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.ûBSSBACt

A swlnc breed. d.evelopment proJect was lnltlated.
aü ùhe Unlvcrelty sf tr4anlÈsbe ln 1956. One of ühe prlne

obJecülvea nas ts d.evelop a breed. ¡rhloh oould be used. ln
ooumerclaL erossbreed,lng; for ühe prod.uetlon of rerket hogso

the proJeot aleo ec¡nred. aa a sourco of genetlo lnforuatlon

useful ln swlne breedllng. Seven d.lfferent breed.E ¡Íerc

ohosen to comprlee ühe for¡ndatlon stoskn Thc breed.s and.

ühelr app¡oxlnaüe contrlbuülon to thc ners breed. were¡

La¡adraoe (Swed.tshl b5ft, lileseex Sad.d.l,ebaek 20fi, We1eh 12fr;

Berkehlree llllnnesota No; 1, Torkshlre a¡rd. lam¡rorth aBproxl-

nately Jfl øaeln" Four separate l1nee of the new breed. were

fomed.. 0n1y d.afa f¡om SlIt lltters ¡rae useê ln anelyeêso

Lltüers were farroweê d.urlng three perlode (seasons) each

year and only one llne of the new breed. ¡vas farrowed. ln any

onc seâson¡ A purebred. ïorkehlre herd. was malnüatned and.

ïorkshlre gllts wcre farrswed. caoh seasotr at üho sane tl¡ne

aE one of the llnes of the new breed..

InfenElüy of seleotlsn ln tbe new Þreed. for pclr-

fonnanrce ar¡d. carcaEs tralüs has been Ltnlüeet up to the

preeenü ülmøn' No systenatlc testlng of the new breed. has

been ¡nad.e f.n oo'nmerolal crsssbreeêtng produetLon. Aü the

presenü ülne perfornance of the new brced. ls favorable and

eonpares weJ.l lrlfh the purebreè ïorkshl¡e herd."



ll¡ro staülstloal p¡oseðures were uscd. ln estlnatlng

geaetle parameüere of the ner breed. for ühe thrce performance

üralts of llüter slze et blrth (nr¡nber bs¡n allve)r Post

weanlng growüh raüe and. backfat ühlchneaa aa ueasu¡ed' by the

1lvc probe. llre statlstleaL method.s enployed, werG pafent-

offsprlng regresslon and. paüernal half-slb oorrelaülon.

Eerltablllüy estluaüeE obtalned. by ühese üws mcthod.e were

pooled to provld.e one estlmaüe of herltablllüy fsr eaoh of

thc perfornnnce üralts eüud.led..

0vera11 poolsd. estlmates of herltablllfy for ühe

ne¡v breed. for Llüüer ELze and. posü weanlng grsrrth raüe ob-

talned. frsn 211 lltters end L?l+?z lnctlvlduels were 0.1,9 È

0.16 and 0;1-8 ¿ 0.0J reepeotlvcly' these esülnatee falI
rlthln ühe range sf ostlnaües _re¡nrted. by oÛher ¡rorkerE for
ühese tralts.

Daüa oslLected. on 723 lnùlvlduale for baekfet

tblohess provldeê a pooLed. estlmaüe of herltablllty durlng

L962 anct 1963 for the new breed. of 0'13 ¿ 0"0Jn thls estl-
nate LE eoaetd.erably lower than ¡uhaf nlghü be exBected. for
the tralü, but nay be d.ue to a hleh unerplalncd. eor¡rce of

envlron¡qental varlanse anorrg nales. Iü ls also ¡rosslble

thet thls bneed. ts oloEc ts a fblologleaL ¡olnlnumf for the

tralt anrd. henoe ühe genetle ¡nüentla]' èoes not exlsü to nake

further redueüloneo
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INTRODUCÍTON

The elghteenth century was the flrst real1y
actlve perlod. ln ühe d.evelopment of new breed.s of rlve-
stock. At that tlme prlvate breed.ers sought to create new

breed.s elther to sul.t thelr ol¡n fancy or else were genulnely

concerned. wlth the need. to prod.uce ne!ü and. superior stralns
of llvestock. Thelr deslre to protect and. preserrre the

ld.entlty of these lmproved. herd.s 1ed. loglcalry to the d.evelop-

ment of ped.lgree reglstrles or herd. bookso Eventualry how-

ever the ld-ea of mal-ntalnlng ltpurebred. supremacy* galned.

preced.ence over everyühlng else to the polnt ,ühat cross-
breed.lng for commerclal prod-uctlon was actlvely d.lscouragedr

and- the d.evelopment of new breed.s became a thlng of the past 
"

T¡llth the ad.vances mad-e ln the fleld. of applf.ed.

geneülcs the attLtud-e of anlna.l breed.ers has und.ergone a

ssvanplng and- the d-evelopment of new breed.s of llvestock has

agaln assumed. lmportance and- ls consldered. d_eslrable where

a need. ls tndlcated.. Hence, lt 1s not surprlslng that over
the past flfty years the lrvestock lndustry has wltnessed.

the d.evelopnent of several new breed.s.

T.n L956 plaris for the d.evelopnent of a netv breed.

of sr,rlne were flrst lnltlated at the unj.verslty of Manltoba.

The prlnary obJectlve of the program was to provld.e a new

and, unlque source of genetlc materlal for use ln the con-



merclal prod.uctlon of swlne ln Canad.a. The proJect was

felt Justlfled. owlng to the fact þ]nat at that tlne the vast
maJorlty of plgs ln Canad.a ï¡ere of the Yorkshlre breed..

The Lacombe and. the Land.race breed.s nere only on the verge

of naklng thelr appearance on the canad.len market, hence lt
was d.eslrable to have a breed. that vuould comblne well wlth
these exlstlng or potentlal breed.s ln a pranned. progrâJn

of crossbreed.lng for pork prod.uctlon.

The proJect also provld.ed_ a source of lnfor¡natlon
for second.ary, but naJor research obJectlves. These ln-
elud.ed- the evaluatlon of responses to selectlon ln a breed.

of well d.eflned. genetlc orlgln and. estlmatlon of genotyplc

parameters of economlc tralts.
Thls stud.y has been made at r¡uhat nlght be termed.

an nlntermedlary phaserr of the breed. d.evelopnent" The

prlmary obJectlves are twofold: 1) to record. the establlsh-
ment and. geneÈlc orlgln of the breed., and, Z) to obtain
estlmates of genetlc and. phenotyplc parameters of certaln
economlc tralts. rhese tralts are: a) lltter slze, b) post-
weanlng growth rate, and. c) loadxtat thlclm.ess.

2



LITEB.ATTIRE REVIEW

The concept of breed. d-evelopment ls not a new

one and. lt ls a useful way of attenptlng to meet the ever

present d.emand. for uore profltable llvestock. It ls evld.ent

that anlmal breed.ers are faced. wlth answerlng one baslc

questlon when faced. !'rlth the prospect of a breed. d.evelop-

ment project and. that ls, rrare current d.emand.s of the ln-
d.ustry best satlsfled by the d.evelopment of new breed.s or
by selectlve nod.lflcatlon of exlstlng breed.s?B Fred.een

(Lg6l) polnts out that d.enand.s of the llvestock lnd.ustry

are d.ynamlc and. no one of us ls sufflclently clalrvoyant

to pred-Lct wlth certalnty the stand.ard.s of nerlt tlnat mlght

be enployed. even a quarter century hence, Characterlstlcs
d.eemed. Oeslrable tod.ay rnø.y be oonsld.ered. of no consequence,

or even d.etr1mental, wlthln the next few years. Perhaps

then breed. d-evelopment should. be explolted. as the most

rapld. mea,rrs for effectlng genetlc ohange ln response to
collsumer d.emand.r wlth concerted- selectlon to change establlsh-
ed. breed-s belng delayed. untll the pernanence of the d.enand.

has been establlshed.. The poLnt to be mad.e here ls that
fhere ls d-eflnltely a place ln the llvestock lnd.ustry for
the d.evelopment of new breed-s. the questlon of the d.emand-s

of the lnd.ustry has alread-y been aIlud.ed. to and. real-lzlng
þlnat they are by no &eans statlc, changlng often abruptly



,*

and. ln an r¡npredlctable Eannerr ühe aeeesslüy of neetlng

these êenancls qulckly ancl cfflolenüly 1s a uatter of prlne

lmportanoe. Naturally ühere a¡e other aèvar¿tages üo breed.

d.evelopnent ühe most obvlous of vchlch le probabl,y the

stlnulus lt provlôee by ¡cay sf oonpet!.ülon. lhere oan be

no doubü ühst ühe advent of new brced.s ln ühc Unlted. Süafee

contrlbuteð naüerlally to ühe lnprovenenÈ of errlne l.n ühat

countrT. Breed.erE apparently ehswecl ¡ro lno].lnetlon to

uü1112e übe tooLs at thelr dlsposal ln neetlng übe denanô

for more profltabl.e Llveetook unütl ühey we:re Ilüerally
foroed. lnüo d.olng so by thc proepect of sttff eon¡retlflon

fron new brecd.s. It ls Ilkely that the d.evelopnenü of the

Lacombe Ln thls oountry has had a slnLlar effeot.
SeveraL alte¡naü!.ve nethod.s are evallable to the

a¡rlnal breed.er Ln êeveLoplng new breed.s of llvestosk.
Crafü ln 1958 outllneè three vlews as to the besü neühod. of
d.olng so:

1) Inbrceèlng shoul.d be slow, IJ sows naüed. üo for¡¡

or uore boars Ber l.lne of, the sane breed. ?rlth sel"ectt on

agølnst the r¡ndeelrables uneovered by lnbreed.lng.

2'l Inbrcecl aE repld.],y as poeslble usf.ng only ühree

to slx sows and. one boar per lLne ¡ er a elrrgl,e ssw nated. üo

her sLre or son, d.lsearcllng the Imoresü llnee sfter t¡so or

üh¡ee generatlons of lnbreed.lng"'

3l A crosE of t¡co or mote breed.E should. be used, as a
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base, lnbreed. s1ow1y and. select for the tralt or traltd

d.eslred-.

The thlrct alternatlve outllned. by Craft (1958)

was the general method. employed- ln the current breeil d.evelop-

ment proJect. It can be sald. that essentlaLl.y all breed-

d.evelopment proJects have t¡to baslc obJectlves ln mlnd.:

1) To comblne 1n a slngle straln a maxlmum of the

d-eslrable oharacters of the parentaL breed-s a^rrd-

2) To lnd.uce the recomblnatlon of genetlc factors

whlch ¡,q111 result In the prod.uctlon of new and. d-eslrable

cLtar:acters not for¡nd. ln the parents.

[here ls lltt].e d-oubt that use of a crossbred.

found.atlon ls an efflclent-way of accompllshlng these end.s.

Thls !s borrre out by the success srvlne breed.ers ln the Unlted.

States anð, Canad.a. have had. !n thelr breed- d.evelopment pro-

Jeots over the past thlrty years or so. Thls lncLud.es such

breed.s as the Lacombe, Mlnnesota No. 1, No. 2 and ItIo. 3,

Palouse, and. several others¡ all of vuhlch have had. notable

success.

The basLc argument then for the use of hybrld

popuJ-atlons ln breed. d.evelopment ls that lt ls an efflclent
way of oomblnlng 1n one breed- the d-eslrable characterlstlcs

of two or more breed.s. As polnted. out by Fred.een ftgel)
the very faot þ]naL hybrld. vlgor results fron the crossLng

of breed.s ls evld.ence of dlfferenoes ln actual content arñ./or
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frequency of genes lmportant ln d-eternlnlng perfornance

levels. I'lhere such dlfferences are d-ue to gene contentt

selectlon from a hybrld. found.atlon provld.es the only way

whereby the d.eslred. genes can be comblned. ln one breed-.

Fred-een goes on to say that the flrst cross alone would-

serî\re to comblne the genes buf the crossbred.s mlght al-so

show tbe d.eflclencles of elËher or boüh of the parent breed.s

enterlng the cross; hence ühe need- for seJ.ectlve d.eveLop-

ment from the hybrld., ülhere breed.s d.lffer 1n gene fre-
quency, selectlon al-one could., ln tlme, serve Ëo brlng the

two breed.s to the sene d.eslred. leveI. Thls obJectlve carr

howevern be obtalned. more qulckly by selection from a

hybrld- between the two breed.s.

.A¡rother use of thls proced.ure for d-eveloplng new

breed-s ls lllustrated. by the concrete evld.ence from lab-

oratory stud-les that selectlon mlfunltsrt can be overcome by

crosslng plateaued. but genetlcally d.lverse Llnes and. coÌl-

tlnulng selectlon from the hybrld.. Fred.een (tg6l) draws to

our attenti,on the lacþ ühat wlth llvestock there ls abso-

lutely no evld-ence to suggest þh;at seJ.ectlon has been of

sufflclent conslstency, lntenslty or d.uratlon to have carrled.

any of our breed.s to a p3-ateau" S.t the sa¡ne tlme there is
however no basls for bellevlng that selectlon llnlts must

be reached. before crosslng followed. by seLectlon car. be

Justlfled..
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The extenslve work whlch has been d.one wiür
hybrld. found.ations has served- to d-lspel ld.eas formerly
held. as to thelr worth ln breed- d.evelopment proJects 1.ê.¡

1) That use of a crossbred_ anlmal for breed.lng

purposes ls followed. by wld.e genetlc segregatlon ln eco..

nomlcalIy lmportant tralts and- a general loss In vlgor, and.

2) That lt would. be lmpossible to attarn the r:ni-
formlty of anr establlshed- breed. among the progeny of a cross-
bred- found.atlon withln ühe spa:l of a human 1lfetlne" tJlnters
et al. (l-9lÐ) reportlng on the developnent of the Mlnnesota

No " I ¡oad.e the observatlon based. on experlmental results,
that lt ls posslble to proceed. much more rapld.ly wlth
puriflcatlon from a crossbred found.atlon t]nan has foraerly
been assumed-. They felt also that F2 a.nd. F3 populatlons d.o

not necessarlly show a general d-ecrlne ln vlgor or so vrld-e

a segregatlon 1n type and. performance as to be und.eslrable

economlcallyn They polnt out however that the cross ernployed.

ln thelr experlment was not as wid.e as ûâny mad.e by plant
breed.ers. on the basis of thls, !ülnters and. hls co-workers
cauflon tlnat lt ls perfectly concelvable that many und-eslr-

able recomblnations mlght occur urhen maklng use of wld.er

genetlc crosses, They felt that the fact tina.t thelr resulËs
revealed. no d-eterloratlon Ln F2 and. later generatlons was

d.ue to the superlorlty of the found_atlon ani.mals and_ the
rlgorous selectlon practlced d.ld. much to keep segregatlon
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r¡nd.er conËrol. If lnd.eed. these two crlterla urere ln agry

way effective ln thelr d.evelopmental program, there ls no

reason to assune d.tfferent cond.ltlons should. prevall when

several breed-s as opposed. to only two are used_ ln the

found-atlon stock.

Ehe d.evelopment of the new breed. at Manltoba and.

of the Mlnnesota No. 3 ln the unlted. states has been based.

on a much wld.er genetlc base than has generally been prac-

tlsed.. use has been mad.e of seven and. elght breed.s respec-

tlvely ln the d.evelopment of these breed.s. The raËlonale

for thls approach was thaü lf 1t uÍe.s posslble to effect
more rapld. genetlc lmprovement through the d.evelopment of
new lines from the crossbred- found.atlon of two comple-

mentary, genetlcally d.lverse breed.sr âs contrasüed. r,¡ith

contlnued. selectlon wlthln exlstlng breed.s, then the se.ne

concept shourd- be appllcable when several breed.s are used.n

The use of several breed.s wourd. glve rlse to a heterogenous

populatlon which nlght be expected. to yleld. a greater pheno-

typlc varlablllty Ëhan less heterozygous popuratlons. pre-

sumably ure also succeed. ln lncreaslng the ad"d.ltlve genetlc

varlabllLty of the populatlon. Theoretrcally at least, it
wourd. be consld-erably greater than where only two breed.s are

used- to make up the found.ation stock. Hence, a breed_

d.eveloped- from a crossbred. found.atlon would. be expeoted. to
have not only a gteater amount of genetlc varlance but also
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greater add.ltlve genetlc varlance. rt has alread.y been

polnted. ouË that resulËs from crosslng of breed.s lnd.lcate
that there exlst d.lfferences ln actual content anð,/or fre-
quency of genes lmportant 1n d.etermlnlng performance revel_s.

Thls belng so, lt ls posslble that the wld.er the genetlc

base used- ln the fornatlon of the found.ation stock the
greater w111 be the genetlc varrablllty and. the ad.dltlve
genetlc varlance. Increase ln the ad.d.ltlve genetlc varlance
ls lmportant froro the stand.pornt that lt usually results
ln larger estlmaües of herltablIlty. Thls ln turn ls d.e-

slrable because the greater the herltablrlty of a tratt,
the more effectlve selectlon for that tralt wllI be. Table

rr (Fred.een (1958)) whlch provld.es d.ata on the levels of
performance and- other pertlnent d.ata concernlng elght breed_s

d.eveloped. and. recognlzed. ln the unlted. states ls evld.ence

of the success swlne breed.ers have had. ln breed_ d_evelopmenÈ

from hybrld. populatlorls¡ That such marked_ success has been

reallzed. justlfles the formatlon of nevr breed.s from hybrld.
populatlons and. provld.es much welght ln favor of the for-
natlon of new breed.s as opposed. to the lnprovement of exlst-
lng breed.s as a mea^ns of meetlng the practlcal requlrements
of swlne prod.uctlon.

synonymous lrlth breed. d.evelopment ls lnbreed.lng,
The lnevltabll1ty of lnbreed.lng wlthln a closed. herd cannot
be d.isputed., and, v¡h11e lt is knornnr that lnbreed.lng d.oes
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affecf most performance traits ad-verselyr ln that lt ls
usually accompanled. by a loss ln vlgor, Craft (l9SB) and.

others polnt ouË that lt can, and. ls used. to ad.vantage ln
breed. d.evelopment. These ad-vantages are for the most partr

1) The uncoverlng of und.eslrable genes by maklng

the llnes more ltomozygous, and-

2) The flxatlon of d-eslrable gexle comblnatlons

wlthln the 1lne or llnes.
Accord.lng to Craft (1958), the tralts whlch have

been most sensitlve to lnbreed.ing are, number of plgs

farrowed. and. weaned. per Iltter, and. growbh rate. These

satne tralts however, show most of the heterosj-s ln crosses.

Chambers and. t^lhatley (lg5]') have reprSrted. that results wlth
llnes lnbred. slowly lnd.lcate t]naÞ swlne breed.ers can maln-

taln a Ilne lnd.eflnltely as a closed. herd, wrthout serlous

loss ln lltter slze or. growLh rate provlded. that lnbreed-lng

ls kept at a low rate, not exceed.lng three to frve per cent
per genera"tlonr and. selection ls applled. contlnuously for
these tralts. I¡llnters g[ al. (tg+l and 19&B) have reported.

results whlch would seem to lnd.lca.te that llnes formed. from

breed. crosses mâÍ have been less sensltlve to the d.epresslng

effects of lnbreed.lng t]nan Ilnes wlthln pure breed.s. trthlle

lnbreed.lngr as polnted. out, 1s lnevltabre Ln a closed_ herd.,

and. d.oes result Ln a loss ln vlgor of lmportant performÐJrce

tralts, the results of these workers ls encouraglng. They
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lndlcate that a progran basecl on the croeslng of üwo or
nore llneE of ¡rld.e genetlc d.lverslty forJ.oweô by a nlnlnr¡n

of lnbreeùlng per generatlon would. prod.uoe ühe nosü deslr-
able resulüs.

0f great lnportanoe ln any breecl d.evelopnent or
lmp¡novement progran ls the nalntenence of a eonsüanrt en-

vlronment.' Comstsck and. lülnters (fgtd¡) polnt out that
lrerltablllty ean be lnercased. only by rectuclng the sourees

of envlronmental varlaülon to a mlnlnr¡m or by nak!.ng

correctlons for sourceE of non-geneülc va¡latlon that ca¡r

bc meaeu¡etL buü oannot be helrt completery constarrt" Al,1

faofors contrlbutlng toward. cfftclenoy of perfornanee are

affeoüerL naüe¡!.ally by !.nfLuenoes other than geneüle., rn
ozrùer thereforen ühat seJ.eotlon of ühe superlor lndlvld,r¡ale
be as effeotlve aa ¡nsslbleo lt ls lnperattve that arL re-
cord.e of l¡erfornanoe be gathered. r¡nd.er as unlfo¡m oond,ltlons

as ¡rceslble ar¡d. v¡he¡e thte le !.npractleabLe, ühat sultable
correotlon faetors be lnü¡od.ueed.ii llhe latter ls noü alnays

aceompllshed. ¡vthout the lntrod.uctlon of sone blas üo ühe

d.ata and. ts a¡r adclecl. reason w?ry uaxlmun attentlon shoulit be

pald the forner"

As a basls for eeLeoülonn tnfo¡naülon uuet be ob-
telneel on saoh of those tralte eonsld.ered. of eoonomle

lnportaneeå Knswledge of the herltablllty of a, Èralt Bays

Dettmers 11;962'l , is usefur beoause lt provld,es a baElE for
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pred-lctlon of results 1n a selectlorr progr,'m. Dettmers

(].962) along wlth other workers, goes on to polnt out that
herltablIlty estlmates for any slngre tralt vary w1de1y

and. fhe average nagnltud.e appears to d.epend. on the nature

of fhe character ltself, for lnstance lower estlmates are

generally assoclated. wlth tralts that contrlbute to fltness.

Lltüer Slze

Stewart (tg45a) has sald. that lmprovement ln
llvestock ln one or several characterlstlcs, through

selectlon d.epend-s not only on the genetlc varlablllty of the
populatlon from ruhich selectlon ls mad.en but al-so on the
proporËlon of avallabIe anlnals E]nat are requlred. for breed-

lng purposes. satlsfactory reprod.uctlon, or prollflcaoy,
therefore is bastc to the whole program of progress ln anlmal
breed-lng because lt results ln larger populatlons from whlch

a glven number of anlmals may be selected.. As polnted. out
before there 1s evld.ence that characters assoclated. wlth
fitness have herltablllty estimates low ln i"nagn1tud.e. The

najorlty of herltabl1lty estlmates reported. ln the llterature
for lltter slze ra;vage from -"11 to ,54 (ra¡le rr). Boylan

et al. (lg6l) polnts out that herltablllty estlmates of
lltter slze accompanled. by low stand.ard. emors are d.lfflcult
to obtaln, consequently lt ls not surprlslng that such a
wld-e range of estlnates have been reported-. Bernazrl et, 91.
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(1951+, tnvestlgatlng the herltablrlty of rttter slze ln
swlne at varlous ages obtalned. estlmates ranglng fron
0.07 to 0.11r none of v¡hlch were slgnlflcantly d.lfferent
from zero. slmllar results ln mlce have been obtalned. by

Bahnefeld. çt a1.. (L962) and. Falconer (1960) who reported.

estlmates of 0.1L and. 0.1J respeotlvely. Craft (1958)

suggests t]nat an overalL estlnate of o.r5 ln sÌqlne would.

seen reasonable. Boylan et al. (l-g6l) who revlewed. the
llterature qulte extenslvely feeLs that the naJorlty of
more rellabre estlnates falI below o.l-o t àrL obse::va,t1on

t^thich seems to be borne out by the fact that the hlgher
estlmatesr such as that obtalned. by She].by (l-g1Zl, are
usually accomparrled. by large stand.ard. enors. Boylart eü al.
(196t) conclud-ed. from the results of thelr experlment

t]naL herltablllty for lrtter slze ln swlne was low and. the
response to nass selectlon for lncreased. performance wlth-
ln a Ilne or breed- would. be neg1lglb1e. This ls ln general

agreement wlth what has been for¡nd_ earller e,nd. reported. ln
the Llterature. Hetzer g!, al-._ (f9+O) reported. that thelr
results lnd.lcated. that only a relatlvely smal1 parË of the
varlance ln lltter slze ls hered.ltary ln character. Thelr
concluslons ?Íere based. on the fact trrat Ëhe genetlc part of
the varlance ln thelr stud.ye was for¡nd. to account for not
nore than Zaft of the varlaylce ln lltter slze at blrth t àE

28 d.ays, or at /0 d.ays of age. lhey were of the oplnlon
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however, that d.esplüe thls snall pereentage of the total
varlance that was attrlbutable to genetlc factors, lt was

sflll large enough to suggest that selectlon may brlne
about changes ln thls character.

Tt should. be polnted. out that Hetzer et al.
(r9+o) nad.e thelr lnvestigatlon on a inbred. herd- of chester

l{h1Ëe swine. Thls ls polnted. out because lt wourd. be rog-
lcar to assume that lf we could. flnd. some way of lncreaslng
the genetlc portlon of the varlance ln Iltter slze, then

the amount of change that couLd. be effected. ln thls üralt
would- also be lncreased-. fheoretlcal-Iy the crosslng of
two or more genetically d.lverse breed-s would. be expected.

to lncrease Ëhe amount of ad.d.ltlve genetlc varlance. any

lncrease ln the portlon of ad-d.ltlve genetlc varla¡lce would.

be reflecËed. ln the slze of the herltabrllty estrmate.

Boylan et als (1961) ln comparlng the slze of herltablllty
estlmates obtalned. for the lÍlirnesota Noo I and. the

I{lnnesota No. J f e1t t]nat the relatlve magnltud.e of the

values obtalned. seemed. plauslbl.e. The values obËalned. r¡rere

.05 t.13 a.¡ed. .17 !,14o [he t'llianesota. No. I, they polnt
out, I^Ias more closely lnbred. of the troro breed.s a.nd. the

I'Ilnnesota itTo. 3 found.atlon stock was establlshed. uslng
several more llnes than was the case for the Mlnnesota Non

1. For these reasotls these workers felt þ]nat the l{lnnesota

No" 3 nay have possessed- more genetlc varlatlon. rf the
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oplnlon of these workers that the amount of ad.d.ltlve genetic

var.iance ls lncreased- materlally by the crosslng of several

breed-s as opposed- to two or three, anfl that thls ln turn

results ln hlgher estlmates of herltabllltyr then selectlon

for l¡nprovemenË of the tralt ls llkely to be more effectlve

!n a llne based. on a large amount of genetlo d.lverslty.

It ls worth mentlonlng at thls polnt that ln the

oplnlon of several workersr lltter sLze ls subJect üo a

d-epresslng eff ect as a result of lnbreed-lng. L\etzer et aI.
(fg+O) stated. t]nat though the genetlc portlon of varlance

ln lltter slze was too sna11 to lnd.lcate rapld. lmprovement

ln thls tralto lt v¡as however large enough to support the

ooncluslon that the grad-ual d.ecllne ln the tralt observed-

d.urlng the course of the experlment, was at least partly

genetlc. It ls generally a.ccepted- that an lncrease ln 1n-

breed.lng results ln an lncrease of homozygoslty of the 1lne

and. tha.t thls ln turn vüould- tend. to red-uce the estlmate of

herltabl]lty, Tlence a system of crossbreed.lng 1nvoLvlng

several breed.s of wld.e genetlc d.lverslty followed. 'oy nlld.

lnbreed.lng should. prod.uce the best results as far as litter

slze ls concerned.o Und.er such a system we might expect

larger herltablllty estlnates tha¡ 1s generally the case.

Other factors havlng an effect on lltter slze

have been reporteCL by nany workers. [hese factors would-

lnclud.e seasonal effects, YeaT effects and. d.lfferences due
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to breed.. In the case of ühe 1aüter lt ls now generally

acoepüed. thet d.lfferences between breeds ln resBecü to
average slze of Llüüer ôo exlst (Íable I ). A.e for the

oüber üno faotors, reeults of d!.fferent erperlments are

oonfllcülrg but tü nay be well to note the obsernatlsn of
Eetzer et ÊL. (1961) that yearl,y fluetr¡aülons ln rseather

oond.lülone and. d.lfferenoes ln the lnoldenee of d.lsease ar¡d.

paraelües eoncelvably Io¡cer the averages obtalned. for eone

lf not all ü¡a1üe. Changes ln genetlc merlt nay also oon-

ürlbute to d.lfferenoea between yearso Eetzer gg, glg (19qO)

felt ühaü ln respeet to the relaülvc ln¡rortanoe of theee

other eausea affectf.ng lltüer elze, 1û would. seen tlrat wr-

eontrolled. envl¡onnental oondlülone such as tem¡rorary ehanges

tn healüh of the sows or ln thelr fertlllty, are a nuoh

mo:re lu¡nrfanü eause of varlatlon tn lLtter slze thân suoh

faefors as yearl.y oha¡rges ln feecllng and. nsr¡agemenü, season

of blrth and. age of eowe at farrowlng.,

Gro¡vth Baüe

Coneüook eü gls (J-gtr?) eüatee that rapld, growüh

of e¡rlne le of veLue üo the pork prod.uoer for eeveral

r€&Bonse rü i.s generally agreed. that oüher thlngs betng

egual faster gnowt ng plgs requlre less feed. per rrn!.t galn

la we!.ght. slnee ühe plgs that gron fasüer reaoh narket
wclghÈ sooner the overhead. coeü of labor ls less and ühe
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rlsk of loss from d.lsease, parasltes and. accld.ents ls re-

d.uced.. It follows that grou¡th rate is one of the char-

acters to be considered. ln any lnprovement or breed- d.evelop-

ment program.

Íhe relatlonshlp, lf æry, between lltter sLze

a:ed- growth rate would- be of lmportance to the anlnaI breed.er

1f he v,Ìere selectlng for both these Ëralts slmultaneously

wlthln the same populatlon.

Rahnefeld. et al. (196Zr, worklng nlth mlce have

reported. a. sma.ll but posltlve genetlc correlaËlon between

l-ltËer slze and. growth. They feJ.t that thls posltlve

correlatlon, though small, 1s of consld.erable importance

for lt lnd.lcates fhat whlle no large d.eslrable coruelated.

response can be expected- t àyt equall.y u:ed.eslrab1.e negatlve

correlated. response of lltter slze to selectlon for growth

rate w'111 not oocur.

Cockerham (tg5z) and Vogt et al. (L9Ø) worktng

with swlne reported. a slmllar snaLl but posltlve genetlc

correlatlon between lltter slze anð- growth rate. The re-
sults of these workers lnd-lcate that lltter stze w111 not

be adverseJ.y affected- a.s a consequence of seLectlon for
growüh rate and vlce vêrsâo Élowever, Dlckerson g[ gþ (tgSL)

suggested. that a negatlve genetlc correlatlon nlght explaln

the lneffecblveness of slmuLtaneous se].ectlon for increased.

l-ltter sLze and- faster growth rate in inbred. llnes of swlne



20

d.eveloped- at the Reglonal Swlne Breed.lng laboratory
(Unttea States North Central Reglon). The lmportance of

these flnd.ings cannot be overemphaslzed- especlally ln vlew

of the observatlons mad.e by Comstock and. i'llnters (194t1) .

From thelr experlmental results they felt tlnaü the d.lfflcuJ-ty

1n malntalnlng fertllity 1s more llkeIy to lnterfere wlth

the d-evelopment of lnbred. llnes than d.ecllnlng growth rate.
Thls 1s d.oubly slgnlflcant slnce red.uced. fertlIlty auto-

matlca1ly red.uces the amount of selectlon tlnat. can be

practlced- for both fertl1lty and. other characters.

Numerous stud-les, varylng sample slzes, perlod.

of development and. nethod. of analyses have yleld.ed. a w1d.e

va.y:ge of herltabllity estlmates for gro¡¡th rabe (fa¡te III ) .

These results d-o not lnd.lcate that estlmates d.lffer ln re-
la"flon to the perlod. of growth consld.ered.. fhe ra:eges

glven nay represent genulne d.lfferences amotlg the popu-

latlons stud.led., but accord.lng to Fred.een OgSg) allowance

must be mad.e for sampllng error anð/or the posslblllty of
error d.ue to the lncluslon of ullmeasured. non-genetlc effects.
The lnportance of sanrþ11n9 error a.¡ed. blas ls more evid-ent

when two or nore method.s have been enployed. ln estlnatlng
herltabllltles. The u¡ork of l,fhatley (l-gl+Z), Krld.er et alo
(lgt+6) , Dlckerson and, Grlmes (]-gt+?) , and. Fred-een and.

Jonsson (L957) all ylelded. larger estlmates from lntra-slre
regresslon of offsprlng on d-am as compared. to those obtalned_
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by paternal half-s1b correlatlon. Dlckerson and. Grrmes

(tgVz) have lnterpreted- thls as resultrne; from an antago-

nlsm between the d.amf s d.lrect a:rd- transnltted. lnfluence on

thls tralt. The results of Nord.skog gþ aI, (19l+ll) are not
ln agreement i,¡lth those of these r¡orkers however. Nord.skog

et gl.g (1944) reported. estlmates of o.zL a;¡:d. 0.110 for growbh

rate as measured. from weanlng to tinio hund.red" pou:ed.s market

welght. These estlmates were obtained by regression of off-
sprlng on pa.rent and. by paternal half-slb correlatlon re-
spectlvely. ft becomes apparent however that the range in
estlmates reported ln the literature for growth rate can be

attrlbuüed. ln part to the d.lfferent method.s enployed. i.n

ühe1r estlmatlon.

As has been mentloned. prevlously growbh rate along
with lltter slze show most of the heterosis ln crosses
(craft 1958). Hence as postulated. for lltter slze the cross-
lng of several llnes of wld.e genetlc d.lverslty would. also
lncrease the amount of ad.d-ltlve genetlc varlance for growüh

rate. ïJe would. expect therefore, rarger herltablllty
estlmates than would. normally be the case where fewer llnes
anð'/ot llnes more closely rela.ted. rrere used. ln the crosso

The results obtatned. by sunptton g! gf (l-g6l-) in the d_evelop-

ment of the Mlnnesota No, 3 suggests that thls nethod_ of
lncreaslng the ad-d-ltlve genetlc vartabllj.ty for growth rate,
and- hence also the effectlveness of selectlon for lmprovement
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of the tralt, ls a valid. one.

Backfat Thlclmess-

tlterature reports lnd-lcate tlna.E careass tralts
1n general are hlghIy heritable. Estlmates for backfat

thlclmess are presented. 1n 'Iab1e IV. Lush Ln 1936 stated.

that und.er the Danlsh system of progeny-testlng swlne every

effort was belng ma.d.e to red.uce the thlctrc:ess of backfat.

Flgure I shows t"lnat these efforts have been hiehly
successful, Durlng the perlod. 1926-1927, the d.lstrlbutlon
was essentlally normal lrlth a ßearL of þ,0J cm. i a r:arrge of
2"6 to 6.5 cm., and- a stand.ard" d.eviati.on of 0.441. By

1955-1956, the situatlon hacl cha¡rged. consld-erablyr the mean

now belng 3.20 crnc 1 the range 2"J to Lt'.J cm., and. the sta.nd.ard"

d-evlatlon 0.J02 cmo The progresslve skewlng of the curves

that has acconpa.nled. thls change has been d.ue to the re-
d.uctlon of the maxlmum expresslon of bhe trait wlthout any

appreclable change at the lower extreme. It is of lnterest
ElnaL ln thirty years, the lower 1lnlt has been red-uced. by

only 0.J cm. Accord.lng to Fred.een (1958) tfrfs sltuatlon
should- be lnterpreted. as evld.ence that a bloJ.oglcal mlnlmum

for backfat thlcl¡¡aess exlsts ln the range of 2.0 to 2.J cm.

Such a llnlt, lf lt exlsts, could. cond.ltlon the a"mount of
lmprovement that may be expected. ln thls tralt as well as

those wlth whlch lt ls genetlcally correl-ated- (Fred_een and.
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Figure I

FREQUENCY ÐISTRIBITTIONS FOR THICKNESS OF BACKFAT OF D.åÀIISH
LAAIDRACE PIGS TESÎED AI TTTE OFFICTAL PROGEAIY TEST

STAÎIONS SINCE 1926 (AFIER FREDEEN 1958)
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Jonsson (1957)). Lush (tgSe) polnts out that backfat ts
slmllar to bod-y length ln that the id.eal ls not elther ex-

treme but the lntermed.iate. Catcasses wlth too lltt1e back-

lat are found. to be too s'oft to sult the market d.enand. and.

hence whl1e selectlon is belng mad.e at the upper extreme ln
ord-er to red-uce the maxlmum, lt wou1d. seem 1lke1y that
selectlon aE the lower extreme ls elther ln an upward.

d-lrectloil or else lt ls d.lrected. at keeplng the ¡rlnlnum

value a"s stable as posslble. What ls lmportant however, ls
that there exlsts enough ad.d.ltlve genetlc varlance in a

populatlen so that se]-ectlon for the tralt r¡r111 be effectlve.
Lush (Ln6) fett there was nabund.ant ad.d.ltlve genetle vâr-

lancerr to pernlt thlsr ârrd. more recently Enfleld. and- ldhatley

(fg6f) feft ühat evld-ence from thelr stud.y tnd-lcated. that
selectlon for red.uctlon of thlckness of backfat would. be

s11ght1y effectlve. Fred.een and. Jonsson (L7SZ) cautlon that
there 1s uncertaLnty as to vqhether backfat thlckness nay

be lnd.eflnltely red.uced- wlthout creatlng undeslrable changes

ln other lmportant factors lnfluenclng carcass quallty"
However, apart from golng þo an extreme, results of several

vuorkers, lnclud.lng Fred.een and. Jonsson (AgS?), Fred_een

(f954)n StoËhart (:.gfi) an¿ Lush (In6), are qutte encourag-

1ng, for they appear to be ln general agreement on the point

fhat genetlc relatlonshlps lnd.lcated- are such as to ensure

d.es1red. genetlc lmprovement when selectlon ls based. on any
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oile of feed- efflclency, length, re.te of galn or thlclceess

of backfat. Thus, for example, selectlon for length alone

w111 give ln coruelated. responses, a red.uctlon ln thlckness

of backfat and. lmprovement in both rate of galn and-

efflclency of ga1n.

ït has generally been found- t.lnat g1lts have less

loacP-ta.t ühan barrows a.t the same welghü. The signlflca^nce

oî a sex d.lfference ls however llmlted. to scorlng and- carcass

grad.lng stand.ard-s. Fred.een and. Jonsson (1957, found. no

d.ifference ln herltabillty estlmate for barrov,is and. gi1ts.
They obtalned. estlnates of 0.52 and. 0.58 for males and. fe-
males respectively and. in B.d-d-lti.on observed. that most of the

genetlc coruelatlons agree reasonably well for the two sexese

In concluslon it ca.n be stated- tinat the tralts
und.er stud.y have been found-, ln general, to exhiblt sufflclent
ad.d.ltive genetlc varlance üo ensure d.eslred. genetic lmprove-

ment, and- the genetlc coruelations between the tralts are

such fhat selectlon for any one wlll provld.e the d-estred-

response 1n the others. lhe rate or magnitud.e of the improve-

ment w111 d.epend- of course on the herltablllty exhl'blted by

the separate traltso in thls case from. low Ëo relaËlvely
hlgh, and. also on the lntenslty of selection. slnce results
reporËed. ln the llÈerature lnd-lcate E]na-E the nm6s¡1t of
ad.d.ltlve genetlc varlance for any one tralt varles from one

populatlon to another, lt ls to be erpected- tinat herltablllty
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esülmates r/rlLl also vary from one populatlon to another.

In ord-er to achleve accurate pred.lctlon of results 1n a

selectlon progrs"m therefore, iË ls essentlal for the anlma1

breed.er to have a. knowled.ge of Ëhe herlËa"btllty estlnates

of the traits under selectlon.
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Hlstory of the Breed- ÐevelopmeEÞ

One of the prlmary reasons for the d.evelopment

of a new breed. of swlne at the Unlversity of ltlanltoba was

þlnat lt should. comblne wel.J. and prod.uce a maxlmum amount

of heterosls when crossed. $rlth the exlstlng breed.s of the

Canadlan swlne lnd.ustry. For thls reason the new breed-

was d.eslgned to be as genetlcally d.lfferent as posslble

from oËher breed.s.

ïnitiaIly three breed.s T^Iere selected. to comprlse

the found-atlon stock. These were the i{essex Sad.d-1eback,

Vüelsh a:ed. La,nd-race (Swed.tsh), The cholce of these breed.s

was based- on partlcular attrlbutes of each and- thelr ex-

pected. contrlbutlon to the new breed.,

A brief d.escrlption and. the particular attrlbutes
of each of these fourd.atlon breed-s ls glven below¡

Wessex Sad-d-lebaclc - Thls 1s an Engllsh breed.o blac}c in
color but wlth a whlte belt. It had. an establlshed. re-
putatlon for fertl1lty, prollficacy and- n1lk1ng abillty.
ïn ad.d.ltion, lt was trcnown to thrlve und-er ad.verse feed.lng

cond-itlons" Ttts maln d-efect was lnferior cârcass quallty"

i'felsh - Another English breed., whlte ln color and. noted-

for 1t0s hard.iness und-er Engllsh cond.ltlons, It Tùas cap-

a.ble of prod.ucing acceptable carcassesc Itts maln d.efect
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was a slow raüe of grs¡rthå'

La¡¡ð¡ace (swedlsh) - Thle breed. ¡ças eeleotecl for lÙs rapld.

gro¡rth rate and lte superlor eeroass quellüy.

Other breed.s lncluclecl ln the foundlatlon süsok

were the Berkghlrer @r ÏorkehlrE and. @þþ.
Ílhese breed.s were lnolud.ed. prlnarlly to lnorease the ÞoP-

ulatlon atze and. a1.eo to lnorease the geneüle d.lverslty"

Itloe 1n1ü1a1 for¡ndatlon eüook consisüed. of nlne

brerl lÍessex Sad.d.lebaek gll.ts¡ a boar of ühe aane breeðlng

anè two lteleh boars, alL lnporteel ln laüe 1956 from

rhgland.; To ühts group were adèed two l¿nd.raee boare from

Canaètan trerd.si- In ord.er to lncrease the popuLatlon eLze

and. al.so the genetlo base of the new breed.r 1ü ¡uas d.eot d.ed

Ln 1957 to add a number of feuales of cllfferent breed.lng.

Aoeord.lnB1lr three crosebred. sows of (Berkshlre) ¡nale x

(Yorkshlre x [am¡rorth) fenale breed.lng and. üwo eows of

Mlnnesota Non' 1 nele N (Yorkshlre x TamYcorüh) fenate breecl-

lng were lneLud.ed" Ehese adðltlsna-1. soÌÍs had. perforned.

qulte well ln a orosebreedllng proJect anù hence tü was felü
thaü they nould. nake a useful" oonürlbutlou' F1nal1y tn
1958 two Lanêrace x Wessex fenales and. a tblrd lgndraoe boa¡

r¡ere purehased Ln Cansd.a to compJ.ete the found.atlon herd.;

The surunarTr beLo¡v Llsts t.}ae 22 fsund.aülon anl¡nsIe¡
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p tr{essex Sad.d.leback females

J Berkshtre x (Yorkshlre rc Tanworth) fenales

2 lllnnesota Noo 1 x (Yorkshlre x fa¡rworth) fenales

2 Landrlace x Wessex Sad.d.leback females

L ïIessex Sad.d.leback male

2 ûIe1sh males

J Larñrace males

From thls lnltla1- found.atlon stock four separate

1lnes r^Iere d.eveloped.. In thls stud-y these Ilnes shall be

refemed. to as l1nes 1, 2) 3 and. lÞ respectlvely, and the

breed. as a whole as Breed. nMil.

It ls not posslble to state accurately the

eventual composltlon of the ne¡r breed-. fn Lg59 the cross-

bred. popul-atlon T^ras approxlmately 40fi Landrace , 25fr Wessex

Sad.d.1eback, 2O/" \,{el.sn, J/" Berlxshlre, Sft Mlnnesota No" 1,

and, 2É% each lorkshlre and- Tamworth. Ehe per cent com-

posltlon of the herd. 1n 1960 end" l-962 has not d.evlated. to

axry great extent from the flgures glven above (Table V).

fhe lnltlal plan called- for equal representatlon of

Land.race, Welsh and. !üessex Sad.d.leback; a.pproxlnat,elry 25%

eachn The hlgher percentage of Land.race arose because of
breed.lng d.lfflcultles encountered. wlth one of the found.atlon

Welsh ma].es and. the subsequent substitutlon of a Land.race

male,
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l,latl4E ,Systen

i{atlngs were planned. orlglnally wlth two maln

obJectlves 1n ¡olnd-:

1) To keep lnbreed-lng to s mlnlmr:m and.

2l To achleve the d.eslred- percentage of each of the

found-ation breeds ln the new breed.. The matlngs were set
up ln such a way as to facllltate the fo:matlon of the four
d-lstlnct llnes alread.y referred- to. There has been no

lnterchange between the rlnes" rn the stuilrer oî 1962 the

matlng system was cha::ged- sllghtl-y, Matlngs hrere mad.e at
rand.om among selected. lnd.lv1d.uals except that full-slb
matlngs were avold.ed.. Ido partlcular effort has been ex-

erclsed. subsequently ln matlng the least related. lnd.lvld.uals.
The breed.lng sched.ule employed. provld.ed for

farrowlng four tlmes d.urlng an approxlmateJ-y lJ nonüh

perlodi Each of the four farrowlng tlmes represented. a

d.lfferent l1ne ln the breed.. All offsprlng were from fe-
¡naIes havlng Ëhelr flrst lltter except ln the early gen-

eratlons of the breed., some females r^rere retained_ for two

or more lltters ln ord.er to lncrease the herd. srze rapld.ly,
Gllts and. boars were mated. at approxlmately 11 months of
age. Thls age a.t breed.lng, whlle old"er than is the practlce
ln the lnd.ustry, T¡ras necessltated- because of operatlonal
proced.ures ln the use of farrowlng facilitles. The program
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was d.eslgned- so that approxlmately 20 to 30 gllts farrowed_

d.uring each farrowlng perlod-. Approxlna.tely flve to slx
stres ïüere represented- ln each llne each farrowing. The

average length of each farrowlng season üras approximately

s1x weekso

Seler!¿an Melhgds

SeJ.ectlon of breed-lng stock T/ras practlced_ sep-

arately wlthln eacit of the four llnes. Essentlally me.ss

selectlon has been the nethod. employed. in thls program,

i n € n r seleotlon has been based. prlmarily on the lnd"lvld-uals

own phenotype. Ind,epend.ent cuIllng 1eve1s have of course

been establlshed., In the early generatlons emphasls was

placed. on selectlon for bod.y color, type and. freed.om from

physlcal d.efects. At that tine, only those lndlvld.uals

¡ihlch were free from d.efects and. whlch showed. the least
color were saved.. Honever, selectlon ln the early genera-

tlons lvas also based. on litter performance for tralts up

to and. lnclud.lng weanlng, ind.ivld-ual performance for growÞh,

vaþe of galn and. litter-mate performance for carcass quallty
(approxlnately one-haIf of eac]n litter was marketed- at
200 pound.s) At the present tlme, wh11e selection for type

as well as color and- physlcal d.efects ls stllr practlced.,

emphasls has been placed. on selecÈion for thlckness of back-

fat as measured. by the llve probe (Ha.zeL and. Ktlne (L?SZ)),
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post T¡reanlng grovüth and- age at 190 pound-s.

Initial selectlon of boars ?üas prlma,rlly on a

vilthln lltter basls wlth weanlng welght the major crlterlon
of se].ectlon. All non-selected. males were castrated. at

tlnat tlme. The seJ-ected. males $Iere grown out ln groups

to a f1nal welghË of approxlnately 1p0 pound-s. At that

tl¡oe they were welghed- and. backfat thlckness vüas measured.

by use of the J-lve probe. Selectlon of the males to be

used. to slre the next generatlon was then mad.e on the basls

of the lnd.epend.ent cuIllng levels d.lscussed. above.

The lnltial se]-ectlon of females was mad.e at
market welght. Thls selectlon v,¡as also based. on the 1n-

d-epend.ent culling leveLs d.iscussed- prevlously.

It nay be seerl tlnat lndlvld-ua1 perfo:mance as

we3.l as l.ltter performance was utlIlzed. 1n selectlng from

each llne the lnd-lvld-uaIs whlch prod.uced. the next generatlon.

Concurrently wlth the breed. d.evelopment proJect

T^ras the malntenar:ce of a purebred- Yorkshlre herd.. The

prfinary pÌr:rpose of the ïorkshlre herd. was to provld.e con-

temporary anlmals as a basls for measuring the relatlve
perfornance of Breed- il$rr One to two slres and- slx to elght

d.ams were used. each generatlon ln the Yorkshlre herd." Nev¡

slres purchased. from purebred. breed-ers, r¡rere regularly
lntrod.uced. lnto the herd-.
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f nbreed._lne

The present Ievel of lnbreed-lng varles sileht].y

wlth the l-lnes. The average wlthln llnes ranges fron 12

to L5/r. The average lncrease ln the lnbreed.lng coefflclent
per generatlon over the perlod. 1958 to 19Ø ranges trom 2

to t+% (fable VI ) .
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The Daüa

Source and. Descr:Lgb:Lon

The d-ata for thls stud.y were obtalned. ln a breed.

development program at the Untverslty of Manltoba. Ðata

from the proJect were avallable for the years l-958 to L963

lncluslve. It was d.ecld-ed. however, that for purposes of
thls stud.y data obtalned. only from the F, and. subsequent

generatlons should- be used.. Those l-lüters farrowed. ln
l-960 correspond,ed. to the F2 generatlon (fable VIa)"

The performance traits for whlch parameter

estlmates are compuËed- 1n thls süud.y are lltter sjze at
blrth, posüweanlng galn (weanlng to approxlnately 1!0 por:nd.s),

and. thlckness of backfat as measured. by the llve proroe.

r,ltter slze was taken as the toüaL number of plgs born alive
ln a Iltter. 0n1y the record. of the flrst lltter of a ellt
was used. 1n the analyses for J.ltter slze.

Grov¡th rate d,ata used_ were for postweanlng growbh

on1-y¡ 1,€.¡ from weanlng at approxlnately LVZ days of age to
market welght. rt v¡as d.ecld.ed. to consld.er all plgs wlthln a
range of approxlnately t6o to 220 pound.s and. at an age not
exoeed.tng 215 d.ays as havlng reached. market welght. All
ofhers were exclud-ed. from the ai:e,lysls.

The average of three probes taken on the 1eft and.
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TÁBLE VTa

THE _rFt GENEAATION OF EACH LÏNE A¡mAIüGEq

BY YES.RS 1060 TO 1A64_INCLUSIVE

tlne rg60 tg6t tg62 t963 rg64

F2

F2

,:

F3

,:

î2

F4

-;

F4

F4

F5

F5

,:F3

F3
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rlght sld.e of each lnd.lvld.ua1- at each of three stand.srd. 1o-

catlons along the back, provld.ed- three measures of the thlck-

ness of backfat per 1nd.1vld.ua1. These ln turra T¡Iere averaged-

to glve a slngle measure of the thlckness of backfat per ln-
d-lvld.ual. The nethod. of problng was that d.evised- and. explalned

by Hazel- and- Kllne (lg5Z). lhe mean backfat thlclnress of

each plg was ad.justed. by J.tnear regresslon to a constant

bod.y welght of 190 pound-s,

Method.s of Anal¡rslq

1) General comrnents

a) All but the more easll-y computed. para-

meters have been computed. by the use of an I.B"M. L62O com-

puter.

b) Analyses were mad.e wlthln eaoh 1lne by

season, year and. sex. ïn the case of lltüer sLze where ln-
fornation was avallable for only one serc, analyses were con-

d-ucted- by season and. year for each llne,
il) General proceclures ln parameter esËlmatlon

Stand.ard. statistlcal- proced.ures were employed-

to obtaln the varlous lntermed.late quantltles from whlch the

ultftnate parameters r^iere estima.ted-.

1. Parent-offsprlng covarlances and. regression

In the case of both slre-offsprlng and- d.am-

offspring the varlates used- in computatlon !üere the slre and-



þ1

d.am phenotyplc values and. the offspring phenotyprc values.

This method. was chosen rather than the lntra-slre regresslon

of offsprlng on d-am because lt was fert that more d.egrees of
freed.om would. be aval].able and. hence &ore rellable estlma.tes

r¡¡ould- be obtalned., It was felt Justlfled. 1n d-olng thls slnce

na,tlng r¡¡as essentially at rand-om ln the more recent genera-

tlons and- should. therefore have Lntrod.uced- no bias. Any d-e-

vlatlon from non-rand.omness in the early generatlons was felt
to have been so small that lt would- Ltatre l-lttle effect on

the reliablllty of the estimates obtained."

The ?bt values obtalned. by this analysis were sub-

jected. to a stand.ard. covariavrce analysls to test for homo-

genelty ln ord.er to varid.ate poollng of the d.a.ta. This poollng

resulted- ln the computatlon of an avera.ge e bt value (-õ-),
and. a welghted. ?bt. The la"tter was arrlved. at by welghtlng
the lnd.ivld-ual fb' values lnversely to thelr varlances. The

general for.¡r of this analysls ls as outlined. by J. L1 (Lg5?).

These computatlons were carried- out on the I"B.lln 1620 computer.

2. ltnalysls of variance and. covariance

The form of varlance analysis and. expectatlons

of mea:r squares are presented. in Table VIþ" Separate

analyses T/'rere cond.ucted by llne a-nd. sex, withln each season

of each yea-T. Besults were then pooled. by llne for each sex

and- Ëhen flnally by sêxo rn any pooled. a¡ralysls the form is

G uMVTnnà

LIBRARY

{-r,tnrurro,gl-'
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analogous to tha"t ln Table VIb wlth the ad.dltlon of anoËher

sou.rce of varlaflon.

T"åBLE VTb

.åhTALTSIS 0F VARIAÀTCE AI\TD MEAN_EGLU.âRE EXPECTATIONS

Source of iviean Mean Square
Va-rlance d-.f. Square Expectatlotl,s

Slres s-1 Û11 bl+kZD+k3S

Dam Ï,ülthln Slres d - s t[Z !û + k1Ð

lqllthln FuIl-Slb
Faml1les N-d_ l{3 ï{

vrhere ¡

s = total number of slres

d. = total number of dans

N = total nunber of 1nd-ivld.ua1s'

kl =,=1,i*-1(= 'ijl--l(d-")L \-ã1:/J
kz=#,F(a$ fi=51
k3 = G+rrÞ 

t\:f]
nl -- total number of offspring fron the lth slre

n1J = total number of off spri.ng fron the ith d**

nated- to the 1th slre
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S = varlance d-ue to d.lfferencès among slres

Ð = 
l! tf ll tl tf d.amS

td = rr H lt tt tr fUl1-s1bs

The varlances of varlance component estluates were

obtalned. as outflned. by Comstock and Boblnson (f95f).

The estlmate of S was

It fo]-lows that

A -v (Mr) .[rt f?' l-' '-llzv (s) - *rF- "¡__.2_ | v (i,Tz) +l- -i I v (r,r3)rr- Fr":J llr kt J

where;

V (l,tl) = varlance of Ëhe mean square for betr¡reen slres

source of va.rlance.

V (l{2) = varlarece of the mean square for dams wlthln

slre source of varlance,
rr ,\ì I -- --r -ã !r- ¡--^ --t ¿l-! -^ M!---V (M3) = varlance of the mean square for wlthin lltters

source of varlatLon.
(k1, k2 and k, are as d.eflned. in Table VIb).

The va"rlances of the meall so,uares were approxlmated.

by substltuülon of the observed. mean square for its expectatlon

ln the general expresslon

v (M) = zfq tm''] 2

f



ar

aÐ.y meal1 square

expectatlon of M

d.egrees of freed.om for the mean square l{

l+lt

where:

Ììr

E (If)

d.f.

Slnce S represents one-quarter the adÖltlve genetlc

varlsnce, and. the sum of S + D + W represents the total pheno-

typlc varlance of the populatlont lt is necessary to solve

for each of these components ln ord-er to compute esülnates of

heritabll-lty" The formula used. for Ëhese computatlons ls as

fol].ows

h2 = 4s-ffi-rm
It follows that the varl arace oî hZ ls

v (n2)

(vrhere P = (1.e.s+Ð+l'l)).

and

Stand.ard. Error (YLZ) =

1ii) Perfo¡mance tralts
a) LlËter slze - ln estlmating parameters for

lltter slze both the method.s of analysls d-escrlbed. above were

used. 1.e., 1) regression of d-aughterb lltter slze record. on her

v_|¿|Ð
v (P)

tot,al- phenotyplc varlance

(rr2 )



lt5

d.amts reoord., anð- 2) paterreal half-slb corre]'atlon.

b) Growth rate and. backfat thlckness - the

same statlstlcal. proced.ures used. ln the case of litter slze

have also been enployed. here wlth only sllght d.lfferencês. In
tbe ca.se of the regresslon ar:alysls lt has been somewhat nore

extenslve. The d"ata I'üas arranged- by sex and separate re-
gresslons run such as to lnclude the regresslon of

a sonrs record- on 1) nfs slre and 2) frts ¿an

a barrowrs record. on 1) hls sire and 2) frls d.aro

a gi].tos record. on 1) her slre and.2) her d.am

The paternal half-slb correlatlon analysls was aLso

d.one separately for each sêxr

Heritablllty esülmates were also calculated. for
these tralts uslng maternal haJ.f-slb and- fulI-slb correl.atlono

Á.11 analyses rüere mad-e wlthln eacLt llne, season and.

year. The rbf values T¡rere Ëested- for homogenelty and the daþa

pooled. ln order to provld.e one estlmate of herltabllity for
each tyalt for the breed. as a who].e.



RESULTS fu\D DTSCUSSIOI\T

Annua.l averages and- stand.ard. eruors for each I1ne
are presented. 1n Table vrI, for the three performence tra,lts
of lltter slze (number born allve), postweanlng grovrth rate
and- thlckness of backfat. rn the case of the last two

traltsr averages for the sexes have been presented. separately.
Itïo d-ata for postweanlng growËh rate or thlckness of backfat
lr¡ele avallab1e for boars prlor to 1962,

The perforsnance of each line in te¡ms of average
lltter slze has been good. and. the stand.ard- errors accompany-

1ng the &eans presen'i,ed. 1n Table vrr suggest that varLa-
bllity within each line for thls tralt has been hleh. Thls
ls evld.ent from the high coefflcient of varlablliËy of
2?.5% iqhlch has been estlmated. for the breed. as a whole. The

I'llnnesota No. J whlch was d.eveloped. fron as wld.e a genetlc
base as Breed- $¡l'rrr ls reported. by sunptlon et al, Ã96r) to
exhlblt a slmiLarly large coefflclent of varlablllty for
lltter slze. Fron results reported. ln the llterature by
Ëhese workers t ãyr average coefflclent of variabillty for
lltter slze for thls breed- was estlmated_ to be z?,?%. several
factors nay be responsible for the hlgh coefflcients of
variability reported. for ühese breed.s¡

1) EnvlronnenËal effects may be pla.ylng an lmportant
part and.
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2) As the nearl litter size lncreases the stand.ard-

d.eviatlon mây lncrease proportlonately to a"n even greater

extent" It may also be accounted. for by the large amount

of genetlc varlablllty ln the found.atlon populatlon.

The average lltter sl ze of Breed. rrl4tf as a whole

r^ras estlmated. as 9.05 ! ,L6]- (Ta¡te VII), and. compares

fa.vorably wlth those averages presented. earl-ler ln TaþIe I
for sone long esËabllshed. breed.s ln the Canad.lan and- Unlted.

States swlne lnd.ustry. It ls unfortunate that the means for
fhese breed-s were not accompanled- by thelr stand.a.rd. d-evla-

tlons as no comparlson can now be mad.e wlth Breed. rrlfrr ln
respect to the relatlve amount of varlablllty exlstlng wlthln
these estab].ished" breed.s for 1ltter size"

The average d.aily gaÍ'n for each lnd.ivld_uaI was

calculated. for the perlod- from weanlng at a-pproxlma.tely l¡2

d.ays of age to 1-90 pound.s market welght. fhe means presented.

by sex for thls trait in Table VII represent the a.verage

d.ally gain per lnd.lvld.ual per llne. An overall a"verage for
Breed. $Mn for each sex rras calcurabed. uslng the sane method.

as IÁIas d.escribed. for the calculatlon of the overall mean fori

litter slze" These means úiere 1"27, l.2B and. 1,28 for gl1ts,

1-rh1s overall mean was obtalned. by summing the yearly averagesof each Ilne and. d-lvld.lng by the number of averages sumued.
(w) " The acconpanylng stand.ard. error was a1.so cãlculated Þy
summlng the varlances for each mea.n and. then d.lvld.Ing by lrTz 

"The square root of thls figure was taken as the stand-ard" errorof the overall ßêâ.r1r
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barrows e.nd- boars respectlvely. ït ls evld-ent from these

means (Table VII ) that barrows exhibited. lltt]-e or no ad-van-

tage ln overall m.ean performance for postweanlng ga1n. Tn

d.lrect contrast to these results Fred-een and. Jonsson (tgSZ)

reported. a snaLl but hlghly slgnlflca.nt superlorlty in a.v-

erage d.a11y galn for fema-les, However, Russell (f930) re-
ported- a 5.4/o ad-vanbage for barrows for erverage d.aily galn,

Johansson and. Korkman Ogsa) founa fema.les of the Swed.ish

Land.race to have a 1. Jfi disa.dvantage in average d.ally ga.ln,

and- Fred.een (l.953) reported. Yorkshlre barrows to e.verage

J.L+ days younger than thelr litter mate gllts at 200 pound.s

llve welght. ït 1s posslble Elnat the rate of galn of the

d-lfferent sexes ls d.epend.ent upoil several factors and. hence

mlghü vary from population to populatlon. These factors

tcould. lnclud-e such thlngs as method. of feed.lng, type and- form

of rati-on and. general manâgernent practlces.

The overall means for Breed- rryltr and. the contemporary

ïorkshlre herd- are presented. In Table VIII. The average

d.aiIy gain for gllts and. barrows ls greater for Breed. nl'it¡

t.lnan for the purebred- Yorkshire herd., It should. be polnted.

out that the means presented- for ühe Yorkshlres were obtained.

from consld.erably less d.ata tlnan was the case for Breed. FI{!! 
n

However, a compa.rlson of these average d.ail-y gains wlth those

for the breed.s presented. in Table I shows thaË the average

d.ally gaLn of Breed- trM¡ì and. the contemporary Yorkshlre herd.
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TABLE VIII
POSTWEAITTNG GAIN - J4E"elrs AIüp ST$NDAfiÐ EBROnS ÂND_ CoEFFTCïENTS

oF vARrAsrLrTT FOE_E"ASF EgX FOR BREED 'Mr A]üÐ THE

CONTEMPORAËT YOBKSHIRE HEBÐ

Gilts Barrows Boars

Breed. rMe x l.z? ! .004 1,28 ¿ .006 1.28 + "015

cv 9.2 r0.2

Contemporary
lorkshire f 1.20 3 .012 1.25 ! ,013

cv 10.3 B "g
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are low. There are two possible explanatlons why the galns

for Breed- srllrr a.ïld the Torkshtres should. be so low in com-

parlson to the breed-s shov¡n in Ta.ble I ¡

1) There may ha,ve been a d-ifference ln the perlod_ over

whlch the rat,e of galn was measured- and-

2) The lncld.ence of d,isease ln the herd.s lnvolved.

in this project has been hleh and. probably has had. a:n ad.verse

effecf.
ït should. also be borne ln ¡nind. that the breed-s presented- 1n

Table I are for the most part Unlted- States breed.s and_ pre-

sumably have been nalntained. on hlgher energy rations.
Stothers (tg6Z) mad.e the observation from results of nutrltional
experiments using gilts and. barrows of Breed- srlr'Irr, that average

d-aily gain was affected- by the type and. form of re.tlon fed..

The varlabillty which exlsts wlthln Breed. $Urr for
postweanlng galn d.oes not appear as high as nlght be expected-

in vleir¡ of the genetlc d.iversity of the forind.ation stock,
The coefflclent of varlablLtty for ellts and. baruows 'üras

estinated. as 9.2 and- ].0.2/" respectlvely. Honever, the average

coefficlent of varlabillty for the t'Iinnesota ITo, I calculated-

from the results reported. by Sumptlon gþ, al. (lg6t) was

rr.7%. These estimates are three to four Ëimes as great as

the value of 3.5% reported. by Fred.een and. Jonsson (tgSZ) for
a group of Land.race pigs,

l|ean i;,acl,r-faþ thlckness were 1,15, L.ZZ and. 1.0p
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for gl]-ts, barrov¡s and. boars respectlvel-y (ta¡Ie VII).
These overall means vrere approxlmated. ln a slnllar marrler

as for postweanlng growth rate and. l-ltter slze. Boars were

found- to have slgnlflcantly less backfat than elther bamows

or gilts and. barrows slgnlflcantly more than gl1ts (P<,01)1.

Fred.een and. Jonsson (1957) , Fred.een (tgSl) and. others have

also reported- that gllts are generally thirmer ln backfat.

No lnfornatlon was avallabLe ln the llteraüure wlth respect

to backfat measurements ln boars speclflcal1y,

fhe neans for backfat thlcinress of some of the

nore recently d.eveloped- breed-s In the Unlted. States and.

Canad.a are presented. ln Table IX, It ls qulte obvlous Ëhat

the Unlted. States breed.s ha.ve greater d.epth of fat than is
generally the case for the Ca.nad-1an breed.s, It is posslble

tlnat these means rrere obtalned. from plgs whlch r^rere heavler

at i'.lne tlme of problng, However, selection for low backfat

thlckness has been practlced- ln Canad.a fot møny years with

breed.s presumed. to be superior ln thls trait.
The coefflclents of va"rle.blllty for barrows and.

gllts was fou-rrd. to be 6"7 anð. ?"5% respectively. These

I*Approxlmate statlstical tests were caruled. out in ord.er to
arrlve at thls concluslono The overal]- means Ì,iere consld.ered.
as linear functlons and- the stand.ard- error of the d-ifference
between the two means being tested. was calculated. by stmmlng
the varlances of the two means and. taklng the square rooto
TesË used. was the conventional ttf test wlth nl + n2 - l+

d.egrees of freed"om.
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esflmates are in close agreenent wlth the estlmates of 7.2

ând. 6.5% for barrorrs and. ellts of the Land.race breed. reported.

by Fred.een and. Jonsson (tgs?) . Hor¡¡ever, other luorkers have

reported. hlgher coefflclents of variablllty for thls þraLt
(Dlckerson (19tt,7) ).

Generally the meares for the three performance

tra.its presented. ln Table VII lnd-lcate that the perfornance

of Breed. lfM¡r has been comparable to that of other breed.s on

the canad.lan and. united- states marketo and. tltaþ the level- of

varlabillty whlch exlsts in the populatlon for the perfor-
nance tralts und.er consld-eratlon ls sufflclently hlsh in all
cases to warrant an attempb at lmprovement through selection,

S e1 ç ctl on _Dl f f erent I al s

The selectlon d.lfferentlal-s presented- ln Tables

x - xrr for each of the perforaance traits consld.ered rn
this stud.y have been welghted. by the number of offsprtng
left by each d.amn rhey ltase been estinrated. in the conven-

tlonal manner 1,ê., the mean of the selected_ lnd.1vld.uals

welghted- by the nu¡qber of offspring, mlnus the uean of the

populatlon from vrhlch they were selected.. The nean selectlon
d-ifferentLal for lltter slze for Breed. rtl,T¡f was 1.0J, fhe

overall aeaiL seleetion d-lfferential among the gilts for
postweaning galn and- backfa"t thickness Trere found_ to be

.00 and. -'02 respectlvely, slmilar estlmates for the boars
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ÎABLE X

SELECTION ÐTFFEREITTIALS FOR EACH LTNE A\ID GENEN.ATION

FOR LTTTEB SIZE

AV.F4F3î2Llne

I
2

3

l+

0vera11 Av"

.70

t.g 5

.0¿l

l.69

.18 .l+Llt

t.95

.0&

L.69

1.03
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ÎASLE XI

SELECIION DIFFERENTT"¿ILS FOR GHOÏT}I RATE AND B.å,CKFAT

ÎHIC¡OTESS FOË EACI{ LINE AI\TD GENEAATTON OF GTLÎS

Tralt Llne T2 F3 F4 Average

Postweanlng

Grovrbh Hate

Backfat

Thichress

I
2

3

l+

0vera11 Av.

1

2

3

l+

Overall Avn

,05

"00

-.01

.03

'-'=')

"03

-.08
.00

"02

-.03

-.02

.04

-.0&

,00

oQZ

.00

- rO3

-.02

-.02
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T"ABLE XIT

SELECTION DIFFERE'IVTïAÍ,S FOn B9AB POjrt!ÍEÁ¡üING GAIN A\TÐ

BACT(FAT THTCKNESS FOB EACH LINE PER GENERATION

Tralt Llne F3F2 FAt Average

Postweanlng

Growbh Rate

Backfat

Thickreess

I

z

3

Lþ

0vera11 Av,

L

2

L¡,

Overall Av.

.01

.10

" 
o¿l

.00

.01

.10

"05

.04

.00

.02
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turned. out to be .05 am.d .02 respectlvely,

I+ltter Slze

The results of the d-am-offsprlng regresslon anal.-

ysls and- the paternal half-sib coruelation for all llnes
comprlslng Breed. ttMrr, as well as the overall pooled. estimates

of herltabillty are presenfed. in Table XïII" The separate

estlnates for each Ilne are ln themselves pooled. estinates

a¡ed are seen to vary'consld.erably" The overall pooled. estlmate

for the breed. was 0.18 + 0"16 obtalned. by d.am-offspri.ng :re-

gressLon and- 0,&4,È 0.59 obtalned. by paternal- half-slb cor-

relatlon (Table XIV). These tr¡ro estlnates are not slgnlfl-
canL1y d.lfferent from each other and. ln ord-er to obtaln a
uore rellable estlnate for the breed- these estlmates were

pooled-, welghtlng each lnversely to thelr varlance. This

yleld-ed. a stngle estlmate of 0.19 + 0;16 r¡rhlch was not slgnl-
fice.ntly d.lfferent from zero (P>.05)"

Fred.een (19Ø) polnts out that the statlstlcal
method. used- for estimatlng herltablllty ls d.epend.ent upon the

tralt for whlch an estlmate ls d-eslred.. In ord.er to obtaln

some lnforratlon as to the best method. of estlnatlng herlt-
ablllty for the tralËs und.er consld.eratlon here, the paternal

half-slb correlatlon anð the parent-offsprlng regresslon

nethod.s were employed..

The parent-offsprlng regresslon anaLysis a.s the
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basls for estlnatlng herltabl1lty 1s ad-vantageous ln the

sense that lt ls subJect to J.ess blas from varlance ln
genotype-envlronment lnferactlon than the half-slb correlatlon
method., Thls ls because parents and. offsprlng d.evelop ln
d.lfferent envlronments ln so far as year effects are coh-

cerned..

So l-ong as matlng ls at rand.om among selecüed. males

artd. feuales and. provld.ed. that the total varlance t'¡as measured.

annong contemporary lnd.lvld.ua1s 1n the same herd. and. Locatlon,

then the gross regresslon method-, llke the lntra-slre re-
gresslon method. yleld.s an unblased. estlmate of one-half the

her1tablllty. Wlth the exceptlon of the early generatlons

rand.om asslgnment of females to slres (except for avold.lng

full--sib matings) has been the conslstent pracülce ln thls
swlne breed.lng proJect. In vler¡ of the fact Ëhat the d.ata

used. ln thls analysls were obtalned- from lnd.lvld-uals whlch

were all ralsed. at one locatlon, the gross regresslon method.

was chosen over the lntra-slre regresslon method.. rt vras

arso felt that the gross regresslon method. would. yleld. more

rellab].e estlnates owlng to the avalIablllty of more d.egrees

of freed.om.

Estlmates of herltablllty for lltter slze reported.

ln the llterature vary from -"11 to o54, Thls l¡'ld.e range of
values nay represent genulne d.lfferences anong populatlons

stud"led.r but ls nore 1lkely d.ue to lmpreclslon of the varlous
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estlmates. rn the present süud.y all the estlnates reported.

here fall well wlthln the range of the values reported. 1n

the llterature. From these values, lt seens llkery that the

more rellable estlmates of herltablltty for lltter slze are
those obfalned. uslng large bod.les of d.ata. Boylan eU a1.-

(lg6¡.) obtalned- an estlmate of .03 t .0f wlth a sampLe slze
of L970 palrs" The resuLts of Cockerham (I9SZ), Cr.mnlngs

et a1. (lglþ?) and. others are ln generaL agreement wlth thls
concept. At any rate, these estlmates are the more retlable
ln vlew of the smaller stand.ard. errors whlch accompany them.

Boylan et 91¿ (1961) rn hts revlew polnts out that the best
estlmate of average lltter slze ls probably less than 0o10.

The fact that ühe estlmates reported. here are well above

thls flgure may be attrlbuted. ln part to sampllng erroro
However, nany (lf not the great maJorlty) of estlmates reported.

ln the llterature are from long estabrlshed. breed.s. fhls
estl¡mte ls from a newly fonoed- breed. and. consld.erlng the
genetlc d.lverslty of the found.atlon stock presumably has a
greater amounü of genetlc varlance v¡hlch may accor¡nt for the
larger estlnate.

Growbh Bate

The herltabr.llty estlmates obtarned. by the d.an

and- slre-offsprf.ng regresslon method-s for arl gllts, bartows

and. boars are presented. ln Table )CV. As these estlnates were
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not founð fo be slgnlflcantly ðlfferenü frsn eaoh oühert

ühey ¡vere pooled. by welghflng each lnversely üo Lüs var-

larroe. fhts p¡ooed.ure Brovld.ed. estlnatee of .15 É .g?¡

.16 Ë .09 anð .38 t .22 lat gllüe, barnows ancl boars rê-
speetlvely;'

The estlnates of herltabll!.ty obtalned by Ëhe

Baternsl half-elb eorrelatlon ere presenüed. ln llabLe XI¡îf .

By ühls nethodl eeülmaües of .t+3 t .l+8¡ .3lr t .t+9 a¡rd.

.76 t .85 nere obtalaed for gllüs¡ ba¡rowe a¡n!. boarc! rc-
speetlvely.' Theee estlnatea were not founÖ to be s1gnlfl*
eantly dlfferent f¡on eacb oüher or frsm ühe pooled. eetlnateE

obüalned. for the parcnt-offsprlr,rg regresslon. lfhese es-

tlnetes wête üherefore pooLed. srlth the poo.Ied. regtreselon

esü!.nâtee. the three eetlnetee sbtelned. Ln ühls Eanner

(ÍIab1e lnru) were ln turrr psol,ed. to provld.e an overa].l eeÈlnate

of ,18 ¿ "'0J for the brced. for p,oeüweanlng growth rate.
Esülnates of herlüablllty of èalIy gatn reporteô

ln the llteratr¡re varJr f¡on 0.1t+ to 0¡'66. lhe overall es-

tlnate of 0;18 falLs well wlthln the range of val'uee reporüed.

ln ühe llüerature"
In ühe preeent stud.y estluates of herlüablllty

obtalned. from Batennal half-elb osrrelaülon ¡oers nearly tw!.ee

as 3.arge aE those oþtatneù fron parent-offeprlng regresslon

analyels" Sanpllng error most J'lke1y accounüe fsr ühese

ðl.fferenoes ln vlew of ühe large eüa¡uiÌe¡d. errors w?rloh soootr-
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pany the estlmates, However, lt ls recognlzed- that an

envlronnental correlatlon with the sire component of varlance

as polnted- out by Dlckerson ß959) could. cause an upl^Iard.

blas in the estlmates from paternal half-slb correlation.

Conversely the estlmates from parent-offsprlng regresslon

could- be blased- d.ouneward. and. reflect und.er estlmates of the

parameter. Dlckerson (f959) lndlcates a posslble blas in

estlmates by d.am-offspring regression d.ue to a posiflve or

negatlve correla.tlon of envirorußental effects on the d-an wlth

the d-lrect maternal lnfluence on her youïLg. Further lnvestl-

gatlon of posslble blas is ind_lcated- by these results.

A comparlson of h.erlta.blliby estiuates from paber-

rtaT-, maternal and. fuIl-s1b correlation is possible with es-

tlmates obtalned. by these three method.s as shown ln TaþIe

XIX" The estimates for grolrith rate by the three method.s are

nearly the same and. suggest that doninance variatlon and.

maternal lnfluences are not of ma.jor importance for the

phenotyplc expresslon of thls trait.

Backf?t _Thlcknes-s

Fred.een and- Jonssolr Ã957) , vrho estimated- herlt-

abl1lty of backfat thiekness for baruows a-nd, gllts, obtalned.

estlmates of 0.52 and- 0.J8 respectlvely' The estlmates of

herltabillty obtalned. in the present stud.y from parent-

offsprlng regresslon and paternal half-slb correlat|on a.te
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nsü ln general agreement lrlth ühe est!.rnates obtalned. by these

workers (TabLe XWI ) ¡' the esttr¡a,tes obtalneà by pa¡enü-

offsprLng :negresslon are rveLl beLow whaü one wouId. exBeot as

a reassnabLe estlnate fsr thls üralü as suggested. by vaLues

reported ln ühe llteratr¡re (See Table IV) " Of Barülcular f.n-

tereet here are the estlnatee of 0¡0? g ,0/ a¡ld 0"I9 å "13
for gl,].ts and. barrows respecülvely; Idhen these eetlnaües are
conparecl rvlth ühoee obûalned. þ the paterzral half-slb cot-
relatlon, the oompLeüe reversal of ühe naenlüuclc of ühe ee-

tl"naües so fer ae ühe sexea are ooneerrred. ls lnüereetlng"
Hh!,Ie the d.lfferencea beüv¡een ühe esülmates cøn be aocor¡nted.

for by sanpl-lng error, an exanrnatlon of the eomponents of
varla¡roe su,ggest that envlronmentaL eff,ecüs nay also be a
facüor (Tab1e XV¡II); In an efforü to d.eüe¡nnLne whethsr ê!l-
vlronmental effects ¡vere acüualIy praylng a pert Ln thls d.tf-
ferenee between the eetlmates for barrows and. glIts, ad.d.tütonel

estlnaües were ealcuLated. uslng the dan oom¡ronent of va¡ta¡ree,
Thls proceèure ylerd.ect esülnates of o;zz and 0;?g for gllüs
a¡rd barrows resBeotlvely (faUle IGX) and lnd,lcates that etll-
¡onmenüar effeots have a greaüer effeoü 'upon bar¡ows than
gå.l.tsà' SËothers ftgeZ) who eond.ueted. nutrlÈlsnaL erperlmenüs

on these Btgs obserned. that backfaü measu¡emer¡ts wetre affeoted.
tn both 811ts ancl baæsws W the fo¡m and. ühe methoel 1n vshtoh

fhe êlfferenû rattons T{erê fed.;t He staües, Etbe extent of
the ratlon effect wae more narked. ln bar¡o¡Ísn;' Thus, the
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envlronmental. effect affectlng the barrows nay weJ.l be rea1.

The overall her1tablllty estlmate from pooled. re-
gresslon for the breed. was 0.13 t .06 (fante )il/Il)r that by

the paternal half-slb correJ.atlon was 0.33 ! .l+9, and. these

two estlnates pooled- provld-ed. one estlrnate for the breed. of
0.13 È "05.. The estlnate as obtalned. by the parent-offsprlng

regression ls well below the great maJorlty of estlmates rê-
ported. ln the llterature for the tralt, whlle the estlmate

of "33 from the paternal half-slb correlatlon ls oloser to
the average of the estlmates reported. by the d.lfferent

workers. It should- be noted., ho'!ùever, tlnat nelther of these

esflmates are slgnlflcantly d-lfferent fron zêToo

A comparlson was mad.e earller between Breed. nMrl

and. some of the long establlshed. breed.s ln the Unlted. States

for average backfat thlckness. .A.t that tlme, lt was stated.

that ln general the Unlted. States breed.s were fatËer. It
mlght be that the Unlted. States breed-s exlrlblt greater varl_-

ablllty for the tralt, and. hence lmprovement wlthln them

would. be more rapld.. Llttle evld.ence exlsts ln the llterature
as to the extent of the varlab11lty wlthln the breed.s ln the

unlted. states. Ho?Íever, Fred.een and. Jonssorl O95Z\ obtalned.

a coefflclent of varlablllty of a,pproxlnately 6.9/" for a group

of Land.race plgs. The coefflclenü of varlablllty for l.;lacJrifat

thickness ln thls stud.y was ? "Lfr. These coefflclents are ln
close agreement wlth each other and. suggest that the varla-
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blIlty wlthln these populatlons ls not very h1gh. Fred-een

ftg59) oomnentlng on results reported. by Lush (l%6) stated.

that ln all probablJ.lty a blologlcal mlnlmum for backfat

thtclc¡ress ls approxlnately 1.00 lnches. ïn vlew of the

averages of L.22 ¡ .006 and 1.15 È .00¿l for barrows and" g1lts

1n thls stud.y, 1t ls reasonable to assume that thls breed-

ls closer to the mlnlmum than any of the Amerlcan breed.s.

ïn effect thls may mee,n that there ls l-ess genetlc potentlal

for the red.uctlon of backfat wlthln Breed. $Mft than ls the

case for the breed-s vshlch have greater d.epth of backfat. If
thls ls sor then the low estlmate of herltablLlty of
0,13 É .0J obtalned- for thls breed. for backfat thlclcness may

be erplalned. 1n part by thls l-ack of genetlc potentlal for
lmprovlng the tralt"
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SUMI4ARY

The d.evelopment of a new breed. of swlne from a

orossbred foundatlon was lnltlated at the Unlverslty of

llanltoba Ln 1956. The three prlmary breed-s lg.Ebr lüesse4

Sad.d.Ieback and @Læ, (Swed.lsh) co¡nprlse approxinately

?5/" of the breed. wlth the renalnlng ZJft ]rletng ¡oad.e up wlth

Þefkshlfer @r @þ and- Ïorkshlre.

Data colLected. over the four Yea;T perlod-, l960

to 196l+, for the ühree perfornance tralüs of lltter slze at

blrth (number borrr allve), postweanlng growbh rate and. back-

fat thlckness r^Iere analyzed to obüaln meansr seleotlon

d-lfferentlals and. estlmates of herltabllity for each tralt".
The means for the three tralts compared- favorably

wlth other establlshed- breed.s ln Cane.d.a and. the Unlted.

States. Means for postweanlng grolrüh rate and. backfat thlck-

ness r'üere calculated- separately for each sexo No slgnlflca"nt

d.lfference was observed. ln postweanlng growth raþe between

gllts, barrows and- boars. A hlghly slgnlflcant dlfferen'ce

roas for.md- between boars and. gll.ts, and. gl1ts and. barrows.

In thls regard. barrot¡s T¡Iere found. to be fatter than gllts

and. boarso G1lts had. less faL þ]nan boars"

Two statlstlca]. proced-ures r,tlere used. ln estlnatlng;

genetlc parameters for the new breed.. fhese were parent-

offsprlng regresslon and. paternal half-slb correlatlon"



Overall pooled. estimates of herltablllty for the

new breed. for lltter slze and postweanlng growth rate,

obüalned. from 211 lltters and. IrLþ?z lnd-lvld.uals, were

A.L9 I 0.16 and. 0"18 ¿ 0.05 respectlveLy" These estlmates

falI u¡lthln the range of estlmates reported. by other workers

for these tralts.
Data collected. on ?23 LndJvld-uals from 1962 arLd-

19Ø for backfaÍ thlclaeess provld.ed- a pooled. estlmate for
the new breed. of 0.13 È 0,05. fhls estlmate Tras consld.er-

ably l-ower tlnan what mlght be expected- for the tralt, but

may be d.ue to a hlgh unexplalned. source of envlronmental

varlance among males. It ls also posslble that thls breed.

ls close to the rblological mlnlmumr for the tralt and- hence

the genetlc potentlal. d.oes not exlst to make further re-
d.uotlons.

7Ll
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TASLE I
DAff-OFFSPRTNG COV.ê"BIANCE AT{ALYSIS - LÏTTER SIZE

Llne d..f. x2 xy v2

1

2

3

l+

Poo].ed.

230.9828

37B.B5ZZ

zt+I,2000

93 "7778
100¿t,.6t?0

6,3966

6L'r.lrz\6

-5"1þ666

?t+"8889

L?0.7210

283"879t+

I+z9.Ttt+3

300 " 
g7?B

295,61þ45

L387.7350

5B

Aa

r+5

t+5

zLl.
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TABLE 2::

A1VATTSIS OF VARIAT(CE . LITTER STZE

Source of Mean
Llne Varlation d..f . squares -(t) values

Pooled.

L.775
5,538
3.1+l+2
6 "0??

.010
7.3l-0
9.330
6 "66?
2.51+o
9.359
l+.ol+7
B"4og

L9.730
l-r.658
r"l+Bz
7 .508

6.669
8.158
5.2t6
7.073

L,69L
L.768
2.089

t.709
1. BB7
2 "l-52

r.69r
1.803
2.]-09

1
10
25
26

1
7

t6
20

I
9

14
20

I
38
73
9r

A
S
D
ti

Á"

S
Ð
ïl

A
S
D
W

Â

s
D
ïü

A
s
IJ
1,ü

2

3

4

2
l2
18
25

(1)
(2)
(:)

1.611
r.856
2.060

(r)
(2)
(:)

(r)
(2)
(r)

1,815
t.726
2.038

(r)
(21
(3)

(1)
(2)
(:)
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TABLE 3

.a1üALYSIS 0F V4RIA\TçE FoR GILTS - PoSÍ1IíEANING GAIN

Source of Mea¡r
Llne Varlance d-.f . Squares (k) Values

A
s
D
lf

A
s
D
W

^
s
D
ï/¡

A
s
Ð
fJtt

A
e
D
W

z

Lt.

2
r5
,+1

r37

2
t5
59

181

2
I3
41

t35

2
L3
32
95

11
<A

]-73
sLþE

.L37

.030

.018

.011

.080
, or+1
.020
.011

.098

.046

.016

.010

.090
,025
.0L2
.011

"llt,6,036
,017
.011

3. ooþ
l+,311'2
¿1.089

?,,842
3,]-54
3.609

3.r33
3,650
I+.zjg

(r)
(z')
(:)

3.t74
3"870
4.209

(r)
(z')
(3)

(1)
(2)
(:)

Pooled. 3.063
3.? sLt'
dr. 068

(1)
(2)
(3',1

(r)
e)
(3)
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TABLE I}

AnaLTSfS OF VÁ.RÏA}ECE "- Grtf$ - BACKFAT_I'äIÍIIqüESS,

Llne
Source of Mean
Varlance d..f . squares (k) 

- Val-ues-

2"930
3.]-73
g.806

(r)
(2)
(:)

(1)
(21
(:)

(1)
(2\
(t)

"024.007
.004

(1)
(2)
(3)

(r)
(2)
(3)

5'l<
43

19
I+6

1
9

28
92

1
10
20
t+g

(t

D
y¡

s
Ð
Ì.¡,l

Â

S
J)
1/{

A
s
Ð
W

^
S
D
W

2

c

4

2.729
3.L33

11,408

3.018
4 "263
3 "922

.012

.005

.005

.239

.022

.006
,006

.180

. 006

.004

.003

2.3l-5
2.837
3"156

2.761+
3.389
3.662

.107

.015

.006
" 
005

5
2A
82

230

Pooled.
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T"A"BLE 5

AI\TAJ,YSIS 0F VABIAIüCE - BARROWS__- .POSTWEANING GAIN

Source of Mean
Line Varlance d..f . Squares (k) Values

2
14
35
B8

2
r5
5t

t2B

2
12
35
53

2

T2
3t
6Lt,

À

S
D
ïiI

A
S
Ð
t[,1i

A
s
Ð
ul

A
s
Ð
W

Á

s
Ð
W

¿

3

Lt.

11
53

L52
333

.063

.037

.019

.011

.059

.038

.028

.ol7

,1þB
.035
,011
.01¿l

.048
,024
.014.
.016

"092.033
.019
.015

?.1+38
3.L78
3"298

2.707
3.2r0
3.598

L.866
z.l+89
2"56L

2,3lÃ
2.953
3.L29

(1)
(2)
(:)

(1)
(2)
(t)

(r)
(2)
(:)

(1)
(2t
(:)

(r)
(2)
(:)

2.162,
2.835
2.967

Pooled.
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TABLE 6

NÆTSIS OF VÆÏNCE: BARROWS - QAÇI{FAT THTCTOUBSS

Mean
uare

.101

.010

.008

.005

?.529
3.903
g.2Bo

2.560
3.196

10.051

1.580
2.022
2.257

2 "l_3l+
2 "847
3.003

Source of
e

(r)
(2)
(:)

(r)
(2)
(:)

(1)
(2)
(:)

2.L23
2.821+
2.990

(r)
(2)
(:)

(1)
(2)
(:)

" 
018

.010

.005

.011

. oo4

.003

.123
" 
010

.0l-2
" 
007

"035.005
. oo6
. oo6

r+

12
33

5
1-7
,+0

1
I

23
2t+

5
27
7o

140

S
D
I{

s
D
rd

A
s
Ð
T¡T

Ä

s
D
W

Á,

S
D
w

2

3

Lt, I
10
18
u3

Pooled.



T.ABLE ?

ATüALYSTS OF VARIA\TCE - BOAËS - POSTÏ'TEA\TING GAÏN

86

Llne
Source of I'tean
Varlance d-"f. Souares (f) Values

s
D
!t

S
D
W

A
ù
Ð
tÂl

A

S
D
W

A
D

D
ïü

2

3

l+

10
7

5
10
10

1
B

t6
t2

1
9

L6
I9

5
27
52
¿18

.062

.037

.022

.00¿f

"032.012

.olz
,0?¿+
,020
.015

.006

.093

.025

.019

.308

.050

.027

.01?

(1)
(2)
(:)

(1)
(2)
(3)

(1)
(2)
(3)

r.63?
t.?65
t.956

(1)
(2)
(3)

(1)
(2)
(3)

1.431
L "l+16
3,600

L.l+70
1.891
l+"2j!

1.35t+
t.629
T.668

Pooled l.LyZB
r.694
t.777
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ÎABLE 8

AXü.A,LYSIS 0F VARI"AI\TCE - BO.A"fi.S - B49KFAT TIIICI0\TESS

Source of Mean
Llne _ Varlance d..f . Squares (X) Values

l.l+31
r.l+16
3"600

l"lþ70
1.891
Lþ.23L

1.35t+
t.629
t.669

1.637
t.?65
t.956

"022.00þ
.005

.00¿t

.011

.009

.ttgz

.016
"025,007

,009
.009
" 

00r+
.00¿L

.!26

.013
"0L2
" 
006

L"tt7g
1.68¿t.
1,777

(1)
(2\
(¡)

(1)
(2')
(3)

(1)
(2)
(3)

(1)
(2)
(3)

(1)
(2)
(:)

10
7

(
10
10

1
I

L6
L2

1
9

L6
t9

5
27
1?
¿lB

s
t)
I4l

ù
Ð
W

A
s
T\L)

W

A
q

D
!,i

A
s
D
!i

2

3

4

Pooled.



8B

rasl,E 9

ÐAM.OFFSPBTNG COVARIANCE AI\TALTSTS - GILTS - POSTI¡JEA}qING G¿,TN

Llne d..fn x2 v2

1

2

3

4

Pooled.

t93

250

tg2

L¿+3

778

3"2052

3. 526L

2.5200

L.2l2B

12. oBB7

.0528

"253L

"26t+g

.L862

r.Bt+72

?.98tþ2

3.72A5

2.8396

t.9643

L2.2783

TABLE 9a

ÐAM:OFFSPRING-COVASIANCE A¡IALJSIS - GILTS - BêOKFAT TIÍICTÕ{ESS

Llne d-of. 2x- y2

I
2

3

1+

Pooled.

8B

33

l,ZA

I,2080

"097 5

r.3056

"o9l+2

"0206
.10¿l?

.31+7t

"0795

"1t272



::..r-1.-..:ì i.:ì- 1.":.: -: :.ì-1.

ÏABLE 10

SIFIS-OFFSPRING COVARI.AI\TCE AI\ïALYSIS - GILTS - POSÎþIEAJüII\TG GAIN

I,lne d.. f . x.2 '!¡'11 y2

89

I
2

3

Lþ

BB

??

.5370 .l-352 L.0591þ

,2155 -.031+7 .6930

Pooled- !21 1.29t+l+ .1518 1.&00?

TABLE l-Oa

$ItsE-oFFSPRING CoVA"RIAIVCE ÁJ{ALTSIS - cILgS - BACKFAT Tr{ICK}rESjl

Llne d.f. xz v2)ry

I
2

a

4

BB t.3624 "0859 .34?t

.tg66 -.0501 .o?9533

Pooled- ]-,zt 2.L576 .018g .r+2?2
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ÎABLE 11

ÐAM-oTFSqRING covARIAI\TcE_Ai\T4I¡rÞIs - BABRoI¡IS - PPÍ'TEEAI\TING GAIN

Line Àfqo¡ a x2 v2g.It

1

?

)
l+

Pooled

140

L97

103

110

550

L.9339

2.01+87

L.2625

r.t6B5

7.7l-24

-.1083

.50tt6

-,0254

.022?

1.0861

2.250L

Lþ.2636

r.B6t2

I"77Q¿+

t0,5256

T"ABLE Lla
SIRE-oFFSPRTNG CO\¿ABIAÌüçF A\TALysrS - BAERoÞrs - posr!,rE4$r.r1\lg cArN

Lf.ne d-.f. x2 v2xy

1

2

3

4

Pooled.

33

27

60

.2t55

"7990
L"2505

-.031+7

.L999

"2500

.6930

,2980

L.0216
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TASLE 12

ÐAB{-OFFSpruNc covArlrA}ücE AI$ALJSIS - BAIIBO!ùS - BACK¡¡AT $IICmIESS

Llne d..f. x:2 xy v2

1

2

I

Lt.

Pooled"

33

27

6o

. ¿t 116o

.0936

" 5397

.0591+

.0011

.0611

.1510

"0632

"2162

TABLE lza

s- - BACKFAT

Llne d.f. x2 ry v2

I

2

e

I+

Pooled.

33

27

6o

.5886

.0590

1.0803

.0937

-.01þ9

.o¿l98

.1510

.0632

.2162
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T.ABLE 13

Llne d..f. x? xy v2

1

2

3

l+

Pooled

2t

z6

38

t+6

131

"2465

"L872
.3899

.5265

r.7B7g

,L763

.t0 55

.0810

.0524

.53L6

.8387

.t+To7

"7049
1,618g

5"r543

ÎABLE 1Ja

Llne d.f. x2 ry y2

1

2

J

I+

Pooled.

2t

23

4t+

.3035

"073r
,3766

.0266

.0377

" 
o6þ0

,0666

.0827

"l-506


