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INTRODUCTION

llvestook lmprovement was practr.sed. long before the

,d.evelopment of a sclence of breed.lng. pr,lmltlvo man ln
d.omostleatlng the wlld anlmal¡ lnost llkely netalned. th.e most

doclIe. Naturally hs mad.e no d.lstlnetlon botweoa the natur"al
and acqulred. d.lffereneos betweea these animals¡ believing that
aLL eba'ractens were oqually ü¡'ansmlsslblo and. that good manâ,go-

ment was a shont eut to livestock lmpnovement. Othor bellefs
sueh as tbose concernfug the lnjurlous effects of matfng close
relatlves, nraternal lmpresslons¡ telegony¡ and so onr l¡rflu-
onced. the bneeding metb.od.s employed. as man galned. lnterli-
genoe the great faot of hered.Í.ty must have become apparent to
hlm. The neallzatLon of lnhenitance no d.ouþt led. to morpe

rapld. fmprovement.

rnüenslve effonts to f.u.pnove the Iocal types of Llve-
stoek began ln England. oanly in the eighteenth cenüurTr. As

improvemont by selecÈion boca¡re irnFosslble¡ breed.ens: câlltl.ous-
Iy practlsed inbreed.fng wlthln thefu' own herd.s. Robont

Bakewelle gerrêrally accned.ited wlth settlng the pattonn of
mod.ern anl¡al bneod.lng, began his constnt¡ctive wo¡rk ln the
year L760. IIe d.emonstnated tbat close and. contlnued. lnbneed.-

lng could. bo practlsed effectlvely to imErrove llvostoek.
rt was dunlng hls tfme that ped.!.greo bneed.lng bocame estab-
Ilshed.. Hls broed,ûng work was with the old. Longhorn cattle¡

. . .......,'.:.:::!_: \ r 
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Leicester sheep, and Shire honses. The Co11lng broth.errs,

foundens of the Shorthorn breed of cattle, followed Bake-

welJ-¡s system of matlng with great success. Thomas Bates,

a student of the 0o111ng brothers, pnactised considerable

Lnbreeding and developed a hlghly inbred I1ne of Shorthorns.

Laber attempts to impnove llvestock using close

breeding seemed to meet with such a degnee of failure ln
the hands of less competent breeders that they dlseouraged

the pnactlce. However, the superio:r t¡pes of each reglon

ïrrere maintained, and developed into the pure breeds as we

kirow them today. To maintain the purity of ühese breed.s or

t¡rpes, Ïrerd and flock books were establish.ed for the necond-

lng of pedlgrees. The finst such register was the Coates

negister. of Shorthorns, fÍrst published, in l-:822.. Livestock

lmprovement slnce the establlshment of the breeds has been

s1.ow and mostly through seilecùlon from within the pure breed.s

or fnom the grad.lng up of coilrmon stock by the continued use

of pune bned sires. It ís essentlally the system of live-
stock breedlng being practlsed tod.ay.

S/traf these breedens accomplfshed by theLr bneedlng

prograrns is diffleult to measune quantltatively. Ilowever,

by the study of ped.lgrees we can discover Ïrow much inbreeding

was practised and the degree of relatlons1.ip whlch they maln-

Èained between animals within a herd or breed. rt is of in-
terest to study the breeding methods used since they reveal

the progress in breed. Ímprovement. The studies which have
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been mad.o portnay a general plcture whlch ls surprlslngly

slmilar for all the breedsr wlth tbe exceptlon of the early

Shorthorns. Mod.orn genetlcs has mad.e lt þopetrble to elq)rsss

the breed.lng mothod.s used.r and whatr !n cotlsoquence¡ 1s the

present genetlc status of th.e varlo-Lrs b¡leed's.

l,r;...i;;:1,



AEVTEYJ OF trITENATUNE

Method.s of Anal,yses

The mod.era theory of genotros has made it posslble to
pnod'uoe measures of lnb¡roedüag arrd neLatlonshlp¡ whleh a¡re

essenülal fon the analysls of Èhe b¡reeding method.s used. by
llvostsck bnoedonsr Geneülos ltseLf may be d.eflned. as nthe

soleace whloh seeks to aeeounË for the ¡reeom-blanoeg and dlf-
fe¡renees exhiblted among organ!.sms nelate{ þy. deseent.rr

The flnst attempts to appJ.y selentlflg.'stud.y to the
phenonene of vanlatlon ln inhe¡rltanoe were r*g: late in the
nlneteenüh century þy Francis GaLtoÏl¡ ln the fleld of Ìn¡¡ran

henodltyo Howeven¡ lt was noË untíl after ttre nsd.iscovery
of $endelts Laws ln lgoo Èhat a rreal sclenoo of anlmar
bneodlng sas estabLl.shed.

Pearl (19L7) pnesented. hls eoefflelonts od' i¡rb¡reed.lng
and. relatloaehi¡rr Thls eoofflelent of iabnsedrng is baged.

on the fact ths.t an lnb¡rsd. anÍ¡nal, has feïver dl{-ferenÈ anosg-
üsns thsr¡ the gaxlnum possrble number. The coefftciont of
neLatlonsb1p, ls based. on lhe number of ancestors two lnd.lvld-
uars have 1n com¡noh.¡ 

- 
ELS oompaned. to tbe maxfmr¡m number pos-

¡åLble. A separato eoefflcÍenþ ls obÈalned fo¡r eaeh ancestnal
geaeratlon for boÈh of thsse measì¡res. Theso coefflelents
ln many oases gavo i.noonslstent nosults¡ as they drd. not
fake lnto aecount the d.ifferent systens of matlng¡ and. are
uow nostly of hletonleaiifnËe¡rest.

4
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It was not unttl W:r1ght (lgZZ,,IgAõ) gave us h,ls eoef_
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flclonts (of lnþroed.lng and. relatlonshlp) that accunate ¡B€âa-

ures of lnbreed.lng and. relatlonshlp wero obtalnablo. tlllntght

(L9?;?) states: rrAn lnbreed.ing coefflelent to bo of most value

should. measure as d.lrectIy as posslblo the effects to bo ex- 
:

poetod. on the avsrage from the systom of mating ln a glven

pod.lgree;[ The coefflclent of lnbneed.lng ls a rerative and.

not an absolute moasuro of the percentage of homozygosls 
,,:,r,:
l;'" ,.

obtainod.

The slre and d.am of an inbned. lnd.lvid.ual ano oonnected. .l-,',

by llnes of d.escent from a common ancestor or ancestors.

The coofficlent of lnb:reod.ing for the lnd.lvld.uar ln questlon

1s obtalned. by a summatlon of the eoefflelents of evory llne 
i

by whlch the parents are eoru?octed.o Each llne 1s traced. back

from tho slre to a con¡mon ancestor and then forryand to tho

d.amr wlthouË passing th.nough any 1nd.lvldual moro than once l

rwith1ntheg1ven11ne.Ithasbgenshowntheoret1ca11y
that thf.E coefflclont glves the eoofflolont of oorneLatlon

i.,a t,...

beüween the unltlng egg and. spero pnoduclng the lndlvidual ,.1,

ln quostlon. Thls coefflelsnÈ measuros the percontage nod.uc- .-.,...

tlon of heterozygous factors that were present ln tho found.a-

tlon stocko Tho foraula 1s as fo]-].ows:

trïr = IßrZei"+ nr * 1(r * r¿)-l

who¡ro Fx and F4 aro the coefflelents of the lnd.lvld.ual (x)

and. tho ooilünon aneestor (A), rospeetlvelyr and. n and. nt aro

tho number of gonenatlons between ths corülon anoeston and. the

eine and. d.a¡nr nespeoülvely. The lacior L/z consldens the
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fact that the germ corls whleh unito to fo¡rn the lnd.rvld.ual
ane eaeh one half a gongratlon fro¡r slre,and d.am.

The eoefflclent of nelationshlp measures the d.egree of
kinshlpr or3 duplication of genesr which exrstibotween two
lndlvld,uals or groups of tndivld.uals related. by d.escento

The measüro¡ as ln the inbreeding coeffleLent., is a nelative
and' not an absolute olloo The formula showlng the coefflelent
of nelatlonshl¡r betweon two ind.lvld.uals ls as f ollows ¡

Eßrlr¡"+ 
n' (r + rE¡]

Rxv=yæ
whone x and. y are tbe two indlvld.uals whose nelatlonship we

wlsh to measune; n and. nl are the nr:¡obe:r of gener.atf.ons betwoen
the comnon ancestor and. x and. y¡ respectùvely; (A) Ls the com_

mon ancestor¡ and. F4¡ Fx, and. Flr tbe coofflcionts of lnbroed.-
lng of Ar x¡ md y, respectívely.

The fo¡uula for carculating the ooefflclent of nelation-
shlp betwoen sÍre and d.am of the lnd.ivlduar x is:

2Fx
RsdT=tffi

The coefflcfent of neLatlonshÍp betweon si¡ro an¿ d.a¡n ls
twice tho coefflcient of lnb¡reed"lng of the pr.ogeny unless the
panents ane thomselves lnbnod r in whlch case a coruectlon is
to be mad'e for thetr âs shown by the te¡.uo under the sqÌrare
:rooü slgn"

üir"lght and. Mcphee (lg25) d.eveloped. an approxlmate (shont )
method by whlch much of the d.etair encountor.ed by wnltlng the
completo ped.lgroo and. wonklng out the eomplote coefflclents
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of lnbreed.ing and rolatj.onship may be â.voIdêd.. ft is based.

tton the tabulatfon of nandom samples of the pedigrees of sire

and. d.am. tt The nandom samplfurg need be contlnued. only untll

a tle occurs between the ped.lgf,êês¡ without eonsl-d.enlng tho

nrrmbor of genenations to the closest conmon ancestorn Tn a

two colurnn pod.lgree tho lnbreedlng coofflclent ls olthen 5O

per eent or O¡ d.epend.lng on whether a tlerl does or d.oos not

: .: :: :'

¡-' .' .:

....''

i..,1!. :,:..::..:.'

occurs" The shont method ls of Ilttle value for the lndivld.ualr 
i:i.:.,..l:'::::.r::.

but for a group lt ls al$ost as accu¡¡ate as the long mothod., lr;':'':':':

Vtlr1ghttssystemofd.esignat1ng1nbreed.1ngand.re1a-

tlonshlp, lLa.s been used. 1n the gonetlc analysls of sevenal

breeds of cattle¡ two b¡reed.s of sheepe two breeds of svviner

and. several breed.s of horses.

Breed. Analyses 
i

ilrnlght (1925) hlmself cond.ucted a gonetie analysls 
I

I

of the Drchess famlly of Shori;horns as bred. by Thomas Bates.

He states that the Drchess famlly as established from

Co1llng-brod stock was alnead.y 4O pen cent lnbred-. through

his entire bnood.ing eareer of about 40 yoans¡ olght gonera-
'ti.onsr Bates malnta.lned. the sanno leve1 of lnbreed.lng by 1n-

troducing just the right amount of rtbloodrr to keep the per-

eontage from rising abovo 40 pen cent. The bulls were about

40 per cent lnbned., whethen bred. by Batos or obhe¡rs. This

l-evel of lnbneed.lng ls approxfunrately equal to two gonera-

tÍons of stnalght bnother-slster matlngr a llttle hlgher

than foun generatlons of Tlgtf '-brother-slster matlng¡ and sln
generatlons of d.oubLe flrst cousln matlng"
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t 
., ,.

üIr1ghü found. that a 60 per cerìt nelationshlp had þson

kept between the anlmals mated. whether bred. by Bates or othens.

Thls relatlonshlp ls hlghen than that exlstLng botwoen the

average bnothor and slster. A hlgh rolatj-onshtp was maln-

talned. to CharJ-es Colllngrs fa.nous bullr FavorLte. Thlg ,,''r:',',

fell gnad.ually from ?6 per cent to 5Z por cent du:rlng the

elght generatlons of breed.lng stud.led.e
, , -,1 ..,,,.McPhee and ürrlght (1925) mad.e a nathe¡r complete genotlc 
¡,:¡:',

analysls of the Shonthorrr b¡reed. of cattle as recond.ed ln Coates¡
i '-.,'.Herd. Book. üsing ürnight r s fomula (tgzz) f or tnbnoed.lng they iì:: 

ji:t'

report a rise from zoro 1n 1790 üo about 1? pon cent lnbreed.lng 
l

ln 1810 and by 1825 the lnbreed.ing hed risen to 2o po:: cont. 
;Th1sf1gurehad.changed.very1ttt1eunt11]92Olv¡honl-twas26

per contn The authons belleve that the hlgh flgu:re for 1810 is i

l

probably d.ue to tho fact that ln the fl¡rst voh¡me of the 
i

Coatesr Herd Bookrpubllshed !n 1822¡only the rtbestrt bred..ani- 
i

mals were reconded.. The shanp incroase ln inb¡.eedlng neached. r' ::

1n tho porlod 1810 to 1825¡was no d.oubt d.r¿e to the co1I1ng 
iil,i,,:,,

brothensr hend.s. By 1B5o the inbneed.Lng had d.nopped. to 1g pen i,,'"'"'
att-,,:.a.: a.centrrevoallng a d.lff\rslon of the ttbetterti bred herd.s thnough t,,,,:.,'.,:

the bneed-. The sud-den rlse from 18 per eent f¡rþneeding ln 1B5O

to 27.4 per cent lnbneedlng by 18?õ lnd.lcated a renewed. tend.en- 
,,

cy towand famlly breed.lng. These famllles wene based largeJ.y on i..l..':

i. .. r _1.

Bates and Booth bned stoek" A slight d.nop ln lnbreed.irrg u"t*.un
the yeans 1875 and. lgoo uras p¡3obably d.ue to the dlffuslon of 

,

the blood. of CLranrplon of England.rowned. by Anros Cnulekshanks. i

.å,gain tho sllght nise ln lnbreedlng frono 19oo to 1g2o may also 
,r,,,r.,.:.,
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be cned.lüed. to clrenpion of England.r âs his blood beoame more

sonoentrated. wlthin the b¡reèd. The lnbneedlng coeffleient

af 26 por eent for the þ¡reed. as a whole tn 1920 meanxs tfìat the

b¡reed. was 26 per cent more homozygous thår¡ the orlglnal stock¡

and. al¡rost tho sanno es lf tho entfile b¡reed. had. d.escond.od. f¡rom a

elngle palr of a¡rlmal-g cb.osen at na¡¡d.om frosr the found.atlon

gtock.

The lnten se reLatlonshlp showed. a steady rlse fron

22 per eont ln L81O to 39 por oenü fuä'L920 wltb the most rapÍd.

rlse occurrlng before l-850o fhis nise was ln agreement wltb

the rLse ln the eoeffLclent of lnbreodf-ng. The hlgh co¡¡'rela-

Èlon (nearly .4O) between rand.sm anfm.als¡ the pnaetlcal ld.en-

tlty of the obsorved lnbreod.lng and that due to randorn maül:ng

for, 19OO and. 1920¡ lnd.laated thaË the bnoed. was then a nathor

homogeneous u¡rlü.

McPhee and ì{nlght nepontod. ths.t the two fa¡'ious slnosr

Favorlte and Olramplon of Englandr showed. a ¡reLatlonshlp of

55 per cent and 46 pon eenü¡ nespectS.veS-y¡ to tho St¡o¡rthonn-

bneed. as a whole.

The partial gonetlc anaLysls of tb.e 20 Lead.ing Ane:rican

prlze wlnnlng slnes as taken from Malln (192õ) furthen 1nd.1-

cates Ëho homogenelty of the Shorthorn bneed.. The d.lfferenoes

between the eoefflclenÈs of lnbreed.lng and. nelatlonshlp of
these slros ar¡d. thoso for the entlne b¡reed. we¡pe found. to be

lns1gnl.ff.cant. The avorage ¡reLatlonshlp between these sines

and. the breed, of 19?O was 5O pen contr whl1o the nelationsbtB

l.:il :':::..:ì:

Ìr' ' ' _":

i i','i:j
i::t;r'-,t
: a.:::
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of Chanrplon of England and. Favorlte to those prize wlnning

slres was four¡d. to bo 47 per cent and. 45 por cent, respeotlvely"
McPbes and. Tllrlght (1926) mad.e a Mend.ellan analysis

of ths Brltlsh Dalny shorthorns nlth the purlgoso of companlng

fhe lnbneod.lr¡g of hlgh-pnod.u.clng and. avsnage-prod.uclng ooTrs¡

and theln reratlonshlp to cLrampion of England. and. Favorlto.
They neported. that ühe coefflcients of lnbnoed.lng and. nola-
tlonship between these two groups ar¡d those for tho ontllro
bneed. 1n 1920 nevealed. an Lnslgnlficant d.tfferenee¡ lnd.lcatfng
that theno had been vezÌr llttle lnb¡reed.ing praotisod. among

d.alry sh.onthonns. Mepheo and. vürlght assume rthat the d.alry

Shorthorn group ls baseô on ap great a dlvonslty of bLood. lf.nes

as a ¡rand.o¡r sampS.e of the breed.l!. Furtheruorê¡ these,.auth.o¡rs

.olgte that due to the large probablo error it wouLd. be unsafe

'üç qtþa.9h any slgnlfloance to the d.ifferences beËween the:.¡re1a-

tionshlp of rlrvorlte and. champlon of Eng3.and. as companed. wlth
thelr average relatlonship to the b¡reod. as a whore, 1r¡ lgzo.

Brockelbar¡k and. T$lntens (rgar) made a study of the

method.s of breeding ühe so-carled. trerltett of the shonthornsr
comparlng the Present Ðay Show lflnners wlth Rand.om Seleeted.

Ïnd'lvlduals. The 1OO Ra¡¡dom Selected Ind.ivld.uals rrero chosen

from tho same voluoes of the herd. book ln which tho p¡resent

Day Show Tflnne¡rs were neeond.ed.o Bnocke1þank and. Illntere r€-
port that ühe Presont Day sho¡r ïUlnners had an lnb¡reod.lng so-
effLolent of 2.064 pen eent¡ whfle thg't of the Rand.om Se1ected

Ind'1vld'uaLs was 1.028 per eent. These autho¡rs state ,that the
results of thls study show a srlght nlse Ln inbreeding strnoe

i..ir:jÌr:j:ì:
l. . ::l
i: "':-':.:'

i

l:.ii:"r ir: .a
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1920 whlch. was stmllar to thå.t for the entlre breed. slnee

19OO, as repo¡1ted. by McPbee and Wrlght (1925). Inbreed.lng

apparently tras not been p¡Peotlsed. extenslvely in the ProÖuc-

tlon of the P¡resent Day Show ÏJlllnnens. The Junlon authon¡fn

a sfuìtÍlar stud.y wlth Horefond. sl3esr found. the saï,e goneral

trend.r lndicatlng tbat lnbreedlng trad not been a groat factor

ln the prod.ustlon of recont l.ead.lng Herefo¡rd. glnesr

Accordlng to thls study tÌre P¡resent Ðay Show llllnne¡rs

are probably rnore homozygous fo:r desllrablo eha.raetons than the

Random Selodtad. Ind.lvLd.uals. In a compa¡rlson the fo¡mer had.

14 per cenü moro show wlnners ln the flrst genoratf.on and. sllghtly
moro than J.O pen oent ln the second. gonenatlon.. The mangln

gnad.ually narrowed. d.own Ëo L,5? po:: cent ln the slxth gene:Ratlono

In vlew of the rosults oþtalnod., BrockeLbank and Tlllntons

oonoLud.e the't solectlon 1n the bnoad. seRse of tho ternr eonsid.-

ening 1nd.1v1duaL1ty¡ broodlng perfonoranoe, and ped.lgneo¡ has

beon the üoo1 usod by Shorthorn bnesd.e¡rs ln tho productlon of

show wlnnens. F\rrtherßor3o¡ the hlgher coofflcLents of inbnosd-

lng revealed. by the Prosont Ðay Show lÏlnneng as comparod. rylth

tlreln sires and, d.a.u.s¡ lnd.loates that outerossfng has not boen

pnactised by b¡reed.e¡rs Ln the productlon of show wlnr¡ons"

Howeverr th.ey etato ths.t thls d.oes not pnove fhat lnbneeÖlng

could. not be usod. effectlvely for tho prod.uctlon of bnood.lng

anl^mals and. outcnosslng fon the prod.uction of show anl¡ßa1s.

The study further lndicateit that tho dogneo of lnbnoed.lng f,or

the breed. as a wholo Ls lnersaslng gnaduallyr
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FowLen (1952) 1n frls genetlc study of the Ayrshlre

Breod of cattler found that the eoefflclsnt of inbneedlng for
the entfu.e b¡reed. as calculated by ïrlnlght r s ttApproxLmate Method.tt

showed. a progrresslve lncneaso fnom zero ln 18??? to an average 
..,,,,,

value of 5.õ per cent tn L92?. No lnbreed.lng was revealed. rrn- ì::::

tl3. L892o Fowler attrlbutes tho lack of inbneed.lng before

tbis perlod to the very lneomplote pedlgreesr sottre tnaclng only 
;r.;,,.i

to slrre and. d.amo The author reponts a d.lstlnct fa1.1- ln 191,? ,,;,',r

and. a correspond,lng rlse Ln L922 whlch he belloves a posslble : .::

result of the war perÍod.. A speclal negistexâ was kept fon 
i:''':''i::'

holfer calvos d.uning thLs perlod. These had. to prod.uce caLves

befone belng ad:nltted. into bhe later volumes. No d.lfference

ln lnbneed.ing was fou¡rd. between reglste¡'ed. bulls a¡rd. cowso

A large pnopontf.on, of the lnbneod.tng'was tracod. to two for¡nd.a-

ülon slnes, Burnb.ouÉros and Ifove¡r-a-Bltnk of ÐrunJosrtr {Islng

Illrf.ghtts trlong Method.tf Fowlen neports that the hlgh pnoduclng r

colÍs had an inbneod.lng coefflclent that wâ.s consld.erab3.y lower
than that fo¡r tho broEd,,-ravôtragâo However¡ lnbreedlng appanent- 

i,i._,,
ly had. no h¿nnfu} tteffeet on .the ml3.k yteld wben the coeffl- ,':,1',,

--tar- --r-l-ir- - r . 't"t"clent of hlgh nlLk yieldtng cows (over l-ooo gallons) was cern-

paned. wlth thaü of cows glving ave¡iege yleld.s (r¡nden goo

gallons);u 
_ ;,:::,.,

The forrndatlon sÍ¡rer Eover;a-BlLnk of ÐrumJoan, an¿ i,,i,'.i.

the DrumJoan herd. as a wholer had. exerted. an ext¡reme lnfluence
on the genotlc constructLon of the bnoed.. Fowlor neports that
ln 192õr õ9 pen cent of the inbneod.ing ties of higþ nilk pro-

'.-"- '.duclng c9lrs could. be tnaaed to the Dr.trnjoan herd.¡ as companod. 1,¡':;L,
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with the next hlghest of only 6.37 per cent. The Drumjoan

herd. contrlbuted 18.J6 per cent of tfre total coefflcient of

lnbneedlng, while that of ùkre next h.lghest herd was B.J! per

cent. Animals nelated to Hover-a-Blink of DrurnJoan urere

responsible for almost lO per cent of these tles.
Lush, Ilolbert, and Willham Q%6) made a genetic study

of the Ho1steln-FrlesLan eattle in the United States. ILrey

neport a rlse of a little over l¡ per cent of inbreed.lng in the

ten generatlons from 1BB1 to 1p2B or 1ÇJ1. The average inter
se relatlonship Ìrad. rlsen to 3.[ per cent d.uring the same perlod.

Ead all the lnbreeding nesulted from rand.om mating, considening

the faet that all the members of the same breed are :related to
each oÈher, the i.nten se relationship coefficient would Ìrave

been nearl-y twj.ce as large as the observed Ínbreeding coef-
fÍclent. However, 1n all slx samples the observed. inbneedlng

coeffleient came out more than twice as larrge as was to be ox-
peoted from the av.e:rage d.egree of nelatlonship. The authors

state that thls ls statlstically signÍflcant showlng a tendency

toward famlly f or"mation. Nevertheless, thls separatlon lnto
famllles ls not carrled far, presuming that the more popurar

families are soon used. for top-crosslng on othen famÍlles.
ïn this way the average nelationship of the breed lncreases

as the degr:ee of j.nbreedlng d.oes. rf, however, the degree of
lnbneedlng inc::eased without a correspond.ing increase ln lnter
se relatÍonshlp, the lndication would. be a distinct tendency

toward. family formation, showfng that breed.ers were averse to
making even mild outcrosses.

i.i1,

lrl':_:::
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The hlgh pnodueens and the outstanding show speefmens

of the þreod dlffered. only sltghtly fronr the breed. avonage ln

thein lnbnoed.lng and retatlonshlp to r"emote ancestors. I¡rsh

et a} furthor report that theso speeiatr- groìrps did sk¡'ow a 
,,,,...,

hlgher relatlonshlp to a few recont ancesto¡rsr thls belng es- l:':'::':'

pecially tnuo of show wlnners. Theso rosultg may stem as

much fnom the fact that only a llmlted. number of herd.s oom-

:.:,,.:¡:;';.pete 1n the show rlng as from any blologleal basis o ,:: :':':,
:1..,;:-..

The eow¡ Ðê Kol pnd, 1s alrnost a gnoat grandmother 
i,.'...,.,,,

of the entlre bneed.. She contrlbutod about ono-tonth of ''''"

the gonos of the bneed. tod.ay and. exented. moro lnfluence on
i

the broed. than any other lnd.lvld.ua1. 
,

The average lnterval between genoratlons ïvas about
i

foun and. one-hålf ¡roarso

Yod.er and Lush (19õ?) 1n thelr gonetf.c analysÍ.s of the
ì

Brown Swlss cattle in the Unlted States found that thero was 
i

only a slight d.lfferonce botween tbe lnbneedlng and. relatlon-
shlp coefflslents of the breed as a wholer and the Reglster 

i,;,,..:.i

of Pnod.uctlon Classrand the Show Group. Usf.ng the Short ,.,,,.,,:

Method- as d.eveloped. by ïrinlght and. McPhee (1925) they found. '';::ì.:'i.

the coefflcients of lnbreed.lng and. nelatlonshlp for tbo lnten-

val betwoen 1909 and 1929. They report that ÈLro lnbneed.lng eo-

efflclents of the entlre broed for. the th.¡:r.ee samples for the ,i'."::t

years I9O9r1919r and. 1929 came out 5.4 per cent, 4.O per contr

and. 5.8 per eont t respectlvelyr whlle the lnbneed.lng coeffl- 
,

clent for the Reglster of Prod.uctlon sample was found. to be

4.4 per centrâfìd. that for the Show Gnoup sample 4.7 por cent. :,. 
1

- i' l:l':1:::'':
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Yod.en and. I¡ush state that tho lnbreed.lng found was equlvalent
to the Loss of about ono-he.Lf of ono per eent of tho remalnlng
heterozygoeÍ,s per goneratlon whlsh compares favourabJ,y wlth
that found, ln other b¡reed.s of lLvestock.

. :r: -:, : ,;. 
- 

1,

The lnte¡r se relatlonshlp coeffLclents for the samg. "';.''

yea¡rE and. samplos o¡1 groups were found to be 5.6 per cont, z.g
por contr and. 4.õ pen cont, for the whole bneed.r nespeetivelJr r 

i:,ir,,i::and.3.2 per oent,,, for the Register of pnod.uction ssgple, and. ::l'r....,

7.4 per cont fon the show Gnoup. Acconding to the lnten se 
;;,r-:.:

relatlonshlp found.r the observed. lnb:reed.tng shows a small but 
::''-:jì;:'l

signlficant exoess over what would he.ve hqppened. lf the matlng 
,

bad'þeentnr1yrand'onw1threspocttorre1at5-onsb'fpbetween

mates.Th1swou1d.seemto1nd'1caüeas11ghttond'oncytofam11y-
t,fonmatlon, whlch¡ howeven¡ ranely goes far.

Yod.er and tush further neport that the Reglsüer of
Prod.uctlon group does not ¡reveal any tend.ency to bo a d.lstlnct
femlly wLthln the þneed. as they ane composed. of ¡r.olatf.very rrn-
related' anl¡nals. Howeverr ths show Group¡ belng more closely 

ir.=-,,,.,r. .'|'..'.' ::lnternelated.¡ shows a slrght tend.eney to be d.ifferent fnom the 
r,,i,,.,,

bneed average rn rts reratlonshr.p to a few necent aneestors. ::,::.':,:;

This study nevealod. that no one. anlmaL ever dominated.
the whole Bnowzr Swiss b¡reed. in the Unlted. States. The Show 

:.,,,.r,,:Group showed' the highest reLatlonshlp coefflcl.ents between in- ¡í;.*
dlvld.ual anfnals and. whoLe groups. slres had val,ues as high
as14.9pereontarrd.14.2pereenü¡ar¿d'cowshad.va1uesofl
Lõ.5 per cent" aod. g.5 pen eent. slngre animals in tbe genenal
b¡r'eed. sanples showed ¡relatlonshlp eoefflclents only as high .., , .,
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as 9.2 per oent (Wff.:.fan Tell ta j.g0g) r and. g.1 per oent
(Col1,ege Boy ln 1929).

The avenage lnüe¡rval between generatlon,s was found.

to bo 5.4 yeans.

Tull1håm (L9õ?) rn a genetlo süudy of the $ereford.

oaftle ln the unlted. stateg used 1860 as tho base d.ate ln
sampJ.lng lntervars of J.o years. Eo reponts a rlse in the

lnbreed.lng coefficlent fo¡r the eatl¡ro bneed. fno¡n. J-.2 pen

cent ln 186o to 8.L Ber eeRt 1n 1950 (Lz.g genonatlons)

A sllght d.oenease'ln L9o0 and 1g2o nighü be attrlbuted. to
sampllng errors alone exeept ühå,t tbis d.nop oceurred Just
after ¡lrLeos bad begr:a to :rlse and. penf.ods of profltable
exglansion were on the ws.So An increase in exeh^ange of bneed.-

tng stock wouLd. havo led to ühe intere¡rosslng of farnllies
whleh had. þoen beglnr,rfag to separate fnom eaeh othe¡r d.unlng

the perlod.s sf loss aetive trade. Anothen factor nosponsi-

ble for the lowen degnee of lnbnood.ing found. ln the j.gzo

sample mighü have been the increaslng populaniËy of the

Grrdgell and $lnpson cattle. willhir assumes that by 192o

laany he¡rd.e were ln th.el¡r first o¡r second. top-s3rrslng stage

wtth the Gudge3.l and s5-mpson oattle on for¡.ndatlon stoek

th4t h.ed. come from other f,amlLles. Tho shary i-ncnoase ln
tbe d.egnee of lnbreed.tng from Lgao to LgõO had probably re-
surtod. fnsm the Í-aoroased. popu.l-arlty of the ttstraight-b:r,edft

breed.lng durfng ühat penlod.. The speei.al sampl.es of prlze

lflnners and. the Reglster of Me¡rlt anJ-u.als nevea].ed. a hlgher
d.egree of lnbneedlng than the oorrosBondlng rand.o¡¡, sanpleso
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These speclal groups also showed. a higher nela-
tlonship to the famous slner å,nxlety 4thr and. b.Ls d.oscen-.

d-a¡rts. The fnb¡reed.lng and inter se nelatlonshlp ratro was 
::,...:

found to be simlla¡r to that found ln the nand.om samples, ',,'.,,.

lndloatlng the sryne sllght tond.ency to faml1¡r fonnation in
the spoeial groups.

The bulls ln Èhe negular sa.rrples showed. a sllghtly :-....'::'.:
hlgherrbut inslgnlfleant, d.ogree of inbneod.lng than tho 

"..'.,,..oows,oxcept1h188o.Howeven,thebu11s1ntherogister
of Merlt nevealed an lnbneedlng eoefflcient or ?.6 per
cenÈ-, hlghen ühan thât of the GowB¡ wlllh¡sm suggosts

thatth1sm1ghtbeanargumentfonth.ouseofinbred's1nes'
as thls group Ís supposed to represent the vony best

. b:reedlng anlmals of the bnoed in ¡reeent years.

TllllLham states thaü the inþreod.tng eoeffletent 
l

I

of the He¡refond. bneed in rgõo ls hlghen tha¡r that found. :

ln the ÏIol.steln-Eþieglar¡r Aynshlre¡ Jenseyr or Brown 
i.,,.::,::

swlss b¡reod.s¡ but that the base date fon the Herefords ':"'

was earLlen. IIe suggests that had the base d.ates of tho ,,,',',,

Eereford"s or shonthorns been chosen to correspond. to the
base d.atos usod. 1n other cattlo stud.les, the amount of
lnb¡reed.lng found. might al,so bave been very neanly tho sarne. ,-1.,,.,:

' ' ..:','
Tho Lnter" so nolatlonsb.lp fo¡' the br"oed. in 1gõo

was found. to be 8.g pon eent. Thls would. be responslblo
fon only 4.6 per cent pf bhe g.l pen cent of the lnbreed.- I ,,

lng actually found., had naadom matlng boen pnaotisod. tn :.,...,
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the gnoup¡ lndlcatlng a tendency to tho formation of separato

fa¡n1l1es

Anxlety 4t1n and. hls gnand.son Beau Brommel showed.

the hlghost nelatlonshlp to tho bneed. ln 1gõo (18.5 pon cent

and 24o6 per cent¡ ¡rêspectlvely). Nearl-y all the anlmals

showlng exceptlonally high nelatlonships to the b¡reed at
tho varlous penlod.s sero elthor aneestons¡ d-egcend.antsr orl

mates of Anxiety 4th.

The average lnterval between genenatlons ln thls
study of Hereford oattle was found to bo 5.4 yearso

Stonaker (L945) ln hls stud.y of the broeding struc-
ture of tho Abe¡rd.een-Angus breed. ln the unlted. states found.

that the degreo of lnbneedlng was equlvalent to about one

generatlon of half b¡rothe¡r-slster matfng. The avonage ln-
breedlng pencentages of the flve samFles of an{mals bo¡rn

ln l9OOr 1910, 1920, LgõO, and 1gõ9 wero found. to be g.9r

L2.7¡ 1O.8¡ !4.2r and. 11.õrrospê@tive3.y. Shont tlme f].ue-
tuatlons ln i¡eb¡reedlag revealed. a slnllarity in the Angus¡

Heroford.r ê.rld Holsteln breod.s. suggestlons have beon mad.e

that th.ose shifüs reflect th.e effeet of ooonomlc cond.itLons

on the populatlon bnoeding structure. Howeven, the causes

of these shlfùs ane not fully und.erstood. stonaker suggests

that the sllghtly hlgher shlft in lnbr"eed.lng found. in ühe

Angus bneed. as compared wtth that found. 1n any other breed.

of lLvestoek yet studled. (exeept the shonthonns) mlght be

partly dus to tbo oar"IJ-er base penlod. used. Had the base

18
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d.ate been 1860 lnstead. of 185O the lnbreedlng would have

come out 9.8 pen cent rather than 1;4.2 per cent ln L95O"

Accord.lng to Stonaken thls 9.8 por cenÈ eolnpares favounably

wlth tho 8.1 per eent ln the Herefords ln LgõOt ¡rolatlvê

to theln ancosto¡:s ln L86O.

The fluctuatlons from sarnp]e to sample wero found

to be slgnf.floant and. para11e3. to the fluetuations in lnten

se rolatlonshlpr âs reveaLed. by the lnter se nelatlonshlp

j-n eaoh oî the flve samples o1 9.4t 16.õ¡ !2.2t 6.1¡ and.

1õ.õ pen contr sespoctivolyr [he inten so nelationsblp

aecounts for onLy 63 per cent of the lnbneedlng aetually

found., thus lndlcatlng a sllght tendency for oloso¡l rele-

tionshlp botween mates than lf matlng had þeen enttrely

random wlth respeet to pedlgreeo Stonaker fyrther states

that about 1,0', per cent of the average O.õ per eont rlse

1n 1nb¡reêding per generatlon was apparêntly d.ue to ühe par-

tfl lsolatlon of herds on aoqoultt of dlstarlcer

Bl-aek Pnlnce of Tlllyforrn was found' to be tho ;ir

nost pnominont ancesto¡î of tho bnoed,. Hls relatlonshlp of

24.3" pen oent to the breed. ls practlcally equlvalent to

havlng been a gfand.slre of the whoLe bneed.. Numenous less

lnaportant anoestons oouLd. be mentlou.€d.r Stonaker suggests

tbâ.t over 6O per sent of the genes ln the b¡reed. pnobably

came thnough foundatlon anlmals bred. 1n only flve herodsr

of whloh the Hugh lfiIatson herd. was tho most Lmporta¡t.

Tho average lntërnval botween genoratf-ons was
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noarly 5.4 yea:Rs. Thls cornpaxâes favourably wlth that found

ln othen b¡reed.s stud.ied.. Tho apparenË breed.lng systoms

used. as a whole r fon the Abend.een-Ar¡gus breed. 1n the Unlted,

States were found to bo very simll-ar to those used. ln othen

breeds of cattleo

Dlckson and Lush (l-9õ2) fn ühein stud.y of lnbreed.-

lng and. gonotic hlstory of the RamboullLeË sheep Ín Ame¡rlcar

reBort that the labreed.lng coefflclont rose to 5.5 per cent

ln tho õ4 years (8 goneratlons) enAlng Íntag26, The eoeffLcl-
ents of Lnbreed.S.ng for the yeans 1896, 1906, 1916, and. 1926

were 2¡2, õ.8¡ 6.7¡ 5.5 por eontr r€spêctlvely. The lnten

se nelatlonshlp coefflclents fon tho sa¡ne samples we¡?e

found. to be ¡ 5.2r L.5 t 8.7e and. 2.6 pen oentrrespectlvoly.

The degree of lnbreed.lng found. ln 1896 was the same as lt
would. have been had. the mating been entirely at nar¡d.om.

Dlokson and I¡rsb. suggost $hat in vlew of the faot that ùho

breed was relatlvely new Ln tho Unlted. Statesr wlth only a
small numbe¡r, of breed.ens and. a few shoepr a consld.e¡rable

lntenchango of breed.ing stock must lrave taken place þettrreen

b¡roed.ers. A11 these faoüors wou1d. have a tond.ency üo make

Ëhe breed. a unlfied. group with all anlmals related. to eaoh

other. The lnter se neLaü1onsh1¡l of 5.2 per eent tn LB96

lndlcates that such a sltuatLon existed.. Also the nelatlon-
shlp between any two anl¡nals pLcked at nar¡d.om camo out almost

the sÞ"ne as that between anlmaLs traving ono grandparent ln
gomnion and no other relaüionshlp. Iho sudÖon d.ecllne ln

i ìt';..1::. ,

;,rìiÌj:Èì1
Ì..i,:::!r;r t¡:
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lnto¡r so rolatlonshlp aften 1896 was bolloved. to be duo to
fhe uneven d.lstrlbutlon of the frnponted. animals botweon the

bneod.ors. some bnoed.e¡rs sought anxlousry for Jrrportod. sheep

whllo otho¡rs were moro lnterested ln anl¡nals whoso ancestors
had. been ln the broed. beforo 1896. Dlckson and. trush state
that the slfght nlse Ln the average intor se neLatlonshlp
slnee 1906 ttLs a natunal consequenoe of the cossatlons of
lmpor"tatlons end of the fact that the dlfferont branches of
tho breed. wene not kept entlneJ.y lsoLated. f¡rorn each otfrorort
Howover¡ pantlal lsolatlon is nopontod, evld.ent as the inton
se relatlonshlp d.ld. not rlse as fast as the inbneod.lng ooef-
fleient. l\rrtho¡rnor€¡ tho average rel.attonship botween any
two la¡nbs ln 1926 was x.eponted only half as eloso as the
:lnten se rolatf.onshlp ln 18g6. Thls was eonclud.ed. f¡:om Ëhe

faet that the ave¡.age :reLatlonshlp betweon any two lambs ln
]:926 was a llttIo less than 1f ono had. been the gr.and.son and.

the othen tho gneat gnand.son of the same nam but oüherwlse qn-

ne].ated"

No or¡e anJmarr as repolrtod¡ had. ever d.omlnatsd. the
ontlro bnood.. The htghest relatlonshlp betwesn any indlvld-
ual and. the wholo bneed. had. not nlsen much abovo 14 pen oent.
The average Lnte¡rval from generaülon to gonenatlon was about
4.2 years.

canter (rg+o) roported. ths.t ths lnbneod.ing oooffi-
cLent fo¡' the Hampshir"e breed. of sheep slnce it was bnought
to the ÏInltsd. staÈes ha.d. nlsen froo r.4 pen oent ln 19põ üo

!,..:. i:.i

':. .'
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2.9 pet cont ln 19õ5. Thls loss of 0.? to 0.9 per cont

of the exlstlng f¡etonozygosls per generatlon dunlng the '

perlod. stud.ied. was mucb. tho same as that forxrd ln si¡nllar

stud.les of othe¡r þ¡reed.s of llvestoek. 1.:,.:.

Tb.e lnter se rolattonshlp had. nisen fron ze?o 1n

]:g?,5 to O.5 per cent ln I9õ5r whlch d.trd. not accounü for all

the lnb¡roed.lng found.. The hlghen d.egr-ee of inbreed.lng 1nd.1- 
¡,,,:;.,.

catsd. ths.t Sone Sopar.atlon lntO fanllles had. taken plaOer r"r;;':'

i. ..r.

Ca¡rter suggosts tbåt suoh soparatlon mlght bave been from i,a=..

geographie loeatLon rathoÌ' thsn a d.ellberato attempt of the 
i

breed.e¡rs to koep famllles from lnterbroed.ing wlth eâch other'.

ThÍs stud.y nevoa1ed that no one anlmal or famlly 
i

ha.d. ever d.orninated tho Hampshlne breed. of sheep. Only two 
l

anl¡nals sbowod a relatlonshlp of ovor 2 per cont to the

entlre bneod.. 
i
i

The average lnüénval betwoen generatlons was 5.5 ì,

and õ.8 yoars 1n the two sa^uiples. Canter states that a 
..:i.,.:i,,

shonter lnterval is to be oxpectod. 1n a rapldly oxpandf.ng il.r.l.

;, ,:,

bneod. than that found. ln a bneed. neLatively stable in nun- ¡, ',',,

bsrs. Canter furthon suggests tbat the longer lnterval þe-

tween goneratlons (4.2 yoars) found. ln the Ram.boullloü

sboep was probably due to the faot that ft appr"oachgd- a 
i,,,;,,,,j

nu4erloal equlllbnlu¡n aË an earlleï. date than the Hampshj.no. r::":

Süee1s (Lg44) mad.e a genotlc stud.y of Thoroughbned.sr

Standandbred.sr å.nìd. Amorloan Saddle Horses in the Uni.ted. i

ì.ì1i'
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States. In a comparlson betweon stake wlnning (gtakes)

and. poor perfonnlng (Poors) Thoroughbned.s, Steelo roports

lnbreed.ing eoefflclents of 8.õ per cent for bothr while the

lnbreed.lng coefflolent fon 5O loadlng mone¡r wlnr¡ers c¿rme ,,.,.,
: ì : :.:.:

out 10.2 per cont. A penfect ss.uûpl.e of $üand.ardbred.s

showod. an lnbreed.ing coeffioient of 4.O per cent. Bhe tn-
bneed.lng found. ln boühr the .Thonoughbned.s and. the Stand.and.- ,,,,,,:,

bred.sr a.ccotlt1tod. for about a o.6 per ognt loss of heteno- 'i'"j'
l: r-,.:

zygosls per¡ goneratlon. The Amerlean Sad.d.le Horses repre- :,,'..i

sentod. by one Shorv sa.nrpLe and. two Rand.om sanpl-es nevealod. 
,

averago lnbreed.lng coefflclents of 4.0 pen eent fo¡r the I

Show sampLo and. 6.? per cont for the Random samples. Thls 
;':

showed, ar¡ lncrease ln lnbneod.lng of 1.4 per cent and. L.I I

per cent per generationr respeci;ivo1y.
i

The avenage lnter¡ so relationship fon the |tstakestt 
ii.

and. trPoorgr we¡lo found. to be 16.õ por cent and r4.l per eentr i

nespectlvely¡ whllo that of a samplo of lnter olass of 
r;,,,.,.,1rlstakes-Poonstr eeyre out 16.8 pen cent. The sa.mpl,o of Lead- 
l',,.'

,; :', : '.:lng lüoney Tlllnners Trad. an lnten se rolatlonshf.p of 15.9 per t,,.,,',,i

cont,thoShowsamp1eshowed'oneof14.1.percentrwh11e

Èhat of the average Rand.om sampres ceme out 6.0 pen oeRt.
)

stoere states that the snarr d.lffenence ln the ¡.ìirj
averago neLatlonship between the ltstakesÌt and. the rlpoopstt lj::::1':1':j:

Ls statlstically lnslgnlflcant. F\rnthermore¡ conpe.rlsons
i

botweoa these two groups showed. that they wore as closely i,

no1ated'aswerel.nd1v1d'ua]'sw1th1nthe$fotrpsrTheLeai11ng
ir:.:.î!i



24

Money ïüinners neveaLed- a sf¡arllar d.egroe of rolatlonsb.lp

as the other samples. Homogene'lËy ln the Sad.dle Eorses

soems to be lncneasing more rapfdly tba.À in the other

breed.s.

In vlew of the lnbneed.lng per genoratlon in the

samples stud,ied.r Steol-o suggests that tho bnoed.ens of

Sad.dLe Horses mad.o a stlghtly gneatem uso of lnþroed.lng

than dld the breed.ers of Thonoughbned. and. StandarÈlb¡red..

ïnbneed.lng appanently has played a minon part ln the mod.-

lfieatlon of theso Iright Horsos. Broederg seoml to have

d.epond.ed. more on seleotl,on 1n fixlng the standa¡rd.s of theso

breeds. ïn this nospect the bneodlng practlces of alL

maJon breed.s of llvestock stud.led. soem to bo qulte si.m1lar.

SüeeJ-e noponts some tend.eney toward. famlly formatlon and.

beJ'leves thaË geographleal lsolatLsn ls orel-y a mlnon facton

1n Llght Honses besause of greaten brood nobillty, pantleu-

larly in the Thonoughbned.s and. Stand.and,bnods.

Of the ten famous remote aneostorsr Stool-e neponts

that ttrreo slres were responslble. for about one thlrd. of
the gones of the mod.or"n Amorlean Thoroughbred.. As for tbe

Americs'Ir Sad.d.le Honses only ono sÞe out of nlneteon famous

ancestons eontrlbuted more thån 10 pen eent of the genes

of bhe whole breed.. Apparently no lmnedlate aü.cestons

he.ve shonnr any great lnfluonee on the þnood.s.

Süeole statos Ëhat Ln slnllar stud.les of Scotch
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clyd.esdal,esr ea carriod. out by cald.er (r?zyl, liùtle ln-
bneed.ing had been found. ln the foraatlve ponlod. of the

bnoed. rloweven¡ the lnbreed.lng had nison to about 6.5
per cent ln a llttle over slxÈy years. cald.en assum.ed.,

b.owever¡ that the homozygoslty of the clyd.osd.aIe was

simllar to that of othe:r bireod.s showing more intense
lnbreod.lng.

Fletchsr (I94õ) uslng complote.. fous. genenatlon

pedlgnoosr üad.€ a genetlc stud.y of the amer-ican euarten
Horse. Tho three nepresontatlve samples of the breod.

dosÍgnated.¡ rrBofore l-9õo, rr19õ5tt, and 'lg4o-41ï'r showed.

lnbreed.lng coefflcfents of 0.86¡ L..64t and L.?5 por" cent¡
respectlvely. Tho selci-ct ttstallionsn sarnBle 1n spite of
the hlgh proportlon of Klng-Ra¡rch-Bred anrmalsr dlffered.
only sIlghtIy f¡:om the bneed. average¡ neveallng an lnbnoed.-

fng coefflelent of 1.7 per cont. Fletcher" belioves that
1.? per eenü ls probabJ.y Èhe proper lnbreedlng eoefflclent
for the bneed.. The lower figune of o.g6 per cent rnight be

9r" to the relatively gneaten nr¡nber of lnbred rlnes 1n

these pedlgrees. urlth tho exceptlon of the frBefor"e rgõort

sampler.the actual lnbneedlng is gneater than the ex¡reeted

lnbneedlngn Eoweven, this dlfferonce 1s not signlficant
enough to ind.loate any planned. inb¡reed.ing. The Lnb¡reed.-

lng per genonatlon compares favonably wlth that of othor
breed.s.

ir;.;

The fnten se reLatlonshlp fon the representati.vo
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samples was found to range from O.9B per cent to 3.02 pet

cent. The sma11 amount of lnter se relationship could noü

account for the lnbreedlng of the coryespondlng sa-rrples,

indicating a slight tendency to fanily formation in ttre an-

j.ma}s givlng rise to the Stud Book of the Quarter Horse

breed.

A sample of anlmals bred. by the King Ranch showed an

appreclable difference from the breed as a whole. Fletcher

found an inbreed.lng coefflclent of l+.89 per cent, and an

lnten se rel.ationship coefflclent of 20.11 per cent.

The sire, Peter Mc0ue, was shown as the most frequen-tly

occurnlng ancestor in the samples as a whole. The average

interval between generations was 8.99 yearsc

A comparison between the Holstein-Friesian catt1-e and

the Quarter Horse indlcated a more extensi.ve use of a few

sj-ros 1n the Quarter Horse than has been the practice in

Holsteln-Fri.eslan cattle e

Rhoad and Kteberg (191i6) conducted a stud.y of the

Quarter Horse breeding at the King Ranch. Thelir studies

were base.d on ttre pedigree s of lf of Otd Sorrel ls inbned.

descendants of the 1Çþ and 1Çl4Z erop of foals scheduled

to come up for negistratlon as two year o1ds. After 01d

Sorr.el had proved to be an outstanding slre, he had been

mated repeatedly to Thoroughbred.s, Quanter Honses, and to

crossbred mares of these two breeds. Of the // ped.Ígrees

of thls study, l+f trace back to found.ation mares of th.ese

7:._:'

.:'a

i'i
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throe types¡ bred. to 01d. Sorrel, 35 ped.lgnees tnaoe back to
foundation maros of slmlLarp breed.lng whlch had. been lntroduc-
od. lnto the LLne for" the use on sorrÉt and. grand.sotrs of Old

Sorrel¡ and. one A¡rabf.ar¡ natâe was reported. as appearlng 1n

sevenal of the pedlgrêose Thoroughbned. bneedlng had. beon

kept at a hlgh Level by tho uso of sonÍ¡ of Old. Sorrel out

of Thoroughbnod mares o" T!* hlgh peroentago of lnbreodlng

obtalned was reported. as bolng maln1y d.uo to four slres.
Rhoad. and. IC[eþorg report that slnoo ühe beglnning

of thls exporlmenü¡ nearly twenty yea¡rs sgor ten staLllons
and. approxLuately 4OO nanes have boen usod.. All of the

stallLons and. about ten per cont of the maroa we¡pe found. to
bo doscond.ants of 01d. Sornel. The famlly of O1d. Sonrel is
reponted. as havlng d.evelopod. lnto a pnepoüent stnaln¡ mad.e

up of supenlon lndlvÍduaLg 1n pbyslque and. lntelligence to
any other horses prod.uced. oh' the Klng Ranchr

Fleteher (1946) noponts th¿t the average inbneedlng

eoefflclente of the flve earnpLos of the Teruressoe tüalklng

Horse was found. to bo rolatlvely 3-ow. The f!.ve samples

oonslstlrrg ofr tfFoundatlontr group¡ ttLgF.4-26n t tr1959rt¡rl1g55n¡

and, tt194orr groups novealed. lnbreed.lng coefficlents or L.zLt
L.õ9r 2o49¡ 6.L4t and. õ.6? per oent, nespectlvery. Fletehen

þolleves tbat much of tho lncreage 1n the more recent en-

trles 'Ls pnobably d.ue üo the more comrploto lnfonoatlon
regar"dÎ'ng thein ancesÈr.y. LÏenee ho assumes ths.t the 1n-

br"oedlng of 3.62 per cent fs¡r the 1g4o èrnoup r.s probabry

t:..:-, i-:.

....:r.':'(!:
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falrly represenËative of the breed. as a wholeo F\rtherrnore¡

Fletcher compares this figure with the sllghtly lowet" avsrage

lnbreed.lng of 2.8 per cent neponted. by Stoele for a seJ.ected

group oî 42 stako wlnnlng A¡rerlcan Sadd.le Horsos 1n 1940.

Alsor slmllar1y solectlvo samples of Tboroughbrod.s and. Stand.a¡.d.-

bnod.sr âs neportod, by SËeeJ.or revoaled. materlally lower coef-

flcj.ents of 1.4 peir" centr ând. I.6 per cent-lnbnoed.i-ngrrespoct-

lvel.y.

Th.e lnte¡r se relatlonshlp for tho ssveral sanplos

rÍâsr 2.96t 3.!2¡ 6.301 6.45¡ and. 5.80 por cent¡ respoctf.veS.y'

Fletehen assumes the.t the rolationshlp of 2.96 per eent as

coarpared vrlth that of 2.8 pon cent reported by Stoe1e fon stake

winnlng saddlo honses of 194O¡ moans that the t¡TaLklng Horso

J'lke the other breod.s studled hs.s spnang from a relatively
heterogoneous foundatlon as eompanod. wtth the cattl.e breed.s

whore lnter se nelatlonshlp coefflcients of I per conü a¡ro

reported.. Fletcher further þelioves that, accond.i.ng to tho

5.8 por cent relallonshlp of tho L94O sarnple, t?re llfalklng ,

Horee breed mlgbt bo a somewhat closer knlË r¡nlt than the

other þrosd.s of llght horses.

[he two most lmportant aneestors of the breed.

woro A1lan F-1, and. Roan Allen F-õ8o They shosred. e.ie].atfon-
shlp of 16.48 per eont, and. L9"44 pen cont¡ rospectlvelyr to

the 1940 group. The lnfluonoo of the Stand.and.br"ed. k¡e.d. ln-
ereassd. 1n the 1940 gnoupr whlle that of the American Sad.d.J.e

Ilorges', hEd. d.ecreased..

l:.:, :. .:::,1
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The average lnterval botween gener"atlons of 1O.O2

years was almost the sarno as that reportod. by Floüchor (19'45)

for tho Quarten Horse and. slightly lowon than tha'È repontod.

by Steelo for the Thoroughb¡reds and. Stand.ard.b¡red.s. Fleteher.

d.oubts that any slgniflcance could be attached. to these d1f-

feronces.

I-,r¡sh and. And.erson (1959) nad.e a gonetlc study of

tho Poland.-Chlna breed. of swlne ln tho Unitoü, States. fhoy

nepont that the avorage rate of Lnbreed.lng from 1886 to

1929 was ênough to lose about slx-tætths of one per oent of

the exlstlng hetero¿ygosls per generatlon. The four samples

of tho years, 19OO, 1910, LgãO, and. 19?9 showed. inbreod.lng

coofflclents of, 2.O por eentr 5.6 pen eent¡ 6.8 por cont¡

and 9.8 per centt r.espeotlveLyr lndioatj-ng J'lttle chå.ngo Ln

fho averago lnbneed.lng rate, even though bhe lnbreed.lng

po3.lcies und.erwent wide changes at that tìmo.

The avorage inüer so relatlonsb.lp for tho companable

sarnples 'was,.i found to bo 5.2 per eent t 6.4 pen eent¡ 8.9 per

cent¡ ãrrd. !4.2 pen .cent¡ respectlvoly. these relatlonship
coofflclents courd. not account for all the lnbreed.lng found.

lndlcatfurg somo tendeney toward. dlstf.ncü famlly fomratlon.

Only tt¡¡ree ancestors conËrlbuted. nore thân 12 per

oent of the genes of the breed., and. one of those was the

aneesüor of tho others. Lush and. Anderson state that the

prlnclpal brood.lng plan seems to he,ve beon solectlon and.

the extenslvo use of Ëho sorls and. d.aughtons and. grand.sons
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and. grand.d.aughters of eurrontly most famous sires and. d.ar¡.s'

The spotltght of thls cur:rent fa¡no apparontly shifted fron
one anlmal to anothen noû ve¡ry c3.osoly relatod. to tho reign-

lng favonlte that 1t displaced.. Ths authors further report

that most of the lnbreedlng was lncldental to thisr The ln-
terval from one gene¡ratlon to the next was about two and. one-

half ¡rêârso

trush and. And.erson (19õ9) report ths.t lvialin 1n a

simllan study of tho FoJ.arld;-China broed. of swlne found. sf¡alJ.an

results" Howover¡ he lntorpreted. his find.lngs as showlng n-9t1e
+{È'

lnJcneed.ing and. also more dlstlnct splf.ttfng lnto fa¡nilles.
Thls, accord.lng to Lush and Andersorl¡ ls due to the fact that
IVIalln used ttporeontage of blsod.rt whloh ls f¿irly *""ol"to for
oxpresslng rolatlonshlp botween ancestor and. d.escend.ant but

makes,;.üho lntonslty of labrood.lng seom hlghen ühan Ít aetu-
ally ls.

Lush and..A,nd.erson (19õg) also show that the ¡'osults
obtalned. 1n a sfinllar stud.y of ths Ðanlsh Land.raeer âs brought

forward. by Rottenstsn (19õ?), campare favonably with those

found. 1n the Poland-0hlnao Rstüonsten,ln hls one sarr.ple of
anlmals averaglng 19õO for birth d.ato¡ found_ that the Ln-

bnood.lng eoofftclent had nlsen to 6.9 +.? pen cent fnom

1897 to l9õOr ghowlng a loss of about one-half per cont of
tho nemalnlng hetenozygosls per generatlon. Thls was even

Less than was expocted. from the averago inter se nelatlon-
shlp coefflcienü (16.0 + 1.7 per eent), thus ind.icatlng the

tend.ency of Ðar¡lhÏ¡ b¡roed.ers to .avold. evon mlld. inbrood.ing.
::r,r.::r,i-,:ìt i!'.iiììri
.-::r-.: I :. -. - .:; :
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The hlghest rolatlonshlp of any one anlmal to the whole bneed.

was 12 per eent. The average lnterval between generatlons

was 2.2 years.

In the stony of tbe orlgln and. d.evelopment of our" 
;,,;,;,

présent fanor anlmals the evoJ.utlon of the sovoral bneeÖs of :

.swlne are falnS.y well represented. by the Yorkshlro breed. whieh

was ons of the f lrst to be d.ovoloped. ln Europo (¡'1g.1). Ao- 
;,,,,,:,,,,

eord.lng to the ovoluËlonary tnoo .tho fl¡rst diffenentlatlon of ,',,

plg-l1ke anlmals began ln the lato Eoeene or oarty Ollgocene 
,,,:,,;,,

l'': 1: ':

period.. þd.ekkor. (1894) neports ühat these plg-llke anlmals

bira¡¡'ched.offintotb¡reefam111es¡theP1gsorsu1d'ae,the

Pecoar'los on Dlcotylld.aer ârrd. the Hlppopotaml or Etppopotil-

m1d.ao"Tb'eP1gfarr1I¡i.cons1stsofthroogeuoirict}Pesof^.

whlch only Sus¡ the true plg, 1s lnvolved. ln tho d.evelopment

of the mod.ern hog. I\ro speeÍes, the iEunopean (Sus serofa) 
,

and. the Aslatlc (Sus vittatr¡s or somotl¡¡es called. Sus fnd.lcus) 
i

belng ty¡rleal representatives of thls geilüsr are maLnly ros- '

ponslble for tbe d.o¡¡.estle pig. Lydekker funther states that 
,r,:,,.i,,l

the young of all the w11d spocles ane manked wlth longltudi- .'a
nal strlposo He also mentlong,thg fact tbat lf d.o:oesticatod. ;';'1::";

plgs ane üurned. loose thoy w111 revert more or J.oss eompleÈe-

ly to the wÍId. type ¡ sottrê ovon produelng otnlpod. f,oìtngo 
i:,,:;i:,

The earliest domostlcation of the plg probably took '.' .

place ln Chlna as long ago as SOOO B.C. Ðomestlcatlon of
plgs ln 'll[estena Europo and. arore ospoclally in the BrltLsh
rsles pnobably oecurned. at a latsr daüo and. ind.ependent of

i.:)..'.'..:.i
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of the OnlontaL eohlevement. The Europoan wlld pigr of wlld.

boar.r was fornoenly abund.ant throughout the B¡rltish Is1es and.

probably furnlshod ühe base süock from whlch most of the

Brltish bnoods onlginatodo

In the d.evelopmont of the mod.ern hogr as represont-

ed. 1n North AmenLca and. the Brltlsh IsLes, the Aslatlc as welL

as th.e Eunopoan stralns wero used. extenslvely. The ancestry

of most mod.e¡rn broed.s of swlne tnaee baek to both spoelos.

It 1s generally belioved. that the European fnfluenoe pned.om-

lnaües ln the bacon bneed.sr whlle the Aslatle Lnfluence 1s

strongor 1n the plgs, classlfied. as pork, land.r or but'þben

typeo

Wlth the aðvenrt of the Ind.ustrial Revolutloa¡ raod.err,r

b¡rood.lng method.s were d.evolopod. rxt th the punpose of pr.oduclsrg

far¡cr anLmals that wore betüer sulted. to saülsfy the demand.s

of the ever lncnoasfng numbers of lnd.ustrlal- wonkens. The

Yorkshlre was one of the flrst bneed.s of swlne to und.engo

lntenslve efforts. toward. lmprovement. Acesrd.lng to Vaughan

(1951) and P}¡¡tb (1920), the breed. orlgf.nated. ln Yo¡rkshlre

and. the ad.Joinlng countles ln nonthern England.¡ bavlng d-es-

cend.ed. al¡rost d.lnectly from the lange, coarse-bonod, l.eggy

whlte plgs natlvo to northern EngJ.and,. Vaughan (19õ1) be-

lloves that theso uore later erossed. wlth the lelcester
whlte plgs whlch Robent Bakowell he.d lmproved by solectlve

breed.lage The Bakewell sùnaln most llkely orlglnated. from

a oross bet¡qeen the llhlte Ch,ineso and. Yo¡rksbke bred plgs

i:.'ií'i:,r
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' and. was used for neflnoment. F\rnther f.rrprovement was mad.e

by selectlon and. eareful bnoed.lng. It ls sald. that some

Mld.d1e itrhlto and. Small Yorkshlne crosses urero mad.e to meot

the d.emand. fon noater head.s. The fmprovement of the br.eed.

has resulted ln some ¡red.uctlon Ln sizo"

The msst marked. lmpnovemont ln the Yorkshire plgs

began about L85O, to moet economle nood.s. The extrlbltlon of
'

,l * sow at the Royal Agricultuz'al Show 1n L851 dnew attentLsn

to the lmproved. Yorkshl:re etnain. Vauglran (19õI) states
i that the Natlonal Plg Bneed.orÉr Assoolatlonr whlch was organ-

lzed for tho pronotlon and negistry of Larþe Ttlhite swf¡¡.e la
Gneat Britalnr was founded. ln 1884. It was f.ncorporatod. 1n

1886 and. also ireglstered. Berkshlnes¡ Ta:trwonths¡ Mldd.le ltrhlüo,

and. T[essox Sad.dlebaoks.

Thero seoms to be ssnre d.oubt as to wÌron the finst
Yorkshlre plgs wero brought to Canad.ao However¡ acco¡rd.lng to
MaeEwan (1941) a oortaln John Millo¡r (Scottish r'nmlgnant)

brought a palr of plgs¡ so d-osorlbéd. to Canad.a (Markham ,

onta.nlo) 1n 18õã¡ but the lmproved type d.id. not appoar rrntl.l
'about 1g86. rn the oarly herdbooks of canada the bneed. was

known as the trrmproved. yonkshlre;lJ rn the united. sÈates tho

Ysnkshlnes $rere hnown prlor to L84o but tho improved. t¡rpe was

not lntrod.ueed. r¡ntil l8gõ, aeco¿d.ing to Vaughan (1g5j.). The

Yorkshlne bnoed¡ b.owever¡ has mad.e greaten progrsss 1n canad.a

than 1n the united states and. ls well reprosented in every
pnovlnee ln canad.ao canad.als baeon-export busiaess wlth

l;:r,,-i-,:
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England was responsible fon puttfng the Torkshino breod. fore-
mosË among the b¡roed.s in canad.ao of Èhe pure brsd. plgs re-
cord.od. 1n the canadlar¡ swlne Bnoodersr Recond ln lg49r about
88 per cent rere yorkshlnes.

,t.:.; 1: r::
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ÛBJECTS OF THTS STTTDY

The objeots of thls stud.y were¡ (1) To find. how

much lnbrood.lng has been used. ln the d.ovelopment of tho

Yorkshùre þneed. Of swlne ln Canada as'1È existed 1n the

latest availe-þIe lssr¡.o of bhe hordbook (Volume 60).
(2) To loarn whethor the bneed has d.eveloped as a slngle

homogenoous group of nelated anLmalsr or whethen thone

has been any tond.eney fon the biroed. to be sepanated. lnto
dlstinct famlllos"
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METHODS USED

In fhe pnesont stud.y a represontatlve sa^mp1e of
]?1 anlmaLs (I per cent) was selectod systematlcally from

volume 6o of the canad.lan NatlonaL Recond.s fon swlne. Thls

sarnplo consisted of 114 sows and. 5? boans. The method. of
selecting the pedlgrees Ìvas to detemrlne the ¿pproxluate

sow-boan ratlo of the hend.book. Thls natio was obtalned. by

ùaklng sevoral sa:nplos of truenty pages oachrehosen at nand.om.

Tho solÍs and. boars on each page were counted. and. the calcu-

lated natio was found to be approxfßately P sows¡ 1 boano

lo obtatn the oorroct mrmber of fomales and malos the finst
llsted animal of the cornect sex on reguS-anly spaoed pages

of the herdbook was ehosen, wlth every thlrd anlmal bolng a
maIe. complote five genenatlon pedlgrees srere used..

slovlnsky (1950) found. that the average bÍnth d.ato of the

samplo an{mals wâs 1948rwh11e tho aveirage birth d.ato of tho

anlmalg flve generatlons back ( consld,oned. found.atlon anlmals )

was 19õ6.

The 1nþreed.ing lvas calculated. after the fomula
d.evolopod by wrlght (]'922, l-gzï) and. used. by hlm in the
genetíe analysls of the Drehess femily of Sho¡rthor.ns as bred.

by Thomas Batos (1945). cald.er (LgzT ) applled them to the

clyd.osd.ale horse 1n sootland.¡ snrlth (19g6) to the Jorsey
caÈtLo ln England.¡ Stoele (L944) to the tnonoirghöred.3r, "Stân::
d.ard.bred.s¡ and Amor.loan Sad.d1e Honses ln the United. Süatesr

t-

t..
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FLetoher (1945) to the Amerloan Quarter Honse, Floteher

(l.:946) üo the Tennesseo ïVa1klng Horso" Figura 2t and. Tablo

1' shows an exa.mple of the appllcaülon of tho lnbreedlng

fonoula to a sample ped.lgr.eo. 
,.,,,,,

The average lnten so neJ.atlonshlp ls an estlmate

of the exlstlng rélatlonship between anL¡nals chosen at nand.om

fr.om the breed. It ls measuned. by matchlng a random line i

ì:-:r,:r.

from one pedlgree agalnst a Ilne from another pedigneo to t

flnd the frequency wlth whleh eomnoR ancestons appear ln a i.:.-..,1,
: :,ì ::. .

palr of sueh Llnes, Any rand.om Ilno ls only used. once 1n

such matchlng. If mating were entlnely ¡rand.om wlthln a

breed. ln whlch all. tho anlmals ane nelated. to each otherr
I

the lnter se relationshlp would. be nearly twlce as lalrgo as 
i

tho obsorvod. lrrbreed.lng ooefflolent. The formula for cal-
:,-\ i,culatlng the expecùed lnbreod.lng (F) f¡ron the average lnter ,

l

se nelatlonshlp (R) ls, p = R/(2 - R). 
i

i:r" ìi;:'
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I ro Lgr zotgzz
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íoart R,'l',oe
I zr zo6j:6?
ì Sanæm Valley Sun

Lb6m 56u 218301

lnenatre S¡nlte
lg r:6?0\6
I na¡Oe qr¡een

Lzl,¡ L93598

fI¡aøe H.noe
f rzew znfis
I naooUe queen

Lalg 2rþ83
lnanstre Sa¡tle
I g tó?ob6
ì na¡sne queen

Lzlr¡ Jp3598

lOrOar¿ VaIJ-sy Sar
I .us LtR tgoor?
I na¡¡ctre Qr¡eenLzrSn :B2778

fUrs¡<a ¡5 reln

I 
rzx 263w

1
I Ntahol.gLr¡r ùú96?

fn¡n*re n¡<a

J 

rrt 2o2tfr

l**".
Lgax r/7209

[t¡¡oo¡e Prl¡celrzsw 2W383

{
I **" *""Lz¡sv ù$e5

[Ooncre Tqk låJor
ll¡ou zæL58

{
I Oo.ot Ïork ll¡ol¡-
[_eeo Lou 219fÉ5

ftapI" Iodse &¡qq

J 

1s 2eu 2207ß3

l**** u,o-
Lueau 5r zzjlfiî

fnanùe mte
lUr 2oztgo

{
I n^tct" Qu""o
L88x n?2o9

fn"o"u" n¡,"lur 2o2Lþ
)

l**" *"r,
Lals z:ríol3

Cadtuex Gl¡Â 3U5þ

Ranche Bess
iltíz 309385

Ieltchcroft ChLef
l30A 331ûJ2

lllcùols15f 2829n

Iagace J P
LOZ 2n7?L

Re¡oho D¡kB
33lf 2n]J+9

Ra¡cùe Bees
r2lfY Zg]lû8

Oldhars Sl¡coe
Clrief 8E 2h8183

Iost¡st VaLe SuDr
bean 25X 2801?8

228î62

Ra¡ahe Queenbrr ùt)$sg

Oütom Beau
23ÛV

ianche leader
1308 33725|lt

funche laader
8rÐ 3ø,6f,6

Ranche Queen55c atrsù?

Ranche Duke
33T 290r¡9

i.::: i:-.i

RancÌ¡e Queeu5u 3r:6û6

Raool¡e Queen
Ðilr 275201+

î!-9, 2. Peù1gree of Ra¡¡cl¡e leader 8lÐ, an lllustretlon of l¡ibreedlng and SJ.nebreedfng.
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TabLe 1¡ Ðerlving the Coofflcient of Inbreed.ing

of the Yorkshlre Boar Ranche Lead.er

81D õ65605

Common Ancestons

rnd.lvldual of slno and. Dsrn Fn n nt (VT¡n t nr * t(I+F¿)

Ranche lead.er Ranehe Duks O 2 Z 5"Lz

81D 565606 36y 290149

RancheDrko 0 63 0"78

1õ! 
'/)?tão 

o 46 0.59

0 46 0.59

o 46 0.õ9

o 43 0.õg

francheQuoen O 43 On59

274T 215085 0 43 0.59

o 44 0019

6.43

1r.;.,

[,
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ANAIJTSTS

Inbreeding

The labroodlng coefflclont measures the slmlJ.arlty
of the germ celJ.s whLch unlted. to pnoduce tho lndlvld.ual ln
questLonr rr:relatlve to the slmllarf.ty of nandom germ uells
from the found.atlon stoekrilt slevlnsb¡r' (1950) found. that the

flve geaenatlons stud.ied. eovered. a penlod. fronn 195G to 1948o

Drnlng this perlod the average lnbreedlng coefflclent hs.d.

risen to 2.O6 pen oent, whl.eh represonts a d.ecrease ln hetero- i

zygosls of about o.51 por eent per gonenation. The decrease

ln heterozygosls por generatlon was ealoutated by d.lvidlng
the totar lnbreed.ing coefficfent by the number of genenatlons

Less orte¡ frThe one gene¡ratlon was ded.ucted. slnce tt ls Lu-

posslbS.e anong bl-sexual anlsals for any lnbreod.lng to be

vlslbLe f.n pedigrees tnaoed. only ono generaülon. tt

fnten so Relatlonshlp

The avenage lnter se nelatlonshlp coeffleLent was

1.04 por cent. Thls would. have pnod.uced. an lnbreed.ing coef-
ficlent of about o.52 per cont, Llad matlng been entlrely at
rand.om. Tb.e observed. lnbroedlng of 2.o6 per cent ls aLu.ost

four tfmes gneater than thls¡ lndicating a tend.ency for the

fom¡atlon of distinct fanllles. The s¡naLl d.egree of lnbr.eed.-

ing' howevene lndtcates a reluctance to praotlse lntense

llnob¡reed.lng.
t,^,.1i i''-|. \ .1'i ::.1

I:i-;;i';: ,; i,:, ,::: :ri

::':'': : -: :.'. .i'
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DTSCUS$TON

Solectlonr lnbreed.lngr and. cnossbreed.lng are the

- three tooLs wlth whlch the bneed.en may change the hered.lty

of hls anfmalso Tho purpose of selectlon and. lnb¡reedlng 1s

prrpanlly to bulld. up d.eslrable genot¡qpes¡ whereas cross-

bneed.f.ng ls of partlculan use ln the bullding of d.e¡1rable

phenotypos. Crossbroed.i.ng at firgt lnereasos the unlfona-

lty of the bnoed. but hampens further progress ln breed. lm-

provemont beoause 1t provents the forrnatlon of separate and

dlstlnct femllleg. Tnbr,eedlng and cros'sbreed.lng are goneral-

ly aocompanled. by some d.egnee of seLootion.

Solectlon ls thé simplest and most often used tooJ.

of the J.ivesüoek breed.ers but its effeetå-, on gonetlc lmpnove-

ment ane llm1ted.. It ls most offeotlvo when the population

is hlghly heterozygous and. lts effectlvoness d.ocnoases pro-

portlonately as tb.e und.osl¡rable genes become less frequent.
Domlnancer envlronment, and. epistasis may cause tb-o bnoed.en

to make mlstakes¡ thus d.ecneaslng the progress thaü could.

ha.ve been mad.o bad he knov¡n tho genot¡rpes perfectly. Selec-

tloa alono ls u.r¡able to brlng abouÈ completo flxatlon of d.e-

s1¡rab1e genes. As the und.eslnable gene becomos rare even

sllght mutatlon nates w111 offset tho effeetlveness of se-

leetlon. Progross by selectlon alone 1s a rather slow pro-

cess because most chanaete¡rs sought 1n anlmal bneed.lng
ì1. i::;ri
!;r.:,;'iI t:.'-t:
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are affeoted by soveral facto¡rs. However, conblnlng sqlae ln-
breedlng wlth selectlon w111 remed.y somo of the weaknesses of
selecflon.

Inbneed.Íng automatleally promotes the purity of the

stock prod.uoed. by lncneaslng tho numbo:r of horaozygous gene

palrs. In tb.e proeoss of lnb¡reedlng many und.eelr.able genes

are uRcovered. whlah would. othonwlse be coneeaLod by thelr
doßlhant alLeles. Slnce domlnant genes, as a rlle¡ Bromote

vfgonr the uneover!:lg of these rocessLve gonos would. bnlng

prevf.ously rrnnocognlzod. and. und.oslrable t¡ralts to llght. ïn-
breed.ing ln the absence of seleetlon fon vlgor rrsually loads

to some avorage doèneaso 1n vigor. The loss 1n v1gor. w111

va'ry aceord-ing to the rate of lnb¡leedlng and the genetic con-

stitutlon of the foundatlon stock. The purpose of an ln-
broed.lng prograla ls to enable the b¡reeder to purlfy llnos or

fa¡nLLlos for the more d.esfuabJ.o gonesr

Flguro õ shows so*e roguran systems of lnbnee.ingo 
,:j,:::;¡rj;:ÌIt ls of lntorost to noto the dlffenenees between the mosü 1n- i,',-,'.i':'

tense oysfems theonetlcally BosslbJ-e and some of the miJ-d.en

ones that might bo practlsod more safeJ.y wlth farm anlmals.

Even the ml3.der lnbreed.lng systems can brlng the populatlon

to a hlgh d.ogree of homozygosls lf contlnued long enough ln
an ontlreJ.y elosed. populatlon. The d.egree of homozygoeis

obtalnable ln tenrs of ono bneed.errs lifotf.me can bo seen by

multiplying the nrm.bsr of genenatlons by two and one-hs,Lf

years ln tho case of swlne¡ foun or five years ln the case of
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cattle and. sheopr and. ten or more years ln the case of

ïlo¡rsos

Flguno 4 shows the variatlon ln relatlonshlp bo-

tween fr¡1l brothers und.er the sano lnbneed.lng systemso In- 
,:.,.,,,.

breodlng ls apt to cause ìrxrelated famllles to drlft farthor . :'

apart than tbey would r¡nd.en rand.om matlng. Howoverr each

soparato and. d.lstlnct fanlly tond.s to becbmo more unifo¡m
i"''-''¡'.

wlthln ltself. In a one-slre herd. where no outsld.o fomalo i1.'1,1,

þIood. ls lntnoduoed. and each new elre ls unnelated. Ëo ths 
i.,.,,,.

herd. the avorago nolatlonshlp botween hord. matos wllô nev€r
.,

r1seabovossL/spercent.Bycontrastaono-s1reherd.
whero no nêw blood. 1s lntnod.ucod and. thero ls no overlapplng I

ofgenonatlonsw1]}neachanavoragere1atj.onshipofõ9perr
l

cont þotween nates in the fl¡rst geno:ratlon and. w111 pass 
ì

50 per cent 1n the next geaoratlon. This w111 make the herd. i

I

inore unlfor:n than lf all membens wero ful} slþs 
: .

Lush (Lg34, Lghg) desorlbos and. lllustratos an 
,

aetual example of e punebrod. Shorühorn herd. ln whleh the 
ii:i:..,

only neïr genotlo matorlal ad.dod. ln twonty yealrs was from l:,r::.':,,.

.t'l'' ::t tl"

tho purchase of a slng3.e slre. ItIn essonoe lt was '':

flnst al¡rost a ono-sþo he¡rd.r then a two-slne he¡'d.r and.

then â orê-si¡:o hord. again.lr To oonsorve the good. quall-
i.:.:... .:

ties of the slrer Sultan Bannen, hls doscend.ants were bred. ¡r.11¡1i;'

togother without too much closo lnb¡reed.lâg. After twenty

yoars tho relaÈionshlp of the hend. to this sirs nemalned. 
,

åt 4? por cont¡ buü was loss than twenty per cent to any

other foundatlon anl:nal. The average lnbneed.lng was only i,',riir,,
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16.9 per cont, whlLe the maxlmrrm lnbr"oed,r¡g fon any ind.i-
. vld.ual was õ1'5 per cent. Genetleally, the whole herd. was

neanry as lfke each other as full sisters and. stl1l main-

talnod a reasonable hlgh avorage of ind.lviduar merlt.
The Yorkshlne broed. of swlne may be conslderod.

as a closod. populatlon as the hendbook ls entl,rely closed,

to the pogd.Stråtfon of any but purebned. yorkshlrêse some

pnobabS-y bolleve tkrat thls faeË and tho small nr¡rrben of ,

foundatlon stock mlght aecount for the inbr.ood.lng and. ne-
latlonshlp found." ì/Jrlght (rggr) glves the followlng ap-
proximate fonn¡rla f on calculatlng the amount of heter ozy-
gosls lost por genenatlon for a elosed. populatlon matlng at
nandom t

f/aWm + frlAmfr whone Nm Ls the effeetlve nrruober

of breed.ing males and. Nf ls the effectlve number of bnoed.-

kg females ln oaoh goneratron. rn anl¡nal þrood.ing Nf is
usually so much lar"ger than Nm that the tem involving Nf

may be omÍttod wlthout much sr?oro Tho uso of 24 slres
withln the Yorkshlré broed. of swlno would have pnoduced. an

lnbreed.Lng coefflelent of 0.51 per cont pen generation¡ âs

found. in the Yorkshlro, 1f rand.om matlng had. prevallod wlth-
1n the bnoed.n The inte¡r se relatlonshlp¡ howeverr shows

that some separation into fa¡lilles has üaken pIace. The

lnton se relatl-onshlp of 1.o4 per cent wourd. have resultod.
from an Nm of about g6r wltb. nand.om mating for flve gener-
atlons¡ ln a closed populaÈlons caleulaù1ng tho expeoted.
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inbroed.lng from tho lnter se relatlonshlp of J- O4 per cent

by applylng tho for¡nula, F = ú (Z - R), glves a¡n inbrood.-

rag coefflclent of, O.52 per cont. Substltutlng the lnbneed-

lng of O.15 trler cent (O.OO15) per genonatlon ln the foruula

lrleNrr, nesults ln an effecülve number of 96 males noacb.lng

breodlng age ln oacb. goneratlonc

A stud.y of the pedlgrees shows that thene ano

fan more than g6 boal.s 1n broed.lng use per generatlon¡ but

most of theso Lrave no sons or d.aughters that are usod ln
pur.obned hor"dsr ârrd thenefone thelr lnfluence on the bresd.

ts qulckly d.iluted. By contrast¡ some s.ro of noted. merlt
or are used ln prominonù herd.s and. they Lrave sevenal sons

and. daughtor.s that go to purebned. hend.s, which brlngs about

a oertaln sÍ¡ount of lnbroed.lng. Thls lnd.leatlon of ml1d.

llnebirooding ls verlfled ln tbe stud.y by Slevlnsky (1950) 
"

Ee found that ten aneestons were responslblo for appnolci-

mately 27 per cent of the gones of th.e breed. tod.ay¡ wlth
no one lndlvidual showlng a relatlonshlp much abovo 4 per

cent to tho brood. as s. wholo. Figure 2 shows an examplo of
one of the more lntenslve systous of Llnebreod.lng. Deliber-
ate and. lntensivo lnbr.eed.fu,€ has beon pnactlsed only rarely.
Gut of the 1?1 pedlgrees used. ln this study only 94 showed.

any lnbneed.ingr and. only one revealed. an fnbreed.ing eoef-

flclont as hlgh as 25 pon cont, whlch was the rosult of one

genoratlon of brothen-slsten matlng. There is always a

llttle more perpetuatlon of a few currently promlnent sires
by uslng their sons, thar¡ the term rtnand.om broed.lngrt f.rnplleso
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The decnease 1n heterozygosls of approxfinatory
0.51 per cent pen generatlon 1n the yonkshrre breed of :!:

swlne Ís veny much the samo as that found ln simllar
stud'les ln othor bneod.s of rlvestock. rn ùhe Danlsh
r,andraoo (1g5?) and the poland-china (1gõg) broed.s, the
only other two breed,s of swine stud.ied.r tho decroaso ln
hetenozygosls was about 0.5 per contr afid. 0.6 per oent¡
rospectlvely.

Wlntons et a} (Ig45), suggest a certaln proced.uro
whlch should- bnlng about impnovoment much fasten than pre-
sent bneeding method.s" These author.s i:eporË that 1n flvd
Foland-chlna l1nes the lnbnoed.ing coeffielont was lncreased.
about õ0 per oent ln foun on flve genorations wlthout ross
of vigon and wlth somo possrblo ÍRcroaso rn perfor'tå,r.cor
Those nesults lndlcate that more d.oflnlte inbreedlng nlght
be used to advantage in bnsod. improvemento sevonal sueh
herds prod.ucing breeding stock to head othor hend.s shour.d.
ad'vance the Ímpnovement of the bnood. consJ-d,enabry. ïÈ is
dlfficult to say just how muoh inbneed.fng is requf,red. rn
livesÈock. rn d.oeld.lng the pnopor amoì¡nt of inb¡rood.lng to
employ much d.epend.s upon the goal¡ tho genetlc matenlal
belng ussd.r and the breoders abll1ty to recognize and. pre-
vont the flxatlon of und.esi¡rabro gelres ln hls stook. There
ls also a pnobablrr.ty that d.ifferont lines will show ooïr-
sldenaþle variatlon in thelr optf.rnr.rm coefficients of in-

l:.: t:.1:i

..:,::rìri:

ì::..iì
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broodingo wlntens (1948) reports trlat linos d.oveloped from

other lnbred llnos soem to be ablo to wlth.stand. a faster
rate of lnbreed.lng. F\rthermopo¡ crosslng stud.les 1n

llvestock rtlnd.leate that supenlor lnbred. llnes and. super-ior

lnd.lvld.ua1s on the average produce tho best cnossbred.s.ti

Theso lndicatlons are supponted. lrr studles of corn by Hayes

and. Johnson (1959) and Johnson and Hayes (194O)o However¡

as lnbneed.fng ls goneral.ly accompanled by loss of vlgor it
ls well to keep lts levo1 at the mlnlmr¡¡n nocessair$¡ coupled

with porslstont selectlon¡ to flx the gonotlo charaeterls-
ties desir.ed.. lhe more effectlve selectlon ls¡ the more

lnbroodlng can be pnactlsed. with some d.egreo of safety.

The amount of lnbroodlng or llnebneed.lng pr¿etised.

ln the Yorkshfne breod of swlno was enough to brlng about a

flxatlon of approxf-mately O.51 per cent, of the rem¿1nlng

heÈerozygoì¡s gone palnsr per genoratf.on" Thls progress 1s

extremely mlld. as compared wlth the lnbroeding coefficients
per. genenatlon¡ for ln'breeding systems commonly found. as

shown 1n Tabl e 2o At the present irato of flxatlon only

about 2O per oent of the remainlng heterozygosls would- bo

lost 1n another hr-rnd.red yeans. Evld.efrc€r l¡rsh (19a8)r Lush

(19õ4)¡ Tliinters et al (1945)r âfid. TÏright (192õ)r lnd.lcates

that the presont rate of flxation could be accomplished ln
a much shorter tlme without any real rlsk of flxlng und.es-

lrable traiüs ln the whole breed.o

i,.:,i:

|'.'.,;
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Tablo 2. Inbreed.tng or Line Br:eedlng Matlngs Corrrmonly Found.(*fter lushrJay L. Iowa Expt.Sta.Bu1.õo1¡5a8)

Per

Rolatlon
of mates
to oach

Klnds of Matlngs other

F\rll bnothen and. sister (flrst generatlon) 5O"OO

nrll brothen and slstsn (second. genenatlon) 60.00

F1111 bnothen and. sister (thtnd generatlon) ?3.OO

Parent and offsprlng (flrst generatlon) 5O.OO

Panent and offspnlng (seaond. generatLon) 6Z.00

Half brothon and. sj.ster )
)Grandparent and. gnand.son or grand.daughton i
)Ðoub1e flnst couslns (4 grand.paronts ln ) 2O"OO

eommon) )

F\rll uncle and. niece ì

¡'U11 aunt and. nephew ì
trIlrll bnother and. slster in bloodtf (l"e"
by the same slne and. out of full slsters 37.ÐO

rfTh:ree quarter. brother and. sister in blood[
(i-e.by the same sire and. out of half sisters)õl"as

Ffust couslns (two gnand.parenùs i.n eommon)

HaIf uncle and nleco

Half aunt and nophew

fia1f first couslns (one gnand.paront ln
corrmon)

12.õO

)
)
)
)

)

Cent

Inbreed.lng
of

off sprlng

25"O0

67.50

. 50.00

25.00

õ7.50

12.50

19.?5

15.625

6"25

j:;::,:::aì

6.?5 õ.125
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SUMMARY :. "::-:-

The rocont genetlc status of the Yorkshlre swino

in Canada was'stud.led. by the use of one samplo denived 
i.;.,,,

from volume 6O of the Canadlan Natlonal Rocord.s for Swlnen f:¡j,:'..::

Conplote flve generatlon;.pedlgrees were used. The flndlngs, i:*'.:i'"=
uslng the forrnulae fon lnbneod.lng and. nolatlonshlp as d.e-

veloped. by iiUrlght (L92t2, J:926) are surnmanlzed. as follows ¡ l

l1. Tho average coefflclent of lnbreedfrag for the 
l

bneed. k¡as::isen Eo 2.06 per cent, 1n tho flve generatlons :

from 1956 to 1948. This was enough to lose appnoxfirately 
l

o.5]pereent¡ofthenema1n1ngheretozygos1srP9P
:

generatlono
i

2. In the sa^tne perlod the average coefficlent of 
:

lnter se relatlonshlp has rlsen to 1.04 per cont. Thls ir,t.t'

accounts fo:r about one-quarter of tho lnbreeding found., :,,,' ,

1.',,,,,,,,,

lndlcatlng a tendency fon bhe fo¡.natlon of separate and.
:

d.lstlnct fa¡'rll1e s .

il ' ,:'r
l'_
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