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ABSTRACT

The Effects of SLneland'of Inbreed.lng'of the Dam and of the

Llttef' on Preweanlng Traite ln a'Closed Breed.of, Swine.

by Kelth Ì,llchael- Krotch

This study was to examine the effect of the 'sLret

the effecü of lnbreeding of the dam, and the effect of in-
breeding of ,the litter on various preweaning t,rai-ts. The

tralts studled were: total number of pigs born, number of

pigs born al-j.ve, number of pigs at three weeks of age, indl-
vidual birth wei-ght, and. individual three rveek weight.

A total of 53O eli-t f-itters, slred. by ir9? boare,

supplied the data for this stud^y. The d.ata ìvere coll-ected

from two separate 1lnes of swine of the Managra breed over

a perLod of slx generations.

A nested classificatÍon was used to analyze the

varlance ln al-l five prev¡eaning traits for effect of slre.

The effects of ínbreedÍng of the dam and of the l-l.tter on

these same traits were expressed by the changes in each

trait for each ten percent increase in Ínbreeding.., Estt-

mates' qf heritabilítfl for i eacb ..ef ; the : tralts . w€rê obtained.

frÇE paterna! þell-"iþ,,,gog1e1..q.tiq+,r,

A significant effect of sire on lndlvldual

week weight of offspring (p < .O5) waÊ found for one

¡-

three



the two llnes of swine studied. rn all other analysesr tro

effect of sire was evld.ent.

: Generally, the preweaning traits showed a nega-

ttve response ae inbreedlng of the dam and of the Lltter
lncreased. The inbreeding of the Lltter had a greater

effect upon Lltter slze and lndlvldual plg wetght at three

weeks than lt dld at birth.

, Estimates of heritabillty of l-itter slze obtairr- ..,.,,, ,, .

,:t,,-,..-, ...,,:.,ecl rfor each of the two groups were: - O.Oj ! .O2 and .,

0.o5 I .o3 for the total number of plgs born, - o.oL: .oz ',.,,'1,;';,.;,
:.::.j l: r:::.'l::

and O.O3 ! .O3 for the number of pigs born alive, and

O.O4 : .O4 and O.O9 L .O2 for the nunber of plgs at three

weeks of age. Estimates of herj.tabil-lty of Índlvidual
blrth weLght for each group were 0.04 I .15 and. O.l-1 : .!j, 

l

I

and for lndlvidual three week vreight, the corresponding 
i

estimat,es of heritability for each group were - 0.16: .L4 
l

and o,25! .!7,

¿
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INTRODI]CTION

The economLc lmportance of preweaning tralte ln
swl-ne has long been recognized by swine breeders ánd con-

mercla]- swlne producere. However, selectlon for improved

reproducttve perforrnance has been re1at,lveLy Uçsuccessful

due to the Î.ow heritabil-tty of rnost reproductive tralte: - -

Litter size is of maJor concern to sllne breeders

a6 the number of plgs born has a dlrect effect' upon t'he

lntenslty of selectlon that can be applled. Total lltter
welght is al-so infl-uenced by litter slze to a large extent.

Indlvidual pig weight and average lndlvldual plg welght

at birth and at three weeks of age have aLso become in-
creaslngl-y fuaportant as producers at,tempt to reduce the

nunber of days to weanlng. Despite the large roLe these

tralts play in the swine lndustryr apparentl-y Little can

be done to improve them by se1-ectionr as the proportion of
a.dd.itlve 6enetlc varj-ance associated with these traits is
rather f-ow.

Research reports of factors affecting previeaning

traits have been varlable in their conclusions, with dls-
agreement as to. the degree to which certain factors exert

their effeit, and. as to the magnitude and sígnifÍcance of

tl" genetlc parameters estinated..

This study v¡as undertaken to exami.r"'an" effect of

sire, the effect of lnbreediná of the d.am, and the effect



2

of lnbreeding of the l,ltt,er on litter size and on lndlvldual
blrth and three week welghts ln the Managra breed of swine.

1.
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REVIEiI OF.LTTERATURE

Effect of Sire on preweanlns Tr?tts 
,

There are confl-lctlng reports concernlng ttre effect
of si-re on various prenreanlng tralts ln swtne and other
species. RahnefeLd and Swierstra-. (tgZO) found that the

boar had a stgniflcant effect upon the total number of plgs

born, the nunber of pigs born alive and the number of plgs

weaned at 56;days of age. Differencea in semen quaLity of
the boars waÞ suggest,ed as e posslble cauae of the differences
betiveen slreË wlth respect to lttter slze. A signi-fj-cant

:

effect of sire lvas also observed by lvlinkema (1967) on total
number of pig:s born per gilt l-itter, but not on the number

of pige born alir.'e. Schtl-Iing et al.. (1968) observed a 6ig-

niftcant effect of sire on litter size in mice, which they

attrlbuted to rrossible dlfferences tn semen qual-lty or hor-

rncnal actlvity among the sires. Hancock (1949) as clted
by Schtll-ing et aL. (i968), found that bull spermatozoa may

have a compositton that could cau6e a fertillzed ovurn to

split. l"lonozygotic twinning produced by certain bulls at

hieher levels than coul-d be attrlbuted to chance alone,

served as the basj-s for Hancockrs proposltton. An increase

in the number of mul-tipi-e blrths l-n sheep by selection of
males r'¡as repoíted by Turner et al_. (1962). The authors

felt that perhaps the estimates of heritabll-tty for ihe

inctdence of multiple births had previously been too 1o,¡r.

They suggest that eel.ectlon for this trait may be successful,.
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4 r'.': 
:

able to detect a slSnlfLcant slre effect upon the nuüfber of

p1g6 farrowed, the number of plge weaned, the litter welght

at farrowlnE, and the lltter wetght at weaning (56 days).

DzaparLdze, (Lgtr), Kralllnger et a1. .(L934) r" âDd Musson

(1946) as clt,ed by Rahnefel-d and Swlerstra (1970), all

reported,l-lttle or no effect of slre ån l-itter slze in swlne.

fnbrëèdlng'and Pre.wéanlne TraLts -

The effects of level- of lnbreedlng on preweanlng

traits as wel-l as on nortal-lty have been extenslvel-y studl-ed

ln swlne. Bereskin et al-. (1968) revlevred the llterature in

thls arêa and reported that, in general, as the inbneedlng

of the dam and the inbreeding of the ll-tter increased, a

correspondlng d.ecrease ln l-ltter slze occumedr âs wel-l- as

an lncrease ln plg rnortallty and slower growth rates. In

their study, the lnbreed.lng of the lltter waa reported as

þavlng no effect on litter sLLe at, farrowlng, but a generally

signlflcant depressl-ng effect on average birth weight per

plg faryowed. The inbreedtng of the dam was found to have

a slgntfi-cant effect 1-n depresslng lltter sLze and. the

average blrth rvelght per plg farrowed. At weanlng, the ln-
breeding of the litter had an effect on litter size, and an

increased signiflcant effect on the average weight per pig

compared to tbe effect at faryowing. The inbreeding of the

dam had no effect on the number of pigs weaned., but dld

have a direct lnfluence on average plg welght at weanlng.

itr"u" researchers-also performed. a study on the effect'of
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r:.: :'::j.:,.

lnbreedlng of the sire on the nunber of plgs born and the

number of pigs born aLl-ve. No slgnlflcant effects were

reported, and Lt was suggested that the l-nbreeding of the

boar did not affect his reproductlve capacity such that
the slze of his lltters would be affected. The effect of
lnbreed.i-ng of the slre was omitted. from subsequent anaLy6es.

The rel-atively small- number of records avall-able and the

wlde diversity of the genetic materiaL studied. were two

reasons given for the l-arge variation ln results seen Ln

thLs study.

SLmil.ar resul-ts to those above were reported by

Bereskin et al, (l-]i0) for the effects of lnbreeùing of the

d.an and lnbreeding of the l-itter on traLts at farrowingr'
I

for the effects of inbreeding of the l-i-tter on tralts at

vreaning, and .for the effects of inbreed.ing of the d.am on

litter saze at weanÍng. A generalLy depressing, but non-

sf-gnlficant, effect of inbreedlng of the dam on the average

welght per pig at weaning utas reported. Path diagrams

from this research índicated that the inbreeding of the

dam exerts its greatest effect at or before birth, and. thls
shows up in the traits at, farrowing. The inbreedlng of

the l-Ì-tter, horvever, becomes more 1m¡nrtant after famowing,

exerting a stronger i-nfluence on l-ater preweaning and ïÍean-

lng traits. This is j-n agreement v¡ith Urban et al-. (1966)

who reported that as the age of the pig increased the effect
of the inbreedlng of the dam d.ecreased, while the effect of

inbreeding of the f-itter increased r,vith an increase i.n age

of. the pl-g.



',Tintere et aL . (1947) clted Mcphee et al . (L931) a6

havlng re¡nrted a decrease ln vitaLtty of new born plgs and

a subsequent d.ecLlne fn eurvLval as lnbreed.lng lncreased
i

rapldl-y. i A decrease ln the sl'ze of the lltters ylelded a
:

lower total wean:Lng welght. r¡Tl.nters et al . (A94V) investl-
gated wha,t effect inbreedlng aa wel_l- as other factors had

upon the 'survival of the litter from blrth to weanÍ.ng. They

reported 'that the effects of inbreed.lng of the dam and of
the l-itte:r were not elgniflcant on survtval. The averaÊe

birth weirght of the 11tter was found to have the greatest

effect upon ptg survival. A low assoclation between in-
breedlng ,of the litter and mortaLity wa6 reported by Fahmy,

and Bernard (1971), who found that for each 1-O percent

lncrease ln lltter inbreeding, the percent survival r¡¡ould

be expected to decl-tne O.7 percent. Bereskln et a1. (1973)

found no effect of inbreedlng of the dan on pig survival,
but reported a 1.2 percent.decline ln survtval- for every

10 percent increase in litter inbreeding. lhese researchers

rvere abl-e to account for JO percent of the total varlation
by comblntng all the estimates of the rel-atlve contrlbutions
of dlfferent facto:'s affecting the varlatl-on ln survival-

rates. The remainder of the untdentified variatlon tvas

assumed to be random in origln, lndlcatlng that survlvaL is
a compLicated trait v,'hlch 1s affected by many unknown factors.

HerC-tabtllty and Prevreanlng Tralts

Slgnificant estlrnates of herltabll-ity of lltter slze

in sv¡ine, accordlng to Urba.n et a1, (1966), are sel-dom





wourd reeult in Low herltablllties and eelectl0n for in-
- creaeed lltter eize wouLd be ineffectlve. Thls study also

' r*ported that a grand.daughter-granddam regresslon ntrght
:

eetlmate of herltabl-Lity for l-ltter slze by the above

method waa reported to be O,Z8 I .26. The heritabtltty
estlmate by daughter-dam regresslon wa6 O.13 1 .A6.

Fahmy and Bernard (tgZO), used the paternaL haLf-

si-b correl-atlon to estlmate the herltablLity of body

vreights. A value of O.O? ! .JJ wae obtalned for herlt-
abllity of birth weight, and O.1O : .56 was obtained as an

estimate of herltabll-lty of 2i- day welght. Unwelghted

averages of eetl-mates of herltabl_llty were re¡nrted as 0,17

and O.O9 respectively for the above two tralts.

Research on the l,ianagra breed of swlne developed

at the University of Manltoba, was reported by Stockhausen

and Boylan Q96O. They obtained estlmates of the herlt-
ablllty of lltter slze of 0.20 I .!5 by the nethod of
parent-offsprlng regressLon, and. O.59 ! .Zg by paternal-

haLf-sib correlatton. The neasure of l-itter slze was the

number of picqa born aLive l_n 911_t litters from 196f to

1965. The authors feLt that perhaps the l-arge estLnates

obtalned could be expLalned by the fact that the Managra

was a reLatlvel-y nevr breed, and possibly had a greater

amount of genetic variance present than some standard

breeds of svrlne.



|::r::r::;; :
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Roy et al. (1968), alÊo worklng lslth Managra, rêport-

., ed the estLnate of herltabllf.ty of birth weLght eetl-mated

r,.¡ from ¡nternaL haLf-stb coryelatl-on to be O.1O I ,L5, The
. t. 

_I,l. data came from glLt littere farrowed durLng the yearg 1959

to Lg65.
' j,

In conclusLon, 1t appears that researchers dlsa$ree

':. on whether or not the sl-re.has any slgnlficant effect upon.

.',: Lltter -size, and lndivldual and..l-ttter rvelghts. Hourever,
, 

" 

-{,i

, sone agreement on the effects of l-nbreedtngl'.õn these traits

'i:' hás been reached. In general, as lnbreedlng lncreasee
+.'

preweantng tralts suffer some reductlon. Also, the reports

indicate ùhat the inbreedlng of the dam pLays an lmportant

rote on tralts at famowing, but gradual-ly decreasèst.l lit'lth

increaslng age of the l1tter, and that lnbreedl-ng of the

said that there is a l-arge amount of relati.veLy unexplained

varlation associated with these preweanl-ng traits. Conse-

to obtain,
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ì,ÍATERIAIS AND I'IETHODS

Source of Data

:

,. The data for the ariaLyses were obtatned from records

of the Managra breed of srulne, developed and. nalntalned at 
..,,,,..,,1.,1.1

the GLenlea nesearch stati-dn, unlverslty of Manitoba. The

Managra has been deveLoped from a foundatlon of seven dlf-
ferent breeds to provide a nev¡ breed of swlne to be used 1n -,,..,.,...

,,¡',i,.r:.,.,-1,. :, I.

commercial crossbreeding. :The foundatlon breeds and thelr ': :::: :'

-- ..:;.. .. ì.:' ::approxlmate contrlbutlons to the Managra are: Swedlsh Landracer ,.:,,.¡,r"',.,''.':'

45 percent; 'vïessex Sadd.leback, 20 percent; !?eLsh, lZ percent;

v¡ith the remainj-n g 23 percent contributed. about equally by

the Berkshire, Minnesota No. 1, Yorkshlre, and Tamv¡orth 
l

breeds. 
,

I

Ln 1959, four separate 1lnes were formed from the :

:.
gene pool- presented above. These lLnes were maintained inde- 

l

pendently of each ot,her untll A967, when the number of Lines

wasreducedtotwobyt-1ne-cross1ng1i-nes1and2tofortl
'' '' .''' :

Ifanagra Group A, and linee J and, 4, to forn Managra group B. "',,,",.'.,,',t','.
i.:::::':: : .: -

Group A famows i.n June-July and group B famov¡s ln January- ,,,,,,,',1,ì,,,,_.,.,..

February each year. ALl the Lltters produced. come fror¡

gllts mated to young boars of a sinilar age 60 that .the

generatton intervaL te one year. :::.:.:.:.i.,
¡',,rt-,- .r,. ,' .,,r,.,,,;

At weanlngr one to two rnales are chosen fron each

of the best lltters of a group. Usually from 60 to BO males

make up the total. At 2OO pounds these young boars are
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ranked on the basls of age and. backfat probe, and the best

2A to 25 are kept, along wtth about ZO to lJ contemporary

gtl-ts, selected on the 6ane basls as the boars. At I to 8å

¡nonths of age the best 15 boars are pen-mated, one boar to

flve gllts. lhe matlngs are planned to nlnlnize lnbreedlng.

Only anlmals wtth no connon ancestors ln the flret two

generatlons of thefr ped.lgree€ are aLlowed. to nnate.

Lltters fauorved ln June-Jul-y, 1968 to L9T3 Íncl-u-

slve (sroup A) and Llttere farrowed in January-Febnuary t ]1969
I

to L974 lncluslve (eroup B) provi-ded the data for this study.

The t,wo groupÊ A and B were maintalned lndependentLy of
each other for the nost part; however, aone i-ndlvi.duaLs of

i

one group $rere mated to indivlduals of the other, rusual_l_y

as a resul-t of a shortage of good performance sires ln one

of the groups. ,

Al-l- the lltters used ln this study rryere maintalned

at one locatlon. Onl-y two lltters that farrowed during the

periods studled ln both groups vrere omitted fron the analyses

due to.f.ncomplete records. Nine Litters tvere also omitted.-:

because: ,the gilts had been pen-mated rvj.th more than one boar

and therefore, the sire of t,he l-itter and his inbreeding

value eoul-d not be determined. A total then of 53O l-ltters
sired. by 19? boars provid.ed the d.ata for this thesis. A

breakdorvn cf the number of slres and. litters by group and

by ;reneration 1s given in tabl-e I.

The Þreweaning traits under study were Lltter slze,

ind,ivlduaL birth rveight of pigs bcrn a11ve, and lndlvidual
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pig welght at three lveeks. Litter eLze ïyaÊ subdlvided into
the totat number of pigs born, the number of plgs born aLive,
and the number of plgs allve at three weeks of age. Anal¡rsls
of varl-ance and covarlance, and estlmates of herltabiLity
for theee ftve tralts, were obtalned separatel-y for each of
the tv¡o groups of plgs.

rnbreedlng coefflclents were estlnated as ehown by

Rtce et al- . (196Ð. One-hal_f of the numerator of the co- 
,

efficlent of relatlonship betureen the sire and dam, ot or,"-,

ha1fthecovarj.ancebetweenlthes1reanddamy1e1dedthe

lnbreedtng value for the offsprlng. The covarlance betl,¿een:

eire and. dam was caLcul-ated by taking one-quarter of the j

sum of t,he covarlances betv¿een each of the parents of the

sire and of the dam.

Sta t,istical Analysi-s

For Litter elze, a hierarchaL classlftcatlbn was

used to anal-yze the data on a wlthln generatÍon basis, with
sires and Litters wi-thin sires (emor) a6 the sources of
varlatlon. The form of the analysls ls presented in tabLe II
as weLl as expectatlon of mean squares.

The varlance of the variance conponent estirnate of
the sire (s) and the stand.ard error Ìuere calcul-ated by the
general forr¡ula (Anderson and Bancroft, irgSz) as demonstrated

tn Becker (1962):

L3
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-['i:,1.ìií'::J
l ¡¡1" t:'

var

MS=¡o t)
'

'fo=

xMs2,go
f +2
I

,2|. Ø." )ã #(

where:

s.E. ( r'rr);

K = coeffi.cient of the variance comtrnnent
beLng estlmated

the gth re"r. square uÊed to estlmate
the varlance conponent <of, I
the degrees of freedon of the gth
mean square.

¡

The isLre component of varlance (S) estimates one-

quarter of the addltlve genetlc varlance. The total pheno-

t,yptc variance of the population wa6 obtained by sumrning

s and '.T. The estimate of heritabi-t-ity, whlch represents the

proportton of the total nhenotypic variance that is d-ue to

addittve effect of, genes, v/as calcuLated by:

)h-s

The standard emor of heritabll_lty
Dickerson, 1960) as demonstrated by Becker

calculated by:

s.E.(ot)=4 var I ozs )

22og" olilr

(uodifled from

(L967) , was
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wherei :

2
or's = s (eetlnatg of slre conponent

t , 
of variance)

i o.'''' = lï (estlnate of wlthln con¡nnent
j of varlance)
:

A hierarchal classlflcation rvas aLso used. to analyze ,,,,1, ,,,

' th" data for lndividual birth welght and lndlvldual three
v¡eek weight. For each tralt, a pooled anaLyels was perform-

ed across the si.x generatlons. the forn of the anal-ys16 ;,.,,,.:.,:,...,-.:-
' was slntLar to that ln tabLe ïïr wlth the add.ttion of be- : ': :,': :-

: tween generations a6 another Eource of varlatlon. i:,.i,::,r:,r:,,::
: : : :;l

The varlance of the varlance component estinates and
:

I tne standard. errorg were calculated by the method of Anderson
:

and Bancroft (195Ð. The conlnnent (S) l.s estlmated by: I

s = [", - ril þ <", - Ms rl/.,LKî
where, ' 

,

:

S = the estimate of the sLre component
of variance.

l'ûrere:

From the estimate it can be shown that:

var (s) = [u'. 
(tt.) * 

(ffi)t 
. var (r,r2) *(-r;.r*.)t,

r: :::::._::.:
:.-l-:l_1::,

\rar ,"4,1,, 'i ',:,..,'

/^3

Var (S) Variance of S

Var (M1) = Varlance of the mean square for
bhe sires source of varlatlon

Var (MZ) = Varlance of the mean square for
bhe dans wi.t,hl-n slres source of
variatlon

Var (l'fa) = Varlance of the mean square for¿ the progeny withl-n dams withln
slres source of variation.

.. ..'a-



16:

The varlances of the mean squareE were approxlmated

bf subltltutlon of the observed nean square for Lte expecta-

tion l-n the general expressLon:

Var (M) = 2

where:
M=
E(M) =

d.f. =

any mean square
expectation of M

d.egrees of freedorn for the mean
equare M.

The etandard errors forvarlance of the variance con-

ponent estlmates lrere caLculated by taking the square.root

of the variance

,' The sire conponent of varlance (s) represente one-

quarter of the additlve genetl-c varlance. The total pheno-

typlc variance was cal-culated by summing S + D + TlI, and the

heri'tabil-lties of individuaL birth welght and. individual- three

week weight were calculated by:

)
ht. = 4SD SrDclü

' The standard. error of heritabtlity (modified by

Dlckerson, 1960) as descrlbed by Becker G96Ð ls:

s.E. (h 2s) 
= h ,f v^, ( cras)ffi

where:
var ( ozs)

2cts
2

crD
2

CIur

Varlance

s

D

ofS

d. f.

=ïr
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TABLE If. Analysls of Varlance and Expectattons of Mean Squares(Lttter Slze)

Mean Mean Square
d.f. Square Expectattons

Slres 6 ..- G Ml Vrt + KS

Lltters wlthln 6ire6 nr 6 MZ tV

u¡here: G = total- number of generatlons

a = total number of slres
l

i n. = total_ nunber of l_itters
:

K =*' ("'-r"t\
\ 

-t
t II . .-

n{ = total nunber of offsprlng fron the 1th slr"I

S = varlanee due to dlfference among slres
trV = variance due to differences among l-i-tterswtthln 6ires.

Source lof
Varlatl-on



TABLE ffl. Analysls of Varlance(Indtvt¿ual Bi-rth

:.. .

and Expectatlons
l,irelght and Three

of Mean Squares
Week Welght)

Mean Square
Expectatlons

!T+KaD+K-,S

d. f .

s-G

d-s

N-d

Mear¡
Square

M1

M2

t43

Source of
Vari-atlon

Sl-res

dams wlthtn slres

progehy wlthin dams
wlthtn slres

where:

W+KtD

G

s

d

N

K5=L,
E-G

= total
= total
= total-
= total

nunber of generations
number,of sires

I

number,of dams

numberlof progeny

Kr= 1.
d-E

s-1

i

f I n2. .lr.1 rJl

-l

tl' J

fl'tiI""j -

r
E
1

Kzj

total- number

total nunber

variance due

variance due

varlance due

n.1.

N- X 
"?11.

n.
]r

n..r-J

Þ

D

ut
YI

of offsprlng from the tth sire
of offsprlng from the Jth Aut

to dlfferences among slres
to dlfferences among dams

to difference among sf-bs
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'-':- An analysLs of the sums of Bquares and products for
the effects of percent lnbreeding of the litter and of the

dam (X or índepend.ent varlables) on'the flve prevlouely nen-

tloned preweanlng traLts (Y or d.ependent variables) uras cot!-

puted ln the form shown ln table lV and d.emonstrated 1n

Snedecor and Cochran (Lg6n.

Regresslon coefficlents of the various traLts on

elther the l-nbreedlng of- the Litter or the dan on a wl.thln

generatlon basis were calculated. byl

b. SCP,X' (Emor) 
,/. ./ ss xx (Error)

'tt 
"* 

(u*or) - Rz,/u-e-r

!_.:¡

,-.:.:

)0(

Phenotypic comelatj_ons between

and. lnbreeding were cal-culated by:

fall1tvvv xr--**

where:
= s0Pxy (Emor) / d.f. (Error)

The standard errors r¡rere:

S.E. b =

covxY

2
9x'2
oi

(trryor)

the litter tralts

io.?o

= SSrof (Error) / d.f . (Emor)

= ss-_-^ (lrror) / d.f . (urror)
YY

I

I



The standard emors of
were calcuLated by:

the comel-atlon

g.E.¡ 1-r2

-

d.f. (error)

ïn the above analyses, the average welght of a plg
tn a lltter at blrth and at three weeks was used ln obtaln-
tng the covarlance of these tlo traits v¡lth inbreedlng
level- ln the lltter and the dan, as oppoeed to uslng the

individuaL welght of each pig in a l_itter.
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RESULTS AND DISCUSSION

Phenotypl-c means for ttre total number of plgs' born,

the number of pigs born al-ive, and the number of plge at

three weeks of age for each of the slx generations under

study are shown tn tab1e V for \otfr groups A and. B. For

group A, the. overall means and st,andard emors for the three

measures of lttter slze were 8.7¿ ! t14, 8.OO I '14r and,

6.67 ! .1! respecttvely. -For group B, the overal-L neans and

standard. errors were g.57 ! .L5t 8.86 I .lJ and ?.72 ! .!,
reÊpectively. These overaLl averages show that group B -

l-itters ïuere larger than those of group A by .85 of a plg

ln total- nunber born, and by .86 of a pig ln number born

alive. Ilowever, group B Litters were larger than group A

lltters by l.Oj of a P18r on the average, at three weeks of

age. lhis increase in the dlfference between Sroups for

l-ltter stze can be accounted. for by the'differences in plg:r

nortalitylfron birth to three weékÊ of age; Fromt the overall

àverages fOr .nümber bOrn al-trve ancl-numben at:three v*reeks",-

given'above, it was calculgted that 'percënt'nortaLl-ty rfor':

group A was 16.6 and l-2,9 for group B; - -

Perhaps Broup B pi-gs, whlch are born 1n January -
February as compared to Sroup- A plgs whlch farrow ln June

July, experience a more favourable envlronment d.urlng thetr

first few weeks of llfe redulting ln lower mortality --: '

in group B'. It could,also be that group B pigs are rnore

physiol-oglcally mature in terms of reproductlve capabllity

than group A plgs at time of mattng, which is approxlmatel-y

.... -"- -." *----;'- "- ^' - 

i:':i :1't : :': +:: ?:r : i t
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TABLE V. Generation ,Þleans and Standard Emors for Lltter Slze

Group Generatlon
TotaL Nunber

Born
Nunber Born

Al-1ve

B.7t ! .40
7.66 ! .40
?.8? !, ,23
B.2o I .30
T.B8 ! .jo
?.92 ! Jg

.i
(B.OO l' .L4)

8,gz !-

9.L1 1
9.61 I
7.gB !
9.65 !
8.BB:

(8.86 1

.40

.3t
"37
.4'
.31
.29
.L5)

Number at
J vr/eeks

?.2L ! .47
?.06 ! Jg
6.27 ! .30
?.L\ ! .3L
6.tg I J5
6.6g ! .Jg

(6.6? ! .15)

?,85 ! .41
?.59 ! .34
B.Lg ! J7
6.8j ! .42
7.43 ! .3Lt

8 ,29 ! .29
Q.?z ! .15)

t_

2

3

4

5

6
(Overal-1

' 9'o7 !
8J? !
g.4? !
9J4 !
B.69!
g.63!

Means) (8.72 !

.4L

.40
,s
.33
.29
.41
.14)

B 1

2

3

4

5

6

g.g5 !-

g,g2 !
1_0.17 I
8,44 :
g.2g ,!
9.65 !

.40

.33

.35

.48

.32

.3r

.l.5)(Overalt lrteans) (g.j? !



8 months after farrowi-ng. Ihls may explatn, to a degrçe,

, 
the general trend of group B to be approxlmat;lV one pl-g per

l-Ltter larger than group A over the three meaaures of lltter

"izetaken.A1though8roupB1ltteruil,*'"cons1etent1y
Larger.than group'A Lltters overall, there was no notlceable

change ln lttter sl-ze wlthl-n elther þroup through the sl-x

generatl-ons under study.

Of the average total nunber of plgs born per l-ltter,
$.J percent were born dead 1n group L and.7,4 percent were

born dead 1n group B (necrotlcs excluded), lndlcatLng that

the incidence of pre-natäL mortality ls l-ower ln group Bç -:r

Hovrever, the average number of pLgs born dead per f-itter
was almost idéntical fn the two groups'(.?e f-n group A and

.7L in group B).

The phenotypic means of lndivldual birth weight and

lndivlduaL three week welght for each generation and. for
both groups A and B are presented in table Vf. The overal.l

averages for group A were 2.84: .01 pounds for lndividuaL
'blrth welght, and 1O.t9 1 .O! pounds for lndlviduaL three

week vleight. The comesponding averages for group B rvere

3.06 l' .O1 pounds and 10.g? ! .O! pounds respectlvely.
Overal-l-, group B plgs tended. to be heavier at blrth than

group A plgs by .22 of a ]¡ound whlch is 7.8 percent of the

average birth welght of an indivtdual- ln group A. At three

weeks of age¡ the dlfference between the average weighte

of group B and group A increased to .73 of a trnund, but

eti1l amounted to only 7.2 percent of the average indl-vlduai -s

t,l;?;!i l.:.lt';:i'ììt::jJ:at,liiJ:.4.:i-i_..ì¿:_-:.::'.j-_:..i:_.:---:_::_?:) :). 1:.;-:r r'1.¡ .:_ Ì:i:_'jii:::i j
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TABLE Vf. Generatio4 MeaneBtrth !ïetght and
and Standard Errors
Three lVeek Welght

for Indivldual

Group

A

Generatlon

1

2

3
4

5

6'
(Overal-1 Means)

l_

¿

3

4
q

/
h

(Overa11 l"feans)

Indlvldual
Blrth lrelght ( lb)

2:?4 ! .04 ,

2¿8? ! .oj ..

2.91 ! ,o3
2.8g ! .O3
2.?3 ! .02
2.89 ! ,o3

(2.84 ! .o1)

3.O7 !
3.o4 !
3.oz !
2.97 !
3.O' !
3.:.6 !

(3.o6 !

.03

.04

.Oj

.O3

.03

.03

.01)

Ilndlvldual
] VJeek ì/rei.ght (tb)

9.68 : .a5
LO.67 ! ,L2
10.42 I .73
10.L1 : .a3
9.Bt I .o9

]:0,5' ! .L2
(ro:.r9 I .05)

1o.95 ! .14
1q.g7 : .!'
10. go I .L3
1l-.69 : .14
10.26 I .!z
11.10 I .L2

(10.92 ! .O5)

B
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three week welght of an indlvldual 1n group A. Thls tndt-
cates that group B plgs were'larger at blrth and al,so at
three weeksr, but Lhe dlfference between the two groups

changed only to a smal-l.degree tn terms of percent of body

welght.

lhe overaLL average rates of galn for both groups

from blrth to weanlng, caLcul-ated by taking the d.ifference
between the average lndlvLdual blrth and three week welghte

and dtvlding by 21, were t .35 pounds per day for group A, 
,

and. .37 pounds per day for group B. These resur-tsr å6 weLl,

as the reLatlveLy stable dffference'between groups for 
i

weights fro¡n blrth to weanlng, suggest that motherlng :

;

ìability ls comparabl-e for both groups e i

over slx generations the average btrth welghts and

average three week weights remained relatlvely the same and.

no conslstent trends, either lncreaslng or decreaslng, were

observed in group A or group B.

By multiplylng the average indirridual birth welght,

by the correspondlng average totaL number born, the average

total Lttter weight produced per giLt for both groups, was

cal-cuLated to be: 24.76 pounds for gnoup A, ancl 29.28 pounds

for group B. Apparently, group B ls superior to group A in
terms of reproducttve performance. This superlorlty ie pro-

babLy due, i-n part, to higher maternaL abllity ln group B,

a6 thls grouF not only produces larger Lltters, but al-so

heavter pigs.
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Analysle of varlance was performed on the total num-

ber of plgs born, the number born alr-ve, the number at three
weeks, lndlvldual blrth wei-ght, and ind.lvldual three week

welght for both groups A and B. (rne tabLes of analysls of
vartance can be found in the anpendix). The varlatio¡ due

to generationo ïvas removed from alL anaryses. A slgniflcant
effect of elre on lndivldual- three week welght of offsprlng
was found for group B (p (.05 ). No slgniflcant effect of
stre was evldent fron any of the remaining anal-yses. These

results are in agreement w:-th those of V/il-son et aL. (l.962),

and Dzaparidze (Ig3Ð, Krahl-in.ger et al . (LgÍÐ, and
i

Musson (L946) as clted by Rahnefet-d and Swterstra (tgZO),

all of whom reported no effect of sire on lltter size in
swlne. However, Rahnefeld and sv¡j-erstra (1920), and I'finkema

(196?) have reported a slgnlfleant effect of elre on lltùer
slze in swlne. The apparent effect of stre on three week

welght found in thts study would Índicate that the sire has

some tnfLuence on rvelght of plge at three weeks.

Further research on effect of sire for both Litter
stze and indlvidual pig vretghts shoul-d be carried out, per-

haps with a larger body of data than was avai-lable for thls
study.

For the analysis of 'variance of lndtvldual_ bl_rth

weight and of lndlvidual- three week welght, bêtween darns

vrlthin slres was included as a source of vartation and was

found to be highl-y slgnlflcant (p ç ,O1) ln both analyses
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for both groupg A and B. These re6u1t6 were not unexpecterj

as lndlvldual blrth welght ts infLuenced by the dams repro-
ductlve potentlal-, and lndlvidual three week welght ls

reproductlve potentlaL and.

mllktng and maternal abiLtty.

The average percent inbreedlng of the slre, the dam,

and the Ll-tter for each of the slx generatlons and for both
groups l-s shown 1n table vrr and presented graphlcal-l-y in
figures I, 2, and J. ft can be 6een that the two groups

posÊeÊsed approxlmately the 6ame average level of homozygoslty,
group, A belng slightly higher than group B, for the flrst
three generationso At thls point in time, some animalsr üïr-

related to those ln group B, were used for breeding purposes

wlthln that group. subsequentl-y, the average lnbreeding" of
the Litters of group B was reduced ln generation l¡, and it
follows that the average inbreedlng of the breed.lng stock ln
ge'nerati.on , v¡ould be reduced by approxirnately the same

amount.

A fev¡ animals outside of group A were used for breed-

ing purposes ln that group, but the average lnbreeding vlas

not affected. to any Large extent. Hotvever, because unrel-ated

antmaLs were used for breeding stock tn both groups A and B,

t,he expected change in inbreedÌ-ng wlthin a closed Line as

shown by Lush (]rg4Ð was not calculated. The two 1lnes of
Managra have been nalntained ae separate and dlstlnct lines
for the most part, however, partl-y for practlcal- reasons tn

28
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TAlü1,,8 vrr. Generatlon Means and standard Errore for theLevel of percent fnbreedlng of the Sfre, the
Dam, and the Llt,ter

Group Generatlon

A1
2

3
4

,
6

Fx of Sl-re
(?6)

?.tt ! !.to
10.21 I .gO

10.61 I .5L
L3.92 ! .3O
14.60 ! .jo
14.9ic I .3o

Fx of Dan
(%)

5.9? ! .g5
L:t .76 ! J4
a3.o5 ! .4o
L3.92 ! J3
l5.zo !- .L9
1r.89 I .68

4.O5 !
tL.22 !
11.60:
12.60 :
5.4? !
7.6L !

.08

.75

.59

.46

.81

.tl

Fx of Lltter
(%)

11.66 1 .g1
L2.63 ! .53
u.ol ! .66
15.41 3 .25
t3.?g ! .49
1t.22 ! .92

11.51 1' .57
1l-.68: .?l
t2.?3 ! J5
6.93 ! ,go
?.23 ! .32
9.69 ! .!?

B 1

2

3

4

5

b

'¿
4.L3 :
9.80 I

11.29 :,.
11,91 :
6.54 !
?.52 !

.04

.67

.r4

.33

.63

.26
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tenms of the capacfty and operatlon of the research bar4,

but also to enable l-lnecrosses to be nade between the llnes.
such crosseË mlght become necessary for example lf levels
of tnbreedlng tn one or both l-ines becane too hlgh or lf
one 1lne, whil-e excelLent for most traits, became flxed for
6ome undesirable tralt. The abiLlty to comect such a

defect by lntroductions from the other ltne, whtle naÍntain-
ing the excellenêe ln other traits, coul-d be lnportant,

It should be remembered that an lnbreed^ing coefftclent
must be relative to Eorne group, usualLy a purebred popula-

ltlon. The l'íanagra breed, hovrêver, ts from a crossbred founda-

tion and. is of recent ortgtn, and therefore ttre, tnoreedlng
values calcul-ated for this breed cannot be compÞred to esti-

i.

mates of tnbreeding found in other pure breeds of swine.

The changes in inbreeding, however, over the slx generatlons

stud.ied, show the trends ln inbreedlng for the two groups.

Effect gf Ïgbrggdine of the Dam and of the Lltter on
Preweanlnq Traits.

Changes ln each of the flve preweanlng traite studled

rvith each ten percent increase ln lnbreedlng of litter, and

with each ten percent lncrease 1n inbreed.ing of the dan, for
each generation are shown 1n appendix tabLes 16 and 12. The

changes in these traits for each ten percent lncrease ln tn-
breedtng of the l1t,ter and of the darn, on a wlthln generatlon

basis, are presented in tables vrrr and rx respectrvely.
As lnbreeding lncreases 1n both the litter and the dam ln
bot'h groups, almost all the tralts show a negatÍve response,
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t,
This ls tn agreement rr"lth Bereskln et aI. (1968) , (1959¡,
and ( Lg70), and, ar.so fn agreement with the llt,erature aE

revLewed by Bereskln. The effect Of increased lnbreeding
of the lltter on âverage lndlvtdual birth welght, however,
ls shown to be sl1ghtLy ¡nsltlve for both groupa, but the
regresslon coefficlents ind.icate ttre increase ts alnost
zero.

The lnbreedlng of the lltter shows a greater effect
upon lltter size and lndividuaL welght at three weeks than

Itt does at bi.rth. Group A showed a decrease of about half
a ptg per l-itter for every ten percent lncrease in lnbrleed-
ing of the li-tter at bi-rth. At three weeks a decrease ,of

isltghtly over one pig per r-1tter was found. The decreãses
in lltter slze at birth and at three weeks of age for ever-y
ten percent i-ncrease in inbreeding of the lltter in group B

are approximatel¡r 0.5 and 0.6 0f a pig respectlvely. rn
both groups, the inbreedlng of the rit,ter has a negative
effect upon indivldual vrelght at three weeks while at birth,
as already uentloned, the effect ivas almost zero. Bereskin
et al-. (lg?o) and urban (L966) reported, that the inbreedlng
of the l-itter becones increasi-ngly nnore lmport,ant, wlth
reepect to preleaninS traitsr âs the pigs increase 1n age,
v"hich ts'in agreenent w:Lth the resul-t,s found in this study.

The changes in pre.eaning traits assoclated vrlth
each ten percent increase 1n inbreedlng of the d.am are
generaily smal-l-, but negative, and rather inslgnlflcant.
The differencesbetv¿een the two groups are s1-ight except for
the chan6çe. in the number of pigs at three weeks. The



effects of inbreeding o{ the dam on l_ltter sLze at blrth
are approximately the Eane for both groups, lndlcatlng that
the envlronment for group B plgs, from birth to three ¡veeks
allows for the detrlmental- effects of the inbreedlng pf the
dam to be expre.sed, tnterms of :pig nortal-ity. eroupi B

l-ltters are reduced by .3? of a plg for e.qch ten percent
increase ln lnbreedrng of the dan, whir-e group A rltters
are reduced by onJ_y .O2 of a Fig.

:

'

a

Phenotyplc eorrelations between the rnbreeding of
the l-ttter and preweanlng traits, and inbreedlng of the dam

and preweantng tralts are glven in tables x and xr. Gener-
lall-y, the correl-ation coefflclents Ln both these tables are

negative, but al-l are c10se to zeI.a, lnd.lcattng a rather
1ou¿ association between lnbreedlng and these preweanlng

tralte.

Estilrates of Heritablli_ty

Estimates of heritabil_Íty obtained from paternal
hal-f-slb correlation for aLl- the preweantng traits und.er
etudy are presented in table xrr. The herltabil_ity estlmates
of litter size shown here are relativel-y conslstent over
both groups, vrlth most of the estimates cr-ose to zero,
Group h and. B differ, however, in the estimate of herit-
ability of lnd.lvidual- wetght, especlal-l-y at three weeks.
some of the varlation here may be attributable to sanpLlng

36
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errorr howeverr a6 the standard e*or6 are large for lndi-
vidual birth and three week welght.
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SIIMMARY AND CONCT,IISION

The effects of sire and of inbreedlng of the dam and

of the lttter on lltter slze (totar nunber born, nunber born

aLlve, number at three weeks) and. on lndlvlduaL blrth and

three week welght were examined over slx generatlons for two

gtsoups of the Managra breed of swlne. 
.-

rt was found that the elre had no slgnlflcant effect
on lltter size and littLe or no effect on indf.vf,dual weights
at blrth and three weeks. ïncreases ln i-nbreed.lng of the

dam were found to have a smaLl-, but generally negatlve
ieffect on preweanlng tralts, as had increasee in inbreedlng

of the lltter. The inbreedlng of the lltter had. a larger
i

effect at three weeks than at blrth. Estimates of herlt-
ablLity were low and had l-arg:e standard errors lndlcating
the large arnounü of unexpl-alned random varlation in the
preweanlng traits studled.
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TABLE 1. AnalyelÊ of varlance tn Totar. Nunber Born.
;

GrouP Varlatlon d'. f " Square F

A s- 84 4.i4 N. s.
t,/ t?5 , .4t

s
lrttf

B 101_
I

158

6,73 N. s.
5.23

;

' s = varlance due to differenrces bet,ween sires
$ = varlance due to dlfference. between ritterswithin slres

N.S. = Not slgnlficant



fABLE 2, Analyels of varlance tn Number Born ALlve.

Source of MeanGrouP Varlatlon d.f. Square F
A s 84 4.64 N.s.

l¡r' AT5 4.gg

s
!T

101

158
6.1-9t, N. S.

5.24

s = variance due to dlfferences between sireis
l'f = variance due to dlfferences between litterswtthln slres

N.S. = Not slgnlflcant



TABLE ,. Anal-ysls of varlance ln Nunber at rhree lveeks.

j

Source of i *or'Group vã.iãirã, d. r. I ffiå"" F
A s 84 6.53 N. s.

r'/ t6g 5.43

B : s lol_ , 4.ll_ N. s.
',¡/ t5? 6.g9

j

:

s Ê varlance due to dlfference. between sr.resj --- 
:-i'i = variance due to dlfference. between lltterswithln slres

N.S. = Not Si.gnlf1cant



l:r1:t: :l:

1.28 N.S.
1.O9 r+*

o.15

L . 81 N. S,? 
"''''.

L.46 .r* , ,.,o.22 :: :

48

TABLE 4. AnaLysls of varlance ln rndlvld.uaL Blrth l{etght.

Source of Mean
Group

A

Variatlon d.f. Square F

s
D

y/

s
D

W

B

84
t75

].855

10L

t5g
, 2083

S = varlance due to dlfferences between slres
D = varlance due to dlfferences between dams wlthln slres
trT = variance due to differences between progeny wlthin

dans withln sires
N.S. = Not SLgnificant
r* (p



Analyels of Variance
Welght.

in Indlvldual Three lVeekTABLE 5.

Group

A

Source of
Varlation

s
D

lÃItt

s
D

ì,ry

B

d. f.

B4

L69
L469

L01

ar7
L773

Mean
square

L3.3L
14.15
2.50

28,65
L9.75
3.36

F

N. S.
**

*
**

S = 'varlance due to differences
D = variance d.ue to differences
II/ = variance due to df.fferences

dans wlthln slres
N. S. = Not Slgnlflcan'

** (p

between sires
between dams wlthin sires
between progeny within



TABLE 6. Analyels of lums of Squaree and Suns of Cross- :Producrs of percent rriu¡ã"arns or tñe-irtið"-rxland TotaL Number Born (Í).,- -' ."1

'

E*2 r*y2 lv"

50

Source ofGroup Varlatlon d.f.

R 11
D 258

Rt_
D 2CR

T = TotaL
G = Generatlons
ll/ = t{lthin
R = Variance due to regression
D = Deviations from regresslon

r 264 45O? .2t -175,92 :-347 ,34
G g 320.65 39.?5 20.18 ::vi 259 4f,86,56 -214.68 ttz?.16 t,;.,:,,,,,

B
:I

T 265 4260 .gr 2L6.62 LSB? .Og
A if râOô rr ^^. ^, .: ^\r ¡ 2 1288.44 296.57 83.r+8 i

I'i ¿rg 29?2.4? ¿. 79.95 :*505.6t i

2.r5 
i

L503.46 i

i

I
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TABLE 7. 4na1ys1e of sums of squares and sumÈ of croes-
: and Nunber Born Allve (y).

Source of
Group Vartation d.f.

RL
D 259

E*2 X*yz xv2
T 264 4507.24 _797.77 Lzgg.?B
G 5 320.66 4.8o 22.5,
1¡/ 2rg 4186.59 -]gz.g? L267.2)

8.89
1'258.34

; B T 264 426:,.03 1 68. Bo L5t5.'gj
. e 5 t-288.46 253,Fg 62.6a 

lF'f 259 2972.5? 84.?g t45i.ZZ 
iRtz.4li

D 258 1450.go i

T = Total
G = Generations
W = I4/lthtn
R = Variance due to regresslon
D = Deviattons fron regresslon
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T¿BLE 8. , Analyels of Sums of Squares and Sums of Cross_prod_qcre of percenr r_;brã;fuoä*oî-iñ"-r,riiã" (x); and Number at Three lirieeks (yt:

Source ofGroup : Variatlon d.f. l*2 x *y2 Iy2
T 258 43]:0 .92 -431.64 151_1.10

' G 5 3or.54 4.4? 45.2? .,,, , ,,.,. ,' I'f 253 4OO3 . jg -42? .tT 1465 .83 ', ',,' , ',,,",

R 4r.58
L42O.25D 252

B r 263 4241,88 34.94 t56t.6g
I G 5 rz7l.gt 197,6g 64.2!

ïï 259 2969.9? -:162.76 t4g7.48
R 1 g.g2
D 257 14g8.56

T = Total
G = Generations
lV = \¡fithln
R = Varlance due to regresslon
D = Devlations from regresslon



TABLE 9. Analysls of Sums of Squares and Sums of Cross-
Products of Percent Inbreedlng of the Lltter (X)
and Average fndlvtdual_ Birth Wetsht (y).

53

Source of
Group Varlatlon d.f.

Rt
D 258

s2lJy

T 264 4506.g? lo.gg 40.t3
G 5 320 .7t 2.60 1.2?,
V'J 2rg 4186.16 8.zg ljB.B6, ,,,':,',,,::,

E*2 tr2lrxy

B T 264 426t.Lg 20 .5g 49 .rO
e 5 12gg.4g 8.64 .gO. 

;t¡f 259 29?2.?1 LL.?4 4g.5O 
i

R1 .O5i
D zrg 48.45 l

T = lotal-
G = Generattons
VJ = l¡iithln
R = Varlance due to regresston
D = Devlatlons fron regresston



TABLE 10.

1:+ :i'::-::-::r::l;,.-; ¡

,14
1 1.: i::)-i.

Analysle of
Products of
and Average

Source of
valtatlon

T

G

Ilt
ùt

R

D

T

\¡

l¡/

R

D

Suns of Squares and Sums
Pe'rcent Inbreedlng of the
Three trTIeek V/elght-(y) .

d..f.

2,58

:5
2,53

:r
252

263

'5
2i5B

1

257

Í*2 t.zLxy

of Cross-
tltter (X)

Group

A 43tO.B2
3O7.4O

4AO3 .42

-'t 65.tg
- 2r.54
-t39.65

r'2
Àv

595.70
35.92

559.78
4.8?

554.9L

94f. 88

50.r9
Bg3.2g

.22
893.o7

B 4?42.O9
]-27l..64
2970.45

46.31
20.72

- 25.60

m

G=
ìV=
R=
D=

Total
Generatlons
I¡Ilthtn
Vartance due to
Deviatlons fron

regression
regressi-on
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TABLE l-l-. Anal-ys1s of sume of squares and suns of cross_
and Total Nunber Born (Í).:--.

Source ofGroup 'Varlatlon d.f. E*2 E*y2 tv2
T 264 4053.69 _ 16.04 Lr47.34G i L8z?.3o - u3.?5 zo.lg
!v 25g 2226.3g ' 27 .?L L32? .t6

,35
a326.Bt

Rl
D ?59

B T 264 64iT.g2 +120.11 15g9.o9
G 5 Z6}4.LA + gZ .34 g5 .4g 

lW 2r9 i?i6.BZ ò Zz.Z? 't 505.60 ,,

R 1 .l_4
D 258 a505.46

T = Total
G = Generatlons
lV = ll¡llthin
R = Variance due to regression
D = Devlations from regreseion
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TABLE 12. Analysls of suue of squares and sums of cross-Proa!¡ctg of_percent Inbreeding of the Dan (iiand NunberiBorn Allve (y).

__ Source ofGrrcup Varlation , d.f. X* f,rvz Iv2
T ?64 405t.63 -L62.44 LIïZ.OO
G 5 LBz5.4, -t¡,4.jg 22.54
tv ¡ 259 zZz6.L8 - zg .o5 L264.46
R,L.t,
D , 258 1264.Lt

T 264 64Z9 .3t ?3.99 !5L5.83
e ', 5 z6gt .96 z. j! 62.6u
ui 259 iz3? .tj ?6.30 L4l.t.rg
R j- L.56
D zrg :,.4it.63

I = Total
G = Generations
iv = Ii¡ithin 

. .. ,,.,..,-,.R = Variance due to regressLon ,,,,,,,',',.,;.,,

, r.,.,,, ¡:. '., '..t- .,
D = Deviatlons from regresslon

B



TABLE 13. 4,na1_yst6 ,of sums of
Products of percent
and Nunber at Three

Squares and Suns of Cross-
Inbree9lps of rhe Dan (X)
Weeks (Y).

Group

A

d. f .

258

5

253
1

252

263

5

258

L

257

E*2

4027.53
L8t6,53
2211.00

E*yZ

-181.82
-t76.38

5.44

Evz

1511. L0

45.28
L465.83

i .01
L46r.B2

I56a.69
i 64,22
f.497.47

5.O0
L492.47

B

Source of
Varlat,ion

T

\t

utru ,

R

D

r
ft

Ì,Ii

R

D

Total-
Generations
I¡/ithin
Variance due to
Devlatlons from

regresslon
regresslon

64OL.27
2670.gg
3730.28

-24O.Bg
-lo4 "33
-136.56



TABTE 14. analysls of suns of squares and. sums of cross-Froducts of percent rnbreedr"g o¡-tñ.-¡"r- (iIand Averase rndivlduar niriñ"ui"iãnõ"(yi.'- \

Source ofGroup Varlatlon- d.. f . E*2 E*vz Evz
T 264 4053 .jt j ,3t 40. toG 5 LBz6.?? z.tL ¡¡-.?g
I'/ 2rg 2226.54

.01
38.80

Rl
D 259

B r 264 6l+l¡0.54 - 59 .4g 49 .3oe 5 "69j.?i - t_4.og .Bolii 259 3?t6.7g _ 4r.40 48.50RL.g5
D 258 47.95

T = Total
G = Generatlons
t4i = l¡,rithin
R = Variance due to regression
D = Devlatj_ons fron regressLon
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TABLE 15. Analysle of Suns of Squares and sums of Cross-products of percent rriurãðãrnã oi-tt"-Duñ-(xiand Averase rndlvrd.ual Threã- ü"ãË rúäishl'-rùi.

Source ofGroup Varlatlon d.f.

RL
D 25¿

E*2 I*v2 Evz
T ,259 402?.62 5.18 5g4.g8
G 5 t gt 6.60 48.41 - .467. rr
v,/ ,253 22LL,O2 23.59 LO6?*.O9

i, .25
1 06[.94

;

B T Z6i 6jgZ.9O 96.t4 94,!+.L6G 5 z6?t.o4 \23.L4 5b.5gr/'/ 258 3T26.86 ??.OO ggj.5g
R 1 t.5g
D 257 Bg2.oo

T = TotaL
G = Generations
li = lryithin
R = Varlances due to regresston
D = Devlatlons from regression



T
A

B
LE

 1
6.

 
C

ha
ng

e
of

 t
he

G
ro

up
 G

en
er

at
to

n

ln
 P

re
w

ea
ni

ng
 T

ra
lts

 f
or

 e
ac

h
Lt

tte
r 

fo
r 

ea
ch

 G
en

er
at

lo
n.

1 2 3 4 5 6

Io
ta

l
N

um
be

r
B

or
n

b

â,
9

.5
5

,3
7

-2
'!+

3
.L

3
-1

,0
6 O
t1

oU
 f

-1
,o

7
,6

,
.0

1-

1.
O

L

4,
48

B

S
.€

.

.9
7

r.
26 ,5

3
1.

gg n7
'-1 o 

(é

1.
27 ,7

5
1.

46 ,8
5

1.
41

3.
47

J. + + + + +

N
um

be
r

B
or

n
A

1l
ve

10
 F

er
ce

nt
 fn

er
ea

se

1 2 t 4 5 6

b

.7
6

.2
r

.2
9

-3
,8

3
.3

4
.2

6

-7
,?

_3

-1
.0

9
-l_

 .0
2

,2
0

.7
2

.2
6

6.
 ê

.

.9
5

1.
27 ,1

3
L.

65 ,7
5

.6
8

r.
27 .7

0
1,

56 .B
o

1.
40 .6

8

+ + + + + +

8.
9.

 
=

+ + + + + +

N
u¡

nb
er

at
J 

il/
ee

ks 6.
ê.

re
gr

es
sl

on
 c

oe
ffl

el
en

t
st

an
da

rr
l 

er
ro

r

.8
6

.g
g

-L
 -

36

-5
:7

1
-1

.2
1

.5
6

-1
_.

86 .8
5

,7
7

,6
5

.8
2

2.
gg

tn
 In

br
ee

dt
ng

A
ve

ra
ge

In
dl

vi
du

aL
B

lrt
h

W
ei

gh
t (

1b
)

b 
B

.ê
 ¡

,4
7 

! 
.2

o
-.

00
5 

: 
.1

9
.1

9 
I 

.L
3

'J
?!

 
.2

6
.o

? 
! 

.L
z

.0
9 

: 
,L

o

+ + + +
.. + 4

l_
 . 

J"
l

1.
20 .7

2
1'

,7
J

.t6 ,6
8

t.J
5 .ig I,5
3

.7
4

r.
53

3,
22

+ + + { + +

A
ve

ra
ge

fn
dl

vÍ
du

a1
J 

W
ee

k
w

el
gh

t 
(1

b)
b 

g.
ê,

.1
L 

l 
,6

9
J?

 ! 
.7

0
.8

4 
! 

,6
5

-3
.0

3 
I 

t.J
l

.o
2 

! 
Jg

.5
1 

1 
.4

i

+ + + + + +

.o
2

.L
3

-,
oo

2
.0

6
.6

1-

-1
.1

'

+ + + + + +

,2
0

.1
7

.2
7

.1
2

t2
4

.7
3

.6
5

.6
3

.5
6

.3
5

.7
5

.2
2

+ + + + + +

l.L
7

.6
,5

1 
.2

9
.4

7
,9

4
2.

91

o\ o



T
A

B
LE

 1
7.

 
C

ha
ng

e
of

 t
he

G
ro

up
 G

en
er

at
lo

n

in
 P

re
rv

ea
ni

ng
 T

ra
lts

 f
or

D
am

 fo
r 

ea
ch

 G
en

er
at

io
n.

A

Io
ta

L
N

un
be

r
B

or
n

b 
6.

g.

.5
t 
! 

.g
4

1.
gL

 l.
-t

.9
6

.o
g 

3 
.B

g
!.5

2 
I 

1.
4¿

-2
.9

g 
! 

t-
.a

Z
.4

6 
! 

I,o
o

-6
.5

4 
I 

z.
go

- 
.?

2 
! 

.?
2

.2
? 

! 
.8

9
3.

lO
 I 

t.6
o

.5
6 

! 
.i5

.1
8 

I 
t.4

5

t 2 3 4 5 6

B

ea
ch

 L
0 

P
er

ce
nt

 f
nc

re
as

e

1 2 3 4 5 6

N
un

be
r

B
or

n
A

1l
ve

b

.3
4

2,
50 :4
3_

'4
8

-3
,7

9
.9

7

7 
,3

2
.9

2
.5

3
2.

64 .4
7

.4
0

S
.ê

. 
=

S
.9

.

.9
3

1.
94 .8

9
1.

Jl
1.

gl .9
L

7.
86 ,6

8
.9

4
L.

52 ,5
5

1.
5L

+ + + .+ + +

re
gr

es
st

on
 c

oe
ffl

cl
en

t
s'

ta
nd

ar
d 

er
ro

r

N
um

be
r

at
J 

lV
ee

ks €.
ê.

.2
6

1.
15 .6
6

-1
.0

2
-4

,2
5

.4
8

6.
36

-1
.6

tr
.4

5
2.

97 ,4
6

.4
6

in
 I

nb
re

ed
in

g

A
ve

ra
ge

fn
dl

vt
du

aL
B

irt
h

Lv
el

gh
t 

( 
1b

)
b 

s.
ê.

.r
-B

 : 
,1

9
,o

9 
1 

.z
g

.L
Z

 ! 
.z

j
.o

o2
 I 

.2
0

.0
2 

I 
,3

2
.L

6 
: 

.l_
h

l

.?
g 

! 
!,z

z
.0

4 
I 

.!v
.0

1 
j 

.L
6

.1
8 

I 
.2

4
,2

3 
! 

.o
g

-.
00

1 
j 

.3
!

+ + + + + +

+ + + + + +

.9
7

1,
91

1.
l_

 L

l_
. 

L6

2.
23 .9

2

8,
46 .7

1
.9

3
1.

40 .6
0

L.
35

A
ve

ra
ge

fn
di

vl
du

al
J 

W
ee

k
[te

ls
ht

 (
ru

)
b 

s.
ê.

Jt
 !

 
.5

g
.0

9 
: 

L.
r.

a
.6

6 
! 

,g
g

.6
g 

I 
t.o

h
.6

9 
1 

.g
g

+
.5

, 
- 

,5
7

9.
06

 : 
7 

.O
g

1.
O

l_
 : 

.6
1

-L
.z

B
 I 

.7
6

.6
9 

! 
.9

3
.2

? 
! 

J?
.0

1 
: 

l.a
l_

+ + + + + +

o\ É


