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INTRODUCTION

The effects of selection have been exerted since the be-
ginning of time. In the evolutlonary changes of the animal kingdom
natural selectlon has been a major factor in survivale With the
domestication of our present farm animals a second type of selection
was introduced; that of artifical selection. Artifical selectlon
does not displace but does supplement natural selectionj differing
only in the kind or degree of characteristics which are favored by
the animal breeder. Also, in many cases artifical selectlion may
be more intense, less of the declslion belng left to chance or %o
accidental cilrcumstances. Hence, selection may be interpreted to
mean differences 1n reproductive rates within a population whereby
animals with some characteristiecs tend to lmve more offspring than
animals without those characteristics. Thereby, the genes of the
favored animals tend to become more abundant in the population
and those of the less favored individuals less abundant.

Man in his control of the breeding of domestlcated animals
tends to select for tralts which best sult hls individual needs
and fancies., However, there must be some apparent dif ferences
between animals before the livesiock breeder can choose for breede
ing purposes those animals which more nearly approach his ideal.
Thus it is variation upon which selection operatess The causes of
variation are: the differences in heredity with which the animal
started life; the differences in the environments, internal and
external , to which it is exposed during development; and a joint
effect of the above two which cannot falrly be aseribed to elther

one alone. As genes are the basis of all inheritance, only
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.'airfarenooa caused by genes can be tranamitted from parent %o
offspring. Therefores 1t 1s actually genetic variation upon which

. selection can be effective.s The degree of herlitablility then de=
termines in part the effectiveness of selection for any character=
istice. An additional factor affecting selection 1s the duplicate
nature of inheritance, whereby domlnance may play an important

role 1n covering up undesirable characteristics. Also, the linkage
of many genes on the same chromosome which tend to be transmitted
together requires an increased number of individuals to obtaln all
possible variationse.

In the selection of breeding animals many mistakes are caused
by inaccurate measures of the value of certain traits. This 1s
particularly trve in meat animals. Environmental effects are often
misinterpreted as genetlec effectss Dominance and complex gene
interactlion commonly called "niecking" may mask the true genotype
of an animal.

By application of our contlnuously growing knowledge of the
mechanics of inheritance, it 1s possible to materlally reduce the
errors commonly encountered in selection. However, selectlion can
never be perfect, due to the duplicate nature of inheritance, the
inability to accurately determline the true genotype of an individual,
the relatively long generatlion Interval and low reproductive rate
of our farm animals, the inability to eliminate and accurately
measure environmental effecta, and the large part played by chance
in the random segregatlion and recombination of genes in reproduction.

Deviation froem the random mating sys tem through that of ine
breeding brings out many hidden receaslives which may cause an
inbred population %o decline in many or all characteristics unless
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rather rigid selection is practiced. Inbreeding in itself does
not cause deterloration, and if it is not too intense and 1s
aoompanied by selection, actual improvement may be made.

This study has been conducted on a rather mildly inbred
population of swine in an effort to determine how much selection
has been practiced in items of productivity and individualitye



REVIEW OF LITERATURE

Selection in General

Man has a very limited number of ways to control the heredity
of his domesticated animals. The foremost of these in regard to
the length of time which 1t has been practiced is that of selections
the designating of vwhich indlviduals shall produce offspring, which
shall leave a large number and which a few. Harrison in his
presentation of Roman rural history, as reviewed by Lush (1947),
has shown that sgricultural literatuwre of that time contalned
comments on the kinds of animals to select for dlfferent purposes.
Even today among many animal breeders the only method of livestock
improvement 1s that of selections

Among the early works Darwin's Origin of Specles remains as
a pillar of knowledge that has weathered the pros and cons of
later workers, even though 1t was written wl thout the knowledge of
Mendel's laws of heredity. Darwin recomgnized the significance of
both natural and artificlal selectlion. However, some of his
conclusiona, which were guestionable from & genetic standpoint, have
recently been comrected and brought up to date by Fisher (1930).

Man's knowledge of how the mechanism of Inheriltance operates
has been expanded through the contributions of such men as Mendel,
Galton, and Johannsen, but that knowledge has not glven him the
ability to interfere with the processes of reproduction and change
them into the direction which he desires. All that man can do 1s
select from among the animals available for breeding those which
moat nearly approach his ideals and accept the gametes which they
produwe. Bven after the gametes are prodused he still cannot



select those which possess genes he desires but must let the
array of gametes produced by hls chosen sire unite with shatever
ova the chosen dam has produceds

The animal breeder can nelther change the laws of Mendellsm,
nor the numbers of genes, nor thelir linkage groups. He is unable
%o change the physlological interaction of genes, such as dominance,
except as he can find and increase the frequency of certain genes
which will produce the desired physiological effects Thusa, the
genetic improvement which can be brought about by selection is
the sum of the genetic gains made for several traits, particularly
those of economic importance. Hence, the sum of the average
{strictly additive) effects of an animal's genes for a trait may
be classified as 1ts genotype for that particular trsit. En-
vironmental factors, dominance, and epistasis may make phenotyple
performance unlike the genotype for that trait; hence, animals
having the highest values for an aggregate genotype cannot be
recognized directly with perfect accuracy. Therefore, selection
for improved breeding value must be practiced indirectly by select-
ing directly for a correlated variable based on the phenotyple
performance of each animal for several traltsy, Hazel {1143)

Hethods of Selection and Selection Indexes

In order to select most efficlently the animal breeder nust
know the relative economic value of the tralt under consideratlion,
its herlitabllity and the genetic and environmental correlation of
each tralt with the other tralts. Hazel and Lush (1942) realizing
that the most efflcient methods of selection are those which
result in the maximum genetic improvement per unit of time and



effort expended classified the procedures into three rather baslic
methods. Flrst, the tandem method--gelection is for one tralt
at a time until 1t 1s improved to a certain level, then a second
tralt and etcese Second, the total score methode-gelection for
all desirable traits 1s practiced simultaneously, the total or
index being constructed by adding into one figure the credits
and penalties glven each animal according to 1ts auperibrity or
inferiority for each trailt considered. Third, the "independent
culling lhvela“ method=--a certain level of merit is established
for each tralt, and all individuals below that level are discarde
ed regardless of thelr rating in other traltse

The method of total score 1s the most efficient, while the
tandem method ls the least efflclent of the three. The greatest
obstacle to the total score method lies in determining how much
weight to glve each tralt when caleculating an index. However,
Hazel and Lush (1942) concluded that Information ;n the heritae
bility and economic importance of each trailt and the genetic and
phenotypic correlatlions between the different tralts are necessary
in order to give each trailt its proper value in a selection index.

Linkage and non-random mating (inbreeding) systems may cause
correlated variations, however, their effects would be less
permanent and consequently less important in selection. Repeated
ereossing over ultimately makes the coupling and repulsion
heterozyzotes equally numerous. A more lmportant cause of corre=
lated varliation in an interbreeding population lies in the ene
vironmental circumstances peculiar to each animal, particularly
for traits which develop during the same perilods.
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Sexw=limited traits and tralts ﬁuch a3 carcass merit cannot be
measured directly on all breeding animalse. Sometimes selection
must be practiced before each animal's perfomance for every tralt
is knowne. Therefore, Lush and Molln (1942)suggested as & possie
bility for increasing genetic progress the use of Information
about the average performance of close relatives such as Mll
sisters and dams, realizing that this could be ecarried so far as
to lower the rate of progress. The sow's own record should receive
something like three times as much welight as the record of her dam
or each full sister on such a"Tamlly™ basis, About 50 per cent
more progress could be made in selection based on the performance
of three litters as compared to the progress made by use of only
one litter's performances

In a study of litter size as a selection index in awine,
McPhee (1931), observed a significant correlation between aise of
litter produced and size of litter in which the slre was borns

Inbreeding

Hughes (1833) in reporting the work on an inbred herd of
Berkshire swine observed larger litter size in the inbreds as
compared to the outcrosses up until 1923, Following that date
there was a gradual decrease in the number of pigs farrowed in the
inbred line, however, these litters were from sows farrowing thelr
first littere This colncldes with Hodgson's (1955) report in which
he observed a smaller litter size in inbreds as compared to non-
inbredse. There was little difference between birth weight of
individuals fromgdvanced inbred generations and noneinbred
generationa. The inbreds and nm-ii:breda tended to remain about



equal in rate of galn until the sixteenth week, after that the
non-inbreds gained faster and reached the 200 pound welght about
three weeks before the lnbreds.

Willham and Craft (1939) observed a decrease in size of litter
farrowed, size of litter weaned, and percentage of survival to
weaning in inbred Duroc swine. They also reported that inbred
animals made smaller daily gains and were less efficient in the
utilization of feeds These findings were confirmed by Hetzer and
others (1940) with inbred Chester White swine. In addition,
differences in the inbreeding of the litters appeared to have had
a greater effect on litter size at the varlous ages than did
differences in the inbreeding of their sires and dams. Also, less
than 20 per cent of the variance in litter size at any one of the
three ages (birth, 28 days, and 70 days) was found to be hereditary
in nature. Season of birth, yearly changes in feeding and managee
ment, and differences in age of dam appeared to account for another
20 per c¢ent of the variance, The remainder or about 60 per cent
of the variance in litter size at the varlous ages was due to
causes the nature of which ecould not be determined, Olbrycht's
(1943) work coincides with this, however, his estimates of variance
in rearing abllity were 19 per cent ascribable to hereditable causes,
10,3 per cent due to age, and 70.7 per cent due %o other factorse.

Baker and Reinmiller (1942) in presenting data on four inbred
lines of Duroc swine observed no marked deterloration within the
lines. When corrected for age of dam, the data did not indicate
any definitetrend for the nine seasons studled in the number of
plgs farrowed, the number farrowed alive, number of pigs weaned,
weaning welight of litter, nor the productivity index of the dam.
S8ince the maximum inbreeding attained in the lines was 30 per cent



it 1; possible that selection was able to counteract the adverse
effects of Inbreedinge.

Work on Poland China swine by Winters et al. (1943) indicated
a slight decrease 1n litter size for each unit of increasse in
litter inbreeding. The authars conclude that it is possible to
ralse the coefficient of inbreeding of Poland China hoga to 28
or 35 per cent without loss of vigor. Additional work on the
lMinnesota No. 1 line of swine has shown that the subsquent ine-
breeding of superlor crossbred hogs 1s not necessarily followed
by wide segregation of type and performance. The authors suggest
that rigorous selsctlon for performance was a factor in preventing
wide segregzations

In a study of performance of inbred linea of swine by
Dickerson et ale. (1947) it was observed that for sach 10 per cent
inerease in litter Iinbreeding, independent of age and inbreeding
of dam, an average decline of 0.2 pigs at birth, O.4 plgs at 21
days and 0.5 pigs at 56 and 154 days occurreds In pig weight a
decline of 346 pounds at 154 dayvs was observed. All of these
observed decreases were highly signifiecant except for number of
pigs at birth which was significant.

Whatley (1942) in studylng factors influenecing 180-day welght
in Poland China swine calculated a regression coefficient which
indicated a 0,76 pound decrease In 180-day welght for each one
per cent increase in inbreedinge Additlonal work by Laben and
Whatley (1947) in one line of Duroc swine presentas evidence of a
decrease in 180=-day weight from 187 pounds to 153 pounds in five
generations of mild Inbreeding, although the selected animals
averaged 22 pounds heavier than thelr generation. A decline of



10

approximately O«7 plg in slze of lltter weaned occurred in the
five generations in splte of the fact that selection of breeding
stock was from litters l.2 pigs larger than the average.

Effectiveness of Selection

Selection can create no new genes nor completely destroy any
genes already present in the population. Davenport (1907) summed
up the functions of selection as the alteration of the type, not
the reduction of variability. The "rixing" of an intermediate
type by selection does not decrease the varlability because upon
relaxation of selective practicea the offspring of selected parents
tend to regress toward the population average.

Rice (1926) in reviewing a poultry experiment on mass selection
practiced at the Maine Agricultural Experiment Station from 1899 to
1908 pointed out that yearly egs productlon decreased steadlly even
though there was selection for this tralt, The polnt to be noted
is that mass selectlion falled %o increase production in this pare
tleular experiment. However, upon changing the system of selection
slightly and using for breedera only those hens and roostera whoae
dams were high producers the production increased steadily over the
period from 1908 to 1920.

If the breeding plan is merely that of mass selectlion of the
most desirable phenotyple individuals, progress by selection will
be limited by the heritabllity of the selected traits. Only that
fraction of the selected superlority of the parents which 1is
heritable will appear in the next generation., If the desired
characteriatic is highly heritable the best method will be mass
selection, but if heritability 1s low greater use could be made of
progeny teats and selection on a famlly basis, Should the
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varlation due to eplstasls be high with 1little additive variation,
conslderable use of inbreeding to create new lines of distinct

form should be practiced along with subsequent inter-line selection.
(Lushe 1940).

Dickerson and Hazel (1944) in studylng the effectiveness of
selection on progeny performance as a supplemént to earlier culling
in livestock determined that the progeny test should be limited
to certain traits. The progeny test 1s most efficient when the
generatlion interval 1s kept at a minimum, the rate of reproduction
is low, and when the basls for making first selectlon 1s relatively
inaccurate. Under the later condition the progeny test allows
more of the environmental variation to be dlscounted and conse=-
quently a greater portion of the varlance among individuals 1s
genetic. However, most of the conditlons upon which the effleclency
of the progeny test depends are beyond the animal breeder!s control,
being relatively unchangable for a particular kind of animal and
traite

Studies on the effectiveneas of different methods of selecting
for two specific characters in swine, growth rate of piga and
productivity of sows, have been conducted by Dickerson and Hazel
(1942, 1944). 1In selecting for growth rate they recommnend that
elght to ten times as many gllts as are needed for breeding should
be retalned long enough after weaning (180-day age) to obtaln a
more relliable measure of growth rate than the weaning welght will
give. Selection on weaning welght gives only about three-fifths
as much improvement in 180-day weight as selection on 180-day
welights directly. Having the sowa farrow two litters a year re=

sults in more rapid genetic Ilmprovement 1n productivity. The
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agouracy of selecting boars and giliés can be lmproved by having
two litters onvhich to evaluate the productivity of their dam
instead of one. Furthermore the additional litter furnighes

more pigs from which to select breeding stock without materially
Inereasing the generation intervals S8Several plans of culling for
productivity in swine were discuased by the authors. Yearly
progress from selection was thought to be the greatezt when sows
are culled after the firat litter and the best one-third to one=
half retained for a second litter slx months later. Another plan
almost as effective ls to delay culling, until after the second
litter, and keep the best one-fifth to one-fourth of the sows for
a third litter at two years of age. Progreas 1ls retarded when
more than the optlmum proportion of older sows are retained,
because the less lntense culling of sows and the longer interval
between generations 1s only partly offset by the more severe
culling of gilts and greater accuracy of sow culling.

An experiment in which swine were selected for rapid and slow
growth rates was reported by Krider (1946). Heritability estimates
of growth rate were made through line differences created by
selection and from the analysis of variance wlthin lines and yeara.
Conclusions were that herltability of welght differences increased
from about 5 per cent at birth to 24 per cent at 180 day se

Dickerson and Grimes (1947) reported an experiment on selecting
for efficlent and inefficlent feed utllization in hogs. From
common stock two distinet lines differing in efficlency of gain
were developed by selectlione Thelir results 1ndioate’that selection
based on rate of galn from weaning to market welght imnld be nearly

as effective In improving economy of gain as selection based
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directly on indlvidual feed requirementa. Also, welght at 72-
days is spproximately one-third as accurate for selection for
economy of gain as dally gain from ?zldaya to a 225 pound live
welghte. l

Working with a poultry flock Lerner and Hazel (1947) analyszed
the roles played by selection, chance, and migration with respect
to improvement ln eggz production over a twelve year periods They
calculated galns theoretlically expected in egg production on the
basis of known selection intensity, heritability, and generation
interval and found their actual gains in produetion %o correspond
very closely. The general conclusions are that currently accepted
principles of population genetica may be used to predict rates of
improvement for populations subjected to artifical selection.

Additional wrk by Dempster and Lerner (1947) in the determi-
nation of the optimum age of the breeding flock reveals that
greater efficiency is obtained by a more wldespread use of younger
birdss The optimum plan of age distribution investigated was one
in which 90 per cent of the breeding flock conslsts of pullets
and 10 per cent of two-year old lhens selected on the basis of their
slster's and daughter's records. Similarly, about 80 per cent of
the breeding males each year should be cockerels.

Weaver and Bogart (1943) in studying some of the factors
influencing efficlent production of sows cocncluded that there was
a direct relatlionshlp between the blrth welght of a pig and 1ts
S56«day weanling welght. A one pound advantage at farrowing resulted
in about a seven pound advantage at weaninge In these experiments
it was noted that the larger the litter weaned by the sow the
smaller the feed requirement per one hundred pounds of gain per
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Additional work on the Importance of hovedlsy and envivomment
bg‘Bakef et ale {1543) 4indicated that senstiec varianes for rate of
goin fopr abort intsrvals increaged from 7 per cent following birth
to 30 ber cent at 112 dayss The relative lmpovitance of environmentk
neculiayr to the indivldusl in doten nining rate of galn increased
from 3% per cent at dirth to &1 per cent at 108 dayse

Hazel ot az,'{1@45; in coenducting a study of genetic and
environsental correlatione betwesn growth rates of vigs al differe
ent ages indicated that penes with persistent affects were ro-
gpongible for much of the genebic varistione. As g conssouvence of
breakins tha gﬁiﬁﬁ.ﬁﬂﬁﬁ into 56~day intervals the multiple correla-
tion (0.518) baged on gains in the three perlods iﬁ only 4 per cent
larger than that besed on gain over the entire period (0.407). As
a reseld it iz suzgested that growkh rate from 88 to 112 davs be
used as g baails for selecting bear pigs, bocause it ocours le@f@
SUsertYe

The guestion of type in swine nroducition hﬁﬁ\lﬁﬁ@ been a point
of contention. Howsver, ln the past few yenrs soms astudies have been
conducted on swine tyne as & fackor in awine‘§raﬁuétian. Zeller
{1540} and Heﬁzev and Belesp (1@&0} obhsorved significant differsnces
in & nunmber of bralfs among small, lntermediaie, and large type
swine, There was & diffeprence in libter size farrowsd of apuraﬂiw
mately four-Liftn of a pilpg hetween types with ths larzer animals
farrowing the larjer litters. ALl factors considered, tho inbers
mecinte type was believed o be superiors

In testing for the statlistienl aipnilicance of ench nouree of
variasslon Heizer ot ales (1044} obbtained hlgh siznificance for litter

-

difference within sives, geason and strein. Intra~geason



differences between the tivece type stralns were very large and

g

1ighly siznificant compared with the 4ilferences betwssn gire

prozenies of the game strain and scesons

Zeaulis of deglonal Swine Bresding Dobovajory

iml

in reviewins some of the accomplisbments of the Swine Braeding
Laboratnry, Craft {1943) pointed out that ropeabability of libter
aize weoansd is abont one=glxthe All sows that produce first litters
above Gtins average 1in number of plgs favrowed may be sxpecisd to
produce sbout 0.31 »lg more in gubsequent 1 §ters than the avery 188
of the entlre group of sows from wbhleh they ware Eﬁlﬁﬂtﬁéi

decuracy of selecilon for number of pigs farrowed anﬁ weaned
and welght at weaning can be incressed materially ir goligetion ig
baged on more than one lijter.

¥MePhee (1945) voints out that in gensral some decline in
Tertilisy, survival, and growth rete accompanies Inbreeding, bub
criticoal seleebion mininizes the decline in these traits. For
grozth rate, selection can offsel the effect of inbrzellng up o
15 wer cent per gensration but Terillity cennot be maintalned
withont loga i7 the inbreeding ls more than & por cent per genera=
tione« Pursbred hogs can withstand on the average an increase of
3 to 4 per cent inbreeding per gensrablion untll about SU per cent
is wveacned without much loss in productive characters provided

seleetion is crlticals.



OBJECTIVES OF THIS INV:

ATLGATION

Thais sindy was conducted to determine the ewocunt of selection
which has been praciiced in line & of the inbroed Duroe swine herd
at the Olsbome Experiment Susilon. The neagure of Lthe anount of

gelection for the geveorael chevecterigtiens 1z the selection

differsntial ag defined by Lush (1247). The indensity of gselectlon

will be shown by the number of plgs availavle for seloction as
compared to the sohusl nuaber vetained for bresding purnoses asnd

by = compsvrison of the selectlon differentlial %o thoe standard

deviation of the vopulation from whileh the selected animals wers

shosene
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The rocords upon whilch this stuvdy was made are.Trom Duros

Y
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scores, and the items composing the total scores were obtained
for studye.

fha number of plgs farrowed and weaned, litter weight at
weaning, and average weaning weight per pig poer lifter, were used
in determining the sow's productivity and to compare the amount of
uﬁtematia gselection end actual selectlion on'gilta. All data on
the productivity traite for older sows were adjusted to a gilt
basls with the correction figures presented by Lush and Molln
(1942).

Intra-scason astandard deviationa were computed for each trailt
in which actual measursments were used in arriving at the selection
dlrfqrentiala Comparisons of the selection differentials and
standard deviations were used to determine the selection intensity

for each trait.



PRESENTATION OF RESULTS

Line 5 was started in 1942 hence the firat complete records
of performance were in the spring of 1945, The average number of
sows farrowinr each scason is shown in Table I. Although the
number of sows farrowing each season deviates conaiderablely from
the original plan of & ten sow herd the average 1ls still about
seven and one-half sows per season. The average age of sows
farrowing each season corresponds to the generation intervale
Initially the average age was high, however, as the project pro-
ceeded the average age decreased indlcating a more severeculling
of older sows and the increased use of zilts. This reduwed the
generation interval and speeded up the rate of turn over In the
breeding herdes |

The average inbreeding in the line increased until in 1946
when some outcrosses were Intorduceds Following the introduction
of the outside blood, the line was bred as a closed herd and the
average inbreeding increased to 22 per cent in the fall of 1947
which was the same average as that previouas to the outeross. The
average inbreeding of all litters in the ten season period was
10.4 per cente.

The age of the sow haa a definite effect upon the litter pro-
duwede Work by Hetzer et al. (1940), Lush and Molln (1942),
Nordskog et al. (1944), and Stewart (1945) has advanced evidence
that litter slze at farrowlng and weaning lncreases with the age
of the dame Also the litters produced by gllts were lighter than
those produced by older sows. Therefore the items of produectivity,



number farrowed, number weaned, and 56-day welight, were all adjusted
to a gilt (1 year) age basis. The correction figures as taken from
Lush and Molln (1942) ares

Age of Sow N 550 Litter 56=-day welght
Farrowed Weaned
1 year old gilts «0 «0 0
1% year old sows =045 «045 «20#, =10% of litter wt,
2 year old sows =15 =1,0 . - '
2% year old sows o =045 » "

The average weaning welght of each individual pig per litter
was obtalned by a division of the adjusted litter weight at weaning
by the adjusted number of plgs weaneds

The averages over the ten season perlod for each item aside from
number of sows farrowing were arrived at by using the actual number
of litters farrowed in that season. This gives a better estimate
of the average performance of the sows than would be obtained by
giving each season, equal weight regardless of the number of sows
producing in that season.

Over a period of years, and even from season to season,
environmental factors will vary regardless of attempts to hold them
constant, There are geveral methods which could be used to allow
for these environmental effects, namely, (1) accurate records of
environmental condlitions could be kept and studied so0 as to determine
corrections to be applied to the data; (2) in certaln experimental
designs, analysis of variance might be used %o caleulate an esti-

mate of environmental differences due to season and yeary and (3)



23

the experiment could be so designed that any single classification
of experimental animals has comparable regorded data over a paribd
of several sessons. According to the third method the environmental
effects tend to cancel out insofar as they are random and occur in
elther direction. The latter method of overcomlng temporary en=
vironmental effects is the one generally followed in this projects
It will be noted in Table I that there 1s considerable fluctu-
ation in the seascnal averages for litter slize weaned and for wean=-
ing weight of the litter, whereas for litter size farrowed the
seasonal averages are somewhat constant with very 1ittle variation

from the mean. These seasonal variations in average litter size

weaned and average litter weaning weight could be attributed to
temporary environmental conditions which affected the young pig

and which existed only within the one seascn. Over a period of
years the average would be a more true estimate of the line's
producing ability than any one season's measurements. Hence, the
value 8,7 pigs for litter size farrowed, 5.6 pigs for litter size
weaned, and 159.,3 pounds for litter weaning weight can be consider-
ed desceriptive of the line 5.

In any program of selection the amount of progress 1a influenced
by the number of offspring which have to be retained as herd re-
placements. Table II, shows the number of gilts and boars which
were selected for the breeding herdes In every case the animals
selected one season entered the breeding herd one year later; that
la, selected gllts farrowed in the spring of 1243 entered ths breede
ing herd in the spring of 1944 with thelr firast litters.

Although the percentage of gllts selected each season varied

considerablely, 18 per cent of the gllts weaned were saved for



Table I

Averages of the Productivity items, inbreeding,
generatlion interval, and number of sows farrowing
by scasons.

24

Noesows | AVe AZP Av, F L
farrow of SOWS of al Adjusted Averages
Season sonoe | Ples I'Number | Wum Bo-day | Av. 56-d
weaneq fagrrowed wean wte oOf whe O
litter pig
1943-8 7 2414 | <000 843 5.1 16844 30.8
1943-F| 10 2,10 | 013 10,2 5e3 155.4 20.3
19448 8 2,08 | 4175 845 4,5 143.0 31.8
1944«F 7 1,14 | J144 749 2.6 71.3 27.4
1945-8 5 1,00 | +226 746 43 102.5 19.2
194'5"’? ? 1.07 0089 8.5 6;1 155.1 25 06
19468 5 1.50 | 028 7o Sel 131.2 25,7
1946-F| 11 1,40 | 4065 945 7«6 232,0 3044
1947-8 10 1,35 | o154 940 7o 206,2 28.4
1947«F 6 1.33 | <222 84 547 150.3 2645
%
“"‘31 7o 1.53 | <204 847 546 15943 28,0

5
Adjusted to a gilt basls as per data by Lush and Molln
(1942).

**Nunhor of sows farrowing is a straight mathematical

average.

The other averages were determined by welighting

the seasonal average by number of sows farrowing that
seasone :



25

Table II. Percentages of Pigs Weaned Which Were Retalned for
Breeding Purpoaes

rres sl ailts Boars
No. weaned Noe. Saved Per oent Hoe weaned Ho.Saved Per
Cent
1943 Spring 20 2 1040 21 2 945
Fall 28 5 1749 25 2 7ol
1944 Spring 36 5 313 13 1 76
Fall 9 .8 6647 11 1 9.1
1945 Spring 10 0 040 10 o” 040
Fall 21 " 1940 22 gl <
1946 Spring 14 5 3547 14 1 7l
Fall 45 3 6e7 42 1 24

Total 163 30 1844 161 8 Se0

%=
Selected an unrelated boar, ALOZe

*Fselected in sddition four gllts; RL178, RL1S2,
RE171, and RL 195 unrelated to the line.

¥ selected boar, RL172, unrelated to the line.
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breeding. Comparing the number of gilts saved each season (Table
II) to the number of sows farrowing one year later (Table I) it
will be noted that the gillt replacement percentage varied from
zero in the spring of 1946 to 100 per cent in the spring of 1945.
The overall averaze replacement percentase was sbout 60 per cent.
According to Dickerson and Hazel (1944) this percentage of gilt
replacements la too low to obtain the maximum progress in selection
for productivity.

The percentage of boars saved was generally smaller than the
corresponding perbentage of gllts saved, but this is to be exe
pected under a breeding plan of one boar for each five sows. Filve
per cent of the boars weaned were selected and used in the line,
In addition to the boars produced within the line two boars une
related to the line were introduced into the line in 1945, This
percentage of boars saved for breeding ls somewhat larger than the
figure given by Lush (1947, p, 147) as the average replacement
requlirement for boarse. Although the percentage of boars saved was
larger in this project than would have been necessary in a larger
line, this large a retention percentage is to be expected in this
line in which the breeding plan was to use one boar for each five
sowse

The system of improvement by selectlion 1s perhaps the one most
universally used, however, the breeder cannot select the gametes
ne deslires nor can he interfere with the random gene segregation

nd recomblination in the formation of zygotes. Consequently, the

‘eeder has very little cholce other than the selection of some
motypleally desireble individuals and acceptance of thelr offe
inge The most useful means of measuring the intensity of
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selection actually practiced is by & comparison of the average of
the selected animals and the average of the population from which
they came, Thls difference ls commonly referred to as the sslecte
ion diiferentlal.

In thils study a seleetion differentlal for each item of produce
tivity was calculated each season on the dams and on the sirss as
shown in Table IiI. The calculations were made on data adjusted
to a gilt age basis by the method previously presented.

The tabulation starts with the spring of 1944 due to the fact
that a performsnce record one year earller than this date 1s re-
guired in the calculation of selection 4l fferentials on gilts
farrowing their firast litter.

A selectlion dlfferential on dams was determined each season by

the formulag
My Dy $¢ my - 2.0
ABS TET

¥ o3 5 :

The varlious letters have the following designations
My = Number of gilt litters farrowed this season.

M) = HNumber of litters farrowed this season by older sows with
a litter performance six months before.

D1 = Average for dams of the gllts (weighted according to the
number of gilts from each sow) farrowlng this season,
less the average for all sows farrowing all during the
farrowing season one year earlier,

Average performance last season of selected older sows
farrowing this season, less the average performance of
all sows farrowing last season.

D2

The quantity, Dy, 1s sctually the difference between the dams
f aelected gilts and the average of the sow herd during the

rrowing season when the gilts wers produced. Since this figure



Table III,

Selectlion Differentials of Productivity (four items) in Inbred Line 5.

Ave F_ |Noe of No. Farrowed Noes Weaned 1tter Weaning Av, Weaning
A pigzs (pigs/ (pigs/ Wt te. ner ol
Season of all |weaned 1itter) litter) (pounds) (pounds
plgs
weaned AD A8 AD A\ 8 AD N\ 8 A AD I/_X S
1944=8 o175 29 41,02 40,84 41,73 $0.51 H40.4 $25.4 =1l.72 $1.20
L944=-F «144 20 -(0el9 DB 40,49 «0el12 Hld.4 wlla2 =406 -1,03
}945-8 226 21 40,056 =073 |40.95 $0.49 0 |4 03 [40.,13 |=1.69
| 945-F +089 43 «0414 $1.51 (41.11 40,54 R30.,3 Je 2,1 |=0404 [=2.55
19468 028 28 40420 $1l.24 41.086 $2.04 1445 21.0 =] 400 $1.8¢
| 046=-F «065 87 40,09 -0 420 41.44 40,57 49,9 16,8 41,98 41,73
1947-8 154 75 42,00 4023 |42,46 40 .43 5 947 RBle71 |=0.18
1947«F 2222 36 41.45 40,06 [42.51 $0.,13 $44.5 5.0 2,87 40,11
Ave Annual Selsction e $0470 $0.26 [41.64 Q.56 $48.4 B 9.8 HO0.28 40,19
47. Annual Selection 40,48 1 41,10 $26.6 $0.23
i?andard deviation ** 2.6 2ed 73,0 -

# Weighted by number of pli.s weaned per season,

#%# Calculated as an intra-season standard deviation of all litters
produced within line §
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is obtained from the dam's performance; an estimate of the gllt's
probable performance ability 1s obtalned by dividing this figure
by twoe

The quantity, D3, 1s the difference between the performance of
the selected old sows and the average of all sows based on thsir
performance record last season. 8ince thls selecction is over a
8ix months period only, 1t is multipllied by two to place both
quantities, Dy and D3, over an equal time period of one year. Thus
the selection differentlial figured for each season is really on a
year basise. By multiplying each quantity by the number of litters
farrowed and dividing by the total number of litters produced, the
difference is on an annual basls per indlvidual per seasones

The sire's selection for sow productivity was determined by the

formulas e
5 "2
+ ¥ 5
el H ¥ 0,

in which each symbol has the following designation:
s Number of plgs weaned from one year old sires.

Ny = Number of plgs weaned from one and one~half year old sires.

8, = Average for dams of one year old sires (weighted by
number of pigs weaned per sire) less average for all sows
farrowing during season when one year old sires were borne.
8y = Average for dams of older sires (weighted by number of pigs

weaned by each sire) less the average for dams of all sires
of same age group in use the season before (weighted by
number of plgs weaned by each season)e Dam's records
are all in the season when boars were borne

The boar's selection 1s based on his dam's record, therefore the
average difference must be divided by two, as the boar recelves only
one=half of his inheritance from his dam., For the older sires the
quantity, Sgs must also be divided by two, alnce sire selection is

n his dam's record. However, the selection of the older alres 1s
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the addltlional selectlon after the selection practiced six months
sarlier, thus must be multiplied by two to place it on an annual
basis equivalent to that of one year old sires, Conseguently

2 Np S5 can be written in the aimpler form of Ny Sge

Tt will be noted i Table TIX that the seleotion dl ffersntisle

for both dams and slres fluctuated considerably - from aseason to
season for numbers of pligs farrowed and for the average weaning
welght per plz per litter. The seasonal selection differentials on
the number of pigs weaned and the litter weight at weaning were
almost consistently positive 1ndleating that perhaps more attention
was glven to these points than to litter slze farrowed or average
weaning welght per plg per litter in selecting the breeding animals,

The average annual selectlon for the boars and.wwu is a welight=
ed average of the seasonal selectlon differentials. These figures
indicate that the selection on the dems was at all times from about
two to almost five times as intense as the crresponding selection
on sires,

The total selectlion for any one season 1s an arithmatical average
of the dam's selection differential and sire's selection differe
entlale The total selectlon being shown 1is that of the average
annual selection which was arrived at by the formulaj

total selection g AD 4 AS
;|

The annual selection differential indlcates that on the average

approximately 0.5 pig per year increase was reached for in litter
size farrowed and l.l pig per year on size of litter weaned. There
was approximately a 25 pound increase selscted for annually in total
litter weaning weight, while the annual selectlon differentisl for
average weaning weight per pig in the litter was 0,23 pounds. The
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amount of thils selected advantage which would be transmitted 1is
determined by the heritablility of each tralt.

An unselected population possesses a certaln amount of variation
among the various individuals. The range between the highest and
lowest individual is in a sense a measure of variation, but not a
very rellable one since it depends on only two indlvidualse. A
more rellable measure o£ variabllity is the standard deviatione
Hence, the intra-seascn standaerd deviation was calculated using
the original measursments. The intra-season standard deviation
was used because the selection of breeding animals was among
individuals born within the same season or producing litters in the
same season. Aside from measuring the varlabllity of the population,
the standard deviatlon can be used to determine the relative intensity
of the sselection differentials The larger the selection 4l {ferential
in relatlon to the standard deviation the more Intense the selection.
For example, the selectlon differential for litter weight at weaning
was approximately 37 per cent of the standard deviation. Using this
percentage value and the table presented by Lush (1947, p. 148) it
will be noted that this selection differential represents a selection
intensity the equivalent of ailling the poorest 20 per cent of the
population on the basis of litter weight st weeninges Were this the
only tralt on which selectlon was practiced the selectlion differe
ential could be considered gmall, but as a number of items were
gelected for simultaneously, a reduced amount of selection could be
practiced for each individual tralt.

In productivity items there is likely to be some automatic select=
ion in favor of gilts from the more productive sows merely because of

the larger number of gllts avallable for selection. It is of interest
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to compare the automatic selection of gilts with the net or actual

selection of these gilta to determine 1f the sctual selection was

more effective than automat lc selectione This automatiec selection
is the difference in the average of selected gilts farrowing less
the average of all gilts the season they were farrowed. Due to the
fact that gllts have not produced a litter on which to obtain a pere
formance record, the dam's records must be uséd. Hence,

Automatle selection = average litter size of dam one year earller
(welghted by number of nigs weaned per litter)
less the average litter size of dam one year
earlier (welghted by number of litters
farrowed).

A basls of comparison for the automatic selection would be the
actual selection on the gllts vhich 1ls the guantity, D3, as pre=
sented in the formula for determining sow productivity. The actual
or net selection 1s the average litter size of dam per gilt saved
and producing a litter less the average litter size of dam per
litter farrowed in all litters one year before.

The values per season as determined by the above outlined method
are tabulated in Table IV for each seasone The welghted average for
the entire period is arrived at by multiplying each seasonal pere
formance by the number of gllts farrowing that season. The differ-
ence column is net selectlon minus automatic selection, or the
increase in smount of actual selection as compared to the random
selection of gilts from those ralsed to weaning age. In those cases
where the actual or net selection 1s larger than the automatic select-
ion the figures for net selectlion inelude those for automatic select-
lons Thereifore the posltive difference values indicate how much the
actual selection surpassed automatic selectlon.

There were no gilts selectedin the spring of 1945, hence the
blank record for the spring of 1946,

Under any program of livestock Improvement by selection, the
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Table V. Average Selectlion Differentlal on Each Individual Tralt per Season On A Year Basis,
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H

number of progsny weansed by esch gelscted givre or goeloseted dame
The smount of total sslsction practiced in cach scason is a
straisht averags of the danm's and gire's solection differentiala

obtained by substitubing in the formulas

total selection = AD JZSS . These tobal

Sah

ol 4

gselegtions are the valucy imbulsked for the various seagson In e

main bedy of Table Ve
The sractice of saoring for items compozing the tobtal score

was abandoned in the fall of 1946 and the practics of scoring vas
ashandoned in the spring of 1947, hence fhe blank spaces in the
body of the tablos

To obitaln an idea of the averase mmount of zslechlon praecitieed
each soapon & welghted aversge annual sslection was detormined fov
sach items The procedure used was the sanme as discussed carlier.
in which the seleetion diifercntlal for sach nsason was weighted
by toe nunber of plgs wesneds. The average anmial selection
differventisl for B8-day welght and 1Bd4=day welght was about
pounds and 19 pounds, vespectivelys. There was a poslilve gslectlon
dififevential for all items wilith the exception of percenbape of
inbreedings The nazative seleetlon for percentagse of Inbrseding
Indizated that thfough@ﬁt her aa,ﬁvim nt there was a ﬁﬁﬂéuﬂcy o
shoodge ﬁn@ less Jnbred lndividualas for breeding siock.

- Phe standard deviation lg an ssbimate of the varisbility of the
nopalstion snd can be ussd o debermlne the inbensity thh ns?c@
sclection was practlicads T fracktlon, sslection differentlel cover

e shandavd Gﬁvldtlaﬂ, {TableV) shows egual gseleection intensisy for
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55 and 154 day wsights and that the intenclty of gelection fov

¢pr than Zor the weilshtse Thoere was

totnl scoprs was somewhsi h
alse & bendency o geleet breeding animals that wers avoub onew

third of & standard deviatlion below the average inbreeding of the

line.



DISCUSSICH

The gyine bresding progres a8 orlginally set up at the

Oklahome Experiment Shatlon for the iy

covopent of Duroc svine was

ot

not for the spocifie purpose of sbtudying sslections The program
saliled for Lmprovoment through & gyabten of inbreeding and gelection
apd oubercessing whon 1% was thousbht that ouberossing would be ade
vaniasous to the hevds Howsver, the ﬁvta eollected and the rocords
maintalined over the periocd of years l@nﬁ thaneelves So o detalled
study of the intensity with which seloetion e besn vrachticsd on
the varilous liems of productiviby and individuslity.
The levgest peortlon of varlstlion in any one of ithe character

istics studied ig probably due to environmental conditions both
permepont and/or t@mp@rafv. Thevefora, 1t would be advisable bo

»

congider the somewhal Incamplele nm%aﬁiau& on envirommental cone
~ditionz that existed thytuv¢twu* tihwe perlod covered by this studya.
In she spring of 1943 a few casca of swine pox appeaved in the
herde The awine herdsmen relates ket dring the year 1944 suite

a bBit of Htroubls with nmvel 11l snd enlarged jolnts occenprsd in the
herd, narticularly within some of the foundntlon stock of line 5.
In the spping of 1845, difficulby with damp corn thnt hsd been
hoating was oncounnberes, In the fall of 18948 gn cubtbreal of hog
holera caused the loss of about forty~ilve pigs and adverasly
affectbsd the grovth rate of the pigs thai vecovsreds. In the spring
of 19486 a notation was made that pee-veaning mortallly retes wore

%% =

lower than In previous years, but thei bhere was o high vate of

influenza diring the month of ¥May. The 211 of 1946 and spring of

1247 notaflons show that o beavy worn infestetion did exist within



the gwing herd althouch a threes year pastvure robation plen wasg

in nractice, It would be difficenlt to meke any corvectlons

3

for thess seggson o scagon environnental conditions, but 1%

¥

should be borne in mind that these Semporary enviropmental changes
and probably many others of unknown orizin did have some effscld

on the data. 7The ssasgonsl environmental fluctuaitions would havs

a definlte affect upon averages gsush as thosc pregented in Table

I, but tholir effecty on the aselection differentials would be
wnimporkant. The seolection differentials sre caleulated on sn inbtrage
senson basls. Hence, any varlation between seasons would nob
introducs any conslsitent bilas In thse selsctlion differentlisls.

The nrogress whiech oan be made in a lilvestoek breedlng progran,
where seleeslon is the chlef fool, ls determined by the mumbsr of
individuals which mast be retained as replacoments for the breeding
herd, the average aze of the dams produeing offapring, snd the
accuraey of selecilon for sconcmienlly lrportant treitss The

averans sge of parents producing offspring and the numbsy of

individuals required for replacancnis tend to work or »ull againsh
each other. Hence, a gomewhsoi delleake balance must be established,
and ag suggested by Dickerson and Hagzel (194&} the maxlimm yearly
progress in productivity by selection is obszalned in a swine breed-
ing heed whilech eonalsts of cboud one-third to one-lalf older sowa
and the remsinder flrst lltter gllés, Under this syat@m'%hé‘av&rage
generatiion interval, the average age of all dan's ferrowing during
oneg soanson, would reange bebwesn lal6 and 1425 vears.

Throughout this project sn effort has bosn made to vaduce the
averare sge of the sows in line & gnd thus shorton the gan@raﬁi@n

intervales From PTeble I &% will be noted that ss the project pro-



gregsed the avers ¥ sows Zarrowing decressed and then

leveled off at an average of gbhout 1.35, which is relatively olosze
i by Dickergon and Hazel (1944) Do

A & wrynps
AR L ENNTY

By obgerving Table II for number
of zil%z saved and comparing thage nunbers o the aetusl number

il

ol sows fayrwwing peT Soason ong year laiter, one can readily
determire that the gllt portion of farrcwing sSovs waiy on the average
around 80 per cent, wiich may e considevad approaching the average
for maximum improvenent tiwousk salectlon for gvﬁﬁuctiviﬁy, nrovided
the older zows do not excesd one and one~hall years In agsa.

The effect of inbreeding both in the psrents and in the 1itbers
has bosh studiod at several stations and the ganeral concluslion as
nyesenked by YePheo {(1945) is thnt purebred hogs ecan be inbred

Z ko 4 per cent per goneration untll gbhous 80 per cens kbﬂeaaxdg

B

13 peached without muck loss in produetlve charscteva it ﬁ@i@ﬂiiﬂﬂ

!

1s eritical. In line 5, inbreedling bas been mild with the ﬁ;ﬁimum
of 227 per cond }nin“ reached in the gprinz of 19485, however,
the followlng year a mild outeross was made thwms reduelng the 1litter
inhr@sﬁimg to about 3 per cenb. Silnce that time the line has been
bred as a ¢loged hepd, and at the close cfvthis scudy the average
inbreeding oi the litterd was approximately 22 per cenbs The
averare inbresding pee litter for the period of this nroject was
i0.4 per cents Therelore, in Sthese snalyace of data the influence
of 1litter Inbreedin: hag not been considered o major factor in
14miting the effectiveness of selections

The seasonal averages for the it%omz of productivity are inter=-

eztinge. Throughiwut the period coversd by this study the ssasonal



averazges Jor pumbzers of plgs fnyvowed and avernge weaning

ol

per pig par to shanze. Whersas, the sverage

nurber of 4 the Iittesr» wogn a7 B0

increast.

In an effort to dsterminc wheither thoae apparent changes Jid

oceur, the duta wers Uwither analyzed under the sssumobliony of
lincer relationships bebveen geavons and the items studlicd. The
effeats of inbrecding were dlisyerardede For numder of oins

farrowsd, 1% was found that there was a decrvsase of Q.02 plgs por

(]

ittor per season, or & decressc of 004 pigs per litter ner wear.
The simplz linear regression GG@L clent for avergoge weaning walisht

por plo pey 1lELer wWag =0.423 inﬂicatiﬂg'a docreass in average

[
b

plo welpht per Libter af weoosnling of U8 of 5 pound per season.
Lowever, in stadying the number of plgs weaned and llitber weaning

cegragsion valuss were obtained in bokh

numbse of 1isker

£o
3]
oo
i
2
H

b
D

=

J

Nhy 4047 noundae e posibive reagyasslion goeffleients

B588C0s

s o xS B g o G Gmgm o < AF PR I 2 . 2 Pos . % 3
Upon studying the pocords of %he other lines in the hepd

was nobed thet san wmouwally low perlorsance for number of ples

&

waaned Litser ogourred in the f3ll of 1844. OGongegquenily there

wan a lower 1itter weaning woelghts This ecineides wikh line 8

racords, Shevefore it micht be assumad $hat the lovered performance

rosords for bas fall of 1944 were lergely

& Ho doms unususl

gffectse Tt will be nobsd that the peclormance

vogcordg of llne & In the fall of 1948 znd the gpring of 1m&i WEre

Y & EES
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relatively high, but notstions indicated that environmentel
conditions in thesc gcasons were, if anythling, below sverags.
Althoush a round worm inf&station of young pilze was noted in
thegse seasons, the litber size and litlter weaning weights In line

5 were well abouve aversge.

o]

With these notatlons in mind the records were reanalysed omitting
the data for the fall of 1944 as it was assumed that adverse gn-

vironmantal conditions played a major rele in produe ing the unusually

o

t5ing

‘."T

these values 1t was snileclipated that

U"\

;;a

low performance. By om!
the slope of the regresgssion line wuld be somewhat reduced should
this one seascn be of major imporitance. Upon recalculating the
regregssion coefificient for number of pigs weaned, the value drop-
ped from 40.30 to $0.27 which is not a very large decrease. Therew
fore, the Ffigure #0.27 might be consldersd ag largely genetic in
nature, indicatling that as a vresult of selection about 0.27 pig
increase per season in size of litber weaned has been brought about.
In like manner, the recalculated regregaion coefficlent for litter
weaning welght showed a drop f[rom $6.7 to $5.7, which is only aboutb
ald per cent decrease. For the reasons stated above it secms
likely that selection resulted in an increasse of almost six (5.7}
pounds per season in litter weaning welight. The significance of
theae regresslion valusg shall be further brought out in the
dlseussion of the selection differentials for ltems of produch-
ivitye

The most useful meagure ol the supsrioriity of indivi&uala is
thie selectlion dil fferentlal. The gize of the gelection differential

being determined by the number of individuals which must be saved
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difieventinla for boars are ana the sorresponding
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gnnhasis

was placed on Lhis dumta perdormancs record, hence the majority of
th fepentials fop ifoms of produetlviiy on dams

3 b
DR

tive, and average = fpom two to shoub five times

68

comparable for

AVELas 68

The svegvsyge annual selse 1 dilferentinl does nobt mog
an incrense of the aount selsct for will ocouyr in

& megsurs of how mueh uag

sonetic in neturs con be
expected to appesr in the spring of these selectsd narents.e
Studies on neplilbability ss presentsd by Phillips (1947} indicate

small fraction of observaed differences bhe

Litter algs farrowed gvars:
. aboub
aGNGw

on the av

eps

EOan

age the
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litter aize faréﬁwaﬁ will Increase adoub 0.1 of a plg per year
and the number of plgs wesned will lneresse around Q.2 of a plg
per litker per year, provided the pregent S&lﬁéﬁigﬂ‘im%aﬂsiﬁy‘iﬁ
maintained. (n litter weaning welghi, an incresge of approximstoe
1y 3.7 pounds por yese could be expscled under Lhe sawe provision
03 membtioned above. By a regression study of litter alze wesned
and litter weaning welight, it was found that an ingrease of
approximabely C.27 pigs por litter glze Tarrowed and an Inerease
Cin 1itter weaning weighi of 87 pounds were obtained. These
regression values are on & ssason basis, therefore on a year basis
the imcpe@sﬁigbﬂﬁ?wﬁé would be Q.54 plgs per iltter size farrowed
and 11l.4 pounds Tor liklsr weaning welghta. Frgm the diffevences
in the theoreblecel gaing expected and the actual galing obaerved
it would appesny that the ehvi?mﬁmental condliiona werse guch that
the regreasion slope was lnersaseds

The varinilisy of o population is meoagsured in terms of the
Stanﬁa?é deviationes Alpo, the intensity of the selection differe
ensial can be debermined by the same measurse. The stendarsd
deviationa for nugber of plgs faveowzd per litter, pumber of pigs

weaned per lither, and the 1ltter weaning weight are 2.5 plus,

Zed pizs, and 73.0 pounds respeetively. 1 is reallized that thegs

i

intra=-gesgon standsrd deviations onleulated with only 73 4

o
td

freedom would nobt ve sg reiiable ag were thoy ealoulated
muzh larger populabion, bubt 1% is fellt thet they avs guflisiently
accurate for otudiss of these datas CUompzplsonz of the selestlion
Aifferentials with the cwrregponding standard devistions afford a
measgure of ﬁh@ ﬁ@lative intensiby of selechion for the varilous

productlvity ltoma. The selection
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differential for litter size farrowed was 18 per cent of the
standard deviation; litter size weaned, 46 per cent; and litter
weaning weight, 37 per cent. These intensities indicate that at
least twice as much emphasis in selection for productivity was
glven to the number of plgs weaned per litter and the litter
weaning weight as to the number of pigs farrowed per litter,

In most seasons the actual or net selection differentials
were larger than the automatic selectlon differentlals for the
corresponding period, indicating that some additional actual
selsctive advantage was obtained over automatic selectione As a
matter of fact, automatlec selection accounted for the greater
portion of the actual selectlion. On mumber of pigs farrowed,
automatiec selection makes up about 71 per cent of the actual
supgiiority selected for; on number weaned, 84 per centj and on
the litter weaning weight only 66 per cent. These values can also
be Interpreted to mean that actual selection resulted in an increase
in the selection differential of 29 per cent in number of pilgs
farrowed per litter, 16 per cent in number of pigs weaned per litter,
and 34 per cent in the litter weaning welght over what would have
occurred under random selection of glltas from selected parentse.

The basic material upon which selection works 1s the individuale
ity of the animal under consideration. It is realized that
individual selection is not perfectly accurate due to the lack of
gquantative measures of the environmental effects, the inability to
determine the aciual genotype of an individual, and the inability
to measure the resulte of gene interactions and genesenvironment
interactions which moat surely exist, Still, 1t 1is the individualls

phenotyplc conformation upon which a selection decislion must be
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mades. FProseess Iln the lmprovewmsnt of the brgeding valve of an

<2

gnimal must be mode Indivectly by selectling dlrectly for some
orrelated wvarisble baged upon the phenotypie performancs of each

A%

antmnl for seversl Hralis.

I“’J

Study of the several individual ebarvaciteristicn as nresented

a

in Table ¥V indlceabss t#lat on the sverase a poglitlve smoent was

ached for in saeh beald with 4

L4
lla

22 excepitlon of inbreedinge. Upon
chepliiing the pecords 1t was noted that, on the average, anlmals
seleated o enter the bresding herd wopre heagvier st 56~day
184=-deys then the average of Bhe pupulotizn from which fthoy camte.
The uvnusually large average sclection dlfferentisl for all items
in the 1946 spring ssason 1g & result of the inbroduction of an
uprelated boar, #LE6Z, into the line in the pring of 1945; the
RLSZ2 boar zlrlng the greater portlon of the pigy weaned in the
spring of 1946, Likewlge, in the fall of 1548 four zilts end one
additional boar (Table II), unmrelated o the lino, wore solscbed
to enter the breeding herd 1n the fall of 1946, conseguently thelr
superlority is reflocted in the selectlon dirfersntlal for the 1946
fall stason.

A compariszon of the seleehion ﬁif erentials on the individual
itsms for hogars and sows lg ol intersots For the most pars

seleoklon was more inbtense on the bosrs than on the sows as contraste

%

&

ed to “hLs seloctlion fop productivity in which sov scleckion was the
sreatents The oclectlon differentials on boars and gows were

aboul euual for H6-day welpnt and 184~day weipht, IHowsvew, there

le a steiking difference when comparing the diffeveniials on the
seores. The boars contvlbuted 58 to 98 peor cent of the solsctlion

ditferentials on the ltems making up th

CJ
54
&3
ct
]
b
o
]
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Sinee fower beers are ngedsd fop poplagamenis & grvw*ﬁr selestion

the bonrse The gtudy would

too mweh emphasia in selestion
0f hoars was placed op Lthe conformation zeore and not ehough
emphasiz was placsd on the produciivity of their damg. Perbaps
tils could be correchted by deferzing most of ﬁh@ toar selection
unbil 112 daye of ege ms sugoested Dy other workers (Hazel et al.

placing more emphaais on the dam's pwroduct-

Throughout the nroject emphasis in selection was placcd upon
tobal scors, Bo-day weight, details of conformmtlion, and 18d-lday

o A

that order. By comparisen of the selsction dlfferentials

2

@

s
i

oy
(<3
oo
1

2

for the above four ltems wiith the intra-season standard deviations
it was found thoy existaed in the following intensitiesy GLobtal
score, 52 per cent ol the sitendard deviatlon; S5C0-dny welphi, 3¢

peyr cent; deballs of confovmetion, 36 pop cent; and 154-4

0.0 per cent. The remsining lbewns compesing the total secore

varied fron 31 per cent for vigop and heslih down to 21 per gent
for gualilty, the other points fallilng Between bthege valusgs
The inbreeding of the entive swine lispd varisd f{rom zoro por
ent o 27.8 per cent with the greatest number of individuals {(184)
fallln: et zero per cent and the ﬂ%hh largest group (BE) ot 288
oBr consy the oversll average lnbreeding psresntage was l0ede

Consequently the dlstrivution curve is chewed to the lefk, wlth s

peak ot the axbtreme right regulting in thoe sinndard Jdeviatlong

celeulated as for

alstwibuted population, Lo Lo gOmE-
what larger than would bHo vwrue in g normally distributed popuiatlions
The ssasonal gelectlon differentiasls on inbrecdins iﬁﬂieaﬁa 8

endency to sclect for breeding purposes those Indlviduals zlightly



below the averasge of thely conbemporarlos. Throu

neoject boar sslecitlon tended toward the lsast lubrod

sad average inbrecting salectlon dlillarer

lavge ae for sowyg, conseguendtly the largzs

tobal selection of =l«88, This negative value gan be acsouunbed
for in part beceusey firet, that In the spring of 1945 21l the

nighly labred gows were culled, the loweat lnbred individusl Deling
retalned to produce a litbor six monthy later; and sccond, that in
the spring and fall scasons of 1945 some unrelatsd stock was
introduged indo ths hexd (Table II}.

Thig nezative seleckion for in

" a L P
k‘dd&.,&}m -bﬂ an!&»lnuw’)@t _L‘ L

inbreeding bag a somewhat degrading £7lect upon the shenoiyple

nepriormance of the animal, csgpsclally in those cages were
individuality plays the mejor rsole in detor ining whish animels

L

ghall enter the bYwecding hovds
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& gitudy of the secleckion indensity practlced on insreﬂ line &
¢ Oklabhoma Experiment Stetion of the Regional Swine
Breeding Laboratory is sresented. The data Ineludes records
on 435 pleos farrowed In 74 litters over the period from the

goring of 1948 throush the fall of 1947.
An average of 184 psr cent of nll gilts weaned and 5.0 per
cent of gll boars weaned were retained for replacements.

The averape are of &l sows farvowis

z decregsed from 2.14 yeavse
at the start of the project fo 1.38 years for the lagh goason
included in this studys the overall averase sge (generabtion
interval) vas 1«53 vearss

The sessonal average size of litter farrawa& and gverage
weaning weight por npilg poer libber d4id not chanpe sopraciably
timoushoud tbﬁ nrojecks However; & linsar regresﬁi@ﬁ gtudy

conducted upon the two ltems Lltter zlize weaned and 1ister

geaning weizht as affected by season, dlsregarding inbresding,

vielded & positive rosression coefliclient of Q.27 o for

slze of litter weened and a +5.7 pound for libber weaning weizhb.

Solection Aifferentials of $1.10 for 1litter size weaned and

woelght as combared to intra-ssason

L=

oii deviatlons of 2.4 and 3.0 in rs wecﬁxvq order woere

The seleotion for litber slize weaned and 11%&%?
wsanling welzht was the strongest among the items of =waauat-
ivitys

Throushout the projoct boar gselectlon for ltems of productiviby
gag only about 18 sor cent to 40 ner asnd eg Intense ag s@lecﬁien

smong the zows for ecorregponding ibense
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7» Compzrigon of asgtusl selectlon and automatic selection of

st fhe amount of sctual selection resched

23

£ilts indicate 4t
for was greabter than would have ocecurysd under random selech-
ion of plgs ralsed bo weaninge Aztual golectlon was on the avere
age 20 per cont more Intense than sutomabtic gseleetlon on
Litter sime favvowed, 18 par cent on littsy slze weaned, snd
B34 per cent on lither weanlng welghia

B¢ A great deal of atitention wes placed on indlviduslity in the
geloebting of breeding stocke The greabest amount of emphasgls
being placed on total score as exemplifisd by a compaciaon

the annual gselection AlfTerential of 43,8 noints Lo the

standard deviabion of T3 poinbae

9. Hors intense culling on individuslity was yracticed on the
bosrs then on the gllisy the aversage snnual selection

Aiftsrentlals fopr boars waas at all Stimes lerger than the

correspohding selection differentials on sows.

10, The Inbreeding of individual plgs vangoed from O ko 27.8 per
gents the wmean of the entire plz population wos liled per
cent with s standard devistion of Be44s The Inbreeding in
the line was not eonsidered %o be bhigh enough to seriously
1imit progresz by selection.

1l. Throupboud the project Lthere wap 2 tondency o seleet the less
inbred mninels fov %rsgdi-g‘ stocke

iﬁﬁ As line © was staprted In 1242 a rolatively smell number of
nige were avallable for study. Also, due to the shord period
of Gime included In this siudy general conelusisns cannot be

made. Tha {finding

13

proegented In this roport are morely g
study of dats on 8 sclected group of swine and are %o be used

only in
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