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ABSTRACT

A swine breed development project was initliated
at the Universlty of Manitoba 1in 1956, One of the prime
'objectives was to develop a breed which could be used in
commercial crossbreeding for the production of market hogse.
The project also served as a source of genetic information
useful in swine breeding. Seven different breeds were
chosen to comprise the foundation stock., The breeds and
their approximate contrlbutien to the new breed weres
Landrace (Swedish) 45%, Wessex Saddleback 20%, Welsh 12%,
Berkshire, Minnesota No. 1; Yorkshire and Tamworth approxi-
mately 5% each. Four separate lines of the new breed were
formed. Only data from gilt litters was used in analyses;
Littérs were farrowed during three periods (seasons) each
year and only one line of the new breed was farrowed in any
one season. A purebred Yorkshire herd was maintained and
Yorkshire gilts were farrowed each season at the same time
as one of the lines of the new breed,

Intensity of selection in the new breed for per-
formence and carcass traits has been limited up to the
pregent time, No systematie testing of the new breed has
been made in commercial crossbreeding production. At the
present time performance of the new breed is favorable and

compares well with the purebred Yorkshire herd.




Two statistical procedures were used in estimating

genetic parameters of the new breed for the three performance
traits of litter size at birth (number born alive), post
weaning growth rate and backfat thickness as measured by the
live probe, The statistical methods employed were parent-
offspring regression and paternal half-sib correlation.
Heritability estimates obtained by these two methods were
pooled to provide one estimgte of heritabllity for each of
the performance traits studied.

Overall pooled estimates of heritabllity for the
new breed for litter size and post weaning growth rate ob-
tained from 211 litters and 1,472 individuals were 0,19 %
0.16 and 0.18 £ 0,05 respectively. These estimates fall
within the range of estimates reported by other workers for
these traits.

Data collected on 723 1ndiv1duals for backfat
thickness provided a pooled estimate of heritability during
1962 and 1963 for the new breed of 0,13 + 0.05. This esti-
mate is considerably lower than what might be expected for
the trait, but may be due to a high unexplained source of
environmentel variance among males. It is also possible
that this breed is close to a *biological minimum® for the
tralt and hence the genetic potential does not exist to make
further reductions.
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INTRODUCTION

The elghteenth century was the first really
active period in the development of new breeds of live- L
stock., At that time private breeders sought to create new
breeds either to sult their own fancy or else were genuinely
concerned with the need to produce new and superior strains
of livestock. Thelr desire to protect and preserve the
identity of these improved herds led logically to the develop-
ment of pedigree registries or herd books. Eventually how-
ever the idea of maintaining "purebred supremacy" gained
precedence over everything else to the point :that cross-
breeding for commercial production was actively discouraged,
and the development of new breeds became a thing of the past,

With the advances made in the field of applied
genetics the attitude of animal breeders has undergone a
revamplng and the development of new breeds of livestock has
agaln assumed importance and is considered desirable where
‘& need is indicated. Hence, it is not surprising that over
the past fifty years the livestock Industry has witnessed
the development of several new breeds,

In 1956 plans for the development of a new breed
of swine were first initiated at the University of Manitoba.,
The primery objective of the program was to provide a new

and unique source of genetic material for use in the con-



mercial production of swine in Canada., The project was

felt justified owing to the fact that at that time the vast
majority of pigs in Canada were of the Yorkshire breed.

The Lacombe and the Landrace breeds were only on the verge

of meking their appearance on the Canadian market, hence it
was deslrable to have a breed that would combine well with

these exlsting or potential breeds in a planned program

of crossbreeding for pork production.

The project also provided a source of information
for secondary, but major research objectives. These in-
cluded the evaluation of responses to selection in a breed
of well defined genetic origin and estimation of genotypic
rarameters of economic traits.

This study has been made at what might be termed
an "intermediary phase" of the breed development. The
Primary objectives are twofoid: 1) to record the esteblish-
ment and genetic origin of the breed, and 2) to obtain
estimates of genetic and phenotypic parameters of certsin
 economic traits. These traits are: a) litter size, b) post-

weaning growth rate, and c¢) backfat thickness.



LITERATURE REVIEW

The concept of breed development is not a new
one and it 1s a useful way of attempting to meet the ever
present demand for more profltable livestock, It is evident
that animel breeders are faced with answering one basic
question when faced with the prospect of a breed develop-
ment project and that is, "are current demands of the in-
dustry best satisfied by the development of new breeds or
by selective modification of existing breeds?® Fredeen
(1963) points out that demands of the livestock industry
are dynamio end no one of us is sufficiently clairvoyant
to predict with certainty the standards of merit that might
be employed even a quarter century hence, Characteristics
deemed desirable today may be considered of no consequence,
or even detrimental, within the next few years. Perhaps
then breed development should be exploited as the most

rapid means for effecting genetic change in response to

consumer demand, with concerted selection to change establish-

ed breeds being delayed until the permesnence of the demand
has been established., The point to be made here is that
there is definitely a place in the livestock industry for
the development of new breeds. The question of the demands
of the industry has already been alluded to and realizing

that they are by no means static, changing often abruptly




and in an unpredictable manner, the necessity of meeting

these demands quickly and efficiently is a matter of prime
importance, Naturally there are other advantages to breed

development the most obvious of which is probably the

stimulus At provides by way of competition. There can be
no doubt that the advent of new breeds in the United States
contributed materially toc the improvement of swine in that

country. Breeders apparently showed no inclination to

utilize the tools at their disposal in meeting the demand
for more profitable livestock until they were literally
forced into doing so by the prospect of stiff competition
from new breeds., It is likely that the development of the
Laconmbe in this country has had a similar effect.

Several alternative methods are available to the
animal breeder in developing new breeds of livestock.
Craft in 1958 outlined three views as to the best method of
doing so:

1) Inbreeding should be slow, 15 sows mated to four

or more boars per line of the same breed with selection
against the undesirables uncovered by inbreeding.
2) Inbreed as rapidly as possible using only three

to six sows and one boar per line, or a single socw mated to

her sire or son, discarding the poorest lines after two or
three generations of inbreeding.

3) A cross of two or more breeds should be used as a



base, inbreed 51owly and select for the trait or traits

desired.

The third alternative outlined by Craft (1958)
was the general method employed in the current breed develop=~
ment}project. It can be sald that essentially all breed
development projects have two basic objectives in mind:

1) To combine in a single strain = maximum of the
desirable characters of the parental breeds and

2) To induce the recombination of genetic factors
which will result in the production of new and desirable
characters not found in the parents,

There is little doubt that use of a crossbred
foundation is an efficient-way of accomplishing these ends.
This is borne out by the success swine breeders in the United
States and Canada have had in their breed development pro-
jects over the past thirty years or so. Thls includes such
breeds as the Lacombe, Minnesota No. 1, No. 2 and No. 3,
Palouse, and several others, all of which have had notable
success,

The basic argument then for the use of hybrid
populations in breed development is that it is an efficient
way of combining in one breed the desirable characterlstics
of two or more breeds. As pointed out by Fredeen (1963)
the very fact that hybrid vigor results from the crossing

of breeds is evidence of differences in actual content and/or



frequency of genes important in determining performance

levels. Where such differences are due to gene content,
selection from 2 hybrid foundation provides the only way
whereby the desired genes can be combined in one breed. = o
Fredeen goes on to say that the first cross alone would
serve to combine the genes but the crossbreds might also
show the deficiencies of either or both of the parent breeds
entering the cross; hence the need for selective develop-
ment from the hybrid. Where breeds differ in gene fre-
quency, selection alone could, in time, serve to briﬁg the
two breeds to the same desired level. This objective can
however, be obtained more quickly by selection from a
hybrid between the two breeds.

Another use 5f this procedure for developing new
breeds is illustrated by the concrete evidence from lab-
oratory studies that selection "limits" can be overcome by
crossing plateaued but genetically diverse lines and con-
tinuing selection from the hybrid. Fredeen (1963) draws to
our attention the fact that with livestock there is abso-
lutely no evidence to suggest that selection has been of
sufficient consistency, intensity or duration to have carried
any of our breeds to a plateau. At the same time there is
however no basis for believing that selection limits must
be reached before crossing followed by selection can be

Justified.,



The extensive work which has been done with

hybrid foundations has served to dispel ideas formerly
held as to their worth in breed development projects i.e.,

1) That use of a crossbred animal for breeding
purposes is followed by wide genetic segiegation in eco-=
nomically important traits and a general loss in vigor, and

2) That it would be impossible to sttain the uni-
formity of an established breed among the progeny of a cross-~
bred foundation within the span of a2 human lifetime. Winters
et al. (1943) reporting on the development of the Minnesota
No. 1 made the observation based on experimental results,
that it is possible to proceed much more rapidly with
purification from a crossbred foundation than has formerly
been assumed. They felt also that Fo and F3 populations do
‘not necessarily show a general decline in vigor or so wide
a segregation in type and performance as to be undesirable
economically., They point out however that the cross employed
in their experiment was not as wide as many made by plant
breeders. On the basis of this, Winters and his co-workers
caution that it is perfectly conceivable that mnany undesir-
able recombinations might occur when making use of wider

genetic crosses. They felt that the fact that their results

revealed no deterioration in Fo and later generstions was
due to the superiority of the foundation animals and the

rigorous selection practiced did much to keep segregation



under control. If indeed these two criteria were in any

way effective in their developmental program, there is no

reason to assume different conditions should prevail when

several breeds as opposed to only two are used in the
foundation stock,

The development of the new breed at Manitoba and
of the Mimnesota No. 3 in the United States has been based
on a much wider genetic base than has generslly been prac-
tised. Use has been made of seven and eight breeds respec-~
tively in the development of these breeds. The rationsale
for this approach was that if it was possible to effect
more rapid genetic improvement through the development of
new lines from the crossbred foundation of two comple-
mentary, genetically diverse breeds, as contrasted with
continued selection within existing breeds, then the same
concept should be applicable when several breeds are used.
The use of several breeds would give rise to a heterogenous
population which might be expected to yield a greater pheno-
typic variability than less heterozygous populations. Pre-
sumably we also succeed in increasing the additive genetic

variability of the population. Theoretically at least, it

would be considerably greater than where only two breeds are
used to make up the foundation stock. Hence, a breed
developed from & crossbred foundation would be expected to

have not only a greater amount of genetic variance but also



greater additive genetic variance, It has already been

pointed out that results from crossing of breeds indicate
that there exist differences in actual content and/or fre-
quency of genes important in determining performance levels,
This being so, it is possible that fhe wider the genetic
base used in the formation of the foundation stock the
greater will be the genetic variability and the additive
genetic variance. Increase in the additive genetic variance
is important from the standpoint that it usually results
in larger estimates of heritability. This in turn is de-
sirable because the greater the heritability of s trait,
'the more effective selection for that trait will be. Table
I, (Fredeen (1958)) which provides data on the levels of
rerformance and other pertinent data concerning eight breeds
developed and recognized in the United States is evidence
of the success swine breeders have had in breed development
from hybrid populations. That such marked success has been
realized justifies the formation of new breeds from hybrid
populations and provides much weight in favor of the for-
mation of new breeds as opposed to the improvement of exist-
ing breeds as g means of meeting the practical requlrements
of swine producti&n.

Synonymous with breed development is inbreeding.
The inevitability of inbreeding within a closed herd cannot

be disputed, and while it is known that inbreeding does
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affect most performance traits adversely, in that it is
usually accompanied by a loss in vigor, Craft (1958) and
others point out that it can, and is used to advantage in
breed development. These advantages are for the most part:

1) The uncovering of undesirable genes by making
the lines more homozygous, and

2) The fixation of desirable gene combinations
within the line or lines.

According to Craft (1958), the traits which have
been most sensitive to inbreeding are, number of pigs
farrowed and weaned per litter, and growth rate. These
same traits however, show most of the heterosis in crosses.
Chambers and Whatley (1951) have repérted that results with
lines inbred slowly indicate that swine breeders can main-
taln a line indefinitely as a closed herd, without serious
loss in litter size or. growth rate provided that inbreeding
is kept at a low rate, not exceeding three to five per cent

ber generation, and selection is applied continuously for

these tralts, Winters gt al. (1943 and 1948) have reported
- results which would seem to indicate that lines formed from
breed crosses may have been less sensitive to the depressing

effects of inbreeding than lines within pure breeds. While

inbreeding, as pointed out, is inevitable in a closed herd,
and does result in a loss in vigor of important performance

traits, the results of these workers is encouraging. They
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indicate that a program based on the crossing of two or
more lines of wide genetic diversity followed by a minimum
of inbreeding per generation would produce the most desir-
able resultse ,

Of great importance in any breed development or
improvement program is the maintenance of a constant en=-
vironment, Comstock and Winters (1944) point out that
heritability can be increased only by reducing the sources
of environmental variation to a minimum or by meking
corrections for sources of non-genetic variation that can
be measured but cannof be held completely constant. All
factors contributing toward efficiency of performance are
affected materially by influences other than genetic.s In
order therefore, that selection of the superior individuals
be as effective as possible, it is 1mperative that all re-
cords of performance be gathered under as uniform conditions
as possible and where this is impracticable, that suitable
correction factors be introduced. The latter is not always
accomplished wthoﬁt the introduction of some bias to the
date and is an added reason why maximum attention should be
paid the former.

| As & basis for selection, information must be ob- e
tained on each of those traits considered of economic o
importance, Knowledge of the heritability of a trait says
Dettmers (1962), is useful because it provides a basis for
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prediction of results in a selection program, Dettmers
(1962) along with other workers, goes on to point out that
heritability estimates for any single trait vary widely
and the average magnitude appears to depend on the nature
of the character itself, for instance lower estimates are

- generally assoclated with traits that contribute to fitness.
Litter Size

Stewart (19452) has said that improvement in
livestock in one or several characteristics, through
selection depends not only on the genetic variability of the
population from which selection is made, but also on the
proportion of available animals that are required for breed-

-ing purposes. Satisfactory reproduction, or prolificacy,
therefore is basic to the whole program of progress in animal
breeding because it results in larger populations from which
a given number of animals may be selected. As pointed out
before there is evidence that characters associated with
fitness have heritability estimates low in magnitude. The
majority of heritability estimates reported in the literature
for litter size range from -.11 to .54 (Table II). Boylan
et al. (1961) points out that heritability estimates of
litter size accompanied by low standard errors are difficult

to obtain, consequently it is not surprising that such a

wide range of estimates have been reported. Bernard et al.
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(1954) investigating the heritability of litter size in

swine at various ages obtained estimates ranging from

0.07 to 0.11, none of which were significantly different

from zero. Similar results in mice have been obtained by = .
Rahnefeld et al., (1962) and Falconer (1960) who reported
estimates of 0.1l and 0.15 respectively. Craft (1958)
suggests that an overall estimate of 0.15 in swine would
seem reasonable. Boylan et al. (1961) who reviewed the
literature quite extensively feels that the majority of

more reliable estimates fall below 0.10, an observation

- which seems to be borne out by the fact that the higher
estimates, such as that obtained by Shelby (1952), are
usually accompanied by large standard errors. Boylan et al.
(1961) concluded from the results of their experiment

that heritability for litter size in swine was low and the
response to mass selection for increased performsnce with-
in a line or breed would be negligible. This is in general =000
agreement with what has been found earlier and reported in

The literature. Hetzer et al. (1940) reported that their

results indicated that only a relatively small part of the

variance in litter size is hereditary in character. Their

conclusions were ﬁased on the fact that the genetic part of

the variance in their study, was found to account for not

more than 20% of the variance in litter size at birth, at

28 days, or at 70 days of age. They were of the opinion
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however, that despite this small percentage of the total
variance that was attributable to genetic factors, it was
still large enough to suggest that selection may bring
about changes in this character.

It should be pointed out that Hetzer et al,
(1940) made their investigation on a inbred herd of Chester
White swine. This is pointed out because it would be log-
ical to assume that if we could find some way of increasing
the genetic portion of the variance in litter size, then
the amount of change that could be effected in this trait
would also be increased. Theoretically the'crossing of
two or more genetically diverse breeds would be expected
to increase the amount of additive genetic variance., Any
increase in the portion of additive genetic variance would
be reflected in the size of-the heritability estimate,
Boylan gt al., (1961) in comparing the size of heritability
estimates obtained for the Minnesota No. 1 and the
Hinnesota No. 3 felt that the relative magnitude of the
values obtained seemed piausible. The values obtained were
<05 & .13 and .17 + .14, The Minnesota No. 1, they point

out, was more closely inbred of the two breeds and the

Hinnesota No. 3 foundation stock was established using
several more lines than was the case for the Minnesota No,
l. For these reasons these workers felt that the Minnesota

No. 3 may have possessed more genetic variation. If the
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opinion of these workers that the amount of additive genetic

varisnce is increased materially by the crossing of several
breeds as opposed to two or three, and that this in turn
results in higher estimates of heritability, then selection
for improvement of the trait is likely to be more effective
‘in a2 line based on a large amount of genetic diversity.

It is worth mentioning at this point that in the
opinion of several workers, litter size is subject to a
depressing effect as a result of inbreeding. Hebtzer gt al.
(1L9L40) stated that though the genetic portion of variance
in litter size was too small to indicate rapid improvement ‘
in this trait, it was however large enough to support the
conclusion that the gradual decline in the trait observed
during the course of the experiment, was at least partly
genetic. It is generally accepted that an increase in in-
breeding results in an increase of homozygosity of the line
and that this in turn Wéuld tend to reduce the estimate of
heritability, Hence a system of crossbreeding involving
several breeds of wide genetic diversity followed by mild
inbreeding should produce the best results as far as litter
size is conderned. Under such a system we might expect
larger heritability estimates than is generally the case.

Other factors having an effect on litter size
'have been reported by many workers. These factors would

include seasonal effects, year effects and differences due
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to breed. In the case of the latter it is now generally
accepted that differences between breeds in respect to
average size of litter do exist (Table I). As for the
other two factors, results of different experiments are
conflicting but it may be well to note the observation of
Hetzer et al, (1961) that yearly fluctuations in weather
conditions and differences in the incidence of disease and
parasites conceivably lower the averages obtalned for some
if not 2ll traits. Changes in genetic merit may also con=
tribute to differences between years, Hetzer et al, (1940)
felt that in respect to the relative importance of these
other causes affecting litter size, it would seem that un-
controlled environmental conditions such as temporary changes
in health of the sows or in their fertility, are a much
more important cause of varlation in litter size than such
factors as yearly changes in feeding and management, season

of birth and age of sows at farrowing.
Growth Rate

Comstock et al, (1942) states that rapid growth
of swine is of value to the pork producer for several
reasons., It is generally asgreed that other things being
equal faster growing plgs require less feed per unit gain
in welght. Since the pigs that grow faster reach market

weight sooner the overhead cost of labor is léss and the
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risk of loss from disease, parasites and accidents is re-
duced. It follows that growth rate is one of the char-
acters to be considered in any improvement or breed develop-
ment program.

The relationship, if any, between litter size
and growth rate would be of importance to the snimal breeder
if he were selecting for both these traits simultaneously
~within the same population.

Rahnefeld et al. (1962), working with mice have
reported a smell bubt positive genetic correlation between
litter size and growth. They felt that this positive
correlation, though small, is of considerable importance
for it indicates that while no large desirable correlated
response can be expected, an equally undesirable negative
correlated response of litter size to selection for growth
rate will not occur.

Cockerham (1952) and Vogt et gl. (1963) working
with swine reported a similar smell but positive genetic
correlation between litter size and growth rate, The re-
sults of these workers indicate that litter size will not
be adversely affected as a consequence of selection for
growth rate and vice versa. However, Dickerson et al. (1954)
suggested that a negative genetic correlation might explain
the ineffectiveness of simultaneous selection for increased

litter size and faster growth rate in inbred lines of swine
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developed at the Regional Swine Breeding laboratory
(United States North Central Region). The importance of
these findings cannot be overemphasized especlially in view

of the observations made by Comstock and Winters (1944),

From thelir experimental results they felt that the difficulty
in maintalning fertility is more likely to interfere with
the development of inbred lines than declining growth rate.
This i1s doubly significant since reduced fertility auto-
matically reduces the smount of selection that can be -
practiced for both fertility and other characters.

Numerous studies, varying sample sizes, period
of development and method of analyses have ylelded a wide
range of heritability estimates for growth rate (Table III).
These fesults do not indicate that estimates differ in re-
lation to thé period of growth considered. The ranges
given may represent genulne differences among the popu-
lations studied, but according to Fredeen (1958) allowance
must be made for sampling error and/or the possibility of
erroxr due to the inclusion of unmeasured non-genetic effects.
The importance of sampling error and bias 1s more evident
when two or more methods have been employed in estimating
heritabilities. The work of Whatley (1942), Krider et al.
(1946), Dickerson and Grimes (1947), and Fredeen and
Jonsson (1957) a1l yielded larger estimates from intra-sire

regression of offspring on dam as compared to those obtained
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by paternal half-sib correlation. Dickerson and Grimes
(1947) have interpreted this as resulting from an antago-
nism between the dam's direct and transmitted influence on
this trait. The results of Nordskog et al. (1944) are not .-
in agreement with those of these workers however. Nordskog
et al, (1944) reported estimates of 0.21 and 0.40 for growth
rate as measured from weaning to two hundred pounds market
weight. These estimates were obtained by regression of off=-
spring on parent and by paternal half-sib correlation re-
spectively. It becomes apparent however that the range in
estimates reported in the 1iteratﬁre for growth rate can be
attributed in part to the different methods employed in
their estimstion.
As has been mentioned previously growth rate along
with litter size show most of the heterosis in crosses
(Craft 1958). Hence as postulated for litter size the cross-
ing of several lines of wide genetic diversity would also

increase the amount of additive genetic variance for growth
rate, We would expect therefore, larger heritability SR
estimates than would normally be the case where fewer lines

and/or lines more closely related were used in the cross.

The results obbtained by Sumption et gl. (1961) in the develop~-

ment of the Minnesota No. 3 suggests that this method of

increasing the additive genetic variablility for growth rate,

and hence also the effectiveness of selection for improvement
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of the trait, is a valid one.

Backfat Thickness

Literature reports indicate that carcass traits
in general are highly heritable. Estimates for backfat
thickness are presented in Table IV, Lush in 1936 stated
that under the Danish system of progeny-testing swine every
effort was being made to reduce the thickness of backfat.

Figure I shows that these efforts have been highly
successful. During the period 1926-1927, the distribution
was essentially normal with a2 mean of 4.03 cm.; a range of
2,6 to 6,5 cm., and a standard deviation of 0.441, By
1955-1956, the situation had changed considerably, the mean
now being 3.20 cm., the range 2.3 to 4.5 cm,, and the standard
deviation 0.302 cm. The progressive skewing of the curves
that has accompanied this change has been due to the re-
duction of the maximum expression of the trait without any
appreciable change at the lower extreme. It is of interest %
that in thirty years, the lower limit has been reduced by
only 0.3 cm. According to Fredeen (1958) this situation
should be interpreted as evidenée that a biologicel minimum
for backfat thickness exists in the range of 2.0 to 2.5 cn,
Such a limit, if it exists, could condition the amount of

improvement that may be expected in this trait as well as

those with which it is genetically correlated (Fredeen and
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Figure I

FREQUENCY DISTRIBUTIONS FOR THICKNESS OF BACKFAT OF DANISH

Frequency Por Cent

LANDRACE PIGS TESTED AT THE OFFICIAL PROGENY TEST
STATIONS SINCE 1926 (AFTER FREDEEN 1958)
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Jonsson (1957)). Lush (1936) points out that backfat is
similar to body length in that the ideal is not either ex-
treme but the intermediate. Carcasses with too little back-
fat are found to be too soff to suit the market demand and
hence while selection is being made at the upper extreme in
order to reduce the meximum, it would seem likely that
selection at the lower extreme is either in an upward
direction or else it 1s directed at keeping the minimum
value as stable as possible. What is important however, is
that there exists enough additive genetic variance in a
population so that selection for the trait will be effective.
Lush (1936) felt there was "abundant additive genetic var-
iance" to permit this, and more recently Enfield and Whatley
(1961) felt that evidence from their study indicated that
selection for reduction of thickness of backfat would be
slightly effective. Fredeen and Jonsson (1957) caution that
there is uncertainty as to whether backfat thickness may

be indefinitely reduced without creating undesirable changes
in other important factors influencing carcass quality.
However, apart from going to an extreme, results of several
workers, including Fredeen and Jonsson (1957), Fredeen
(1958), Stothart (1938) and Lush (1936), are quite encourag-
ing, for they appear to be in general agreement on the point
that genetic relationships indicated are such as to ensure

desired genetic improvement when selection is based on any
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one of feed efficiency, length, rate of gain or thickness
of backfat. Thus, for example, selection for length alone
will give in correlated responses, a reduction in thickness

of backfat and improvement in both rate of gain and

efficilency of gain.
It has generally been found that gilts have less
backfat then barrows at the same weight. The significance

of a sex difference is however limited to scoring and carcass

grading standards. Fredeen and Jonsson (1957) found no
difference in heritability estimate for barrows and gilts.
They obtained estimates of 0.52 and 0.58 for males and fe-~
males respectively and in =ddition observed that most of the
genetic correlations agree reasonably well for the two sexes.
In oonclusioﬁ it can be stated that the traits
under study have been found, in general, to exhibit sufficient
additive genetic variance to ensure desired genetic improve-
ment, and the genetic correlations between the traits are
such that selection for any one will provide the desired
response in the others. The rate or magnitude of the improve-
ment will depend of course on the heritability exhibited by
the separate traits, in this case from low to relatively
high, and also on the intensity of selection. Since results
reported in the literature indicate that the amount of

edditive genetic vaeriance for any one trait varies from one

population to another, it is to be expected that heritability
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estimates will also vary from one population to another.

In order to achieve accurate prediction of results in a
selection progrem therefore, it is essential for the animal
breeder to have a knowledge of the heritability estimates

of the traits under selection.



History of the Breed Development

One of the primary reasons for the development
of a new breed of swine at the University of Manlitoba was
that it should combine well and produce s maximum amount
of heterosis when crossed with the existing breeds of the
Canadian swine industry. For this reason the new breed
was designed to be as genetically different as possible
from other breeds.

Initially three breeds were selected to comprise
the foundation stock. These were the Wessex Saddleback,
Welsh and Landrace (Swedish). The choice of these breeds
was based on particular attributes of each and their ex-
pected contribution to the new breed.

A brief description and the particular attributes

of each of these foundation breeds is given below:

Wessex Saddleback ~ This is an English breed, black in

color but with a white belt. It had an established re-
putation for fertility, prolificacy and milking ability.
In addition, it was known to thrive under adverse feeding

conditions, It's main defect was inferior carcass quality.

Welsh - Another English breed, white in color and noted
for it®s hardiness under English conditions. It was cap-

able of producing acceptable carcasses. It's main defect
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was a slow rate of growth.

Landrace (Swedish) - This breedeas selected for its rapid

growth rate and its superior carcass quality.

Other breeds included in the foundation stock
were the Berkshire, Mimnesota No. 1, Yorkshire and Tamworth.
These breeds were included primarily to increase the pop-
ulation size and also to increase the genetic diversity.

The initial foundation stock consisted of nine
bred Wessex Saddleback gilts, a boar of the same breeding
end two Welsh boars, all imported in late 1956 from
Englandi To this group were added two Landrace boars from
Canadian herds; In order to increase the population size
and also the genetic base of the new breed, it was decided
in 1957 to add a number of females of different breeding.
Accordingly, three crossbred sows of (Berkshire) male x
(Yorkshire x Tamworth) female breeding and two sows of

Minnesota No. 1 male x (Yorkshire x Tamworth) female breed-

ing were includeds; These additional sows had performed
quite well in a crossbreeding project and hence it was felt
that they would make a useful contribution. Finally in
1958 two Landrace x Wessex females and a third Landrace boar
were purchased in Canada to complete the foundation herd.

The summary below lists the 22 foundation animalss
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Wessex Saddleback females
Berkshire x (Yorkshire x Tamworth) femsles
Minnesota No. 1 x (Yorkshire x Tamworth) females

Landrace x Wessex Saddleback females

Wessex Saddleback male

Welsh males

w N H ONMDND W Vv

Landrace males

From this initial foundation stock four separate
lines were developed. In this study these lines shall be
referred to as lines 1, 2, 3 and 4 respectively, and the
breed as a whole as Breed "M%,

It 1s not possible to state accurately the
eventual composition of the new breed. In 1959 the cross-
bred population was approximately 40% Landrace, 25% Wessex
Saddleback, 20% Welsh, 5% Berkshire, 5% Minnesota No. 1,
and 23% each Yorkshire and Tamworth. The per cent com-
position of the herd in 1960 and 1962 has not deviated to
any great extent from the figures given above (Table V).
The initlal plan called for equal representation of
Lendrace, Welsh and Wessex Saddleback; spproximately 25%

each, The higher percentage of Landrace arose because of

breeding difficulties encountered with one of the foundation
Welsh males and the subsequent substitution of a Landrace

male,
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Mating System

Matings were planned originally with two main
objectives in mind:
1) To keep inbreeding to a minimum and
2) To achieve the desired percentage of each of the
foundation breeds in the new breed. The matings were set
up in such a way as to facilitate the formation of the four
distinet lines already referred to. There has been no
interchange between the lines, In the summer of 1962 the
mating system was changed slightly. Matings were made at
random among selected individuals except that full-sib
matings were avoided. No particular effort has been ex-
ercised subsequently in mating the least related individusls.
The breeding schedule employed provided for
farrowing four times during an approximately 15 month
period. Each of the four farrowing times represented a

different line in the breed. All offspring were from fe-

males having thelr first litter except in the early gen-
erations of the breed, some females were retained for two

or more litters in order %o increase the herd size rapidly.
Gilts and boars were mated at approximately 11 months of
age. This age at breeding, while oldexr than is the practice
in the industry, was necessitated because of operational

procedures in the use of farrowing facilities. The program
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was designed so that approximately 20 to 30 gilts farrowed
during each farrowing period. Approximately five to six

slres were represented in each line each farrowing. The

average length of each farrowing season was approximately

six weeks.,
Selection Methods

Selection of breeding stock was practiced sep=-
arately Withiﬁ each of the four lines. Essentially mass
selection has been the method employed in this program,
i.e., selection has been based primarily on the individuals
own phenotype. Independent culling.levels have of course
been established. In the early generations emphasis was
placed on selection for body color, type and freedom from
physical defects, At that time, only those individuals
which were free from defects and which showed the leaét
color were saved., However, selection in the early genera-
tions was also based on litter performance for traits up
to and including weaning, individual performance for growth,
rate of gain and litter-mate performance for carcass quality
(approximately one-half of esch litter was marketed at
200 pounds) At the present time, while selection for type
as well as color and physical defects ig still practiced,
emphasis has been placed on selection for thickness of back-

fat as measured by the live probe (Hazel and Kline (1952)),
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post weaning growth and age at 190 pounds.

Initial selection of boars was primarily on a
within litter basis with weaning weight the major criterion
of selection. All non-selected males were castrated at
that time., The selected males were grown out in groups
to a final weight of approximately 190 pounds. At that
time they were welghed and backfat thickness was measured
by use of the live probe. Selection of the males to be
used to sire the next generation was then made on the basis
of the independent culling levels discussed above.

The initial selection of females was made at
merket weight. This selection was also based on the in-
dependent culling levels discussed previously.

It may be seen that individuval performance as
well as litter performance was utilized in selecting from
each line the individuals which produced the next generation.

Concurrently with the breed development project
was the maintenance of a purebred Yorkshire herd. The
primary purpose of the Yorkshlre herd was to provide con=-
temporary animals as a basls for measuring the relative
performence of Breed "M". One to two sires and six to eight
dams were used each generation in the Yorkshire herd. New
sires purchased from purebred breeders, were regularly

introduced into the herd.
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Inbreeding

The present level of inbreeding varies slightly
with the lines. The average within lines ranges from 12 o
to 15%. The average increase in the inbreeding coefficient -
per generation over the period 1958 to 1963 ranges from 2
to 4% (Table VI).
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The Data

Source and Description

The data for this study were obtained in a breed
developmént program at the University of Manitoba. Data
from the project were gavailable for the years 1958 to 1963
inclusive. It was decided however, that for purposes of
this study data obtained only from the F2 and subsequent
generations should be used. Those litters farrowed in
1960 corresponded to the F, generation (Table Via).

The performance traits for which parameter
estimates ave computed in this study are litter size at
birth, postweaning gain (weaning to approximately 190 pounds),
and thickness of backfat as measured by the live probe.
Litter size was taken as the total number of pigs born alive
in a litter. Only the record of the first litter of a gilt
was used in the analyses for litter size.

Growth rate data used were for postweaning growth
only, i.e., from weaning at approximately 42 days of age to
market weight. It was declided to consider all pigs within a
range of approximately 160 to 220 pounds and at an age not
exceedlng 215 days as having reached market weight., All
others were excluded from the analysis,

The average of three probes taken on the left and



TABLE VIa
THE 'F' GENERATION OF EACH IINE ARRANGED

BY YEARS 1960 TO 1964 INCLUSIVE

Line 1960 1961 1962 1963 1964
1 Fy Fs Py - Fy
2 Fz F3 - F4 F5
3 Fy - Fq F Fy
X -
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right side of each individual at each of three standard lo-
cations along the back, provided three measures of the thick-
ness of backfat per individual., These in turn were averaged

to give a single measure of the thickness of backfat per in-
dividual, The method of probing was that devised and explained
by Hazel and Kline (1952). The mean backfat thickness of

each pig was adjusted by linear regression to a constant

body weight of 190 pounds.

Methods of Anelysis

i) General comments

a) All but the more easily computed para-
meters have been computed by the use of an I.B.M. 1620 com-
puter.

b) Analyses were made within each line by
season, year and sex. In the case of litter size where in-
formation was avallable for only one sex, analyses were con-
ducted by season and year for each line.

ii) General procedures in parameter estimation

Standard statistical procedures were employed
to obtain the various intermediate quantities from which the
ultimate parameters were estimated.

1. Parent-offspring covariasnces and regression
In the case of both sire-offspring and dam-

offspring the variates used in computation were the sire and
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dam phenotypic values and the offspring phenotypic values.

This method was chosen rather than the intra-sire regression

of offspring on dem because it was felt that more degrees of

freedom would be available and hence more reliable estimates fﬁ}fﬁf
would be obtained. It was felt justified in doing this since

mating was essentially at random in the more recent genera-

tions and should therefore have introduced no bias. Any de-

viation from non-randomness in the early generations was felt

to have been so small that it would have little effect on

the reliability of the estimates obtained.

The '0* values obtained by this analysis were sub-
jected to a standard covariance analysis to test for homo-
genelty in order to validate pooling of the data. This pooling
resulted in the computation of an average 'b' value ( b ),
and a weighted *b'. The latter was arrived at by weighting
The individual 'b' values inversely to theilr variances. The

general form of this analysis is as outlined by J. Li (1957).

These computations were carried out on the I.B.M. 1620 computer,

2s Analysis of variance and covariance
The form of variance analysis and expectations

of mean squares are presented in Table VIb. Separate

analyses were conducted by line and sex, within each season
of each year. Results were then pooled by line for each sex

and then finally by sex. In any pooled anslysis the form is

/R UNIVE 7?5’?)7,. ‘
LIBRARY
OF wawitosh
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analogous to that in Table VIb with the addition of another

source of variastion.

TABLE VIDb

ANATYSIS OF VARIANCE AND MEAN SQUARE EXPECTATIONS

Source of Mean Mean Square
Variance d.f. Square Expectations
Sires s -1 Ny W+ koD + ki8S
Dam Within Sires d - V) W+ k1D
Within Full-Sib
Families N -4 M3 W
where:
s = total number of sires
d = total number of dams
N = total number of individuals:
. 2= 2
kl= 1 N-]_Jnij
d - s —————
5 ny
> [ ng .2 zZ 2 2
ky = 1 T 4 3 ). 173 iy
s - 1 | ns
2 2
kg = 1 N -1 ™
g - 1 N
—
ny = total number of offspring from the ith sire
nj 5= total number of offspring from the jth dam

mated to the ith sire
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obtained

w>

where:?

v

v

3

variance due to differences among sires

1) " w " 1] a ams

" " " " " full-sibs

The variances of variance component estimates were

as outlined by Comstock and Robinson (1951).

The estimate of é was

_ ko (k2 - kq) |
_[Ml -(-l-{—]-:\ Mz -+ _——1.{—;—_ M3:I / k3

It follows that

A 2 2
(s) =YV (M) .,.[kz] v (M) +[k2 - k11\ v (M)

()

(1)

(M3)

<
k3

klk3 kq k3

variance of the mean square for between sires
source of variance.

variance of the mean square for dams within
sire source of variance.

variance of the mean square for within litters

source of wvariation.

(k7, k, and kg are as defined in Table VIDb).

The variances of the mean squares were approximated

by substitution of the observed mean square for its expectation

in the general expression

v (M) = 2]E§M2]2
f




Ly

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

Since S represents one-quarter the additive genetic
varience, snd the sum of S + D + W represents the total pheno-
typic variance of the population, it is necessary to solve
for each of these components in order to compute estimates of

heritability. The formula used for these computations is as

follows
ne = 4s
S+ D+ W
It follows that the variance of h2 is
V (n®) = ¥ _(48)

vV (P)

(where P = total phenotypic variance (i.e. S + D + W)).

= 16 V_(8)

b
and
Standard Error (h?) = VV (h?)
iii) Performance traits
a) Litter size - in estimating parameters for

litter size both the methods of analysis described above were

used i.e., 1) regression of daughtert litter size record on her
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dem's record, and 2) paternal half-sib correlation.

b) Growth rate and backfat thickness - the
same statistical procedures used in the case of litter size
have also been employed here with only slight differences. In e
the case of the regression analysis it has been somewhat more
extensive., The data was arranged by sex and separate re-
gressions run such as to include the regression of

a son's record on 1) his sire and 2) his dam
a barrow's record on 1) his sire and 2) his dam
a gilt’s record on 1) her sire and 2) her dam
The paternal half-sib correlation analysis was aiso
done separately for each sex.
| Heritability estimates were a2lso calculated for
these traits using maternal half-sib and full-sib correlation.
All analyses were made within each line, season and
year. The 'b' values were tested for homogeneity and the data

pooled in order to provide one estimate of heritability for

each trait for the breed as a whole,



RESULTS AND DISCUSSION

Annuel averages and standard errors for each line
are presented in Table VII, for the three performence traits
of litter size (number born alive), postweaning growth rate
and thickness of backfat. In the case of the last two
traits, averages for the sexes have been presented separately.
No data for postweaning growth rate or thickness of backfat
were avallable for boars prior to 1962.

The performance of each line in terms of average
litter size has been good and the standard errors accompany-
ing the means presented in Table VII suggest that varia-
bility within each line for this trait has been high. This
is evident from the high coefficient of variability of
27.5% which has been estimated for the breed as a whole. The
Minmnesota No. 3 which was developed from as wide a genetic
base as Breed "M" is reported by Sumption et al. (1961) to
exhibit a similarly large coefficient of variability for
1itter size, From results reported in the litersture by
these workers, an average coefficient of variability for
litter size for this breed was estimsted to be 27.7%, Several
factors may be responsible for the high coefficients of
variability reported for these breeds:

1) Environmental effects mey be playing an important

part and
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2) As the mean litter size increases the standard
deviation may increase proportionately to an even greater
extent. It may also be accounted for by the large amount

of genetic variability in the foundation population. G

The average litter size of Breed "M" as a whole
was estimsted as 9,05 + J16T (Table VII), and compares
favorably with those averages presented earlier in Table I
for some long established breeds in the Canadian and United
States swine industry. It is unfortunate that the means for
these breeds were not accompanied by theilr standard devia-
tions as no comparison can now be made with Breed "M" in
respect to the relative amount of variability existing within
these established breeds for litter size,

The average daily gain for each individual was
calculated for the period from weaning at approximstely 42
days of age to 190 pounds market weight. The means presented
by sex for this trait in Table VII represent the sverage
daily gain per individual per line, Ah overall average for
Breed "M% for each sex was calculated using the seme method
as was described for the calculation of the overall mean»for

litter size. These means were 1.27, 1,28 and 1.28 for gilts,

lThis overall mean was obtained by summing the yearly averages
of each line and dividing by the number of averages summed
(N). The accompanying stendard error was also calculated by
summing the variances for each mean and then dividing by N2,
The square root of this figure was taken as the standard error
of the overall mean,
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barrows and boars respectively. It is evident from these
means (Table VII) that barrows exhibited little or no advan-
tage in overall mean performance for postweaning gain. In
direct contrast to these results Fredeen and Jonsson (1957) o
reported a small but highly significant superiority in av-
erage daily galn for females. However, Russell (1930) re-
ported a 5.4% ad%antage for barrows for average dalily gain,
Johansson and Korkmen (1950) found femeles of the Swedish
Landrace to have a 1.5% disadvantage in average daily gain,
and Fredeen (1953) reported Yorkshire barrows to average
5.4 days younger than their litter mate gilts at 200 pounds
live weight. It is possible that the rate of gain of the
different sexes is dependent upon several factors and hence
might vary from population to population. These factors
would include such things as method of feeding, type and form
of ration and general management practices.

The overall means for Breed "M" and the contemporary
Yorkshire herd are presented in Table VIII. The average
daily gain for gllts and barrows is greater for Breed %NV
than for the purebred Yorkshire herd. It should be pointed
out that the means presented for the Yorkshires were obtained
from considerably less datse than was the case for Breed WUV,
However, a comparison of these average daily gains with those
for the breeds presented in Table I shows that the average

daily gain of Breed "M" and the contemporary Yorkshire herd



TABLE VIII

50

POSTWEANING GAIN - MEANS AND STANDARD ERRORS AND COEFFICIENTS

OF VARIABILITY FOR EACH SEX FOR BREED 'M* AND THE
CONTEMPORARY YORKSHIRE HERD
Gilts Barrows Boars
Breed 'M* X 1.27 + .004 1,28 + .006 1.28 + ,015
Cv 9.2 10.2
Contemporary -
YOI‘kShiI‘e X 1020 i 9012 1025 i a013 b
CcVv 10.3 8.9
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are low., There are two possible explanations why the gains
for Breed "M" and the Yorkshires should be so low in com-
parison to the breeds shown in Table I:

1) There may have been a difference in the period over

which the rate of galn was measured and

2) The incidence of disease in the herds involved
in ﬁhis project has been high and probably has had an sdverse
effect. |
It should 2lso be borne in mind that the breeds presented in
Table I are for the most part United States breeds and pre-
sumably have been maintained on higher energy rations,
Stothers (1962) made the observation from results of nutritional
experiments using gilts and barrows of Breed "M%, that average
daily gain was affected by the type and form of ration fed.

The variability which exists within Breed “MY for

postweaning gain does not appear as high as might be expected
in view of the genetic diversity of the foundation stock.
The coefficient of variability for gilts and barrows was
estimated as 9.2 and 10.2% respectively. However, the average . . -
coefficient of variability for the Minnesota No. 3 calculated
from the results reported by Sumption et al. (1961) was
11.7%. These estimates are three to four times as great as = ol
the value of 3.5% reported by Fredeen and Jonsson (1957) for
a group of Landrace pigs.

Mean backfat thickness were 1l.15, 1.22 and 1,09
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for gllts, barrows and boars respectively (Table VII).
These overall means were approximeted in a similar manner
as for postweaning growth rate and litter size. DBoars were

found to have significantly less backfat than either barrows S
or gilts and barrows signhnificantly more than gilts (P<(.Ol)l.
Fredeen and Jonsson (1957), Fredeen (1953) and others have
also reported that gllts are generally thinner in backfat.
No information was available in the literature with respect
to backfat measurements in boars specifically.
The means for backfat thickness of some of the
more recently developed breeds in the United States and
Canada are presented in Table IX, It is quite obvious that
the United States breeds have greater depth of fat than is
generally the case for the Canadlian breeds. It is possible
that these means were obtained from pigs which were heavier
at the time of probing. However, selection for low backfat
thickness has been practiced 1n Canada for maeny years with
breeds presumed to be superior in this treit. =

The coefficients of varisbility for barrows and

gilts was found to be 6,7 and 7.5% respectively. These

lApproximate statlistical tests were carried out in order to
arrive at this conclusion. The overall means were consldered
as linear functlions and the standard error of the difference
between the two means being tested was calculated by summing
the variances of the two means and taking the square root,
Test used was the conventional 't' test with nj + np - 4
degrees of freedom,
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estimates are in close agreement with the estimates of 7.2
and 6.5% for barrows and gilts of the Landrace breed reported
by Fredeen and Jonsson (1957). However, other workers have
reported higher coefficients of variability for this treit
(Dickerson (1947)).

Generally the means for the three performance
traits presented in Teble VII indicate that the performance
of Breed "M" has been comparable to that of other breeds on
the Canadian and United States market, and that the level of
variability which exists in the population for the perfor-

mance traits under consideration is sufficiently high in 21l

cases To warrant an attempt at improvement through selection.

Selection Differentisls

The selection differentials presented in Tables
X = XII for each of the performance traits considered in
this study have been weighted by the number of offspring
left by each dam. They have been estimated in the conven-
tional menner i.e., the mean of the selected individuals
weighted by the number of offspring, minus the mean of the
population from which they were selected, The mean selection
differential for litter size for Breed "M" was 1.03. The
overall mean selection differential among the gilts for
postweaning gain and backfat thickness were found to be

00 and ~,02 respectively. Similar estimates for the boars



TABLE X

SELECTION DIFFERENTIALS FOR EACH LINE AND GENERATION

FOR LITTER SIZE

55

1 +70 .18 - Jub
2 1.95 - - 1.95
3 QOL” - - QOL!’
L 1.69 - - 1.69

Overall Av,

1.03




TABLE XI

SELECTION DIFFERENTIALS FOR GROWTH RATE AND BACKFAT

THICKNESS FOR EACH LINE AND GENERATION OF GILTS

Trait Line Fo F3 FM Average
1 305 003 - QOL“
. 2 .00 -,08 - -, 0L
Postweaning
3 -o 01 .00 - .00
Growth Rate
03 .02 - .02
Overall Av. .00
1 - - - -
2 - - - -
Backfat
Thickness
L - -e02 - -.02
Overall Av. ~,02

56




TABLE XII
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SELECTION DIFFERENTIALS FOR BOAR POSTWEANING GAIN AND

BACKFAT THICKNESS FOR EACH LINE PER GENERATION

Tralt Line Fo F3 Fi Average
1 - - - -
2 - - - -
Postweaning
’ 3 - 001 - oOl
Growth Rate
L - .10 - o 10
Overall Av, «05
1 - - - -
2 - - - -
Backfat
. 3 bd .OI‘]’ - OOL'(
Thickness .
L - .00 - .00
Overall Av, .02
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turned out to be .05 and .02 respectively.

Litter Size

The results of the dam-offspring regression ansl-
ysls and the paternal half-sib correlation for all lines
comprising Breed "M", as well as the overall pooled estimates
of heritability are presented in Table XIII1. The separate
estimates for each line are in themselves pooled estimates
and are seen to vary considerably. The overall pooled estimate
for the breed was 0,18 + 0.16 obtained by dem-offspring re-
gression and O0.44 + 0.59 obbained by paternal half-sib cor-
relation (Table XIV). These two estimates are not signifi-
cantly different from each other and in order to obtain a
more reliable estimate for the breed these estimates were
pooled, weighting each inversely to thelr variance. This
yielded 2 single estimate of 0.19 + 0.16 which was not signi-
ficantly different from zero (P >.03).

Fredeen (1963) points out that the statistical
method used for estimating heritability is dependent upon the
tralt for which an estimate is desired. In order to obtain
some information as to the best method of estimating herit-
ability for the traits under consideration here, the paternal
half-sib correlation and the parent-offspring regression
methods were employed,

The parent-offspring regression analysis as the
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basis for estimating heritability is advantageous in the
sense that 1t is subject to less bilas from varisnce in
genotype-~environnent interaction than the half-sib correlation

method. This is because parents and offspring develop in

different environments in so far as year effects are con-
cerned.
So long as mating is at random among selected males

and females and provided that the total variance was measured

among contemporary individuals in the seme herd and location,
thén the gross regression method, like the intra=-sire re-
gression method ylelds an unblased estimate of one-half the
heritablility. With the exception of the early generations
random assignment of females to sires (except for avoiding
full-sib ﬁatings) has been the consistent practice in this
swine breeding project. In view of the fact that the data
used in this analysis were obtained from individuals which

were all raised at one location, the gross regression method

was chosen over the intra-sire regression method. It was
glso felt that the gross regression method would yleld more . ..
rellable estimates owing to the availlability of more degrees

of freedom.

Estimates of heritability for litter size reported

in the literature vary from -.1ll to .54, This wide range of
values may represent genuine differences among populations

studied, but is more likely due to imprecision of the various
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estimates. In the present study all the estimates reported
here fall well within the range of the values reported in
the literature. From these values, it seems likely that the
more reliable estimates of heritability for litter size are
those obtained using large bodies of data. Boylan et al,
(1961) obtained an estimate of .03 + .07 with a sample size
of 1970 pairs. The results of Cockerham (1952), Cummings
et al, (1947) and others are in general agreement with this
concept. At any rate, these estimates are the more reliable
in viéw of the smaller standard errors which accompany them.
Boylan et gl. (1961) in his review points out that the best
estimate of average litter size is probably 1ess than 0.10,.
The fact that the estimates reported here are ﬁell above
this figure may be attributed in part to sampling error.
However, many (if not the great majority) of estimates reported
in the literature are from long established breeds. This
estimate is from a newly formed breed and considering the
genetic diversity of the foundation stock presumably has a
greater amount of genetic varience which may account for the

larger estimate,
Growth Rate

The heritability estimates obtained by the dam
and sire-offspring regression methods for all gilts, barrows

end boars are presented in Table XV. As these estimates were
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nof found to be significantly different from each other,
they were pooled by welghting each inversely to its var-
iance, This procedure provided estimétes of .15 + <07,
16 % .09 and .38 % .22 for gllts, barrows and boars re-
spectively. |

The estimates of heritébility obtained by the
paternal half-sib correlation are presented 1n_Table XVI.
By this method estimates of'.bB + U8, 34 + 49 and
«76 + .85 were obtained for gilts, barrows and boars re-
spectively. These estimates were not found to be signifi-
cantly different from each other or from the pooled estimates
obtained for the parent-offspring regression. These es-
timates were therefore pooled with the pooled regression
estimates., The thrée estimates obtained in this’ﬁanner
(Table XVI) were in turn pooled to provide an overall estimate
of .18 + 05 for the breed for postweaning growth rate,

Estimates of heritability of daily gain reported
in the literature vary from 0;14 to 0,66, The overall es-
timate of 0,18 falls well within the range of values reported
in the literature.

In the present study estimates of heritability
obtained from paternal half-sib correlation were nearly twice
as large as those obtained from parent=offspring regression
analysis; Sampling érror most likely accounts for these

differences in vieﬁ of the large standard errors which accom-
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pany the estimates. However, it is recognized that an
environmental correlation with the sire component of variance
as pointed out by Dickerson (1959) could cause an upward
bias in the estimates from paternal half-sib correlation.
Conversely the estimates from parent-offspring regression
could be biased downward and reflect under estimates of the
parameter, Dickerson (1959) indicates a possible bias in
estimates by dam-offspring regression due to a positive or
hegative correlation of environmental effects on the dam with
the direct maternal influence on her young. Further investi-
gation of possible bias is indicated by these results,

A comperison of heritability estimates from pater-
nal, maternal and full-sib correlation is possible with es-
timates obtained by these three methods as shown in Table
XIX, The estimates for growbh rate by the three methods are
nearly the same and suggest that dominance variation and

maternal influences are not of major importance for the

phenotypic expression of this trait.

Backfat Thickness

Fredeen and Jonsson (1957), who estimated herit-
ability of backfat thickness for barrows and gilts, obtained ..
estimates of 0.52 and 0.58 res@ectively. The estimates of
heritability obtained in the present study from parent-

offspring regression and paternal half-sib correlstion are
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not in general agreement with the estimates obtained by these

workers (Table XVII). The estimates obtained by perent-
offspring regression are well below what one would expéot as
a reasonable estimate for this trait as suggested b& values
reported in the literature (See Table IV)., Of particular in-
terest here are the estimates of 0,07 + .07 and 0419 + 13
for gilts and barrows respectively, When these estimates are
compared with those obtained by the paternal half-sib cor-
relation, the completé reversal of the magnitude of the es-
timates so far as the sexes are concerned is interesting.
While the differences between the estimates can be accounted
for by sampling error, an examination of the components of
variance suggest that environmental effects may also be a
factor (Table XVIII). In an effort to determine whether en-
vironmental effects were actually playing s part in this dif=-
ference between the estimates for barrows and gilts, additional
estimates were calculated using the dam component of variance,
This pracedure’yielded éstimates of 0,22 and 0.73 for gilts
and barrows respectively (Table XIX) and indicates that envi-
ronmental effects have a greater effect upon barrows than
gilts, Stothers (1962) who conducted nutritional experiments
on these pigs observed that backfat measurements were affected
in both gilts and barrows by the form}and the method in whioch
the different rations were fed. He states, "the extent of

the ration effect was more marked in barrows", Thus, the



68

90° F €1° sls POdIg I0J

£4TTTqE]TIOY TTBISAQ

&he F €€ 90° F €T1° peToOog sexeg TIV

66° F 400° €1° ¥+ zz° saeog TIV

06° ¥ 90° €1° F 6T° smoxxeg TIV

T4 F L9® L0° F Lo* ST TV
KT tqe3 taey KaTTtgea 4o
UOTQBTSIIOD uoIssaxdey

Qts—=JTeH T8UIsjeq

Butxds izJo-quagxeg

STsATBUY JO Ppoyzsy

NOIZIVIHEHOD G1S-A1VH IVNHELVL GNV NOISSHuDAd DNINJSHA0

~INEHYd A9 QEANIVIEO ALITIGVLIYEHE J0 SHIVAILSH — SSHNNOIHL Lveadovd

IIAX F19VE



69

(M +Q + g °9°T souBTIEA

oTdLqousyd = g oI9UM)

06600 6900° 6500° J 8107,
L85 00° a1 ¢g00° ORT  9%00° 0€2 M SI933TT UTUITM
20t00° 14 €T00° 04 £000° 28 a soxTg
UTU3 TN sweq

T0000° L2 T000° 42 0100° 62 g sax1g
sIBog °I°p SMOIXBYT *I°p S4TTYH *I°P Toqmig squauodwon

(Xgg X4 QET100d)

SINENOANOD HONVIAVA #0 SHIVALILSH - SSANJIOIHD Ly&I0Ve

IIIAX HIdVL



70

environmental effect affecting the barrows may well be real.,

The overall heritability estimate from pooled re-
gression for the breed was 0.13 + .06 (Table XVII), that by
the paternal half-sib correlation was 0.33 + 49, and these = .
two estimates pooled provided one estimate for the breed of
0.13 + .05, The estimate as obbtained by the parent-offspring
regression is well below the great majority of estimates re-~
ported in the literature for the tralt, while the estimate
of ¢33 from the paternal half-sib correlation is closer to
the average of the estimates reported by the different
workers, It-should be noted, however, that neither of these
estimates are significantly different from zero,

A comparison was made earlier between Breed MY
and some of the long established breeds in the United States
for average backfat thickness., At that time, it was stateda
that in general the United States breeds were fatter. It
might be that the United States breeds exhibit greater vari-
ability for the trait, end hence improvement within them
would be more rapid. Little evidence exists in the literature =
as to the extent of the variability within the breeds in the

United States., However, Fredeen and Jonsson (1957) obtained

a coefficient of variability of approximately 6.9% for a group

of Landrace pigs. The coefficlent of variability for backfat
thickness in this study was 7.1%. These coefficients are in

close agreement with each other and suggest that the varia-



71

bility within these populations is not very high. Fredeen
(1958) commenting on results reported by Lush (1936) stated
that in all probabllity a biological minimum for backfat
thickness is approximately 1.00 inches. In view of the
averages of 1,22 + ,006 and 1.15 + .004 for barrows and gilts
in this study, it is reasonable to assume that this breed

is closer to the minimum than any of the Américan breeds,

In effect this may mean that there is less genetic potential
for the reduction of backfat within Breed "M" than is the
case for the breeds which have greater depth of backfat. If
this is so, then the low estimate of heritability of

0.13 + .05 obtained for this breed for backfat thickness may
be explained in part by this lack of genetic potential for
inproving the trait.
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SUMMARY

The development of a new breed of swine from a
crossbred foundation was initiated at the University of
Manitoba in 1956, The three primary breeds Welsh, Wessex
Saddleback and Landrace (Swedish) comprise approximately
75% of the breed with the remaining 25% being made up with

Berkshire, Minnesota No., 1, Tamworth and Yorkshire.
| Data collected over the four year period, 1960 iEf
to 1964, for the three performence traits of litter size at
birth (number born alive), postweaning growbth rate and back-
fat thickness were analyzed to obtain means, selection
differentials and estimates of heritability for each trait..
The means for the three traits compared favorably
with other established breeds in Canada and the United
States. Means for postweaning growth rate and backfat thick-
ness were calculated sepa:ately for each sex, No significant
difference was observed in postweaning growth rate between
gilts, barrows and boars. A highly significant difference
was found between boafs and gilts, and gilts and barrows,
In this regard barrows were found to be fatter than gilts
and boars, Gllts had less fat than boars.
Two statistical procedures were used in estimating

genetic parameters for the new breed., These were parent-

of fspring regression and paternal half-sib correlation.
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Overall pooled estimates of heritabllity for the
new breed for litter size and postweaning growth rate,
obtained from 211 litters and 1,472 individuals, were
0,19 + 0.16 and 0.18 + 0.05 respectively. These estimates
fall within the range of estimates reported by other workers
for these traits.

Data collected on 723 individuals from 1962 and
1963 for backfat thickness provided a pooled estimate for
the new breed of 0,13 + 0.05. This estimate was consider-
ably lower than what might be expected for the trait, but
may be due to a high unexplained source of environmental
variance among males., It 1s also possible that this breed
is close to the 'biological minimum® for the trait and hence
the genetic potential does not exist to make further re=-

ductions.
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TABLE 1

DAM-OFFSPRING COVARIANCE ANALYSIS - LITTER SIZE

80

Line d.f. % Xy yz

1 58 230,9828 6.3966 283.,8794
2 63 378.8572 6l 4286 L479,7143
3 Ls 241,2000 -5,4666 300.9778
L hs 93,7778 24,8889 295.6445
Pooled 211 1004,6170 120,7210 1387.7350




TABLE 27

ANALYSIS OF VARIANCE - LITTER SIZE

81

Source of Mean

Line Variation d.f, Squares (k) Values

1 A 2 1.775 (1) 1.691
S 12 5.538 (2) 1.768
D 18 3. 442 (3) 2.089
W 25 6,077

2 A 1 .010 (1) 1.611
S 10 7+310 gzg 1.826
D 25 9.330 3 2,060
W 26 6.267

3 A 1 2. 540 (1) 1.709
S 7 9.359 (2) 1.887
D 16 b,0L7 (3) 2152
W 20 8,409

L A 1 19.730 (1) 1.815
S 9 11,658 (2) 1.726
D 14 1.487 (3) 2,038
W 20 7.508

Pooled A 8 6,669 (1) 1.691
S 38 8.158 (2) 1.803
D 73 5,216 (3) 2.109
W 91 7.073




TABLE 3

82

ANALYSIS OF VARIANCE FOR GILTS - POSTWEANING GAIN

Source of Mean

Line Variance de.f, Squares (k) Values

1 A 2 137 (1) 3,133
S 15 .030 (2) 3.650
D L1 .018 (3) h,239
W 137 .011

2 A 2 .080 (1) 3,174
S 15 Nolial (2) 3.870
D 59 .020 (3) L,209
W 181 ,011

3 A 2 .098 (1) 3,004
S 13 .0l6 (2) L,342
D bl .016 (3) 4,089
W 135 .010

L A 2 .090 (1) 2,842
S 13 .025 (2) 3.154
D 32 .012 (3) 3.609
W 95 ,011

Pooled A 11 146 (1) 3.063
) 56 .036 (2) 3.754
D 173 .017 (3) L,068
W 548 .011




TABLE 4
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ANATYSIS OF VARIANCE - GILTS - BACKFAT THICKNESS

Source of Mean

Line Variance d.f, Squsres (k) Values

1 S 5 .024 (1) 2.930
D 15 .007 (2) 3.173
W L3 .004 (3) 9.80

2 S 5 .012 (1) 2,729
D 19 .005 (2) 3.133
W L6 .005 (3) 11.408

3 A 1 «239 (1) 3,018
S 9 .022 (2) L,263
D 28 .006 (3) 3.922
W 92 .006
A 1 .180 (1) 2.315
S 10 .006 (2) 2,837
D 20 .00k (3) 3.156
W L9 .003

Pooled A 5 .107 (1) 2,764
S 29 015 (2) 3,389
D 82 .006 (3) 3,662
W 230 .005




TABLE 5

8L

ANALYSIS OF VARIANCE -~ BARROWS - POSTWEANING GAIN

Source of Mean

Line Variance d.f, Squares (k) Values

1 A 2 .063 (1) 2,438
S 14 .037 (2) 3,178
D 35 .019 (3) 30298
W 88 +011

2 A 2 «059 (1) 2,707
S 15 .038 (2) 3,210
D 51 ,028 (3) 3.598
W 128 017

3 A 2 148 (1) 1.866
S 12 +035 (2) 2,489
D 35 L0311 (3) 2,561
W 53 01

L A 2 .048 (1) 2,162
S 12 .020 (2) 2.835
D 31 L0114 (3) 2,967
W 6l .016

Pooled A 11 ,092 (1) 2,341
S 53 «033 (2) 2.953
D 152 .019 (3) 3,129
W 333 015




TABLE 6
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ANATYSTS OF VARTIANCE - BARROWS - BACKFAT THICKNESS

' Source of Mean

Line Variance d.fs Squares (k) Values

1 S Ly .018 (1) 2,529
D 12 .010 (2) 3.903
W 33 .005 (3) 9,280

2 S 5 L0111 (1) 2,560
D 17 004 (2) 3,196
W 40 .003 (3) 10,051

3 A 1 .123 (1) 1.580
S 8 ,010 (2) 2,022
D 23 .012 (3) 2,257
W 24 .007

4 A 1 .035 (1) 2,134
S 10 .005 (2) 2.847
D 18 .006 (3) 3,003
W L3 .006

Pooled A 5 2101 (1) 2.123
) 27 .010 (2) 2.82L
D 70 .008 (3) 2,990
W 140 .005




ANALYSIS OF VARTANCE - BOARS - POSTWEANING GATIN

TABLE 7

86

Source of Mesan

Line Variance dof, Squares (k) Values

1 S 5 .062 (1) 1.431
D 10 .037 (2) 1,416
W 7 ,022 (3) 3,600

2 S 5 004 (1) 1,470
D 10 .032 (2) 1,891
W 10 .012 (3) 4,231
A 1 .012 (1) 1.354
S 8 .02 (2) 1.629
D 16 .020 (3) 1,668
W 12 .015

I A 1 .006 (1) 1.637
S 9 «093 (2) 1.765
D 16 .025 (3) 1,956
W 19 .019

Pooled A 5 . 308 (1) 1.478
S 27 .050 (2) 1,684
D 52 027 (3) 1.777
W Lg 017




ANATYSIS OF VARIANCE - BOARS ~ BACKFAT THICKNESS

TABLE 8

87

Source of Mean

Line Variance d.f, Squares (x) Values

1 S 5 .022 (1) 1.431
D 10 .00k (2) 1.416
W 7 .005 (3) 3,600

2 s 5 .00L (1) 1.470
D 10 .011 (2) 1,891
W 10 .009 (3) L,231

3 A 1 187 (1) 1,350
) 8 .016 (2) 1.629
D 16 .025 (3) 1.668
W 12 .007

L A 1 .009 (1) 1.637
) 9 .009 (2) 1.765
D 16 .00k (3) 1.956
W 19 .00k

Pooled A 5 2126 (1) 1.478
S 27 .013 (2) 1.684
D 52 .012 (3) 1.777
W 48 .006
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TABLE 9

DAM-OFFSPRING COVARTANCE ANALYSIS - GILTS - POSTWEANING GAIN

Line d.f. x2 Xy yz

1 193 3.2052 .0528 2.,9842

2 250 3. 5261 02531 3.7215

3 192 205200 . 2649 2.8396

L 143 1,2128 .1862 1.9643

Pooled 778 12,0887 1.8472 12,2783
TABLE 9a

DAN-OFFSPRING COVARIANCE ANALYSIS - GILTS - BACKFAT THICKNESS

Line d.f. %2 Xy y2

N ] ] ] ] L
2 - - - -

3 88 1.2080 0842 « 3471

L 33 20975 .0206 » 0795

Pooled 121 1.3056 «1047 U272




TABLE 10
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SIRE-OFFSPRING COVARTANCE ANALYSIS - GILTS - POSTWEANING GAIN

Line d.f. Xz Xy Yz

1 - - - -

2 - - - -

3 88 5370 «1352 1.,0594

L 33 02155 -, 0347 .6930

Pooled 121 1.2944 .1518 1.4007
TABLE 10a

SIRE-OFFSPRING COVARIANCE ANATYSIS

= GILTS -~ BACKFAT THICKNESS

Line d.f. x2 Xy y2

1 - - - -

2 - - - -

3 88 1.3624 .0859 o 3471
L 33 +1966 ~-.0501 «0795
Pooled 121 2.1576 .0189 JA272
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TABLE 11

DAN=-OFFSPRING COVARIANCE ANALYSIS -~ BARROWS - POSTWEANING GAIN

Line defo » x2 V Xy ,yz
1 140 1.9339 ~.1083 2.,2501
2 197 2,087 . 5046 1.2636
3 ' 103 1.2625 -.025L 1.8612
L 110 1.1685 L0222 1.7704
Pooled 550 2. 7120 1.0861 10,5256

TABLE 1la

SIRE-OFFSPRING COVARTANCE ANALYSIS - BARROWS - POSTWEANING GAIN

Line d.f. %2 xy y2

1 - - - -

> - - - -

3 33 #2155 -.0347 .6930
L 27 07990 #1999 « 2980

Pooled 60 1.2505 +2500 1.0216




TABLE 12
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DAM-OFFSPRING COVARTANCE ANALYSIS - BARROWS - BACKFAT THICKNESS

Line dof. %2 xy y2

1 - - - -

2 - - - -

3 33 LULB0 0594 .1510

L 27 .0936 .0011 .0632

Pooled 60 « 5397 0611 02162
TABLE 128

SIRE-OFFSPRING COVARIANCE ANALYSTS - BARBOWS - BACKFAT THICKNESS

Line d.f. xz Xy yz

1 - - - -

2 - - - -

3 33 . 5886 .0937 .1510
4 27 0590 - 40149 .0632
Pooled 60 1.0803 0498 2162
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TABLE 13
DAM—OFFSPBING COVARIANCE ANATYSIS - BOARS - POSTWEANING GAIN

Line d.f. %2 xy y2
1 21 2465 21763 «8387 .
2 26 .1872 .1055 4707
3 38 «3899 .0810 . 7049 -
L L6 e 5265 . 0524 1.,6189
Pooled 131 1.7879 . 5316 501543
TABLE 132

DAM-OFFSPRING COVARIANCE ANALYSIS - BOARS - BACKFAT THICKNESS

Line d.f. %2 Xy y? _
1 - - - -
2 - - - -
3 21 « 3035 . 0266 . 0666
b 23 .0731 0377 0827

Pooled Ly . 3766 0640 1506




