r gnad.ed" lote ln euch a nanner aB to cneurFo

ttlat tlro luolght r.:rngs slthln each 5,yr.ede wae ad.equ.ite\r covEnsd,.

DetaLls of, 6irad,os and, riean caroass wel6hte vlthln gradee alre

glven 1n table l.
The carcaasos usedl ln the onlglnai etuEy l'tgro citosen ts

nepresent a typical croes-seotlon otr tJro l{onth Island, rruttorr

and. larsb lnduotr:y of l{ew Zealand.e 1.€.r tfr owos and. retho:rg

tiere fr.ono Ronnoyr or nrllre cor.neotly rrstorrrey Cnoeeb!€d,rt flmlrol
virile tlre larnbs lncluted. botlr Retrrey and llouthd.ol'rn-itorrrey

crsses. AlL car€a{:taeg weree teleeoopod. to faollltato ox}nrt
i:nclen war" t lr;D aond.ltlone of, r.ectrictod, slLlpplng Bpao€r

Furtircn iletaiLe cf the r,lltonlals qlrd. riethod.e usod 1n thls
itorkl asld. r.€Iolrts of the reou.ltc, have been glven by Mcllookan

and Cl-ar.lce (19lre)r $lror'Iand., ds la l,{ane, $ornel'l and. }lannleoat

(tgt;7), Bannlcost and. $horlund (1952)r and Clnr.lco and tloMceLan

(f 952gr 195?E)r Tlrs gr.ad.hg elretem neferned. to tn Tablo 1 bas

been d.leou.sssd. t4r santcn (tElZ)r and, srnltr-Pllrhg (rglg), srd

a etatletloal anal.yole of the d,l.ffensnc€Br ln terrm d bm,
mrsoler 4ru1 f,at, botreon tle varloua gnrdcel baeod, o the above

date, hes aeoont\y boen glvcr by Bertcr (f 960).

In t 954 t rcr!,og d ncaslacrents ne nrde qr tlE borna

nblotr had. becn 1,abc1Led ard. a tccd at ths tlm d dtlssstlsr.
nrlllrg and arrbeequcnt to the elglnaL dlleaootlcr wcts a nu&er
d bqng wcna rmavotdably blrddrr and, tilrrrg mly tlroc oanoaae€r forp

whloh tbc !&6lotal trcomrls rsro coqlletc rcFo rrscd ln tbe Drsgoat
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oftldJr. Srs ai.Ie:.idlcd nurfrsre d oriroass& rrltfiln oadr grede wr6
g€gt rrrs pr'onertott ln tribls E.

sro lJ]f,.rrrJrtlrrr gatr;*ctod fr.om ilc wlglatrl, &rta elpote
arafl, tlp eubceeS;ont bcrrB j:Eiiarurcslg:t Investlgertlor te i.reoentd
!'n fablo .3' 3he cLlvleiq hto clei:end,orG rlrrd lndcSerrdent
gu:ril'atmr 8nd t!8 gJtrilbofs xaod tlrrorrf.frfltt thtg ryonts sre nlso
gllvwr fn tfis t":ible.

(a) jFgg#ll$g. $,?,8{g& 'rr4Le3

i5re o*xrs-d. oou:rcg otr d.strr beie boen prlavlded, by trlale
Ca:'r'led. o;it tIr the iiisfitesg irgr.lorrltu:ruL Collogs eheep farur f,rgr
tgqy 1 957 ;x*,i.l .bc{H:&o.r t :98 to de?drrilne ilro ef,foot d: ehortp
fOte'$i*n i},:iiij. i.;Ott3tlrlaL f;€Sr.r$a, Vltb a].!fl, elt&Out ghXto Cloyorl
Cn t:ic lc€fic attitr.u: cf, slwcpr Datnlls cf thls sorts hsve beon
gtvfsz by -:fiup ButS*r, :Jils s!(l L}t.urgbfit (tgr5O).

;l*yrrtt' (1t6o) anr"r!.ed qrt oar€aErs &inufuiees gr.rg Ramoy
ettos -tlsofl ls tle iiyegrcrce sti,uln 11.lal (lt.B.f, ). Ele matortgrl
IlaB nrr+3c avriili*ble fon tFrs lrnoesnt $hdjr. Blre tnfomrntlqr ln
Ei.bl'e lir rul,r;tli€ to tile inscular tlesi.€ :iarl ths Eatchtg of
cor+Eln bc'roop vaa qxt'n''cild, f,r,on ulgrattfe nar data. lhs bcrre

Easu$8r5Bts mro grrtogqueatl,Sr nrde by trp sr'l,tc8.

2o

(f ) r2o 8o{,f4t

All oerEnmoe uood la thlr fatrr|fgl$s iluir CSlocd filto
*; thonrr1 fo$b Doluls, trO ohcrrllsnr .r{ tro lrg Jofnt5l tb
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bfn htng sega$ste.d fbora the tslorr+a lrr euab 6 niritui€r. rB to
lnclude tlre laEt thoraol,c veptobra 1n t}s Loln Jolat. dleht
clrouloE"rrs arrl Lecg oEdJ wer€ dleecct€cl ln cLl but :r fo[7 c,,s€rro

,1L1 Jcints go;,e SlesocAed, ln o defrwtocl, or cetll-defneted
coruetltlon lnto 'mrn, rneoloe ft,tj nd. tonitm alrd. susteo

tlu relgfits of r:nrsoul.an tlser.€ tn tiB eholrldsn arl leg
Eore obtrlmcl, W fuubUrry; t.lu welErhts of rnrscte oreeootoo

from tlro :r3.glrt sirculdor ard. l$n noo;ioctlvely. Ihrisr thc
t'eig'ht ';ff tir: tCItal cr*ecr;3:rr tlscue tn ths ojns&ss sag talen
ns tlre i]Lm rf t]n $elghtsi of r,nscular tleers 1n tbe ructsr.

tlron,*xr ir;inl ,'iaxl lclvlc e i;lri$ irlcg tJro eclgfit d the rmisor.rlar.

tloc:itl, tn th: t ig*rt Srrrirleirlr rrrrl. 1o11 Jolnte.

(e) 3cf.f.rloo {il,:l,la tnLrrl

I?}, tlte j''iratTrr.,86 ilt'Ir.rlfl Inlal. lrrveotlgratlon rmly tlro Lef't

61ag fl' eeisit cc,i\eusg i'rac iilgsec&sd. hto lte c,rr1,ment, t:i.oor.ne,

tJro :rdgi:t s.lclo boinc: 'csocl foi. cieraicul anr.bml,6. 'Jiro f'roaon

6&r€ac8eu tjerre Bpllt dor,n tle rrld-Ity€ wlth a ripr,t btrrrS,Bap.

Si}e Loft, sLde s;*o tlpn cllvltlsd by ttro bandgav lnto fou.r, JoLnts,
vLa.r 13Br lolnr 9-|or{I rtb cut, arrd tlle8til. tlree Jornta
scnrs Later eubd'lvldd, to gfvo styrs anlJen Jolntal elmllnr
ln deftnltlo to tED enatslorit tolnte Ceoor'rbcd, by pdlrecn

(f glg). tb berdfrw0 "bg't rna dlvtAed lnto tb anetodoal
log ard i-,silvlgr und tltl trrotF alvl&c lnto Ealr thornre lra
snrrterr tlGcln foucrag tb r.ororgr Grtumd uy r6rrro
(fg.E). 'it"qnr tb ucl€bt d t}p oa$sllsa ruourrn tlrarr ls



}LATE, I

llonee Of The lhoraclc Lin'b

!ictrcarpue HumcruB

CI - ltctrcerpue lenglh

Cd - ltctecrrpur width

Hl. - Huncrtu lcnglh

Rl - Rrdl.ur-ulnr lcngth

Radius-Ulna
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t&o eua of tlm oe;*rrato ueli,'hte otr rnreculru. tlssrre dtseeotodl
sut fton Sre J,ogl;olvle; l,oln, f,;fg-fl nlb cu$; tbonerx, elrgulclenl
and nocb, r.arLt11r1lod b;y a flrctoi'd sni+.no:rh::ato13r tpo (tho rqtJ,o
oif o.inl*crc uclght to wteht tr Lqf,t oldo) to cqFsrt tho fl8rrre
0o e ;{ioJ.o eaFoui;E bt+$lBo 'rtTlls oonvgl.glgt fiector nringed, fnon
1"95 ts 3-oB" Tho trpguaLlty of tire uer6lrto of tho two etdee
le oGlslclcgtqi t0 be rluo n()srs to ure d.:lfflc:lt10e lnvslved, ln
hurnlsritrfug tlrrn to any trhensrt bllatoral trqyr6'rotrTnr antl g'ir.le

tlre rrclrJ'ri; of iit.$e"i,1ai' tl.aoirc in i;irc eliould,erl rrirLoh Lil not
aff'octoc' jt/ fiio ',;audgerr eirtr wrg c*lcttl$tod :,s r3rti^gtly tgroe
ttn roiljrt of r:t.rieuLnr" tl,ssrio d.issoctsrJ' fr,ff: tile left siroulcLsr.
?hLs t:ug drt,lf tO ,glVe il;ttu Cot?i":;,1,sf.iljl tO thut r.vrriLirlrLe in il.lc
12O f.5s1cs"

(r ) ldg js#eg

oetu il$ of fip ieasurerento of tbo bones LLetsd t"n tuble j
;;rre glvo:rr irs:.cFt. rn alr but s fcg lnsturrc€g t}t mqieurpwnte
rofarr to bsroo frcm tlur nlglrt stas of tbs Gartage,

Re€lus-ulna l€ngth (ne) - fun tho ttrp C thS olqgrsnq1
laoooss of UE ulnn to tho tfti C tb atylolC
grocoao of $p s'rl4lns (f,latc |).

Ilumnn tsq{rth (:t1} - t'rm Uro hranot Dotnt oE ttrc argnnlc
Dor{sr d tsp 1at6r'al tr$orultv o tb nat lnifortrr
snar r.steml pornt of tb latorel qDroantltrc (ntata t }.

tlbla re8ttr (rr1 - tbo' $D r'bssrrnqr notob qr tor d
the he*d f tb trbls to tho aatorptc'mallan not&

?
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s^r tjro d.etal artstnntt^y (PJ,*,to 2).
$'emu' i,tlr+:tti (ilf) - ii'rfft tiro u,gr,,or llrol,t' trf tlre gr"ont troChriatof

to tip lcrrcr' llrgt d tlrc l,.rtr;cr-il oontlyle (l.late A).

(e) Itrenii *tg--$iesla--Ltst&,[

*lo bmc roua'sr{sre$tc d,ota;il,ed bel,cs wone rnad,o by tlro
srl?er"*:lng (kreusnl anillnol..ocrotrtc eiil!1.ero (lt"to 5). In
t"\ls e$6o onLJ iJiooe bonoc fnm ttp left e.i;la ctr trlrs ei:rcrcs

t?r]l.t€ ::'.rr'rlLril:1e fcr :lo$gr,ii.ecreatr il,t: rx: tlne r.ight tild.O l:iivin.q

Lr*cit brrndolrr,tl r.url [lzsuja:. fw chs:d.e,il :.i:]rlrlgt8o

liotx.ic:,.q;rw: (i::,nr:r<rn) faAgth (ef) - j'Ftrn t':e h1E[est polnt cf
?i,:c l.r:d.:r,ai t,iilproglt,y tcl tlxt itr;ot lnfei,lor i.;olat of tJro

rmr.l-"t.'.J. conrjyLe {-i'Lute 1 ).
iotae{..,;,:rj: (i',ri:inorr) ';!"iltJr (AA1 - tix) muslrnna sld,tft rit tlre

,-:irttaS- cxtrctnltye r.Jl8ire.rr€d, botgeon tho rnoot rltetal' foran'crr

,cl{.l tho ougl;ttr,rl notclr (i,l.trto l)"
Ilrxnrun .er']g?^h (!I3.) - f.r€Bl t;lx; hlglBst .irotnt of tlp sui:enle

bo::tl,,:n oi tle latsmrl tii:cnoelty ts tho rnilet lnfonlon
ixzi J.ntertd. polnt of tl€ lrrtenul oerlcondyte (l,late I )"

h. s,tArrggrcAr uryErog

fho unnlg/sls d owanLamor as &mrtbcd W trmdooor (195i-l)r

Bss leed to tost tr:E BLgnlflcnrcc of dlffeFenoos b€tr€m lqnrlatlcn
:rognooolomrp urd to uaooss ttn hrregnNrolty of yanlnre.

Tssts d goFo mCon ornolrtlo oof;flolonts mso nrds rsturg
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Grreupal Antfrroponrotric Celipere
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$r,ehoFrs s tlr;uloforaatlo$ (r:rsher n:rd. intool 1gL$) " !:ir-ilenrs
t*p'ngfo:nu-rtLgr gag el"so ugod. to obtcrln welghtsd v:,rucro of, s ln
egif.tlnlng tllo o{1r..i}3"€ eorro].atlon eoefTlclentg of 6ncn6c of rn-
oiji-r.:.rl rli.aop vhor€ tests of nogzroaelftl 6$d, ect;rrel,,itlen coofflc:sntg
gl:cr,'clrl that tipg$ €reQa eolrLd bo core irlcrcd, rrs tlav1ng Srse:: iir.*ririr

t'ror: tJrs mc ;npu3*lttet.
l:lultlS,Io negroaclgl s tii*-r tlcne rrnd, r:iil,tLl,le oarneretlcsr

c$ed'flglcnte T'iu:.e eorryuted frwr gturi:ilr.r'd, ;;ar.tlal regregsloa
o':off,1e:i-tni"s cfuar'lvetl frs.m z$J3o ordot connol,ugloslg. I:he con-

i.,rtlit'lrn (}5' ;,ertlal negrr:*slryt cooffftalente also tnvolvee the
''l'c{, (t' c.rr'F€stotL euna of' stileirt:e" Srusr ln cor&lntng oargtra3

elac#ol3 t-l[! f.itrtJtl;. e]r,lcir eij,t] i)e eJnoid,osed as d,lf,forcnt earrples

d tin tYlc ;o3iu.lrrtJ.oas t"iig aoro or.d.or crx'relatlcn codf.lcderr_tc
ucq:ill *r errLeuS'r':.t1;g ilx etanqlgrd, li;.rtl,;rl, rrelgrgoslot goef,flcigrtg
of i:v: cg:rbJ,:rcd, groirr.,s rjor't: aLso ctr:rlveel f,r.on rpoolsd gi?r|t] of
gi;i-1,:'iroii ri:ri cr.oc::prorlrtc, u:icl not frg.: t;erghted, vraf156 C{' A.

ilge'ovr*-o t]n i.jxti.ll d,lff<)::onc(}cl Ln mmt o;:sge apj,irrront c,nly
ln tls tiflrrd d6ctr&i1 p3..rcee betwewr fin tw esLlrr,tes of ecrrolltlorr
ehsi; thirt tim lnoi; of' e oreltaills et$tlgtte*l tochnlquo f,ss' ovs3r
c,"inlri8 $ro eoytmct'nlos1 drs trltnrt,tdt of r Lr thLa oas€ " * 1elr"ti.vel5r
tgtls&/mtant.

Iho algttlf,llsanco otr thg lnSomrttsr osrtr"l,hrtec W sach d: tbs
ladsL,€ndsnt rnnlstog la tln Errtlprg mgresslo oguationg rrrig

tostd, W tno mofliodl dtegantbod by Snedcoe ({957). b genenal

o&E€ le sat gtrt Bs follcsr
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lH.tJre,-FTh 4qr+eqfl.ffrt yqrlata ,etH ,t;hs Effoots
* tlp .03hne..hayF bnn BffiraA

Sourco dVa'tatlo d.f. Sta of Sqrrnnos H.S. S

Xl drld X.A n =irre
It trlm n-l =fr 

t

Xg afBcr Nl nr(n-'1) =i.,rt-=irt P pIE

X' md Ia n =ytaa
X aLme n-l =&rta

Xt after X* rp(n-l) =frrr'-.*ira q Vx:

tlrror g-(n+l ) ==fo., ,,

glraror

I(1 und XA ar |n&p,eldbnt verriat6a

n !r nr$ol of, tndsladtont vrrrlstsg
tl r total nr6er ln aaqrlg

D

=Il2- I ste €f 6$rn$oB dilo to ngreselm
ofloboth\ dra

' byt.aPtY + Dya.fx,t
=Yr 

?

=ygg

! arn d squnrrr &n to mgruaslcr of
I*\-\n*tt

r arn d sqjr$F Orl to nqgnaelcu dIcnt.t*=ftI
$.,r8 r *x":r;fl$,f'*** rr*
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tT:c elr+ta rt":lau.n{lj to t}rc iiyog;i.uco Lltruln ir'lal, oareiiegeg

I?ers BJ:r,tr:lgsA ,rcacrd.ln€ to u $1i12rsq3' el.ari$Lf1.ct,t1oo (puc f?iro

t";'--c ui:d. bLitirnurh)r Eltlr unot;u,..} gllbcluos nirfrers. Ilro

sttitl{rti,c;r1 
'}r:ocee.iir€ 

ii{rod by iJprtt (t rCO; alxl nost sl.j.'!"q;!d.et€

to thl"e e1..c-if1"c*tton r,.'B tlrc ;:ct!rcd. of, fltting ctrrat,rrri;B hX

Loaot Ber-rrrrro$r 'llre retxiel chocgl r$ag t

YfS sr & + Fl n bJ + (irUhl * 
"t#,

iltiiO.--r€1

1 = lt?sooo.,;Jl

3 :r 1t?roo"c;B

k r: Orl ,tp. o. o ,nlJ

;fi;Jts fu ljla obsor.vi:i;lon txr t::s k& cErlr;ri1 of th€ JUt

rrit'th*.,..:rig crr tho 1Ar pr€ir-ritl t,{Ln.

/., 'Lt rii off,rect coru.trt to ul,l, o$oc ln tire po4ulattcn

r*:d. ii-cr L: c{?octl ir ,"og.ri1;rtlqr ix)urte

Tlrc co:curnt pl 1c rril offoot ocr.npn to aS.L gea ,..Ea tlre

l& ;..ct:,1'o fuE€*

!?"9 fo-t.tr !;rlc'irrc tyi,og t?ontt

Dl u p{tFoDnla1 r3rcBrelor

PA o gholrtFtotatLm r'6fogtlrrgst

ry * lsrenrrlal nyogrnoa pls shlt€ sl.cor
pf, r ghoFt-totstlcr r?t€gl'sss pluS gtrttcr? olovsD

ftrs sorl€ta$t Dt S an of{Uct oom to all oEuB la tt!
.rfr1 ologalf,loat!$ of blrtanqrtr



74.

?Ixr ioiu, bintilrr.ri$h tsex€!

b. &i
r.!

!T:.J *ltci-.-ctLoFr

6t1ffi neiinlr4l glngle l,i**ibel

eF,iee l'c:;il'.$g triln blrilrOl

cr$cs uil1eh l:orc i.. l,,,nrlb brrt ill,Ct
no$ rerir itl
CroJ wec o

m*tr1ti*tccl to tlre lndlvldrrals Ln ilF

bt

be

b*
3

(iJ)fft celi. 4c :-ei'i6i.i;€c1 ?iy g:c corrctrmt (lD)lJ.
frr(; o,irrctrrrrl" ogJr k r.i <lavluttoa ol,elpi.or.. rn teotlrrg

Liw e.'ilri.i{c:;rEo d d:ifi',u:.rr:ec;:.€ttrccm the ol,aoolj'loallone
tl:e r:i:Vlr 9;i.u,Ul ui\J a$sr:i:cd. tri bC r:cn:lull;r snil 1ncle._endegt\r
dirii:11:'.:t^ril i.J.lJr:ltd, i."r ri;rll ,:{. gcro rllth vi,itlr.iRo€ Uor.

.,' :loi.'r;r;l ,.:'cru;ttrrtl,g,r ,cf t,,u ;;r'ocoduio usod, ln gettrrutlng
tlro rrninr-).riJ Jifj-.1:rc'l;€.1.c 1s! U,iJ3 -*rt.tl niul. r:cxlgl hus beoir glver
bur rici.1.'i,_:r)i':tu (i:;lg). Dctiillc ol' tlp m.lirtx ,.,ged, i;1f, of its
lstticnc.:.c;'" t;1;r;t,ho:r ri'ith up ec +,ilt;tlcn-r of tln rco&.$tlo:r ln-
gui.G uf 6r-:. l\ro rfi.ro tu f!.tttv: co,rrgti :tts r;rxl iirs ,:1,,,!rg!s oi
virFi;inc€ tiiior:i. ln tceiing fon Lntrgr..etlcr lu;vg treen eet oirt by
ulgt*tt (f WO).

Eho jx'oc$d0no qrtllngd erbove Eug a;liltotl to the vr,r"t; tog
Ll.Etort tn .x*.bLo b. iTlxrr€ ltrten,..etlans llorre fmnd to bo non-
el$fflciint f\.rt!rr toets E€ro apl,lled to &etenlrln€ tle o16n1f16-
enss of tl* ,,aoturo md hlrpthrsnr cflftoots. Ehp cf;fcst d tlp
BLgf,uf-log$t tttroatr.Ertn laE tlron glr'nlnnted br grmrd,ng tbs
aoan€atod 6nrm of egu ,res ard, crogpnodrntc ooqrut€a 't tbln
6ocb ttfottffimt, @rrgr Hlnrc o grgntf1oont lntcraotlgl ,a8 ford,
tha t8st8 str sl8ntftocme d the lrsSu$o ard blrpt$r.eal cfttote
BtF8 m lmgen eE.,,Ilcrblir



CILIST;TR ry

rllErmq

rt ls :lcaeoocri:"g t'o doflno tiu ten:s ueod ln nefenr:tnc-; ter

tho gu'bdlvlslds] 'rg' the cluta. f}l(} ftrst, bpsukd,og:r le lnto tw
ragin "gox.lcgtr - t?!s 12O :.ioirlee :sl]- i,"yagr:isg Str.r:ln ?nl".L ilei'leol
gl}:lch i:trl'O r.il.:Urd;r rxrcl1 gneOUntOrtlit ln tJrO ,:rOVlOi.lS Ohig,tgr..

1?,$ le0 i.lt:l'iOc .Lc t'i"gti:.r' Oirbdlv;cled. !'rto four ngluBg€o(tr

trlg, r cl?cc, t'ctlrclics or?e }'^nlro ,;gvJ uctlror ]ursg, i?re cori\:o-
trloa:rdl${i c ,'i:cgo:'log Ln tirc ISrcg r*rc li*l-'rftt Jlrl,,l :.,criec i.tr€ tho
f:i;e trou'i;: cnt ct, .;:.rgfi(ffi tt,i:rcit"',6rto *hesc teg-c H.r.c .triC(l

tl*tcrighoi,rt tli.ls vort!.

1" lt$.&i,;l';Ai;

.r,c tx;li:n; $b*:d.i*rrJ, dOvir.tlfisr ;inli ri.lrGes of thg 1:0
C'r,rlco vi*..';iiitog ul.cr givtrr 1n ?..ltloo S ancl 6. In all cusoa

tlrc r;rrrcn lrirrg ir1;',lnr r;p:-1-,8 tJrirn ilre f'effia].eg of, g coryarable
€egnug a1' :ritur{,t1jr1 e rgr r tho Eietinr* fcrvo o gneater welght

of, ;.nrgoiif.rp tLeouo ln tba cq$os€s wrdt ln $g elrqrlier. and

lcg Jotnto, a hlghcn oer€ass mlgfrrt,r ard lpavlor mc lcrgcr
bcnee tfinn ttn Ctt€. Itro earn pattorn 18 socn ln a oorqnr.lecl
d roqrn lfl tho &o ladb g$oqi€r ns suoh gsralstfirt dlfogt
ln frvoru f sp aclg lg qpptrrrlat ln aitfror tlp etandar{
dle"letlgrg G nangtssr
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setbo|F
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ET
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lbtlrr leb

oerotm eb$ht (tS.)
5.tA
!.IrJ
2.8
8.911

27.57
ag,6
l7,E
rats

r B"g5
s.28
t5.98
t6.gh

75.lr!
9b,55
nJo'
66.88

f4.tO
rsft
.la.ll'
le.g6

loJ'4tr
let.bf
wn
96.&g

f?.f9
17.!E
12.93
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56.65
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e{.ag
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-
-
al

t

-
-
rD
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hdlus.ufnr leSth (on. )

O.9O

o.0b
O.?9
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Ratte-rrlna fFelght (9. )

9.9r
to,!E
B.09
9'El

Mrus tmgth (m.)
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f619
14"7
f SrO

&"5
gl.8
17.5
19.5

gl
,19
7r
86

62-n*
&lr-
tl9 ,-

o.6?
0.lI
o.3l
O.?E

&rce solght (e. )

lJ.6
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13.j
llr.5
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flu:&n S (omtrnrna)

Cl*ss i...kxirn U"D. Ifu.n6ro

t\sos
r.ottrorg
lijO l*rfitbS

'rcthcrl LiifiIS

;JryEC

lrt; t:t{rx{i
ifrto lji,iirSls

i?otl;;:' .,-,:.d:iT,xJ

ir\ign
' ctlx::c
&;O i,tq:$:S

,:g{fy;i' l}r";lx;

IHes
l:etktF
Silo :,*rr.!bs

F,atJren l*isrb

Ttr}EB

Watfrers
M t/rub
tbtlptp r.eqhc

Itrtorn$J il@XdlA :;rotr cne

7.71 O.&$
B,t5 0.69
5"97 O.F
i;.63 o.8o

?Xbls, .vcngtii tm. )
12"72 CI"86
gJ"ft 0.66
'ltr. Bg O"E
17"C7 1"{7

'iLbln i.'el$lt, (f;" )
'l Ch"3O 1j.ll4
t2I" 9e lir. ?D

7U "{}3 1A .27
sg"?B 12.25

Fou:r"e innst& (cm. )

17 "4fr O. ffi
t8.t? 0"78
15"99, 1.71
t9.6O O.99

Mun .ficrg\t (S. )

15'1.15 40.67
t!8"Q5 17.#
95.48 {lr.f E

115.17 t0.8lt

(e. )
5.67
6,90
l+.b7

3.92

I 7.8
t9'O
{5.O
15.O

B.l I
9"4{
7.36
7.99

21.4
22.2
I E.O

20.o

-

-
-

-
-
a

-

8b-
99-
@-
6,ft -

r51
153

w
120

f5'5
t6.o
15.5
th.o

- 19"?

- 19.5
- 1615

- l9.O

W -fF
1n -196
69 -Iffi
TE -l@
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Llnear regrss!68 cf eoLglrt $i" adaou&,r tlscue tn tho
s{rForisg orl crrffi,,oo wol$it' Gl borro }cnfIss a|rd, crr b&c uox.6hte1

st8lt asgm:iutst"i st{iadaiirl er.nee lf Clgttxxrto ln sbsolu?e rirf,

;,crsgcntr€,c ;nitae i,:co glvmr for tir(} t'oua ooi.artrto e&i€iis8
el,Eisti0B j;l ii'?:l,C 7* tOgrtlren r,,l.t$ tlu G)trlrsgi;Cld.fuig zel,O OrdOn

ocrxroL/itlcrr arcf;fl,etentao rfl ell for,ln c}.e86s oqaeeas BotrE*rt

ls rmro c l'xe.lg sil?ttslateii vlth tlre r.velglrt of reraoulsr tleeug
ln tl* cirl't3;rrJll tfu.n 1e rugt otl:cE lndei/entlerrt varlate, ard, pnovldoo

tPiei :-}orlt w-s*rerto ;;:"o3lotXgr atr t,rtal curerrao nmgcle. In ge:rl*L,
bor$ 'rlcfujht$ eri.-o i'3r)trc' clisc]*y noJ,uto.{ to arril glvo better Jlrgdlo-
tlc*u (s= ti.n i:c1{ lit gf osrcas$ nnrsculrii. tlggue than do t}rg
o()3.'i*co: (Ilfti..L',9 lp:-.uc letgtJ:c" .iircc;;t ln onc lnstff\co, t&o

corn:lritd,r}ui bta'oen +.ivc gclslrt ,Jf crilgn ,-o rrsclo $rd. tho
&r€o;:cn:lmt vi'i-'j.*tea nn: hltsrer- 3;-r tig trru lnmb clrre$ce grr,n

ln tic tYJo *}-ct:eg of r.l;iiijlrro s!:os1.,, ltpee d,lf,f,or"tnces i:3e)

gneuter. br tiur r.eL*tlcr':ghlpe rsitir b,cno lengttr tirr*: in tr:ose
c'i'i;li: iitne ueifj:to

ror,g:ttr r.sagia,ermnte of; tho irlidius-ulna and. tlblx :.rnc ffrt
ptgnlf,toant3J'" rcl,rtoa to oanoege mrssls ln elursr el.tae of
matius oheep. rbe omrct rtlm betFs€8l 9unoa88 lnrscJs t1nd,

hi.tmns lq8trt close not rcaOh tle l,svel roq-otpd, fu- slglllflo-
rtxx' ln tbs 'retlBrg, nnd le afgn$lsmt at mly tDr 5 pn oaL
lsrcl d lrohbltltr |n tE coo. & aonrlrtle bctrcsa
calr(xlss t8raol,,s I',{ fonl! ls|gttr !^e uttrlso etgn!iloaot et
mry fte 5 rsn gfrrt' lorotr ln tb ere clrlg. rn gleh oaora tho
oonupnillr|B rug3.esBtcn cgrrEtlgra r$o d ltttlr Drcdts tlvc
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Fiie4 7

ttele$1mFh1l?n-Pel$ffin -bltfit Sfl. mgaBlary,Slseug
In_$$iqf*@.gsdl p?tFoF. &;trJp tqn---l3o ssEl$e

pryenngt $arlets - -}d€trt etr ilusaulnrp elcsu*r ln Cunsage (le. ) (Il ).
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o.80tF'F

O.lt6'
e,ggps
o.?tln*
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b s Ra&trrspulns i?erght (S. )
glr€.16F + 1.9 {.9}
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It4.ll*Er + O.Zg O.?t
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too65
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o.g5
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Yrs2"l1$Ht - 5.88

"1rrlr.9?IIt 
- 1.72

ifrul.$Ofit - Q.T|
Yrr:l "16Ht + 1.&l

'n ?Xbfur l*n6th (cn" )
Y14)"76'33 - 1"65
TO*O"63TJ. - O"t4,0

Yr*{ .O5f} - 9.W
\=S'ft+?L - l5.Oli

g ?ibl ,ibX$t (e" )
Ylt:0.115E + 1.?8
E *il"o8k + 3.0[r
T{a0.131V * Q.55
Ytr:O.O9Be + 1.I{lt

= ilorrulr i,ertgth (crn )
Irrel .O2.HL - l+.1$
Yrst.jt6Fl - lo.7g
Xr,r1.?TFi- - 10.48
11'O.965'1 - 5.85

'l Fmrn i)€1r$t (C. )

Yr{r0?!! + l*tO
Y14.6ltr + 4.52
IrrOrOSilF * Or9f
I1{.O6F + 2.8A

$t

9.Tl
9"76

10"e8
10.75

ria

fig

llt

IV

I "96
1.83
{.{5
I .03

1.1*
7 "51
o.57
o.95

1.67
1.fi
1.05
o.96

l.lrl
l.V9
O.?6
O.85

I i;.ti2
lf"l4
Ij',43
I I "jil

1C.59
I Ou u!+

7.85
9.33

13.9Jr

11 .49
12.O3
1O.5h

.1o.66

tt.4l
0.68
9.S

tb ,F ftrol d fn@abtf.l$
!F ftrEL d pnoDabgf$
lS fawr. d prdab$lty

u r $ot etgd.fllcr*rt st
a
0. ! gl8n!,ffsnt et tb

. elanlflsaf rt tb
i3tl8-nqmcfatnFc t'llt bc trlo0 tbrqrenrt, tbts rrort to it&oto lwelrof srgqltlorlur
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gellro end fuitt beer tncludee ssl"oly 8or the sab of om'.

plottrroos"

lbe e&trl*p:rd erFors of Eetl,rr*tc exi;ressg(l. ac a ler.contr
age of thc rerel $f, t*s dspendeat vaiLate aLso shw tho o41r

enlorlty ,Jtr tlp :rel..etlfflshl3s betwewr esiesg$ ml8clo end, bono

ivolghtr ftc opjffe* to lorigtfrr rrrril tIre cLwor l'lalts of pr.edletlq
trf tie rer6rooelm eetrir,a?Lew 5ent*iln:Lng ta tho LaS olaaecel

pei'tlc;,rb.i.;:tr6r w?*rr $l*l eorn$rr-r:'Jscng rrLtlr, nxrtune shset ar'o Edc
wltliful cci(sgl

Tfic er,ceFtt*t *o fi:e lrburs Spnsmrllsatlcrs le fsund. ln the

m&Ltd.oast[p botw:s* isttul r.r*nc]a mrC hureslrs sclgbt psr ora.

'iltircrri'it thone le !lt?l.e d.1f,f,ene..rce betE;een the four corl'eL*tlon

sosf-5cfur.irts {l+"S.69 ts O.Tl), tho rn:nlrirrg eCer, togethen rrltit
tJ:rtt gi' U:c :..er.ee*3r'g:o gtr,$dlii'd, errors af eott*te, 1s chr.nged,.

In both tivJ et;e €td F.$the;r cfurcses lrrrneiRrs eelflt gar a$b ts

sllr€ el.ocoiJ sogr:.*:t€d slth tho rrol$it of m:scular. tlosrio fui

tl'io o{rs€a;r$6 than i,a ':*:golute bryp vreLght. The poncentlrgo

pt*i:.:'Jarr.d erapom of *stfusste t;lkesriee olitrr th&t bgr welglrt

;pr t.talt lengt& g:[vm ffrr€ aocunnte tce&retlct d tln deperrCerrt

var'late ln tlnee elasegg, In t$6 ldil"rb claeseel ttweyenl total
brcrus r€X$ht 1g taqr.e oloeoly rsl,atsd ts andt glvag Dcttsr
pnsdlstlltrB of, eareess rrreolc &n ls tlp oasc rltb Doo rrlght
p6r G8| In ql-l fsrr clrgsre ffitPtrs brr€th ls Laa gotlsfaotolr

for prc&{,at|,n lruf;tsoo thrn olt}rg d tba varlatm lnvolvrng
bmc wEldrL

ogr€esd 861$bt prorlflo tettcr cstlffitca d tbo nlglrt



FIG. t

Diagraoaatic prcaentatlon of co*clation coefficicnts ra Tablc 7

Delendcnt veriate - hcrght 0f lrruacurar Tiaaue rn carcoar (tr)
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ffiffi het her Lambs
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of tnrgcuil.en *l.6gus ln tlp oalcrrss thtn dsroe wry bono uo uot.lg:gncrrto

ArsonS tlro fcmn bcetw a t'r'Ugd tlier.,o rlro tto crroaru,,it rlLf:fer.-
eneeg ln ;,r'rrd*1ctl,tt vrllus ln f,egcur of angr orrgr AB tlrE hurogtg
xe tlB s]tly uone cnr,Eiion t,o tbls data rurrt tirst {rf, the B3regrrieo

$fuuln :-'riul 1t ture lxren eoleetcd fon tbe conputatlon of weLght

;*t' un Lt 1on8]tt, with s v:ies to .,r.ovx.d1n6 u coqrarleon srd

*,oeai-b].e oa-aH,netisr otr $lleee b rFtn serleso
53r: crrrrelgtlcrr ooefflc ionts mntelnsd l"n l.bbls 7 ar.o

lrn€*:erltorJ gllu.irlcerS.l;l ln Ftg" ln thle 3:ruoontatlgr contulng
ao nqrry lnfosnatlm, but allilrs t;fls r€rider to nab cccg>arloortr

sltl?l--t irnii lnt$cce f.rtr..L3-,R Errro :o.rrl,1,l,3r tls-R doog any tutnrlstlon
of Ili3;$ilor

3.:} 'ftil:io [i t,FE soj.f$rt of i:rglcul,,sr ti$alp ln tire ehou]lr3cr

ls F(9l,-tcti tc ctircs{ts uolgJrl, n-rdt tx.r tire }crrgtttc and. reel ;1ts of
tho r'*c1fu$-qilnri {rird lunnr"igr tho - i.lacllxrL brxne of thrt Jolnt.
$furtlax. rnefrrtlcrutrlis bstiwoen tho uej.gfit of rar:sslo ln fi:c ieg
ar:ff ; g,1g'rirecants of the tlbla und. f,erl,up ;"r€ ..t$esontod tn l,r,,bLc

S ti etrxV uf tln oor.rclatlaa coodflclentE tn tlns€ &ii:ilcc
lt)veiiLe urc srs.c i,tittaraa ae nstod ln ile relat1mebl1s wl tr
total oairoiiso r*ncLoe vlar I

(1) ceirolatl,clr rlttr coni€$so rctght ano srllstantlJ
blgtBr tirsr tJroe rtth bano rlBgths orr rrslghtr,

(tU trm rtlght te m diloly oonnotatld, rttb tb
wrlght of mrscdsr. tteslrp trla tg bao lcngtb;

tf.$ oonselatlo oodtlolqs rlrr blebr fc tb tno
olrsos d 1@ tbrn fc tb iatnre th€rrpr
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l)ragrannatic Iresentation of Correlation coefficients rn TabIe

[)el encle rrt variate = height of Muscular Tissue rn shoulder (y, J
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Cluss domsLatltrr
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o.?66

X=

Ill a

FIY e

ln|l

Ci*RraBs r"bl#tt (he. )

YA"O"O6X + O"98 C.7)+

Ye"fS.Oiili + 1 .P6 O.l 9
YAor].OfiX + O.3O 0.1b
Y."di"CItlt + O.27 O.1l+

1.'l.flrsgl4sbiri .Icn6th (cra. )

f24.18R1 - 1.O5 O..5O

YAd"iI#.I - 1"25 O.17
Y'sJ,lgel - 1.1+8 O.l7

Ili*d,l,ur;-r.ih* .j01&t (S. )

YesO.Ol+.M - O.0'l 0.28
Ie'*o.OeRs + A"'fg A.23
YgtO"OSI*t + 0.CI5 O.l3
Yra0r0i,ikr + O.f9 O.l7

Iffirua L€n8th (m. )
YA"O'eeiA - 1.1$ A$7
Igd.A5.'ll - l.lb O.5t
rg4.56H1 - 2.85 O.lE
Iero'agftr, - l.lt A.?3

flr r l@rce ibttbt (9. )
lUEO.Ogmt + O-51

Ied.OE& + O.jtb
Ied'ellu + O.l2
lelo.Oe + O.!0

o.29
o.gt
o.lb
o.l 0

9.'CO
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i)"75
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Diagran'latic l,resentation Of Correlation Coefficients fn Tabte

Deg,endent Variate = height Of l'luscular Tissue In Leg (Yf )
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TABI+S I
F.elstl€tshl',,8 fb.t gn, rffi

0t4grlePretffi#
Do;:cx:rlcnt Vtrr.Lr:te a tf;olglrt of Mreo*l,sr iisgi.x' 1o Leg (ng" ) (Y:)

S}treg Corrne],uttrgr
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$ngneaefun
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+ 1.76
+ O.23
+ O"lr5

th (on. )

Yjr$.a*fl, - $.65
Yj*" zdJTL - O.56
Yj4.i&t1 - -j.l$
S3*"20T1 - 'l "12

Tw ,r llbltu "{rif:3rt (g. )

Y3,.O.O31\F 'r O.57
Y5S.Oehil + 0.65
Y'4'OIf,t.' - O.3lr
YJd),OZ?sr + O.23

Fl r Ironrn lan8th (ocu. )

Y4O.27F1 - I .lt5
rio.5rl - 8.96

io.torr - i.6lr
Iid.z5Fl - l.5l

F r ltor Wofem (S. )

Iid.0ef + l.Ot
II.O.O& + O.51.
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fr{.O2f + A.E
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; e tirCtl6

'*le i.,rit:fE
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FA trub
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Q.25
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o.27
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4.52
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u"66
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std (1s) tn &lf,fenspes notod, Ln (fff) ero groetor la
tlrogc r-sLcrtlsehllg lrrvolrrtr€ brrn lengfir,

i'I:r-r mlotl"nnblig a0Eputsd qn dr oeitFeresg mreote b0sts
(rc-ule ?) pnv' bo oqered, wrth ttrcso tncopporatlns ehould,en

sr"lsole (tlirio s) qrd, lon rrnsols (?able g). Alttrorreh tJre

mi6"1trg.tr]:ur rxr-i huregr,rs v*r.lnteg trvnlde botton eetlertea d
Grirls€iso rnr*cLe Slprn (}{' e}iou,lder ff.reele ln t}3 6oe; €Erg !J[Ise,
g:i(i[ r:ottla!' -lr,rr:tb, E]e etrirdrirn:, onrCIltl of oetlnnto careso€A
as a ;cncc*"ltrrge od -.Bun 

'j}Lsel,e 
welght ar€ otrtsxsterrtl,y lowor

for ei.stifii'3r' uhl.rscls ln t&re uet!:en olxgg. A g1811*rr cffirj,urlgort
cf tlur 1;tailj,ctLve abtuty cc tlle tfirt*i ,.inil foms vrrrx.qtteg elrcffis

t"r*lt i:: t'irg cuol rgtilr€r,s e:I3 or?e i$6s oltresoe thege viri'j.:rtog

lllw ilstter retltrltos af' log ranncle tiun $f c;ircnorr la.lsclc,
gilx.lo ln tlro ;.lotinr, lan-b ttn t€Fcryrtnr,p stwrd,artl sft.trs d
ectfuaiitc of oiiL!*rini: mlscLe are cottsletorltl.y ginuller. '{leeo
d.tf,fbrtr:c*l: u:llf. t'e efflel,d,e!*cl at a lgte!. otugel but it ig

:prtfuevrt to nots *t tilla ,;o3.:rt tlult tho dlfferene€e; elthougtr

ccBtfllftc.:tp r.Lt.e s.iill ln F61t}t1orr tsr tb slgc d tho stundsr{
etrcost r:{' oegiLtlto. ogqtarls€ra d Hre et|rndortl srorg ln
$eble 7 stttr thsso trr Tebtee s gtal g elso Dsnrol maI.[, gq3

lnosr,lstecrtr clrungoe fn rsr*l'rlf ede!.
k'*S:rfosg of tts csroclFodfng oornolntlon oodllotents

fn lhD2o 7r rr4 lublr E an$ 9 sbcg . nrgh dbefoo of sr,nll,qnlty
D.Wr tlp Flstlffilna d oaoh lndrllryrdet varlatc to the
toor or ln tb oraa d carceec ralgbtl tlreo CrDedcnt rrrlnt€a.
*trs rs also ndlly osB tn e oqrerlom of &[g. t rlth Flgs,
e e$' 5. fu g$nf:f&orro of tb dtlf,FbruoE beffitn enlrrgon
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&ea o.9i *o y.s.alxsn * g.o6Esns + or9l* 0,86 6.41
sfsthtrs o.g?+s r.o.ahx*o + o.obs#s + 2.h! o.98 ?.otl
&ro rrr& o.S:: tr*.egxot + o.o6nwos - 0.69 o.42 lr.9t
i.gt&sa l,s$Bo.95*" ri'o.J6x*o + o.O€Hsso + 0.95 o.lA l+.65

I{L rc lhrmrtn langth (om. ) F r ftumr.r.u *olSt (g. }

ffieo o.?9*n I.rl .?{ B* + o.l9#t + 16.?9 I .oi ?.8
sothgsg o.?lnu f.o.'g.9tfl1ns+ o.l5&ar + l2r6J l.O5 7.54
St I*rs*lc O.06o$ Ijo 6.68&+ O.O8F*. - 6.lll O.?a 8.tll
lbtlpr tunh0.?los Yia o,Ogfld+ O.o7ppr' + e.l0 O.9b lo'54

x '' car$aao Hqtoff* *"Sni tff* rrnsth (an')

(lre' ) gl r @rtr largtb (s. )

+ O.&lils .b S.Slt t.Gilt 7.fr
+ o.o!fllB + 5.56 l.8O 8.6e
+ O"56E3B .r ,t y 0.68 7.!l/lt
+ O"€lnl - l.lt6 O.h5 h"S+

Yaro'3?Xo*- t.g:lm,a + O.le&*g t5.6O O'?5 5.59
y.'O.eEr*a- O.69tf +S06ma +10'57 O.96 6*Eg
fj"o'Soxst- o.Solda+g.o6ffief+ l.i? O*tl 9.11t
fro,lOx*+ O'13818+O'ffi1ilf8- A.8 O.t{4 lr.BJ

tgetrhop lnnnb0.gStt

&u o,gb**
'ibtbosE o.88"*
$Tr hshg 0'96**
Wflher r..',nln0.So*

X t' oarsaae rsl8ht (&S.) Et r llrlFFlrr ,Slaht :?iar cni.(g.)

tseso O,g5* y.{.EIXa' . f .J$tt*" ,- e.3g OrTl 5" Zb
Fet&sre o.80*" rjd.atxo* + o.Slgtti + o.?o b.W -- 8e
FFe Lds O.95o* f.nO.5gX** + O.SiRt** - l.?9 O*A t+.gl
rtntbsr rar&so.*ot ri.o.Wft + o.g8llts + 0.&l o.lfr 5.o5
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rolatlonehltrn (o.g. hurenrs length and. oareaee mrnolcp and, hurnrrus

lsrgth ancl, shoulden nnrsolo) wae tes'oed. rrslng Flgherfg z tnane-

fonraetlcl. &r eLl of the 56 poeelbLo aomlr*rlsona the d.lFfenorrcos

proved ttr i:o [on-algrllflcant.
fhene ls thru: no ovld.errce to euggest that tlr bqre $Fa6rur€-

snnts ireed, 1n thls study aro more c1moly nelated to tho uelght

of' rmreoulan tlseue tn tln anatornlcal Jofurts containlng tbese bffres

than tc the vel$rt otr the total oarcass rnrrsoler ox. vlce vei.eg;

nor 1e tl:ere evidence tiut urese li€rlsurerlents glve a better
pned.lcti.on of ttte natght of rnrecuLan tlceuo ln tie Jolnt tlrr,:n s3

that ln tlto carcaoar olr vlce vereqr r\s the c{rroagg le gertsr.ral\r

of greri;er blloglcal lntenest and eoonornlc fuirportHnce than eltten
tiic sltoulden or thc leg tiro 1,recllctlon of tho velglrt of r:lr-ir;crrLeir

tin$ue ln tir: carctiBc l;as been selected as tie &Jec'blve 1n ti:e

clevelogrrctrt of tlie a?rove b'.rne*.rse1e rei:itionshl1n.
i.iultlr,Ie comelatlon coel'fls lents anal regresslon oriuatior:g

relatlng trelgJrt of careass rnirscle to earcass welght and. humenqs

IroaGrrl'or,BntB wlthln tlre four oarcags cl.tlsseg are pnoaented, ln
Tatrlo 10, 'Ib: aomelatlon ooEf'flctents anat psrccntagc etandard,

ornorg of estlnate shos thc sarrn gpnoral pattcrn aa ras notcd.

1n 'Jablg 7 ano F1g. 1. ths clfforensee ln thc rolatlonahlpo
of bone wolght ard, bqre lengtlr to oamasa mrsol,cr althoryh stll,l
clDel.ont, aro of Lsaosn rngnlhrdc due to tJrs effsot of the

ncl,atLvel,y hlgh aornelntlsrs betnrEsn oanoaes welght and, mrsors

welgbt.

Aga dlf,fenrnacB are agaln apBarent tn tln aornoLatldls p
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the Lex&s lltiyi;i{q i:lefnn cosfflcterto tJr;;n th; ;::h-ino o!*ei:,
ili:r-tl,ei.:.lsrlar Ehee tho ccxE.,uFigtrrg llro $sile Ett&,ln Bereg. Tfnge
cllffortJea;c t{'$ LL*lgrtlso ;rgd,l}eed. W t}w 1neori.,o.g*ttqrr crf o*r€e8g
vcigiti aa a,t utrio.,{]:tt1e;it vu:.'li;too ,!o wae notod 1n the ogrej.der-
e;t1on rj' "''.i:Le? 7 ux: rtlartlonsMis lncrudlng hrgnenra welght . er
iinlt, Ic*ii:*i:: r,rgvs to bo o:reo;;trons tu thseo gcnonaliscitlsrge

"- $'rlL:aFlegn gf tllo st*:nrltrgd glrr.otrg d eotlmtol tlottr ln
ttbe{)lutc c.€:d.;.,cr5cCIr:tage tori,r:r tn i;.Tl}oe ? urrt lo errcg.g that the
arriLtl,*,Lo rogr'*acto* or;ii, tluul g.*vo bsttor ;;r,od,retlone ,3f thc
sol{?ri, i;'f c;:r.'ei+J.ifl rr4c}e th.rn €o tj*: Lliio3r" rrag:-6o616f6r Srrg

rnrlti;,l'J tog::ci-lcigrs i: r.eo 
",l"ovicle 

u&11t1 ry1*l 1nf.o't:*tl*:
rtgtu.rii,Llil tlEr j.'i€e3.Ct!-rB noi'ijr ;_:f, ilrc Oeltirrrt€ 1;rr1e.1.e:id.Cirt

T:r5'i.'totj" .. 1rr,:;'Lctlge ot' tlp cilnr"cJr.tlcrrc betget;n ttra$o in-
de1-,c:ri3.Cr:,t Vil;iatr-r$ rl:tj. of ii-€ tjL,;l(i;r;r,J ,,ri${i;r3, fCgiooCScr?

cccft"'I'c1e:rte €:if.g.7g of rr bettci' ,ricgeccrsnt, of ,,rod,1cti\"e vi,1.rcg
thrc} ctr:;:, be ri.l-r.lved. rit coJ.efu frcrn u.'L oxura*tr:?J'an of, ijx; giil-
alf3.ci,l:ce of t,lg :nl'er*itlon con.r;.r.Ltn:tcd. b; rury olrigle V;rr,,t;r1,g.

!hl-; lrf,on:iuticr:r j.o glvot tn 5'r;blea 11 6ncl 1?o

r'etb eoc:fflcSor:t d.fuig'.iirgr Ers devloed. ?:y _,irtght (rlgh),
,r[rd' slrleli gtr,'e f" gohsmtle rol:noelcrtr:tim of the rol,atlmelrtls
botgogn tlxr tiitr,eo or Ebao vtrp!,trtos, ru€ algo of vralrre ln tbo
lntorj.rrot*itlon of ths roaulte glvm ln Tebl,o io. An a:crylo
sf U*'s tryle of pnoeentttton 1o 61ver [n Flg. 4r r?prc t}p atnerlght
lfu}os r€ilsoselt Btsnd&t{, pnntl*l nogncoslffi aodf.lalsnt8 srd t}s
ourr{rc us xn€loato oornl,attqrs. of rr &s p.tn f,ra rtr,

b Yt wic mee!;r€g tlu dltrsat of:foat g lqlytorr"rn lolgtb q1 or1nsasg
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ssEglo o ,irltsfflutfirs }latl:e f:rcn tll, t$ yl Bot througb oa$oa8e

usl8Ft (x) Hndl, lnrnexre wolght (uv). Tbs valrp of an srlterastlvo
o;' lncl:lloct ;litJ: 1a <leflned, an the pr.odrrct d ttp oolrelatlon
bettioon tjxs Uro !,rde+o:"d.mt vairlrltss tn cirreatlm enC tho stand,ans.

igrttr,i.l r,rXl,..osslsr socS?tclo:rt d yr sr thc seoond, lnflepeldont
Tatrl'utc" 'Sri: cosrelet,Ltrr betnoen Y., and. argr 1nd.e;;ond,ent vtrr.iute
le tlro oun crf, elll the i,athe f:!DE! tiu t vr;r.luto to y, .

?rusr !:: Fj.g. l+ ti:e coryel:rtlcr betrcen oarrcas$ mncle (ff )
eci,L lirirn;rlir lcrrgth (1fl,) r;ny be li:,.okon i1cpn ilg folloEgt
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t?rs abtrg ls gftGr €s an €rdrq)ts of tha tae of, fatb
aoof,flclmts ln tie lnterpi.otatlsr cf tho mrltlplc lolatlqF
sht5,a fu1 ?riirle tO" ;ilt&q.ldr sosb Sl such dl.llgfere havo

beea ouretrnrgte€ ln the eoilree of tJ*e work 1t te both ts-
;,r'aetlcablo wyL lrtnet:s&silttdr to lnelud.e alL of ttem. mls

rglovsnt, litl',.u,r.u;t1on f,or tlp eo;.rs trruetlwi d such achensitlc

noi,rogcn&jt3.ang le corrttil,:tor3 tq tle tribLes of rggralte-

Foul of thc fSvc sets of rn:1tLg,lc negnocelwr equatlcmg

ln 9''b1o lO cwrtr,l.n G;ir€$r]B vol$rt ns ua lnrlopcrdcrrt v;irlnte.
In cuoh calao tiiL$ Yr+rlrrte nukoe n lrlghl.I etrgplfl,c;rnt oontstb-
utlon to tf€ ]irec,lctlve .i,rorrer of tl$ r'egrtreolm eqrratlonp aa

tsct$d, hur tix; irct'hsl" outllnoo c! i-trgo l2 r &re prcclctive
vortl: d iftLo v.illtrtu eirn al.Bo bo Jurlgerl frctr t.}re inugnltude of
tli,o chu:r3es ln tile ooodlf,lcleet cf rregpoaslcm slron othon ln-
dn;anr&o,";t, varLtrtgc ri$e Lncor"1)oirlrted. ln tip oguatlor. ?i'*k1ng

tho e"rJ c3r.;sc aa ei, c.Errr1",lgr ttu rug:reaatorr ooerflalsrt of
trelglrt cf eurcusf, curnale on o.rrtaso v<llgfrt altrD tg o.t1
(tatote 7). xho tneSr:a Lcr tf trrrnsrus Lon8llrp whlolr ma&os a

ncxrol.fg:tf,loEnt contrlbutlons r"od,r.rcee tht^e by or07. Ituusna

16ngth tts18, tu]mlnE welg$t, e8 solmr.ate lrreloSandsnt varlatcs,
Btrlo Fss!()nslblo for tts la4gsot rceduotlill rt' o.ogr Btlrlg th€

ombtnstlsr otr theg bom fiFaBraomnts Ln t*n rulgbt pr urlt
loneth vanl.ato &ersses tbo cotttoloat bgr OeO8.

&o oursldlng regFcsslo oodflatsrts f,F tbe wt}rer
olms fol.L.w tbxc eC tID tn€rg r?lry ol"ool,yr In tabls 7
vhere gn$oata ratgbt xe tlro solr lnilmonaerrt var{ato tb$o
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te c dlff<lrronos of, O.OE btsetrl tho ocefficlmte of the tvo

oleass. in the rrulttple rcgromlon oqsertloms (fetlg fO)

tlto ;xirtll'rl t'o6tes$1dt coefflclonts aro the oamo fcn botlr

celx€€ic8 cl.*ngog ln tlueg of tln scur r.gLatlmolrli.,o lncor|63'-
at'i:":C cr.uleaoo eelgtrt. In the fbur.tlr eugs (cnncnee u,ruecla

cs! ear€aso Ee:.gstt; hunenn Length, rirrl, lxsmruB sslgfrt) tlers
l.c a dtfforree cf, ct"rly O.Ol bstv'csr tlrc c:rlrcaoe rrelglrt

pe:'titil oooff,i,elents cf thseo tvo class€Erc Ttro abqre

patt'e;rr le ;rl,r:c uVi,lent !n tlrc ctrinclrir1| ;jrirtl::l r.Ogneeglog

cc,sfflclontg (t'l.bic l?)"
Srcftr 1e t,rleo te i*rrkedr t:lthougtr lese stnltslng, elrnllarlty

bctget,':r. tir e*:rJ&$B Est6trt ,-*.il't3.ri.l re8:reeelon coeff,lolents of
tlrc fit.r .L;r,$ e&isaea. in all e*flou theee coofflclente are

hlg;l,er .I:. t:ro hr& cla$sos thi,n ln thc :*rtiro ahoep.

?io kicori-.";g"r.itlcst if h-*.affr,ig .tength gl.tlr @Fceeta welght

entlr/cr h,J:lcr.m ',ioj.$rt addg L1ttlc to tho prodlcttw i)trero
of' tircoo o'li.ictr y*ii'lutCIR. of tlp 12 rarrl,tJ,5ilo nog:rooelsns ln
ghleir tlilc vr;,i"r-:Eo ri;ri;c*i.op 1ts eontrtbutlcr to ttp i,nod,lotlrn
d csrecoa tt-gele tielrlrt l.e elgnlflcint ln only three lnot,rrncool

and, t&en at onl.y thc 5 jpr collt. teveL otr pr&ublllty. In ilp
6s!s aryf wettxrn e}aeoqs thl,e le du6 g'r{mrllgr to t}g poor nolatAe-
s}d.!a bstrem thts var"tato and. cancase rnsolo (faUfo Z). fbs

aortrlrtlan eoef$lc1srt6 Ln tab],s tt errd atarldss{ tnstlal
ryrmolcr cd*lotsrto ln ttrble 12 eh(p tbat ttp hlgfrgr
srgarflornt a;:nrclgttm bctueisr oartlaag utaolc end, burl.tg
lsstb ln tb &ne clossog a?s Lsrggl,y E rcqrlt of tlle olac
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eol.atlmarlrlpe of, the 3*ttor to htrer'tre selght sndr tltrq$b
hrrrffi:trs Eelghtr to o*iroags FBlghA, &ls ls eell, (a@nli1tf:l6d

in F1S. lrr gtrsror ln ei,Lto d t&s hl8hl$ elgnlf,trcant corzel'rtlcfr

tm6.rcea ori:pnsrl uryrrele ard. hrrenro lwrgt& t\.*.fr) ttro standtiscil

;xrrti";:,L regpeeolcn amltlclent crhwi,ng tho dtr€et ef,fect of
hras:nn ]c&gtlr ur ciilrlsss nuBoLo le verTr sn*rll (n; - O.OB).

I3e olxingos trr t}e ilertlal" erl8 eCard,ar€ ;;artlal regreeeldr

eoef,lf$,cielrts of humr*s Lengttr ere lses ln tle &o cquatlqrs

eontrrfurl.:$ i:urp::uc i:Bigl$ tlran ln tirsa€ xilr1<rh lno}ude oargaeg

voll';lrt. Tiri.s r.ngr 'he *.,kqr ae S.ri.tln:r wlGencg of tlp depcruloncy

od' hurrcr*ris lengtfi aE! t:s gelffit of, thut i;ixp ftr 1tg prod.letlrre

!j{['{e."]C o

i?ro ncgritlvo elgn c5' the ]run:r";c lc*i:th partltrl nog;'mstgr

cosf'fXclont osca 1".r five of, tJro 12 oqut.itlois eontainin6; thls
vr"l.l*to;i,o i.r so8,,1t.,)f,'tf,te 3oor'lrci-uitl<xrsit1.li of hurer'r:c ierqlth

tii ci,itr.i6j$ Ifrr.$c131 ri:* r;nlseg t?tfcnevor the tro&fct of tl]e

oorrclutl.on befi?€on t3p $ro lrxlolc:de,*rt vsr.j,ntcs noil th<r c tr.'nr!nrd,

;x;rtltl ngg$oesicn cr-${flelent of tlre eseorrl. lr.dsrendent var.lrito

X.s gmuten ?lien tlre c*r,$olstlsr bctnroen hurnn.€ lengtJr rurcl, tlB

€$1nrrdent vtrrl$t€r

Itrs lrlol.tslcr of brmrus lsagth ln E nnrltlpls rogneeelan

o$urt16 slt,h lnmlrt:a wtllSFt cnVe oemnss Eolgbt no&res t}p
gtsndlrrr{, grtr'ong 6 osttrartc oE oonoflss rulBolcl el,ttDough not to
any qlrrl3c18h:lo aftsrt. elo€Dtl@ to tlr|l Ssnorallratlqr are

8crrr*, tn tlp sqg[aaslcn of, Ganolgs ranolo oa c&noest Elgbt end,

lrrens lffath trs th ?ottpnsr tlu rcgnrlErlo of oernrgo nrslo
cr htmus t6gtb ard hr.mnn ualg[t la the ntlror lanbl sad
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ttre nogfcgelci of eu;gtrga m.ualg olt e$Fetusg irolgfrtl hureita

Lont:th un€ lrureero.$ E€lgiit ln tils gBE Lsrribs. Itt tbsc lnetanooe

{ilro etrr33i13{. E15rq;5 6'' ostl#ate Ero furonsesecl by ffF lnoll8tm
af tnl*rerrigr Isr1ftho $ilsh BffrIL j.vr{.}rCIes6 arg oentelnly nm-
gltplftctrrtr $$f,, rilt) Et Leust i;artlg urttrltnrteblo to t}lo loee

of tfto <legrqos of' f,;ee&rl essmtritocl trlth thts addltlmaL

vanlutc',

lhrxtr.r.s nolglrt, ln cor;*ilnrrtisl slth ctrt€aes welggbtl

e,tn'f,r.,i.1 uics lll.f{rl}J olgnlflcrsrt lnfo:*ntlcn rtr8$nltng the uei6*$

of cr*crif;s i.i:tfjcj.€ j.n {ij.3. eiir\}ag6 c'}ags(}8 exce6lt tln vethcr€c

In a31 ci,rino€Jr hrallrding tlrl iTcthcrcr th:p corr"el*itlong ulth
ciri$i"i-lr.i ::l;ncle rn:",o lgrcrerised^' r:i:.1 t'lg ct{r$d,src elrrsrg of

octj.nr;tr,' Gcenc;r^sictlo W tt'rsr l::,raluglcm ctr tJle htrr€r;e uolght
*rirrLrrt€o 3n g{)Erblnatlrlr u'itir iii.ggr'us le.rgthp lru::scar$ vtiLi$:t

cul3'lcu *"[r.rx;? i.}J tJic ;:c'oti,ctlvo ioron of tie r.olstlcnsi:l1rst

s$ ifti;r tre il.i,,;n f,ror: t.lg e{,gfflrir(l 1.,ur"t1'{. reoF'rnesolcn coefflclonte

ln tublo'i?e 1ar4l ri{i rnlght be **t1c1*,rated frqa t}p crrrr.elrltlon

eoeffleiq..l:1t;e tn 'Ilrbleg 7 a.rc1 11" In tie rniltlplo nogne8slsrB

gr all tiu*xi vsr.-Lertog fitc olr'iri.fiei.lrco of t,m add,ttlqral

tnforttrtlsr Eontrtlhrtodl by hurer'ue wel8bt 1a loesened,r sl,thougb

lts lnolr.nlmt 1g etll.l dfectlvE ln r.o&rolng tb standard,

orrora d oetlnritor igrtlcuLurty ln tlD Bturc abap end, stG

lpr& sl*ssgs.

Tho ;,artlal Erd steadsrd Fart18l rcgrssslcr oootrtlstonts

of hrmrus wtefD ln tlr tr$r ttffi ontatrrl4g rXL thmo tnl
dcfsrdlgt0 rerlatc bsar a elosr elallnrlty to tboc fn tb
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s'{tgr"(}f}Blcnrc lncorpc*rtlrlg' o.rrE asg rvolpfit ard, brrrcr'tra gp1ght

tf,rts1 Bo t;ti^rso in tt?3 regr€asl,me Erhlctl cxclude eerrgaee wo1trqlrt3

1.o. r t,:.s etklltltrl of htaertxl lo*g;t$ to huri.rcr"ue Egl4ht d,oqg

aot lurvs r c ger9rit an ef,feet sr thei 3;recllstlvo powsp of ttrst
vr.rriuts u$ ciulc ttrc uditltl*? of ei;aectrsr t;€t$tto

t ;:;riltL*,lo ;'*g.,oecletg glffi errl,c*g$ uel$rt, bpnegs
vel;lit . 14 €tTr" i-.siii(ls BlgnlfT.cr;nt cr*rtrlbutJ,one to tlt *:t'€<llotlu-r
d t:ls lfoj.Sirt of i.rr.icgrrLer" tissiis Ln tbo aar.caggo 3lw ud.d,ltiorusl,

5,:forr::s,L&ton sq,p3.lod 'br/. fi:e rcli$it ;;er. ",erlt lengttr Viitr.li; tg fu3

cli'.grlfior*rt at tlre g 1.:crr ce:tt. ".tevel, gf ,,irgbi;bil.1tv i32 ilro nNrSs

cl.isgose ni:.rr. ':t tls I ,.rc.. @nt" icvr-lL ln ge fcrsrf,,og, JItc

cix.,tb1::'*ti,i:'i r)f crrr.(lc;nc r etglt und. hr.u*rtn rel6f:t icn cri. ti{'i.ortje
bcti;cr: :'"ct?lctlGl og' tixr oe;,m.elcnt vrei*tc ilurn d-ms c$rForisg

voJ.:'.irt r.,l;.: l,',.lrL;:::Er.; lcrrflt&, -:nirtlcttJ.r,l.J'j tn tlro tryo elassee cf
mrt-.":re r;iic+j.:o -t'Od,J,et1Cn: tn thcsei eligsoar hrt nOt ln ttrs
L.;.r.i:r:3 -s ll'+,rcnr*d. t;, * !.oGger e.lrttrlt r;r tho subgtltutlon of
hia"ry-:-'rtg v€J-tt-rrt ;:;$p s;,,o for. tin sbris].lato -no:lg sol€$t vurl8to
Ln t.-c -.r'.llt1i:1c ;',:5,-;.,Sstoj.ls vlth gi:Jlgr.rso t€ight.

Tl}c i,lilrtll,lc con€bt^lon errefftescrrta ald. stendsrcl erBCIrg

of estfu&rte a$E:ool*tert wlth tb oacrbln*.tLcr of oa$saga welght
and hnr'reFire vel.gfrt psr trnLt longtlr shcni r:rar*rec grcnllarttlgg
to tbost) provtdsd, by t'tro odrlntrtJm sf, se$oriao slght, bra6ns
f'ertgtb tud, huusrun Etel,ebt. l\ltDmrt$ the clnglc bm1.1lg seir.*rt,
pe wrrt' l€ufir 'rsrl&to orn ryp1800 both tJp bn6tb ard, wetght
varletce ln tb rnrl3lpg rcht^l,arehlp wltbflrt onJr elrytrqrleble
lss tn trp eflflol@y of i,redrcu,a of gasoaes etslg, d ooEF
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perlacra o::. g!1" llnoan regneeelmo sr hwercs setsht pgr orir
(5bblc 7) tad tln r:ultti;Lo regresslm* crr brunerus l,engfir and,

hrfl,FrRi€ woL6bt (Tablo to) ebom thr.tp tn tb rrtrss.lse ctr the
C!.I€{isS r.;oi;;irt venlato, ttn ccrrbl::,atr1* * t}E tgo ubeoluto
veir{g1u" Ls nore olmogr rcol$ted to an :rrcovtibs bettsr
irso(tictlolre r;f; ti19 dogrontlent vrr.r.ihrto ttrr:a Ls tho ce.eo ulr€l
ltoth rarrgurel*xrte are tncorpot'*t€d lrt ths cno varl*to.

flf ti:rr nltlple i:elstlmnhrj:o , *-rsenterl, la Tabte lo
the ecn;ib*'i'it,'Ltxts cf luang'lrg l$n8th aqd. I1,6er-rro wolgtrtl arf.
of' curcr.ae mrlgtrt nrrd tp-rm:ts Len$thr ;,r.orrfuls 6D leaet eat-
Lsf'joto:i;r gfittnatOo ojl Gr$,,rr!i.Fn nrgcleo 1t:eno te llttlO
ftlff,e:rrlcu i.n tr,ro ota'let,.:nai.es o{. eotluNltlqr affor.rClnd. by the
otlxi: g.r-jbl:i.;tt(xts c{' j.r:€c..,ia:xl.ortt va:,.lateg*

2. gYtjctliiis $s,Ltr{ tluiu

!'j':c i;xrclel ,-co{t ln rinri\re1n6 ihe j.iTograoo $traln tblnl
d'ats liag 56-'r outllaetl. fur ilci;;top IiI. Ilre analJzsee of v.,.1,t6ggg

eq;-,l,oge* ln tootlng tlio lnterrictir.r botnroenl rlnil tfc olggriflenrpe
of,r tl* b5.;'tfiFrerrh and, leotrrre of:fgctg ln oertcrln y*I1Lr. tsg sire
g!.vocr ln ilpm&l: r. rhEeo teots &no not aDDllsd to the tso
rrel'Bht i;er irnlt lgngtb vanlrrtoer BB theee quantltles $$e

derlred fno:n tlu aboruto lsngttr ana selgbt 
'laasrurrupnts cf

trhe leelpottra bcrpe. &ytdtsroo of e elgntltoent interastl@
botscs bLrttrmr gld, pcfrrne cf,fccts nas ford cnrg la tb
oGncr elilb rrrphtr. A! t&6 tcts d olenltloaw of
tuubnt oaftats ere no rsryo! rlpllorbLc for t&,ls rulatr,
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G.iFr}o$ i?l,dth h: rB rlot besn lrrcluded ln tho ensul&g anr-el;r8sg.

rn n<no of ti:G v"ii,lutoti testsd rrtg b1r*tr.r:,i:h fornd to li;tvg

{ti-Ii/ $1f,n1fT.c:;r.it cf$octc t'Bgt'*Be tl*el orl the ot}ron lra-rrd.l

.-'ro&ricod. l.n off,loct olgnlfte$rt ,.t the 1 l€tr c€nt. leveL d
;;r'obriblLlt;i .l;1 tlro uerght of nixieu,Ltin tleo'.ro xn the carcr.g$l

ostr cti:rsLoc, lToig!]tr r:,nd. sr ixith 5w.n;.ue imu8ileoragntg. In tho
tuo oa:n.ri vli:X.;:tos tcgtod, tle of,fect of 3:uetone tyirc ree

clijlr,f .Jlcis:t *t t:n 5 .:oF eoiito l"evglc

*.iiGtrHro tg,.*c 1o tlriin :r@.3'rolts16la fon e lgnlftesnt d.lff,er-
encoa L.:^ ;:'Ll tiv; .J'ogrrigs lltnaln tni.iil v,iriutog" Thq, toste
Bl;tI r.it,:$r;cl fur ,'.;,_. Cr:d,leOe II u:C. *lii .,;il.l dOOlg,nOd, tO ghfl?

gllctlx;r t]::l-c .,',;"rt,'1e..r];"ir- troi,t.t:nt a:i,:i,ectcd, ar5r riLtori"tlcB
ln t]:c i-r,r.1il'L3cp-l.r-ij:)1i.fl &r.lcnij tlcno v,,;,l;jtcs. .',p;lond$r II
rlctrlg i;i.tl: i',;; i7j.tl)-tn i;r-:rstu"rc-ffro rcFfiJoslcprc of cl.rac&icg

nftrnClO (I: C,..ij* Of tIrC gOVCi lr'ii:-Cni1i:,:tt Vrrpls;lgo Tit$i;e

testo rrtlie;iii. no olf_trL3.flcant d.if,fur,esiccs botveen tjie fjour
Bnc5;!s suflr€coien cco{':ficlents Ln alx *f ttro asvon fr:rel].ics

of lergi"ooolcr::.r, rurd u djficr.orlooo ciprflcaint ut ilr: 5 lcn
cclt" lcvole bof,r-roo:r tlp BLotr:€E ctr tie four nogi-<.ros1o::o sn

cs$nsr wlgj,rt" Srt:sl wltlr ttrc oy*:O;,tlm d the lastrultlmed,
rtlatlmohtri. a tho f qrn negreeeloa eoofiglolonte of arur ons

setlv eulr iro estslderod, sE rcf,er.r"Lsrg to drffclont oa4rloe
dreen frso tirg m l$Ixrlatlqr,

lbelbLe oainc d t.}n ol*fsrglBo tn tbc slopc of thc
mqpXs reogsomloo of oaroEea rilaslo rxl onn4cl rclgbt rlll
bo omsl&olud ln r*raptfip V. ttororur, sqJr blolo8t oal erplanatto

I{ASSEY AGRICULTURAL COLLEGE
LIBRAiY ?ALilERST?N MNTN, r.Z.
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Carrgon

Gunnm'
Cumwr
Or;ifEfm

&rurue
IfiruO:ng
I$mrrus

tlr85
2.rg

8.d+

1006f

35.91
?.S,
3.n

f5"tl
96.116

7,12

1.116

o.26

5.ag

9.37
5.91
o.l5
o.e6

QrbB

lo.l5
o.58

9.7
26.2
2'5
2.TO

l{.8
1i5.8

3.2
lr.Otl

6.76 - l6.b2
J r8E - t.1O

11t71 - t+l.TI

Idngt}t (en )
ie16ht (e. )
rftd,ttr (on, )
',}:fsbt p6IP Brr (g. )

L@6tb (sn )
;?slght (e. )
l-bl$nt tligr €@. (S. )

-
al

r-

-

12.1 - tlr.?
7U - 12E

6.02 - 8.?6



1Ol.

of, tbla dBfiSoronos does rrof&lng to rafl&o ths Olf,fctqtac lag!
$E1r nhtls fu'll,r apj;rust etlng ?be oinnlns to or1tlol6e

creotod bp the firrtlpn Ess € tjhs sennsr vaLgbt varrl,atel {rhls

EriasLi"reilsnt hBB becn notartnod, cry3. w11,1 ba wed ln tbo eub-

esglslt ii:r:{xl$Egs bmar:se cf t&e trEtrifft{insc of, lts sots ln
alry shr,*Jr af beno'+xrEcls nelatlanshltrF. ItB trc1ustcr le aLso

gw,pox.t€g l,l? tfio ns}.rtlvel,S 3,os Level of prubab!.ltW at shlch t&e

dlfferonco tn tire orogrle regeosalcr coof,flelonts ettalno Elg-

nlf,lcemcrel rsni'L gu.r't?$tor'p b;r tlte fuiqli of rrn;r sush &lf,ferslce ln
tlro tee?,s r€rcrrf lndef;Enrlent v$lrlatoe (Apperdlx IIX)'

F\rt&ror erl,derse lg preeert'ed tn /rppondlx III to elrog

th*t, al.t]:sEl{ih tho d!f,fb;rent :;astrrr"e ty.tes prorlrne el6yrlf-

tcaut d.iIifo.rer:ceg tn ttte rrutrlolrs cl'iB{i8s and, bcrn !:$risi.lF$-

r:ientel ti:e F$Lutlomsld;n &{rffitg these vrir"lnbl€s do not t15.fio:r

bettrocn tretufrssrt gFsu[n.

1?ro al|'rlflc:lat Fcsturqa tFf* of,nget 18 oilnlnatecl 1n

the susrinitlcsl uf, gorz'gated sw$ of sguaroe and. orlFgproduote

eqrrrtcG tvltlrln pwtuno tyfm a:d, ugcd, ln tlp Oerlwtlo of
tba o$nn{Br r€grroselo oosfftci.snte ln ,\pfendloos lI and III.

'Itro fiemsp 6tun&ar0 dsvt$&l*rsr en0 rangm of tb! Bru-
gmss $t'roXn ffi.a1 tartstm are llrNsoate{ tn leblo 15.

Oqnr1ems rttr trhblss t a$d, 6 sncr tbrt tb &grasr Etreln

tllrf G&$8es88 barn hlg!*r lslen Oamr.r rctehts a'rr il&cr
Efir hmlflK nfdffis IDa m. l€argf$ tha th tg0 Scrlrg cru

cailnotosr Xhs ilcpudcat tsrlstrs rrd ltunr fcrylh cd,

646bt snyl,aGm of tb Rtlgrees gtmfn Erlal onreeood blve
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TASC$

ftrlrltilryhrns.g$ro€n tsFltr\t' oq 4P.stlfqiF$ssu. ln O8rqp8€

g$e,, OttRI Xqglq?ss fi Fr!trsq{ qt+a$n. T{1l1 8prqLr

Dotrnndmrt lthptnto rr Wctg$t d &roulsr tlosrn ln Oaroaea (tg. ) el I

Iadlaped€nt
Yariato

Osreitatt{n
Gosf,ftctrnt(r) lcsllggrt$ q'* (xcJ sl."*Ff

Eguatlo t'

Oarcaes s&nt

Oawrorr Isn€lt$ &ta.)

Csnris: I{ol.drt (S.}
Oarasr Eso+ght
iFF Sb [Br J

Slrwue Isnglb (€cJ

ffimrre hlgbt (e.l
Ilwnr "914tp{rtP fil. (8. J

ftd.Ptl + 5'OIo.gt"t

o.5Ea

o.698*

o.€'

o.60oo
O.?6tt

o.3lo'

Il rr{ .27AL

rtd.egfr
rtrtrtoot

In al.0OI[
Yt4,ttne
rtd.62Ht

r-

+

1.*
2.89

t oo5

-1 1.85
+ 1.41

- 1.48

o.8e

l.lr0
l.o8

o.g7

I,18
o.96

1 rO{

6,92

lt.El
9.1t

B.tg

9.96
Lro
g.5e
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Lmor, @en yr.if.isg tlrr;u tis euw of, tlre l3O Serlee. A1tr.ba€h

t^tlo rai:r61cs of rrLl vninletogl oxceFt Snrronrg l€n€ib, ano 6noaten

tn t'he i}rcgraso Stratn Trlnl. scirousooe than la thme d tln
laO $6rlsg grfogl tha st{rrrltir{ dovlatlone d al,]. 8ye€flpass D?,rulrr

Cr"lril vari&tce *i.o l,cruo:r t!'rln tlrose €tr ths ffios ln tlp 1N
SoE{oa,

gtrs scro crrdcr osprel'atlcna coeftlelevnts ard. llrrar
regrtsol.cn orluutlms r.olatlng tlle wolght of oarga"og mrsolc to

o{1r€ae6 '.:'oi[:ht a.']d, to tI'$ cir:iRtrr and. hrnerue var":l,atog eno

I:}r"oge rtad. i.n tt^bLo th" ttle bost ;rotlieu,sr of tlp delionclsat

var"t*tc is eguin glven b4i ea:elroo welght.

tlre ::*nklqg orrtror of tlp gor.relriti.sts slth tl:e tturoc

Orlllrrrts: -rlr:i.i;:to0 i'CrLlCFtS thsrt of tilc humi'uC Vaflatce 1n t}r)

1t]0 5ic:.,l.ca evooo CarEtcr velght 3,or r.rDlt lonftth ls moet

oloce?;' p6]ntcd to gnd. ;,*or'ldoa tlc rsrst nstlefrrctortrf mti-r:ato

d ca,c*s$ nl.,Belo" llhl,a l"e follsgoO by lihe $baolute rlelt,:ht

vnnlate, u:,rl tn tjtlrd lrli;ssr by oumrm lengtb whlcb t.e BX6-'

alflegnt*y* r"el,u.tsil tcl qlr:lrp;rcg rilrscle at er$f tlp 5 pon oont.

lovcl d tr'r'obni;1llty.
gp pi'nlcln8 or{gr of tho threo hurer,ts ver{atos d,ms

not foLLry the t of t.}ro eenatrn masraorgntg o[' of tb l2O ibr.log

osBot lnnczrn nBs.BBlwrts. In thts csBe tho rolEttrTf lpsltlfiB
of Mrelts scl$$ an0 hunp mlgt$ po! ost eFo rrlrrcrocdl

al'tharyn tfro Alffrretr(p botscsn th€o Ls not lrrtto Sls
rlh'{rgp rlay bs duor $ prrrt at leasb to tb Cltfcrroar la
tbo ecrrolstlms bo$te t&o aoqlosrtg of tDe rclgbt Dorr @.

tcrl.Btsa. 3hr lffir cqmelrtlar Dctrsrrr ornam logth .nO
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satr-tit

ffii:[tp,

Dqr€ndtrb tbrLato r Hdght of lessrlm 8lsrn ln SbonrfArrr (8.) (fal

r@rfrel
VUrl,ctc

Oorrclltfa bgrtsls
acrtrtlfrnt(r) lqutlGn

t".r(E'l lror f f

carlosse b$bt (rlH ) o.?t4 f4'A.ef + frf0 O.lC 8.2e

6rmm, I€ilgs (m.)
Camm, i?oldbt (4.)

ffiern :gl6fh(GJ
tfirrrnn Slglt (e.)

lg€rd$f - O.59
Igi.Ol& + O.69

Ig,ro"Sbgl - 8.tb
IgdeW + O..l|l

o.Sro'
o.6bs

o*6e|r
orAnt

o.t!
o.gf

o.af
OrlE

17.la2
9.fr

9.fi
8.82
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srolght (p '' S.5li) t$ran betwen huner'tre leugth and wlght (r - CI.26)

glrm stcr€t i]Glgra te trhe dsn1vrs6, wotght per cm. wrnlatg ln $p easo

of tho o{LRn$rl (eui:le {7). n}e bn6ilh vernlato 66a1n nff,ords tin
leaet sutLgfi:otgry trd.tctlm of ciir€iigg sr$ol€. lbe etrrry3ard,

eraii'ofi) of, eetliete assoefu"tgd, tzlth tlp th:'eo hurrcnrg vr.rrj"*teg srg

csreleteatly lffio1. tn ths i$regnr'ge {lt:p*J.n gblal ess tlrar tn trp
lm fefLoe exesp alttrcrgh the m;:nel.;rt1ur E€f,ftotffte d. ti)o
ncl$it rnc. 'relFfrt per om. wnlates Br€ v€Ey olrlller ln botb

1:rstr.t1coff. 'S*,l; eou-Ld be trttnlbutod to iho gnoaten nurDen of
otrsearrutlcs:. ln t*re lVegrr&ss titrriln t?lal datd.

;t cu.q,;;r:"1sgn ot' tlp effl,clsrclee rf prodlottqr af;fondcd by

thc c.surcr.:. unl i$rtrF.ro*g fi:,,ir{rrt€G ghctrg tSult tXprre le lltt].a
&lffr:ru:ice ir:tuein tile ctand,urd er.nmg of eetlnatr of the
rc6lrooolfi.ul sl htrrrcr.rl voight, ard, cti:urer wolght, ;.er gre, Iiltl:elRs

tztll6ht ...$r c'." ";r'ovl0€s esr cnry o11ght3.y Leee satlafsotor"y mu.srts
ttrti:t al-t:'ie:r of i,trc r:bcnro vr:riatogo Se rsnlgl,ng or€cr thcner:ftor
!s o.1i.rurm, velglrtl hu.'*r:ruc ten$th, rind e;inn*t lengltr.

lTto nel,,t,ternsht;c to and, i,r^odj,ctlcgre ctr tlE wolght of
ur,rsculnr tlsg'ris ln tllc shotrldor. (tuUlet Iil ar.'s d lntenastl €v€n

tf not d ae Sroat lqpost ae tho coa$selceillng caFcresg mrsole

relatl,*rehllp. ft"ra s36p dllflbrelcgs to be notcd, her€ lrFgp

flrstlgr thst hmrue ve1@t pncldm m good sa art$natp cf
t&s wlgbt of mrssuLnr tlssrp lrr tbo ehoulier aa dme o&r?Ess

mlshtr qtra {lgendllrr ?ist tb ef,flobnsy of prudroflo d burenp
fmsth l^| s{qojt to trtt d osrm Er6*rL Orum fmttb Edn-
tttlns lts slslshtry Ipor rsltlm aB on tn!fr oE nlroulrtr
tlg$rcr
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tlul c].Lt1fe$ffircea bqtwean t}re ;-:r-rrll,gr).rrg rcllrrtlmglrlr€ ilr rr,urm
tt* s:''rrl 15 Ees.s i'ested, r:slng RLeherre a tr*-rrsf,onrutlgrr ;xn nmg
of tiro fivcl srse* saB tli8 d,l*foffi.t$e l&'r.8e enough to b€ elgnlfi.cant.
Thuer tire laagt& and, rolgfit rcae'*ueffinte ef trlo oannon snd hlrei:its
are no nlpte cloeeS,;1 r'erl:iitgd, r;o tln nel;l*t uf mrlscuLrirr trls$trg ln
ths e]louldor thrsr to tho tofurl sotff'lt d rxrsalo tn tbe or".For:,Gsr

As ln tl:e {3O ficr*eal $F alm cf thc ft-i:tlrer studlee uslnfi til€
sbsvrg btono lni"Glsffil$,nts vtr 11 bo t*re . red.Lotlsn of tin uelgt'.:t (f.
t]]g e*lctrcB trlloc]$r i?ro oe'i.,fu.uotlgr ;:f eirould,et :ulsc-.,r-furr' tlogr.g
g1il not lp ein"clelergil fur$en"

?lro n'"urlti33'c eo;rel'utt m eoof,fla3.eclt* aru!. tegreer;lon erlgnt{ow
nel*t3.ng crii.1oiiil* i,Elficle to or.,,t€ir{i{-: ifs{;-',.gt ,:rrtul. tc esrulon ,ind, hwi€3'd.t

ralcis'Laqol.{}::tii ;u'e glvwl tn lubtO t6. Of tl4 flvE OquutltrnS go*-
ttrlni:r,: ci.*E}oEt s*:.'l.aate$ tl:o bcst..rcCLletlgn of, the welght of ciir€;,:tig
la.;golo ":$ ;l,irier: i:;'" tl;e conbtnutlst of, gulFe:lrg$ we16ght, ounnon leni;th
trnel cu:nul rTolg'Jri" tl.rc€n$s uelgfrt gi"tlr giurnon loagurl wlth c&ttnon

Esiflhtr *,xi i,'itll gai:Lrrd] $elgbt lron irnlt Length ane a1l of B el.;-,LlLar

offJ.clcncy tf sctlni'tlcn trhleh j.s on\y sll{.*ltly lcae a+rtlaftretory
thqr tJ}rrt fi.xroictlEcl by tht' thrso-1nd.o;,€n€enterysnlet€ rogreog3log,

Iho e&;n&lnd' oFo:r otr egt!.mts of c{racaso mnolo provldotl by tltre

acn&lnatlo of g*rugr€gr l.mgth ard, etflnct rselght te Oongldenublgr
gneatcr trr;'ct tbst, of, er.$r rxtglrroslgr ln*ro%x}ratl'8 Ga33,*. rrelgbt.

In rlL tlrr cqucttm ooatalnlng crtr?irgt rolght tltfg yus.lute

casrloa expt d tb 1'redlotlvl vrlrs d tlp lggrasstm, aa nay be

Jtrltgc{ t?q t}t f.glral' d etgnlftonnc otr $re G,.rrof,rga soleht a,aFttral
8nt[ila881Q ooclalsrtB, fro trho nllenlfiilc d tb drungor tn tDilo



fOS.

IAN€JI

Va!4stff Corsofrttdl.
OcCrfsfsrt(r)

g4rss66 re1sbt t €ffis Igrgth
crlsaees Egt€ht I SEsHn 'bf€ts3
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IIF Ottr

gtrrssss s{E{ght r &&luo lfitgilh
Garoess Sel€bt t tttsrtn tlbldht
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IIS @r

cssg|clr ldrytb r Setrlm mtl€Ft

Rmrqg X*gl8tll r ftutrts vhl€bt

oslrsr L€st8sb r llsrffin L€Ugth
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oocff,tc.l.crlts bottvocn rogtlooolorrs1 rirrttr, fr.om nn era$u.natl,gr of t]lo
gtailtl*.r"d.,,iil'ti.rf. i'Ogt'OOClOrf OOOf{'lClentC tn 1a'bLe 1 8.

Ctuncn tro-gti: and. eluuron weli.ht, botlr coltnlbuto hlg,hly

91"{TrtfXc.::"iL i;rcrSSotlvo inf'oi., ritlsr r€guidlytg tirl volgfit r;f eu:.cass

m.isclc '-Tliti.; eitlun lc copart*telJ agrel(1or.gd gith cr,tr€agc tzolgfit.

llouevr:;:1 t;,I:g-'r tog:thorr 6nd. ercl,ud,t'nft crcr€ssg wolghte e rulfrr

Longth r?.oos not adC urg Bl6tililcr:nt lnfornnr.rtlm ts th;,t ulr.oa4;r

Gi4ilrJlgd 'b,f ctr:ul€n ir:i6frt. ri liatii cocfflclcurt c11nr.cr)rrl:l crxtgtr.tEtsdl

dpu: fu.'e ccir:rclutl,on oscflf'lei.rnte 5 Tr:i:3,os ll+ rur,ll 17, r:;r-tl;-:f,;,1sJqp&

"xii'tLu1 
rogrr:r;sia: eoofflol,entg g1 Trrble 18 glrorrs tir..t titc t'ror:-olg-

.tii'lua;iee af tldg eo:rtnlbutlcar rrrricos frcr-i t,re ft,Gt tJu.,t tlic
ilJiil*.nDlloQ iJ:f, cillulcrt loa8th io e:ii;necgo* trlr,rgrt vhoLlJf tlrrougfr

cri:1i10t1 Eo;.ij:t"

ilhrrl .;.r1s.-,so 'rol;|:t Lc ir.cJ..*r1cd, afi a tidnd lndc6:lxlent varl{ri,o
,j;iti,i f,"1'-::(x,r. J"*.rrgth rurc er,3xloo veiEftt tlp contnlbut,lons otr tln bone

i.5r:ug!-","".;.t-;':liir ;-;te ol,lf,rlflcrtnt ut cnlJ tho 5 !€rr cent, rsye]. ihie
crr,:;r: 5:r .tl;ic 

;rrro.-.LiOtrvO viJ.ue of tirOse Vui.lnteo le d,Lts tO the

flict tl.r*t GiJrlt'xl nelght io rglritivoly olooe3,y Fglateil to cur.ror^os

celgiit i,ir o {).i1B) gghilo oannqt l<r:gUr and, surcaao Eelght aro

vlrturlJgr rrrroLated (n r O.Onf )" Srrrsr tb ofr8gt d: oam@

lsagtb m cr*rlueg lnrgolel altboq6fi gtml,l (r r 8e52; elgnlffla.lnt
at tis 5 l'pn @!t. lovel)r EE e!'tbr tllrootry on tJrrqrglr oarurcn

vol,ghts hrt not tltrcugb oa$oirgg velt*rtr frrsaa approxlurr,rte&''

bslf d tlio efSsst of ssraon relgltt oA cartaBs Enrsglo astg

thncngh c. !g{r6a eeleht, Aft&ough orrnncl El€ht aluayo glvos

lBorro lnformttm qus0lng t&o depndeat vqrlnte tbna Cmo oururo
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fAqLE rE

fit+'rflru$, F$rtl,ql iblr4$sdga .q$tFlalgtts. r RltqTaq
Strqf4 8Fre1 ftqs'frrr

Brlrraes llrccl€ er (c)l F) srtt (s) nefA cffitant

erAepmmt Verl&tc oosf;frsxslt

o

SBreagE et"gbt
Cescaga ';blght
Oe*seag lilcl€lr?
Oarcsss ritslght

Oer€Rse ijctsht
Ca$6&iss :ALght
Oarrou*e detght
Gereeso $et.8bt

Ganra{r t angth
Oi.tsrsr l€ngtb
Oamm le8th

Onrrssr ittctght
Oanncsr i{o**bt
Oarrran ltbl.ght

crym soldtrt
Ihef GIiL

IffiruE lcn8:.tlr
IFsnrg laae$,-:
tftrerus legth

Ittmrue WalSilB
Ilmnn e&ht
I*rone [bt€ht

hmnrg lgeteht
Fa:: axllr

Sarrfm lrcEtgth
tJsrmo ftlgbt
Garmm lran8rth
Oe:non l,YGtebt
p:r @r

ttmilr{B lgngtb
ttrruF Hcldlt
Itrurs leeth
Ifirur'ls 'rblght
lEtl CElr

Oemase Wilght
CfrEron H'slght
Oercrs ffiofgbt

Crrrqaeg iibfgbt
6,,tgl@ Itngtlr
ctrsoass Fiblght

f,smass qglEht

Csso$Bs tlotgbt
&rcnre f,Clgbt
Onrsass t3algbt

O "renes gcldrt
&rertp l.eagtb
csrsaas Egf&t

Strlnsase Solght

Oi*mrsr tssfsbt

I{rmnr $cf8ht

Cannflx Wctgttt

Snrursr lcngGh

S:mns !36tgbt

o"83
o.6,
O.?t
Q.fr

o.7,
0,1t4
o.66
o.6e

o.Jt
-O.07
o.1E

Q.37
O.??
o.Al

o.59

o.4l
o,05
O.5O

Orfr
O.ill
o.l7

o.55

Sulnas Ifigtb
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lsngtlrr it f..iils t+ pr.ovlels eny addltlstal lnforrstlst atten cilFoasB

s'olgtrtt ls lrrc].rxlod es an lnrlo"t:ndo:ri varltrto; berse the cixnS;eo ln

tire l,rerl^J-ot1vr, ve.lttcs Of tln 1:urttr rr3, I'ofirosglgr csOf,flclente.

'trre r"rttllrlc r.egr"ooolotr oerrclt'lane 1^rnet'r:rr,tlng hunorte lc;tgth

a:ir3. hr.$:orr:n ';retgi:t ;'-'r.ovldo Bi.rcrllott ct",::f,r.r'd, error€ d osiir+;t€ ttratl

tJ:o cor.seai,s6'i*ir{t oe*nnon bcn:C 1rrcgrgosj.ffiis. ;\ltlrouf$r !$.morn;,E}

vel,tfrt i.s i.ors el'esel/ eonrcli:te0 to tle dolorxlernt Yr.:rxat€ t3lrn

lll 11illsftrc loiigtbr t*rc ni.,rLtl,ilc Fo1-:roBclon orl Gi.l€rricg ';Jollht ttncl

iliJ:$r-$ Lenfth -r+vl*co ;r A}i{;htLy 'bCtEer estlrl,i'e cl8 c i,clign

rr.*rcl'e tirirn '3mc Si..-t oil GirFcrrss iloi.{:ht i"n<1, hi:npnre vej.fltt" ii;rth

eooffieigrL cl:ur:tr)ir,B .rrr3 ufli"fi lO15;fu1 ln Lnterpgetatlcn. ilumnire

Lci:gt$ ic ::c-l: t,"vc"l; ckxiei;: roLritoel. tr: earc;'og mlsole (r tt O.6O)t

tne,t, not t,, , crrleur:* r,'o11flt (p * U.26)" ]iuncnre velght, on tlg
otllef ?:,;-:ule 3tt trto;.€ O:LOGC]J GorTOlutol.i slt'h bOth o*rcags mrsolO

(r = o*7',r) rr::tl- cErl€ri{;s r,ol1irt (r = O.$b). In tlro regroselcgr on

o.irtiiiii.j volJJrt t*rd hr.u:r..ix,.,i8 "e3,1.flt t:rrcli of tl{J ..ned.lctlve lnf'olTil-

lrtlge e<xltnllrutod. ,; liun;i".ris uel1'ht ls aLso Oulrplled by Ourcrioo

get{flf,, '.t'lirl.rrie .L: tic i'of,t.ror'rilon m ciir€aog volght und htlsls.lg

tory3tit *, -l*r6e ;rropoattcrr erf tho lnfon;intlon f,lrnlshod by hur':orug

lqrgtb 1c igtlgue t0 thrt varlato.
Stus nel.etivo1';' slose conFqf.atis botffro@ tbo two htrcrllla

ftirlrlatea (n - 0.76) euggrrota that nroh of ttg prodletlvo pmr

d eaclr. le oqr.uu:n to tb6 othott. &E hXghor oorFoletlm of

oa:relags msole to brrrenre volgbt alLosg laaotloi"rlly all of tlD

lruftrrme d lnmm foagtb to est tturorub hrmnre uelglrt (O.57

oE a totr* of 0.60); aB eoa tlp oaee lrt tlp oetul@r rolutlcnolrl1r.
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Ifia *Irovo ;.,*ttern uf r.elutlcngtr1po ig Blso reep,mglblg

for tln trt*rsf,onorrce otr hlf$ly sXfflflaant 1-lnodlctlvE vn}rr
frcre htrnolnrs eolE*,t to humrto long$b stren onx€ags s?ol.:iht le
lnol,udrld, {io }.\ thirlil tndoienrlont vi"t'Lutg. ilarmnus sgl€,htr

rvh.l.eh ,ui ltc t:r* EElreo s nolatl,vslt good. q;tlnrrtlct of'cr,rrc.se

mioc3,cl oitiijlles ltrntlo L:rfersmtton bcysrrl thr,t Glvsr by e,;t'-

oaa8 aol$tte uh3.3.e €r].y ;r 8tt*11 -,!og6gr1,1ur ;rf the ;,llg&!ctiw
viJ.ue oi' ilu*prua lcngi3'i t"ictg thsoutp t"\ie fr'rii:t€o

In t?n cor&risrati.cn of caperier; rel6qlrt und lrumnrc r,roi$lt

J)er cnc bot!: *u!.e-ontlcrrt vt*r:rit€s -.rtrvir-lg hlghly elgnlf ie,nt
5,r:f'ornutlcn :,cg1, rd-1n9 t;o Segen€ont ?i.r1r'Xoo ilwgverr tho

nultl::ic cit:r3t.u"rtlixr orcff'1e:rc:tt f,,'ll"G to rciicir ti:oee of 'U:o

otlnr. rei','lL;;ir:ll1*o !-1coi.i,o:.':,iLr:5l e$*€;.:sc ';to16ht; tlro et.t-:clurd

Cl"FCle' r;f e'ctfu:.tc fia-Aisi"rcd b;'' (1.,.r:rca'1,3s voX,[$i.t ancl htrrefue welg]tt

pct er . .l,D c.rii'trrr:c. olxlJ:ri;-:-;i 1;,ii,lrrli.. tip;:t tlx:so llrrrvldgd, by tlree
ouref tcg::..ocolimn eont'gi.nhg eli'it,.L;g voi{rJitr but le rrprs eutp

lsf,rictc,r? tfum t3xrt affor.Oed by tire ctub1natlff1 of, hunrgnrs

lenf,th an{ hun:r,,o sol6ht.

rt gonGxig',igrxr of tlre .;roftLotlve l,ctr€fg of tro cannon andl

hrmwus sult&'l.e ro8reostouro ehcrls tlrat, slth tln oxceptlcrr

d tlio ge$fit idxr ocb equ*rtlclor tlro rcgrocolcrs m hunrrrro

vrarletoe Srrslloh cLoger stlmatsg d onrgass aaolg thra d,o

tlrlr oonssSt€d.3rr6 tFsgrtcgglcn c1 cflnnct vr:rlatcBo :?F erllror.

tcltg af lrhe csrsrm seltnt ,sr 6;L venlato ovor tb &:urf,agsq6

lnrprus vanluto le aeialn qparont ln th mlttpfs selnt{,offifrlps.
thts ltr*intrge 16 ts sUgDt to dsfuruct frrdn ttr oqponlolty ef
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the fnret 16 e:s elr lndox d tlo ueight d &ssltLar tiesue ln $E
GliFCaB€lr

3.

3RIAL, ,qi-Tjr

rt 18 iin aLsn of th16 soctlon to brlnc togBthor ths cl*rte

f,rcr.i tL:o 12C Ii"tlr.lcc mld tln :[regr.r"cc i:itr.;in Tr.1$1 Serloe a-'rd

to Ci<'-rrd:ro tlr,* ;)osolbllltiee of corabS.nlng tl:e eeparste o].e$€jge

iidi. 6:ocl.r"r ot' tlpge tgo ser.leo .1n tiis nrlnilra.un nrrnfuer of blolog-
1e43.1J' ir:{ 51**tricriS\r lunoEpe'rocnr.s g:.oiry1r.rgo. rt haa alresdy
b$an i-;r:rxi:: ln tirg j)i$vlo'rJn rjsatlim Ur,'$o af,toJr aBirrroprlato
gt{t:ilt::.caj. toc}rnilluco liervc Dggn .r. ;.llor3.e t}re c{ire&sgeg fnom

tix; 1.'ur.lr * Qgt:.r:.c 8l.'o'{,s ,:f, tJre ivogrr;.io$ litrr.ln Trt;rl r:sly be

oorc;dopod. ;r.t olo slfc.il cuq..,anntt1e on ltorm;,1xrooug oonrbLnritlcrrr

*:e foi,rsn claascg r:f c i€ristjoo ln tlro lt$ t:cr'les ertd tfg o:Lng16

Fln:graoc l.j&nriLit ?r'i,*l Cfo'.ipleg of:Tor oeverirL porJBlbllltloo fon
g'rnii lntoEprt,'igu ,tthln tJrg 12o sorieo tlp r.sur clnrses nuy

be cc$blnGd bur eex nnd bJ clsg3r6rJ rf r r*ts3rlty. IX1gr€ 19 riLOO

tbe SioeoJ.btl,r,ty thot al]' four elsssos can be falr]Jr oonblned,

ln sre large ffcn&rng nhlc,h railgbt be e*tsrdsd to lrnolj,on*to
tF:g Rregrasc $t'rala 'H,al Berlcg. ghour"d. urls trir.cro russrd
tt nay bc a&Lg6ib:l,t tr: oonH,ne ilp Riis8r$ss Btculn &laL dlertg

Elth t}tat cf tb6 t2o sonc,eo GilGBl lrltb thBt d tbp tnre femlc
aL€,Bsaa d tho 18o Sorlcr or uttb tlrrt d tlp tro olaeace of
t8S gals inhrno sbolL
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TestE d het$::ogonelty of t€{?rsssJ.sr triive aF,sin boen ,ccod

tro tlrc n*ij-n clrltorltn Ln Jugsrng sjwtl:cr trso oa mCIre c&rr:sog;

fJrcil,$r otr, or:l.ios slJl bo f,gfuely ccrbined," In caeog w}Dne anJr

ditblot'y cx.l;:torl, tcfte:r suoh tseto tlro diffe;.cnccs ln co33s&:tlm
cood':81elc:rtn FJare ?ceto<11 rigtru: illsherto e tet.ngfotilatlon.

'Srcr l:a:p..rsfiei-ty of tiie fot;:" 130 Sertee carcaea ola$Beg tptJr

trc tlsterr,rii:od by teatlng Hic cigprlftor-nc€ of tlp d,tffensroee
ln gJo.,.,o of 'r,Jrc repun*to rofir€Ggl(xlt3o She appllcutlon of thlg
tset tCI Lj'o 'l ri f,tlrl1LLes of }tno:.:tr rogrece!,eino ln t-ble ? le eot
out ln "41.ctxliJ( I1l.- €l}s iiljtrrCIr.rnince of cllf,fer.enooer alpgrlf'lcu,nt
at sio 5 ,ci. ct)ilt. lev$L ln sro :ci1rtnsl€na cn o€ir€rrg3g wslt11t

aryL o:t !u.rlonr.l; ucS,ght :.,cF e.-, f;,llr: to re.:lrold, ti:.c lgli;othc$jJr
tlri.it tl:c;.'u._:. o',:rc--cc ehsscti ct.r: bo ccne:d,or.od. ae s.irl[/Les ctr

tl:c c$o -,o'';iJ;t1trr" ff:c tegts in ;r...c;]d,l.x rv rifujo shcrri trrit
the C.lff'cr'c,l1ccs llotiicen t\c eo:J'f!,c.itrlts of rcEresslqi on tlre
sel.t$t rrf t!:o bory;* (xlacld.ercil iirc iir*rrter ( i.e., huve ir,ighof
v.ir'i'fftoo nritLog) thlrr tho tltfl'er.Grx:()c ?rotweon the :regroorjj.ong

cat tl:,o longth of tiE rla:ro bonoo ^lx; irggothoelg thtrt tiu fcn:n
cru&lc ootlPOLutlor er:ef,f1o1onte in errcPr fr-nll,y d' r'olt;tlcrreh,ipo
EqFg dragt fr.on ri cccrwl populntlon tsag rrl,Bo tostcd. thl8 toBt
nhtcll rro&g,--F€B tls ctm,utthl sB otp6ed, to tI€ naturc, of 6o
rol'atlm&tp botre€a tso varlablse ]'ltrelrlss rtraedl thrt tlr fourr
t8 {brtm ol.sares cotrLd, not bo aatlsfuatorlly eonbtnco 1n onc

hmog'cFow Sluqplas' tb t6st8 of sosrclatlm oafftotcnts
@erut8ed' tlu grceten dlflflr'cuuoa betnrcn $p oonnalntlog
lneorg)oretlng bm lm8th thrra beWosr tlrcs rrltfr DorE nlght,
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aa geu n$te& ,rl)olre la oonsldsrla8 tJe reeults ln Tsbl,e Z.

;rs tl.$ 1Eo lierloe strrour:s cri*egos e$nnot b€ Justu'teblJf
oongtrclon:8, rc {'our ourg;lcs oi' tirc cre soguLutlon tt tB

rtrlf1sc(rs$r{x'J to test, ttro peolblltty 6f oomblnfng the 1AA

tierl,gc trll :ii*-'ug Psae iitr.,d,n !'rplerL ctrrcr*aegs ln orn oonfioeltg

gtsugrfugo ,'r\ilo i;$Sclbllltleg t€tt:,lgl fg nodrrolr,rg thg rru#el
of tllauries in tJre "l8o $erlosr vrz,"s x.*tegnrtisr, W esx and. by

cXegatlo 01' r:*tttla'1,t;." l*ad.natlg,'! of t3:e eonrtlritlcrr ooofflc lentg

ln 'iui:,lc I er;:,d llLf:n J g.riigssts t?i;..t eombiiurtlor by tl.egnec rf
rzuttitr"tt'y1 3o$o1 Li:to i:iut',il'o eleop unrl. iarlbe, ls tlre moro gflmd,

cf ti:tl tuo ,:o&:LblLltlcs. ndg if,cr-iilir d d.lvlelon rrnc'l. fuiicg.rarttm

iB c'*i*;1,or'8od b; btolqie&l eon$j.c1ei:rrt1c:-1a a:rd. b;r tho toote of,

hctgaotlcnoity of r,*::g:'esitcn: in .*p*crrd"lcea V rrr:.d Vf. ilui{ng

*iic tr-L].lxlernce fos. 1,1;rc d.lffoir(ncc 1rr dcsfcog of f,tt,,,clon bctt:eg.-l

t3:cnc tiyo clt,cscs, 1;3re v$rlqrso s.,gXoe jnCjcnto o;,rnlJgr diifor-
€::r:os tretrcci: tlic tuo cl.egeee 05" r;rrtrir€ elroep ttrun betrieqi tle
tvo e1asoc$ of lernbal etJ.ttuu,6fi ln botih ca$eo ttreee dffengncee
eS€ no|l.€ j.;7t:f, lcrrr:,t c

Tluxre H.}o an'J$er of ourtase slr.esoo 1n thc 12O 8erle8 hrB

b€@ iuilustle lerv1r€ tbnso oatcgorlea 1L:n alll v1B. ) 72O t3crlee

mnfiare choepl l& Berrloa lnmbsr qnd, th &yesrass 8tr!.aln Tr.lrl
Eonlos" lho lsst EBnttGA srplsa haa msc ln omo rltrb thc
t2o tlGr'ls EntrrFo eb€eD t&m slth tl€ laaeo, Enl ltrc nart Btsrt

rDt b en qdnntlan oE thr paalbxtltlsr of ooublnlng thmo
tro grouDlngg of mahrro etrecpr Oanoae cutgDt, &rnr laugsr
bt&nis rrcltbtr ard bf,il?Fp srt8lt pr rnlt ]mg$ rrc tlro ef,y
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lnden;errrtent vnri,at'm scnuffir to the { AO 8eirlog arrd t{f.grearo

Strrlln 'lFta]' dstar In eaadntng the btrsoe f,ep foof.lne th.
avslleble d;rta jgrrt&lrrfnS to sature elreep the was md sethErs

otr tlrs l3O $enlee bflve bwn cfielik'$ocl eol,ermtoly snd, not ag a

oa@lnait3,csrr tlrcr* bef.rrg ne blologlcel sr blrctnlcal reasons

to eonrtrns u g:roator dbgrea of statl.-lrlt'y bstnowr th€oo firo

el,aseecl tltran bs€sEoa eithEr e]'ass an$. the Byeglrass Etnalcr

firlal $or!.(s. ftsts of tk sofflel.E::te otr lPegs€sglur of

eerrca*s r1T."i5019 cr fiur f,our. tndspqdent varolntee e{Ecnn to tJro

tirrco gfouplnm f,al1 to retrenl, arry eignffl,cant dl'*Serwreoe

botrreea tbe tsrfi$fngF (appnfe VII). tbsta cf oornol.ritl,car

cocffS.elsrts Llkcslse fartrJ' to clemnstr.ate rvr;r rr{sporltyr iuxl

f}:rti:cr st$sr8tFen tip h;nlgthesle tlut t'ip tturee gsoqFln6F

wy bo o$nslrloned, as selnrsts oar€l$s dlr.awl fbam t'h€ Be$g

l,ol,'ulrltlfrrr tlttto aLl,crrlns tberrr to b€ et{itlstleal\y tneated

trrl cJB.rs etr{l/gg3.to gffItiLg sf t}urt goEu}r:itl,mo

3t tf.r',.ro unt:aars that tfre nost ontlsfactory mnner of

eodrl-rriJrs tho etslne.l otfiht 6rrsoa6a olsesee md grouBs ln
tJro nk*r"firn nntrcr d osErwlto Srolr&tflge 18 ta roopcot to

daercs of rxt*rrllyr lhs tsts d' lptarogmclty of mgroaelm
qrtllnod. ln Appadl& II aa,l tEI an{ eqlTportcd by gld,la!.

t€sts of tfte oonresgcdlng cortlol,atlm aoeff,lolatsr ellw thc

Elr clsaEe urd gre3n of mtum rtnp (1.c. ttrosc fr@ tba

forn $pstt$o ttlp€s of ths Rllrgr.egs Etrcln frlel togptber eltlb

tbs $ffEe anil, rctbtlg 6 &s fe0 gGrl,s to be fatnliT afigL{orcA

ae enqrloe of me llcfnlrtlo. llhffio san tcsti atrao rho thlt
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the tvo olagegs of lariibe may be noganded. ae oaruples otr a
d.lfterent poprlla tl wr.

4. 120 $$:IISS LlATtl_dtl $lIti]hIP

rho a1m of tjre pneoocting eoatlon rlae d.eflnod, ae tle
lntogratLsr of a.ll avallable d.ata to forrrr tlp rnlntrnrm nurnbo:r

of blologlcullr aml blorntnieally oornr.arable oalrcasg grroturr

f.r"{!s. Lior,rever, 1'r ls iyor,ilrll}r.11e gplng bask one etage to
ocaeld'er the res i;J.ts afforded by tre oonibi.neil ewe and. rvetlrer

olanseo of tire 12O tier"Leep beforo tlrese ane lnoor"1ronate4 wltJr
tlre li1'egnalro Stfaln I'f ial serroasgso in tlrc aomposlte maturo

sheeS f-jrorry"rfull,1' Thc nesults nelat!{i to the igregnass Straln
trlal clata i,i'escntecl in geotlur 2 of thls chapton ar€ oofirt:lete

i$ tlreirnervosr ancl rt fui d,esirable i;o uneat ilre 12o $er.1ee

mat'ur"o sirecp arxl. lanibe slmilarJ;I, aG a cq;lerent to tho
publ,Lohed. rcsulte of tire origlnnl investigntlon. Alnrt fnom

the dlneot coi'r|arleon of u?e triro e tagee of i,uturlty e6ntalned,
wtt&ln the one eenles, th.ls treatnpnt aleo alLcrrs a oonparj.son

of lambe and. matr.uo elnep to be mad,e ovetr a la:rgen nw,&on of
varlatoe t'lnn is pcexblo ElEn tJF Rlregnass gtnaln TnitrL
oarEaaBea aro inoLud.ea 1n tl! rnatrrre eheep gr.orgllng.

Ilrc tlngaa lrograEeXer eguatlms snd, soro orden oo:nroLatlsr
ooefiflolentg relatlng oartlaaa snrgolo ln tho t2O gcrlee rnature

AhOop to oascaes relg[t and tO ra<11rrs-ulla; brrez.iror t1bla and.

femur lrcaauaatunts aro srrrmrlsed fn table 19. Iho scro orq0on



rt8.

.&lEsur

DEf;mdmtffiit Tar'latg g Set$tt ot &learlar flsata ln oaroase (18. ) (xf )

natntlryqlne Fo@ qqlght o{-StaFule8,-FlPgtr fn
Ce$Eggs.grs* OtFfl'.YEgfq3ss J. f tr EsFqos .Eak$ts*$bsert

Irdlppdmt
lferlatc

gGrrtl*tlfi
Ood8lttta$(n)

Rognesslc
&guat1ilr tJr"l 1.*8 F i

oasoase welglrt (Ig.l o.BEt*

nra,flrg]Ts rduth o.5?o

rt4.5(I[

ItCl,qtr3

ll'O't:tF

Yrrrl.eF,
It{O,t IEE

I{!e'l 5gt

xtd"TJr1
gl{}.o9&

rrd, | 8F1

Xt!O.O?}?

-

+

5.3$

2.6,

2.14

- h.gg
+ l.W
- 2.Tl

- l.Ctl
+ 2.98

- 7.9
+ l+.ot

t.O,

1 "82

l.t6

f.E{
1.56
1.32

t.e5
{ J+5

1.?tl
I 

"|16

7.fr

15.5{

9.95

13,?J1

io.10
9'66

1t.53
t 0.6l

t?.ldr
1o.85

Rrdlut'rrlne lTsl"g&t
(e')

Ilrrcnn langth (m. )
Ifirernr^e Strrtr1t (9. )
Epqnrs IE+SI

Do! sm. (s.)

ElDt* I,grgfh (cu )
g$l,s Wst€bt (g. )

sffiar lonetb (o. )
ffirre thldbt (g.)

o.?I**

o.36*o
o.ilo*
o'n+oo

o'Ig*
o.6gt$

tag.P
O.65tt

St$crd0beerct!.me a W



| 19.

oonreLatJ,ffi €o$'fXslcrtts pr,rgselted, ln I'abl,e 19 utd tn tho Bub-

soqrxe3 tri'irl.oo of r.eeirLts refomlag to tlro eorrblned gtpcrtptng

hcive bcos tlorivod. frora volghtod, s rmlrrog. fhe oocrpu$rrtLan of
rnrltll,Lo coFl'€iirtlcn eoollflclsrte arnrJ. ;aatln3, re6rcesL<xl

cod8icicni.g ir&el boqa tlieed, orr vultxlc of n celcu1:rtcd. fncct

popled, g'u:Ilcr of etiu res a:,rcl, enocoprodurctr;. t'lp Justlf'Lcr:tlctr
f,r:r'thls u,::ocec1*zro, uJTl tl-a 8efFec of glc,$Ibr,liv botgoee tlrl
t$o virlues o{' r hr,v€ l.pon eorsidorecl isd,er the houdllng of

"titrrtlotSc,.L ;lctr odsrf 1n Chu.plcn iil.
t?ri crx;rilLrrr:.tj.on sf, tlrs eEIe aurC retiror clt,l$sea (faUte 19)

closs littl.s to eltor tin rcieiilorirlrlis gltcn for tire oeparate

ol{rarco ii: rubic 7. *xr c,"rsslErtlon o,Jefflelnntsl Fegrgsslon

ooefficlqiltn r:;rrl. $"ue.iildu;.'r1 or.rcte d e$t&nnto gui-,-llecl by tlre
errbl:red. graug;l 6 urs all fu'rtegfted,i$t€ ln rceoout to tle tso

onlt j.luj. s]::usci;. Tlrg soLe $"'tcei:tio.n to tr'rle Le tlp st*nr_hirrl

otrrsr r:1'cotltri.te 1,trcvi.dod. tr; hrl.on',.u1 uelgfit (Sy.r e 1.5{J tr*i.)

sl:laii ls l6'te? t!.iaa tJut f,alxleJ'tod. lry oittrcn tlu: oF€ or nctlter

clesaco (sy.x = 1.111 ts8. 1n bottr lneltr*c€sr ) il.;rrevenr t'ro

gnoaten rnr&er. of rXeg:roeg qf froodon affou.dod b.y tlrc conrrrinu.tlcn

of thoso o].lleoes has tho ofiteet of ..bBniglng tbs J.o"sl d
pnobablllt*r ct shlofr ths eenoLatlcn codtlolate ettaln
gtgnlftesnoe. Ibus, afftqgh tlp aornolatt@s betseen Glra-

oBaB Bracl,c and, nadlrrs-lrlnu l.englh tn tb om ad, setlpn
Elrssos (0.36 nnd O.JEI Foalegttvol*vr fabb 7) a$o tl@.€lgntflaantg
tbo €mbl,rcd elnss offifrtlm ccf:ftolat of O,r7 (faffr t9)

ttrlt frlls to attrrln Blgnlfloaace at tb I fpr orlt. levcl.



l2O"

Susr the Eiorxrnal plctrro sqpelled W th€ 12O $er.lsB f,Eturo

slre4; ls tlrr.t ttp noeit satlsf{.icto;g ;;r'gr31ct16 of curtncs rusclo
t,B glvert by crirrcaoe lrslgFtf bffi s$r,glrtf3 pnovlde betiol' oetlcurtoe

tiuu:. do tir.l 3o:g6irc cf tirs sarrn borreo; ancl tle elngle bone relgtrt

s.,er l.arLt i.ellt'itlt v*r"lr^to 1e ettghtly su16p16,o ln ls€dlatlvE i?ortb

to tlw alsoltrte n€lght rnirlutc. 't'lre$s ls a clme elmLl.artfui

L"rots,roen the tso aets of cot.s'e1*rt1c'r cdflolente and, etend,tlrd,

gl?ortB cf' ootl,m:ite $.rrnlsfrod by tls Eci.ght vsrnlat€e otr tho rad,lus-

ulnu *:ri lrurer'utr]* e&d, tilso botsnson tlrmo 3;rovLdgd, by tlre tlbla
&nd 5'esr.s. vclghts, 'sls adlvr^ntugo tn efflsloncy ctr predlotie
enjqyed, il"y tixt g*lgfrto of bsrce of tip anterlon 1L'Bb is too

sr*ili to iro ccitesoi.leal$ ola$slf,led rie treel,. l{o euoh taiif,qrerreo

18 tr;. 's;q1t ful ti'g ;rglatlsrglii.-€ t*'tth tire Lengt}r yt".r.1:..tes tn e'x;

ns,tlu.e oi:oo5io c>r, tritir rgitl:cn tie it*ipht ol' 1en51th vei'intco fur tlp
Lanb elsci:oc.

*i{, ct.,A€ri *"i;ovo1 thg grre rirril get}:cr grnuplry; cf tip 1pO

Sord,ec lI; not FGS.,rrtlsd, ils n flnr,l entltyi tlp irltJ^ui:to cctslr3on-
riiisn of r*rturc olrce3r r,ugt lncluls t.lroge fnom ih &yegpaes tjtrstn
ir.icr.l. Fon tlh1s reatlon, arr1 b@r*uso of tfp bok d ri,i8ltlmnl'
lnfsrrntlo obtelrled, frorn aoebl&lng tlse€ tso l2O $srloe oluoeesg

ths mrttlpl,o ccirrsl,atlcne rrn regreaelsr equatlom rolnttxg to
thfg -t*sp{lrrt€ f$stslfng cro not lncluila0 ln tb. tables of
rcgulte .

5. t'P.lFnTs r ttse

& ruu ordlr oornElrtlo oodflolctr errd llncrD FrgFroelo
rqlratl@E rlltlrry to tht so&fnad grril$,lng d leO Sarlre crc +rS
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TAlTt.|n

ryrnilq+FlFtnF+€.q &fi$t, Sf .Hteq$$' JqqFuq rtt

I5nmdrrr vertato c Helgbt d iftmrtrr Elsgrr ln tlrorea (Ig.xtl)

IailrD{rdet
Yrr{eto

Scralrtfc bgrlsr*ca
Ocfiflcfsrt(t) rgqgttc }JF6J s"o*F i

Oaroaee l1fis1glrt h6. )

Ra{11,w-u1rre lgr€th
(on )

nqd,trro-ulna &{gbt(e')

$Blnra lans& (sn" )
frefirg solgDt (e" )
HusBrirB rcL$t
ps! om. (s. )

llblr legtb (ctn l
ttblr wolebt (9,)

@r'Icngsr (m.l
Fmr ficlefrt (e" )

O*93s

o.?!*

or83tt

o.65t*
0. ?goo
o,?3s

o.6tr
O*8es

o,6gtt
o.afio

I| "O"lttx

ft'O.SlB1

q'orfe

Ils{.tlfrl
rid.o@
rtd,378t

TlrO.EOl[l
It'O.lOllt

ftd "Gltll
qrO'€6St

+ t'tr6

- 5.6?

+ 1.57

* 6-72
+ 2.4
+ S.76

- L&5
+ O.?8

- 7.0E$

+ 2.88

O.3l

O.9l

o.7i!

l.ot
o.CIl
O.9lr

l.o7
o.?9

O.9E
o.0g

6"o?

10..&

E.TI

I t.8l
9.79

10.5r

l2'OIr
E.E9

It roE
9.22

mnb$rdSbeolryatlffi t 60



l2i2o

retlron 3'un?a ar.o fttvon 1a tabLo 80. As wltb ths roeulte frm
the 12O $orrdos r"lattrre sStsep 1n ttrbLe 19 thls poollrg d cLneoog

fall-o tc _.r'o".rldn crqy cimcn oett;i.tlon of e,"ic:rgti r'titgelg tll:.'n

tttrit a].rcnr-l; giue* by tho better of' t.lp t',ro mlf.l.rt*1 glr.r,soogr

,r.l,l eorrclritler ccofflc teat* r rogtrsalryt cocff,'1c larrtg rirld,

8t..ctCur0 clrroio of estlu tte si.L1r., l.Lod ily tire offJblrwcl Sr.rxi*,&lg

l1e botitcc;: tiroso ..if tlm or.li i::,r], otJo grld ttother Lri::?r c-1. ggog.

Ltr tiilg l;.loti,i:oc tircre 1o no wj.*s:ge fron t,!re r:rnklr:{: o{' thg

oolztl;itlon coor'r'.Lcig:txr o:. gt':;,":d,rrr(l crg'ot.G .lf ceti,:! te og ;iI&

;.nttorn cI' ;.rc,cr1o,'tty ln ;,,rc*j,et1,ve ti'$lLltot of I,r.rtlcu,].ur
i;o;eso -;ix:;c$ fu; nothhfi tfi sl;flfleot thrit ti;s J,on6gth on

uelgjrl; ..:,{c,irol-$;itg of ti:s bo:pc ol tir; iu:rtc:.lor llnibs ufrg

bettor iri) r/oirge l;lGlcos t.t:irn tlirxs oi fJro yr:etenlor ll,:ibal
n{Jl, l.r: t'ri,f$ ldV utlrliir:ttiiC CIf' ..,;.cx1.:ral, bOne$ ovq}n dlgtr*l

OngE.o 'J-' viee ve.rl$ii.

'^l* Crol::ilhOr"i itll,tb CJ$C6 ni-Jtl1>le rOl;itltffShl;,e ln Tc.blO

21 ;.,rovllilr Litt.r-s 3:rform.rtlott tlri"t could lrot htrvg bcon obttil:rgil

frcu t,!r r.ii.{ {:i l\}iriflOrelit.0 culoalr,ted on an 1nd.:lv1d,usl c}r.cg

b&Bl.s (?r,;;l,o 10). $lo rrultliil" oorzpoJ.atlqr ooofflelentsl
par{!.ttl rogt'ooclar oonfrueleatg and gtr-ind$rd errnons of trstlnut€
eqpllted by t?re 5noloil Oata rlr€ Do rrre etrtlefuotorTf tlu;in ttroo
8lveo bJr t,hc bsttnn d t}ro txto onlglnaL ol.rrssogr lIrc relter.atlon
of ttro rmrite end d@rl,ts of tf6 dlffEnsrt aomblnatlms d
lrlrerxlrlrErrt verlatoe s11,1 garve uttle pulplsG at tlrle stagg.
It 18 euf;flol€nt to Dotnt &ftsln to tbs grodlotlvo l^esiontcrpo

of tho garcletos Ttolebt vrer'latoo 8b pertltrl ard sfun{rrr{ pantlal
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ldr.

segrseatm csffLetents of, thls vurl,eto aro l,lttlo af,foated W
thg otlrsr vert'.1.:rtCI8 sblolr apl",eer ln ?,le mtltlplg rogroeelms

(I}:rr.rJ.co ll1 arrd. a5)" $p pro&lotlvo eorth of eersaee welght

ls f,lrrthor' ei4furaleedl b3' t3:g up. reoLably Im'or corrsLatlf,l
and. hlgia:n st*rnrlurrl er"r-os, ,;tr oetlrnte d tlt elngle reLatlonshlg
grhlcl"' ilix;$ not lncludo ti:1s vunlrrtoo

It :le notewry-'tlur thrrB t&ae lrnrcased 81Ee d t'lp oomblnod.

gnoutlrifi aff,octc tlc level of olgrlflc*icoo cf tte entrl'butlcEr

wlltcir. ce::t*.h: l;:d$-€$d,g1t vr-u.irrtee rx.tse to tlp l,r.od.1ctlon of
tlw raiS;hi of, s:,rsao$ rx.rne3o. Irr alL euos8 c(ireuge tretg}t

rtnrl s.-u=trirl; trolchtl bo$"r u?:golute ffrd' ;,er unlt Lengthl nriho

hXC*rl; c15n31'l,c,nt eoi:,tr.3.ir';tlci:n to tix.) pnerllctiw n'ortlr rf
tho no€.,-i-**culcgui !f ut:lcli tl":,ey l.l;:^, o;:iiri In eonm.;et to tlro
s.nrl.tii,l.c :.,oir.rtlrxtglrli;o glvcn for tlre fiot;t.ir.ilte Lr.nb cLrisces

tn .'.,blc 'l0q h'ur.rei.un Lcngttrl ln ecnrje:*tlsr ctlth oirr€.rr,s

'r;cigl:.t,r :=rlreo n hlghJg glf3'rlfletlrt cont:ri'butl'on to tlro 4,:-uc-

rfir:tlcn of o{,^L.cBcB mmolo. Eogcrvor'l grfrere hlrrnrtrg l.cngtb

alr-CIiure ln tiro ou;:Ll no,i;recolorl reo tna-nu: solfihtr the vuritrto

vtth strleli :t fui rrmt cloeoJg Gotrroiut€d,; lt f,alle to eqi,",]gr

eLggrlfl,carrt pnod.latlvo lnforrurtlon3 tte mJe paat of the

eontrlbutlcm of tnmrtig lerriitU le elree(y erg4"11cd by hrrrernrs

re16ht ehlch l.s noro oJ.ooty roltrtsd to the dcgrndrnt vartatc.
Elre lrrclusilar of hrpnrs lsrytr !r1& @{rcass tcldrt ari, hrnru
rtltfrt dooe not lrrcreaso tfp Erltt$s eorcrrlatlsr oocffilolaat
(g . C.94)r 1x13 {s of,8sct a snll turcaao tn tb otanalar{l,

GrrDot' of cetl,nto e a ens€qllnol otr tb grsnter roeldurl. man

lqug,ftr lthtoh f,oIlilB tha rwval d ttrs dqnro of frtAoua

rgoalatsd, wltlr t}tlg rdlltlonl larl,rtc.
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fiAtr"ts 24

FfrnralnFLqp,,, Sltgtqq$r Inilffgg4f,+F
xhrlrFff +_rm, sRr+qr Jq

Verrl,rltoa O$rofEttq
Ocf:tlofat(r)

osreegg l$cl8ht r &rrrs Iegth O.St*
Oarcass llbl€bt I Ewrs t5ttgbt O.6Sto

oaroqaa wrlsbt , gAfdent o.6srt

Itrcrrs l.orrgtA r Srrens gdgm O,?d*



{36.

geg[&.31

-
I ?O_ $o€leF LEnb"

Carcnee i*Felo wr (*); (b) rerd, (s) bold conetsnt

InSog;o:tclut t Var"i.a toe Coofflsl,ont

b&

Giincr.tx.;

C;*rCnSS

Catlcuce
G: l€uE{;

iJolght
lielffrt
i,olght
.-c!.,1,h,t

I&rrcr,w fu::rirbir

]f.g:f:f'"fC rCrrS#r
liurx:1."..s .C:: 'Ch

Ilturcruc i;elgbt
lh.rr+rua .iatght
llrmnls :€1dht

ilurrcfis 3.orrg:ttr

i3irni::n-is i-io!'gfrt
Ilrunsrtr$ i,ensth Tltrurcrnu iblgnt
lirs:ler't?s i',blgbt

,.ell 9ru.

,}incngg Lblglrt
rturreri:,s !1elght
Oi,f€ags ilelfht lfure:tee :'.$ltPtt

OtrFCriBO fielght
Its*r,u$ iength
C*roaBB ,..bl$rt Iiurernre L€ngth

o.62
o.72
o.72
Q.75

o"17
o,0g

-{}*01

o.50
O.?O

o.30

o.27Ilrrlrrre :'istsbt Orrreaco llotgbt
por @L
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6. IlAsl4P $Iryt

Elro oenil,oslte rcature etloop clrigstf,lorrtlorr incor.pore?teg

r]rifx* fbcrc the tzO Serleo ewo and gotbetr canoeige chig$ser *'::d,

Ia.etr: the foun l'gregnri.ss ijtraln lbtal ,.eaturo gaoul,s. Ifle

irlncli;aI crlvrsitage *rtstng fnom the l,trtegnatlor of tlpee

dstn l,lgs ln ttre lnereaged, nunber cf olrcervuttons m shloh

t}:e sorrcJ.$tlong errd, ;rred,lctJon er;u tlono az€ bssed. f'lrle

er,lvurta.ge 5s of,fooi to a aortsLn extent by t&e faot thst
tlharo ;rm onl,y f,ern lnrle;renctront vanleteg conmn to ths gop
gonerrt cljrsgm end gmti*.'oe ViE.; oerro8i3s rolgtrt and, the threc

bur*r'irc varlutog" 'tJtet€ tIro ro3*ittgz,shllg of carcage rlruaolo

to bir:cn otror tAun tire hun€fi.n nne of lgntlcuJ.rrn lnter"eetl
es 1e tiiu caas sltlr tJre carnnofll ref,cr'tr]ec slrst bo ur.-de to the

rogul.ts -'rc$oil.ti€c1 for tlle onlgtnriL e,r.ciiijg el:iogee wrd, gnoui.cr

lliil LL:isur rofurtlonglitoc d eulsr,.gc rn:sclo tc the foi:ls

Lnde;cgclm!'r, vr.rrlriteis (i:rb],o 2l+) fol1ctr ossentlal,l.:f tlre egsa

petti:rn aB geon ln tlie corqirylent elrigsog *nd. gnorrln. il{urcaes

vel@t 1o the ntoot oLooel;7 oorrolatsil to Gsrolrcs nraEls and

luov$doe t&e Lq?oot stund,ard enre d etlmtg. $rorq^B

wol6bt dve I notrs Batta:faoh4g gr'odlcttsl 6f ttbo dolBrrloat

var.leto thrlrr dloog tho faagth d thst banor Sro pro&tstlra

wluc of ttp $olght trIelp om. wrlato le yrrry sllolLar to trtut
of sbsdtlr$ mlghtr and lt la dbdDtfrrl ilrsthcr * **trn*
atlo d fsrg$ tn tbs lrtlo 1r of, ay re,rantrglo

'|Fto rrlt{pfir nfntfcehfp froatc0 ln labb 25 folls
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xaur.s*

fpmdmt Vrrtata I S|l&t of lfissrln$ ttesrp ln Csrsrte (I:') (tf )

Inlol'af,Gnt
fE'lsto

os.rrl8tla qrgsto
{'16fn1ar.ot(r) SEuatlG

sy.il.e) Iro :t i

t"ti;:)rerst

rftqrrlrlB ldtgtfi(o.)
Itr@nrs itblEttt

(s)
Betrus i't6,&+t

I,O! qEI. [8.'

otSbc

O"lt9t"

o.?3oo

O.?tft'

IlrO.ffX + lrtt

I1d 'ldlg - ?.45

q'O,rllIF + 1.59

Stre.OgBt - 2.38

o.gb

lrfi
t.lg
l.l8

7.52

le.ffi

9.*
9'18

llt@ordoDg€$atluB I E6
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tlp ncg s';911-ost*bllsh€d, pattorn. oarcage setgnt, aad, lnrertre
velgtrta ocncld,ersd aetrei'at€lgr twstlrenr oF ln mnJunctlo slth
n thXrFC. yerd.trtr1 esrtlrllart* hfghf"y olgnlfle{r$t 3,rcd,lot1vo

1grf'rli,-.ttrtie $ol}isdl;ig tng gelgbg of, crirroas8 nar.Bclrgo liluFrus
I'enfrt'h j:$&bs u, hi"gfrl*y elenl{tssnt sartrdbatlqr ln thc rogrceal,on
gltb caipgr{gg gel,glrtr fxtt **11s tu eqpi,l;r s&Jr nou lu,erle{gs sbn
lJt8or":;cil'ir{.46} t* isL*tlc:eh&ps rslttr }irrren"rs welgbt. lhs lncluglcr
of l$-gm$;rri lory:th uel $ thlsd, lgdcr.r€:lrlsirt vsrlqte fatt^s to lncmeoe
tfle m.i1t1:,'3e eoiteltltisr eagff,lclent or to deoroqeo tlp et{indafifl

OtsiIiQF cf er:t'lrrpter F;rth cwf.f,lctalt f,fui5pare cormtlru:tod frfr
tlre ger'o crrlsr co$Folilt3.sl cmffl,etcnta $^a ?ii-bLeo 2l$ alril 261 rrnO

frxnr tEi',1 c{;er'irit:3;i ;-'*irtirll rrege.eeelca cmfflcrente rn i.,ble E?

eb€ff tls:€ nn arit;xl$1"rbly hlCher pnoto:{tcr* ef tte polatloirglg'
bgtnoeri lxrcrnur lengt'ri end. er.ireeag rutscle tlen d tfuit bctuog
lnraenue eaSglrt {rIrJ. e4iit&ioe muec}l rctg tirrough criJrcugg i:rg!$fit.

'rtte lalst*lvely lr1#t sotrreLutton botweEn lrrrrsnro uu16ht r*Bd

lc$Etb tr - 0.76) Lrf,ers thnt a lrlglr ;r'o1,o::u,c,r d t}lo ;,r'ortrlcttve
gorth af oncl Lg corm:cr to the otlpr. *s trtrcnrg nolght 1o

EBnt alesoly rslat€A to srd glws rr bstten eettnoto of, ths

dprmtbnt rludrrtc $nlrr cca hrmrr$ lewtb lt ls tb rclebt
wrlnrte Ehtch ahcbe tb luforstls €ffsssa ur laagtb,. u
sal8Df psr @. l"6rGltt Tari.eta rctolne lta rclgttrl 3ucclotlvt
Talus tlr tho nru.plr nolatlalhrtr€r Artht8h rDpnolrblt
srrpsrrt"ar to kto lgrgtl lt &;Ur ty a srnAl negln to rttdn
tb tcvef sf, prtdlotlo tbmtab{ E bffi rnclgLtr
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pIffisssr(l

lbs rofirSts i,rcoentsfr, la frreptor rv etrm tmt oanoaaa

rclglli €erordg B tsrlris satLsf&otorg estlrnats of tha welght
af eargriinn rnrseul,rrr tl.sel.n tha$ d,om mJf of tfu otlgr finrtcrt€g
egar:lnsc1. 'ff:s csrgt"stsnt3y erilnrtcr 1;md.letlru pcttgrrg of
calres$s vrlgpt EsNo &j,I;etrsnt ln erl stagsei of tlre forego!:g
analgecel f:oan 't'!re &rdlvl&rrrl clasgee CItr thts i2o Bartes to
the ultl,ii:*itg e.id luilgur olrrnglf&:atLtxg otr lrr&tg and nntrrte
slree;i. 'flle 1nt€q;r'et*itlsr uf, t,lrls ffuriltng oannot bo Etatorl
fut deflnite te.s!re, -*utp ln eiceklrr6 a xtsiison for ttre 6rcatcn
;i"o&lctive sor:ih of esre{res .velg*t, t&e ;unt.t?rofe r:itrurO of;

tlr-o reLatlcurirl,s, botxren erirgace riJL€cJ,c $":x1 clr.i'g;.roo velght
s3;ould. nct bc ':tverLmigd.

xtrs sects of trotenoe€nelty *f negroeelon cqploj/ed tn
e:{*rff.nlrg; tire nx;eel,btutlee of c$&rbllrfug d"tffarent carcaaa
g:roqs,ln1p furrltssrBe tl'at !,rroBes1@ cf a nlgnlfloant age dlfforenco
trn tbs rerlintlestsLlis be@oqr trre wef.6lrt of gaacaag nnolr and,

oa;rcrrsg uulght. thla agE dtf,fiererroep noto{ ttrsoughout tb
srsrulfgr ts cofr$tstelt rltb tls l$rilottEsrs d dl!,f,forontlrl
gstn ruf,cg bteesr thc urruass tleeugep I qrttlnsc w
snwrtl (r9te). llarod,fs tbsts sorrld, erggrgt a grrtor
tltDsltle d &tts tJ,rsuo; snd, a :Lssst lncnrrsr la tb elglrt
d Erfulrr tlssruer pe ralt lmstxso ln eangngo ;slgbtr trr
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nstu.re o-trx;;, tiirrin ln la$e. ThB larlger rogresslqr coofflclonte
notetl ln t.]-o !.nCIlvld.rrtL l"t:sfi olrresee 6rd. ttre osrnblnod g:'c1ptn61

tB oor*"'r;rttd izltfi ti:eg of, urly eatsEprlr of rsatrtro Blneopl tternmetnirte

the r:o:r;: l.rri)X,d. gr-":nrth c€ mx.lsuler Glseu€ ln ?hp Jor:nger lndl,vldrrcrlar

the c3.mer" sozrslatlons bctgean crrrro&ss 6s1&t ard. tfio rot$it of
oarlgass Erd$G3.o; 4rtrJ tftc rrnllj.rolrgr lxlaite of i.rcdietigt of, c;,ltcrf8B

uilsgl.e uffonles trg ce.r'caee i:relgtrt tn tl:o lu&e, as oplmcri. to 6io
oldc* si-{:.l.r,r raa;i be rrttrlbut,ed to t}s dlfferontial drrel,opnnt
Qi- ti:s ci:;Bgss cotrIl-oittli-its virx.c,fl reeultg ln thg l;nu:gulnn ticsue
fo:r,rlsg e ggne*rtop :ir.ol.;otrttron of carsoss uelght la tL€ yoiqigFrg'

$hoop" :X'rbJ cl,oger lcrt '*p?role $otutlons}rlir lto tbg l.*lsib c. rcuooog

ilsul,tl hsirtlo tln Effoct of Lncrcucing tho eorr€l:xtlon bstvcen tirceo

fi?o vi;r"tiitcfi, iard. gouLd irlLcp g etors eatlefaeto,r.y pned,ictlon of
r.,*'ro o€d-,xlc:r.t 1n qteetlgr {crincucs nugol,e ) fmm the melght of txie

utr<.rlo iGir:Ccitl0 goi,#rt).

!T're Litsntrtuno eontiifurs llttle lnferstlon ncgar{lnti the

rCIIcitLff:oli-ttn betwesn cr{t€aca sel$rt, end, er.fi}ess rnueole ln shseti.

tho ;:i*i:l;;, esitrtbutdsn la tlitg neopect lg thet d Barton and,

KXrton (ty5{&)r lnrtr sa tflslr sor{s nls bassal LartBlg qr t}ro tBO

Ssnlne f,Bta usod. ta the :jre$€nt stfiAy, @lJ rfdtc0 cqrarlecoo
mlr be Lasdc be6eo frotr rrasults ard tb€sr srdcn dtscugslm.
I'ho j*f,€fiFFnss 8t!.r1n lrtal treBurts ;:reentod ln errptor rv
Oonatttuto a ncr ootrlbutlo to ttrc lorqrlengre ln lble flel,.Or

so Blntr'alrlty 6 tb lnolattauhlr lbaplvodr fnu thr! Bourco

and tihmo d tfp teO Sanplsgr lfgeatcd, hEr"c rnd by Sentm ad,
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Klntonl sul:ntemtt ito thc csrrclurlgre of theee lstter. sor,rker€

tJretl l-tr certiifu: ckcr.Lrrst.*xlesr gl;rloase rglght ls capeble d
;dr'ov1djl.1g r:l er,tt,*.sftrctory cgtfuirite dl tJn vet,ght d' eurgagg
qre8crilr ll, tL(i$ili3.

lihot'Ir,,rxlr de ln iine€s $orrroLL and Barrrlcotgt (tyt+?) h*vo

aiso ccrs:ientd, trt the irse cf cqirc*.ae wolgglrt ln the d,etor,ninritl6g

ojl' carsetetg corqilofil.ticr, Slrn lrneeg.lt :rcs:eLts ane at vr:Fj,rrr.{J€

tzt t:r tlre opL'rl(El €x1;ieeeod by tiw*e rim*ienc firsit ths ur:e of
citreaoE rrci,tfit in tlJe wttrutl€: sf ci.r,Gkoij oomi,oeiLtlon ls
U.st.ttr{t t+ nt ti;l;psex deterT31patlcfis. Etle tosts oralloyed ln
tite crriirLi::.::itLcer $:f; g":";{.:ftse c}r$glflcr.tlons airot od no wld,encc

o:l soI, rij.f:t"c;$ilcee fur tlre rregrrccnlcne of giereqeg slugcl,e on

6;1!r$r'.:frO r.ii):!irt. ;i.lfJtlrr:{:;j-r ti.r,* sldtli iic gOt ;,enfnd.t grf t as€sermnt

c:." t:ll.} cffr:*6 *3 'Js.csd iilsfg;'slGeiil tl:s;r o,{ir_. ort llhe cgntentlgl
of [tlr.:r,.liot.- IIS;1&* tegurC.l,ng "r,ils i;rrrdetiur",oJ of tirle ap;.r.oach to
orstrcc;'E tlrfftx.'(r*e.*r, Ln i:rotolt& r*tee i:rt as fan aa ths clar-loi{'iCI-

&tlrmg of ir:l*iis rnJ n&tiitg glxlol: utre shiinuotonlsed by suolr

&LfTbroneeo.

Ble *orgs}:-rtlolrg nrted 'artgcen cr:trs&Bg cugculan tleeuo
r'rd, c€{res,cl: velgtrg s{cr.{gr ln alL i-rmtr.aee, htghsrp than th{rt
nrported ior. satttn by $ol,c, Orrno end. frinoeld (f SeO;.

&ro reeulte shrffi tfint t&o setght of oascagg mearrlnr.

tLseue ls Isr'o c}txsly sotntFGlated. fftttl bffi Elgbt tban vtth
bqls lcngt[l re6ar&Lee of ago or BCEI thfs flnd.ftg bonlu
qrt the cortenttoa of IdDb (t geg) roepr.{Ung tbo grcatc
(bclllptls's trltrsss of Esrsbts as rr?roec{ to llmal utraur.G,ts.
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tbe elsgr r€l&tlensfrlp to rlrd eupe:rlon g,redlcticrn of c,.ncses

t:]n:ecls sffo!'dsC bg bcto eelghte rnaSr lre attrlbut€d, to the nore
earr;;rxdreaslvg nstuno of vttl,gfrt (e&ei.ir'elrnte ln gonenal. As

;;novLoucly fnd,j-errt€d.r ttm wel8ht og' e btrle l^s tbo neoultr,:rt
of, r*ll tntcrn*ii el;:d. Ogterr*al d'tirensl$ng t*:d. of, tlm denelt^lee

Of, ttlo b{Ft]r alr6 ffllPrc$ Errbat*-nga6 l Br1} 1}lus rgf gilt be eageOtetl

to f,r,unigli a €ssotplfrtt,an Eidre typlcr,iL af Urc whola than cnn

be ei.i,I.-, liocj. btr a a&43le llnears. d,jr:enslcn.

;'ne nrrr4tr$t ago d,t{:fonsnses l,n t^r1s 691,1plrrtiqre botseen

cr.:rs{r.:.i$ri r:"rlole euxl, boao }ea6tih ar.e not eaelly lnteriinot€d.
tlrc *.ot:r., ir.:ri1, $'.Rl';uentl.y nm.o1:,:nlfteant; naLatlmBhtps tn
tl.ic ilrt;i;e c!it's;11 i:.8 colfr,rirqlri ulth tlic htsrlv elcnlflaont
re1e +":!o.qclrJ,ic fc:srrl ln tbe 3,aiss :rx:y be nm t rqiadll;r :i-nter*-

irnetcJ. lit tG..:r:is lrf 'lJ:e d.l,f'f,crtntte.3 gnontfi betsoeii and sLgr1n
tl:e ?';.sei}se o{'thc ca:eacu, rrs out}ii?ed crr ryiny- oceaoS.or:s by
rclal.le;.e L)l t'}x,. lii;ssiond licirot;l. It i:*i;i tre nerrgonorl thirte ;:,t

tlg tirn of aoscatlon of gr.oi:tfi {n bcsrc lengtb folkrr.hg
o].'J.6,hygctrl oss"Lflcatlonr tJTe rs.lgeufi,ir. tlcgus ln tlre crrix:.Jss sotrld.

otlll ba astlvcS,g lncr.oaslw !a vet6pi" rt mlght afuyo tle

reesonabls to es.peot tJxrt at firls irolnt the eonne&atisr betwwn
bccle leilrgth {irx1 tls rymrnt of, oers&Ee Ensculnr tlesus wsiild bc
at e nerlnglt1 aud thntl 18 ttro an*a*rl agoe , tho rolatt urehlp
betrooa tlrs ncr Btstto bcns rffigth srd, tlg stlll gr€rlng
mrryulrlr txgrnre gcuJ.d ciornqage" 'Bti31 Dooauac thr luebg a8,r

ol6ep tn ttrm to t$llt poflrt stpro l.mrrrsc tn bo lqrgtU te
h|rr,toc tiun ere trtn rutrro a&;i; tlp btrrs lsrut{r rartat. ln



157.

theee yffirgpF sh€? le taoae alooely relutsd, to end, |l't:eorils a

bottor prr;d.totl,al of tln weigtri d Garcasg sarscl,c than 1g tre
ceec ln t?a clder Lrrd.1vtu3r.rel8.

r41e ril$'forenaea eno uleo 8"..r-;.ni$Bt1 tlut to e loee rna:rkod

e,tc:iue in tiiel r"elrrt1or"lsirl:rg be$lecn borr welght and, ourcaee

ErJ*ldl.lor r.lthcetSr tin aiii?:bBrlote t€sgs Btrott thst tle dif,f,en-

Onc€a la [:eno r's]$i"i.ce:gi',ljs llm rrot eafflslmtl.trt lnn:p to be

elgg*f"lcgrlt ut tirer acgr:;;tetl te\folo of g:_'obf3bllltJ'r tlreln con-
gir-ttr:,.:t *s;J)€ararce tlrrufgho*t tlp pegnl i:a d.oeg not allcrr tJ:cra

tc :.:u rlis:'cit;.4.ie1" 'J-he o:r$t*lnec) rrf alrelee Eryge d"iff,er€nceg rnaJf

&ls") Fio r.*ttrlb'lipd. t.r tii* et'.:3.l,lor i,rit-r1i.1ig1on of tl':e gkel,etsr

tftiin o:l' i:lyrgs.1"rt' t,i.cfi.ur i:!) lgryroff-$efu;ed br the I{,mrm.ii l-,eho:;l*

TJ:c icrer:c,:-. l'{.#tltudrl i.rf *.,3te rt.tffero.x}eg lir t}e ec;.iro1r.td.gng

ui.'&'l: 3xi:re wellflt 88 eir::".i;r€d to tl:coc Cigci:sriecl i.r crr.ri*ettm
rltlr 'iicsre length inri;l. bc diio to tlg fi;et tix.t e!!gl,et{,], n ,tii:,:,t!,fr1

in";'of-vcg ttxl cegetitLrm 'f 5]ro$l*lr in <lLrr:nglona ct.irt:r tnurl lergtbl
c'rnu conrtogieitt"iy ls not attrrLnod. untlL soLE td.nn rrftor g"rcrrtft

1n ie:rg$li J:rre g€ragocr" If tlie ecrrol*tl,cll botsoon the wot gnt

af, t; b*:.o rurd tho ttetf.:ht of tts c:itqcleso &re$rl,aturg ctrn bg

o€n]ghlorrgd, to bs ut a qrrrtf{srn ct tlp ttrc d tb mtuaatlo
6' tl,rrt borrer thgr tjg r"Elatl,crghlg bgBsm, thgoo varplrlteo ln
tro agoo of ehacp rt.l3 be gfonten ln ttn egc grcqp tbloh 1!
ntErsrr la tfu,o to tlu rntnt et lltrloh tlhrs mttrlstlcr o€crrra.

'Slirr ns btrryrotrltslgr tlrmr la capblo str frovl4lt rn Crploattm
of tla B$odlsttrc ertvarrtege otr bsio Elgbt ln ttro lnnb, as

aqxlrod Bttlr rinhrlo drceps ryd af tb lmece rnrgnttud€ of thlg
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edvri?l{rrge rsla l,lv€ to thst notd. f,c tfs anl,atlonshltrs

lncu:ri"r::<.Atrg bffis l,engttr,

53re Lltc:.otu:"c n:Iutlryi to tiro dyr&ntse r:tr borp ryould,

lnGxeiiioo h,J|?ovcru tJu,.t tl* rrnstlrt*tlm€ of, tbg eEoletdl
Of Of a ,.**tlfi.&r.f lJrJllC is r:Ot eg C!Bs$'-CUl und gell EleftnOc

ag i:;V ii*yo ")s{n sr{ljierst.cd. tn i.nten"i::ettnA: ths relrrttsuriilge
tiigciir.:;;er. ti;:ir'o 1:t t,:tr:gr r:f,' tixr 1oa;"*,996;11r1:.elred. hygioti':osoo

of 1.l:o .'j';.; :::,st-i L;e:lol.I" tte 1it.-:l"r:t:sg g:tstto tl::t nu-trltlcrgS.
gnii *tI**;' f,*gtol-c r:,ty effo*t c.l:'-:tg€c ln ce;.t:,ln b*re clirrcg:elc:tg

sticl l"tt -Fi:le d,enc.lt;,r l:. trr:il, l,.rneti.uqg c;:d r,:clrrl? 1rrd,l.'r;..clu,,lar caiid,

lt il: il?,:s cvl:t'-r,it, S'ilt lri;w we-i.;.fri .it ::ot :tc;ee$r,:{Ij .1:l?,,t'lutrlc

8;.ir';r;-';::t b Lic ,r.tiii;:":gg:.t oi' ?,!::!ri r:rf,.Fi.Titrit tireor.ut:crr3, trxrlnt

i:r' o:cLo'i: .j. r;.: i,r::,c i;:.:,tr-rsl,ty* ihecc c:tiy;id.eg'*tLong tlo notl
iiuil'Lri'(Jt,.l L"r.,"iy i,,;.,t tlr: r*-rrrJ,$tirrjs.ii.; .:rl{.i1,:i*teri Ln t:g ;,-;tcf-
jr;'c'"r.i,litiE1 ,?i' u.:ti ;.'o.iar,';1rmlil,r.l.1c iloET..r.ti.r.': bGte wetght eincl cr.reergg

l'&riiclc -lj cg' :io vulirlj -u;t :,r"t-Ep f;::rt t,t :eay be inadoqr,urto to
d.e:c.e.r.':.,;.; +xtlr-:tnl;t ti:o i-sil"rl[la+rht1r i:etffoen ti:eec two verletoe
ir:c i ro c{,ftcto r.:f ege uj.{xr Ljd* rrci;rtlcsrshtpo

'Il"* r;AJflbs of ftrL"rscr: nn.i[ ','ergce (19W) on t^he r],tJferontlal
Ef,l'eets bottrccn enrl sltJrln ths tleouee of tIF slFep c$roaao d
a l$cs tlxm ofrtCnnt pJgrra of ntrtrltlm pxrcvldo an lnterprctx,rtlsr
d tilo s fgnlela*tt 8lf:Ferene aotcil ln tho ErnErass litrrln 1!,1n1

tsst"jrHsrsl] Er]gBo88ltrtg d caroaee Eroolo cr carurst uetg[rt,

ths tests of trrc af,Foatg cf pssturo tfmo e tho vunlat€s stdrdl€d,

rstnl t&st tha psobablllty d elenlflo,ant rtlf,ferwg betsoen

DBetRrrFCt gltlorl9s ts lms fC} tb oqnnm lgt$lh ard ill&t varfuitc
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than for. tixr o*1'r€sp6'td|;)gi tmrr;ris vrr.5.r;iteol the sotg*rt of' oi;$oqg8

rilrscu3$r ticc'uco an$ oiirlgsgg rtCIlt*lt. it cnn bo rgsscnod, thrit tlp
&tfer"q.rices c..,$cA by i-aotu:re tJta fr thl yrClgi$ of eart;,sc iirirriol,ol

ln otirear-;c uclg$rts ,t*n€ i:r lxrr'€nu.s loi:gth a;d, ve3.@t E'{}i}t i}o .,1.e-

got'tlutrtce ,xii11 beci*-*:e of G:Xcl th,,tr tJre r€l',tl,cn:sh1;8 boWeen

thOOe Vr,rlntce WO.r}l ircEe,,lrt unCh-urgpd. Lixl t ecu;tg ew.'geot tirst
ilr:.s io ln*.ccrd" t::c €i.scr fi'rtl rerr.iltg aloo lrxllsrrtos 3x 'Sreefisat

tlltl: thC fl;:d*:f$ Of'I'ilgettrt iclri l,I,tr"gCc' tll,t tlp Virplc':rte[.] d t!l:e

o:ra'lioi: rt:.f:;:3-t c;flr]tr1 irortcB i.,;t aiffecto<1 to cro gli;rrreefuib\r

]cggor o$tr;:-lt i;, ;trst.:.to ty;-e th*rl tire ?,:.:pl;tgg of tt* otlrgn t:nd

1i'tsio-t.i.tr.:1*f; c31..-r'$6tg3g, iiltl, it, tor-rlrl tiru$ bo er(},eats0 tl:r,rt thg

I"c}rtLr:;g-r.;1,;ii Tlctq;ff:ft th$ ei,':flilinlt V..i'j.rittrt] and t tO wOlght of Cerct.sg

irci:eiv i;o'.-rJ* a3r:c bg aff,cctntti.. ifrl* llns of rcergOnln8 &fffit be

,j,ooc! Ler !:t;l'"..Fct 't!.io ii,1; cli"t{:Cg r"if' tirc d,iI'fer€nee trr the 1,arttur€-

8r{r:.r* t{:g1r'eilli'J,r";, oEI Giriut(nf. riOJ.:*:te but bo bO li'irOlly ciooe;;tibl8

a oi.$.}i.ir' ()ir ,Tr1..:r;tor" cjJfor.€,iec r;?seLd lir;ve to bo d,e[urgtnr,blo

ln tliqr ru6Pixlrilcrriil of esl: iCIl lcnfitl], os 1t te genert.lfu' eo:rolc1ereid,

tiEt b,:rito lc:i.r;g; 19 aa etrlie;Frjidilr'1rt{; Clr,'r€cton t}u,ii b,glo

welglit" 'itlil rou$ril,tg 1'ri11 to ehou r;ny evldgnce o8 a olgrlflcant
d,lfiei€nce i,n tln rognmotgrs r! c{jnrur longth. iirru r trt reufd
Biil,o.lr tLu't tbo 81^*8or"entle1 offect of nutnltlsral r€gi"r:E ct
gal'trJn- &nd late[.f'Rturd.ng Chirir"arCtes,g Xe lnadeqtr t€ tO +rfrlsln
tbg dlfforgnco notsd ln ttrs ;..,tiotruro-gFoutr) rsgngsglgrs of ol.dqgeoe

ffirgalo dl cllrif:gl rroigbt,

fho lftsratrrfit shfiB thst ths rolght r l€rqlb ratlo d a

bcae bas freiluentlg Deon rne0 aB a rasaauro of bct thlsrngs.
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I{mrcvonl t&grre ls also s somtrdsneblo bot1y of grrldsrrc shleb

got.rld. lndtsato tlurt bono rlor:olty 1s gr$Jeat to oornld.or,i-b3e

v&rt3il:i$ton, ruld for. t,iils Egiigon irlo grptLeurt of iprp wetght/

btrte lerrgth ls e€rsiderptl hsrs ss ffieiisi.ufuIf crrly the trolght

5-r;r' '.':nl't "leiry;tlr of, a brne. ;iLtbouffr tlrle vai.lato slll rrn-

clo-ribtod,ly be f;r$ortty irrfluenaod by tlve d,lrsnslm of trtoEnocol

!.t i-s trolt tJi..it eqy l;rtor';,r,otaitl,Gr of th;o roerUte oDtulned frog
ths ,-,nc il1 thie qriotlent is lrurdogunte wlthout tr oonsld.enutl,or

of ti* ;.;rEsIbSe offecte erf, bcrs iSsnglt{r.

XF*.. rusu-Lts i:xllc*te tJr*rt bcx:e welght EoF Grlu lncre€ises

slti alioa rnxl, tiiat tftX$ vr'a'iato la gne*tor. ln mulee tturn ln
fo;:irrf.u:{:e ';1r:l$ ohogrcrotl':g? i,qy be l*ritct'1;"reted ln tenne of, tlto

firu3ln: e of Fliurr.riyi $gn) *ncl nondr .U.rtcn TT,lrkotis t"Irst 6ncrtlr
ln ti::ielxrsag clcgJfg ;uilr\r at a lr.tr:r rtlg-,e thrin 6p,mtJr l,n

leugtire ru'r.ii 'ii::,t :.iii1eg genori.l3,g i:,,:vo thle.lor boneo th;rr

fgrajr:c, i. c+eo:yL cs,t1;Scrr.Xintrr.y' !.nier;-:tcl0:it1gr coi:pti fno&

tllo s,g.i: of ;"iruybll"lr i,li.::'rkl;n trnd Ir aai,ror.th (1951T) Erhs {s!'.}@-

otr..ito.l th:.rtr fur cattlor imne rlenrlity inel*or^seg vltfr tr{loo

'ilrusr ttrc gnoator bsrc self*rt porr (E,, notod ta tb matil.o olxre5r

nny be attnlbuted to tlro eodl-as{l ef&oto d' lnsneus€d, tlhletrsnees

artd, fss:reegoA dCInslt$r" {,tte Sladlng otr lpybilf g!,-gb tfiet
Swlps tftid to lsv€ bspe of hlgler Oaulty thaa nlce lsl
hgmanr tlt vrrlarco utth the sberryu3lcr of thr grcatsr bmt

uolGht i;er oer notcl tn the nnle la tlrc pnscrt gtudyr lf tbo

€fltcts of 8e m bg Cfilaf|y aro alollsr f.n orttlr rni rbcopr

Ihc rusrd.l,irtlcr d ltogo ffd,fnge rcqrrlrro tb aonstrulo
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tirat ttrs $g cifeste d bonp thlcknpes fir tile Fol8bt ii€F anr

varlute rixs gFc&tor' tJuin tl me $f dosloltyo

rr ccE:!;ilr{lecr of tho lncllor.rtorg or 3preclletlvo vaLuEe of
tlro u'!:coJ."rtl; gel#lt s-:td. velC$t 3'oF Q-^r f&iFL*tog Shorto tlnit
ln tlic liir:tts ];ms tra16ht, rgl*gg is eoeffilr.at nolrg al6€1y
r<.11i;.tg& f*r allcl glvee a ligtter. ;pe{ilotlsr ef the sotght of
orrr{3eres cn.acle ttu,I} does ttro votglt t en cr;ir vtrrtato. rn ilre
trtit1s..- ol:co;;1 irc*Jevgrr tho ;,c8ltlgt le icve:'sedr 8$& bcno

nelght lrcF fi'* Lt: ttrs r:isre clcneLy oonic}itsd !?1th G{-rr€rrBO

1g36gfc .:ixl o.':jc;rt s g;.ieill 3:rtd.ieti.vo rictv,.ntugle over' Ux}

abeclr:Ac T?cl.Iflt V'rlrtritc. In rr11 crrsoc bono Lerq$h 1o ln-
f,:r'lo;r to t.:n absol"ir,tc i$a1. o;gp g';. rloli:ht vttr'lutes ag ail

ladex ,f crli'e&s8 irarlcle.

'j?rero ln no uncilrilvoeiil evl.cl*:lco oi ;iny rigo effoctc fu:

tirc or*rrolstlcxrlr L:lcor;,op*tlnt-, llix:q i:ioigfrt por ci::.1 i:ut tho

r.us.:.Ltg oltou ri r.urr'lioG laC o1grllf-lcrrns *go cllffeirotlee ln tilg

$of;fco8tr,{f,',Lr .:!. c.rirStrgc rnrsol,e o:1 Slli; v.-^ill&tg. elo lnter-

;r.etr,tlon u5l ti.o ranklng of tiic c:cff'lcients of rggrooslCIn

gr bq"re coj,pfrt &.lrr:3 ori. nocrrilfeo "i sonsldorutton of tlte
dlfferqltlel patog of gscmt& of tninc and, r,nrsob. Dcoeuso

cf t&e {i.6c ot's.+rgos ln bsrs t&l,cknws an0 drneltyr ths rslght

Fos urJ.t lsrgtb of a b(m lnareases sltlr sg3 qp to rhat
flsrmrd oslC otihess vlausllsr rs r polnt of, ekelstal nturttyr
rtore bffi rlolgbt lrr rn1t fength le aagl@d, to bccoro st
lsagt rsletLvelg oomtaltt" Thusr bcaugo d tb stntinuod
gr@tb of, runsrlnr tlsgtr beymd tbls llolnt d slqlatal mturlWr
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&r lo€{lor J.rs:slmnt ln bste velght jrop <xir 1g requlnect to 3,rodtrce

e gertsi:t o&rto0 !$creeres ln tlre woll*rt cf ceroaog augcla ln c

6r€'iriJ trf cl'raal: Srlch 1e clee to tlrr t iotnt st shlch t$o ego

chrv4iec lrz bcie selgtrt :nn crtlo orc leeretl th{rn 18 t}ro case ln
a yotg{isr i;poiiir 1n el}leh bone welgfrt por cn. te ettLL lncreerol"r4;r

tlro i"ogrer:cl,ceu or bcp wetgfrt p€r3 grrr el.oo er.lggret t&e

&rrrrssrrce c{' 8€:r cil,3fsi€ncoe rcblgtr rnlrFt be lntcn1.'retecl ln terw
CIf tlro lS6,otiurels oi,ltll,;red wlttr r€[!rri-ri, to the ri.ge d,lffoils:cco"

G1 tho bri$ls of, thlc ffi..,et3:rnls lln ,i:i,;'gsr rregr-.n:scl,mr coefflciente
cbaeinrcd ln tic nct!*r'c rud. getli,Jn liinLs r-rEB attr'lhrtnb].o to tlp
lritcri's-xele&:l ritl.i.trlrltf otr rmleer i:ie notcd by itr*rrrn'rC (li:Sp.j, arrl.

t+ tlrr Stlliti.:ta @gfoC cf <1eVe1O;{:{)f).t s'tti:Incd, by;'iulOO in tleLl:
i:l,td,re.te r...t,-:l$r. fhis ls u16o oxien:,1Lflod. ln tlp d,i.tri ,urd.en

cllilco.gr]!,crto

Lf' lli,; tt:txldf a eq?lccrt oi: tlre rri-rtui'ltt of the ourcagg cnm;one::tg

tJeF$ i;\1,$il:l':tc to doge.rtbe Bho li"ri..lrtltirttve ro1utlorshltrn botwesr

bo::o icui :.L.Del€s air$, 1f tlto hfL.,otheete 5icotul,r:tod reganilLng tho

deel€ir${} 1,1 ccrrFolirtton bgtsee:r t}nge tlasuee folloulrlg thc
nsttriutltx'l ctf trlo brlnc ln gtmgttcr wese gceoi,tabbl t'lren lt rould
b€ nsasonuble to a1*et that tln lgter.-,satur'Lng borga norl,rl

lrrolddo !;1orB nslleble lnformtlca nogardlng tlp oaxtnss nuscroLatt.rr.o

thnn sarld tirc etrrltsrr.mtrrrlng borla. trcrcvcrp tb {bgr€€s d
roletlcnsftlp bstuloct ttp bcrr varlatcs etudle0 atd the neight of,

oirqr^as E[:Bo]6r snd tlp cfflotsnoleg of prodlotlan of canoaEg

!ilgcLc Effordlod b3r tteao vnrlstes, felL to rhor e oongt^Bteotty

e'ugiorlon ln{loatory rm}rc f arry m bm. fflprc ls r euGwtlo
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fi'w: tfro lr,ge6:ruec strrnln tblcrl, rrrarl;eee th$t the Lorurth erd,

ab8olutc rct$rt var.fuitoc of, $re 1,;f,s;;raptrrlng hrrrert1g lrrgnlldo
a ;:X3Fs gr;tlefuetory lJ]d'CB of, ei-rnclree r*tsCl$ th.iil dO tlE
$oJrirJi3s';o-''rlJJtt r.rliatcg cf tle ortrksmstrrlrrg oagpffie b.rt thle
ebsc:n'utigr ls not ora,,portod, iry thc igeulte obt".:inecl ft€e tho
uso of tho Eelgh? J)or cillo elr"lstoao fbe gnrrgr*l gorrcluglEgr

It$ thls ree;cet cu.Ett bo tfurt tlrer"s ls no e()nslstent E;rttora
of, s."q*.gr1o:..1t+y to tn fqryd' ln coq,xitt'.gtrg oi' the i.;red.1,ct1vo
sortlr oi' tip :f,ot3t3 ;rroxlnri,L bonec wlth tlrirt of, tlp nore dletril
slcletp llo'': aro t^il; i)slss of tl'sJ hlrxt llnb corul.etently bott€r
oi. Fropcc fu:tu,oee ti.rgt tlroee r:f ttie fore Lfuab.

'il q;X,{itnutlqsr of t.rr: goofTlofu:rte of regneeelgn of oargseg
rsigcLc on tis Js;rfiths rrrcl wol@rts of, tle d,lt'forsnt banes i.iolats
to o:rc rcllo(rr tr!1y nc, orngSc brno ls of oqicnlor. lnd,lct.tor?*
vriL.tc r;D 33t]8.ir13B both 'r.lro r"€r-r*g$r errd. tin uelgbt varlr-.tee. itre
ol,l(3ffj.6J..35,36; of' rtgrooelon cxr hwoiruio 1on6..4th1 for oeu.xir.rro, k:se

ln 'ail. *rc.ti-r:eoc gnoutgr tlriin firoee orr F*dfu.rs-llllr Lm6trl but
ln t!:c ;'${:rsrj$lore (lr tho weltchte d tioee bsree tlho r-nlrlq8
ot{gt' 1o ::c'vorged, ln evsrTr cqgo, Eto ssre 1:,attom la rrl$o
ffldent ln tf8 oomoerfiidtJrg oq;anlocn cf t1b1r, snd, feilf,r,r.
Ero ex,pr,errr,tl6 of, ttrrg offisl.etsnt ard,, at f,lset e.Lght,
euatrFl'slng chr.aeo ln tlp rsLattw sl,se6 d tbeo mgnoeelo
EmffRtclqrte lle ln UE ftrct tht, af,t&crr8b tln nadtue..trl,na

lg a r.grgpr bora tlrru ttr bumnrsr tb Latten ts trp boarlen
d thB tro. sr"rdrar'\y, tts fms la b6nvttr, ard rt ttp g+ras

tle showts.Fr ttrn tlg tfDh. Thrnp u d,gbt bt otlollutcOr
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Land. ns tho re{fnocglm ecr{f,lciente o}rw1 6le rJrrlt of, lncreuoo
tn tl}c 1ottg35 cf tis g:jox'tsr of trc tnrpe 1s €.esocLrrtd. trLth
u gtrelrton :i-=:ci.w:::t lt1 c;,rr€egg ruscLc Uugr is $ eln3,&rr. ll;t6t;F
fuiCteli(]e .u1 i'::e eogorr1 i'lrld, .Lorg.5en hcx're; rtrl lnor,o*ree atr one

untt 1:r tip vcl,gfrt d' trbt ghortnr" bons, horrcvor,; ls not
rls{rm}lrsrlor} hy i.s tr.qit un lnc;e:r::rt Ln corenga rn:gcle aE le
a gr'd!,r'ri'ci.ght t::creaeo ln trp Lr:ngce. but loss heevy borp.

It .ic tx.rt wuttisorurbl$ to e'L{iir.,ffJe tl:et t&e borps etudlled
nrid,l.j *.,:.'i.iv1{c u il}otrar r3nt-:gfiictal.; .:vrl,totlcn of t}te ers}ount of
mu"icu;Li:i. tin*i.ici lji tiirr., L;r*tcraleral Jolni ln nlllch thoy ane

(}c3lt;.-ri.;:r;cr. Ufi:i! r:f tire tOtril WeS.gfi*. Of .iti-lgCqlrrn tleEUO 1n tlx]
oe,j€;-rfi{Jo ..'o frric &tC tl-rc .ir:Li;tlo:*l:lg,o bottzerxr the c1.if'fci.glt
boilr: v' r1er?cc r.,",sl. t!:e Yro.i*-grtc a1' rr.r-r;s;ili"r tl$sue tn tlp a- -..g:o:i-

rl.a;tc Jofi:tc i,re:]o e:t:r.d;:ed. sltir ii Blour tr or4;lrningr t&e rr;td:Lctivcl
;aii?o;€ cs''3lf,}ce vr:rli.tcc cEl ii c::n3/.8$ :sxl :i o*r4rle Jolnt lirsinr
Thc;'r:suJtc iru?l.cr.te, hcrrevet'1 til:.t tip ircree of t5o fos.e 1fu,3b

art ilo Llo$e oloseJg rolato0 to tirc votgjit cf nnrseult":r tlss'i,lc in
ti:re eliwildar ti:;.n tc tlro velght ,J{' totr.} e:.ncagg rnrcsl,e; , nor" Oo

ttsoy EfforrC asrJ cloer irr.od,lctlcne r:3' tip ebculder rnrscuLi,tuxs
theo of thet i,R t!!6 oaroggor strrl,l*s'L;lr tho nelatlonehlls
botpecn t'.b bome atf trlo hlrd, rtss srd, tb Fclgbt of rnrscul+rr

tlestn trr ttre iog ane rrttb or no batteF tbsr tlrcc agslrca
oa r olrlsrao sngcl,c bs8rs. fu elm1furr'l,tlea ln tb tlrnrtg
d l,tredlet'tgr cr a earylo Jorrrt md, aarcass brsts ntr Df
rttdhrted to tb uarry bfgh ooasolettms befiso tb ,clgbts
6 moqbr ttssrre ln tb shorrldos sni, rrg ,olntt' ad tbnt ta



ll*5.

tlrc ear.cusse trs de;:ststrr-tctl by ilerton wrd Kfrpbn (195q$.

It nr'c notod ln Chapter IV tlrnt the 3nflta6-ulrra and

hLmlqc v;rriat$6 fiavo e}lgfrtly betten osttfi&t€s of estc&sa

litugei.; t]:iiir oi' oltoul.&l' rrrigele ln all earcage cloesoe ercei/t
tirs uutler.rtr &rle tsurt fi.e tt;,la snd. fermrn v*'latog pnorrl,ded,

Blr:orlr 1,a'ei&lcttaare of log rrr,gclE tFrrin cf earloaes mugolo ln
rr11 lnii Li.ineos exce;.t tha ivetler fu,*$:s. ltlo d,tefor-eacee 15r

the a+;r*lilr.:.x1, cafora ef octfu:lrto fir$ ver? si,'trLl anil lt Le

1jl}J,iJrc:$' iJi,r,.t tfi.ry rrr'O te{iLo ::Cvert]rel.Oce, ttrc Corglstent

1.,utten: r;r' t;x;n,: ctff,ene:rceo eug6gecte tire o1rc.r.ntlcrr 6l aor,ro

fti*tm' gll(*i ac tiro J.e.tc:' r*ra.igt,t;' of ll.ilos an{r/or" ile rmne

ui"tir.r':.fcorl. r;t;:tp cf dcr.eloir,*rt utl;r.iirerl by nalee ln til:lr
u't'*{,t'Jo rrr"irl;crn usrel, iiia.ton (1g$r5}) u.g,,,;::lned ure i,eirititrr-
ci.l;:e betgeen f^,r: i';eigllto of leg r-l{:c.le s:i:'}d- ei{trei:rfJis lrr-r',cJc

lci t1:.1, f'otif 12C .'c-r1ea c;r.{€1188 e.;r,ilsese &l1ti betgoen ?!ro vcllsite
o:i' oi:rrrrlj.r1rr', i.Jr,sclo ri dl" o;.igo{ico ri!.$e lc .in t:ro otle aill tig rretjtcr.

ls;'b cLlrs$coo llut tltr"-fur nesulto offer no lnterSnotutlon of ttio
d.:Lffoiro'crlc rxld,cr. 4{goirgslono rt le felt tliat ttrc d,ata d,o

noi *lLai]" {:iic i<retu"l$tlmr ot' ruur iry:r'otileg€s nogardlRg ttro saugo

of thrse dlt':frerurceo, $ed. titst 1t le srfflolent to noto thst
tlpno 1s $ Buggestlcrr af loselbls eoa d,tffenanacs tn the

cf,fiol€rrc;r sxth rtloh bm,s @astlra&nte oan cotLnats tlp aruuni
d nrusoulnr trsgrs tn a Baqilo lolnt as oqpanrd, Eltb tb{rt tn
thc aargasa es o shol,s.

altbareh rc ftgnlflcant dllf,fbrsnca srlna ncsou{cd ltr tb
oor$B1{tlr*rlr botnpeo cruBrREE rolght ard, tlr rolgbta d srEanlal
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tlsgiro i$ tire sbourdsr md, t eg or ln tlp cirrcaBgr ttp con-
gtstcnt *,e.'61,*m, oi aqi.€r1or"1t6r of, ttl: oorrelgtlo,-e and,

gt"*'*h"::tl s.it'ort, g1' egt,ilrto CI8 mrmalrt uot€frt {lonlved sl e

ocx.(:ii3tr tit,{3ls cl*:o not *.,errrli iiit3se ,trtf:rtrrear:ee to bo

lg:rrx**" *re e3,ree tsfuillcsutrii;r lretseon tlro welf:lht af
rcJsouf,iil" ti*nxr ln tire Jolnte cglrl tlrc ioi,ul wlg*rt cf
cri:rc*cg rryr'iele eotiLd o'rtggerlt tla "t;iri',sr€-' -r.rei!'ttwhol€ rrrtl6t
l"r:volvod, tr tlxl re1r'ttm6:ixlirs betrre:: cj.rre{iss nelgh'd (^.a1.

tt ':triur-. gtse].e es thg i:urJl;s citi.tae of tjrcJ.r gupor.ioflt{t"

?he r"estrltc fu:d3cute tJ:e,t t,rc effi.c*er:qy of estlla.ttcrr
oi' 'ihe Q'el$ht of i:+goul:ir" tlscli(] 3F] tlrg ClJengi) er.,e be

!a,:-cvo.l r-rg' i;-.:c '.:se cf i:nr3.ti*.Ic ;:cg;"oectcn er3.*.tlare iSoo:..p-

o?ltfu:g ;*.:cri1'g1"x*at vrii.lttcs r';liLclt ;-i$e rx$t, cJ.r.raotry rei;ted,
to o";slt ..ltLl;re 'i!re t:..L1t1o,1,: iru.h:ticnehlpc gr?+rllriglae ttro

!',r$€ic'c:.-vs u'ottbii of crirs{xcli uci+*rt, notrrl Ln tire d,lscusslon

oi' tf:c u-"tt.igr.ilr no1:n:oolctrllja loJlr:$e i::lil"tl,r,le nelutlcElehl;.s
also r;.l.l':["" tiurte althoi"r5"Jr bone r're:lgtrt la uf furfonlor. lnrllcatorj
val'$c t'u r::ir€tion uel..jrtr it, 8;-p63"1eo tirclto l$fon'ixrtkn r.egar{lng
lihe eo!g,{t r. of g{,ircts{rg f;E$qLE ilcur rtoee borp Longtb. {hc b@o

lengtr: va.r'3.ete me{plos qt lsrietiefaatosy poolttm tn tho mf,ti.pl,e
rcgr@slctef *.nl:sltslJ,y bectruse oE lts cl,so no&rttondrfu: to
bm wtcbt" wlrloh lnoor*iwst68 mroh o{: tbs ecnu'tbuEcr d:sor€d,

W uds v$rIeto. Dcuprto tlro fr*ot thst, tfio oo,ntplbutlo of
Dmo r'engtb to tfp prod,lotlqr otr cs$oasrg rnrole rs f,seguentls
ncl6rearflcr,intl tDe lrcrrrslo, of thrs varlnte ls df,Eotluo
ln roahrolng tln etan(Lcrl ssr'ff d ostlnato ln mny GaD€Bp
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ciltl:ni$r 1:r cut€;iln Lr:st&s@e vfpr.e lta entnlbirtlon le vlFtu€]ly
E&#2 tire -I0sr,r Cf t;re degrUe of frge<}Xr ,.eeggt,..t9rl Wltlr b$ng

]rl-iutlr ren 'iltg ln e*n lncrEasql ln tLe ltmite of pnod,lctlrxr. g:i.xr

tlm,:,r*but1srs of tFg bsre weig[t ].€t' cr:i. vrirtut€ Jdetlfy lte
,t*Xjl.nlon in ttro iu'rr3t1;,Le r2eglterisl"me trlfir o'rr€$GB wolgf,rt.

ilhe iloe;J.te shcne, fi$rsryenr tfu,t, tsle ef1f,telensy of, .,.redlotloa
e-*for"ded hy tlrtt r"rit^tg od'welgtrt to S.errgth ls not uts grei,t $s

tlle.,? sujjtj.Lorl b;' tl;o ccrtblnatle of tfg two arbgolute yar.interg

h r'i rnr]"tl!.;:Je r{r{!rt}8i,itsn g(jur}tisn,

It :!.a fl:;;nrslt fsen trp r'$elLttg unt an lrgreaeo ln un
ntl-*ho:* +f olrnesv;itLems befrxlcl the ctae of tlro onlglnal c]'assgg

:.tiili y;rr-r.ir,$ cooo littl* to fu::;:rtcve tire offlcloney of, oetfu:ritl"on

s{' '.*r.ra:ilgo rJnltrc].o. ila;t6vor,, f,ixr Li;.rp;gr gr€u&Jlllge all.w tho

1tf;;61. t,:?n]t r::'- ilrc .3ld1c,'rto;.y vGhc dJf thg noro rgergtnrr,l"

vtt.t'i.utc[] to 'Lx: t,.,:*idir ri3.t&r grci.tsr ciErflcleirge, and m ttrc i:nolg

Cf i,lx': tui: {';iti} elrregfj'Leiitlognl VJ.g.p l,rrglg'g OhOep wrd li5}
iieirL<:a lni,*..rre it '*fi*3 $j+oar tj:rrt tix;l'c j.e

erl.vnntrl.go to bo grrfu:or1 b;- t&e lncor"i.;orntlcn

* r:nr].tl;rls rcgreori,m ehlclr Lncl."&teg botfr ourctrga &lght ;..nd

b*as rclght es lndejf$rulont w.s.l,st€o.

Af.t$tngh tlp er],ttr&,fe logrooslms grorldg more aeitj.sf,;..€tg.y

sstl.utpa d tno Eet'gbt of ouronas rsr.ssl€ ttrnn & tlro llmer
eQu*rtl,€rgr tbey do not ytclct uuqr laforrortJm stloh 1g of 

"sJ,u6tn gbe nlruplr tnterlx-etatl0n otr tb rclattqrshlr d bqlo to
Elrfrll8 !3 uB BbOO&,

A oonBl0orFntlo of tb€ nseult'e tn nqletlo to tb lltoraturc

no

of
;,nodlealvo

boto length Lrr
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$n bcg'rorrrnrsels rs].etlcashlgn ytelds solzls lolntg of lnt#riost'
3t h.:f,r bsm' note,3. ln t*n cerller. clri*1;tor tfu,t ttrg gl":tctl6 ntfro

gl;.6s.tsp e.nf. tErj.ciro;r En bcnoe ti-ro gru.riter tho r{r,}gunt, of

i:r.i*tnrl.ar. ?i.c*iert renloeg fnorn a s8owxleratgrr,Ltng of tho etull,eg

*f t,':rr Gff'ccto cvf' rlmmsltlc*t"lgr uiirl lr;:9;nmfeft3nt of naat anlraalsl

s-rrt t,!ti.rt rrltlorrSh i.!a::cd$n (tyS6) h$o .drt forsard, tbls conttntlcrn

ln re"irtrtl tu lmof orFoereu€e, lrSa etir.tten work an tin jrlg (l&;UeoExn,

1S,$o? i9t+t),, tgotlur. slttr tjait .rf llfuir,ernan (195q$ and othere

1nd.:r');:rt{}l i;lnit btxrc le*gtb 3,s i"coltJ.v'rly rulated to ttre arnount

ilf nilflclrlrrl' t.iasuo ln t'}o e&;trlBsc fin rcgults of this ;rnuo€lt

€t:.rr? srrf,qr thnt in }:nbs tlir:*r :Le al hlE}rly elgnlflaant i:oeLtlve
$or'tr*1r:,ttexr tntl.iii(r$ 'bo$€ lw,gtlr linrl tbe velpfrt of, cr,:!ec,sn ritii$clo,

i:ltho''*, jt tir:re vr*'j.rrtgs trne not rig ologelJ/ re],uteil ln rui:tr:irrg

frltccJ., it$ il..r13i l;.grgr lrt l,r*:ri-xlc :,-vir] 1n Oplte of tlp Bog:;ti.r0 biit
nmr.*lfprl.jl.lc*:r.t .i.,a'lrtii.l c*ff3.ciontei ctr regfeasi.cgl of c ..?ci.f,is

r*-:8Clc <n ?:o:le LOortth r:Ote:cl 1n :r fc.:w lngt*,;tees, tlu ncsitltO

1"r:d.j!"ctltO tlrr,t, Iangen b';nct6 {i:ri} er{!$sel€rt0d, utth €Fl6&ti}i. r'i3ountg

of nsc-.llarr tlgeuo tlurn are r;iroiten bonogo f,lle htgrrfu" elt-
nl.flesnt lmttlve c@rolatlsrs botneon bc:o rsslght iorp Grlr ord.

Grii€rllj(} misoLe dn oug..cg tbo vlsw tfrat bons t&lo.lncss le
lnd,loartlr'e of, ths dsgfoo of dlovelogwrt d' tb mrsauleiturel ln
sg f;a^F rs b.rsu sglgbt i:o! €tiu ean bc cmtdercd an lndol oll

bon€ ttll.g"hrsg.

ib!*e,lrrtr (19fi) le aLao clnlr.Bd, a gtnqg pooltlvr
coprtslatlm boffietrr t&6 solgbt of s bm est tb rolgbt of
aa&or@ srrs$lor shll6 t&r meults wrdor arnouD8l6 ghil
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thrit bslc velght :o nor$ clffiely rsl'uted to ths welght d carcsss

mreola fti.n ls orgl otlrer bane i,'i;ir!.r*te stu&lGAr tbey also tndlorlta

thut ]-rono lc*U;th io u raaJoa' f*cto:' es'rtri.butlng to bsrs wol@t1

,und. tirir; uddl glriij..'or,t to tAc oantenti,crr tlrr.it bone Lengtlt and. $rsolo

woiglrt irr{) ,{.)$iilr'-e3"7 r.el"ited' ;i3.ttt rogi.i'd, to the eorneltetlort

b:?ween bcn-xr *:eigst anri mlscle rae5.6ht :Jct{eekgn (1956) oonsld,ers

thls rrcJ;rtlcnghtp rro etrr3ne' BI:*t tla irelght of crr.esss nugol,et

csn k r:stfuritpd. to tvttlrln cnro ir(l:' eent" of thc eetuiil, weS.gttt

firq: ri lecri.{tk{Lflr,' cf 6r.r'i-tlrll bcn:s ,;;e3.gbt" iih:d.lgg tEr iftho (f 95$)r

Onta (tgEgi, *;,tn ;rrrcL E:[nS (1959]1 Strr:, l'ecrsr:lte Br.:tz]:r utd.

iJugeo (tgi';)r rind i,y'bltel Orte riniL itlr€; (1961 ) have fr,i3stl to
denryntr.r*'Lg tle,t eanrrorl ucrgiri, 8r*1. {lr.q.,. lif u i;re0i.ct.t'rgr of tirg

wol{illt i$' Fi,seir}:-'r' tlucirg ln iruef c.,i:}i.*sgeg ultl,ln ii;* L1;-:5tg

ilf-.lLr,cd, bJ :lc,,F:ckr-il1" ISre r:t;rn-'!,r,:.'i1 *Ftrixl of Octt.:.tc d[' r: it]r:{fG

nrcci.g uf,t'ortitrJ ir./ e;l:?I(Itr rrel[frt *:: t'i':c :.cjgi'lroo ljtrilln '*ti'l
;,lc:'J,.eet (Orr"o *= 9o{1 !,of eant.} tndXc-itcs tlrnt ,'c,,'loel':Lnrc clsln
tc 3.Xheg'lco :13,1*frxracli:O wltlr rg**ct *: ;*rttm, crirsasses' In

thc on$c flerXee tfru h-'r!€rrio t*elgh.t I'irrla?,o t;iveg 6r IIDrrg estlg-
SactosTf ;a.edlct€,m (Sgr.r ,r S.1O 5nr esnt.) thsa dose oarmdr

rei.gtrt,p tn$ ti$fi ts et'lLl Buixtantircl-ly oatslde tb llntta
Eupt€dt by lNc*ieetrano trt ls Isstbl€1 hmnerr ttult ths rclatlon-
tblp oE borp to tr.nslp ln eh*p dllf,feno apprcolnbfy f3m thut la
oat8or 3bp cersslstfct betmea €erurdl Flgbt sstd otrroeas

rrfdbt (l - O.lS) notod, tn ths Lill@snt 6tu{yr althotrgb hlsbly

slgnff;lsntr tre :rt4mofabry ltren than tht dlomtratodl by

e.ts sad, Elng (fptg) lr b€f, srttlr (r o 0.95). If tbl8
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dlsilnst,lon bctmocn Silieotga 1B roirlr an61 lf car"cttgs gelgbt

ou$rlea c, ekrLJ.ur cfftcioncy of j,Fo0letLon d ctlircasa cnrecl,o

ln e attls to t-liut noteC ln c}:oepr lt 1$ tc be exi oetod, th*t
eann{xl r<111$:t vrlr.}d. i;ffo:.el r: cLgec' ;,ie€,1ct10n of citr€uee

Eusele ln b{r€f criffrrsoese titrrLlee to ckit'e lrave not Bhdzrr

thtt: tc bo "tir: esoe,

3t ie apprrlpr"l:ite ut thle Jur:cture to scnalden br"lofly
tire 13.:-1.c84 of f,,:stinn vork uhlclr tiio f,lndl'ngf of ihtc . rcccurt

ctia-rg iycxrld, ctjg3g.oct iC bcl$B tlie n,:st ,.;i,of1'txrbls. In ::i'.:1y

lnct.'nem t'"r: ':eiighi jt*:: ;nit lEnl*ir sf e,r bone rrls been r"oed.1

uXiS:oiet ii,k:,;&,t'e jt*i;ii'ie,itlonl iiij r, r,s3i.rli,r.Fs ctr tpre ti:,lekrrOoOl

irlti tn ; ft:iJ c,:;ii()Lt i3jr$df,'glif).rl'r;e .)X' tri*=:e thtClgfOgues Arul $td.thg

Jdif_.$&, I:r.ivei ix:,.::r S;4'-i.oJ{Jd, b,rtp tu 'Llrs bcst, oif trl'e rynlterfg

lnlimletlp, i:c littrs.u,t fldls ircon r,]iiao rjrJ .r'erlatei iirEee clsrlved

rt:i.,1 +:.irci:iti-i:o i;$i\el':;(F'lc:itric I'b tg$,$ (i3*lilfuIrrl].y envi,ouged th*t
tJte ;;,tnli:rsLii E:t.t-1;- vr:clC ]iu3.t tr: u];;.'Lfy ilrls tr,otrnt, b{rt

unt.'o:rtir-,ii-3r;l;' ?irc l.g:l,ga r$ttcgr d f..ctrri'.g a{'Ilrctlng tlc sole
g.1"dtl: ,..c:r{!i,iQf.aa1t protr11..1t*id a v&ll0 iii4)rtrilsrrl of ttrlo leLatlst-
olrlpo 3t 1s *r:'i"ntttcc| frti, $eartone ouirllned trn Chaptsr ff l
tfiet tho rol.atlcstshlp befireon tiiE r,rsuerperionte d boro thloHrrgso

or rrj.dth rlrlS bcne seight ;on r.nlt iongfih shorld lp erair^rl.ncd

bofme tho Latter 1s I\rrtlpr us€d &a & oubetltuts for an actual,

nrgigu.rwnto

ltre st{Bnlc lndloatqy Ddcro rf bono wolghts as oppeed,

to fruro llmsn snsarrffEntg havo bem ntta"ttnrted to tJu rlr.€
ocqfrF$cnglno nartutpo d tho rolgtrt var.totpe wblctr snr D€pultriatg
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of, elJ. lntern,rl fftd ostortuL d,Lrrengtcru and d tln cloncltl,ee

of tfo bcqy i;;irl nerr.rpcn' gubgt.,rrsgg. It 16 ,.oo6llblel Mselve$;

forp tvo ur'**I:[J of trllr.Eocllg c?.iffenont fmm to ]rave k1s:.8ica1

trrltghtcr *ltt?. Lt t$glrt uoAL bi: thst rr eeinsidrlrutlst od tlp
f*ototig contributd,ng to bone reiEfrt iro-irlri yleld ftu"tfren

3::ri'cuarrtlgr to t'iv.rt s'a,pj,lled, lry xr GCr:l3$$lts rle&St v*.r1,*rte.

*: thls cc.r"u?ffitim tlm ;;nreert iinoislerfse (Ir bcne dSmeualco

-l:il eor?r...i-ri tlr:or.etlcrrl concideg.*ti,cels tx,,r:lrt oiggee? that tho

ct'.ir-l3cs ,xl ;*..sr:;rrsn (1r;#,2, l':J*U) cct tlrl crnes-seotlcn of
3nrtg b:-raur.i Ot):.r3.S. ]:e ogten,iee '-iltb a'-i-'rrrntug€r lanr3 tlw t, lnOorr

;i)1"4t';,i fu; tJcr t*'pc i.lf r"..;.r:.,:,9l*eh rrd,cl;..toi try ff1,riyb1llr lleirr.klns

d:ttt .':.:..,::;-i;:;tX,1t {t';EU)p t:fii :.il,rrirt ;'3r.ll,,f g r$ej\"tl, 3n&ee of

ci$.'Criri;; ;;.!f-:le*io" 1i.lr ti:gt*:tctBlo toeli:':1qi1{) of ,:Bils'.rF.3.TU: leaf
ErFsr. tn -ir<::tir.:p 'js rlegrarlboe3 hy i;:"l!]il:t (1959)r o+,l}f lrg ar}.r;tod,

$ir ;i:orij,r--$ tr l'+';.-etiV€1y gj.:i;frl r.:sirjl8 1f nilBeBsing tirt: Ilnei.n
eii"lC :r,i:"q).", ci'r.ittlat-tg:,f,tc of 'l:r-ncn '.;:,i.t:l: lie ";elLL gk;. ilet€rnlned.

Lry b!rc ur:u ,iS' :r:cntgrnogtralr$o Er: grr>;tretlon rS the glu',clfi' of
s btstg {x1 r; lrhotorietstttvo eclr$ei eor$rl, ril6o t'e 'ugecl to l;tve
titl soctiirii'in en/t obJeatXve lagu$,.ls'otrK:t uf arva Ln rulr ..rp ;,rlnne1

end mu,ld, ;.erx$,t llner* ueeera^sse:te to bo nsdp sith gprater

o{rgg $nd. BocF$:scg tfrrn el:J} bs ac}ilettr0 aa thtt bgrs ltsolf.
Alt&ffi€F tlto orrcaes salght eirrl bqrrr lengthl velgbtr qnd,

Eof€bt pr unit l.trrgth varl,ate €otr,,1qt€d tn tttf.o Btrny llroirl(b
lndlgcn d tire welght of eercsco rueculan ttsauo firloh ene

mr$ssticrteblgr Els3rls rrtd, &J@tLwl llho pnoCl,tstlm aflordsd

W ttsm verlntos annnot tc cmetdla!'e6 Ba 61tlur pnoelao on
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nol,lab]'e. Tho ioectbl.e llnee of firnthEr Btud,y antllagd itbcaro

cfrildt vel.1 r.eaul.t l^rr tho aohlovemnt ctr isr l,ndetr d e;rct:s$

rsgele nh:trclr Blnnltrdreffisly nrlflLs ?Jto ner;r.r,lnenente d
s;eelefuu:o ofu:g:l,Leltyr oD;Fetl-vttgr evld. nell.ubillty es latd,

Ss*ar 1n tir<l o1>enLng nlrulptono.
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cH.qisiffi vfr

sir r$.t i&L i^dlD rryi IS i4$Ioss

jr $t13ei' of sorq€ aai8sts of, t}:e bons.slsgl.g retetlm8hl5)g
$:: 'Nl*s i'Foe lbs].rrrd. k'r€: rnrfl, rnrttcn g':r'eaasecr L$ irt?sertodt.
ffe 3Lt'*;;r.it,'rre reldrtl.:tg to tlxl use cu' lfuxrbill i,eiigurrelwrts

&3::.- ili.{]-:lc 3{)3.:r1;t$ 3n tir,; e*til)l,t,trn rrf c',r.\criBs cotqrmltlwrl
ti:x3. . .:.tL,;'r-Lr::'3ry sf t:u ,;ie!r$rt r'$ c'.r€i)c:] r:{}:cril,iir tLoCtO,

lir- j.'r:v:ir.}t${:,. llle;ort* fr**i: tl:e Lrtsr':rturc of g+i't,.ln golnt,g

;crt,.lrterrt to tln w:o G{' I-rryg i:lr'.c',:r"erz:.tti;s aa f:rdiege ctr

CI*rl:u,j::S O:ii!i$f:r1i1O$ :iFe l1l,o .JTytldC;..t:rl. 3e f ?ufceg Cf

tlic "Jtr.t,, r:t.t'.loJerl i:: tlre str:it'r 'L:lci ,f.c$esr.:L:a.f;len sf, tle
welgli'*: *f nis:ci;}..rr t,l.r:su* iel.l. ui' +Jic r,'cl$iriic i'.:r* lli:u;*rlr

t-'f3crlji:j;'u;.".. .: te rxi iicgBs, : {1,;i't,r* c trrti* tle i"l, ireilrcJ,s npp3.lcld

t+ 'blr.c;c rf l.l|;, tr$s 1 r.ol'c l:i:iLi::t:d.

'rTfA E:fLi--d$ri3. Crtrlr:G.Eg ej.eftS[f'lr:;ltlcsle 'rffd. t,hO i,1e6gg by ntrleh
tiicsr.r a:"o lntcg*.rteti to f,*rn tl:o r:.3.tiinta groqirlrrgs of laeg
tr,rd, ;-lrbrrlo Etreap ufo deeer"ltled.

Eho segrrlts shffi th$t? ctr tlre rarletog studlcdt; caroa,Bs

ns{Cbt Le t*p nmt atceelg zrelratpd to B$d, pr.or10eo tb rsot
grttaf,estqr cgtf,n$toe of, us setrirt d careaes rruaqrLart

tS.si3sr & er$er'lor .,$sd,!Gtlw pswsls d osassao Eldtt
tn flFlo X"qmb elnmlf,lcatil,o (gy.' . 5.0? Iprr e€ntr ) ra

P.

5.
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ec:rl)!lr€d. nitb $ls ; $tirro st}selr (gy.x - 7,52 1en eent. )
1g csrolileicrl to bo rlrJcl r,it lollgt ln i:rrntr to t}ro gnorrten

;,noirorticn cf, rr,rsgulrln tlggii,e 1n tfio sgrttsBses of tbo
ycRrlUfci, CIlrsep.

gt firc t&g'eo borw vn.r.!.ntoo otud.L+il, v16.r totrrl og,

sflgoJ.ut€ uc3.ghtl uolfi,ht .€p o.,io, a;ix). io4gt. I ,'bsolutlg

wel6bt, 1g t*.io r:mt eloeelj cors€l,,te<l stth ruld, r,r,ffol'rfg

Siio booi ..,:.r:dlctlearo of the ual@t of ci r€,rsg nusclgo

ll}o .r-cnrqgera o:icc:, shrf,f ovlCel:eo {d'

tire i;jj:,c:: ;ni?Lrriris"*rls sltjr :rcg, cct
;rrcr1-cilo:? ilu-;.-lic,l b;. bo*: r"reigsrt, this le ettrliruted
t: tlia iflx1ler. c!roo;, bolngi rrolrr€i' ln tl;e to that r,olnt
iit trj:,!.gi: siioLot. 3 r':irtui.utt one &19 ,J:tvLeop,od by llarni:ondl

OCCi:ii'Or

5?x; trgrg l$r4et vr,i*lateo st,,Cl,cri ul.e tlre rnt'rqt 1roorl.5r

rsi,,.'totl to iu:.d 6.u3;;,$r tlx: lnr.ot Ei;tLofactory mtlrl*teg
of ilrc rclfjit of, curtuga r"rrelo of :rll. ttrs vai.lateg

eti;uX,l,od" I*rs rcray narlrod, ;,nod.tetivs gqpor,lorl$ of
bsrg lq:,{r,f}r in lcuibg &ft c(x!r;,,*cd rrlt$ @turo ehoap la
lntoryt!€todl J.n tors of tho dlfforstlal rutoe d 5inovtlr

of bqns and ss.€ol,e.

The nol,at"lmahlpo of, bos Belght !,€r ct tagth to
tho rol$rt of oarsqss ffiGl€; ard, tb pnsd,totlet d

eili

to

adv:rntag@ oyef

tirl Level of

5.

6.
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g{rrcsiB€t guagLo n{Tor:.(agd, by tfio dertved, vrir.latg af,€

vorry slnll{rn to t&me noto& ln ceuleot!,cnr slt}r tho

abEoluto btr]o volght var'fu.top bolng ellffitly sr1;nrlw

to tialro vclgfrt ieE-gg ln tiw i-*.tur.o elroojy ri:r8 GonB-

rlhtrt furI'cr..J.or' ilr thg lirrnba.

Iflffaiuraes not€d, ln tle rr:greaslouo ccr bors welght

;)or cr,i, $r\3 1ntoLl1g1b1s l.n temn of the later nrlturltry

of i;rriLsgr turcl .d t!:o g,loeter" do6r.ee of develoS.'wrt

t"th.':";rod, b; itril,er: Jrr tlrcL;. r :-.tirr1$f.

7" ;'hcre .Lo nD evld.elne of, .E eonsfurtentl,y gqljerlor"

furUit;,,tcl'it Vuli-r,O ,:f aniri e:1$ bone. C6rA-&nlggng Otr

tl:i: :.;;.,;il,-3.cl1vo vorth o3- tjie Fp{.o 1,"rt8trrrl bonao

rulti, tl:r:t of tlie itioi.i] *jri,.l onge f:.ll to i:lrow grlil

y';ttolt: oi' or.Li,or'1ot,1t1;ri ilor rlro tilo bgreg of tire

htn.r ii.:rb eonfiinix:rrt]Jr bct,ten or. i.'orcc fur':]lcos of
nr.:ce;.ir,r. tlesuo thxin tiioec o,t- trc forg l.lnb.

B. ttro r:toot $n:tlsfrietoz.y lcvglo c,f ..ncillotlor cf orrr€:;L:e

mrssls alfordotl by tlro ltmiir t€glsseelcns dr tfio
vullstoe otudled (of. ptrrrrgnegi J ubovr!) lsave anctt

to be itesLrcd,, Tlb ef,fl,alooqy of, eatlrrytlo ls
lnfironeA by t&e uao of xilultltlc nogrceston eguntJ,os

lrconlonrttng ladhfna&rnt var.latoe shlCb eno not
ol.ssllr rllntod to rach otbEr. Ifp @61nat1o d
orrra{ts{t Eglght aadl bono sol8lt Srrsvl0ra tlrs lsrst



r56,

standrr:rd elmCIp d ctlnrt€ tt bsth tln urttb (gy.x = 5.O6

5nr cert") E{rre {r}te ruture stlo€p (gy.r " fr.l5 pr sgnt.)

8us?.I lsvets d ct'fuuitton c&n sos.Te€fv bs s@sl{aredl as

sntisi":r{rtony tn ei:,Ito rf ths }ur6e varlatlme notod tn
thc rrulCirtc tlf' ct3rtglrs{J nrc€J.er

9. 'r3r: rssulte nlr.w thgt tls leagth arrl uelght verlates

of' a t.rone ere i'c]'rlttv*l*r c3.mely rolated,l and tJtetr 1o

u' i-nt.}tll:]e r.ogroesltrr Lneosl.iortitlsg bots wolglttp the

li:ngth vi";'*.rt€ f&dls 8o contrlbute slrfftolent unlgue

i.nfi.rpr*rti,*r lregwtLlng tig rrelfftt t:f, €r:leaRg snnclo to

Jw.Bi,S lkl tsrclr.rslsr ln tl:o :',ef.r.t1onghlp.

10. tbe ocntrilnitisr"e of borw aelgttt i,€n Go. 1n rnrtr'tl:,lo

r€grlrcstrarra, si,tir ctrre*ris rrel,g$li; ri:'o trLglrly o16,nrf1o nt
ln Bll cirs€sr llrt tlrc lweln ctr .,rstljotlosr u{ferlec1 by

ttrj.s ccnbi.n'rttcr of, vr'r"Latec f,;j.l to ror.ch tl:ooe of
oi..EBr;*$ solf*it stt^tr {rbeolugc iro:* srolgtrt.

11. the seal$slme d,nrun tt€ts thlg etudg otgport osrtuln

d dp ea*l.g fird't.rrgp of i,ienrxnd anal b1t oo-rchns ln
&s fa$ ss thalr flad,lngB offfor. opedlblc blologl,oal,

lntari",rctstlma of t'b Ftsttstlaal rilaultgr Ia part-

louler ths r€Dul,ts d th6 pscest etrdy augostr
(f ) tbt lpthsra hlvr lagrn and, htsrlrr bm ltan ilcgr
(a) get ruGtlarr tastf;r$n lnrlro gl,oily ths oltnl hrt atteln

I EtrB adrerscA Btags d ffiloEnnt tn thslD
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ul,tl,t?$to rutturl tgrl

$) thrit tlis i"rcrogso in tiro wolghtl errd tn the rolght
.xrn inlt l.ength eif, o i:ono contlnuse Bftor gnort&,

ln lo:gtt hrrs oeueccl,l

(it) *..:r'-t tl:ors le ii ggroeiten lnerCIusg lri tie sgli:ht of,

r*.:t'ig':l*rr. tloc'ls tigr lglit lncneaee ln c,rr"grise gcLglft

ln lrnnbg tJti'n ln;iritrrr.e Oboopl endt

(5) tluit tte lltsr.o*Be ln trra ro163ht of oa:rcs$s ieussul$r

tlger.te eontinr.es aftor. i;ae gnorth l:ae osasetLo

t8c it le c.ibixtttetl ti:i,rt fur.tier. ciisl,:es ln tJtrls fLold ralglrtl
irith irtlrrr-;;1!r.6cs <lcnsi.dor the uso otr ccrttrln latorr.rril
bmc . caa;rcr:cntxi a;ltl oB cstL.',*tec of clcnslty ln udd.lt,lor1

to tl,t.r v+riol:ltgg rfor6 eo:a-ltrrly o"rylqyod rn urg eeur€rr foll
u -,r$:lgor 8lrcrile1 ObJOOtlrre *.::d r.rgfable Lndel Of thg
rol5i:t o1' cr.Jr:acjf. r':x;culun tlcsua. $*rE poselbl'c

tcr:lx:,3.r3'"ree for irrfti$elng trxl guse rr-d. a,ccrrrtloo tdth
I?i,",-(f: ttcur'o : x;lr6*t-€Iit6lttg r;ray be obt.llred, ar"O SUgglOted.

It i.e srclvcr0trt*d, ttr.t tiro rclatlonghlp botnean bOrO

tlllcrmoas orrd relght 5nr wrlt tongtn bo lrrvestlgatod
bsforo ttro lattsn la f\stlar usod 60 a subtltuta fe
Err {cttllll lrasurorgnt.
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