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INTRODUCTION

"It is not surprising that in their impatience to trans-
form the animal populations under their control, experimenters
and practical husbandmen, may have consciously or unconscious-
ly tended to minimize the fact that they were pitting their
short-term efforts against a phylogenetic history extending
for many generations," Lerner (1954).

Recently, the literature on genetics in large farm
animals has reflected some of this impatience. The Symposia
on Germ Plasm Resources (1961) and on Renewable Animal
Resources (1963) may be cited as examples. The Symposium
on Germ Plasm Resources (1961) discussed the problem of
whether there were sources of useful germ plasm not present .
in our more popular modern breeds of liveétock, which could
be introduced from less numerous breeds developed in specified
areas of the world. The Symposium on Renewable Animal
Resources (1963) envisaged the problem as one of crossing
the more popular breeds of livestock, e.g. breeds of swine,
with the hope of developing new and superior breeds from the
crossbreds produced.

The apparent ineffectiveness of mass selection, attri-
buted by Dickerson (1951) to weak selection response (i.e. low
heritabilities coupled with negative genetic correlations)
and by Fredeen (1958) to inconsistent and ineoherent .. selection,

has been a potent cause for this impatience and, nurtured by



results withfﬁybrid corn, cross breeding has increasea 1in
popularity among swine produbers of North America.

There is, however,cone possible problem with the ™new
breed™ philosophy. If‘theihepérOSis obtained in crossing
is a product ofgenetic diversity,;then the process of pro-
ducing new breeds from hybrid fouhéations might eventually
be detrimentgl to maximum levels of crossbred productivity.
If on the other hand, crossing of existing breeds is
utilized to alleviate the alleged impasse to mass selection,
caused by plateaus, different peaks of desirability or
overdominance, then the advantages of this system rest: on
the differences in gene frequencies in the different breeds
cr@ssed. The more popular breeds of swine in North America
seem to have been founded on large enough samples so that
"useful®™ genes were not lost through random drift or chance,
yet therg seems to be real genetié¢ breed differences for
some traits, e.g. litter size at birth and at weaning,

(Lush and Molln, 1942).

Research and experience indicate the merits of cross-
breeding in commercial swine production. Fredeen (1957)
has noted the lack of evidence to indicate the nature and
source of so called heterotic effects produced in swine
crosses. If further improvement in swine is dependent on
the development of lines or breeds which excel in crossbred
performance, then such evidence is needed to indicate the -}

type of selectiontmost effective in achieving this end.
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In particular, the questions of immediate concern are:

(1) Are our current methods of selection effective in en-
hancing crossbred performance?

(2) Can the performance of the crossbred be predicted with
reasonable accuracy?

The genetic progress that can be made in improving
crossbred performance by selection within pure lines, is
dependent on the covariance of sire effects in crossbred
and purebred populations, the selection intensity in the
purebred and phenotypic variance of the selection criteria
in the purebred.

The threefold purpose of this study was as follows:

(1) To investigate the importance of heterosis for growth
and carcass traits in crosses between Landrace and Yorkshire
breeds of swine. The crosses involved being single cross,
backcross and crisscross as defined by Winters et al. (1935).
(2) To investigate the importance of sire by mating system
interaction in representatives of these two breeds.

(3) To attempt to predict crqssbred performénce using the

method developed by Carmon et al. (1956).
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REVIEW OF LITERATURE

Heterosis in Swine Breeding

Shull (1914) proposed the word heterosis to describe his
observations in work with corn, that hybridity itsslf had a
stimulating effect on the physioclogical activities of the
organism. His intention was to describe a visible manifes-
tation of a phenomsna, rathep than an attempt to explain the
genetic and/or physiological processes involved in its express—
ion, however, ssveral attempts to define hsterosis on a basis
of gene action have resultsd in wide discrepanciss (Whalsy,
19445 Crow, 1948) with regard to the real msaning of the word.

Shull (1952) attempted to clarify the situation by stat-
ing that the hsterosis concept was the interpretation of in-
creased vigor, size, fruitfulness, speed of deve lopment,
rosistance to dissase and insect pssts or to climatie rigors
of any king manifssted by crossbred organisms as compared
with corresponding inbreds, as the specific results of un-—
likeness in the constitutions of uniting parsntal gamstss.
Lush (1948) defines heterosis as the gensral term for the
fact that crosses between modsrately unrelated populations,
or inbred lines, often produce offspring which on ths aw
erage, are mores vigorous, rapidly growing, more diseass
resistant than the average of the populations crosssd.
Buzzatli - Traverso (1952) gives a brief definition of heter-
osis ass "That type and amount of heterozygosity that giws
the population or individual the best adaptiwe value with

respect to the conditions in which the organism lives."



—5—

Some workers, (Caroll and Roberts, 1942) prefer to re—
strict the definition of heterosis to cases in which the
hybrid excel the larger or more vigorous parent. Others
(Bruce, 1910; Lush ot al., 1939) consider that heterosis 1is
manifested in instances where tha crosses excel the average
of the two parental breeds. However, as Lush (1948) has
pointed out mich of the diserepancy bstween the two argu—
ments is resolved when the facts with respect to the single
characteristics have to be combined into facts with respect
to net merit, as is necessary when practical use of heterosis
is to be made.

Among the sarliest reports on the results of crossing
breeds of swine were those of Shaw and MacBwan (1936). These
workers reported on the weaning weights of 91 purebred pigs
and 700 crossbreds produced by various combilnations of five
breeds. The average weight of all purebredé was 35.7 pounds,
compared with 39.4 pounds for all crossbreds. In feeding
trials 77 purebred pigs gained an average of 1.15 pounds/day
and required 440 pounds feed /100 pound gain, whilst 325 cross-—
breds gained 1.24 pounds/day and required 429 pounds feed/100
pounds gain. Winters gt al.(1935), (Table 2), reported on a
crossbreeding experiment in which‘three types of crossbreds
were produced single cross, three breed cross and backcress.
411 the crossbreds were superior to the purebreds. Single
cross and backcross groups were approximately equal in
superiority to the purebreds. Three breed crosses had the

greatest advantage. Litters from crossbred sows averaged
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from two-thirds to two pigs larger at weaning and were from
63 to0 96 ﬁmnds heavier at weaning. Crossbred pigs reached
market weight 17 t}o 22 days earlier than pursbreds.

Iush ot al. (1939) compared the pure and crossbred pro-
geny from 36 double mated Duroc Jersey and Polahd China sows,
as well as backeross and three breed crossbred litter mates
and concluded that there was a small but general superiority
of crossbred pigs over purebred as efficient producers of
pork. The differences in birth weight were small and incon—
sistent , but crossbreds showed rather definite indications of
being more vigorous at birth than purebreds. Crossbreds had
a lower{15.4 per cent) pre—weaning mortality. In a general
summary of most of the crossbreeding work up to 1938 Iush
ot al.(1939) state,™However nearly all those who have studied
this question have found advantages, (not always statistically
significant ones), for the crossbred pigs'and therefore in
general crossbred plgs tend to be somswhat more vigorous and
thrifty than would be expected from the average of the two
parent breeds. Because of this added vigor, the crossbreds
generally show a lower deéth rate up to weaning times and con-
sequehtly, larger and heavier litters weansed. Also they
generally gain weight a little more rapidly on a little less
‘feed. For the same reasons the crossbred gilts or sows when
used for breeding purposes can be expoéted to wean slightly
heavier litters than purebreds, but these things should not
be expected to happen every time a cross 1s made, any more

than slightly loaded dice would bs expected to turn up a
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winning combination every time they were thrown".

Carroll and Roberts (1942) in an attempt to evaluate
the utility of éro#shreeding, revieved experiments covering
over 50,000 animals from different countries. They found
that the average vélwa of the crossbreds for litter size,
birth weight, weaning weight and economy of feed utilization
vas intermediate between the values for the two pure breeds.
The average percehtage survival of the crossbred pigs was
equal to that of the higher surviving purebred. The average
daily gain of all the crossbred plgs was ,006 pounds above
the figure for the more rapid gaining pursbred.

Carroll-and Roberts (1942) argued that if crossbreeding
was to be Jjudged beneficial, the performance of the cross—
breds should exceed the better of the two parental strains
of purebred. Crossbreds were therefore compared to the
best performing purebred separately, for each of the six
traits studied. In this way, the crossbreds were compared
to one pareﬁt for som traits and to the other parent for
other traits., Thus, crossbreds were compared to a com
posite purebred that did net exist.

Robison: (1948) in a series of expsriments involving
Afour experimental stations,reported decided advantages in
using crossbred sows for the production of market pigs.

He suggested a breeding plan for the production of market
pigs whereby purebred boars of three or more breeds are
rotated on successive generations of sews selscted from

the herd. He, however, adds that any merit ecrossbresding
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has for the production of market hogs, is the result of
purebreeding that has preceeded it. Thus the producers of
crossbreds mist depsnd on the breeders of purebreds for any
genstic improvement in the developmsnt of the swine industry.
These results may be subject to blas as comparisons were
made with only one of the purebred parental breeds.

Table 1 taken from Craft (1958) summarises ths results
obtained from the various crossbreeding groups as compared

with purebreds in the Regional Swins Breeding Laboratory.




IABIE )

Y OF LITTER C REGION.
BRBEDING LABORAT@RY (1937-1956 INCLUSIVE)®.

Crossbred breedin roups

Pure~—

breds Sows Sows Sowvs Sires
excl.of inbred linecrosses c¢ross— cross—
inbreds or outbred bred bred

No. litters
farrowed 4435 1323 - 1384 2190 117

4v. no. pigs
farrowed per

litter 8033 8.28 8-74 90 51 9.52
Porcentage

plgs weaned 70.2 74.6 79.8 77.2 79.3
Poarcentage of

litters weaned 94.8 97.4 98.1 97.8 98.3
a

Summarized from Craft (1958).




- 10 -

These results show an advantage for all crossbreeding
groups for percentage plgs weaned and percentage of litters
weaned.

Sierk (1948) compared crossbreds with the average of the
parental stock for three msasures of vigor; weaning weight,
rate of gain, efficiency of feed utilization. Gilt litters
from nine different inbred Poland China lines and their cross—
s, Minnesota No.l, Minnesota No.2, and the three breed
crosses were studled. The best inbred linecrosses showed
approximately 15 per cent advantage when compared with non-
inbred lines and non—inbred breed crosses. Inbred linecrosses
were less variable than inbred lines in weaning weight, 154
day weight and rate of gain. Gregory and Dickerson (1952)
reported on heterosis in eleven breeding groups. The groups
represented were two inbred lines of Poland Chinas, one of
Hampshires, one non-inbred line of Duroc, their six ecrosses,
and Poland China linecross gilts mated to Duroc boars. 1In
full-fed linecrosses and topcrosses, hybrid vigor expressed
itself in greater feed consumption (seven and two per cent
respectively) and in more rapid and more economical gains
(30 and 13 per cent faster gain and nine and seven per cent
loss feed per unit gain respectively). Linecrosses between
bresds gave muach mere rapid and more economical gains
than linecrosses within breeds. Topcrosses ylelded car-
casses that were superior in lean meat content to ths

parental groups. When restricted to the sams level of feed
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intake as the full-fed inbred lines, the linecross and
topcross pigs gained faster (13 and 26 per cent respect-
ively) and more economically (nine and 19 per cent re-
spectively) with no differences in ability to digest the
rations and small differences in carcass composition.
Compared with the mean of the two parent lines, at the
same level of feed intake the topcross pigs gained ten
per cent more rapidly, required ten per cent less feed
and showed a marked superiority in lean meat content of
carcass per unit of liveweight. These results were in-
terpreted to mean that hybrid vigor produced a greater
stimulus for growth of muscle and bone and that a more
efficient metabolic system permitted the expression of
this stimulus even without increasing rate of food
consumption.

Fredeen (1957) has reviewed extensively, results
obtained in crossbreeding pigs. Table 2 presents data
in which the performance of the crossbreds has been com-
pared with that of contempérary purebreds from the two
or more parental breeds. Results from crosses involving

inbred lines were not included.



TABIE 2. PERFORMANCE OF SINGLE CROSS, BACKCROSS, AND THREE-BREED CROSS FROGENY COMPARED WITH THE
AVERAGE PERFORMANCE OF THE PARENTAL PUREBREDS. PERCENTAGE ADVANTAGE SHOWN IN BRACKETS*

Doubles , ' : ] 3-Breed
Matings , Single Crosses ' Back Crosses 1+ Crosses
No. crossbred 188 pigs 45 58 10 16 18 836 24
litters
Av. no. living
pigs at birth .o 9.2 (11) 10.0 (=2) 8.0 (=15) 8.1 (=2) 10.6 (15) 8.9 (3) 9.9 (20)
at weaning e o o 6.0 (6) 7.7 (8) 5.6 (1) 6.2 (12) 9.0 (31) 7.7 (36)
‘tls‘d‘y' e o o ¢ o o e o o o o o o o » * o @ 7.2(10) e o o
% survival to
weaning 73 (15) 72 (=2) 77 (8) 70 (11) 74 (0) 85 (11) oo e 76 (2)
‘bol54dlya _ « o o « s s o o o o o o e o o o e o 81(6) e o o
Av. wt. (lbo)
at birth e oo 2,60 (2) 2445 (2) 3.12 (=3) 2.91 (15) 2.91 (2) . oo 2.59 (0)
at woa.ning 38.1 (11) 33.0 (18) 4,208 (10) 49.2 (8) 3600 (24) 37.7 (-6) o o 0 33.0 (18) I
at154day' e o o * e @ e o o e o o o o o o o @ 136(1) e o o
Litter wt. (1b.) XY
at birth o o e 2460 (13) 24.5 (1) 25.0 (=20) 23.7 (12) 30.9 (18) e o o 25.6 (21) |
at weaning . oo 196 (25) 329 (20) 276 (5) 225 (39) 339 (23) .+ .« 254 (61)
Feed lot per-
formance
Av.d‘i 1039(6) LI I 1.34(8) e o @ e o o e o 0 * o 0 o o o
gain (1b.
Feead (lbo) 335 (8) (3) 370 (4) s o 0 (3) e o o o o 0 (4)
per 100 lb. _ }
gain ’
Purebred con- 174 pigas 76 litters 38 Yorks 16 Poland 76 litters 17 Polamd 3003 76 litters
trols litter- from 4 36 Chester China from 4 China Litters from 4
mates breeds Whites 10 Land-~ breeds 3 Duroc from 4 breeds
’ race breeds
Source Lush et Winters Hutton & Lash Winters Lush Bradford Winters
al. et al. Russell et al. et al. et al. . ot al. et al.
1939 1935 1939 1939 1935 1939 1953 1935

&Taksn from Fredeen (1957).
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From this review Fredeen (1957) points out that
statistically significant differences between purebreds
and crossbreds have seldom been observed in individual
edperiments. This was due to the fact that variation in
performance traits measured was so large that the number
of animals required to show statistical significance was
prohibitively large for any one experiment. Besides, few
experiments could be compared directly due %0 management,
experimental design and breed differences. However,
generally heterosis appeared to be greatest for traits
expressed in early life, up to weaning. The advantages
of crossbreds in feed-lot performance were small and
were also very small for the metric traits which measured
carcass composition. Seale (1959) also presents data
showing some advantage for crossbred pigs in growth rate
and slight advantages in carcass quality. His feport -
showed that crossbreeding results obtained with Canadian
data were essentially similar to results reported for

breed crosses in other countries.




, Macdonald
Station Lacombe Scott Alberta Manitoba College

No.cross 221 92 129 274
pigs

® 00 600 09 0800600000800 000050000000 00PN ONCOEIBLOPNNORN NSO

Breeding® I~Y I~Y I-Y B-Y La-Y
_ (recip.) -T,M-Y

OO 0 06 000 800080 PC WDV SO OS OO 0P 0ORRNEOE 0PGSO ONSOINSEOEOSSTOEOSNSIEROEISIOEPOSEBNOSE

Market age 159(4)  161(9) 168(8)  183(4)

O 6 00880 5800000800008 000000 0090809800000 00 000 00008 teve oINS

wWt. (1b.) . 168(11)
154 days

LI B B B BN BN BN AN AN B BRI B R BN BN B Y B RN AR O BN BE N AN BN B AKX BNCRE BEC A B BE R Y BN BN B AKX BN NN BN RN B SN BK Y BN BN AN BN N BE N N J

Dail in
(1b. 3 8 1.55(7)  1.32(6)

Feed (1b.) : 393(3) 382(9)
cwt. gain.

G 6006000000 ¢85 800000006 0P SO0 9000 BLLRNON OGN SOEBO RSN BSIOGSEOPOESIOSIOGEESES

Controls no. 190 64 105 496

G @ 0 6008 000000 0P BSOSO 0SS SPDOOCOEOR SN OCNOISSIRSSOOESESIOSOSIOETPNSETS

*L - Lacombe, Y - Yorkshire, T - Tamorth, B - Berkshira,
M- Minnesota 1, Id. - Landrace.

8Taken from Seals (1959).
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IABLE 4
AVERAGE PERFORMANCE OF BACKCROSS COMPARED WITH PUREERED

MG ONTROLS"™, PEBCENTAGE‘LDVAETQGE SHOWN IN BBACKETﬁa.

, Macdonald
Station Lacombe 4lberta Manitoba College
No.cross 40 176 116 74
pigs

Breeding® I~LY Y-LY Y-YT La-14~-Y
: Y-LY Y-Ld-Y
Market age 168 (7) 160 (5) 190 (1)

Wt.(1b.) 154 days 170 (12)
Fesd (1b.)/cwt. 379 (10)
gain : :

Controls no. 86 112 124

* L - Lacombe, Y - Yorkshire, T - Tamworth, ILd. — Landrace.
8paken from Seals (1959).

AND THREE BREED CROSS PROGENY COMPARED WITH

PUREERED “CONTROLS", PERCENTAGE ADVANTAGE

a

!i 'y ¥ ;‘;

Carcass Quality
Single Cross Backeross 3 Breed Crosses

No. Pigs 664 305 158
A.R, Score 73 (1) 80 (13) 65 (-1)
Por cent 4 Grade 53 (.3) 72 (17) 44 (-9)

8summarised from Seale (1959).
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Gregory and Dickerson (1952) present results which
indicate a heterotic effect on carcass traits. The tenden-
cy for crossbreds to have fatter carcass has been noted by
Hetzer et al. (1951) in data involving line crosses.

The utility of inbreeding and subsequent crossing must
be evaluated as to whether the gains made in cross perfor-
mance are sufficient to compensate for the decline in per-
formance due to inbreeding. Bradford et al. (1958a) and
Dickerson et al. (1954) reported on the ineffectiveness of
selection to offset inbreeding decline. Fredeen (1956)
suggested that the scientific evidence reviewed indicated a
situation less gloomy than the one advanced by Dickerson
et al. (1954). The answer to the relative merit of crossing
inbred lines might be partially arrived at by comparing
inbred line ‘crosses with purebred controls. One such study
was that of Bradford et al. (1958b) in which inbred and
linecross boars were compared with outbred boars in two-
sire farm herds. Results obtained showed that linecrossing
resulted in a recovery of vigor lost during inbreeding,
but showed no average advantage for the linecrosses over
outbred controls. These workers concluded that the advant-
ages of crossbreeding could be realised as fully by crossing
non-inbred lines of different breeds as by crossing inbreds
of different breeds. Comparison of linecrosses within
breeds with linecrosses between breeds revealed a greater
advantage of the latter for rate and economy of gain
(Gregory and Dickerson, 1952).

The fact that crossbreds are able to withstand more
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vigorous environmental conditions than purebreds (Iush gt
al. 1939); the differences between strain crossing and

breed crbssing in somes crossbreeding experiments (Bradford
at al. 1958b; Gregory and Dicksrson 1952); the feasibility
of crossing already existing breeds to dévelop new and
better breeds = a question indirectly implied in Carroll and
Robert's (1942) “composite™ purebred; the realization that
net merit for total performance dées not necessarily vary
linearly with each component of net merit Iush (1948) all
pose the question as to the type of gene action in heterosis.

Fredeen (1957) considers the problem to be one of the
relative contributions of the known genetic mechanisms.
dmong these would be simpls intra—-allslelic dominance where
the heterozygote possessed a greater variety of favourable
dominant genes than existed in either parent.

The dominance hypothesis (Bruce 1910) depends on the ob-
servation that there is a positive correlation between recess-
iveness and detrimental effect, some of the detrimental
recessives brought into the ~ hybrid zygote by one parent are
rendered ineffective by dominant alleles from ths other par-
ent. The result 1s an increase in vigor of the hybrid as
compared to the parent stock. ObJections to this hypothesis
were raised on the basis that it'would result in a skewed
distribution in the Fo, and that it should be possible to
recover individuals homozygous for the dominant favourable
genes concerned. These objections were largely removed by

Jones (1917) and Collins (1921) who showed that with linkage
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and with a large number of factors the possibility of recov-
ering homozygous dominants was extremely remote. In more
recent times the theory of intra-allelic gene interaction has
extended to include overdominance (East, 1936; Hull, 1946).
Non-allelic gene interaction in the form of epistasis
and polygenic balance could also be important in heterosis.
Sang (1956) has pofnted out that the utilization of hybrid
vigor in farm animals, must embody a different approach to
that in plants. The primary reason for this is the difficulty
of maintaining inbred liges, and the uncertainty of the type
of gene action involved.\ The approach in animal breeding
problems has been to rely on mass selection where heritabil-
ity estimates are high for the traits concerned (Lush, 1948).
Such traits seldom display hybrid vigor. Since the type of
géne action involved not only influences the level of het-
erosis, but also response to selection, it will be discussed
under the general heading of forces which cause selection to

be ineffective.

Forces which cause Selection to be Ineffective.

At the onset of this discussion it may be worthwhile
to recall Wright's (1935) statement. "It is the harmonious
adjustment of all characteristics of the organism as a whole
that is the object of selection, not the separate metrical
characteristics."® Any investigation of the response to
selection must take into consideration whether the selection
criteria is one metrical character or net merit. vNet merit

is a weighted measure of several characteristics each of
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which may be quantitative in nature. Mather (1941) suggests

that adaptability is a result of an establishment of an equi-
librium between genotypes and environment. This equilibrium
being brought about by the evolution of polygenic combinations
or complexes under the influence of natural selection.
Changes 1in the polygenic complexes of a given population
v':ithout changlng the environment would result in a rupture

of the established equilibrium with a tendency for ths pop—
ulation to regain this equilibrium. This theory credits the
environment as a powerful force in selection msthods, and
linkage as a force of conservation in maintaining these poly-
genic complexes. Lerner (1954) has reviewed the work on
selection in poultry, pigs and to a lesser extent, in cattle.
He observed that the indications from the literature were
that heterozygosity reduced the variability around the adap-
tive mean value of a character 1n cross fertilized species.
The degree of adaptedness thefefore would be a function of
heterozygbsity. Natural sslection would tend toward the
establishment of a certain level of obligate heterozygosity,
deviations from which would bs discriminated against in most
environments. Thils concept of an integrated genetic system -~
arrived at by previous evolutionary history, in a dynamiec
equilibrium was callsd Genetic Homeostasis by Lerner (1954).
Based on the implications of this system Lerner (1954), states
that the optimm genotype for fitness from the standpoint

of natural selection doss not coincide with the optimm

genotype from the standpoint of artificial selection for
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extreme values of a given character. A correlated response
in the direction of reduction of fitness-would be a direct
consequence of selection for extreme morphological phenotype.
He further presents a model which shows how the operation 6f
genetic homestasis, even in traits under additive genetic
control leads to the establishment of a plateau below the
maximum possible expression of a selected trait and requires
continuous selection to prevent a relapsé. Lush (1948)
discusses the situations which modify the rate at which
selection may change a population. The first condition is
overdominance. The second is epistasis in which selection
for a gene in one combination is balanced by selection
against that gene when in other combinations. The third is
the presence of negative genetic correlations. The fourth
is the existance of genotype-environment interaction. If
most of the phenotypic variability of a population upon
which selection is practiced is due to one or more of these
causes, a breeder may select intensively for a long period

of time without making any improvement.

Overdominance

The literature is somewhat confusing on the use of the
word overdominance. There are publications where overdom-
inance is used as a synonym for heterosis. Jones (1957)
considers the term to be restricted to intra-allelic gene
interaction. In this sense overdominance would be one
possible genetic explanation of heterosis. Since Shull's

(1914) definition of heterosis made very little attempt to
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explain the genetic mechanism responsible for heterosis, and
in the light of recent wark by Sprague gt al. (1959) it would
appear that the more logical discussion of overdominance would
be in the context of Jones'(1957) definition. Hull (1946)
suggested the word overdominance to account for instances
whers the heterozygote has a selective advantage over both
kinds of homozygotes. Crow (1948) supported the theory of
overdominance by showing that under complete dominance and
no epistasis,average supsriority of maximum hybrid over the
population at equilibrium gens frequency, would be the pro-
duct of the mutation rate and number of loci involved or less
than five per cent. This is based on the consideration that
the effect of a detrimsntal gens on the selective value of
the population is equal to the mutation rate to that gene and
is independent of the selesctive disadvantage which that factar
causes. Whereas in overdominance, the loss of fitness of the
population 1s of the order of the magnitude of the selection
cosfficients. Hence, potential hybrid advantage under some
degree of overdominance, at even a small proportion of loci,
could be many times greater than five per cent.

Crow (1952) pursuing the overdominance hypothesis,
, pointed out that in order to have overdominance it was not
necessary that the immediate gene products of the hetere-
zygote exceed in quantity or variety, thoss of either homo-
zygote. 4%t the level of the immediate gene product or any
intermediate étate, the effect of the heterozygote may be
intermediate bstween the two homozygotes and still result
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in a greater final result. Any kind of situation in which
something is produced for which an intermediate amount is
optimm, could bs such that the heterozygote is nearer the
optimim than either homozygote. One form of gene action that
might account for overdominance is that in which two alleles
differ qualitatively, or each doss something the other falls
to do. Irwin's (1947) work with blood group antigens in man
and cattls may be cited as an example. In almost all in-
stances the heterozygote has all the antigeniec properties

of both homozygotes. Overdominance may also be evidencsd in
cases where on the scale of desirability the heterozygote

is preferred to either homozygote. Conceivably, overdomin-
ance is a function of the type of environment under which
selection is practiced. 1If changes 1n the environment nec-
essitate sudden changes in the direction of selsction,

e.g. changes in selection for “meat type"™ instead of lard
type pigs, then the level of overdominance 1s related to the
selective advantages of hsterozygous loci.

The importance of overdominanée in 1afge farm animals
is still largely a matter of speculation. The validity of
Crow's (1948) calculations regarding overdominance has been
questioned b& Robinson gt al. (1956) due to the fact that
Crow (1948) assumed identical gense frequency for all pop-
ulations. »Recehtly Bowman (1960) has attempted to measure
the extent of overdoﬁinance by use of two regressions cal-
culated in terms of genotypic values for two alleles, at a

single locus in a recurrent selection breeding scheme.
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These regressions involve the relationship between ths per-
formance of a sire's testcross progeny and the performance
of (1) his full sisters and (2) his pure strain progeny. It
1s pointed out that a negativeAregression can only be obtain—
od when overdominance is preéent, though a positive or zero
regression does not necessarily imply the absence of over~
dominance. Ths recurrent selection technique (Comstock gt
al. 1949) representsan attempt to obtain a measure of
specific combining ability. ©Specific combining ability may
bs due to dominance or to a combination of dominance and
epistasis. Overdominance can make the difference in specific
combining abllity considerably larger than dominance can.
Indirect svidence for' the existence of overdominance
include the fact that many undesired homozygous recessives
remain in a population at too high a frequency to be ex—-
plained by recurrent mitation alone, (Iush 1948). The in-
oeffectivensss of selection in offsetting the decline in
performance from mild inbreeding (Dicksrson g al. 1954) has
also been cited as indirect evidence. Bradford et al.(1958a)
report that in swine an increase of ten per cent in litter in-
breeding coefficient was accompanisd by a decrease of approx—
imately .20 pigs farrowsd per litter, .45 pigs raised per
litter, six pounds in individual plg weight at five months
and 75 pounds in total litter weight at five months, sven
though considerable selection was practiced for individual
wolght of sires. Crow (1948) has maintained that without
overdominance long contimued selection in any form would
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have carried favourable alleles to a high frequency in
equilibrium with reverse mutation where heterozygosity
would be rare and heterosis small. Sprague gt al. (1959)
reported that evidence in thelr work with corn supported
the dominance theory of heterosis, not the overdominance

theory. The possibility of epistasis was also discussed.

E as

The primary consideration here is that selection under
general epistatic conditions results in changes in the mean
which are to a large extent temporary. This is because under
thésa conditions selection changes only the way the genes are
combined not their frequency (Lush 1948). Hence somes selec—
tion 1s necessary to mainﬁain the merit of an improved pop-
ulation as a relaxation of selection would result in the
population reverting to its original mean value,

Wright (1932) has dealt with the problem of selection
under epistatic conditions when several genes are involved
and different levels of optimmm phenotype exist. Genetic
variability is pictured in two dimensions, with contouf
lines showing many intermediate peaks of adaptability as a
third diﬁension. Under these conditions selection for a
. given gene pool tends to move the population up the nearest
slops to its peak, which may or may not be the highest.

As soon as the genetic mean of the population is directly
under the peak selection fails to move the mean  any

further, all the variance being spistatic. Increasing
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selection intensity fixes the population more’firmly in
the peak. Further response from selection requires a re-
laxation with a consequent descent of the pppulation from
the peak and an opportunity for random drift or segrega-
tion, to provide the means of moving the population to
new peaks. Under these conditions inter-group competition
in isolated subgroups becomes a potent force in evolution.
Comstock, (1960) in his discussion of problems
associated with swine breeding, theorises that many breeds
possessing the same genes may approach different adaptive
peaks. Breed differences unalterable by positive sglection
would rest in gene frequency differences rather than
‘actual gene differences. Negative selection followed by
positive selection could transport a breed to a new and
higher peak. However, the rapidity in changes in management
and selection in swine éroduction,in the past decade leaves
some question as to whether these peaks are imminent or distant.
The importance of epistasis in animal and plant breed-
ing is not known. Jinks (1955) through an analysis of dia-
1llel crosses has reported the following findings:-
(1) Wherever overdominance was found non-allelic inter-
action was present also. |
(2) Re-analysis of the data, after omitting all crosses
showing significant non-allelic interaction led to a drop
in the apparent degree of overdominance.
(3) B8pecific combining ability was always associated with

the presence of non-allelic interaction while general com-
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bining ability was the cutcoms of uncomplicated dominance.

Nogative Gopotic Correlations

Genetic correlations are correlations between the
effects of sets of genes which influence two character—
istics on the sams animal. These correlations are primarily
due to genes with manifold or pleiotropic effects. They
may also arise due to linkage. Linkage would be a cause
only when the coupling and repulsion phases are not in the
proportion they would be if mating was completely at random.
This would be the case in a population originating from a
recent cross of two different lines. This effect of link-
age would be of comparatively short duration decreasing
rapidly as soon as random mating was resumed. The effect
of selection as a cause of genetic correlations, depends
primarily upon the extent to which selection varies in iso-
lated sub-groups of the population. Negative genetic cor-
relations may arise when a gene or sets of genes affect two
traits differently, i.e. one favourably, the other unfavour-
ably, simltaneous or conseciutive selection for both these
traits would result in little net selection pressure on the
gene. The frequency of the gene or genss will remain at an
intermediate level where 1t could contribute much to the
variance of each characteristic. Iush (1948) observes that
this effect of selection causes a negative genetic correla-
tion which will bs especially acute 1f the favourable effect

1s dominant for both characteristics. This amounts to over—-
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dominance for net merit, without overdominance necessarily
existing for any of the separate primary components of net
merit. PFredeen (1953) reported genetic correlations (Table 6)
for Canadian Yorkshire swine. There were negative corre-
lations between length and most of the carcass traits
studied. Selection based on length alone should theor-
etically produce carcasses with less fat and smaller percent-
age ham. However, as Fredeen (1953) pointed out the data
were on pigs slaughtered at a reasonably constant liveweight.
Since constant weight is a function of all component parts

of the carcass, restriction of the data to a constant weight
basis automatically introduced some negative correlations.
Hazel et al. (1943) analyzed the gross correlations of the
growth rate of swine in three 56 day periods from birth to
168 days. They found that the genetic variance accounted for
15 per cent, 28 per cent, and 17 per cent of the observed
variance in each of three periods. The genetic correlations
were all positive and larger than corresponding environmental
correlations, indicating that genes with persistent effects
were responsible for much of the genetic variation. Hence,
heredity had a less important but more consistent influence
upon growth rate than environmental sources.

Dickerson (1947) has postulated a negative genetic
correlation between milking ability in sows and rate of fat
deposition and feed requirements per pound gain. In a sub-
sequent paper Dickerson and Grimes (1947) computed the

regression of progeny on sire and dam separately, (Table 7).




TABLE

1
I.engtq Shoulderi Back Loin| Percent ! Percent Loin Belly! Total | Feed
_Fat Fat | Fat | Ham | Shoulderi Area| Score| Score

Age at 200
1b. livewt. =0.153 0.128 -0,046 -0,009 0,093 0,090 0,101 0,006 -0.130 0.373
Iength of
Thickness of
shoulder fat .653 . 667 -.402 -.209 -.161 -.234 -.564 034
Loin fat -307 -.493 -.190 =-,009 -.449 003
Pexj‘cent
ham 194 .273 .087  ,239 -,086
Pericent |
Loin area .312 480 -=,128
Belly score .608 =-,116
Total score -.064

8Taken from Fredeen (1953).

- gz -
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T4BIE 7
REGRESSION OF OFFSPRING ON PARENT, WITHIN
Nt AND YRaR PARENT AND OFFSPRIN a
"R f off ons
Variable D/F Sire (8) Dam (d) gg??ngg Rsd.
Wt. at birth 69 =-.19 t-.o? -.06 £ .09 -,23% .13 -,26*
Wt, at 72 days 69 .02 X ,09 .08% .09 .09 X .12 .08
Feeding period 69 .23 X .08 .33 X .10 .47% .12 .15
Daily gain 69 .22 % .,07 .29%.,09 .43F.10 .15
PFssd/gain 62 ,23%X .08 .,01%f.11 .267F .12 .17

* Indicates P & .05,
& Taken from Dickarspn and Grimes (1947).

The valuss for the regression on sire (.23) were consid-
erably larger than those for regression on dam (.0l1) for feed

;equirements relative to daily gain. The regression of off-
spring on dam would include the dam's transmitted as well as
her direct nutritional influence on her pigs, whereas the re-
gression of offspring on sire would measure only the transmit—
ted influence. Dickerson and Grimes (1947) interpret the diff-
erence in the size of these regressions as further evidencse
(Dickerson 1947) that dams which transmit more economical
gaining ability provide poorer nutrition during the suckling
period, thus neutralizing their transmitted influence. Com~
parison of the regression on dam for feed requiremsnts per

unit gain and rate of gain (.01 vs..29) led Dickerson and Grimes
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(1947) to hypothesise that lower feed requirements was
caused partly by genes which did not increase rate of gain
but which reduced milking ability. This would be so if
these genes reduced the animal's rate of metabolism, impair-
ed lactation and concurrently lowered the requirements for
maintenance, leading to increased fat deposition. The neg-
ative heritability of birthweight poses the question of a
negative correlation between intrauterine environment of the
pig and the transmission by the dam of genes for size at birth.
Bradford et al. (1958¢c) found a negative association
between the'additively genetic effects in the pig and the
maternal effects in different breeding lines for weaning
weight and 154 day weight. This was based on the perform-
ance of five lines as inbreds, in two, three and four line-
crosses and in topcrosses. The validity of this observa-
tion is limited because the number of lines involved were
small and in the analysis these two effects were assumed to
be independent. Vogt et al. (1963) studied the genetic
correlations between growth rate and (1) feed efficiency,
(2) litter size and (3) weaning weight. Values obtained
were -.22, .06, .47 respectively. None of the estimates
were statistically significant. King (1957) reported the
following genetic correlations between carcass traits,

(Table 8).
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TABLE 8
EST GENETIC CORRB ONS EETWEEN
CARCASS TRAITS:

Isngth Thickpnesgss of backfat Depth of
of body Shoulder Mid-back Rump eye muscle

Carcass weight -0.73 0.39 0.95 0.35 0.04
Length of body -0.50 -0.51 =0.24 -0.16
Thickness of
backfat s~
Shoulder 0.77 0.62 -0.1
Midback 0.65 -0.2
Rump -0.48

@summarised from King (1957).

The large negative correlation between length and
carcass woight would indicate that for a given liveweight,
pigs that were shorter and fatter,would produce a heavier
carcass. Hence dressing percentages was due largely to an
increased rate of fat deposition. Genetic correlations
between different measures of backfat were large and pos-
itive .62, .65, .77, and negative —.2 to ~.5 bstween meas-
ures of backfat and eye mscle depth. These correlations
based on 239 degrees of freedom were sstimated from lins
componsnts of variance and covarlance from inbred linss.
Each line represented by a sire and his daughters. Hence
they are subjJect to large sampling errors, values lowser than

.9 should bs regarded as non-significant.

Genotype - Enviropment Interactjop:
dnimal breeders are aware of the interdependsnce of

genetic and environmental factors in the final form of the
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phenotype. Research workers in animal genetics attempt
statistical separation of genetic and environmental
variation. Generally, the genetic variance is that due

to variance in the strictly additive sense, any departures
from additivity are classed or grouped as environmental.

In this sense, the environmental component of variance serves
as a "catch all™ term for variations not directly abwributablé
to the additive effects of the genotype. As such, the
environmental component might include epistatic effects,
dominance effects and the joint effects of genotype and en-
vironment along with any truly environmental effects.
Dickerson (1962) has presented rather lucidly the general
line of thought behind methods of obtaining separate measures
of genetic and environmental effects. He states, "In the
broad sense there are no 'independent' genetic and environ-
mental variations in animal performance. Any phenotypic
expression of the genotype requires a relatively specific
sequence of environments and any environmental influence is
measurable only as it changes the expression of reasonably
well integrated (e.g. viable) genotypes. However, differ-
ences in phenotypes among a series of genotypes can remain
relatively constant under sevefal differingAenvironments,

so long as the ranges of both meet requirements for survival;
in this sense one can speak of separate average 'genetic'

and 'environmental' contributions to variations in perform-
ance, and of additional variation due to the joint effects

of genotypes and environment, not predictable from
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their separate average effects."” He lists five environ-
mental factors which may modify genetic differences produc-
ing interaction thus:

(1) External physical influences

(2) Background genotype

(3) Maternal effect

(4) Social climate

(5) Economic factors.

The consequence and the impbrtance of genotype -
environment interagtion is reflected in the arguments of
Hammond (2947) and Falconer (1960) as regards the optimum
environment for selecﬁion. Hammond (1947) considers that
the most rapid genetic advance will be achieved when selec-
tion is practised in the environment most favourable for
the expression of the selected character. Most of the
progress obtained by selection in the most favourable en-
vironment will tend to be maintained if the selected pop-
ulation is transferred to a less favourable environment.
Falconer (1960) takes the view that selection should be
carried on in the environment under which the population or
breed is designed to live. This theory assumes a high
degree of genotype-environment interaction.

Genot}pe-environment interaction has largely been
estimated by analysing for and testing the significance of
sire x environment interaction in a variance component
analysis. Falconer (1960) has considered the problem of

performance under two environments as a case of two
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different correlated characters. The genetic similarity
betwesn the two characters is expressed as the genetic
correlation between them. From a knowledge of thes genetic
correlation and of the heritability of each character it
should be possible to predict how much of the lmprovemsnt
made by selection in one environmnt would be carried over
when the lmproved breed is transferred to another environ—
ment. In terms of response to selection, Falconer's (1960)

formla may be expressed as follows:

B = D xTy
Ry i, By
Where CRy, = correlated response
RL = direct response
1y = 1ntensity of selection for correlated
character
iL = 1intensity of selection for character

selscted
heritability of correlated character
heritability of character sslected

SIF‘

hy,

Ta = genetic correlation between the two
characters. '

Falconer (1960) applied the above theoretical consider—
ations to results obtained in selection for three to six
weo k growth in mice on high or low feeding regimes. He
found that over thes first four generations of selection
observed, responses were in agreemsnt with the theory of
selection for correlated characters. However, after four

generations the two characters (growth on high plane, growth
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on low plane) ylelded widely discrepant estimates of the
genatic correlation. A4fter 13 generations of selection,
growth on high plane was increased equally by selection on
low plane as by sselection on high plame, but growth on low
plane was increased only by selection on low plane.

The importance of genotype — environment interaction
in dairy cattle has been investigated by Robertson gt al.
(1960). They ascertained management levels on the basis
of helfer milk yield and mean yield of contemporaries.
Mean yield of the contemporariss were 7020, 8,570 1lbs.,
10,250 1bs. for low,medium and high levels respsctively.
They found that total variability and genetic variability
increased with herd level. The fraction of genstic vari-
ance remained relatively constant over all herd levels.
This finding was further supported by legates (1962) who
studied the heritability of fat ylelds in herds with diff-
erent production levels., He concluded that the fraction
which the additive genetic varilance comprised of the total
variance was not related to the environmental level. Van
Vleck (1963) divided first and second lactation records in-
to four groups depending on the level of their adjusted
herd mate average relative to the D.H.I.A., season average.
The high level was greater than 1,000 lbs. of milk above
the season average whersas the low level was more than
1,000 1bs. of milk below the season average. The data was
analysed to investigate the importance of genotype -
environment interaction:. Results indicated that genetic
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variability for milk production was different from one en-
vironmental level to the other increasing with the higher
levels. The genetic variability expressed as a fraction of
the total variability was smaller in lower levels of environ-
ment than in the higher. There was, however, no difference
in the ranking of sires in different environments. Dickerson
(1962) found important but largely unpredictable shifts in
ranking of genetic stocks for egg production among poultry
farm environments.

In swine, King (1963) reported no significant gentotype-
environment interaction for growth rate, feed conversion and
carcass measurements. However, the 140 pigs used in this
study represented progeny of three inbred boars of three
breeds mated to Large White sows. Salmela et al. (1963)
studied the reaction of single cross pigs - all produced by
Minnesota No. 1 sows out of either Minnesota No. 1, No. 3, or
No. 2A boars, to three levels of feed intake, full fed,

85% full fed and full fed 20% roughage diluted ration. There
was a highly significant breeding x treétment interaction
for rate of gain and age at 200 1bs. There was also signif-
icant interactions for ham weight, loin eye area and carcass
length. These resglts substantiated earlier conclusions
(Salmela et al. 1960), that comparative performance of two

or more types of breeding in a particular trial should not

be depended upon as final evidence of the relative values of
different breeds or crosses.

Kristjansson (1957) reported significant sire and
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treatment interaction fof loin eys area for pigs out of four
sires subjected to two management and feeding regimss, Plank
and Berg (1963) invastigated the effects of plane of nutrit-
ion on pursbrsd Yorkshire, Lacombe x Yorkshire, and Landrace

X Yorkshire ptﬁs . Genotyps x ©plans of nutrition interactions
were significant for awerage daily gain, carcass lgpgtir and
total Record of Performance score. Thus genotype-environmsntal
interaction seems to be important in swine breeding. Dickerson
(1962) has suggested that one of the most probabls causss of
goenotype—environment interaction, is a shift of emphasis in
selection intensity betwesen traits as the environment changss.
The swine industry is noted for rather dramatic changes in

consumer preferences for certain carcass traits.

Comparison of Crossbred and Pursbred Selsction Schemes.
Bvidence for the actual response to selsction of large farm
animals is scarce. The major reason for this seems to bs
the difficulty of obtaining adsquate controls, and the
separation of improvement achiswd into genstic and environ-
mental components. Hull (1945) proposed recurrent selsction
to an inbred tester line to test for specific combining abil-
ity 1n corn. Comstock et al. (1949) suggested a modification
of recurrent selsction, 1.e. (reciprocal recurrent selsction)
to obtain maximum utilization of general and specific com
bining ability. These methods wers proposed as being
es pecially efficisnt in exploiting maximum heterosis in
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traits influenced largely by overdominance. 4An answer to
the problem of the relative effectiveness of pursebred and
crossbred selection schemes, therefore, may be arrived at

by comparing Individual and Family Selection with Reciprocal
Recurrent Selection.

To date, experiments to test the effectiveness of these
two methods have bheen largely confined to laboratory animals.
Bsll gt al. (1955) reported on two selsction experiments
with Drosophila melanogaster. Four méthods of selection
were used namsly: Recurrent Selsction, Reciprocal Recurrent
Selection, Individual and Family Selection within closed
populations, and Inbreeding and Hybridization. All the flies
used in this expériment were derived from eight laboratory
stocks. In the Closed Population msthod these stocks were
mated to produce 42 families. Nine females from each of
the 42 families were tested for fecundity and egg size.
Forty-two daughters with the highest performance index wsre
selected from the ten highest families and along with their
mates produced the next 42 families for the next cycls of

selection. Thus graphically:
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In the Recurrent Selection breeding system 42 males
from the original segregating population in the Closed
Population method, were each mated to four inbred tester fe-
males. The seven males with the highest combining ability
were chosen to sire the next generation of the segregating
population., Selection was accomplished by discarding the
progenies from the 35 less desirable malss.

In Reciprocal Recurrent Selection the eight founda-
tion stocks were combined by groups of four iﬁto two unre—~
lated segregating populations. The breeding scheme was
ossentially the sams as that for Recurrent Selecticn except
that each segregating population would serve as the tester

line in alternate generations.
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In this experiment selection was on a Performance
Index. This was defined as: Performance Index = 4 days egg
production + 10 (total of five egg lengths). This first ex-
periment was carried on for 16 generations, at the end of
which, the inbred lines were combined into single crosses
for comparison with the other methods in terminal perform-
ance tests. In the second experiment of the series, found-
ation stock used consisted of the Closed Population for the
first experiment and selected non-inbred laboratory stock of
two non-inbred lines. The only méjor change in selection
technique involved Reciprocal Recurrent Selection where 20
8ires for each line were test crossed in each generation.
Four sires out of the twenty tested in each line were sel-
ected to provide five sons each for the nekt generation of
testing. Selection within each method was based solely on
fecundity over a three day period between five and seven
days of age. Egg size was measured but only for the purpose
of studying drift in an unselected trait._AThis experiment
was carried on for 39 generations. Figures 1 and 2
represent results obtained in experiments 1 and 2 respect-
ively.

Results from these experiments suggest that Individ-
ual and Family Selection within a closed population is
superior to the other methods tested for improving quanti-
tative traits determined by additive genes. Whilst the
Closed Population method was initially more effective than

the other methods in improving a highly heterotic trait
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(fecundity) in newly formed populations; in the long run,
both Reciprocal Recurrent Selection and Recurrent Selection
are superior to the Closed Population method for maximum
performance in heterotic traits. As indicated in the graphs,
the Closed PoPulation plateaued in fecundity after about 12
generations. However, comparison of the Reciprocal Recurrent
Selection method with the results obtained from single
crosses of inbréd strains showed that maximum heterosis was
not realised in the former method since these single crosses
performed at an equal or higher level than the cross popula--
tions derived from the Reciprocal Recurrent method.

Accepting the concept that both Reciprocal Selection
and Recurrent Cross Selection are basically selection to-
ward eventual homozygosity within the segregating populations,
Bell et al. (1955), suggest that both these types of selec-
tion should be accompanied by inbreeding for maximum heter-
osis. The rate of approach to homozygosity would depend on
whether natural selection was acting opposite to or concurr-
ent with artificial selection (Lerner 1954). Kojima and
Kelleher (1963) report a higher efficiency of Reciprocal
Recurrent Selection than in full sib Family Selection for
egg production;'however,bin this case the additive variance
for egg production was low in the base population. Bell
and Moore (1958) found Individual Family Selection superior
to Reciprocal Recurrent Selection and single cross hybrids
for improvement of the highiy heritable trait, body weight

in Tribolium castaneum.




Griesbach (1962) found that Reciprocal Recurrent
Selection was ineffective for increasing heterosis in body
weight in poultry.

It is hazardous to attempt to extrapolate results
from laboratory animals to large farm animals. Reciprocal
recurrent selection schemes require large numbers, further,
they greatly increase the generation interval. For these
reasons their application to large farm animals would be
expensive and tiie consuming. The indirect evidence - i.e.
specific combining ability has been found to be small for
pigs (Henderson 1949, Hetzer et al. 1961). On the other
hand Dickerson (1949) takes the view that selection has
plateaued for some characters in swine variability and has
suggested the use of Reciprocal Recurrent Selection for
achieving higher levels. Plateaued populations are theor-
etically expected to be homozygous for the superior allele
at loci where the gene action is additive. Fredeen (1958)
. ascribes the lack of response to selection, to the fact that
selection has not actually been applied. Smith (1963) found
a small but positive genetic change in backfat thickness in
landrace pigs.

The type of gene action involved in heterosis is by
no means clear. If epistasis is important then the method
of selection should be on a family basis so as to attempt
to preserve those gene combinations that "nick"™ well with
the other families or lines. If overdominance is important

then selection should be based on the individual's performance
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in crosses. If negative genetic correlations exist between
traits being selected for, then as Robertson (1955) has
pointed out, heritability estimates are useless in predicting
response to selection. If dominance is important individual
selection should offer the most effective method of improving

cross performance.

Predicting Crossbred Performance.

Time and money spent in investigating results of cross-
breeding experiments could be reduced if there was some
satisfactory method of predicting performance of crosses.
Jenkins (1934) presented data on the efficiency of four
methods of predicting crossbred performance in corn. Carmon
et al. (1956) have presented equations for predicting per-
formance in a rotational breeding scheme. Prediction was
based on single cross and parental line performance. The
assumptions made in the development of these equations were
as follows: (1) diploid behaviour at meiosis (2) two alleles
per locus (3) no epistasis (4) parent lines or breeds do
not change in gene frequency and (5) sires and dams are
random members of their respective populations.

The method of Carmen et al. (1956) may bé explained as
follows. Considering one locus, let the genotypes, their

phenotypic values and frequencies be represented thus:
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Genotype . Frequency A(rerage Phenotyps Y

Al p2 Z T 2x 2x
Aa 2p(1-p) 2 *x " nx x T hx
aa (1-p)2 Z 0

where x 1s half the difference in average phonotypic value
between A4 and aa, hls equal to the level of dominance and
p is the population frequency of the gene A, The use of h
makes this general for all levels of dominance. Computations
can be simplified by‘ subtracting Z from each of the phenotyp-

ic values. The coded phenotypic values are listed under Y.

' The expected mean phenotypic value for a singls locus
in a line or breed in which genotypic values ars in Hardy-
‘Welnberg equilihrium is
Y= 2p2x * 2p(1-p) (x * hx)
which reduces to

T =2x[p * bp (1-0) |
The average performance'or n lines or breseds is
N, = 2x [ p* n{'ﬁ (1-p) -d'pz} ]

h N b.-p
T o= Pl' d = ( P‘ —P
Where D iZq “H an o-;';' iEq h
The expected phenotypic mean for n (n-z-_l) single crosses

among n lines_ is ,
- - - 2
S, =2x|p T h {tp (1-p) *61)__)]
R 2 -~ n=1)

)2

For 2 lines tF:_his becoms s
- (-
S5 =2x|p*h (p (1-p) *5'p2{l
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For a two line rotational breeding program the expected
mean that is approached when the number of generations

increase is
Rz=2x|:5"'h€§' (1-3) *_ 625]
: 2oy
For a two line rotation the prediction equations may be

derived from the expressions for phenotypic means as follows:

substituting ¥, for N,

Sg-ﬁg =4hX6§J2

- =4 2
32 R2 3 hxlfi

Hsnceo Ry = 8 - ( - ﬁg)

With no epistasis the expressions for one locus may be summ-
ed over all loci to obtain expressions reflecting the effect
of the entire genotype. Thus the mean performance of a two
line rotational breeding programme is predicted by the aver-
age performance of the single cross minus one third of the
difference between the average of the single cross and the

average of the mean performence in the two parental lines.
A Carmon (1960)reports highly significant correlations
between observed and predicted results in rotational bresding
involving four lines in mice.

Enfield and Rempel (1962) calculated the expected improve-

ment in crossbreds as the product of the average selection in
purebreds timss the ratio of four times the covariance of

sire effects divided by ths phenotypic variance in ths pure-




—47-

bred. Bstimates of this ratio for weaning weight, average
daily gain and backfat probe in swine were -.1l7, .42, .07
respectively.

These two msthods (Carmon gt al., 1956. and Bnfield and
Rempel, 1962) seem to offer soms promise for predicting
crossbred pefformance.

The scientific evidence reviewed tends to indicate that
selection within purebred liness of swine should still be
effective in improving swine productivity. Until the nature
of gene action in hsterosis is clarified and the predict-
ability of crossbred performance established, any radical
deviation from selection based on the assumption of add-

itive genetic inheritance does not seem warranted.
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SOURCE OF DATA

The data used in this study extend over the period
1958-62 and were obtained from the Macdonald College swine
herd. Growth and carcass measurements were available for
1227 pigs in 239 litters. These littsrs represented pure-
bred Yorkshire, purebred Landrace, single cross, backeross
and crisscross hetwsen the two breeds.

In 1957, Macdonald College initiatsd a crossbreeding
project involving Yorkshire and Landrace breeds with one of
its aims being to detsrmine the utility or advantage of us-
ing crossbred sows for producing markst hogs. 4 report of
the factors affecting sow productivity up to weaning was
prepared by Holness (1963).

The general breeding plan was as follows: Starting in
late 1957, two Yorkshire boars and two Landface boars were
mated to the original College population of Yorkshirs females
to produce purebred and crossbred offspring. In the period
1958-1962, 28 Landrace gilts in groups of four litter mates
were purchased. Four such groups were purchased in 1958
and one group in each of the years 1959 - 1961. There wers
two purchases of Yorkshire gilts, one group of four in 1960,
the other in 1961. All boars werse purchased from private
breeders' herds. Of the nine purebred Yorkshire boars used,
thres were from Ontario, fouf from Quebec and two were from
Prince Bdward Island. None of these boars were related.
Landrace boars were from Ontario (seven), New Brunswick

(one) and Quebsc (five). Boars and gilts brought in, wers
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selected where possible out of dams scoring higher than 70
on the Advanced Registry (1954) score.

For purposes of analysis the data were divided into
seasons on a half yearly basis, from 1959 - 1962. Pigs born
in the period March 1lst to the end of August were cdassified
as spring farrowed and those bron in the period September to
February as fall farrowed. The periods of most intensive
farrowing were March to May and September to November.
However, due to the incidence of transmissible gastro-
enteritis in early 1958, there were no litters represented
in this data until the middle of April, with the final litter
for the year being farrowed in November. It was therefore
decided to treat the data collected in this year as one
season, as the distribution of farrowings was different com-
pared with the other years. The classification by seasons

was as follows:

Season Date of Farrowing

1 1958

2 Spring 1959
3 Fall 1959
L Spring 1960
5 Fall 1960
6 Spring 1961
7 Fall 1961
8 Spring 1962
9 Fall 1962
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The distribution of litters by sgason and mating type
is given in Table 9. It may be observed that of the four
mating types in season 1, only two are represented in season
2. Whereas the other mating types once started show some
continuity for subsequent seasons.

The litter distribution of sire progenies on a season-
al basis are illustratéd in Table 10. 1If season 1 is
omitted then it would appear that the general breeding prac-
tice was to have some overlap in sire progenies within
breeds, with each sire having litters in at least two seas-

~ons. This is better illustrated with the Yorkshire sires
than with the Landrace. Deviations from this general prac-
tice are to be expected in data where the incidence of
disease, fluctuations in sire performance and in availabil-
ity of sires play a part.

In each breeding season approximately half of the gilts
of each breeding group were selected randomly and mated to
sires of one breed whilst the other half was mated to sires
of the other breed. The breed 6f sire was reversed for sub-
sequent litters. Random mating was practiced within breeding
groups - except in the case of full sib gilts where an
attempt was made to mate them either to different sires of
the same or of a different breed. Inbreeding was avoided
as much as possible. Up to 1960, all litters were either
first or second litters. In 1961, and 1962 some of the sows
were kept for more than two litters.

General management practice was to offer piglets pre-
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I4BIE 9
TR TION OF TTER Y ASO, TING ..
Matine Type Season
1 2 3 4 5 6 7 8 giotal
Purebred Landrace 7 5 4 4 3 4 2 3 32
Landrace x Yorkshire 9 3 8 4 6 5 1 2 1 39
Landrace x(Yorkshire x 4 8 5 1 1 19
Landrace)
Landrace x(Landrace x 10 1 5 2 2 1 21
Yorkshire)
Landrace x(Yorkshire x 1l 2 2 5
(Landrace x Yorkshire))
Purebred Yorkshire 8 52 6 3 4 7 3 4 42
Yorkshire x lLandrace 7 6 5 3 2 2 4 1 30
Yorkshire (Yorkshire x
Landrace 5 72 3 4 2 21
Yorkshire (Landrace x 10 2 1 3 311 21
Yorkshire) .
~ Yorkshire x (Landrace x 2 3 4 9

(Yorkshire x Landrace))
~Total | 37 22 21 31 37 0 27 22 12




I4BLE O

LITTER DISTRIBUTION OF SIRE PROGENIES BY SEASONS.

Sires _Seasons
Yorkshire 1 2 3 4 5 6 7 8 9  Total
i 12 12
6 6
5 5 6 6 17
6 7 2 10 19
7 2 7 4 1 14
8 7 8 7 22
9 2 2
20 11 12 2 25
21 2 4 6
Lapdrace
1 12 12
1, 6 6
15 1 1
16 2 4 2 8
1 4 4 6 14
1 4 3 12
19 2 6 8
30 9 8 17
31 7 7
32 1 1
3 8 6 4 18
- 2 4 5 11
35 1 1
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starter rations commencing at ten days of age. Litters
wore weaned at 21 days of age and provided with rations pre-
pared according to the Quebec Feed Board (1957) nutrient
recommendations for bacon type pigs. At a livéwaight of
approximately 50 to 60 pounds, animals were fed Grower rat-
ions containing approximately 16 per cent crude protein and
75 per cent total digestible nmutrients. At livewsights of
from 110 to 125 pounds, Finisher rations containing approx-
imately 14 per cent crude protein and 70 per cent total
digestible nutrients were providsd.

4dnimals were slaughtered within a week after exceeding
190 pounds liveweight. Following slaughter and cooling in
the Canada Packers' plant in Montreal, the right side of
each plg was cut éccording to the Canada Departmsnt of
Agriculture Record of Performance (R.O.P.) Requirements for
Swine (1954). The left side was cut into Montreal commercial
trimmed wholesale cuts, as shown in Figure 3. The relative
location of the different cuts are demonstrated in Figure 3.
The commercial trimmed ham was cut obliquely about two and
one—~half inches 1in front of the aitch bone, and the hind
leg severed at the hock joint. There was very little trimm-
ing done on this cut, the extent of the trimming was such
as was necessary to present the ham in an acceptable
condition for curing.

The trimmed shoulder known locally as the Montreal
shoulder, extended from the atlas Joint to about the third

thoracic vertebra, the leg was removed at a location very
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laft Side of Carcass

Trimmed Ham Trimmed Shouldsr

Irimmed Loin and Bally

Figure 3. Relative Location of Wholssals Carcass Cuts.,
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close to the shoulder joint. Excessive fat was removed
until the colour of the lean was faintly discernible
through the layer of fat.

The trimmed belly, represents the condition of the
belly prior to curing for the production of belly bacon,
i.e. with spare ribs removed and some excess fat trimmed.

The felatiVe position of this cut to the loin is shown in
the lower section of Figure 3. Weights of these cuts were
recorded to the nearest tenth of a pound.

Traits used in this study were, weight at 56 and 154

days, age at marketing, area of the m. longissimus dorsi

(loin area), weight of the trimmed commercial ham, shoulder,
loin and belly cuts expressed as a percentage of carcass
weight; the total weight of the commercial trimmed cuts of
ham, loin and shoulder expressed as a percentage of carcass
weight, (hereafter called per cent three primal cuts), and
carcass weight.

These percentages were calculated as twice the weight
of each cut expressed as a percentage of total carcass
weight. Robison et al. (1960) working with swine carcasses
cut on the basis outlined in the Fifth Reciprocal Meats
Conference Proceedings (1952), found that right sides were
heavier although not yielding a significantly higher percent-
age of lean cuts than left sides. From this they suggested
that the difference in weights between the two sides was
due to errors in cutting in the fatty portion of the carcass.

The correlations of lean cuts from each side (expressed as
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a percentage of that side) with total per cent lean cuts
were similar to the correlations of lsan cuts from a side
(expressed as a percentage of total carcass weight) with
total per cent lean cuts. They concluded that twice the
woight of the lean cuts from one side expressed as a per
cent bf total carcass weight would give the most accurate
estimate of yield of lean cuts. Bowman gt al. (1962) observ-
ed that where per cent of fat and lean are desired from half-
carcass analyses, carcass woight divided by two would be a
more approprlate weight than weight of the separated half,
This is substantially in agreemsnt with the findings of
Robison g% al. (1960).

The carcass ylelds used in this study were based on
comnerclial cuts. Differences in yisld could be brought
about by changes in the amount of trimming based on market
trends and on individual differences dus to butchers. Since
there is no- way of critically assessing them, these differ-

ences have to0 be treated as random for this data.
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METHOD OF ANALYSIS

Least squares appears to be the most appropriate method
of estimating population parameters from this sample. Dis-
proportionate subclass frequencies cause the different classes
of effects to be non-orthogonal. Thus it is necessary to
-consider all effects simultaneously in order to avoid con-
founding of effects which can occur under non-orthogonal
conditions.

Of the several estimation procedures available, least
squares is the "best"™ in that the sum of squares of the
differences between the observed values and the least squares
estimates is a minimum, and of all unbiased estimates which
are linear functions of the sample data, the least squares
estimates have the smallest sampling variance.

In its simplest form the method of least squares can be
considered a problem of fitting a straight line

Yy = mx + b"
to a set of eiperimentally observed points (xl, yl),
(x5 yz),............., (x, v,). Corresponding to each of
the observed values of x we consider two values of y, namely
the observed value Y, and the value y, predicted by the
straight line

mx, + b.

The method of least squares says "take as the line y = mx + b,
of best fit that one for which the sum of squares of the
deviations (yo - y,) is a minimum."

2 2
f(m, b) = d12 + d 2 +teoevevcossee, + dn
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where d4 = y4o = IXjo = b .
To do this we solve the squations
‘jii =0 8¢ )
§ sb

similtansously to provide least squares estimates of m and
b.
This principle of least squares may be extended to more com
plex problems. A linear model is written to indicate the
effects to be estimated and the least squares normal squations
which are derived from partial differentiation are easy to
write. One equation must be written for sach constant to be
estimated and each equation must include all elements assoc—
| iated with the particular constant in the model. Harvey
(1960) has outlined the mathematical procedures for solving
a number of basic models and they form the basis for the
models used in this analysis.

Harvey's (1960) method may be outlined using the follow-
ing model:

Yijk1 = u * ay T bj * Ck T 45kl
where Yijkl denotes a measurement on the 1B 1itter born in
the i%B season of the 3JPB mating type in the kbth 1itter
sequence.

1=1)2i0c000eee P

J =1y 20000000 @

K= 1) Seeceseees &

u = population msan

aj = effect common to all litters born in the 1B seasen

o’
o,
]

effect common to all litters of the jPR mating type
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¢ = effect common to 411 litters of the kPP litter
sequence
°ijk1 = random error, normally independently distributed
(0,0%2).
Interactions are assumed to be absent. All effects are con-
sidered fixed.

The least squares equations for this analysis are pre-
sented in tabular form. The first equation pertains to the
estimation of u. The left-hand msmbers (L.H.M.) of the
equations , i.e. equations to the left of the equal sign,
giving the number of observations in the various subclasses,
the right hand members (R.H.M.) giving the sum of the
observed values.

The second set of equations give the equations pertain-
ing to the p seasons. The third set of equations give the
equations pertaining to the q mating types. The fourth set
of equations give the equations pertaining to the t litter

u ay bj Ci
u : RDeeo ni.. n.j. n..k = Yooo
aq ] ny.. I—;j_.—.— —HijT n:. k_= Yi' .
bj ‘ nojo I nijo nojo ncjk = Yo‘-’o
Ck H nnok l niok n.jk n00k = Yook

4 dot in the subscript indicates that summation has been

made over that subscript.

The restrictions to permit c#&leculation of least squares
PIRA ) A

estimates wers j bj =% S =0.
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It is also necessary to let 1=1,p = 0 or sliminate. the
equation pertaining to ths mean.

Ifutay-= ai then the new set of equations previous
to imposing the restrictions will be identical to those in
the above table with.the row and column, pertaining to the
mean deleted (i.e., equations below and right of the broken
lines).

In matrix notation this can be written as follows:

A B c at = Y
g D E pt = Y,
ct Bl F ol =14

Where A = diagonal ny.. matrix

B = njjy. matrix
C = nj. matrix
D = diagonal Deqe matrix
E = n. ji matrix
F = diagonal n..) matrix

Bl, cl and gl are the transpose of By C and E respectively.
él, bl, el are vectors of effects to be estimated and ¥,
Y> and Y3 are the appropriate right hand member vectors of
the sums of the observations for the equations.
The first set of equations is absorbed into the second

and third set as follows:

-84t @-Blak) vl=v-laly
(E-claglp) (P-clale) els= Yy = clal vy
The restrictions %33 = E@f 0 were imposed after the

absorption of the u ™ a; set of equations by subtracting

the by ®8 and the ctth’ rows and columns from the 1, 2......
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qg-landl, 2...... t = 1 rows and columns respectively
and deleting the bqth and ct™® rous and columns.
If the resulting equations are represented as follows:

(@) (bl) = (@) where bl

represents the vector of effects to be estimated then

bl =gtz
bg®® effect = O - )  bj
th A A
Cg effect = 0 - Cé

The error sum of squares Wis computed from
1. [ ]
Brror “‘EXP;' 13k1 - (’1_'Y -Ev 2y

where m= q = 1 T t -1, The sums or squares for the fixed

effects of mating type and litter sequence are obtained as:
S. 8gs. =vViwly

wherse Vl and V are row and column vectors of the particular

least square estimates (i.e., by = 1, 2.e.ccceenen, q-1) and

Wl is the inverse of the matrix on the diagonal of G %

pertaining to the effect concerned (i.e., for mating type

the segment corresponding to the D - Bl B1B matrix with

the ¢! row and column deleted).
The sum of squares for the absorhed effects is calcu—-
lated from the adjusted subclass totals.

2
2 ]
Sum of Squares Seasons = { Yi -;!..
n; n...
i

In the instance where interaction was tested, the same
mothod of analysis was used and the approprilate reduction
sums of squares were calculated according to Henderson's

method 3 (1953) e.g. Sire x Mating System = R(sire x mating
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type of dam subclasses, season, litter sequence) - R(sire,
mating type of dam, season, litter sequence).
The computational work was done on a 7040 I.B.M,

computer.



Treatment of the Observations

Matline Types

In 6rder to facilitate electronic computation it was
necessary to allot code numbers to the different mating
types. 4 coding system was developed whereby the purebred
of each breed was listed first with the various crosses
following in order. The breed of sire was listed first in
each cross. The coding system 1s presented below.

Code Mating Tvpe

1 Purebred Landrace

2 Landrace x Yorkshire

3 Landrace x (Yorkshire x Landrace)

4 Landrace x (Landrace x Yorkshire)

5 Landrace x_(Yorkshire x (Landrace x
Yorkshire))

6 Purebred Yorkshire

7 Yorkshire x Landrace

8 Yorkshire x (Yorkshire x Landrace)

9 Yorkshire x (Landrace x Yorkshire)

10

Yorkshire x (Landrace x (Yorkshire x
Landrace ))

For convenisnce these numbei's will be used in most of

the tables presented hereafter.

Sox Effects
& preliminary analysis revealed that sex had a highly
significant effect on all traits except 56 day weight.
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Hetzer gt al (1961) reported highly significant effects of
sex on yleld of lean cuts, yleld of trimmed belly, yleld of
fat cuts,and average backfat thicknmess. Fredeen (1953)
noted sex differences in favour of females for carcass traits,
however , barrows reached market welght faster than.gilts.
Plank and Berg (1963) point out that the differences bestween
gilts and Barrows in growth rate and carcass traits was de-
pendent on the method of feeding involved. This differential
response of the sexes to different nutritional regimes could
have important effects where average correction factors for
sex are used for data collected under different nutritional
regimes.

Least squares estimates (Table 11) of sex on the traits
were obtained on a within litfer basis; Whilst sex effects
were obtained for each mating type independently, it would
appear from the least squares estimates that sex effects on
each trait wére similar for all mating groups. The data
were corrected on a basis of equal sex distribution. The
corrected data were then summarized and averaged by litters.
The average number of pigs per litter for which growth and
carcass data were avallabls was 5.9, 5.1, 5.3, 5.4 and 3.4
for 1958, 1959, 1960, 1961 and 1962 litters respectively.
The main reason for the lowsr number of pigs in 1962 was a
shift from feeding test groups of six to four pigs.

Littoer dverages
Tables 12 and 13 show the means of raw data for the




IABLE 11

LEAST SQUARES ESTIMATES OF DIFFERENCES WITHIN LITTERS
BY MATING TYPES. (Males ¥, Females -)

. Age at Carcass Per cent Per cent Per cent Per cent Par cent
B BT Bl ity R Sl R ]
1 4 -8.0 5.0 0.0 .20 4 A4 .3 -.2 1.1
2 -.6 -8.0 5.0 0.0 .21 .3 4 3 -2 1.0
3 -.5 ~8.0 0.0 0.0 .17 .2 .1 .2 -.2 .6 !
4 .2 -30 1.0 0.0 .17 .2 -1 4 - .5 i?
5 -2.3 -9.0 6.0 -2,0 .00 .8 4 .3 -.1 1.4
é .3 -7.0 6.0 0.0 .27 A4 o2 .5 -.1 1.1
7 -.9 -9.0 3.0 -1.0 .10 .2 .3 .3 -2 .8
8 a1 -8.0 5.0 0.0 .15 A .5 3 =2 1.2
9 -4 -6.0 5.0 0.0 .24 .6 .5 .5 -.3 1.5
10 -.3 -8.0 5.0 -1.0 .25 .3 4 .3 -.5 1.0
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No. of 56 da 154 day Age at
Season Litters  Wt.(1lbs.)  Wt.(1lbs.) Marketing

, . (days)
1 37 31.2 161 177
2 22 29.8 154 186
3 21 29.8 162 175
4 31 32.1 168 170
5 37 30.1 156 180
6 30 34.9 150 187
7 27 27.5 157 179
8 22 28.2 163 174
9 12 34.0 168 176
?grrlj:g‘;ed 31.3 159 179

Fall farrowed 30.3 161 177




IABLE 13

NAL GES FOR CARC 1T
C':arcass ,

Season Y Oiors (i) “Pint5et Pt Bnaiter Ploin™® Rellv’ 3 primeiGues
1 37 148 4.01 20.9 17.0 15.7 13.4 53.7

2 22 146 4.11 21.3 17.8 16.6 12,1 55.8

3 21 149 3.91 21.1 17.0 15.5 12.4 53.7

4. 31 146 3.86 21.3 18.2 15.7 12.4 55.3 '
5 37 143 4.11 21.9 17.5 15.9 12.4 55.5 %'\
6 30 148 4.07 21.3 17.8 15.6 12.3 54.,7

7 27 U7 4.15 21.3 17.8 15.9 12.6 55,2

8 22 U6 3.90 21,2 18.1 15.2 12.9 54..6

9 12 146 3.89 20.0 17.1 15.0 13.1 52,2

Spring farrowed 147 3.99 21.3 18.0 15.8 12.4 55.1

Fall farrowed 147 4,02 21.1 17.3 15.6 12.6 54.1
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traits studied on a seasonal basis. In general there were
small differences between the means for carcass measurements
over the different seasons, the measurements for growth,
expecially 154 day weight, showed some differences. Differ-
ences between spring farrowed and fall farrowed litters were
also small. However, there may be some bias here as replace-
ment gilts were most frequently selected from spring litters.
Selection was on a basis of 154 day weight. Data on these
gilts were not included in this study, hence the estimates
for growth rate may be biased downward for spring litters.
Also these gilts would produce their first litters in the
spring of the succeeding year. Hence litter sequence effects
would be partially confounded with season effects.

The averages by mating types are presented in Tables
14 and 15. Thefre was oniy two pounds difference in carcass
weight between the heaviest and lightest mating groups.
This was largely due to management procedure, i.e. slaught-
ering pigs within a week after they acquired a liveweight
of 190 pounds. This difference would also be confounded with
dressing percentage differences, but it was not feasible to
correct for dressing percentage, as pigs shipped to slaugh-
ter were not always treated uniformly as regards time of
slaughter after shipping. Since the regression of age at
marketing on carcass weight was not significantly different
from zero, it was considered unnecessary to adjust age at

market weight for carcass weight.




TABLE 14
AVERAGES BY MATING FOR GROWTH TRAITS.
Mat ing No. of 56 day 154 day Age at
Type Litters  Wt.(1bs.)  Wt.(1bs.) Marketing
__(days)
1 32 30.7 156 180
2 39 30.0 159 179
3 19 33.4 161 184
4 21 32.5 161 177
5 5 4.5 170 169
6 42 27.8 - 145 187
7 30 31.8 168 172
8 21 27.0 158 178
9 21 31.7 160 177
10 9 28.5 167 172




IABLE 15

AVERAGES BY MATING TYPE FOR CARCASS TRAITS

“Carcass Loin Fer cent Per cent Per cent FPer cent “Per cent
Mating No.of Wt. Area 5 Ham Shoulder Loin Belly 3 Primal Cuts
_Type litters (1bs.) (ins.) - '
1 32 147  3.98 2.5 16.7 15.5 12,7 53.8
2 39 148 4,07  20.8 17.1 15.5 12.8 53.5
3 19 148 3.94 21.5 17.4 15.4 12.8 54 .4
4 21 147 4.11  21.2 17.1 15.7 13.1 54 .1
5 5 U6 4.4 215  18.6 154  12.8 55.5 é
6 42 147 3.97  20.6 17.8 15.6 12.6 54.1 '
7 30 147 3.82 21.0 17.4 15.6 12.8 54.1
8 21 146 3.85  21.0 17.8 15.3 12,5 54.3
9 21 148 4,10  20.5 17.4 15.7 12.8 53.7
10 9 147 3.98  21.3 18.3 15.3 12.6 55.0
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Gross Analysis Involving Major Sources of Variation for

Growth and Carcass Traits.

The mathematical model used was:
Tijer =u+ag +bg+cp + egq
where: Yijkl denotes a measurement on the 1%0 1itter born

in the i®M season of the jth mating type in the kth litter

sequence.
u = mean
aj = effect common to all litters born in the ith
season.
bj = effect common to all litters of the jth mating
| type.
¢ = effect common to all litters of the kth litter

sequence.

5 5kl = random error randomly independently distributed,
i.e. N.I.D (0,05, %).

All effects were considered fiked.

Least squares estimates are presented in Table 16.
The estimates suggest a significant effect of season and
mating type on all traits. Both season 6 and mating type 6
had the largest effects on growth traits; The importance of
seasonal effects on growth (Tables 16 and 17) ié not surpri-
sing, the data were collected over a five year period and
changes in eayvireameat (particularly climate and feed quality)
undoubtedly occurred. 'Genetic changes may also have
contributed to seasonal differences; nine of the sires

produced litters in one season only and, unless they were all




AND LITTER SEQUENCE ON GROWTH AND CARCASS TRAITS.

56 day 154 day 4ge at Carcass Loin

Source Wt. wt. Mar ke t~ Wt. drea Por cent Por cent Per cent Per cent

= (1bs.) (1bs,) ing(days)(1bs,) (ins,)® Ham Shoulder Loin .
sason : - . : ’ .
1 03 104 -102 1.2 ows -020 -058 _-02 077
2 -100 -507 7.8 ' -07 0111 018 025 089 -050

-1008 203 -gcl 204 -1089 _003 -063 _014 —019

2 1.32 707 - lg -08 -0138 015 059 003 -020
5 -078 -400 lo -305 0108 077 --07 025 --19
6 4.07 -902 809 10% 0067 012 018 -012 --3
7 -3022 -20 04 . 0150 012 026 027 _co
8 -20 209 -402 -.2 e 103 006 050 _048 026
9 3017 706 -201 -03 _0111 —1017 -050 -067 .44

Mating
1 041 -402 106 04 e g? . 038 -089 -014 014
2 -1000 -109 1.2 08 .0 7 -.34 -.26 -.08 .07
2 1070 2a2 5.1 108 -0073 oo -029 -020 031

1043 05 -.1 02 011 .0 -021 017 .12

5 2066 605 -6o8 _107 022 .92 1.04 040 _014-
6 -2095 _1502 900 -1 -0041 _046 026 ".06 -018
7 1057 606 -404- -.5 : -0165 —007 -.23 "".02 .20
8 —3048 -104 : 05 -og -0179 —032 oa -026 _oll
9 39 -1 -5 3 101 s ; % -'15
10 _075 800 -505 _101 -0034 025 045 -005 _.22

Litter

Sequence
l _.87 06 -104 102 oo 1 _¢19 _017 -032 .26
2 1017 2.5 -02 00 e g -014 002 -om -003
3 -030 -3.0 1. ’ -102 005 033 015 036 _.23

"'ZL-
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IABLE 17

ANALYSIS OF VARIANCE FOR GROWTH TRAITS (GROSS ANALYSIS)

Moan Squares
Source ar 56 day 154 day Age at
' 179 Wt,
Season 8 150,27** 899.14** 829.85**
Mating Type 9 88.75%% 1114.62°*  445,34%*
Litter Sequence 2 84.70 220.95 62.07
Brror 219 29.80 201.06 178.68

**Highly significant at the .0l level of probability.




TABLE 18

V E FOR CARCA ITS (GROSS ANALY .

Msan Bquares

Source art Carcass Loin Por cent Por cent Peor cent Per cent Pdr cent

Wt, dres ~Ham  Shoulder Loip Belly 3 Primal cuts
Season 8  88.05°*  ,3196** 5.001** 5.542** 4.040%* 4.692**  24,523**
Mating Type 9 11.58 .2492** 2,575%* 3,732** 467 690 5.082*
Litter Sequence 2  48.46* .3454* 1.729*  .966 3.384**  2.329° 15.753**
Error 219 15.42 .0788 512 .799 453 .638 2.377

1
~3
4

1

*Significant at the .05 level of probability.
**Highly significant at the .0l level of probability.
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of average genetic merit, this pattern of use would contri-
bute to seasonal differences. Season was also important as
a source of variance for carcass traits (Tables 16 and 18).
These may reflect genetic differences or, alternatively, may
have resulted from mon-random changes in the method of trimming.
Litters were weaned at 21 days, thus environmental effects
other than maternal effects would likely be a more important
source of variation than in litters weaned at later ages. Boaz
and Elsley (1962) have compared the performance of early
weaned pigs (i.e. pigs weaned at ten pounds weight) with pigs
weaned at 56 days and observed no differences in growth rate
due to method of rearing. |

Mating type had a highly significant effect on all growth
traits and on loin area, per cent ham, per cent shoulder, and
per cent three primal cuts. For reasons previously outlined
mating type had no effect on carcass weight. Per cent belly
and per cent loin were not significantly affected by the diff-
erent mating types. Phenotypically the differences in Landrace
and Yorkshire breeds have been attributed to the Landrgce
having "fuller™ hams and "lighter™ shoulders. As these mat-
ing types represent various combinations of these two breeds
it could be the effect of mating types on these three carcass
traits are primarily due to real breed differences in per cent
ham and per cent shoulder. This is partially confirmed by
the least squares estimates (Table 16) where mating type 1
(purebred Landrace) is higher in per cent ham and lower in per

cent shoulder than mating type 6 (purebred Yorkshire).
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The main feature of the analysis as disclosed by the
least squares estimates (Table 16) is the inferiority of the
purebred Yorkshire in this sample compared with all other
breeding groups for growth rate. This may have been con-
ditioned by a litter sequence by mating type interaction
since most of the 24 litters of litter sequence three were
purebred Yorkshires. To examine this possibility the ana-
lysis was repeated using the model heretofore mentioned but
omitting the third litter sequence.

In the analysis restricted to first and second litters
purebred Yorkshires retained their low rank for growth
traits (Tables 19, 20, and 21). This could mean that selec-
tion was effective in improving litter performance as sows.
allowed to have a third litter would be from a selected
population. Unlike the previous analysis, sequence was a
significant source of variation for 56 day weight. There was
also a change in the level of significance for litter sequence
effects on loin area and per cent three primal cuts. This
litter sequence effect for 56 day weight might have been
caused by age of dam effects within litter sequence as found
for growth data by Hetzer et al. (1961). However, Holness
(1963) using part of the data used in this study concluded
that weight of sow was a more important factor than age of
sow within litter sequence for total litter birthweight.

The importance of the litter sequence effect was not reported.

These results applied to all pigs alive at birth; the present



LITTER SEQUENCE ON GROWTH AND CARCASS TRAITS FOR FIR§T AND SECOND LITTERS,

56day 1b4day 4ge at Carcass Loin ~ Per cent
Source  Wt. wWt. Mar ke t— Wt. Area oPer cent Par cent Per cent Pear cent 3 Prim-
— (1bs.) (1bs.) ine(days) (Ibs.) (ins,)® Ham Shoulder Loin Belly al Cuts
Season , A : _
1 033 1.2 -09 100 0021 -cll -048 .03 074 -056
2 -1.05 =5,7 7.9 -.9 .116 .19 .28 .90 -.51 1.35
i -1.0 2,0 -2.7 2.3 -,083 .02 -.62 -.12 -,22 -.72
1.3 7.7 -802 "07 —~131 020 063 oo -019 090
5 _07 _402 202 _303 0117 085 -005 028 —018 1008
6 4.0 -1005 9.4 1.2 0080 .30 030 -006 -028 055
7 -3.17 -1.5 .3 1.1 .182 .17 .39 .35 -.09 .90 l
8 -3.24 -1.6 -.7 -.9 V -.102 .18 .14 -.52 —‘08 —.21 q
9 3047 1205 -701 —oo _ozw -1080 -059 -090 081 _3027 ~
!
Mating Type
1 069 -401 1.3 04 --034 04 -090 "'009 009 057
2 -1.39 -=-2.2 1.2 .8 .090 -3 -.28 -.09 .10 -.72
2 1055 1.8 5.7 101 _0080 e g -039 —031 016 -072
1.38 04 _01 og 0106 oo -026 -14 olg -009
5 2.73 6.0 -600 -1. 0266 1014 1.20 051 e 2087
6 -3017 -1603 1002 04 -0048 _040 021 -'09 —013 _030
7 1.57 6.7 ~4.6 -4 -.163 -.05 -.20 .03 .23 =22
8 -3060 -105 03 —07 -olm -034 021 -021 -011 e 5
9 . -04 —102 06 0076 -062 —o15 015 -.21 e 3
10 _057 9.5 _6-8 _100 _0042 019 056 -004‘ -008 .73
Litter Sequence :
1 -1'04 -1.2 _03 06 .061 - .016 —0109 = 139 . 122 ".265
2 1.04 1.2 3 -.6 -.061 016 .109 .139 -.122 .265
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TABIE 20

,YSIS OF V CR FOR I'TH
(INVOLVING LITTER SEQUENCE 1 4ND 2).

Mean Squares

Source af 56 day 154 day Age at

W, Wt Marksting
Season 8 123.14** 875.17** 793.41**
Mating Type 9 90.47** 1112.70** 497.03**
Litter Sequence 1 168.80* 213.17 13.74

Error ' 196 31.19  205.10  178.68

* Bignificant at the .05 level of probability.
**Highly significant at ths .01 level of probability.




IABLE 2]

ANALYSIS OF VARIANCE FOR CARCASS TRAITS
(INVOLVING LITTER SEQUENCE ] AND 2).

Mean Squares

Carcass Loin Per cent Per cent Per cent Per cent Per cent
Source a4f Wt. drea Ham Shoulder Loin Belly 3 Primal Cuts

Season 8 80.85** .3271** 5.511** 4.821** 3.,722*%* 4.402** 24 ,522**

Mating 9  7.54  .2329%* 2,530** 3.664** 470 449 6.286** !
Type ~ 3
Lit ter 1 55.85* .5845** .044 1.835 3.003** 2,308 10.912* !
Sequence

Brror 196 10,81 .0752 489 .770 442 .612 2,260

* Significant at the .05 level of probability.
**Highly significant at the .0l level of probability.
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data are restricted to all pigs sent to slaughter. Holness
(1963) also indicated that litter size (numbers) was larger
for sows ha%ing their second litter. The least squares es-
timates (Table 19) support the contention that sows having
their second litters were better dams producing heavier pigs
at 56 days than their first litter counterparts. Bowpgan et
al. (1961) reported that age of sow, breeding weight an&
litter order were highly correlated and were mutually depend-
ent in their effect on litter performance. The effect of
litter sequence on per cent loin and per cent three primal
cuts may be a reflection of the efféct on carcass weight.
The léast square estimates (Table 19) indicate that second
litter pigs were heavier at 154 days, hence the lighter car-
cass weight presumably points to a lower dressing percentage.
The above consideration does not seem to provide an adequate
answer for the highly significant effect on loin eye area.

In view of these reéults it was decided to do all sub-
sequent analyses including only litter sequence one and two,

as on this basis all mating groups were represented.

Comparison of Mating Systems.

Purebred with Crossbred Litters.

The mathematical model used in this analysis was as
follows:

Yijklo =Uu+ a4 + bj + ¢y + djk + g t i jklo
where: Yijklo designates a measurement on the 0th litter of
a mating between a male of the jth breed and a female of the

kbR breed of the 1%P litter sequence born in the ith season.
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=
L]

mean

ay = effect common to all litters born in the
ith season

by = effect common to all litters out of the 3™
breed of sire

Ck = offect common to all litters out of the th
breed of dam _

djk = ogffect common to all litters sired by the

3%h preed of sire, out of the kP breed of

dam, i.e. effect of mating system

87 = effect common to all litters of the 1th

litter sequence

®1jklo = random error N.I.D (0 ¢2)

411 offects were considered fixed.

From the analyses of variance (Tables 22 and 23)
breed of dam had a highly significant effect on all growth
traits, whereas breed of sire had no significant effect.
Mating system had highly significant effects on 154 day
woight and age at marketing.

The least squares estimates (Table 24) as well as the
analysis of variance (Tables 22, 23) indicate a relation-
ship whereby because of its initial major importance as a
source of variation in 56 day weight, maternal effect
maintains its importance as a source of variation for sub-
sequent growth rate. 4lthough breed of sire wasz not an
important source of variation for growth, mating system

was important at 154 days and at age at marketing. It seems
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TABIE 22

ANALYSIS OF VARIANCE FOR GROWTH TRAIT
PUREBRE s : —

AL "‘

Msan Squares -

56 day 154 day Age at
Source dt Wt. Wt. Marks ting

150.86°*  709.58%*  235.48

Season 8

Breed of Sire 1 2.22 45.84 42,10
1
1

Breed of Dam 404.66**  3246.73**  1993.04**
Mating System 55.04 4587.33**  1618.88**
Litter Sequence 1 220,20** 489.68 174.13
Error 112 31.85 214.52 164.09

**Highly significant at the .0l level of probability.




T4BLE 23

ANALYSIS OF VARTANCE FOR CARCASS TRAITS
- (PURERREDS VERGUS CROSSBREDS).

Mean Squares

Carcass Loin Por cent Per cent Per cent Per cent Per cent
Source af Wt. Area Ham Shoulder Loin - Belly 3 Primal Cuts
Season 8 47.36** .1659* 2.799** 3.847** 2,673** 3.612** 18.390**
Breed of Sire 1 7.90 .5010** 2,.438* 10.495'f .172 .0834 4.18
Breed of Dam 1  6.18  .3974* 6.317** 4.821*  .005 641 .188
Mating 1 1.60 ,0002 1.038 .535 .098 .686 .019
System
Litter 1 32.37 .3610f .002 1.309 428 .298 3.671
Sequence
Brror 112 10.32

’ 10666 0461 .834 0509 -600

2.362

* Significant at .05 level of probability.
**Highly significant at .0l level of probability.

- €g -




TABIE 24
LEAST SQUARES ESTIMATES OF THE BFFECTS OF MATING SYSTEM, BREED OF SIRE, EREED

OF DAM, QLGROJETH AND CARCASS TRAITS FOR PURBBRED AND CROSSERED LITTERS,

56 day 154 day A&ge at Carcass Loln~ Per Per Per  Per Par cent
Source Wt. Wt. Marks t— Area 5 cent cent cent cent 3 Prim-

(1bs,) (1bs.) :L_nggdaxs) c_bs) ms.z Ham _Shoulder Loin Bel!.y al Cuts
Purebreds =.69 =6.3 3.7 .1 .02 .10 -.07 -.03 -.08 -.01
Crossbreds .69 6.3 -3.7 -1 =-.002 -.10 .07 .03 .08 .01
Landl'ace 014 06 —06 03 .065 014 -030 -oo4 003 ""019
Sires
Yorkshire -.14 =.6 .6 -3 =.065 =.14 .30 .04 -.03 .19 |
Sires g
Landrace 2,04 5.8 -4.5 -.3 -.064 .26 =-.,22 01 .08 .04 !
Dams
Yorkshire -2,04 -5.8 4.5 .3 064 -.26 .22 -01 -,08 -,

Dams
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that the early environment (i.e. before 21 days) is a potent
force in determining subsequent growth rate with the individ-
ual's gentoype becoming important at some time between the
ages of 56 and 154 days. In fostering experiments in swine
Cox and Willham (1962) found that postnatal factors including
mothering ability and pen environment were maximum at 42 days
representing 26 per cent of the total variance. Pre-natal
effects and individual genetic differences among litters

rose from six per cent to thirteen per cent between 21 and
154 days.

Results obtained by MacDonald et al. (1959) suggest
that relationships between weights at different ages differ
according to breeding plan. Two of the mating types he
studied were purebred Yorkshire and Landrace x Yorkshire
crossbred from the Macdonald College swine herd. A birthweight
of one pound above average resulted in a positive increase
above average of 3.4 and 3.9 pounds at 21 days; 6.4 and 9.0
pounds at 56 days; 18.4 and 28.8 pounds at 154 days for
purebred and crossbred pigs respectively.

The analysis involving carcass measurements (Table 23)
shows that both breed of dam and breed of sire were import-
ant sources of variation for loin area, per cent ham, and
per cent shoulder. The least squares estimates (Table 24)
indicate real breed differences between Landrace and York-
shire for per cent ham and per cent shoulder with the cross-

breds being intermediate.
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Purebred with Backerogs Litters

The majarhpurpose of this analysis was to investigate
the importance of mating system as such, hence all crossbred
dams were grouped togethsr irrespective of the order of par-—
entage, i.e. no attempt was made to investigate the import-
ance of mating type of dam within the four crossbred group
of dams.

The mathematical model used was &s followss

Yigkl =u Tag Tby Tep Yegye

Where: Yj41 denotes a measurement on the 150 1itter of
the kbB litter sequence born in the 1%h season and of the
jth mating system.

u = mean

aj = effect common to all litters born in the 1P
season.

bj = gffect common to all litters of the jth mating

system, 1.e0. purebred or backcross,

¢ = effect common to all litters of ths kth litter
sequence .
®14)) = T@ndom errer N.I.D. (O, 0a)-

411 effects were considered fixed. Results obtained
(Tables 25, 26) indicated that there was no difference be-
tween mating systems for carcass traits and for 56 day weight,
but highly significant and significant differences for 154
day weight and age at marketing respectively. The least

squares estimates of the effects of crossbred dams on litter
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P V. B GROWTH '
KCROSS)

Msan Squares

b6 day 154 day Age at
W Wt.

Source df t. Marks ting
Ssason 8 75.06* 704 .25**  422,21°*
Mating 1 45,72 3415.81** 1211.,52*"
System

Litter 1 .79 165.92 455,55
Sequence

Error 125 30.15 213.06 = 192,060

* Significant at .05 level of probability.
**Highly significant at .0l level of probability.




IABLE 26
YSIS OF V E CARCA I
(PUREEREDS VERSUS BACKCROSS)

Mean Squares

Carcass Loln Per cent Per cent Per cent Per cent

Por cent

Source daf Wt . Area Ham Shoulder Loin Bally 3 Primal Cuts
Season 8 38.10%* ,2228** 3,819** 5.244°** 2.080** 2,897** 17.391**
Mating 1 .77  .1016  .210  ,001 . 165 J111 .000
System

Litter 1 34.80 ,2609  .083 1.795  2.405* 2,094* 9.677¢
Sequence :

Error 125 11.02 0791 661 .834 .380 .516 2.166

* Significant at .05 lsvel of probability.

**Highly significant at .0l level of probability.

—88‘-
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weight at 56 and 154 days were .70 and 5.6 pounds respect-
ively. These estimates are comparable to the estimates for
purebreds versus crossbreds in the previous analysis (Table
24,). The estimate in this analysis for 56 day weight is

smaller than the estimate for Landrace dams (Table 24).

Heterosis.

The mean performance for the mating types corrected
for litter sequence and seasonal differences are given in
Tables 27 and 28. These means were calculated omitting
season 1 as it was felt that there was not enough €ontinuity
in distribution of mating types between this and the other
seasons for proper comparisons. The first point illustrated
by Table 28, is that there was no heterotic response in any
of the carcass traits studied. This is in keeping with the
findings of the previous analyses (Tables 22, 23, 25, 26) where
mating system had no effect on carcass traits. There was,
however, some expression of heterosis in growth traits.
These results are substantially in agreement with the findings
of Fredeen (1957). |

Crossbreds exceeded the average of the purebreds by
four per cent for 56 day weight, six per cent for 154 day
weight and reached market weight nine days earlier than
purebreds. The performance of the crossbreds was inferior
to the performance of the better performing purebred (Lan-
drace) for 56 day weight and superior to the Landrace for

154 day weight and age at marketing. Weight at 56 days for



Mating Type 56 day
Wt. (1bg.)

Purebreds 30.0

Crossbreds 31.2

Purebred 32.8

Landrace

Landrace x 30.1

Yorkshire

Purebred 26.4

Yorkshire

Yorkshire x 32.5

Landrace

Landrace 33.1

Backeross

Yorkshire 30.7

Backcross

Age at Marksting
(davs)

159
U
169
165

162

183
174
178

178
189
169
177

173




Mating Carcass Loin Araa ?er cont Por cent Per cent Psr cent Per cent
Iypes Wi, (1bs

W .) (ins.) Ham_ Shoulder Loin Belly 3 Primal Cuts
Purebreds 148 3.97 20.9 17.4 15.5 12,6 53.9
Crossbreds 147 3.97 20.9 17.3 15.6 12.9 53.9
Purebred
Landrace 147 3.98 21.2 16.8 15.5 12,7 53.5 !
. 0
Landrace x =
Yorkshire 147 4.07 20.7 17.4 15.5 = 12.5 53.8 !
Purebred
Yorkshire 148 3.95 20.6 17.9 15.4 12.4 53.9
Yorkshire x
Landrace 147 3.86 21.0 17.2 15.7 - 13.0 54.1
Landrace
Backeross 150 4.10 20.7 17.2 15.5 13.0 53.5
Yorkshire

Backcross 147 3.86 20.5 17.9 15.5 12.8 54 .0
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the crossbreds seems to be largely due to the superior moth~
ering ability of the landrace. Ths results for 154 day
weight and age at marketing suggest soms non additivity in
the nature of the heterotic response obtained. There are
distinct breed differences between the Yorkshire and Lan-
drace for growth traits and slight differences for per cent
ham and per cent shoulder.

The Yorkshire backeross groups ranksd between the aver-
age of the purebreds and crossbreds for 56 day and 154 day
weight, whereas the Landrace backcross was superior to the
performance of the crossbreds for 56 day and 154 day weight
although taking a longer time to reach market weight. The
indications are that the Landrace backerosses were heavier
than crossbreds at time of slaughtering, having a heavier
carcass weight, (Table 28). The measure of age at market-
ing is of limited utility as it 1s dependent on the day of
the week when ths plg reached 190 pounds. For example, a pig
190 poundg,two days after the regular date of shipping would
be kept for five days before being sent to market, as pigs
were shipped only once per week. Some of this difference
between plgs within litters would bs eliminated on a litter
basis.

Both the lLandrace and Yorkshire backcross groups ex-
celled the performance of the corresponding purebred lines.
‘This was partially implied in the analysis comparing purebred
with backcross litters. This sesms feasible for the compar-
ison Yorkshire backeross with Yorkshire pursbred dues to the
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low lavel of growth performance in the purebreds. However,
the situation where ths Landrace backcross excel the pure-
bred Landrace requires explanation. Whether the fact that
these backecross litters were produced in fewer seasons and
are a smaller total group as compared to purebreds, would
affect these results is not known. On the other hand, the
backeross groups may be reflecting the advantage of having
crossbred dams.

The se comparisbns (Table 27) show a difference in the
growth performance of the lLandrace x Yorkshire and Yorkshire
x Landrace crosses, the latter being 2.4 pounds heavier at
56 days, ten pounds heavier at 154 days and arriving at mar-
ket wolght nine days earlisr. The Yorkshire x Landrace
" crosses were superior to the Landrace in weight at 154 days
and merketing age, the Landrace x Yorkshire crosses were not.
Gaines and Hazel (1957) reported on crosses of Landrace and
Poland China pigs, the'crosses woere superior to the pure-
breds in growth rate at 56 and 154 days. However, Poland
China x Landracs crosses were far superior to Landrace x
Poland China crosses.

The above findings raised the question of a differential

performance of thess reciprocal single crosses as dams.

Comparison of the Performance of Landrace x Yorkshire and
Yorkshire x Landrace females.
The mathematlical model used in the analysis designed to

answer this question was as followss

Tijklo =@ T a3 T by Tep ey Teggpo
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Wheres Yjjk)1o denotes a measurement on the OTlitter of the
1% 11tter sequence in the 1%h ssason and sired by
the J¥Mbreed of sire out of the k¥breed of dam.

u = mean

aj = effect common to all litters born in the 1ith
season

bJ = gffect common to all litters out of the Jth
breed of sire

¢) = effect common to all litters out of the kD mat-
ing type of dam
1.5., Landrace x Yorkshire or Yorkshire x
Landrace

g; = effect common to all litters of the 1%B litter
sequence

®iiklo = random error (O, Ce 2),

The analysis involving purebreds and crossbreds, Table
24 , showed that Landrace dams were superior to Yorkshires
" for produclng fast growing litters. The analysis involving
purebreds and backeross litters indicated advantages for
crossbred sows. Ths present analysis indicates no signif-
icant difference in the performance of the two reciprocal
crosses as dams, (Tables 29, 30, 31). Yorkshire x Landrace
dams had heavier litters at 154 days but the difference be-
tween both types of dam for 56 day weight are small (Table
29)., These results are in agresmsnt with those of Gaines
and Hazel (1957) in that there was no difference in the

maternal effect betweeh the reciprocal single crosses.




OF DAM IN LANDRACE YORKSHIRE RECIPROCAL CROSSES
FOR_GROWTH AND CARCASS TRAITS.

56 Day 154 Day &Age at Carcass Loin Per  Per Por Per Por Cent

(Wt. Wt. Marksting Wt. Area 2 Cent Cent Cent Cent 3 gr:.mal

1bs.) (1bs. 2 (days) ( 21 » o -]
Landrace ’
Sil‘es 2.7 201 007 002 0.041 0024 —0022 —0004 0015 -0001
Yorkshire 1
Sires -2.7 -2.1 ~0.7 -0,2 -0,041 =-0.24 0.22 0.04 -0.15 0.01

(&7 ]

Yorkshire x i
Landrace Dams -0.5 1.9 1.4 -0,3 =0.082 0.04 -0.01 -0.14 .00 -0.10
Landrace x

Yorkshire Dams 0.5 ~-1.9 -1.4 0.3 0.082 -0.04 0.01 0.14 .00 0.10




TABLE 30
ANALYSIS OF VARIANCE FOR GROATH TRAITS

REC 4L CR

Mean Squares

Source ar 56 Day 154 Day Age at
Wt W, Marketing
Season 4 - 20,08 340.54 587,10
Breed of Sire 1 376.28**  331.42 23,50
Mating Type of Dam 1 10.78 168.82 87.56
Litter Sequence 1 44 .04 33.43 567.15
Error 48 23,99 169.29 257.34

**Highly significant at the .0l level of probability.




IABLE 3]

ANALYSIS OF VARIANCE FOR CARCASS TRAITS
(RECIPROCAL CROSS DAMS)

Mesan Squares

Source df Carcass Loin Per Cent Per Cent Poer Cent Per Cent Per Cent 3

We, droa  Ham  Shoulder Loin Belly Prime] Cuts \
Season 4 40.,24* .,1543 2.094* 1.371 .365 JA47 2,017 N
Bresd of Sire 1 2,79 .0829 2.985* 2.419 094  1.116 .008 !
Mag%n%aaype 1l 4.32 .3100 .081 .002 .889 .000 489
Litter Sequence 1 2,27 .0041 .401 246 3.171** 1.425 8.103
Error 48 13.52 .O781 .624  .638 .354 .4.82 2,369

*Significant at .05 level of probability.
**Highly significant at .01 level of probability.
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The breed of sire had a highly significant effect on
56 day weight but not on later stages of growth. In view of
previous results, this was not expected. It must be pointed
out that this analysis was confined to the last five seasons
as there were no Yorkshire x Landrace females in the herd
before this period. For the first time in any of these
analyses, season had no significant effect on any of the
growth traits. It would appear that with maternal and sea-
sonal effects being unimportant, breed of sire effects were
able to express themselves. The reason why these effects were
not carried through for later growth stages is obscure.
Breed of sire significantly affected per cent ham, but no
other carcass trait. Here, as with 56 day weight, the Land-
race was the favoured breed. Seasonal differences had a
significant effect on carcass weight and per cent ham. It
may be that heavier (fatter?) carcasses had fatter hams. The
highly significant effect of litter sequence on per cent loin
is difficult to explain, in view of the fact that season had
no significant effect on this trait. Yet, it must be remem-
bered that litter sequence effect was important in the Gross
Analysis (Tables 18, 20) for per cent loin. This effect was
not significant in the comparisons of mating systems. Possibly,
this effect is confined to the backcross groups.

The breed of sire effects on 56 day weight suggest a
sire by mating system interaction, i.e. - whether the ef-
fects of a sire differed when he was used in a purebred as

compared to a crossbred mating system.
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This might help.to explain the situation where a three-
quarter (theoretically) bred Landrace has a slight advantage
over a purebred Landrace for 154 day weight and age at
marketing. Admittedly purebreeding does not mean homzygosity
- expecially in data of this sort where the purebred popula-
tions are outbred, yet breed diffefences including sires
within breed differences for growth rat® appear to exist.

It could be that purebred Landrace sires used in the later
seasons were superior to their predecessors in both cross-
bred and purebred performance,yand hence some of this en-
hanced performance of the backcross might be due to the fact
that they were from a more highly selected population and
produced during a shorter period of the experiment. An in-
vestigation of sire by mating system interaction was attempt-

ed to arrive at an answer to this problem.

Sire by Mating System Interaction

Least squares analysis.was used td obtain:the -appro- .- ::
priate sums of squares according to Henderson method 3
(1953).

The models used to calculate the sums of squares were:

1. Tijkino = W+ 83 + bygvey + dy + £ + e5501p0

2 Ti5kino =W+ a3 + byy o + dy + £ + e43kIno
Where: Yijklno denotes the OPP litter produced by the jth
sire of the ith breed when mated to a dam of the kth mating

type in the 1th season and the nth jjtger sequence.
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u = mean

ay = effect of the i*h ureed of sire

bjy = effect of the jth sire of the i%h breed

ék = gffect of the kbh mating typs of dam (i.e. pure-
bred Landrace, purebred Yorkshire, crossbred)

byy% = effect of the JUB sire of the 1% breed and the k'R

mating type of dam subclass

dy = effect of the 1th ssason

fn = effect of the n®B 1itter sequence

®4jkino = random error N.I.D. (O, q%).

Sires within bresds were considered as random varlables and
interactions other than sire x mating system were ignored.
In order to minimize the confounding of sire and season ef-
fects, the data used was confined to litters in which there
was some overlap between sire progeniss. A total of 164 1it-
ters out of nine lLandrace and seven Yorkshire boars were used
in this analysis. The sire by mating system interaction sums
of squares were obtained by difference of the reduction sums
of squares. The error used to test the interaction was
derived from the second model.

Sire by mating system interaction was not significant
for any of the traits except per cent ham (Tables 32, 33).
This is surprising in view of the fact that the interaction
was not significant for per cent 3 primal cuts, although the
least squarses estimates (Table 24) indicate breed differences

for per cent ham and per cent shoulder. These percentage
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TABIE 32
SIRE BY MATING SYSTEM INTRRACTION.(GROWTH TRAITS)
Yean Squares
56 Day Wt. 154 Day Wt. 4Age at.
Source df ’
Interaction 26 47.23 256.04 191.52
Brror 112 32.03 202,87 211.07

IABLE 33
SIRE_BY MATING SYSTEM INTERACTION., (CARCASS TRAITS)

E%gn_ﬁguéaaﬁ
Car- Poar Por Cent Per Per Por Cent

Source df cass Loin Cent Shoulder Cent Cent 3

Wt, 4Area Ham Loin Bally Primal Cutg
Interaction 26 6.36 .0710 .967** .772 ,.303 .513 1.721
Brror 112 12,15 .0632 .429 .706 .419 .484 2.001

**Highly significant at the .0l level of probability.
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cuts are based on commercial cuts, in the case of commercial
trimmed hams, the weight of the trimmed ham may not be a
very accurate mesasure of lean content of the ham as a large
portion of fat is left on this cut.

There was & highly significant difference in all carcass
traits — except per cent three primal cuts in which the diff-
erence was significant, attributed to sire effects (Table 35).
There was no sifnificant effect of sire on 56 day weight,

154 day weight or age at marketing (Table 34). Mating type
of dam had a highly significant effect on 154 day weight and
a significant effect on age at marketing, but no significant
offoct on carcass traits.

The rating of each sire based on the mean plus the
loast squares estimate of his effect on 154 day weight, per
cent three primal cuts, and per cent ham are given in Tables
36, 37, and 38, respectively. The overall rating is based
on estimates obtained from the first set of analyses con-
sidering only main effects. The ratings for the different
mat ing systems were derived from the set of analyses includ-
ing the sires by mating system interaction effects. It may
bs noted that with a few exceptions the sires tend to retain -
the same order of merit for three primal cuts regardless of
mating system. Most of the deviations 1n ratings may be
attributed to the limited mumber of observations available
to rate soms sires. With per cent ham the individual rank—
ings are quilte different to those of per cent three primal
cuts. The rating of sires by different mating systems for
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154 day weight is quite variable. However, it should be
pointed out that in this particular sample, boars did not
have a significant effect on 154 day weight. As might be
expected mating system had a highly significant effect on
154 day weight. While net considered in this particular
apnalysis, it is apparent from Table 36 - as previously
pointed out, that the landrace, Yorkshire reciprocal crosses
differ with regard to 154 day weight.

IABLE 34

ANALYSIS OF VARTANCE FOR GROWTH TRAITS
(8 W BREED BFFECTS).

Moap Squares

Age at
Source af 56 day wt. 154 day wt. Marketing
Sire 14 29.81 180.61 318.88
H%ging Type of 2 25,06 1668.19** 702,32*

m

Season 7 98.48%* 463.65* 602,80
Litter Sequence 1 339.36** 913.50* 95.49
Error 138 34.90 212.89 207.39

* Significant at .05 lsevel of probability.
**Highly significant at .0l level of probability.




TABLE 35
ANALYSIS OF VARIANCE FOR CARCASS TRAITS
(SIRE WITHIN BREED EFFECTS).

Source df Carcass Loin Per Cent Por Cent Per Cent Per Cent " Per Cent

Wi, Area  Ham  Shoulder Loin  Belly 3 Prime] Cuts
Sire 14 20,30 .2008** 1.270** 2,250** 1.185** 1.766** 4.289*
N e 2 1.13 .0154  .687 .24 .357 .438 .678 !
Season 7 66.39%% .2716°% 2,020°* 2.488** 2.955**  .522 10490 <
Litter Sequence 1  2.28 .0259  ,003 .84  1.758*  ,800 4.953 !
Error 138 11.06 .0647 531 .719 397 .490 1.952

* Significant at .05 level of probabllity.
**Highly significant at .01 level of probability.




(MBAN * EFFECT).

all Ra Crossbhr - Backerogs
‘ No. of 154 Day No. of 154 Day No. of 154 Day No. of 1%1 Day
Sire No. Litters Wt.(lbs,)  Litters Wt.(lbs.)  Litters Wt,(lbs,) [Litters Wt,(ibs.)
31 7 171 2 184 1 169 4 164
18 12 166 5 169 6 166 1 165
:ﬁ 1% igg 7 160 4 164 3 iés
19 8 161 1 171 3 158 2 162 '
33 12 159 3 159 2 150 6 165 -
.30 14 156 2 142 159 8 158 S
16 8 156 4 152 4 160 f :
34 5 153 3 143 1 145 1 173
dorkshire | |
9 2 165 1 16 1 -
6 19 163 6 152 8 17 5 %Z%
g 12 159 3 155 2 169 7 157
18 15 7 149 3 177 8 158
21 4 15 1 123 2 169 1 165
20 11 158 3 153 4 162 4 166
5 17 157 5 141 10 169 2 157
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.gzn_n_&%eunéa hm.gm C_L_%EEOSS red Backerosg
o. of r Cent No. of - Per Cent No. of ar Cent No. of Par Cent
Litters __Ham

Sire Neo. Litters _ Hap Littors __Ham = Litters _ Ham

Landrace
16 8 21.7 4 22,2 4 20.7 |
17 14 21.5 7 21.5 4 20.8 2 21.3
33 12 21.4 3 22,5 3 20.6 21.1 '
31 7 21.1 2 21.0 1 21,5 4 20.8
18 12 21.1 5 21.1 3 20.8 1 19.g <}
32 1 21.1 1 20, ~
19 8 21.0 1 20.7 2 20.0 4 21.4 1
30 14 20.9 2 20,2 20.3 8 20.9
71 9 20.1 3 20,7 1 21.2 1 19.3
Xorkshire
5 17 21.3 5 21,3 10 20.9 2 20.6
9 2 21.0 1 20.9 1 20.6
Vi 12 20.9 2 20.8 2 20.9 7 20.5
6 19 20.7 20.4 8 20,6 5 20.3
8 18 20.5 7 20.4 3 20.8 20.2
21 4 20.4 1 20.5 2 21.4 2 20.5
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Predicting Crossbred Porformance

| 411 the analyses so far have indicated that mating sys-
tem is a highly significant source of variation for 154 day
welght and significant for age at marksting. Also there is
a difference in growth rate among single crosses, as well as
among backcrosses. 7Thils raises the question of how predict-
able are the results ln crossbreeding data of this kind.
Carmon's (1956) method essentially impliss that the average
perforﬁance of backerosses in a two bresd rotational system
should be equal to the average performance of the single
crosses minus 1/3 of the heterosis obtained in the single
cross. Table 39, presents the observed and predicted re-
sults using Carmon's method for the three growth traits
corrected for seasonal and litter sequsence effects. General-
ly the accuracy of prediction is high, more so for 56 day
weight. It is doubtful whether this method would have been
sensiti#e to particular single cross differences as it is
based on the average of both types of single cross. A more
severe test of the accuracy of this prediction method may
be attempted when more data become available for the criss—-

cross groups.

TABIE 39
ICTED V. FOR GROWTH TRAITS
Obssrved Predicted
56 day wt. (1bs.) 31.9 30.9
154 day wt. (1lbs.) 164 161

Age at Marketing (days) 175 170
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DISCUSEION
Preliminary Considerations
| Population genetics as applisd to large farm animals
i1s bsset with the problem of the expense and tims involved
in collecting large bodies of data, to ensure adequate stat—
i1stical proof of genetic theeriss. Admittedly, the altern—
ative is to work with small animals where maintenance costs
are low and generation turnover rapid enough to ensure large
numbers within a relatively short period of time. However,
the question not yet fully answered 1s whether the assumpt-
ions made in attempting to extrapolate information obtained
from experimsnts with laboratory animals to large farm an-
imals are sufficiently less erroneocus than attempting to use
the limited data avallable on the latter group of animals
by applying appropriate statistical procedures. Both meth—
ods are subject to error, nevertheless if results are inter-
preted in their true context they may be helpful in indicat-
ing trends if not answers.

The data used in this study were unique in that it
allowsed for comparisons between the two parental breeds and
their crosses, all ralsed in the same herd. Also no sires
were selected from within the purebreds for replacemsnts.
Hence the two pursbred populations were essentially outbred.
The weaning age was 21 days. This early weaning practice
was developed by the Macdonald College Nutrition Despartment

and still is quite uncommon in farm practice.
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Gross Analysis Involving Major Sources of Variation for First

and Second Litters.

As previously mentioned, the fact that seasonal effects
played an important part in the measures used is not sur-
'prising. A priori one would expect the early weaning pro-
cedure to increase the environmental (seasonal) component
by elimination of a maternal component that would have been
completely confounded with dam and hence breed of dam: and/or
mating type. In other words, of the total variance in the
population, that due to the dam (i.e. breed or mating type),
should have been reduced to a smaller (but none the less
more valid assessment of genetic worth) component than would
have been the case with later weaning. However, the sig-
nificance of littefisequence effects on 56 day weight would
indicate that the early weaning procedure was not quite as
efficient a method of removing maternal effects as expected.

The significgnt effect of litter sequence on yield of
primal cuts, as well as the highly significant effects on
per cent loin, implies an association between litter sequence
and carcass weight. This could arise if pigs out of the
second litters were heavier at marketing than first litter
pigs. The least squares estimates do not indicate large
differences between litter sequences for 154 day weight.
Perhaps, there are also dressing percentage differences be-
tween first and second litters. McMeekan (1940) has shown

that controlling the early nutrition of the pig and hence
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the growth rate, results in significant effects on the lean
and fat yields of the carcass. In the present analyses

age of dam effects are confounded with litter sequence effects.
This should not invalidate comparisons between mating types

as both litter sequences are represented in each mating type.

The most important finding in this analysis is the in-
feriority of the Yorkshire pu;ebred litters for growth rate
and a relatively unimpressive‘performance in carcass yields
as compared with the other mating types. The purebred pop-
ulations in this study are outbred populations. The
ancestral history of the purebred Yorkshires in the College
herd is three years longer than that of the Landrace.

The results obtained in this study are indicative of
real breed differences between the samples of the two breeds
for growth rate. The annual reports of the Canadian Record
of Performance for swine in 1961 and 1962, have shown an ad-
vantage of four days for age at slaughtering for Landrace
as compared with Yorkshires. This is about one third of the
difference found in this study. This would indicate that
the breed differences in this study are enlarged by some
situation peculiar to Macdonald College. A perusal of the
data revealed that for Yorkshire sired litters, four boars
produced 66 per cent of.the litters. For Landrace, the four
most productive boars produced 52 per cent of the Landrace
sired litters. The breed differences obtained in this study

could have been exaggerated if the most productive Yorkshire
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boars used were genetically below breed average and the
Landrace genetically above breed average. Hence as far as
these results are concerned, it can only be inferred that
due to chance Macdonald College obtained a superior sample
of Landrace as compared with Yorkshire boars.

The crisscross groups show impress;ve growth perform-
ance but this is limited to the smaller numbers in those
groups. For cafcass tra&ts, the pattern is obscure, although

one of the crisscross groups excels all other mating types

for yield of three primal cuts.
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Comparison of Mating Systems

In both comparisons purebrseds with crossbreds, and'pure-
breds with backecross, mating system had a highly significant
effact on 154 day weight but no effect on 56 day weight.
This is in contrast to most reports on crossbreeding re-
sults where hybrid vigor usually expresses 1tself at an
early age, Fredeen (1957) Lush et al. 1939. The highly sig-
nificant breed of dam effects on all growth traits re-
emphasizes the importance of maintaining control lines of
parental breeds in any investigation of heterosis. A4s far
as the single crossss are concernsd, the breed of dam
effects support the hypothesis of a maternal effect on 56
day welght sufficiently important to obscure mating system
effect at that age and which carrisd over into subssquent
growth rate. Mating system was not an important source of
variation before 154 days for ths comparison purebred with
backeross litters. Mating type of dam effects would be con-
founded with mating system effects in the analysis but if
the former were important ons would have sxpected mating
system to be important at 56 days. The similarity of the
mating system effects in both comparisons of mating systems im-
pliss that the individuals genotype becamss imporf:ant for
growth rate at some period betwesn 56 and 154 days, previous
to which maternal and other environmental effects were of
major importance. Bvidsence to support this type of a re-
lationship may be found in ths work of Cox and Willham (1962)

where prenatal effects and individual genetic differences




- 114 -

among litters rose from six to thirteen per cent of the

total variance between 21 and 154 days. Hazel et al. (1943)
found that the genetic variance accounted for 15, 28, and 17-
per cent of the total variance for growth rate in three 56 |

day periods from birth to 168 days.

Mating system had no significant effects on carcass
traits. Howsver, for the comparison of purebreds and cross—
breds, breed of sire had highly significant effects on loin
area, and per cent shoulder and a significant effect on per
cent ham, Breed of dam effects were éignificant for loin
area and per cent shoulder and highly significant for per
cent ham. These results indicate breed differences for car-

cass traits which tsnded to cancel out in the crossbreds.

Hoterosis

The comparisons of the msans of the different mating
types have to be evaluated in terms of the analyses involv-
ing mating system comparisons. A4s such, the hybrid vigor
obtained was significant at 154 days age and at age at mar-
keting, although this does not imply that hybrid vigor was
absent before 154 days. The important finding in this
aspect of the work is that the crossbreds exceeded the aver-
age of the better performing purebred for these growth
traits., Thils suggests soms non—-additivity in the heterotic
response obtained. This 1is reflected in the single cross
differences. These differences seem to be largely due to
the éuperior maternal abllity of the Landrace sows.
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Differences in favour of the Landrace breed as dams have
been previocusly noted by Gaines and Hazel (1957).

The question now arises as to the cause of this super-
ior maternal ability. It could bs that the Landrace
females provided a more favourable jin utero environment for
the production of heavier and larger litters at birth, or
that Landrace dams were superior milkers to Yorkshire.
Holness (1963) found that the average birthweight of the
purebred Yorkshire and Landrace x Yorkshire crossbred was
lower than the Landrace purebred and Yorkshire x Landrace
crossbred. Plgs out of Landrace dams had a mean birthweight
of 3.1 pounds, pigs out of Yorkshire dams 2.4. This was
irrespective of the breed of sire. Hencs for this data
breed of sire effect and genotype of the pig were unimport-
ant for birthweight. It appears that the initial advantage
in weight at birth provides these litters with an increas-
ing advantage with age. Blunn gt al. (1954) report average
within litter correlations of .53 between birth and weaning |
weight, .40 between birth and 154 day weight, and .63 between
56 day and 154 day weight. Results reported by MacDonald
gt al. (1959) using a part of the data used in this study,
suggest that these correlations vary with type of mating.
These woarkers observed that for pﬁrebred Yorkshire pigs a
birthweight of one pound above average resulted in a posit-
ive increase of 6.4 pounds at 56 days. If it is assumed that
these results would apply equally well to purebred Landrace
then 70 pef cent of the difference in 56 day weight found
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in this study between Landrace and Yorkshires, could be ex-—
plained on the basls of the birthweight advantage for Land-
race reported by Holness (1963). It is therefore tempting
to hypothesise that the single cross difference can be
largely attributed to birthweight advantage of the litters
out of Landrace females,

Maternal effects other than birthweight effects would
be less prevalent in data on early weaned litters as compar-
8d to litters weaned at 42 days. These findings do not in-
validate comparisons betwesen the averages of the purebreds
and crossbredé} but they caution against making any general-
ization in Ehe natures of the gens action involved in the
heterosis obtained. A precise assessment of heterosis in
data of this sort can only be established by utilizing the
double mating technique used by Iush gt al. (1939).

The analysis involving the two single crossés as dams
showed no significant differences in maternal ability of
these two groups. Thils tends to support the hypothesis that
maternal effects other than birthweight effects were not
important fnrthede data. A clesarer indication of the cross
differences might be had by computing on a within litter
basis the genetic and phenotypic correlations betwesn welghts
at different ages. The present data is much too restricted
in number of sires used to attach any meaning to genetic
correlations., Without them, the phenotypic correlations are
of limited utility in interpreting the single cross differ-

ences.
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Generally, there was some expression of heterosis in
crosses of the two outbred populations. Results obtained
substantiate earlier‘observations of Robison (1948) that
cross-breeding response is dependent on the purebreeding that
has preceeded it. There seems to be breed differences be-
tween the two breeds for growth and some carcass traits.
There is also some advantage to be had by using cfossbred
SOWS ., ‘This advantage is less tham that obtained in Yorkshire
x Landrace crossiés as compared with purebred Yorkshire. The
single cross differences noted are useful in drawing attention
to the fact that these observations apply to this data and
should not be depended upon as final evidence of the rel-
ative values of these two breeds. To all appearances sires
used were representative of the two breeds, however, it may
be that‘in other herds the Yorkshire would outperform the
Landrace.

Blatant statements as regards recommendations for the
maximum utilization of heterosis based on these results are
unwarranted. There are several other factors in efficient

swine production than weight at 154 days.

Sire by Mating System Interaction
The results of this analysis showed that sire by mat-
ing system interaction ﬁas not important for growth traits
and for most carcass traits. Based on the sire ratings it
seems that the simplest approach to further improvement in

growth and carcass lean meat yield is to establish what
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particular lines or breeds provide the best performance
when crossed and carry on selection within the lines.

Proedicting Crossbred Performance

The method of Carmon gt al. (1956) may be used to
evaluate the relative values of breeds or lines in crosshbred
performance. The accuracy and utility of the prediction
seems to he related to the type of gene action involved in
heterosis and also to the number of lines being evaluated.
If additive effects are of major importance, then one might
question the utility of this method for a two breed rotation—
al system. Since one of the assumptions made in the develop-
ment of these prediction equations was that there was no
epistasis, it appears that this method would be particularly
useful in instances where dominance was important in

heterosis.
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SUMMARY AND CONCLUSIONS

The objects of this study were (1) to obtain inform-
ation regarding the importance of heterosis in crosses of
Landrace and Yorkshire breedé of swine, (2) to investigate
the importance of sire by mating system interaction, and
(3) to apply the method of Carmen et g;; (1956) to cross-
bred swine data.

The measurements used were average litter growth rate -
as expressed by weight at 56 and 154 days and age at
marketing, and average carcass lean cut yields. The major
part of the analyses was carried out on data restricted to
first and second litters of the various crosses.

Breed effects were considered separately to mating
system effects. There was no heterosis for any of the car-
cass traits studied. Breed differences existed for some of
the carcass traits studied. Statistical significance of
heterotic effects were obtained for average litter weight
at 54 days ahd age at marketing. Breed of dam effects were
important for all growth traits. These effects seem to be
largely as a result of average birthweight differences
between the two breeds. These reéults point out the bias
that may be introduced in comparing the performance of cross-
breds with only one of the parental lines. Litters out of
crossbred sows were significantly heaviér at 154 days than
litters out of purebred sows. This advantage for backcross

litters was less than that of the Yorkshire x Landrace
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single cross. ,

Sire by mating system interaction was unimportant for
growth traits and all carcass traits, except per cent ham.
This indicates that selection based on purebred selection
mgthods should be éffective in enhancing crossbred perfom-
ance.

The theoretical testing procedure developed by Carmon
et al. (1956) and later tested by Carmon (1960) in mice,
shows some promise for predicting crossbred performance in
farm animals. This method may be particularly useful in
data involving more lines than in a two breed rotational
system. The accuracy of this method as the number of lines
and possible crosses increase mst await further research.

When more data become avallable, further research 1s
needed to determine the phenotypic and genetic correlations
between various periods of growth on a within litter by
mating type basis. There are soms indications in this data
that these correlations may vary according to mating type.
A study based on tle heritabilities wlthin breeds of growth
and carcass traits would throw some light on the breed
differences.obtained in this study. A critical evaluation
of heterosis should be attempted by using the dauble mating
technique ard maintaining concurrently, control lines of
both parental breeds.
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c I0 ORIG RESEARCH

1. This study represents the first as far as the author
is aware, in which an attempt was made to separate breed

effocts from mating system effects in crossbred swine data.

2, It is also the first for Canadlan swine in which the
statistical significance of breed of sire, breed of dam,

and mating system effects afe investigated in a two breed
rotational breeding systen.

3. The breeding structure of the purebred populations
provided a unique opportunity for an assessment of heter—
osis in that both purebred populations werse outbred and main-

tained as control lines in the sams herd.

4. The investigation of sire by mating system interaction
represents original research and is the first instance in
which an attempt has been madse to rank sires on the basis

of purebred andvcrossbred performance in data involving

purebred as well as cressbred dams.

5. This work>represents the first report, as far as the

author is aware, in which the theoretical method of Carmon

et al. (1956) for predicting crossbred performance has been
applied to férm animals.
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