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ABSTRACT

The Effects’ of Sire‘and of Inbreeding of the Dam and of the

Litter¥ on Preweaning Traits in a Closed Breed of Swine,:

by Kelth Michael Krotch

This study was to examine the effect of the sire,

the effect of inbreeding of the dam, and the effect of in-
breeding of:fhe litter on various preweaning traits. The
traits studied were: total number of pigs born, number of‘ 
pigs born alive; number of pigs at three weeks of age, indi-

vidual birth weight, and individual three week weight.

- A total of 530 gilt litters, sired by 197 boars,
supplied the data for this study. The data were collected
from two separate 1inesvof'swine of the Managra breed over |
a period of six'generations.
A nested classification was used to analyze the

variance in all five preweaning traits for effect of sire.

The effects of inbreeding of the dam and of the litter on
these same traits were expressed by the changes in each

trait for each ten percent increase in inbreeding.: Esti-~

nates:-Qf heritability foraeachgquthe}traithwere.obtained

from paternal half-sib.correlation. .

A significant éffect of sire on individual three

week weiéht of offspring (p < .05) was found for 0ne_0#/4§jﬂﬁWE;\\
. _ | Z :
.




the two lines of swine studied. In all other analyses, no

effect of sire was evident.

Generally, the preweaning traits showed a nega-
| tive response as inbreeding of the dam and of the litter
increased. The inbreeding of the litter ﬁad a greater
effect upon litter size and individual pig weight at three
weeks than it did at birth,

. Estimates of heritability of litter size obtain-
ed;for each of the two groups were: - 0,03 z .02 and
0.05 2 .03 for the total number of pigs born, - 0.01 & .02
and 0.03 z .03 for the number of pigs born alive, and -
0.04 Z .04 and 0.09 = ,02 for the number of pigs at three
weeks of age, Estimates of heritability of individual
birth weight for each group were 0,04 = ,15 and 0.11 = .15,
and for individual three week weight, the corresponding
estimates of heritability for each group were - 0.16 = ,1k

and 0,25 = ,17.
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INTRODUCTION

The economic importance of preweaning traits'in
swine has long been recognizéd by swine breedefs and com-

mercial swine producers, However, selection for improved

reproductive performan¢e has been relatively unsuccessful

due to the Tow heritability of:most reproductive traits, .

Litter size is of major concern to swine breeders
as the number of pigs born has a direct effect upon the
intensity of selection that can be applied. Total litter

weight is alsq_influenced’by litter size to é.large extent,
Individual pig weight and average individual pig weight

at birth and at three weeks of age have also become in-
creasingly important as producers attempt to reduce the
number of days to weaning. Despite the large role thgse
traits play in the swine industry, apparently little can
~be done to improve them by selection, as the proportion of
- additive genetic variance associated with these traits is

rather low,

Research reports of factbrs affecting preweaning

traits have been variable in their conclusions, with dis-
agreement'as to, the degree to which certain factors exert

their effec¢t, and as to the magnitude and significanée of

the genetic parameters estimated.

This study was undertaken to examine'the effect of

sire, the effect of inbreeding of the dam, and the effect

A




of inbreeding of the litter on litter size and on individual
birth and three week weights in the Managra breed of swine.




- REVIE% OF.-LITERATURE

Effect of Sire on Prewean;ng Traits

There are conflibting reports concernihg theveffect
of sire on various preweaning traits in swine and other
species. Rahnefeld and Swierstra: (1970) found that the
boar had a significant effect upon the total number of pigs
born, the number of pigs born alive and the number of pigs
weaned at 56§days of age. Differences in semeh quality of
the boars waé suggested as @ possible cause of the differences
between sireé with respect to litter size. A Significant
effect of sife was also observed by Minkema (1967) on total
number of piés born per gilt litter, but not oh the number
of pigs born alive. Schilling et al.. (1968) observed a sig-
nificent effect of sire on litter size in mice, which they
attributed to possible differences in semen quality or hor-
monal activity among the sires, Hancock (1949) as cited
by Schilling et al, (1968), found that bull spermatozoa may
“have a composition that could cause a fertilized ovum to
split. Monozygotic twinning produced by certain bullé at
hiecher levels than could be attributed to chance alone,
served as the basis for Hancock's proposition. An increase
in the number of multiple births in sheep by selection of
males was reported by Turner et al. (1962). The authors
felt thst perhaps the estimates of heritability for the
incidence of multiple births had previously been too low.

They suggest that selection for this trait may be successful.




A ' Wilson et al. (1962), on the other hand, were not
able to detect a-signifiéant sire effect upon the number of
* pigs farrowed, the number of plgs weaned, the litter weight
ét farrowing, and the Iitter weight at weaning (56 days) .
Dzaparidze, (1935), Kraliinger et al.{(1934), and Musson
(1946) as citéd_by Rahnéfeld and . Swierstra (i970), all

reported, 1ittle of'no effect of sire 6n litter'size in swine.

Inbréeding ‘and Prewsaning Traits *

.Tﬁe.effécts of level of'inbreeding on preweaﬂing
traits as weil,as‘on mortality havébbeen'éxtensively studied
in swine. Bereskin et al, (1968) reviewed the literature in
this area and reported that; in‘general, as the inbreeding
of the dam and the iﬁbreeding of the iitter increased, a
corre8ponding’decreaée in litter size occurred, as well as
an increase invpig mortality and slower growth rates, In
- their study, the inbreeding of the litter was repOrted as
~having no effect oh~1itter_siie‘at farrowing, but a geﬁerally
significént depressing effect on average birth weight per‘
rig férrowed. The inbfeeding of fhe dam was found to have
a significant effect in depressing litter size'and the
average birth weight per pig farrowed. At weaning, the in-
breeding of the litter had'an effect on litter size, and an
'increased significant effect on the average weight per pig
compared to the effect at'farrowing. The inbreeding of the
dam had no.effect on the numbér of pigs weaned, but did |

have a direct influence on average pig weight at weaning.
These researchers._also performed a study on the effect"of




inbreeding of thé sire on the number of‘pigs born and the
number of pigs born élive. No significant effects were
repérted, and it was suggested that the inbreeding of the
boar did not affect his reproductive capacity such that

fhe size of his litters would be affected., The effect of
inbreeding of the sire was omitted from subsequent analyses.
Thé relatively smali number of records availéble and the
wide diversity oflthe genetic material studied were two

© reasons given for the large variétion in results séen in.

this study.

-Similar resulté to those above were reported by .
Bereskin et al, (1970) for the effects of inbreeding of the
dam and inbfeeding of the litter on traits at farrowing;' 
for the effects of inbreeding of the 1itter on traits,ét /
weaning, and for the effects of inbréeding of the dam on
1i£ter size'at_weaning. A generally depressing, but ﬁon—
| significant effect of inbreeding of the dam bﬁ the avérage
weight per pig‘at weaniﬁg was reported. Path diagrams
from this research indicated that the inbreeding of the
dam exerts its greatesﬁ effect at or before birth, and this
shows up in the traits at farrpwing. The inbreeding of |
the litter, however,'becomés more important afteﬁ farroﬁing,
exerting a sthnger_influence on later preweaning and wean-
ing traits, This is in agreement with Urban et al, (1966).
whq reported that as the age of the pig increased the effect
of the inbreeding of the dam decreased, while the effect of

“inbreeding of the litter increased with an increase in age

of. the pig.




Wintefs‘et al.'(1947):¢iﬁed MCPhee et al. (1931) as
having reported a decrease in vitality of new born pigs and
a subseqdent decline in survivgi as ihbréedihg increased
rapidly. EA décrease in the size of the 1ifters.yie1ded a
lower tot%l weaning weight. Winters et al. (1947) investi-

gated what effect inbreeding as well as other factors had
upon the survival of the litter from birth to weaning. They
reported that the effects of inbreeding of the dam and of

the 1ittei were not significant on survival. The average

birth weight of the litter was found to have the gzgreatest
effect upbn pig survival. A low association between in-
breedinggof‘the litter and mortality was reported by Fahmy
and Berna}d'(197l), who found that for each 10 percent
increase in litter inbreeding, the peréent survival would

be expecfed to decline 0.7 percent. Bereskin et al. (1973) -
found no effect of inbreeding of the dam on pig survival,
but reported a 1.2 percent decline in survival for every

10 percent increasetin litter inbreeding. 'These researchers
were able to account for 30 percent of the total variation

by combining all the estimates of the relative contributions

of different factors affecting the variation in survival
rates, 'The_remainder of the unidentified variation was

assumed to be_randOmﬂin-origin,findicating that survival 1is

a complicated trait which is affected by many unknown factors,

Heritability and Preweaning Traits

- Significant estimates of heritability of litter size

in swine, according to Urban et al. (1966), are seldom




realized because only a small portion of the variance of
litter size is additive genetic variance.‘ These researchere
carried out a study on the total number of pigs born, the
number born alive, and the number at weaning and obtained
_heritability estimates of O 09 - .04, 0. 08 - .04, and

0. 13 - .05 respectively. lhese estimates were made ‘on

litters from gilts and sOwWSs combined.

Boylan et al. (1961) studied gilt litters from three
inbred 1ines of swine and reported an overall estimate of
heritabiiity of litter size for number-of plgs born alive
of_0.03 f”‘07° Separate:estimates of~heritability,for~each -
of the three lines cwere?not'signif1Cant- These‘researchers
cited Lush and Molln (1942) who reviewed the literature and
found that estimates of ‘heritability of litter size (the
measure~of litter size being -the. number of pigs born alive
in gilt litters) ranged from .10 to .44, Boylan et al, (1961~
also cited:COckerham (1952) who reported an estimate of
-0,11, and Shelbv (1952) who reported .54 for heritability

of litter size,

Revelle and Robison (l973) offered an enplanation
for the low heritability of litter size in swine, suggesting
that a negative environmental correlation exists between
the litter size of the dam and the daughter. They felt
that the increased stress and competition in larger litters
could cause delayed physiologiCal maturation of gilts in
these 1itters, and therefore the litters of the next genera-

tlon would experience a negative maternal effect., This‘




. 'would result in low heritabilities and seléctién'for_in—
" .creased litter size would be ineffective, This'study also
J'réported that a grénddaﬁghter-granddam regression might
-‘: better show the difect genetic effects on litter»sizé. The
estimate of heritaﬁility for litter size .by the above
method was reported to be 0,28 = .26, The heritability

estimate by daughter~dam regression was 0.13-1 .06,

-Fahmy and Bernard (1970), used the paternal half-
sib correlation tofestimate the heritability of body
weights., A value df 0.07 = 35 was obtained for herit-
vability of birth wgight, and 0.10 £ ,36 was obtained as an
- estimate of heritaﬁility of 21 day weight. Unweighted
averages of estimates of heritability were reported as 0.17

and 0.09 respectively for the above two traits.

Research on the Managra breed of swine developed
at the University of Manitoba, was reported by Stockhausen
and Boylan (1966). They obtained estimates of the herit-
ability of litter size of 0.20 X .15 by the method of
parent-offspring regression, and 0,59 = .29 by paternal
half-sib correlation. The measure of litter size was the
number of pigs born alive in gilt litters from 1961 to
1965. The authors felt.thatbperhaps the iarée estimates
obtained could be explained by the fact that the Managra
was a relatively new breed, and possibly had a greater
amount of genetic variance present than some standard

breeds of swine.




Roy et al, (1968), also working'with Managra, report-
ed the estimate of heritability of birth weight’estimated e
from paternal half—sib correlation to be 0,10 % .15, The
~data came from gilt 1itters farrowed during the years 1959

to 1965.

Tn conclusion, it appears that researchers disagree
on whether or not the sire ‘has any significant effect upon,
litter size, and individual and 1itter weights.' However,

some agreement on the effects of inbreeding on these traits

has been reached. In general, as inbreeding increases
preweaning traits suffer s0me7reduction.; Also, the reports
indicate that the inbreeding of the dam plays an important
role on traits at farrowing,-but gradually decreases: with
increasing age of the litter, and that inbreeding of the
litter plays a minor role at farrowing and gradually in-
creases in importance as the pigs mature. It can aiso be

said that there is a large amount of relatively unexplained

‘ ,variatlon assoc1ated W1th these preweaning traits. Conse-

quently consistent estimates of herltabillty are difficult

- to obtain,




- 10

MATERIALS &ND METHODS

.Source”of.Data

" The data for the analyses were obtained from records

of the Managra breed of swine, developed and maintained at

the Glenlea Research Station, University of Manitoba., The
Managra has been developed from a foundation 6f seven dif=-
ferent breeds to provide afnew breed of swine to be used in

commercial crossbreeding. %The foundation breeds and their

approximate contributions to the Managra are: Swedish Landrace,
45 percent; Wessex Saddleback, 20 percent; Welsh, 12 percent;
with the remaining 23 percent contrlbuted about equally by

the Berkshlre, Minnesota No. 1, Yorkshire, and Tamworth

. breeds,

In 1959, four separate lines were formed from the.
gene pool presented above, These lines were maintained inde~
-pendently of each other until 1967, when the number of lines
- was reduced to two by line-crossing lines 1 and 2 to ferm

}Managra Group 4, and lines B'and_ﬁ5 to form Managra group B.

Group A farrows in June-July and group B farrows in January-
February each year. All the litters prbduced come from
.g11ts mated to young boars of a similar age so that the

generation interval is one year,

At weaning, one to two males are chosen from each
of the best litters of a group. Usually from 60 to 80 males
make up the total, At 200 pounds these young boars are




ranked on the basis of age and backfat probe, and the best
20_fp 25 are kept, ‘along with about 70 to 75 contemporary |
”gilts,iéeleéted on the same basis as the boars. At 8 to 8%
months Of-agé'the best 15 boars are pen-mated, one boar to
five gilts. The métihgs are planned to minimize inbreeding.
Only animals with no common ancestors in the first twb

generations of their pedigrees are allowed to mate,

Iitters farrowed in June-July, 1968 to 1973 inclu-
sive (group A) and litters farrowed in January-Feb?uary, 1969
to 1974 inclusive (group B) provided the data forfthis study.
The two groups A and B were maintained independenﬁly of
each other for the most part; however, some individuals of
one group were matéd to individuals of the other, @sually
as a result of a shortage of good performance sires in one

of the grouvs.

All the litters used in this study were maintained
at one location., Only two litters that farrowed during the
periods studied in both groups were omitted from the analyses
due to incomplete records. Nine litters were also omitted
Becauselthe gilts had been pen-mated with more than one boar
and therefore, the sire of the litter and his inbreeding
value could not be determined. A total then of 530 litters
sifed by 197 boars provided the data for this thesis. A
breakdown ¢f the number of sires and litters by group and

by meneration is given in table I.

The preweaning traits under study were litter size,

individual birth weight of pigs born alive, and individual

11
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pig weight at threé'weeks. Litter size was subdivided into
the total number of pigs born, the number of pigs born alivs,
and the number of pigs alive at three weeks of age., Analysis
of variance and covariance, and estimates of heritability
fdr.these five tralts, were obtained separately for each of

the two groups of pigs.

Inbreeding coefficients were estimated as shown by
Rice et al. (1967). One-half of the numerator of the co-
efficient of relatidnship between the sire and dam, or One-?
half the covariance between 'the sire and dam yielded the
inbreeding value for the offspring. Thé covariance between
sire and dam was calculatedfby taking one-quarter of the

sum of the covariances between each of the parents of the

sire and of the dam.

Statistical Analysis

For litter size, a hierarchal classification was
used to analyze the data on a within generation basis, with
sires andAlitfers-within sires (error) as tﬁe sources of
variation. The form of the analysis is presented in table II

as well as expectation of mean squares.

The §ariance'of the variance component estimate of
the sire (S) and the standard error were calculated by the
- general formula (Anderson and Bancroft, 1952) as demohstrated

in Becker (1967):

13
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var (o2 )T 2 [ Y mus?
% TS [ 2 e
g .

S.E. ( o-g ) = ,\/'var ( o-g )

where:

'K = coefficient of the variance component
‘being estimated

MSg = the gth mean square used to estimate
the variance component (cré )
fg = the degrees of freedom of the gth

mean square.

Thegsire component of variance (S) esiimates one-
quarter of tﬂe additive genetic variance., The total pheno-
typic variance of the population was obtained by summing
S and W{ The estimate of heritability, which represents the
prOporfion of fhe total phenotypic variance that is due to

_additive effect of genes, was calculated by:

h —, = 43S
: S +W

The standard error of heritability (modified from
Dickerson, 1960) as demonstrated by Becker (1967) , was -

calculated by:

S.E. ( h2 ) = uﬂ/var (CTZS )

2 2
TCs* ow
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Where: , v
2_ = S f(estimate of sire component
O s , RO
, - of variance)

crzwf’ W  (estimate of within component
of variance)

A hierarchal classification was also used to analyze

the data for individual birth weight and individual three
week weight. For each trait, a pooled analysis was perform-

ed across the six generations. The form of the analysis

was similar to that in table III with the addition of be=

tween generations as another source of variation.

The variance of the variance component estimates and
the standard errors were calculated by the method of Anderson
and Bancroft (1952). The component (S) is estimated by:

[.Ml - M3 =~ %é (Mp - M3 );Ly/&
1 5

S

where:

62}
1]

the estimate of the sire component
of variance.

From the estimate it can be shown that:

| Var (8) = [&ar (M) + EE)zo Var (Mp) +(K2-K1)2, Var (M%;L//z

Where: o

Var (S) = Variance of S

Var (M3) = Variance of the mean square for
the sires source of variation

Var (Ma) = Variance of the mean square for
the dams within sires source of
variation

Var (MB) = Variance of the mean square for

the progeny within dams within
sires source of variation.




- The variances of the mean squares were approximated
by substitution of the observed mean square for its expecta-

tion in tHe general expression:

Var (M) = 2 ‘[E (Mi]' 2

d.f.
where:
M = any mean square
E(M) = expectation of M
d.f, = degrees of freedom for the mean

square M,

- The standard errors for variance of the variance conm-

'ponéni estimatesfwere calculated by taking the squafe_robt
of the varianée. |

The sire component of variance (S) represents one-
guarter of the additive genetic‘variance. The total pheno-
typiCIVafiancé was calculated by summing S + D+ W; and the
heritabilities of,indiVidual birth weight and individual three

week weight were calculated by:

n Zs - L S
S+ D+ W

The standard error of heritability (modified by

Dickerson, 1960) as described by Becker (1967) is:

S.E. (h 2S) = 4 ﬁar (o'as)
' 2 . 2 .. 2
s " Op OWw

where: ’ , . :
Var (CTZS) = Variance of S
> ] ,
T s = 8
5 ) _ .
o D =D s
5 . )

O w -
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TABLE II. Analysis of Variance and E3§ectations of Mean Squares
(Litter Size

Sourcegof : Mean . Mean Square

Variation d.f. Square Expectations
Sires § = G My W+ KS
Litters within sires Ne = 8 M, W
where: G = total number of generations
5 = total number of sires
n. = total number of litters
: >
K = 1 ne - n
s5=~1 jz i
n.
n th
n; = total number of offspring from the i sire
S = wvariance due to difference among sires

W = +variance due to differences among litters
~ within sires o
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. TABLE III. Analysis of Variance and Expectations of Mean Squares

(Individual Birth Weight and Three Week Weight)

Source of

W =

variance due

to difference among sibs

Mean Square

Mean, -
Variation d.f. - Square “Expectations
Sires 5=G | My W+ KD + K8
dams within sires d=-8s ' M2 W+ KlD
progeny within dams B
within sires N-d v »M3 w
where: G = total number of generations
s = total numberfof sires
d =. total number of dams
"N = total number' of progeny
K, o= 1 N - iznij
d=-s n.
i .
2
K, = 1 . [zrre., = XX n.
2 £5 ij 13 ij
s=1
i ni' N
-
K3 = 1 ¥- I nf
=4 I
n, = total number of offspring from the ith sire
nij = total number of offspring from the jth dam
S = variance due to differences among sires
D = variance due to differences among dams




i:An”analysis of the sums of squares and products for
the effects of percent inbreeding of the 1litter and of the
dam (X or independent variables) on the five previously men-
tioned preweaning traits (Y or dependent variables) was com=
puted in the form shown in table 1V and demonstrated in
Snedecor and Cochran (1967) .-

Regression coefficients of the varions traits on
elther the inbreeding of the litter or the dam on a within

' generation basis were calculated by:

b. = SCP X-Y (EI‘I‘OI‘) e e
o o S XX (Error)

The standard errors Were:

S.E S8 yy.(Error) - R®/N-G-1

tb >=A

‘ss xx (Error)

Phenotypic correlations between the litter traits

and inbreeding were calculated by:

r := »COV Xy

[~ 2 2

COVxy = SCnyM(ErTOT) / d.f. (Error)

where:!

SSXX (Error) / d.f.'(Error)

LA q
P

| O'%, S (Error) / d.f. (Error)




The standard errors of the correlation coefficients

‘were caléulated by:

S.Ecr = /1 haut I‘2 .
d.f. (error)

In the above analyses, the average weight of.é'pig

in a litter at birth and at three weeks was used in obtain-
ing the_éovariance of these two traits with inbreeding
level in the litter and the dam, as opposed to using the
individual weight of each pig in a litter,

20
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RESULTS AND DISCUSSION

" Phenotypic means for the total number of pigs. born,
the number of pigs born alive,'and the number of pigs af
three weeks of age for each of the six generations under
study are shown in table v forzboth‘groups A and B, For
gréﬁp A, the overall means and standard errors for the three.
measures of iitter size were 8.72 = <14, 8.00 z .14, and
6.67 = .15 respectively. 'For‘group B, the OQerail means and
standafd errors were 9.57 % .15, 8.86 = .15 and 7.72 = .15
resﬁectively. These ovérall averages show that group B’
litters were larger thaﬁ\those of group A by .85 of a pig
in total number born, and by .86 of a pig in number born
alive, However, group B litters were largerxfhan group A
litters by 1.05 of a pig, on the average, at three weeks of
age. 'Thisvincrease in the difference between groups for
-litter size can be accounted for by the differences in pig=
mortality from birth to three weeks of ages -From the overall
averages forJnuﬁber-bdrh~alive and -numbéer at:three ‘weeks~- |
given-abovey it was calcﬁlgted thatApercentvmortality}fort

group A was 16.6 and 12.9 for group Bi

Perhaps group B pigs, which are born in January -
February as compared to group Adpigs-which farrow in June -~
July, experiéﬁcé a moré favourable environment during their
first fe& weeks of life resulting in lower mortalityfi <f
in group'*B-.p It could 2a1so be that group B pigs-are more
physiologically mature in terms of reproductive gapability
than group A pigs at time of mating, whiéh is approximately

22
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TABLE V. Generation Means and Standard Errors for Litter Size

Total.Number Number Born  Number at

Group Generation " Born Alive § 3 Weeks
A 1 29,071 .1 8.71 % .0 n.21 5 47 o
2 8,37 = .40 7.66 % .40 7,06 & ,39 i
3 8.47 .23 7.87 % .23 6.27 L .30
h 9.14 = ,33 8.20 ¥ .30 7.11 &+ .31
5 8.69 = .29 7.88 L ,30 6.18 £ .35
6 8.63 L .41 7.92 2 .38 . 6.68 % .33
(Ovérall Means)(8.72 & .14)  (8.00 = .L)  (6.67 & .15) ,
B 1 9.95 = .40 8.92 ¥ .40 7.85 £ .43
2 9.92 & .33 9.11 £ ,31 7.59 L .34
3 10,17 £ .35 9.61 % ,37 8.18 = .37
L 8.44 L .48 7.98 2 .45 6.83 = .42
5 9.29.% .32 8.65 = .31 .43 % L3y
6 9.65 X ,31 8.88 = .29 8.29 = .29
(Overall Means)(9.57 = ,15) (8.86 % .15) (7.72 : .1s)




8 months after farrowing. This may explain, to a degree,

the general trend of group ‘B to be approximately one pig per .

1itter larger than group A over the three measures of litter

size taken. Although group B litters &ere COnsistently

larger than grOup'A’litters overall there was no noticeable

:‘change in litter size within either-group through the six

generations under study.

Of the average total number of pigs born per 1itter,

8.3 perceut<were'bofn dead in group A and 7.4 percent were
born dead in‘greup B (necrotics excluded); indicating that
the incidenée;ef pre;na£a1+mortality is lower in group‘B, =
However; the average number offﬁigs,born dead per litter .

was almost identical-in"the'two groups*(;72 in group A and

.71 in group B).

The phenotypic means of individual birth Weight and
individuai three week weightvfor each generation and for |
: bothugrgups A and B are presented in table VI. The overall
| averages for group A were 2.84 = .01 pounds for individual
‘birth weight, and 10.19 * ,05 pounds for individual three
week weight, The corre5ponding averages for group B were
3.06 = .01 pounds and 10,92 = .05 pounds respectively.
Overall, gfoup B pigs tended to be heavier at birth. than
group A pigs.by .22 of a pound which is 7.8 percent of the
average birth weight of an individual in group A. At three
weeks of age, the difference betweeu the average weighfs
of group B and group A increased to .73 of a pound, but

still amounted to only 7.2 percent of the average individual
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TABLE VI. Generation Means and Standard Errors for Individual
Birth Weight and Three Week Weight

‘Individual | Individual

Group Generation Birth Weight (1b) 3 Week Weight (1b)

A 1 2.7 = 04, 9.68 = .15
2 2.87 = .03 10.67 = .12

3 2.93 % ,03 10.42 = .13

L 2.89 = .03 10.11 = .13

5 2,73 % .02 9.81 X .09

6 2.89 = .03 10,55 = .12

(Overall Means)  (2.84 < .01) (10.19 = .05)

B 1 3.07 = ,03 10.96 = .14
2 3.04 = .04 10.87 = .15

3 3.02 L .03 10.80 % .13

A 2.97 £ .03 11.69 = .14

5 3.05 = ,03 10.26 = .12

3 3.16 = .03 11.10 * .12

(Overall Means) (3.06 = .01) (10.92 = .05)




three~week-weight~6f an individual in group A. This indi-
cates that group B pigs were 'larger at birth and also at
three weeks, but the difference between the two groups

- changed only to a small degree in terms of percent of body

weight,

The overall average rates of gain for.both groups
from birth to weaning, calculated by taking the difference
between the average individual birth and three week weights
and dividing by 21, were: .35 pounds per day for group A, ’
and ,37 ponnds per day for group B. These results, as'wellg
as the relatively stable difference between groups for
weights from birth to weaning, suggest that mothering

ability is comparable for bofh groups,

Over six generations the average birth weights and
average three week weights remained relatively the same and
no consistent trends, either increasing or decreasing, were

-observed in group A or group B.

By multiplyingvthe average individual birth weight
by the corresponding average tetal number born, the average
total litter.weignt produced per gilt for both groups, was
calculated to be: 24,76 pounds for group A, and 29,28 pounds
forrqroun B. Apparently, group B is superior to group A in
terms of reproductive performance. This superiority is pro-
bably due, in part, to higher maternal ability in group B,
"as this group not only produces larger litters, but-aiso

heavier pigs.,

26




Effect of Sire and of Dam on Preweaning‘TféifS, |

Analysis of variance was performed-on fhe tdtal num-
ber of pigs born, the number born alive, the number ‘at three
'weeks, individual birth weight, and individual three week
weight for both groups A and B. (The tables of analysis of
#ariance can be found in the appendix). The variation due
to generations was removed from all analyses. A significant
effect of sire on individual three week weight of offspring
was found for group B (p < .05 ). No significant effect of
sire was evidént from any of thé remaining analyses., These
results are in agreement with tﬁose of Wilson et al., (1962),
" and Dzaparidze (1935),vKrahlingér et al. (1939), and
Musson (1946) as cited by Rahnefeld and Swierstra (1970),
all of whom reported no effect §f sire on litter size in
swine. However, Rahnefeld and Swierstra (1970), and Minkema
(1967) have ;eported a significant effedt of sire on litter
size in swine., The apparent effect of sire on three week
weight found in this study would indicate that the sire has

some influence on weight of pigs at three weeks,

Further fesearch on effect of sire for both litter
size and individual pig weights should be carried out, per-
haps with a larger body of data than was available for this

study.

For the analysis of variance of individual birth
weight and of individual three week weight between dams
within sires was included as a source of variation and was

found to be highly significant (p < ,01) in both analyses

27




for both. gfoups A and B, These results were not unexpected
as individual birth weight is influenced by the dams repro-
ductive potential, and indiv1dua1 three week weight is
influenced by both the dams reproductive potential and
milking and maternal ability. |

Leveliof Inbreeding

The average percent inbreeding of the sire, the dam,
and the litter for each of the six generations and for both
groups is shown in table VII and presented graphically in
figures 1, 2, and 3. It can be seen that the two groups
possessed approximately the same average 1eve1 of homozygosity,
sroun A being slightly higher than group B, for the first
three generations. At this point in time, some animals, un-
related to those in group B, were used for breeding purposes
within that group. Subsequently, the average inbreeding of
the litters of group B was reduced in generation L, and it
follows that the average inbreeding of the breeding stock in
generation 5 would be reduced by approximately the same

amount.

A few animals outside of group A were used for breed-
ing purpeses in that group, buf-the‘average inbreeding was
not affected,toianydlarge extent. HoWever, because unrelated
animals were used for breeding stock in both groups A and B,
the expected change in inbreeding within a closed line as
shown by Lush (1945) was not calculated. The two iines of
Managra have been maintained as separate and distinct lines

for the most part, however, partly for practical reasons in

28
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- TAVLE VII, Generation Means and Standard Errors for the
Level of Percent Inbreeding of the Sire, the:
Dam, and the Litter B _

Fx of Sire Fx of Dam FX of Litter

Group Generation (%) (%) (%)

A 1 7.13 % 1.30 5.97 = .95 11,66 = .81
2 10.21 = ,90  11.76 L .3, 12.63 * .53

3 10.61 = .51 13,05 = 40 13.01 = .66

L 13.92 = .30  13.82 % .33 - 15,41 % ,25

5 14.60 = .30 15,20 £ .19  13.79 & .49

6 14,90 2 .30  13.89 = .68  13.22 £ .92

B 1 413X .04 4,051 ,08 @ 11.31 % .51
2 9.80 = .67  1l.22 1,75  11.68 % .71

3 11.29 = .54  11.60 = .59  12.73 £ .35

I 11.91 = .33 12.60 = .46 6.93 = .90

5 C6.54 = 63 5,47 1 .81 7.23 1 .32

6 7.52 2 .26 7.61 2 .31 9.69 = .12




Percent Inbreeding
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Figure 1.

Generation Means for Percent Inbreeding
of the Sires of Groups A and B
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Figure 2.

Generation Means for Percent Inbreeding
of the Dams of Groups A and B
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Figure 3.

Generation Means for Percent Inbreeding
of the Litters of Groups A and B
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utterms-Of thévcapaéity and operation of the researcﬁ~béfn,'
bﬁf'éléo to enable 1inécrosses to be made between the lines.
Such crbsses might become necessary for example if levels -
of inbreeding in:one or both lines became too high or if

one line, while excellent for most traits, became fixed for
some undesirable trait., The ability to correct such a
defect by introductions from the other line, while maintain-v

ihg the excellence in other traits, could be important.

It.should be remembered that an inbreeding coefficient
must be relative to some group, usually a pﬁrebred popula=-
tion. The Managra breed, however, is from a crbssbred founda=
tion and is of recent origiﬁ, and therefore the;inbreeding |
values calculated for this breed cannot be comp%red'to esti-
mates of inbreeding found in ofher pure breeds of swine,

The changes in inbreeding, however, over the six generations

studied, show the trends in inbreeding for the two groups.

Effect of Inbreeding of the Danm and of the Litter on
Preweaning Traits.

Changes in each of the five preweaning traits studied
with.each ten percent increase in inbreéding of litter, and
with each ten percent increase in inbreeding of the dam, for
each generation are shown in appendix tables 16 and 17. The
éhanges in these traits for each ten percent 1ncrease.iﬁ in-
breeding of the litter and of the dam, on a within generation
basis, are presented in tables VIII and IX respectively.

As inbreeding increases in both the litter and the dam in

both groups, almost all the traits show a negative response,
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This 1s in agreement with Bereskin et al. (1968), (1969),
and (1970), and also in. agreement with the literature as
reviewed by.Bereskin. The effect of increased inbreeding
of the litter on average individual birth weight, however,
is shown to be elightly positive for both groups, but the
regression‘coefficients indicate tﬁe increase is almost

zZero,

The inbreeding of the litter shows a greater effect
upon 1itter size and individual weight at three weeks ﬁhan
it does at birth. Group A showed a decrease of about ﬁalf
a pig per litter for every ten percent increase in inbfeed-
ing of the litter at birth. At three weeks a decreaseéof
slightly over one pig per litter was found. The decre%ses
in litter size at birth and at three weeks of age for every
tenApercent increase in inbreeding of the litter in group B
are approximately 0.3 and 0.6 of a pig respectively. In
both groups, thevinbreeding of the litter has a negative
effect upon individual weight at three weeks while at birth,
as already mentioned, the effect was almost zero. Bereskin |
et al. (1970) and Urban (1966) reported that the inbreeding
of the litter_beCOmes increasingly more important, with
- respect to preweaning traits, as the pigs increase in age,

which iS"in agreement with the results found in this study.

The changes in preweaning traits associated with
each ten percent increase in inbreeding of the dam are
generaily small, but negative, and rather insignificant.,
The differencesbetween the two groups are slight except for

the change in the number of pigs at three weeks. The




effects of inbreeding of the dem on 1itter size at birth -
are approximately the same for both groups, indicating that
the environment for group B pigs from birth to three weeks
‘allows for the detrimental effects of the inbreeding éf the-

dam to be expressed,:ﬁuterms of{pig mortality. Group B

litters are reduced by .37 of a‘ﬁig for each ten percent
increase in inbreeding of the dam, while group A litters

are reduced by only .02 of a pig.

Correlation Between . Inbreeding and Preweaning Traits.

Pheﬁotypic ¢orrelations between the inbreeding of
the litter and preweanlng tralts, and inbreeding of the dam
and preweaning traits are given in tables X and XI. Gener-
ally, the correlatlon coefficients in both these tables are
negative, but all are close to zero, indicating a rather
low association between inbreeding and these preweaning

traits.

Estimates of Heritability

Estimates of heritability obtained from paternal

half-sib correlation for all the preweaning traits under
study are presented in table XII. The heritabllity estimates

of litter size shown here are relatlvely consistent over

both groups, with most of the estimates close to Zero,
Group & and B differ, however, in the estimate of herit—
ability of individual welght, especially at three weeks.

Some of the variation here may be attributable to sampling




37

error, however, as the standard errors are large for indi-

,,Qidual birth and three week weight.
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SUMMARY AND CONCLUSION =

The effects of sire and of inbreeding of the' dam and
of the litter on litter size (total number bbfh, number born
alive, number at three weeks) and on individual birth and
three week weight were examined ofer six genéfations for two

groups of the Managra breed of swine,

It was found that the sire had no significant effect
on litter size and little or no effect on individual weights
at birth and three weeks, Increéses in inbreeding of the
dam were found to have a small, but generally negative
effect on préweaning traits, as had increases in inbreeding
of the litter. The inbreeding o? the 1litter had a larger
effect at three weeks than at bifth. Estimates of herit-
ability were low and had. large standard errors indicating
the large amohnt of unexplained random variation in the

preweaning traits studied.
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APPENDIX




- TABLE 1,

Group

~ Analysis of Variance in Total Number Born,

Source of
Variation

S
W

W

d.f.

8L
175

101
158

Mean o
Square ‘ F
LI--E‘LP N.S.
S5.41
6.73 N.S.

variance due to differences between sires
variance due to differences between litters

within sires
Not significant
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fTABLE52. Analysis of Variance in Number Born Alive.

: ‘Source of Mean
"Group Variation d.f. Square F

A 8 84 L.64 N.S.
W 175 4.99

B 5 101 6.19 N.S.
w 158 - 5.24

S = 'variance:due to differences between sirds

W = variance due to differences between litters

within sires
N.S. = Not significant




TABLE 3.

Group

-

Analysis of Variance in Number at Three Weeks,

Source of ? Mean

Variation d.f. Square F"
s 8y 6.53 N.S.
W 169 5.43
s 101 4.11 N.S.
W 157 . 6.89 |

variance due to differences between sires

variance due to differences between litters
within sires

Not Significant
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TABLE 4, Analysis of Variance.in Individual Birth Weight.

Source of Mean

Group R Variation d.f. Square F
A S . 84 1,28 N.S.
D 175 1.09 **
W 1855 0,15
B _ - S ' 101 . 1.81 , N.Sf
D 158 1.46 *
W ' . 2083 : 0.22
S = variance due to differences between sires _
D = variance due to differences between dams within sires

W = variance due to differences between progeny within
dams within sires .

N.S,. Not Significant
* % (p < 0.01)

i
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TABLE 5, Analysis;of?Variance in Individual Three Week

Weight.
Source of f Mean
Group Variation . d.f, Square F
A s 8y 13,31 N.S.
D 169 14.15 *¥
W 1469 ' 2.50
B s 101 . 28.65 *
' D 157 f 19.75 *x
W 1773 3.36
S = ;variance due to differences between sires
D = wvariance due to~differences between dams within sires
W = variance due to differences between progeny within

dams within sires
N.S. = Not Significant
*»*(p < 0,01) ;s *(p < 0,05)




Analysis of Sums of Squares and Sums of Qross-

TABLE 6.

Products of Percent Inbreeding of the Litter (X)
and Total Number Born (Y). f

Source of

5y2

Group Variation d.f. EXZ _Z&yz

A T 261 4507.21  -175.92  1347.34
G 5 320.65 38.75 20.18
W 259 4186.56 =214,68 1327.16
R 1 11.01
D 258 1316.15

B T 265 4260.91  216.62 1589.09
G 5 1288 .44 296.57 83.48
v 259 2972.47 - 79.95  1505.61
R 1 2.15
D 258 1503.46

T = Total

G = Generations

W = Within

R = Variance due to regression

D =

Deviations from regression




TABLE 7,

Group

ST
n

and Number Born Alive (Y),.

Source of
Variation
T
G
W
R

Total
Generations
Within

d.f'
264

259

258

264

259

258

Ix®

4507.24
320.66

4186.58

4261.03
1288.46

2972.57

Variance due to regression
Deviations from regression

Txy®
~197.77

- Ll'o 80
-192097

168.80
253459
- 84079

Analysis of-Sumsvof'Sqﬁares and Sum& of Cross-

Products of Percent Inbreeding of the Litter (X)

Ly®
1289.78
22.55
1267.23
8.89
1258.34

'1515,83

62.61
1453.22
242

1450.80

51




‘Analysis of Sums of Squares and Sums of Cross-

TABLE 8.
Products of Percent Inbreeding of the Litter (X)

Group : Variation d.f. X x° X Xya ‘ % ya
T 258 4310.92  -431.64 1511.10
G 5 307.54 = L4.47 45,27
W 253 4003.38  -427.17 1465.83
R 1 | 45.58
D 252 1420.25
T 263 L241.88 34,94 1561.69
G 5 1271.91 197.68 64.21
W 258 2969.97 -162.76  1497.148
R 1 8.92
D 257 1488.56 “

T = Total

G = Generations

W = Within

R = Variance due to regression

D = Deviations from regression

§and Number at Three Weeks (Y),

' Source: of




TABLE 9.

Group

Source of
Variation d.f.
T 264
G 5
W 259
R 1
D 258
T 264
G 5
W 259
R 1
D 258
Total
Generations
Within

T x°
4506,.87
320,71
4186.16

4261.19
1288.48
2972.71

Variance due to regression

Deviations'from regression

ZXY2
10.89

2.60
8.29

20038
8.64
11.74

Analysis of Sums of SQuares and Sums of Cross~
Products of Percent Inbreeding of the Litter (X)
and Average Individual Birth Weight (Y).

Tye
40,13
1.27
38.86:
.02
38.84

49.30
.80
48,50
.05
48.45




- TABLE

Group

10. Analysis of Sums of Squares and Sums of Cross-
Products of Percent Inbreeding of the Litter (X)
and Average Three Week Weight (Y).

Source of v
Variation d.f.
T 258
G .5
W 253
R 1
D 252
T 263
G 5
W 258
R 1
D 257
Total
Generations
Within
Variance due to regression

Deviations from regression -

L
4310.82

307.40
4003 .42

L4242,09
1271.64
2970.45

Txy®
-1650 19
-1390 65

- 46-31
- 20.72

Ty?
595.70
35.92
559.78
4.87
554,91

943.88

50.59
893.29
22
893.07




' TABLE

Group

11. . Analysis of Sums of Squares and Sums of Cross-

Products of Percent Inbreedin

~and Total Number Born (Y).

Source of
*Variation d.f.
T 264
G 5
W 259
R 1
D 258
T 264
G 5
W 259
R 1
D 258
Total
- Generations
Within

% x°

4053.68
1827.30

2226.38

6430,92
2694.10
3736.82

Variance due to regression
Deviations from regression

Yxy®

- 143.75

27.71

«120,11
- 97.34
- 22,77

g of the Dam (X)

Ly?

1347.34

20.18
1327.16
¢35
1326.81

1589.09
83.49
1505.60
<14
1505.46




TABLE 12,

Group

and Number Born Alive (Y),

Source of

" Variation

T
G
W
R
D

Total
Generations
Within

d.f.

264
5
259
1
258

264
5

259
1

258

¥x°

4051,.63
1825.45

2226,18

6429.31
2691.96
3737.35

Variance due to regression

Deviations from regression

Lxy®

-162 olfl'"
~134.39
- 28.05

- 73099
2.31
- 76 030

Analysis of Sums of Squares and Sums of Cross-
- Products of Percent Inbreeding of the Dam (X)

Yy?
1287.00
22.54
126446
W35
1264.11

1515.83
62.64
1453.19
1.56
1451.63




‘TABLE 13;‘_Ana1ysis:of Sums of Squares and Sums of Cross-
: ~ Products of Percent Inbreeding of the Dam (x)
and Number at Three Weeks (Y).

Group éggigiigg d.f. T x? 2xy2 Ly®
A T 258  4027.53 ~181.82 1511.10
a 5  1816.53 ~176.38 45,28
[} : 253 2211.00 - 5.44  1465.83
R 1 L .01
D 252 1465.82
B T 263  6401.27 -240.89 1561.69
G 5 2670.99 ~104.33 | 64.22
W 258  3730.28 ~136.56  1497.47
R 1 5.00
D 257 1492.47
T = Total
G = Generations
W = Within

~Variance due to regression

Deviations from regression




- TABLE 14, Analysis of Sums of Squares and Sums of Cross-
 Products of Percent Inbreeding of the Dam (X)
and Average Individual Birth Weight (Y).

Source of

Group Variation~ d,f. - Vx? Txy° Zya
A ' T - 264 4053.31 - 3,31 40,10
| G 5 1826.77 2.11 1.29
W 259 2226.54 -~ 5,42 38.81
R 1 : .01
D 258 38.80
B | iy 26l 6430.54 = 59.48 49.30
‘ G 5 2693.75 - 14,08 .30
i 259  3736.79 = 45.40 48 .50
R 1 ' «55
D ' 258 L7.95
T = Total
G = Generations
W = Within
R = Variance due to regression

D = Deviations from regression




TABLE 15, Analysis of Sums of Squares and Sums of Cross-

Group

U W = @ 3

Products of Percent Inbreeding of the Dam (X)
and Average Individual Three Week Weight (Y).

sgggiigg d.f. Tx® Lxy® Ty®
T 258 4027.62° - 5,18 594.98
] 5 1816.60 18.41 - 467.11
W 253 2211,02 = 23,59 1062.09
R 1 .25
D 252 1061.84
T 263 6397.90 96.14 .16
G 5 2671.04 173,14 50.58
W 258 3726.86 = 77,00 893.59
R 1 1.59
D 257 ) 892.00
Total
Generations
Within

Variances due to regression
‘Deviations from regression
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