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ABSTR,A.CT

FIeritabili.ûy anC gene-t,ì-c correlations aìiiong a nur'tber

of irrrportaili econonic traits were estirnated from d-ata obtalned

on a nei"¡ breed of swine calred rianagra and devetoped ¿ì_i the

university of lvianj-toba" The data ,,,Íere frorn pigs l.¡hich l,,iere

bori'r d-uriiig nineteen farror',ilng, peri ocls starting in L95g and

ending in L965" Jinalyses of d.ata were lirnii;ed to those anínals
vrhich l,,iere slaugirtered for carcass evaluation

Geneti-c carai'neters v/ei'e esti-nated by analysis of

variance and covariance ír.oni .the da-ta ardjusied f or se.r and

carcass v,'eight diff erencês,

The 'Lraits s'Li-tcì.ied- ana iireir heriia-biliuy estirriates

'ì¡iêr'e: bi rth weight, . r0; vreaning 'rieigirt , "o3; post-rreaning

averege d-a.ily gaj-n, .3); carcass leügth, ,50; rílongissirnus

dorsirr muscre area, "56; live backfat probe , .L3 ancj. rnea.n

ca"rca.ss backfai thickness, "35"
The genetic correlaiions aürorrg the above-inentioned

trai'bs l¡ith three e)icep'i;j-ons were favorable to siniultaneous

selection. rÌre e>lceptions were: urearring r,ieight and. rnean

carcass backfat (.63), post-weaniirg average daily gain and

carcass length (-.09) and post-weaning average daily ga-in a.nd

mean cercass backfat ( "23) . The niagnitud-e of at l tire genet,ic

correla'bions -i¡ere higher in general t,nan 'chose wirich have l¡eeit

rer:orted_ in the l_iùera.tu_re.



Tire efi-ect of jroi carcass 1{si gilt on carcass irait
ilìeesurel:ieirf s was esti ¡;iar,ed_ by I j-near regress j_on. ¡lnal )rses of
ine daia shci,'¡ed- ihat for every ten i:ou-nd.s incr-ease i::r hot
ce-rcass .'';ei-ghi carce*ss ieng|h increased "25 inches, neaÌ1

carcass backfa-t t,hicitness incr"eased "Có€ì incÌres anc illon¡ii ssinus
dorsilr inuscle a_rea- lircreased .ló square incjres.

Sigirif ica.iri cÌii'f ereilces (6il-rs nr.lnu.s barrorrs ) were

f ouncl in the folrowing tra.'its: rcirth weigÌrt (-"16 pounds),

posi-i'iea.ning ave.r:age da.115r ga,in (-.03 1:ounds/cley) , live probe

backfat (-.03 inches), carcass length ( "lt5 inches), nean carcass

be-cl<fa-i tirickness ( -.09 inches ) arnd- Trlongissiini-rs dorsil? lluscle
area ( "37 squ.e-re inches). se>r effecis Íor v¡eaning r,reigjrt r,¿as

srnall a-nd- not sigrrificantlir cj.ifferent froi¿ zero (F ) "O5) "

Phenotypic correla'f,j-ous tr¡r€r€ computeu ailong all oí
the above-nlen.Lioned traits anC ¿ilso total nurnber born alive,
f oial nuÛtberr,'realted and age at inarkei, These were a.ll ¡r¿ithin

the range o_fl ihose re;corted by other r¡orkers.
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Ii\jTA,ODUCTTON

The cost of producing a bacon pig is governed by a

variety of factors, most of v¡hich can be controlled by man.

Breeding, nutrití-on, management and disease are the main

factorso 0f these, breeding j-s one l''¡hich has been emphesized,

but too often iN has been practiced tvith a limibed knovrledge

of ihe genetic mechanisms involved"

Fecundity, Iivability, rate of gain, feed utiliza-
tion and carcass quality are all traits which have a genetic

basis for expression and are of primary significance in the

econonlics of production. By intelligent selection of breeding

stock a breeder may effect genetic improvement 1n one or in

several of these iraits.
fnformation must be obtained on each trait if selection

is to be effective. Litter size at birthr ât weairi-ng and at

some later age such as at market r'reight provide measures of

fecundity and livability vrhile rate of gai.n and feed util-ization
rnay be estimabed froni feeding trials, but carcass merit is more

difficult to evaluate.

Selection to i-mprove carcass rnerit may be acconplished

in one of two fiays. It may be indirect through live appraisal

or it may be accomplished by a carcass test of relatives. Live

backfat probe, ultrasonic probing and visua] appraisal are three

indirect methods in predicting carcass valu.e" The former is the

best predictor of cutability, uI-r,râsonic probing looks promising

and visual appraisal is of little slgnificant val-ue" Carcass
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test is bhe only method performed to supply direct information
on the consumerts requirements.

The recorcls that are obtained froin slaughter data

require careful interpretation in their uses as a basis for
selection' Ä11 sources of variation ihat may bias the genetic

interpretation must be considered. For exarnple, such factors
as sex, carcass i,ueight and pre-slaughter envj-ronment may con-

trÍbute inportantly to differences in carcass meesurements.

Failure to accurately eval-uate these contributions might I ead

Lo serious errors in genetíc interpretatÍon of carcass data"

The objectives of this study v,¡ere to 1) evaruate the
eontri.butions made to several iraporüant perfornrance and carcass

traits by differences in sex and live or carcass vieight a.nd

z) estimate heritability and. the genetic correrations among

these traits.



REVIEI,' OF THE LITER.A.TURE

EFFECTS 0F Ei'{VIil0}ül\'iEilT

It is generally recognized that each individual
reaches its ul-timate attainment as a result of the tv,ro forces,

heredity and environment. The inter-rela|ionship of heredity

and environment and their respective iirfluence on the indivi-
dualts dsysfgnmanf. tpê nf interest and importanCe to the anima_l

breeder "

it[any facLors of enviror¡lental origin such as nutrition,
season of growth, outside versus inside rearing and disease have

been found to affect favorably or unfavorably perforrnance and

carcass traits in swine.

McÞieekan (Lgl+O) irr his classic work eval-uated. the

effect of different methods of feeding (futt- versu-s restrÍcted-
f ed) u.pon the type of carcass produced. Rapid early grov,ith and

slol'r gror^rth later intensified muscular development and inhibited
fat deposition. Mclvieekan also found that growbh occurred first
by an increase in the number of cell-s and Later by an increase

in celI size" The animal that is fulI-fed early in life r,.¡ilI

therefore develop the maximum number of cells " The result is
that Lv,io animals differing in age may have the same l-oin eye

area, but the muscle fibers of the younger animal- will be smaller.

iìestriction of feed, even though less drastic than

in the e;cperiments of lvicL\'ieekan, yielded si-milar results for Fl-ank

and Berg (L963) " Decreased. average daily gain and improved. feed.

efficiency and carcass quality vrere the major effects v¡hen
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comparing hand-fed to full-fed plgs.

Arralysing data frorn swine progeny testing stations,

Lush (1916), Stothart (L%7), Fredeen (1953), Fredeen and

Jonsson (1957), Smiih et al. (L962) and Smith and- Ross (f965)

found that stations, seasons and years contributed an important

part to the total- variance.

I\ordskog et al. (Lgl+l+) partitioned. -r,he total variance

into several componenis" Environmental effects peculiar bo

each pig accounted for approximately one-half of the total
varj-ance for gain and bocly ivelghts in all periods of life. In
pigs, 2L days of age, 37 percent of the environmental variance

coul-d be attributed to effects common for a litter, v¡hile at

LJ,? days post-r+eaning it v¡as reduced to 7 percent. The cross

nursing stuclies of Cox (,L962) perrnitted evaluatlon of some ma-

ternal effecis and common environment affeci;ine a litter" Data

from progeny testing programs usually do not consicler such

fa-ctors. Consecluently, results are biased even if a rigid
control of the environmental factors is practiced during the

test period"

The abundance of research concLucted to stud.¡r ¡þs

effects oÍ environ¡nent on all traits illustrates the relative
importance of these effects in economy of prod.uction and also in
the measurement of geuetic diff erences " i"iore precise measure-

ment of t,he genetic dj-fferences are possible onllr rvith a large

degree of envirorunental control.

JIFFEÜTS OF SI'X

A sex difference betr¡een barrows and gilts is
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recognized as a real source of variation" It accounts for a

portion of the variance in groivih rate and a-ge at riarket a-nd

also has a rnajor infl-u-ence on carcass traíis, par.üicularly on

measures of lean and fat" ilÏcl''Ieekan (19&0) observed that barrows

had less bone and muscle ancÌ tïore f ai than gilts.

Some d.ifferences oue to sex, l',¡hich have been rel:orted

hr¡ r¡¡r'iou.q l'¡orkors- åre sllmmarized in Table I. Sorne of thesevJ v s¿ 4vqv

diff erences are not significant, but inost of the v'rorkers felt

ihai correciion ltlas vrarranted; the values calculated lvere used

in an effort to reduce the variati-on.

i\t birth and i.veaning, f emales are usually lighter,
but the dj-fferences f onnd ha.,ve been smal-l" Craig et_ al" (L955)

reported that males l{ere I percent heavier at birth and 3 per-

cent heavier at !6 da¡rs of age, while Lush et al. (f938) quoted

a difference of onl¡r I percent for birth weight, in favor of

males "

Comstock et aI. (L9l+4) reported a srnall- significant

sex effect on rate of gain, while tnost of the other reporbs

siate larger differences" The differences for rate of gain are

quite variable and such factors as age of castration and lengËh

of fattening period may explain the inconsistency in the reported

eff ects. Plank a-ird Berg (L9Ø) observed that barrows and gilts
did noi react in the same manner with the restriction of energy

or protein intake "

Lush (L936) found no significant sex difference in

rate of gain of pigs in the Danish system of progeny testing,

but the influence of sex on length of carcass $Ias significant



Iîve-Tróbe -Cãrcass -CarCass J,oin Eye
Backfat Backfat Leneth Ärea
( inches ) (1nches ) (inõnes ) (sq. jnches )

.Ilt7 -.3bL

TABLit I - SU}¡illiART 0F SEX DIIIFERIùI'iCES 1ì,EP0lifED FOIi VAF,IOUS TIùÀITS

(male minus f emal-e )

.11 - "23

"Il+ ''27

"10 -"23

"lo -.41

"a32 - "2L

,r3 - "25

"11 -,30

.L3 -"30

"10 -.&o

'to

-. / le>

-,53
- "5b

-.5L

-.53r
- "35

-.51

-.53

-.LvO5

- "29

Rate of Age at
Gain Fi-nal Wt.
(lb./day) (¿avs)

"lO
ìa\

o IL,,

,01+6 4.3b

.13
oUO

.)v

"L5

^'tc\,J

.o7v
1/Vl\umber of pigs = 59O

Àr.) e.+

17 'ì
I o+

TotaL
l'{uniber
of Fies References

28L

t2o8¿r

2.76À

3742

770

)uo

áv

6?1

250

r07

Lg76

t+ó4

3L7

300

Bennett and Coles , 19l+6

Fredeen, 1953

Fredeen and Lambroughton, L956

Fredeen and Jonsson, L957

Bruner et a1., L958
D^Jr.- ^+ ^ì L959¡LfiLll}Y |Jt/ 4-Le t

Cahill et al., 1960

llnfield and Ìrihatley, L96L

Buck et a1"_, L962

King et a1., L962

Sirri'bh et â.1o , L962

Fredeen et al, , L96þ
- ^/ |Judge t lYo4

Rahnefeld, L965 (Yorkshire)

lìahnefeld, L965 (Lacombe)

Stockhausen, L965
" 
0l-

O'



7

though not large" The influence on belly thickness and on

thickness of backfat was, however, highly signlficant" A sex-

station interaction lvas indicated for these carcass charac-

teristics.
Bennetb and Col-es (L946) concluded that gilts pos-

sessed a very distinct and valuable advantage irr carcass val-ue.
¡ | - a/ 

^ 
\,3uck \L963 ) rneasured nuscular development and f ound Nhat,

betr.¡een the v,reights of 150 to 200 pounds, gilts have a net

gain of one pound more lean and one pound less fat than barrows"

Sex differences are usuelly considered in slvine

+ ^-.r- i eyrvåçrrJ r,uourrlg prograns" 'Io eliminate such variation, the

testing of sex balanced groups or correcti-on factors are employed.

EFFECTS OF CARCASS í'EIGHT O1\ CAH,CASS CHARACTERISTICS

During prenatal and post-natal growth, bhe body organs

and- tissues exhibit difÍerential growth patterns. After the pig

reaches approximaLeLy LZJ pounds, the organs and extremities

grow at a decreaslng rate, but the body rnuscles and the fab

depots increase at a constant rate" These are some of the

findings of lr{ci\ieekan (19&0),

Fred.een (L953) in an analysis of the Canad.ian York-

shire found that carcass measurements showed a linear response

to weight change except at the extremes of the r^reight range.

Heavier carcasses are longer, possess increased amounts of fat
and have a greater loin eye area"

lúially v¡orkers have calculated the regression of carcass

rneasurements on carcass weighb as a basis for adjusting carcass



I
meesurenenis to a constant carcass t'.vei¡int. Sone oÍ ihe

regression coefflcients obtained by regressing carcass measure-

rirents on ca-rcass rveigiit as well as sorne for live backfat probe

measurernenis on live body l',reighi a.re presenied in Table IÏ,

Rahnefeld (L965) found breed and sex differences in

average depth of fat neasured on the live p1g. There tÍere

also highly signiflcan'û differences ¿.nìong regression coeffi-

cients f or backiai thici<rress oti live weight,. Considering the

evicÌence Í'ronr the regression analysis only, he concluded that
up'Lo rnarkei ireight, the Lacon:bes deposited fat ai a sloi^¡er

rate ihan the Yorkshires" Such evi-dence does v¿arrant ihe need

to calculate a se-t, of correcrion factors for everv breed.

PliElr:01.Yr IC C CiiR_ELiiTf ûi'!Þ

.ðhenoi.¡pic correlations describe the linear relaiion-
^ì^.:- ^ ^---l ^{--l,^ÞrrryÞ ç¿.rùu-urg *,rort* d-ifferenb traits in the sarle individ-uals

v'¡ithin the po1:ulation under study. They are useful in predic-

tion and are required in selection indexes (i{azel , L91+3) "

Some reported estimates of certaiü phenoiypic corre-

la'bions among irnportant perfornrarrce aird carcass iraits are

.oresented in Table fII.
Correlation coefficients bebiryeeir carcass lveight and-

other carcä.ss traits shoi,r associa.üions sirnilar to the relation-
.shins i,.¡hieh Êre sutruriarized in 'iable II" -A.ll increase in carcass

r'leight r,,¡ill bring about an increase in carcass rneasureinents. Ii'r.

general nearly al I of i,he correla.tions are 1n substantial-

agreenenE.

Only a srnall correLation has been found io exj-st
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ÎABLE II
,q.) cARcÁ,ss TR,{ITS

REGTIESSIOI'i COEFFICIEI'I-TS 0F

OI'{ CARCASS WEIGHT

LenethV BackfatV
Loin^$ye
t reaÉl d.f o R,eferences

nl. Q

.U¿O

"aL7

.010 sh" fat
"0I0 loin fat
" 011

.00[3

"009 shn fat
.008 loin fat

n UJ-i1

1'71

17L

679

2l+3

)t,a

Ha¡nnlond a-nd lv1urray, L937
tî tt tt It

Brinks, L96A

Zoellner, L96L

Stothart, 1938

11 It

B ) LIVE PROBE BACKF¡I'T Olt] I,IVE 'dEIGHT

I"ive
Probe Sex N Breeds References

"oo7l+5
.o0700

"'00571
^^P/^

"vv)Q¿

"'oo57

' 00¿þ2

.0031+

.,0030

"00ó4

"oo73

".oo52
.00¿18

" 00¿u1

o UUJO

barrov¡s

gilts
barrov¡s
^,': 1 + ^å-LI tJ Ð

barrovrs

årJ- uÐ

barrov¡s
^;-l{--ó.L-L e È

barrolus

-.: 'ì .{- â
åII trÐ

fr

barrows
TÍ

-.i 1 .{- a
ËrJ- v Ð

IÕöJ

20L5
r Êoo

1.\t rLÖ+)

3o

o)

áó

4(¿
tî7+(

270

r-81
I alâLo)

öð

Duroc
fi

Hampshire
It

7 inbred lines
rl tt ir

LAcOmþe

?f

Yorkshire
tt

lJac. LorK. cross
ftfl1l

York. Lac. cross
rt rI ft

tox, L963
fl 11

ffIt

ri 'il

HCEZCT EE âI..,, r;
Rahnefeld, L965

lf îf

1t

?t

fl

11

ît

ft

1r

ff

1l

1l

VIrr"¡r"u per pound of carcass weight gain
*lñquare inches per pound of carcass vueight gain
il Incnes per pouñd ol live vreight gain
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TABLE III - FHtrI\OTYPIC CO-iiRELÁ.TIO}VS

ìla-+ l¡I^a-.i*-r \Jù U -!ri ç:c¿¿I.Llfll,

R,ate of Gaiñ References
Ì¡i^a*.i*-
ùJ tid.r¡-Lr1Ë

i'; eight
,37 (eoland China)

.L7 (]itinn. lrTo" 1)

. LlrT

.l+l
an.)(

Comstock et
11 rf

v \,6tJ 5! 9{¡
ñL^*-^* ^, rvlrd"}Jrrrc,.¡r d,tr.(I

'irì - *'l ^+ ^ I!ld,¿L¿ ÇU d.-L..

al., L9l+2, 1010 d.f .
1r Tf 42L d.f o

L9Ø, 1000 pigs

England, L963, l-33 pigs

196l+, 2?7 d.f .

. Loin

r,ensrh 8åffffi fX:' Rererences

Posù- - "06 "O7
ïf eanine
Rate of -"03

Lush , L936, L285 l-itt,ers
Dicicerson, L947, 7l+6 pigs

Fredeen and Jonsson, 1957,

.r0
f ;9 ì n

-.002 - "2o5

-"003 -,060

.I3 .01
r/-.56 .37

"L3 -.08

Tl rT It Tr

I(ing et a1., L962, 53 males

1l fi tf ft Ã,. €^*^1^^
)L+ L ç;]trd,JçÈ

ùrru-En e! â.I., LYo¿¡ LY lo pfgs

Carpenter and King, L963, 552 pigs
Srnith and Ross, 1965, 221ó pigs

^^/yJo rûajes
1^/rjo g1-rES

- "L2

-.UÈJ

"02
.21+

- "0/+

Carcass
Backfat

Yield
of IIam References

Loin
ïr.,^ 

^ -^^IJJ (' JrJ. çd,

- "I7
,-l

-,2I
-.L9

- "27

-'l+3

'"hrg

- "!3
- "O)

- .1¿¡"

- "l+2

- "25

"25

.OU

"54

"22

"32

" ()

Fredeen, 1953, 6791r pigs

Hazel and Kline, 1956, 95 pigs
Bruner et al., L958, 385 barrows

Îf 11 It tt erìÃ -il+c)v ) 5.Lrui)

E¡rfield and Uhatleyr L96L, 53L pigs
Ì(ing et al- " , L962, 53 barrows
fr T1 fi rr 54 gilbs

e*.:+r^ ^+ ^1 
; ^/^ ^ ^F'Þmr_En * 3&r ryo¿ t LY lo pr.gs

Fredeen et a1:_¡ 196\, 244 barrov¡s
Ít 11 tr $ 233 gilts

Kline and Goll , L961+, J0 pigs
Snith and Ross, L965, 2256 pigs
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TABLE fIl - PHEi\iOTYPIC CORH.EL¿TIO}íS (continued)

IrOl_n
Carcass Eye

Length Backfat .A.rea References

Carcass
-ì..'^i 

-L+¿'J YJ-ËJ.¡V
"39

.41

.'¿o

"07

.L2

.Ol

"52

"49

.þ0

"lO

.I0

"L3

ô(ì
cLO

"ZO
1n.LI

Stothart, L938, 2l+3 d"f "

I'Jil-lman and KriCer, L943,

A.unan and l¡',j-inters, L9lv9,

â}u ¡ L96l+, 2l+1+

11 11 234

Gotl, L964, 50

Fredeen et
Ît lf

IiJ_r_ne and

!0 pigs

l0 pigs

barrows

-il+^ó-LJVÞ

pigs

Loin
Carcass Eye
Baclcfat A,rea ,Ref erences

Carcass - "39leneth
 F

-ov)

- "22

'"23
-.24
- "27

-.41

-oJO

-.23
- -47

- "20

- "3/.þ

-"51þ

- "19

r cl.
-c-LO

.08

',Oz

-.4L
- "o7

'"L3

-.I5
,L3

.10

-.04

"10

" l-0

- cUÕ

-.o9

-.o9

Lush, L936, l-285 libiers
Stothart, L937, 299 d.f o

Bennett and Co1es, L9[6, 2L9 males
TÍ fr rT 11 L7g gilis

.A,unan and Tfinters, L949, 30 pigs
Hazel and l(h-ne, L952, 95 pigs

Fredeen , 1953, 6791þ pigs

FrecLeen and Jonsson, L957 , L872 pigs

Bruner et a1., L958, 385 barrows
r? il il rî 385 gilts

I{ol-land and" Haze1, 1958, LO5 pigs

Enfield and lfhatley, L96L, 53L pigs

Smith e_! al., L962, 1976 pigs

Henry et a1., L98, 7g pigs
Fredeen et al., L96þ, 2þ4 barrows

11 Îf '1\ n 2l[ gilts

Kline ancl GolL , L964, 50 pigs

Smith and Ross , L965, 2296 pigs
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between rare oÍ ga.in and backfat thicl<ness and betrveen rate of
gain aird. loj-n eye area but it appee-rs that eL srnall positive
association exists v¡Íth backfat and a negaüive one v,¡iih loin
eye area" l¡,ieaning weight has a posiNive influence on post-

t,'reaning gain. England and Chapiaan (L962) found a correlati-on
of -32 betrveen birth weight a-nd growih rate from 56 to 154 days

of age ancl of .L3 betr,veen birth weight and ireaning r.reight.

i"Íost reports in the literature have shov¡n that birth .and l¡eanine

weight have l-ittle or no eff ect on carcass trai_ts "

Ïhe reported correlation coefficients betin¡een carcass

length and other cât"cass traits are sr,rall. The negative corre-
lation of carcass length i^¡ith carca-ss jraekfat indLicates a fa.vor-

able associatÍon" The onllr one i,uhich ís detrirnental is the

negative correla-r,ion rriih loiu eye ê.Lrêå.o

DePape and tthatley (l-956) found tha-t the relationships
lvith live probe backfat 'ú,Iere sinilar to the ones obtained with
carcass baclcfai, narirely -.33 for live probe backfat ancl lengtir
and -"?6 for live probe backfat and loi-n eye area. very few

studies have been reported showing the correl-ation between

carcass backfat a.nd live probe measures of fatness. Furtherntore,
'bhe reLatively srnall number of animals used in those stuclies

whicir have been reported detracts fron the significance of their
íindings" Hazer and Kline (1953) reported. a value of .81, Hetzer

et a1." (,L956) "72 and DePape and ,iJhatley (tgf6) ,69,

The correlatiorl coefficients between loin eye area and.

yield of ha¡r is positi-ve and indicates that l_oin eye area is a



rela.tivell' good measure of meatin€ss.

renorted hj p:h correLation coefficients
àC f ne oi -l 'l- c I i-rot-^roor., r¡or.nanl. rri a'l Ä nîc vþ r vÁ ó¿4vu t vv vvvvç¿¿ yç¿ vvr¡v J ¿vrg v¡

-..; ^'ì,¡ ^.Ê t ^hJ J ç -L(-l Vr lrc,ir¡ o

HERITABIL]TY

a^t<

- ì ¡ ¡/. \I'reo.een et â.I" (ayo4l
/ A/\( "80 for barrows and

lean clrts and 'percent

Ì'iidely varying estinlates of heritability have been

obtained for various productivity traits in sl'¡ine" The source

of differences in these estimates can be explained as due to
genetic differences aaong populations stud-ied, rnethods of

estimation employed and sampling error associated with the

estitnates" Sorne of the heritabilitv estimates l^Ihich have been

nll.rliqlrorl rrò Sgnmarized in TabLe fV. In general estimates Of

performance trait,s are rnore variable v,¡hile those f or carcass

traits are nlore consistent"

Àccording to Baker et al, (1943) ttre heredity of the

pig plays an increasingly irnportant role from birih Lo LLZ days

of age in deterntining rate of gain" These vlorkers cal-culated

the gerletic variance 1n rate of gain during relatively short

in.tervals and found that it j-ncreased frorn 7 percent for tire

period between birth and 2L days of age to 31 percent for the

period. between 8l+ and Ll.? days of age. Heredlty decreased in

influence after 1I2 days and environnrent played a more inportant

role" Such a situati-on v¡ould in part explain the large differ-
ences arnong estimates for rate of gain.

Rendel- (1950) postulated that the effect of litter
environment accounted for about one-half the variation in r,'reieht
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TÀBLE IV - ]TSTÏi'{A.TES OI. HiIIìI.IaBILT'I'Y OF SOi'iE TiCÜiiiOlviIT TRA.ITS Or'' SI,r]i\IE

Eean¿$-i{-si.É!ht

lìr- a ari q

9 breeds

Duroc

Duroc

lJ^-,--1^.i *^r.ld.¡r.rPÐ1¿Jt r5

iJqmnqhi r^r¡

U^-.ñ l\røanlrc¿rrry. t uu¿ vu

Inbred Iíne of
Pol-and China

Poland China
Minn. hJo, 1

Duroc

Duroc

f{emnqhi r.a

Linrnnqhi z'o

Irish Large trirhite

l¡iinn " irlo " 1, 2, 3

Ii'linn. ldo" 1, ?, 3

ji{inn" ldo. l-, 2, 3

Inbred line of
Poland China

.1/+

"15
nA

" U(J

"03

'2Lr

" J-oY

+n14 -oII

"13 t"06

,26 !.o7
+ a^oL{ -"L)

References

l,ush g[ a1.,, I93l+, 3639 pigs (a)

Baker et all, I9[3, 62 sj-r:es (a)

Dickerson and- Grirnes , L947, 69 d."f . (O)

Craig et al., L956, L?l+ sires (b)

1 rr rf rr 2BB litbers (c )

liillham and Cox, L963, 267 l-itters (e)

Noland et a1,, L966, 10ó sires (e)

Comstock et aL., I9l+2, L33 d.f . (f)

Baker et a1", L9l+3, 62 sires (a)

Dickerson and Grimes, L9l+7 (d)

Craig et â1", L956, L24 sires (U)

Tr rl Ír 11 288 litters ( c )

Broderick, L96O, 582 pigs (e)

tiard et a1., L96[, 227 sires (g)

rf rr rT rr 72 sires (h)

T1 T1 rr 1r Z7Z d.alns (¿)

l\oland et alo, 1966, 106 sj-res (g)
È1-



Traits
Rat e _ot-Gait
Daily gain to 200 lb"

1l rr ff tr 1l

-/,ô-LL'¿ days

LI2-2?5 lb.
-,r'In. to 2OO ]b"

Daily gain

TABLE TV - ESTT'JATI'S OIT HEF'ITABILITT OT'SO¡,JJI JICOI'JUIi,IIC TRAITS OF S\,TT1{E (CONtiNUCd)

.24

.3L

"¿ó

.L7

" 
lpO

?1o)L

rc\

.66 !.LLz
^r + ran)) -oII

| ô + 1r1
"41 -nL(

'1[ È"96

"28 t.06

. {.1 t .009

. /+I

.26 !.Lo

^n * r'ì
")V -oII

"38 t.og

Breeds

It rT

/6̂0 Ib. to 200 lb.
Pos'l-, -i.Jr+an i n p' Gain

il iÌ '¡î

¡¡^; I rrã.rë.L)-J Éa¿!¡

r11

i)os't,-iJeaning Gain

tf 11 tl

Uanish Landrace

Poland China,
lriinn" I\io" l-

Duroc

Duroc

7 inlrr-ad linegI e¡¡ v¡ 9u

Poland China
Landrace

l]uroc

Danish Landrace

l-ianish Landrace

Large Ulij-t e

iriinn. No" l, 2, 3

Minnu lilo. l, 2, 3

Br" Large Hhite

Britisìr Landrace

ju'linn. ldo, l, 2 , 3

I.,iinn" t'lo, l, ?t 3

I'iinn" llo. I¡ 2 2 3

1ì,ef erences

Lush, L936, L22-)2O d..f . (r)

Corristock et al., L9l+?, L33 d.f . (f)

llazel eb 41., L9h.3, 55 sires (g)

fT Îf Ît Îf T1 If tr

lüordskog e'[, al", lgt+t+, 3l+O lit|ers (g)

JJi-ckerson, L9l+7, 62 d.f . (g)

Dicl<erson and Grines, L9ì+7, 69 d.f . (d)

Fredeen a-nd Jonsson, L957, t+67 sires (¡:)
Ît rr 11 tl 11 ît rt

Ducicr,¡orth et al., Lg6L, LZL, dof . (g)

Ill-Issa.v,ri and. ll.empel, I96L, t+5L d-.f . (f)
iT rT rr 11 1419 d.f. (j)

Srnith et âI.¡ Lg62, L99 d.f . (g)

Snitlr and Ross , L965 , 2\5 d .f . (g)

iiarcl et 41,,, L96l+, ?27 sires (S)

ri rr r1 1r TZ sires (h)

îr 11 11 il 272 dams (d)
H
\.¡r



Traits

TIiBLE IV - iISTII'ÍATES 0Ï' llEiìITitBILITY üiì- SOl'i¡i ¡i0Ol'iOir'tl0 TIìAITS Oir S\;,rIIrlE (continued)

Live Probe
lSackfat Thickness

.20

.53 !,O7

.32 t,0g

.25 ! '06

.?2 !,O2

"35 È. tó

,78

.81

'54
.73

"b2

"398
.\8) t "106

't+85 t .l-14,

,7o t "2L

Carcass Lengt'h

Breeds

Poland China
Land" crosses

Poland China
Lancl" crosses

Duroc

Yorkshire

Hampshire and

I{ampshire and

Poland China

References

Ileddy et al. , L959 , lv25 d.f . (f )

rt n Tr r l+Ø d.f. (k)

Hetzer et al-,, L963, 7 gen" (k)

n rr T1 11 5 gen. (k)

cox, Lg6k, 342 sires (s)

1r n 5LL3 d.of, (k)

Gray et al-., L96k, I8 sires (s)

Danish Landrace

Danish Landrace

Danish Landrace

r vJ-d,lr(I \J11-lrrcl,

Landrace

Yorkshire

Yorkshire

Danish Landrace

Danish Landrace

Large lfhite

Duroc

Duroc

Lush, L936, L?2 d.f u (g)

1r rr 3ZO d.f. (1)

1r r (i)

Diclcerson, L947, 62 dof . (g)

Stothart , L9l+7, 5B d.f o (k)

Fredeen , L953, 6lrl-,. d-.f . (g)

Fredeen and Jonsson, L957, l+32 d.f .

11tffÎtÌfiÎt

Duckworth et al" , Lg6L, ?b clof . (g)

f cr)
\ ¿1 .

r?



Traits

Carcqss telgth

T]\BLE TV - ESTTiViliT,fS Ü}- i-IEI]"TTÁ.BI],ITY OF SOiVLr, ECOI'ùOIIiIC TIì,IIITS 01¡ S}ÍII[I4 (CONTiNUCd)

Carcass Backfat

/^ .f-

" OU ¿el-U

"87

" a1u

I r'7
otl í

o)l

FI

.l+2

-- / l-

"rLO :.II2
/-/ l-.)'/o ¿"II)

"42
/^ -l-

"O\J :"LY

"A'/

.7b

Breeds

Duroc. Beltsville
I\o. I, HampsnLre

Br. Large White

British Landrace

Danish l,andrace

.Danish Landrace

llanish Landrace

r. orKSnr-re

Poland China,
Landrace

Yorkshire

Danish Landrace

Danish Landrace

iJuroc, Beltsville
Large l',Ihit e

Br. Large lihite
Britlsh Landrace

Rofaponn aq

Enfield and i;íhatley, I96L, 57 sires (g)

Smith g! al., L962, L99 d.f n (e)

Srrrith and Ross , L965, 2t+5 sires (g)

a 
^^/ 

/ \
LUSn t LY JO, L¿á O..I u t g/

rr rr 3?O d"f . (I )

rr 1r (i)

Stothart, L9l+7, 5B d.f . (k)

Dickerson, L947, 6? dnf. (g)

irrecleen , L953, 644 d,"f , (g)

Fredeen and Jonsson, L957, 432 d.f. (g)

TT fr 11 1l 11 1? 1l

Errf iel-<l and \r'hatley, Lg6L , 57 d- . f . ( g )

Duclcvrorth et. âl o ¡ L96I, 24 d.f . ( g)

q.,.-i+l^ 
^+ ^l 

1^/^ 
' 

\ùIlll-En etr âIe¡ IYO¿y LYY O.Ïn \gJ

$nrith and Ross, L965, 2l+5 d.f . (g)

H-{
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Ti\BLE lV - i1S'III:"LÀTES CIr HEIIITjTBII,ITY 01t SOi'fi $COl\C,rtIC TiìiiIil',i 0'F SiilliliI (continuecl)

oIO

.66

.79

,35 t.09

" l+9

i''Íethods of analvsis c(a) nroportion" of va(u) îariance corrpone
(c ) cornbined regress
( ¿ ) resression òi of
( e ) coirela.tion aliron
(f ) intra.si-re regres
( E) oaterrral hal-f-si\ Èl ,(h) sire offspring r
(i) average of three
(¡l gross regression
(k) parent offspring
(1) materna.l half-si

lìr,aad c

Yorkshi-re

Yorkshire

l} rrnn lìa1 1-..srrlf l-g, !vÁvvv.
Tif^ I TJ..,^,-^ì.jr'i o " I, i1¿urrpslll_re

E¿ø T ¡-^'^ t,,il--i {IJr' " JJArge ti nl- ü e

British Landrace

ode:
ri-ance attributable Lo heredity
nts
ion values
fsnrinc' on darn
o''fulI .sih
oi nr nf nf f o^-i. ^ .l nrmÞr \Jr! vr \Jr I ÞyI J-rrÉ vlr t,tc;Lrlr

b correlations
ar:r-oq,qì nn
est irnat es
nrethod
1.êo'r.êqqi nn

1-U

References

Stothart, L91+7, 5E d.f . (k)

l''red.een , L953, 6lul+ ä.f " ( g)

llnfield and i;Jhatley, L96L, 38 d,.f . (g)

Srnibh et a-l-., L962, L99 d.f , (g)

Snrith anil Ross, 1965, 2Lv5 cl.f . (e)

ca-
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up to vreanlng" Litter sj.ze and nilking capacit,y of the sow

have substantial effects on i'u'eaning rr,reights. Comstock et aI.
(l9l+2) concluded that pre-vÍeaning nutrition is not optimun for
the young pig to express its genetic potential" Tire intra-
litter correlation betv'¡een weaning weight and rate of gai-n

from 50 Eo 200 pounds was "ZOL for all creep-fed pigs and -"O39

for the pÍgs that received no supplenientary feed. The additive
geuetic variance in weaning weight is therefore partially ma-sked

by maternal influence"

The estimates of live probe baclcíat are simil-ar to

Nhose of carcass ba-ckfat. Such an agreement increases the

val-ue of the live probe as a tool for selection"

The estirnates of Fredeen and Jonsson (1957 ) ind-Ícate

that a sex j-nllluence is not hereditary, but phenoiypic j-n mode

of action. Even if, strictly speaking, sex is genetically

determined, it is conveniently cl-assified. as ïrenvironnrentalt

because the techni-ques enployed to nreasure its effects are the

safile e.s bhose for truly non-genetic factors. Therefore, the

standard rnethods of analysis vrill not debect any difference

unless a genotype by sex interacti-on exists. Pl-ank and Berg

(tgîl) tested for such an interaction but fou.nd it not to be

significant. The sex difference in the estimates for ra-te of

gain is explained by Fredeen ancl Jonsson (L957) to Ue due to

the effects of castration lvhich could. have created a non-geneiic

correlation between inal-e litter ilates" Consequently, tire sire

corÍponent v¡ould have been inflated aN the expense of the dam

component,
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Carcass traits are aLl highli. heritable and differ-

ences among the estimates of heritability ririgh'û indicabe a

'av-aarl nF nr'ìiar'ìlatiOn diffefenCe, bU-t, it iS mOfe likely a COnSe-U¿ VVU

quence of the differenb methods of analysis or sanpling €rror.

GEI{ET]O COI¿RELATIOT.üS

Genetic correl-a'Lions ai"ilong traits are iraportant and

of interest in that they provicie the basis for estimating the

correl-ated response in traits other iban those for v,¡hj-ch

selection is prac|ised. Tl:.ey are essential for Nhe construction

of selection indexes "

i'iost of the genetic correlations that ere reported in
the literature came from the analysis of progeny testing d-a'La.

itiost of thern are concerned with the inherited rela.tionshlps

ê:nong carcass traits" Some estimates of genetic correlations

are presented in Table V.

The relationships found arnong the various traits are

favorable and in niost cases bhe rnagnibude of ihe coefficients

indicate that i-lnprovernent of the non-selected traits can be

aNtained. Raf e of gain and 'oackfat ihickness, in general- have'

very 1or,'r values, indicating that -t,iuo different sets of genes are

j-nvolved. The negative correlation between carcass length and

loin eye area is the only one which raay hinder progress. Even

if it is of small ïrtaenitude serious l-oss could. occur unless

special caution is used i-n weighting the rel-ative econornic value

of each trait " This l''rould be es.oecially true if one rras utilizing
a sel-ection index,



Carcas_s_Baqk:qa'L

I,iean

Shoulder

Rib

Loin
lvîean

jtïean

I,lean

Shoulder

Rib

Loin

lviean

lliia¡n

l',jean

lVia¡n

TvT o¡ n

Ivlean

1úlean

Carcass Loin
LenEth Eye A

L"3l+

-,L72

- "267

-,110

- .19

-'l+7L

-'3r9
- ")2
- "?9

- "b?

- "22

- .l+5

-.01
-.1+7

- "62

- " 
/¡.0

- "03

TABLE V - GEI\ETTC COIìR]ILATÏONS

- "161
t\qrt

-.190

-,10

- "l+2

',27
- "l+2

-. Jo

Rate
in ilef erences

- n l-öO

-,170

-'0/+

.L3

- "01
'"ZO

.o5

-.uo

-.1+6

- "l+2

-.1+3

Dickerson, L9l+7, 6L sires
Fredeen, L953, Yorkshire, 561+ sires (a)

¡t fÎ Ît ?1 rf 11

îr rÍ îf 1r fl 11

Enfielcl and llhatfey, ^L96I, .57 sires fof
1^h^,+ta ^n^ 1Èrç¡¡6urr q¡ru rv sires for loin eye area (a)

Fredeen and Jonsson, L957, Danish
Landrace t l+32 dnf . f or siies (a)

Smith et â1o. L962, Br. Large
fihite,-T99-õ'.f . foi sires (ã)

Smith and" Ross I L967r,Br. Landrace,
2l+5 d.f " foi" sires (a)

Smith, L965, Large irJhite (a)

Srnith, L965, Landrace (a)
-^/-Smith, L965, Large White (U)

- ^/ - /. \:iml-fnt L')o), land.race \lli
Smith, L965, Large lrlhite (c)

Srnith, L965, Landrace (c)
P



Carcass Leneth

Loin F.lye Area

-oIOO

1l
-or+

Til.BLti V GEhIETIC CORRItrLATILNS (c<;ntinued)

Post-''#eanine Gain

Rate of Gain

Live Probe Backfab

oUO

"086

.079

(a
(u
(c
(¿
(e
(r

Il.ef erences

Weaníng -tveight

paternal half-sibs
sire son regression
dam son regressj-on
pooled of three methods
dam offspring regression
parent offspring regression

Dickerson, L9+7, ól sires

Fredeen, L953, Yorkshire, 564 sires (a)

Ehfield and Il¡hatfey¡ L96L, 38 dnf n for sires

Fredeen and Jonsson , L957 , llanish
Landracc, \32 d.f . for sires (a)

uoY

"1+7

Rate of Gain

.6gt

.59

P of or^an n aq

l,'fard et 41.,
\In -+ ^+ ^'lv vétJ * Ë3¡

Referenc es

Zoellner, L962 (f)

Cox, 1959 ( e)

L964 (¿)

L963, 479 d.f . ( e)

N)
¡\)
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Live probe backfat a.nil carcass backfai, even if they

are trvo sinilar measures of fatness, do not reflect the same

picture as far as the genetic correlations r,.,¡ith rate of gain

are concerned" Live probe backfat and raLe of gain are posi-

tively correlated r,¡hile carcass backfat ancl raie of gain show

coefficients which are essentially zêToo

The estimates of Fredeen and Jonsson (L957) indicate
that sex has no influence on the genetic correl-ations arnong

raie of gain, backfat bhickness and carcass length. The various

reliable estimates tend to show that real breed differences

exist " One might siill- question such a statement because of the

relatively srnall nunrber of estimates. Fredeen and Jonsson

(L957), l''¡hen irying to explain the d.iscrepancy betvreen Dickersonrs

values a-nd their otr^rrl, stated that a possible difference i',ras due

to breed differenc€so iviost of Dickersonrs data carne from pigs

which r'{ere inbred Lines of PoLand China and in l'rhich the major

emphasis of selection had been daily gain. Fredeen and Jonsson

analysed data fi'om the Danish Landrace i-n r,vhich the najor emphasi-s

in selectj-on had been on carcass quality.

Crafb (Lg58), in a report on the progress of swine

breeding in ihe l-ast fifty years, ernphasi-zed that genetic corre-

labj-ons among economlcally important characters are needed so

that practical selecti-on indexes based on tv¡o or more traits
cou-l-d. be constructed"



THE DATA

-SOUFCE ANIr DESCiTIPTION

The data for this study v¡ere obtained from the

University of iWanitoba swine breeding project. Stockhausen

(1965) described in detail the breed development phase of the

projecto Foundation stock, mating systerrr, selection methods

and inbreeding r¡iere discussed"

Brief1y, one of the prime purposes of the project

r'üas to develop a ner¡r meat-type breed of swj-ne" It was initiated
ín 1956 by combining seven different breeds" The conbríbution

of the seven breeds to the composition of the herd, which

provides i:he data for this study, v,ias approxirnately 1"5 percent

Swedish Landrace, 20 percent ¡iessex Saddleback, L? percent ilelsh

and the remaining 23 percent contributed about equally from the

Berkshire, Minnesota i'[o. 1, Torkshire and Tainworth breeds.

The new breed is composed of four separate lines each

farrov¡ing at a different season of the year" Three farrov,ri-ng

periods occur each year and the four l-ines farrov,r in sequence

over four farrowing periods. Approximately 6 t,o B young boars

and 20 Eo 25 gilts are used each generation to conbj-nue each

À¿taE o

Data used in this study were from pigs born in the

years 1959 to 1965 inclu.sive" Pigs born in L959 l'.¡ere considered.

to be equivalent, to at least the F, generation of the foundation

crosses made to initiate the nev¡ breed.
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The performance traits for which genetic parameters

\rere estimated in this study were birth weight, weaning weight,

post-weaning average daily gain and thickness of backfat as

measured by the live probe. Phenotypic parameters i/.iere also

computed for al-l of the above-inen.tioned traits and for the

follov,ring: totar number born alive, total nuruber weaned and

age at niarket.

Birth weight was taken wiühin L2 hours after birth.
l{eaning irreight vras recorded at approximately l¡2 t1 days of age.

Post-weaning average daily gain vüas measured. as the average

daily increase in weight frorn weaning to approxirnately 1p0

pounds (market r,'reight)" ivleasurements of backfat thickness on

the live pigs r^rere taken to the nearest .l inch using the

probing technique described by Hazel and liline (L952). Briefly,
three rneasurements were taken on each side of the pig about

L L/2 inches off the midline of the body as follows: 1) immedi-

ately behind the shoulders, 2) at the lasi rib and 3) over the

loin (directry up from the stifre joint). The average from each

Iocabion was in turn averaged ùo give a single measure of backfat

thickness per individual" These measurements hrere avai-lable only

f or the years 1962 t,o L965 inclusÍve,

The carcass traits were hot carcass weight, backfat

thickness, length, loin eye area (cross section of longissimus

dorsi muscle) and carcass grâdê.

Hot carcass weight was taken at the time of slaughter

wit,h the head on and after the pig was evj-scerated and hair
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removed. The carcasses r\rere graded by the Production and

Markebing Service of the Canada Department of Agriculture"

Carcass length, backfat thickness and loit" al¡ô e'rz¡ôt 1¡Iê-râ f.rl¡an

i+8 hours after slaughter on the chil-led carcâsso

Three backfat thickness measurenrents \^rere taken on

each side of the split carcass: shoulder backfat i,',¡as measured

opposite the íirst rib, rib backfat opposiie the last rib and

loin backfat opposite bhe last lumbar vertebra. The two measure-

ments for each side h¡ere then averaged" In the earlier years,

from l.959 to 19ót¡ the fat thickness was measured on only one

side of bhe carcass" Mean carcass backfat thickness used in
the analysis vras the average of bhe three sltes described above"

Carcass lengbh was üeasured on the left side of the

hanging spli-u carcass froni the anterior of the first rib to the

aitch bone.

The right side of the carcass rvas cut perpendicular

to the spinal column between the seventh and eighth vertebra

counting from 'bhe posterj-or. A tracing rtas drawn of the cross

section of bhe longissimus dorsi muscle" The cross sectional

area of the muscle was obtained by using a planimeter and calcu-

Iabed to the nearest "1 square inch"

Data used in the analysis hrere limited to those data

obtained from pigs within bhe weight range of 160 to 22A;oounds

at market and not exceeding 2L7 days of age at market vreight"

The number of observations for each trait and sex are given i-n

Table VI " The numbers vary because data f or al-l- traits on every

animal were not avai-Lable "



TABLE VI _ NUI{BEA, OF OBSERVÁ.TÏONS FOR, EACH TRAIT

lraits Earrov¡s GiIts rFa+^l
Mrã.I

TotaL i\iumber Born A,live

Total Number l,leaned

Birùh i,.teight

'uieaning t¡eight

Post-V¡Teaning Gain

ivlean Live Pro6'e Backfat

Age at lviarket

tarcass Length

it'Iean Carcass Backfat

Loin Eye Area

0¿4

8?4
cla ¡0á+

.|^ |öá4

ó¿4

</, r\

.ì^ |
OLLtr

787

/öy

+5t

Lþ51

45L

t+5I

t+5I

150

l+5L

l+3L

432

L(2

r275

L27 5

L27 5

12',7 x

r27 5

+Yo

L275

L¿LÓ

L2?L

././l
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The unad.justed data were used in the computati-on of

the phenotypic correlations between the f ollol,¡ing traiis:

post-l^reaning average daily gain, mean live probe baclcfatr ât€

at market, carcass length, Í]ean carcass backfat and loin eye

area. The res1, of the estimates were ca'lculated using adjusted

data, that is, if adjusbment of the traits were perforned.



i'jET;'{CDS 0F *üALYSIS

GEI¡EF"ÀL C Ol'li'iElrTS

All- but the nore easily colnputed values presented

here r.Iere calcul-ated by use of ari J-.B.iii. L62A computer:"

.A.nalyses lrere cione on a v¡ithin season of farror¡¡ and

senaratelv 'nr¡ sex. It was felt that no real differences

existed ainong the four lines of the breed and the d-ata vlTere

corlsldered coming from one population. Data obtained from

gili;s for Ìlost,-r,.reaning gain, live backfat thlcl<ness and all

carcass traits except hot carcass weight ancÌ grade were

adjusted to a barrolv basis, These tlr¡o c ons j-derations Froiri¿*¿

substantially nore degrees of freedor¡r in the computatÍon of

the estinrate of genetic ì)ar¿neters and consequently redu-ced

the standard error of the estimates"

COfiREOTIOiri FÄCTCES

1. Effect of ca.rcass v,ieight on carcass traits
The effect of hot carcass v,reight on the magnitude of

the measurernents of the various traits was examined by linear
regression" The regression coefficients obtained vúere used

as a basis for calculating factors to adjust the measurement,s

to a constant hot carcass r,veight. Analyses t,¡ere done r¡'¡ithin

farrowing season a.nd sex. The regression coefficients i^rere

pooled separately by sexo The estirnates f or inales and females

were not significantly different from each other. Subsequently

the Lwo coeíficients vrere a-veraged, r,reighting eacl:l J-nversely



^^tv
to its e.pproxi-nated vari-ance, to yield one estirnate.

2. Effect of sex on a.ll- traits

Perfornrance traits (¡irttr weight, weaning I'reight,

post-r,,ieaning average d-aily gain, live probe baclcfat adjusted

to 190 pounds) and adjusted carcass trait neasurements r^rere

iested for sex differences. Sex effects, expressed as a

difference in 'bhe rnean value of the respective traits for

each sex (git-us versus barrorts ) were deterriiined by the f olloiving

^.1..-^ ;,yruu\'(¿ursô õ mean Îl¡as coni¡ruted for each trait for ea-ch sex by

season of farrov¡" The difference v'ras then calculated between

each sex by season" An overall average difference for each

trait was obtaiired by a-veragiirg the individual values of each

season, weighting each difference inverseLy to its approxirlated

variance (Cochra-n and Cox, L953) " The actual conputation of

the variance of the difference for each of 'bhe individual values

was done as shown by Steel and Torrie (fgeO) for the case i^¡here

sanple sizes are unequal" The standard error of the overall

average diÍ.ference I^Ias taken as the square root of its variance.

C ORRELATICN C OEFFICIãI'iTS

Correlation coefficients vüere obtained. on a within

fa.rrowing season and sex classification. The method of pooling

correl-ation coefficients by the Z transforrnation (Snedecor,

L956) was used to obta.in an overall average coefficient" The

pooling r,ras done over season and s€xo
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ESTfi'il'TICi'il OF GEIttrTIC ìjåRAI'ETERS

ÅLl- carcass rneasurements were ad.justed io a hob

carcass welght of lþB pounds and live backfat probe to a live
i,veight of 190 pounds for analyses of variance and covariance.

ilL.easurements of' post-i.,reaning gain, live bachfat probe, carcass

length, shoulder, rib, l-oin and mean carcass backfat and loin
eye area urere adjusted to a barrol^¡ basis uslng the overall
average sex cLifference for each trait as a basis for adjust-
melnf .

The form of variance analysis and expectation of

nlean squares are presented in Table VïL This analysis pro-

vided estimates of the sj.re (S), dam (l) and i¡ithin full-sib
faniily (lí) components of variance ruhich in turn provided the

basis for ihe various estimates of geneti-c parameters.

The variance of variance component estimates were

obtained as outlined by Comstock and Robinson (195I). The

estimate of S i,¡as

v¡here V (i/il) =

V (fi2) =

betv'¡een sires

dams within

I t, f oll-or'¡s that
rr l'r\/i Iv \ ¡'¡1 .l

ar /õ\ !v \ù/ = 
-;- 

*
1/w¡r-

1 [#'(r{2) "(i#'(H3)
variance of the mean square for
source of variance

variance of the nean square for
sire source of variance
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TABL]] VII _ ¿'¡.J\ALYS]S OF
]VJEAN S,{UAIì¡J

VAP'IAI{CE ÂI'I-D
EXPECTTOXJS

Sources of
Variation

t'iean Square
Square Expectations

,A,mong farror,,iings

Among sires v¡ithirt
f arrowings

Among dams v¡ithin
sires and farrowings

'ur'i.bhin full--sib
families and farrovrings

^€Þ

not reLevant

ï,tr+krD+k.S
J

T,i . 1- ñriri I ¡llu

UU

ir,T-"r

It[-t-

M.

number of farrowíng seasons

total number of si-res

total nurnber of dams

total number of lndividuals

variance due to d-ifferences atnons si-res

variance due to differences anong dams

variance due to differences a:nong ful-l-sibs

I

Á

N

S

D

lil

'T''ijkl
'ijk J

f "r,u' I 'f f"r,uilk iniik 
J

^lL "ij'lJJ
offspring frorn the ith farror,,ring

ofÍ'spring from the jtl't sire in the ith

f-' ln -rrd-sI i i
, f-rrr l) ) I

-t 

/ / 

-
^t-':s-rL. J nij

Fr 1.. rr.
r! -/

s-ff i ni
L-

L-='-r

n1 = io'tal number of

ni ì = total number of
I Arrov¡r_ng

nj iÞ = tofal number of offspring fror¡ the kth d-am rnated to
the jth sire in the ith ãarrovring



-))

V (i'i") = variance of the mean square for within litterst sou-rce of vari-ati-on

1.- 1¡ ¡nÀ 1, cra Ä^fined. iif Tab}e VfIoI¡ n2 c.¿ru r!3 c-r ç Lrç.

The variances of the rrlean squares l,Íere approximated

by substitution of the observed nean square for its expectati-on

i n th a c.ê'nêT121 ovnre'qqi nn4rr vf¡v õv¿¡vÁ s¿ vrL¿v¿ vvv4v¿:

'\r ¡'1,.,\ -Z Þ (i:ü2
\/ljii l=.-

J+'uo¿ o

ruhere r.i = any mean square
? / r,.'\ a.t- ¡ J_ i nn Cf I,flJJ \r'1 ,, E-¡!lJüu UGrJ¿vtr

d.f . = degrees of freedotit for rhe nean square ii

Tl're sire component of variance (S) '-'ras baken to be

an esLiriate oî L/4 of the addiiive genetic variance" The phe-

notypic variatlce (F) was obtaiired as the surrt of S, D and \.,'j and

herifabitit,y, tirhich expresses the proportion of i;he iotal

variance that is atiributable to the everage effects of genes

rias estinated. thus:

TSH='_
S + D +'ui¡

The variance of the estimate of heritability V (H)

i¡Ias obtained as fol-'l ol'¡s

'rr /r:\ - v (+s)
v t rt,

V (P)

_ ró v (s)

nZì,
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^ 
lrt \Ð",!. \n/

S.ii" (fi)

The stand-ard error of the estinate of heritabii-ity
i s si r,lnl rr .hhrr õ^ìr^ø^ rnnJ- Of the VA1" iAnge "-L Ð J ¿¡lrplJv urlç ÐYuaf rç I vv v !

I-
-\lrr lu\

v u \11/

1'he method f or detertnining e>lpectation of cross-

products from the analysis of covariance described by Hazel

et al. (,L91+3) was erüployed i;o esti-rilaf e cornponents of covariance"

Tire expectation of ihe nÌean .1r:"ocì.ucts have componenis of co-

variance raiher than variance, their" coefficients being the

sane as those for the expec'Led lnean sorueres shor,n¡n on Table Vff.

The genetic correl-a'tions between any 'cv'ro traits i"üere

cst.ìrnet.arl hrr +1.^ .tr^'ì'l ^r.'iì.- f OfnfUla:uÈu¿¡¡lauuu_ uJ ur¿E !vJ¿vvv!¡!É

q
"y
c , \ = sir,a eornnonent of covariance f or the traits"COV\XyJ Y-+ç vv¡rr{v\' (>c) €ì.nd_ (V)

Standard errors oí the genetic correlaiions i,\rere

calculated according to the methocl described by F'eeve 1L955)

and by lloberfson (1959) and i-s as follo'r,^¡s:

|J o1J6Ð¡Læ ( vr¡ l
õ\rLJ 

'

i,vÌrere S"E.tr¡-/ -_-\ = standard error of genetic correla-tion
'ug\ xy/ coeff icient

R/\t"8 ( XY ¡ - óçtrrç vr v \' vr r'

sire component of variance for NÌre trait (x)

sire component of vaz'iance for the trait (y)

s"E" (H*) . S"E" (Hy)



S.E. (H*) = sta.nd.ard error of heritability of trait (x)

S.E. (Hy) = standard. error of heritabiliiy of trai'L (y)

H* = heriiability esti-rnate of trait (x)
JL

Hy = heritability estimate oí trait (v)

Estimates of genetic correl ations are usually subject

to raiher large sanrpling errors and therefore seldom very

preeise. Robertson (L959) states thai uirless both the corye-

lation coefficient and heritabitity estitnates are high, the

sarripling varj-ance of R,"¡-..r1 v¡ill be much greaber ihan the
5\¡lY /

coefficient itself"

Estirnates of genebi-c correlations were calculabed

betlveen all the combinations oí the follolving tra-its: birth

'.'^i .,'h# r,raon'i n tr rÀrâi rh1. I i r¡a 'nz-nlro '[rr r'ì,--îri nnqj---!¡rêânïj('IÈ;lIv, vrçqrrltró !!çrårf v, ¿¿v v v vev^t¿sv, "-*"1-ng gaLn,

carcass length, mean carcass backfat and loin ele âr€å.o



I',ESULT;S AI{Ð DI-SCUSSIOi.ii

ijxÀi'is

Unv,reighted neans and -t,heir standard errors for" each

line anO also the un¡,ueighted. nea.ns for -r,he breed are given

õ^ia-Þ.i¡]rr hr¡ Se>c in Taþle VIII and Table Tl(. The fOllOi,'uingÞu}Jct¡ a-vYJ-J uJ

performance trai-tS are incl';Lded i::r ihe fornier: birLh weight,

-,reaning i+elgÌrt, post-',^Ieal'iing gain and age at inarket" The

labter iable contains rilealì lirre probe backfat adjusted to

lpO pou-nd.s bocl.y .,veJ-ght ani- the carcass traits (teirgtìrr nean

backfa-r, thickness and loin eye area) ad.ju-sted to a hot carcass
a rr rllveigh-" of l[8 1:ou-nds.

the ineans are not from a randoln santple of the breed

her:¡rise tlrÉìv riiêrê conlnr:teri fro;,1 the data available írom oirly¡JçVAUUU V¡rVJ LvVr v

those aninals v¡Ìrich ldere slaurghtered"

the perforrnance of each lj-ne in tertns of -r,he different

tra-its su-ggesl that variability aniong lj-nes cloes exisl. 1{L'-=

tritÍon experiinents i^Iere superiiaposed upon the breeding proiect

ancl also disea.se problems occurred in various seasons. These

envirotl:ltental effecis could have brought abou't senpling errors

and rcight explain tha.i differences v'rere not found for birth
¡n'r 1¡1^ôn-ìnæ r"¡^i.rht lnrrt r^rôfe f OUnd íOf all Oihef tfaitS"cl.Il(I \¡,JedII-LIrå !vu¿ó1IU, rJuv !!uJ

Sarnpling error as en explanation for the differences alnong

lines is confirilìed by the inconsistency that exists betv¡een

bhe tv¡o ríeasures of fatness" For barrows, line I and Li,ne 2

have i;he -Ia.rgest value f or carcass backfat thickness and l ine
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TABLE VTTI - UNI..IETGHTED 1,.tEA1iJ5 BT ST]X Ahi]] L]i\E }'OR PEI¿FOIÌJ\UII\CJI TRiàTTS

1¿

-t

I

+

Pooled

Birth lieight
I nnrrn"l q ì\ -t/vu¡¡vlr /

N Iviean

?-07

zLO

tö¿

?25

82t+

L2B

| <h

a,q

90

+5L

3 "nM."o¿+l

1

a

3.r9 ! "olv)

3.11 t"040

2 "96 ! "o37

3.og t "o2o

3,ob !,o51+

2 "89 t,051

3,01 !.o52

2,89 t "082

?"96 t"O3]

Ueanr-ng [Je]-gnt
(pound.s )

N lvlean

tt+

Pooled

Barrows

^a\õ¡nn*.2/.V( á\JoU ;e )r-

2IO 2L 
" 
Lþ ! "39

r A¡ ^^ .\ +Lgz 20 "g =.3'./
eI225 2L.5 !.33

}zU zo.g t.l-8
,.- t+Ã
\TJI UÞ

12B 20.Lr t.4l-
a ^r ôa r * r)LJ> /.Lo) -o)r-

nA ^^ .l + | r98 2Q "15 
z.l+',7

n .t F/90 22.o a"59

t+5I 2L,! !,25

aThese means were obtained. by suuning the line averages separately by sex and season and
dividing by the number of averages (l\)" The accompanying standard error v,¡as calculated
by summlng Nhe variances for each mean and then dividiirg by N¿' The square root of this
figure waã taken as the standard error. The pooled means and standard ercors vüere calcu-
tated separately by sex in the sarne manner as the line means and standard €rrorso

rost-['lean]-ng ual-n
(Poundsr/dãv)

N þiean

2O',7

zLO

1Å,2

225

BzLt

L2B

L35

oÊ

Ol*r

t+5L

L "303

1"305

a ô 1c)LoÃ.)o

1.25O

L"27Ll

L.268

Lo¿ lo

L "220
1.218

L.2l+5

+ ^l^
!.ol,z
t,oro
,i- . UUy

1.005

È.0L2

t "o1z
t 

"014
t "ol8
* rt¡rl

ll.ge af }tarKef
( days )

l'J ]vlean

207

zLO

LBz

8?t+

128

t35

98

90

/, Ã1

L7 5.9)
^Atlv"Jó

180.3I

tBO ,80

^ ^/ À/I'lO. ðO

L77.82

L72.78
iÀ^ /^ró¿.ot

183 .10

L7g.Og

tl,09
-l-ì ì ôtLeL)

+1 
^Ã

to.98

!,5i2

lL.35

tl, rB

+t I 11
-.L.+ [

T-L.76

lo,72

*-J



TABLII TX - UI\II]ETGHTED
1,!I¡TGHT AiiJD

Line

1
!

2

I+

Fooled

Carcass Length
( inches )

Il iulean

I..,IËANS BY SEJ( AND LTi\iE FOI¿ CARCASS TRATTS
LIVIT PRO]38 BACITFAÎ TFIIOIil{ESS ADJUSTED TO

L97

¿vá

1r7r1Lt (

?LL

78'7

3L "o7!-Á.g6

lT

¿

2

I

Pool-ed

30 "77 !.06
/À I

JU "Oö t "U.)
aA .L ^/JQ .y¿5 I nUO

30.88 t.o3

3r,57 t.07

3I"?3 t.O8

3L"L5 È'06

31"L8 t "L?
^¡\ 

.l' 
^lJLøZó o.U4

IVIean Carcass
Backfat Thiclcness

( inches )
i'l l'iean

LáV

1 ?C)

l+3L

147

¿v4

177

zTL
.lÈ,o

L20

I ?'l

óo

b32

1/
'v same method used as f or Table VIÏÏ

L"33L

L.371+

L.?90

Lc¿O)

L"3L5

Lc4 (ó

r ¡ryclLoá lÇ)

l_.Iou

L.161

L "2L9

BarroE
t.oo8

t.olo

- oV|.JJ

t.oro
+: "UU)

ñ-:'l+^\.T¿IUÞ

*;
- cVI)

t øULl.

*L "UL¿
+ ^1 ,-o\J¿+

t.006

Loin Er¡e Area
t - 
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3 and line 4 have the smal-lest " The situation is reversed

for live probe backfat" I{o such trend can be found for gilts.

It is logical from such evidence to drop the line

classification and consider all the pigs as representing a

^-.'*^'l^ ^^*,.'l^.1 'sr-ngre popuJaËl-on "

TH,,I EFTECT OF' SE}I ÜIiJ iiLJ, TRJì,ÏTS

The esNiüraLed effects of sex upon the different
characters studied are shor,vn in Table X. The siandard errors

of the differences are also siven. Ihe three sites of carcass

ba-cicfat thj-ckness (shouliter, rib and loin) are included be-

cause they vrere used to adjust tire data for the heri'cability
esbiniate analyses "

Statisticalt)¡ significant (? <"O5) ¿l¡ierei-ìces in

meå.ns for sex r^rere fou-nd for son're traits and illustrate the

influence of sex effect u;oon the expression of perforrnance

and carcass tra.its (ta¡te l) " The differences found in thi-s

stucly ere generally less than those which have been reported
_\('l'abIe L ) "

lio adjustmen.L of birth and weaning weights v¡ere

made for differences ari-sing from sêx. In general differences

found vrere small or trivial. Lush et al" Ã934) reported

that phenotypic variance :for ìoirih vreight anong pigs of the

same sex was nearly as large (only 1"1 perceni less) as the

variance of the corilbj-ned population of the two sexes. I,[a1es

i,\¡(?re slir"htlv '^"* ^-i --'i €'i ^'lntI v hear¡i er at birth than f emales.vvçÅ v u¿+õr¡v4J iJUU Þf ó¡rrr IL,CL¡¡9+J ¡rçqv+ç¿

He pointed out that oiher factors such as litter size, age and
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size of dam r¡ere more important in deterrniniirg birth weight

ihan sex of the pig. This is also true for v¡eaning lveight"

Craig et aI" (L956) reported that sex accounted for only 3

percent of the phenotypic variance in I'reight of pigs ló days

of age, In this study f enlal-es had a heavier weaning weigl'tt

than males " This can be explained by the facù that the hear¡y

inal es at r.¡eaning l¡rere kept f or boars "

Sex effeci on post-u,teairing gain 1s small but in

favor of the barrov,¡s" Conflicting resul-is are found in the

Iiterature. Fredeen ancì. Jonsson (L957) reported a srnall but

highly significant superiorily of approxirrlatel-y L,7 percent

in average daily gain for fernales. Lush (L936) , Bennett and

Col-es (L946) sho',v figurcs that are significantly in favor of

barrows " I(ing et aL- (tgíZ) measuring pi-gs at d.iff erent

v,'eights founci no sex difÍerence for daily gai-n measured from
trA r^,-^ ^e ^^e Lo 75 Oounds bu..t hietrlV ci..*.i f i ^--{- ^{ ff erences/u LId.y Þ ur aú|. uv I ) yvur!\aËr uu.Lr lIJóIJ.Iy Þ-LórIJI I(jrr-Irtr LII

{p ¿ (-)-Õ'l ) fn-n 9.\¡ê]."9øê rlâ-il-' ^nin rn^re,.-ârl frnnr Ã/r .lcr¡.r nlo\I \ VoVII J.vL Øvvrqóu vqr-Ly E)d.-LI1 llrcd.ÐL,lJ.çLl -LlvIlI )w V.e-J Þ vJ.

age to L25 and 221 ,oounds. The eff ect of serc on gror,vth and

developntent is rnost no|iceab'l e at the tine when an individuat

reaches puberty r,¡hÍcir occurs in pigs bet'-reeir the r,ueights of
1) tr, .r- n "rìn '.^unds . Thereíore, a breed. oí pigs r,vhich reacheS*tu./

sexual rna-buritlr ¿'¡ a líghter vleigÌrt r'¡ill show rflore pronounced

sex diff erences than one i-n ivirich se>ru-al rnaturity is not

rea-ched unbil a heavier i.''¡ei-eht" ljifferences for sex effects

oil average da.ily gain will- also depend on the period Í'rorir

',"¿hich the raeasu-renieni is calculated."

(3 uilr¿/Eåsã)

LIBRARY
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Tire time a'ü which sexual rnaturity occurs is a-lso

reflected in carcass rûeasurerìlents. Feniales yield longer

carcasses v¡ith less fat and greater loin elre area. i{ing

et al. 0çAZ) and Fred.een et al. ft961+) report that gilts
--^;" Ì.i-r.ì
J -!r'r\.r a ..*5..vf percenf age of lean cuis and of lean meat in

the ham. Conversely the fa.t trin is reduced.

The resu-lts obtained in this studv as well as the

earlier finoings recorded in the literature suggest that the

sex hcrrúones cause grea'ber bone growth and greater develop-

ärent of rnuscle and less deposition of fat in boih boars and

gilts f han in ca.strates. Since castration of nrales rernoves

the ;crinary source of ancì.rogens, the lack of ntale horrnones

irr barroi^¡s cou-ld- be responsiì¡le for a greater deposiiion of

f at and a srnaller rflusclllar developneu'c ihan in gilts 
"

EgI¡ÌTCL 0F CiI,RCÂSS IjEIGHT Oi'J Crilì,CriSS kiìASW:þlilENTS

It has been }cnorvn for a nurrrber oí years that the

rel-aiive ra't,e of fa'L versus rnu-scle deposi'bion in sr'¡irte differs

consiclerably dependir:g on age and size oÍ ,che ani:nal (i'.ci.-eekan,

19/+0)" lJecause fat is being laid dor¡n over an ever increasing

bod¡r aree ii seel;red reasonable to assu-¡rte for the preseni siu-dy

ihat a linear relaiionship existed. betr,^,¡een baclcfat and carc&.ss

r,''reight. It r,¿a.s also assu¡ned tha"t carcass length and loin eye

area behave in a si¡üil¿-r rÌlanner with respect io carcê-ss',reight.

The regression coeff icien|s of carcass iîeasLlrerrtents

on carcass weight and their respective stand.ard errors a-re

i)r€sented- in Ta-ble ïT" These coefficients are in agreenien|
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TÅBLE J{I - REGN,ESSIÛI'¡ CCTFFICIEi{TS AE CJ{RTASS J''/I]jASUË.¡;i{ENTS
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"oo32
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" 0005r+

.OOZI+

1/ --z 2t I rêr-rressl_on
t.frorn zeto ( l-'

coefflcients are
øVL )

.si p'ni Fi eant l r¡ diff erent
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r¡it,h 'ühose rel--,orted in rìre iitera-'úu-re (Tal¡le IT)"

The repcrted sex clifferences aillcng regression

coefficients riilere also appareni in this str-idy" The re-

gression coefficient for iiiea-n bac]çfa-t on ca-rcass vreight wa"s

"AA7C7 t"OOOó9 for barroi,vs ancl. "0A6?9 t.0008ó for gilts. A

similar situa-tion e>listed. f or" Ioin eye a.rea" The tb? value
lr^.- -,i -l -t- - -^r^ ^ ^^^^ 

+ ^¡\ | - .\..-,1 .]f ^.^ 1^------¿ vr ó¿ruÈ lv*r .\)¿v) -,UU4) ¿Lnd- f O" btttoto, i'b l,vaS .014.6

t"0029" Length i,'as only slightty affected" Du-e No'bhe

--^"1 ^+i'.^ì -. r..-i 
'.1-' ¡L¡nÀ¡ø.ìr src.ur v u!J rrr5rr ù uarrLrd.a Lr v-ff Of S, 11.O seX d-:Lff elÎ enCe v¡aS f ound

betr^¡een lbr valu-es for any tra-it (ìL' < "05)" Lrire pooled. esti-

rna-te over boih sexes vras used to ad.ji-rst the carcass rileasure-

rnents to a coirsfarlt carcass weight.

ïhe effect of bod¡r iveigÌrt on mea.sr-rres of the live
probe backfa¡ was exa-iriined ai a-n earl-ier d-a-ue íor this breed"

The regression coefíicient corpuied i.,¡às "OO?5 per ;oound in-

crease in bodlr i+eight " This valu.e was used to ad just Nhe nlean

of the live probe backfat measurentents io a constan'b live

rveight of 190 pounds,

PH}T]\OTYFIC CORRTJLATTOIüS

i-henotv'oic corrc+lations are rneasures of the associ--

ation amonE d.ifferent traits, Their useÍulness in constructing

selecti-on indexes ca,nnot be overeml:hasizeC. Several irrrliortant

coi'rela-,,ions betrn¡een performance and ce,rcass traits \,fere ex-

arnined in this study (Taì:te jiII). iiiost of these are in agree-

nient i'¡iih irreviously ;oublisìred coeffj-cienES (Tabte Ifl-).
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None oí these simple correlations can be inierpreted.

l"¡ithout consid-ering carefully the in¡er-relation of the several

fa.ctors that t;tight infl-ue¡:ce tire observed relationships. Sorne

of these characters are physiologically ccrrelated with each

other as the result of their being in part iìre result of the

same body fu.nction and perha.ps in part the result of ülanifold

effects of the same genes.

The coefficients can roÌrghly be divided into 1,vro

groups on the basis of associa.tion anlong thenselves, one group,

{-ì.^ h^ì^€^h. 1õhL/rrE ¡,çr¿w.ruar:.c€ traits anci the other, the carcass character-

istics. Posi-weaning gain seems to fal-l- in beti,¡een ihe tl¡o

groups ô

Total i':.umber born al-ive appeared to have no iiriportant

associati-on rtriih any of ihe carcass Nraits" Total numJ:er

r+eaned ;orovided sirnilar resul-t,s except r,uiih loin eye area. lìo

biological expfanation can be given for this significant corre-

lati-on" Litter si-ze at birth accounts f or as niuch variation
Ín weaning r'reighi; as l-itter size at vreaning" ìIarly in life
maternal influence is very important and birr,h v,reight itself
ha.s cnly a srnall effect on r,'¡eaning weight" Lodge eL al. (1961)

found that aniong liiters only S percent of the variation in
eight l'leekls i,veight could be accounted for by variation in
1^; -+L -';^'i -l^+ hri-, iri:ir¡¡'ernrrnt irraet'i nos srrnh â.q ¡y.êêìr 'floadi noUJI UrI vJEJÈ;11U, uuv ¡-¿c¡rq|;vrrr9¿tU luI C!L,UIL,(iÐ JL¿!,lI AÐ \-J. CYIj

could account f or 2ó percent of 'bhe r¡ariation in weaning vreight "

l;rard et al. (L961+) reported a value of "jJ ior ihe

correlaiion i:etrreen posi-'uveaning rate of gain and vreaning
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weight. Their value is higher than the otle ( .22) f ound- in
+1^.ì ^ a+:rÄrr -FF -.'^ -irnnna-Jble bO determiiie if this iS at.tll-S SÜì.).Ay o Itr IÞ r-lrlp\JÐÞIr

true cì.ifference, but it should be noied that thei¡ pigs

Ïüere ureaned ab 56 days of age r¡Ihereas pigs in this study

vrere 1,\reaned at b2 days of age.

lihen one examines the correlation between grol/'Íth

rate and bacicfa'b thic]<ness (baclcfa.t nteasured either on the

'j it¡^ vri n. n-a rþg cAfcaSS) tae rjlust also Consider musculat.JJVU .lJ¿å VI V

d.evelopment. Rabe of gain ldas positively associaied with

carcess backfai and- only stíghtly r¡ith live ;orobe backfa-t.

The significant correlation between post-v'reaning average

daily gail and- loin eye area ca.n be explained by the íact

that the fasi growing piSs develop to a greaLer exient their

muscular structnre tiian the slow growing pigs " The earlier

r,ratu-ring pigs wil-l then have d-eposited less fat to reach a

given r,reigh'b " This would explain the negative correl-ation

betv,¡een bacÌ<fat (carca.ss aud live probe) aird loirt eye &r€åo

Age at ¡iarke'b was ailo'üh.er lneasure or' grovlih con-

sidered" The correlation coefíicients essociateO. r+ith a-ge

prod.uced sinilar results to those with rate of ga.in (tire signs

ïrere reversecL)" The la-rge correlati-on bet'¡,ieen age and rate of

gÐ,in etnphasizes the fact ''chat both nethods can be used to

meast-tre grov'rth "

The rvfo trea-su-res of bacl<fa| (Iive probe and carcass)

shol.,¡ed a low correlation bett'',ieen eacir other"" i'ro obvious reasons

f or" such a siLuat,ion l.rere appâren-r,. i'leasurelnellt error could be
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lrert of the ex,olanation. Ànother reason '¡¡hich Seems bo be

ÍÌore logical is the fact that tire site of nea-surerieni is not

't,he se-ne. Conclusions by lletzer ei al. (tgf6) and Charette

(tgîl) support -r,ire superioriiy of the I ive probe íor esti--

::ratíng carcâ-ss lean.

The correlations found between cal:cass leng.Lh and-

the other iraits are very rnuch in agreelnent with t^iha,t has

been reporLed. If length increases or decreases, baclcfat

thicl<ness behaves converselir. the fincìings of Bowland et- al"

(L965) support the l:osii;j-ve correlation beiireen weairi-ng tveight

a.nd carcass -]-ength found here. They also found. that heâvy

l¡jeaners have a- ílatter but not la-rger loin eye area and longer

.^-i-c. J¡¡r¡n.la1.p-el. loin cve afea ¿nd leSS l¡a-Cl:fa-t,PrËÞ lrd-v\t o- ralóç¿ 4v¿!f vJ\

In general the phenotyl)ic correlations found in

this siucly are in good agreelîent r¡ith those reported in the
'l .i+ ^*-+,,-^-L.!tJUJd,Uu¡(tc

l{EU_Tl{ts ILITY ESr x14lEg

The paternal half-sib coryelati-on method rr¡as the

only ¿n¿lysis usecL -uo obtain an estintate of additive genetic

variance" Às compared io the parent-offspring r"egression

method, it is sometimes blasecl from variance in genoty1?e-

envi::onrnenN lnteraction" t'lank and Berg (L98) su-ggest that

such interaction does not occur for carcass traits because

nerrsirt.q anj offsnrinø rJevel ^^ in dì1"for^g4N enVifOnittents in SO9q.-L ç¿I UJ q¡rU vl ¡ Ð]J¿ ¡¡¡é sv v v!vir

izt" âs \reâr effects are concerned"J vÉ¡
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The esti-i:nated additive eenetic variance ano herita-

bility for seven traits tvhicÌr l,vere s.üudied here are present,ed

in Tabl-e lilIl. l.he three sites of carcass baclifat thickness

are al-so included" The standard errors about these esLi-mates

are all fairly large" 'I'his is partially due io the large

"^-ì^L'"'r-i+-' ^f ivithin full-sib farnily and ;oartially to theva¿ !c.rJfJ¿uJ' u.

relatively fer'r c.egrees of freedorn f or sires.

These estinates of heritability are in the range of

published data which ri'¡ere summarized in Table fV.

The a.dditÍve genetic variance f or birth and vreaning

weight is small" The heritability estj-tnates were noi signifi-
n¡'nr-Irr .li ffana11N front uaroU. i.ia-terira]- ilrfIuenee- indieated hr¡UcrlU¿J L/--L¿IçtI çIMMll LçLW- o alc)-L,ttJ-lld,J Ir¡II4UTIVç, +¡IU+vuvçU VJ

the large dar¡t contponent, plays ai'r. irn;oortant rol-e in deiermining

the phenot¡rpe of the individuals" ft is generally assuned

that genetic differences among individuals begin to nrake them-

sel-ves fel-t by vreaning a.nd, ât the tiine of slaughter, account

f or about 30 percerit of variation in weight" The lor,¿er esti-
rrraLe for v,reaning weight than for birth v,reight j-s probably due

to sarnpling error"
The effec't of common litter environment accounts for

about one-half oÍ" the variation in r^reight up to r,¡eaning and

less from then on (lìendel , L95O) " tox Og6l) tried to assess

ltr tes| .oerforned by divid.ing the
estinrate of heritability" Degrees
used to d.etermine the ltr value"

standard error inio Nhe
of freedom for sires were

u



*4desrees of freedorn for sires
á/ stãndard error of H

iiP < "oj# *P < .or-

\.rto



5L

true geneii-c di-fferences bir cross nursing lligs of different

genetic constitutions" He found that ll percent of the total

variance wi|hin cross nursing sets calile frorn common .oost-

natal factors. iie stated that this r,vas }ikely a ::nini-nium

^¡+.inn+^lJÐ trl.lilctUË o

The heritability estirnate for birth lveight was

small and- withln the ranqe of r,rrhat had been reported. The

trait itself is a reflection of prenatal grol^Ith v¡hich is

Eovernecl bv homeostatic mechanisnts " Selection via hor¡reo-

static rnecha-nisms acts io rrtaintain an optiirium body size at

l:irth. ilxcessivel;r' large piglets iti'll not pass easily through

i;he genj-tal tract and, if the¡r $o, may be born d-ead" :\ny

increase in blrbh r'reight over the optimum t¡ill probabl-y lead

to itl effects.
The es-bima'be for vüeaning vreight luas expected to be

'ni æirnø ilrrr¡ ^."ì cl-i-n.¡ ¡ÄÂiii¡¡n c¡anaii a ¡¡rr,ìârìnê :l-cr¡ h^r¡^ J-r^^'¡lfIBIiUf'c J.i.IIj e-{-¿ÞtrIItö d.LI(¿IL/-LVti !!t.JII(7V-r\, Vqf ¿qrfuE ¡¡rqJ rrclV|3 \JrisII

rnasked bJ'rnaternal efÍects sr-lc!'r as lnj-llcing capacity of the sovü.

Post-vreaning galn is a very important economic trait

and from ihis study a relatively large amount of additive

genetic variance was found-. Selection Í'or an increase in ihis

trait should be effective if it is accorßpanied b¡i a relativel-y

irigh selection differential. Stockhausen (L965) analysing

this irai i ancl rLsing a grea'r,er portion of the sat,ìe no;oul ation

f ouncl a siriiilar herita'bility estiurate f or barrows | "31*) and

for gilts (.42) based on the pa'Lernal half-sib correlation

rnethod. The estinate of i;his sbudy is about the sarrle as those
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already publisl-:.ed.

The lolv estimaie for live probe backfat cannot be

readily explained" In comparison, the estirnaie for carcass

bac]<fat is 2 to I tines as la.rge. ì'ietzer et al. (L956)

probably provided a partial airsv¡er to such a discre])ancy"

Figure I illustraies the fact ,r,hat 2OO pounds is an erratic

li-ve vieight at which to take live probes, The correlation

between carcass r,tei-¿ht and backfa'b decreases around 200 pou-nds

and tÌ'ien increases as ihe pig gets heavier. One v,¡ould there-

f ore advocate írom such evld.ence that live probe baclcfat

lrleasurerirents be fa-ken at an earlier date v¡iren the pig is
'l i ^ì,.+ ^-¡-LJi¿lltJ('I o

The carcass backfai estimate is lower ihan i'.ihat is

found. in t,ire literatu.re. I'Lre exple-nâ.tion of Stocichausen

(L965) seer.rs to be a: logical in explainiirg thls Loi,¡ estirrrate.

His contentions are f ) ihat, the irigh va-riation introdurced by

nu.trj-tiona.l stu-dies will decrea-se the sire conipouent of va-riance

and 2) that the i¡iological rnininu.,l theory could explain vthy the

e¡nar-ia nn+anfi¿] Of the br-eed_ is leSS than that Of seVeralÉvlrEUru rvvuErr

other breed-s "

üarcass lengtÌr and loin e)¡e area e.re highly irerita-

ble, Any seleciion for these two traits should yiel-d. a signifi-

cant r"esponse given a favorable seleciion differential"

Üolriponeuts of variance (Ð aird S) presentecl in 'lable

T,III rtrovide inforntati-on about naterna.l influence. Birih and
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iir¿Licaied b¡r ihe relatively la-rge cì.ai'i corûrooneni" I¡or e::ataol e,

the da-iii coïltponent for l'reaning ,'Jeight is 6L, tintes larger ihan

ihe si re ccinl¡onent. Fost-ireaning ga-in a-ild-, f or sone unknov,in

reesons, Carcass leirg'oh also carry Some maternal influence"

i'To clifference "i s appareni between ihe sire a.ncì d-aiii conlponen'i;s

of 'l oin eye area anci c¡f rileasu-res ot- baclcfa-t bh-ickness" l'taiernal

effects are tirerefore non-exisient a-nd selectiotr should- not be

.-^^+--i-^.1
^L UÐ UJ AtrI1UU. '

GCIiETIC COT|ìÌELåTIOÌ{S

Selcloiit j-n aninial- breed"ing :'rs it feasil¡le to restrj-ct

selection io a- si-;,gle trait" Ilnr:rov€r¡ler1t in perf orl.lalLce t,ieri-i,

'¡¡hich is ihe aggregate el'-pressi-on of several 'ü:"aits, reclu-ires

instead- solire fcrn of simulia-neous sel-ection for e¿Lch ira.it.

The su-bsequent rate cf irnproverireni will depend upon the selecti-on

differeniial, '[he heritability of ea-cìr irait ancl the genetic

relai;ions that exist arnong tìrern.

Ta.ble XfV su-r-nlnarizes 'úÌre genetic correl ation betrveen

the seven econornicalt-v irnportan'L tra.i-ts of this study. The

a.clditive genetic covariance ancL bhe standard errors are also

inclucted" itlt tirese correlation coefficieni,s are generally

l,erp.er thal lÌano^ ønnn-¡r-¡rl in tlie LiteraiUre (Table V) "-lIUÐlJ I ttì-/u-L (Jrtu-

It is clues-,,ionable if a real po;oulation diíference

exists bebr'¡een this breed a-nd 'bìre esta'olished breeds. 'r;hat is
-¿¡no.r- -i ¡'nilri ^-,14- ¡# J-hi c - Oint iS r¡,¡heilfef ihe COff elatiOnS a1"ejilUÞtJ ÐIöIII.l- JUdITU Ö.v UlLr-;l ir'

favorable or unfavorabl-e. i'.Íost shor,r a- favorable relaiionsliip.
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The follor,ring genetÍc correlaiions are a possible hindrance

in e- selection irrograil: birih ireight rvith carcass backíat,

v.rea-ning v,leight ititir carcass baclifat and post-i,reanirrg gain

r,r'iih carcass baclcfat. ÀlI tire genetic correl-ations are greater

ir:r rnagnitud.e rhan the -ohenoiypic correlations "

T,ieaning weight is a rlieasure of rate of gain frorn

birth but as lnentioned by Conistock et al-' (L91+2) pre-v¡eaning

nutrition is usually not opbirnurrr for ihe individ-ual to express

its geneiic potential and is noi equa.l for all individuals.

Un-l ess nutriiion is equalized and äia:cimized, weaning i'teight is

a poor criterion of the j-nherited ability t,o grolt" The effect

of creep-feeding as a rernedia-l situa.Uion is clearly demonstrated

by tSose researchers, Ií all ;oigs to be considered- in selectj-on

exllress iheir genetic poiential early in l-ife, r'leani-ng weighb

can have Sotne value in selection, otherivise it ca-n be a mis-

leading neasurenent "

Tire genetic correlation found here between live probe

and carcass backfat thicicness .hras only .l+5. This valu-e v'¡as

expected 'L,o 'be epproxirna'bely 1.0 if the tlro neasurelitents of

backfat are the sanie irait. The discrepancy beti',Ieen the corre-

la.tions for ra-r,e of gain r¡¿ith live probe ba.ckfat and ca-rcass

ba.ckfat nay indicate ihat the -t,v*o measurelnents of backÍ'ai are

not rneasurernents of the safile traii. Ä1 l ihe evidence in this

sir-rcJ-¡r supllori;s this concept " The ver¡i fevr published phenotypic

correlations bei,lueen these tv,ro ineasi-rements ernpha-size this

poi-nt. 1-he decision as to whicir is ihe better neasurenent for
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the prediction of cercass qualiiy is left to research.

The negative correlation betv¡een ra'te of gain and

carcass lengtir should not be of rnajor collcern to the animal

breeder. The aagnítude is slrÌall and the coefficient' is proba-

þly equal to zeTo, In this case, one can say ihat different

geneiic mechanisrns al:e involved"

The exact rnagnitude of ihe differeni; parameter esti-

rates ca.n be c,uestioned in rnany j-nstances" Sotne bias can be

¿ue to Nhe follor,'ring conditions: coalflon litter environment

o:r-lr¡ iir lifa nnf.ritional exileriments a-^^ì ^--;^+^^-:'' Theseç^lJer r¿'¡v¿rv e sll(i tj pIÞ UcaÞJ.Þ o

biases cannot be evaluated adequatel¡r þ¡¡¿ as far a-s the carcass

traits are concerned a miniinum of these v¡ould be present"

In summary, it is felt thai sufficient genetic varia-

bitity exists in all traits to i,.farrant selection. The irait

on whicir concentrati-on should be put is post-vreauing gain' ft

is believed- so for ihree reasons: the mean perforrnance for

the c¡aracter is low, the traib is easil-ri rireasu-red and acÌditir¡e

genetic variance is sufficient to yield an increase given a

reasonable sel-ection d-ifferential. The geiretic correla-tions

â,-n^næ rrra nf -oin cnâ ni-.hg¡ tfalts ere a]-l faVOfable exCeptctlllollg I-¿ U e tJ-L ócLIrr a.r!\r v v¡r(

carcass backfat "

@
-f igure II porirays the rel-ative level oí performance

of tlre population for carcass grades evaluated by the Canad-i-a-n

Gra-ding systeil. This s]¡steiìi has l¡een criticized a nuntber of
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tinies in tire past decade" It j-s not completely obsolete as

a meihod to evaluate tire carcass of pigs because the s::¡stem

discrimj-nates against shori, and fat carcasses " Corrrparing the

his'bograrns r,uith the neans for carcass traits j-n Table fX, it

is noted that backíat has a neeative association and to a

lesser e:ctent loin eye area a posi-tive associa.tion r.¡ith the

percent oí grad.es A, B and C" This is noi surprising because

the grading SJrStein is based on carcass backfat neasurements

and. Iength" The effect of season irr',.¡hich the pig is grovün

is quiie apparent, This Ís another reason why environmental-

control'is a mu-st if one is faced- wibh the ta-slc of seLectine
ìr--^ô'^hi ì-nrc ^î ,¡Ìre 

T.t et:i geng1"atiOn.Þ,¿ v{f vr¡ ¿ v vr u vr¡u ¡f, vrr v 5v¡
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The objec-r,ive of t,his siudlr was to estiirrate irerita-

bility and the genetic correlations a.rilong several econoilically

importan.L pe::f ormance and cârcass traits in slvine. Tire influ-

ence of hct carcass tleight uÌlon ca.rcass traiis, the effect of

sex on atl iraiis and i;irenotypic correl-ations v¡ere also esti-

nlaied "

The da¡a i.¡ere obtained frorn -r,he Uiliversity of irani-

iol:a sr,vine breecling projec'b ¿r.nil includ-e infor'¡na'bion. on the pigs

that 1,.¡ere slau-ghtered Íor irineteen farrowiirg sea.sons sta.::tiug

tn L959 and, ending ín L965.

The iraits for. r,^¡irich genetic parariteters were estinaied

.r^,iere birth r,veight, tveâ-ning lteight, post-i''reaning average d-aily

gain, live nrobe ba-ckÍ'at i:hickness, carcass length, m.ean carcass

backfa,t thickness and rrlonp5issimus dorsilT muscle (loii:r e]te

area) " Fhenotypic pararrle'üers hrere cornputed. for all of the

above-mentioned traits and also for total nirniìrer born alive,

total- nrxnber lveaned and age at ma.rket" The rru¡nì¡er of obser-

vations for each trait varied beca-use -r,he data rvere not a.vaila-

ble for all traits frorn every animal'

The d.ata l\Iere corrected for differences in sex f or

all- traits except f or birth a-nd ,rreairing vieight " The data were

acljusted- to a constant carcass vieight for al} cercass meê-sure-

ilents and to a consiant live body r,veight for [he backfat probe'

Tlraso adiirslments were d-one príor to the analyses of variance
¡ ¿¡vvv ev-J vrv
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and covariance.

Regression coefficients of carcass measurertents on

hot carcass weight urere all found to be siatistically different

fro¡ä zeTo (p <,Ol-). +nalyses of the data shor^¡ed that for

every ten pound increase in hot, carcess ireight carcass length

increased "?5 j-nches, mean carcass backfat *uhiclcness increased

"OóS irrch.es aüd. lrlongissimus dorsilr area increased .L6 square

inches.

Sex was founcl to have an important influence oi'ì all

carcass traits. Carcass length 
",ras "L.5 inches i:tore, mean

carcass backfat i;hickness riüas .09 inclies less and lllongissirnus

.d-orsilr rnuscle e-re¿r. ,Lia-s "37 scluare inches i-nore for gilts tiran

for 'rcarrows. lhe sex effects on the ¡-rerfortnance tra.iis were

sinall and significantly differerlt from zera (r' 1"Q5) "

1-he irheno'ûyì:ic correlations estiiriated tÌre ini;erde-

pendence alìong a].l ti"a j-ts. i,Íeasure¡rerits at birih a-nd weani:.rg

ilad- liitle associaf ion i'¡iih carcass ileasurerrients. Statisti-

callv siørrificant correlatj-orrs (i'1.Of) .',.,.rere Í-ouncl for all

carcass measurerilenis excepi betrteen carcass length a.nd loin

eJ¡e area.. irost-v¡eaning average da.il1i gain had a. srnall- bu.t

Í'avorabie associaiion ivith a-il tire other traiis except lrith

tire tr¡,¡o lneasures of backf a.Í: tÌrj-cklle ss.

an esiima-te of heritabilit¡r wa.s calculated f or each

of ihe íollor'ring chara.cters (tire value 1n brackets is the esti-

ma-r,e) : b:-r'Lh weighi ( "10) , tn¡eaning weigh't ( "03) , post-t';ea.ning

average cì.aily gain ("33), ce.rcass iengtir ("50), loin e)¡e a-rea
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( "56), live probe bacicfat ("f3) a.nd should.er (.26J, rib (.4þ) ,

loin (.25) ancL mean ( "35 ) carcass backfat thickness" These

are al-l '-tithin the ratlge of those reported by other r,vorkers"

Genetic coruelations found among traits ulere gener-

,al lv ferrorahl ô ñ^ +i¡n+ mn¡n{-i ^ ^^ìh .^- a .i;rait v¡ill- be en-aJ-J-J Id.VvI aUJÜ Ðv t/l¡d'U åslfçtJ.L\, ¿i4.J¡r rvI

hanced in a progrârû of simulLaneous selection' Three genetic

correlations l^rere f ound to be unfavorabLe. They vrere bhe corre-

l-ation betr'¡een weaning weight and mean carcass backfat, post-

weaning gain and carcass length and post-weaning gain and mean

carcass backfat. In general the utagnitud-e of all the genetic

correl-atj-ons v¡as higher than of those r,vhich have been re'ported

in 'ûhe Ii'üeraiure.

The irra-gnitude of the ireritability estimates of most

of ihese traits j-s large enough to suggest that inrprovetnent is
possible given a favorabl-e seleciion differential"
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"07?t+
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Y
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I
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4.L6'7 .LL7l+
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F1 /< h I { I tA | 

^) o ../*) av )¿v
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4.O79 ,L259
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TABLE VII - i Ài\üS C¡Jìtli.SS lrtl'IGTH

Year, Season, Line Barrows ñ î
-ó. r) cl! ¡

LTII U Þ

X S.EO

OU

OU

OU

OJ

ñl

ol-

a\ ,/

o/,

()/

6+

A+

!T

Sn

Su

ñ
.F

I r'l!t

q,,
}J U.

r

I

t,a

t
2

I

I
2

?

ü.

I

20
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1ìtL
nc\aÕ
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/, 1

5?

IvZ

2ô

L

a

30"58

JU. OO

30 "49

JV "ö¿

30 "93

30.57

JU. OO

30.3L

)u.óY

30 "65

30.72

3r"o7

3L.29

3L "2O

30 " s/+

3L"l+2

JI "OO

30.72

JL. áO

"L22Lr

.?oL5

r n¡¿\
o IUJÖ

" UÒUÕ

. 1009

. ogo8

"ro53
oL))v

" r&31

"UÖLá
n,¡ cÌ ¡oUloQ
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. lo3l

.QY /O

.LO77
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3L ' 5l+
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)Lo)t
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"L587
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TÁ.]3LE VIII _ iVi¿Ai\iS . JlTEÀii Ci.I"CASS BÂCIffAT

Year, Season, Line ISarrov¡s
'r'q

À ,J.)).
1¡Q?JL U.iJc

5q
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OI

OI
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o¿
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ñ
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I
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Lc)O1
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a r .iì
L ø Lt¿() L
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1 ary1

I"JOÕ
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'l r(}^IoI(J\J
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I I AA

LçL))

1 .120

.oL79
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.o2L9
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Tå¡LE lii - P'EGP'ISS-ICIì COEtr'FIÜIEì'TS 0]-
C'tiiCÀSS i"rrjåStji'ili.';ti',TS Oiii i-iCT t:rR'CÁ.SS

';EIGHT 
(ïCUì{ÐS) S]IFI:iF¿IiTEIY BY S]TX

r-¡--,.i + ^ uaJ o U.Uo

Carea,ss Lencth (iirches)

Shoulcler Backfat rl

Rib Baciríat 11

],oin Backfai: Ir

iiean Bacl<fat ii

; 
^ì- FrÌ^ 'ir^c 

( -", -r'nnJ¡nqì
!\J¿!t ¡Jrv ti ßr ça \ ùvl ô !rrwltuu ¡/

Carcass Length (inches)

Shoulder Backfat 1l

ll,ib tsachfat

Loin i3acl';fai

jLtean Backfa.t

:f ^.:- 
-ñ--^ r,ø^^!\,/J-rr JjJyc i1¿rtd.

lî

( sq" inches)

;laruohle

tAttvt

I 
^'7

tvt

I A.l
IVI

767
,'t A,t(vl

)o+

\;.L I TJ Ð

l+L1+

4L4

L,,L11

4Ll+

l+Ll',

IOO

.0265

"oo73

.00ó4

"oo7 5

.0071

. UI¿lO

"a226

.ooóg

.0055

nnA't

. UUOJ

.o?o3

.00/+0

" c00g

" 0007

.0009

.0007

"oo29

"oo52

.001-l

"0010

.0012

"0009

"oot+5



Total nih¡nber
Born

Total ltumber .ó8
-,; eaned

Birth -.28
r;,ieight

i,jeaning -.28
\J e ight
F o st-'r'Jeaning
Gain

Live lrrobe -.OB
B ackfat
Carcass -.Oz
Length

I'Iean Carcass -.04
ll a ckf a.t

Loirr rlye "Oz
Area

Age at
i{a.rket

'l.tiBi,li X - il,ilEll0TIT'fÜ üÜiiijiilL;-rTlÜti,S ,5jj,'.ù.[i]iTjiLY tsY SE];

(barrorvs above i,ire dia-gonal and gil'bs belotv the diagonat)

liumber ltlumber llirth
Born

otal

- "21+

-.L3

- ^17

-.23

'i i^-r"i n^!J E;G¡¡I¡¡ó

- "21+

-.?5

o)+

UbU- !JV E

- "ut

nv)

^n

o WAþ

i,^qni rræ l.)r.nha
JJ \;d,IrIIIÈ; r J. vrJU
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t¡
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-oUÕ

r\rt.v2

â

.r0
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.ll

- .01

tl?
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"UO

-.uo

'lô91.ì
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- "o3

-11

" l-r

^t- uVLl

1-¡

'"oY

"02

"01

- "o3
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"2L

r¡i
o 4c)

_.L9
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.L3
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-sIO

/ìÃ
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.00
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- "o2
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TABLE XI AI'üALYSTS OF -fÀÈ AJiOE

Traits
Source of
Variation

luiean
Squares \KJ ValuesA1

Birth
rT eight

1'Ior n'i n o
if eíght

Live
Frobe
Backfat

Posb-ï'ieaning
Average Daily
ar^; *\t4rtt

Carcass
Length

i{ean
Carcass
Backfat

Loin
Eye
Area

a /^-'-F| 
^ 

ixhLov)v/,

"7LO5¡ ¡ cl¡.)4ö )
- ñ^AoI /Uö

L79.1200
t / ¡/ / 

^40. ¿OO J
36 "841+4
LL.7 Ltg?

11^/

" LtáO
.0086
"0066
"0049

"t7L5
"Q373
"o?o7
"aLzU

5 " 5l+8t+
r F.ìa 

^L. )öL¿
"7279
"3909

"7 b95
"0318
.0165
"0131
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.3037
"L39L.l-1&l

I
2
)

I¿

1¿
t
a)

1
L

1
a
I

1
L

'tÀ

a

Ä

S
D
T,rI

A
ù
D
\,\i

A
S
D
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S

D
T"1
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A
S
D
ìri

À

D
l,j

A
S

D
\l"J

Ið
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11
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IOU
3L2

I
1+5

L22
¿oo

Iö
èF

¿lo

l.Õ
ó>

2',|^
öáa

rc!IO
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ö/./-

11
5L+
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a't 2

?.979
^ r¡\AJø)óó

r^ r\a FIU c ÕI2

^ ia^
¿ "LOJ
/, . ó)I

a --'/ "or>

^ ^d^¿ "¿ó¿
2 "955/¡ /'/ 

"o+o

2 "979a r .\r\
)c)óó
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ta)öóArÈIU. ör)

2.979
^ r A¡l
J"2óöI ^ .+a rIU o OJJ
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^ 

a;Éì
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T.{BLtl XII - AlirrLYSIS OF COVARIAI\CFI

Traits
Source of
\¡^.^-t -+ -i n.^v d.l" -L c- u r v¡r

j.ieaI'I
Crc¡ss -
Producis Ilrlrroq(t )

lJ J I Uff !r ç rÈ;¡¡ u

^ '.,1alfu_
i.:^^--;. ^ r':^i 

^ì,-{-.i UctlrJ-IIÈi :l crl-ó1Lu

Ë; Þ+ 1.. : i^i ^.1,rl-lJ-i-r U¿l ,il ç!E;¡¡u
and
live Probe
Backfat

'3 r -ar r1 \. i ô'l c' n-r.

^*-t
Þnef--ìionlri lrø

Gain

D-LJ. U!I. IiçIó¿¿V

and
Carcass Length

Ure+h !l^ì..!ht,!J. Urtr !! V¿ó¡¡v

and
i,iean Carcass
Backfat
LJìb+h,l^aßhî.uJ¿ urr trv!ó¡re

^,-,tqIIU
-f .ni -n Tft¡a t¿v,an

l ; ôâ 7r i rr o i:Jo'i crhf.iú çelrJ¡ló tt vJ6¡¡v
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Live Probe
Backfat

Iieairi nr' '"ieÍEht
.. ... ,lAIIU
¡^^¿ l, ^^-,.-¡'^-r (Jb u -rJ ed..tirrrÉ
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:i^^*-i-^." :1^; -l^t'1|j Yd,lr-L115 l¡ \t + È;r¡
^-lc,r i-Ll

Ca.r'cass Length

I
2
?

I
a
3

I
2
3

I
2
3

I
2
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I
a
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?

t
?
3

I
2
?

É,

S
D
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S
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À
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D
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A

S
D
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v
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!Í

h
q

n
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A
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"i

IO

¿/a
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a

L22
¿oo
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ÊÃ

ÈIv
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IO
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ai- -lo4á
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Xh
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IOU
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l+5
L22
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rc!IO
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¡,- Iálo

1S
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!. )vv )
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- "L473
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oLL¿/)
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.I32O
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^ 

T1
ø ) ) /L

.oo27
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"c950
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- .2L28
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-.O331+

L.51,,31+

"3LO9
.2334
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"l+41v4
I.BL72
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- /t F
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^ rê'A
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? "979. r aiaì
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a ¡ /a¿.LOJ
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I ov) )
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^ 
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?.955
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-). ltvv

-\.. F

I u. ÕI)
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^ r rì¿\j")óö
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T::iBLE ,{II - ¿i.¿LIíiIS Orr C0\i,*'"r¿i'itE (continueo-)

Trait s
Source of
Varia'b ion

jf,eâIl
0ross-
Frooucts (i( ) Valu-es

*eani-ng i;eight
and
joiean 0arcass
Backfai

l;ieaning iieight
^," ^cllu

Loiir Eye Àrea

Live irrobe
Backíat atrd
i-'ost -i'' eaniitg
Gai-ü

Live irrobe
tsac}:fat atrd
üarcas s
Length

Live Probe-Baclcfat aniL
iteaü Ca-rcass
Bacicf a-'l;

Live Pr.obe
Baciifat
^*^áIIU

Loin Eye Ai'ea

P os'L -'u'ieaning
Gain
and
Carcass T,ength

P ost -víeaning
Gain and
i'iean Bacl<i-at
Thickness

!'ost-l: eaning
Gain and
Loin Eye area

T
á
3

I
2
1)

t
2

3

I
'2
a)

I
2

3

I
2
?

.f

'n

'ií

l-B
()2

'>q A

822

L1
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rÁn
.l /)

I
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L22
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I
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t//

¿oa

I
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L22
¿oo

s
l+5

L22
¿oo

18
.)rö)
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ri.¡ o0L /:
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ö2

"'7^.:.- -oa4
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IOU
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"oL29
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T:IBLE XII - iri¡jiLYS-S Ü¡- CCVÀilI*lìiCr! (continueiL)

Traiis
Sou.rce of
Variatioit

1.ied.n
tross-
Prodr-rcts ¡ì \l1(J VaIU_eS.1 -i'u.I o

Car"cass Length
and
jtean 0a-rcass
Be.cirf at
rì^-^^^^^ î ^- ^.+huc-J. L;cLÐÐ !r\trråu.
^.- JcLrrL{

Loin E)'e Area

iireair Carca-ss
!t urlJ c. u

and
Loir:. iiiye area

IÓ
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1-lI+
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1óO
?12

't1
IJ.
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a'1 -)

-r.lLg3^^/ |
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r e\^ t
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- "o255n¡ a /
- " UI¿O
- .0063

2.979
¡ r d.c\)ø2öO

ì ^ ¡ìr rIU " riJ.2
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h
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t
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