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RELATIONSHIP OF INBREEDING TO HETEROSIS IN SWINE

INTRODUCTION

Multiple rather than single offspring at each parturition is a

very important economic characteristic of swine. The larger number

of offspring also allows increased opportunity for better individuals

by segregation and recombination of desired genetic characteristics.

The swine producer and breeders encounter wide variation in litter

size and birth weight both within and between litters and in number

of stillborn and mummified fetuses.

A large number of offspring at birth and at weaning demon-

strates that the sow had good reproductive ability such as a high ovu-

lation rate, absence of unusual embryonic mortality and a satisfactory

mammary system. When a choice is available, animals of otherwise

equal merit should always be selected from the larger litters. En-

vironmental factors are often of more importance than genetic make

up to the percentage of pigs weaned and their weaning weight. Wean-

ing weight may be influenced by milk production of the sow, vigor

of the pigs and feeding practices.

The factors that influence litter size and birth weight of swine

are of both genetic and environmental origin. The environmental

factors include age of dam, plane of nutrition and season-year effects.

Genetic factors include inbreeding and crossbreeding of dam and

litter, breed of dam and differences in individual genetic make-up.
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The ovulation rate is affected by age, breed, inbreeding or

crossbreeding, and nutrition of dam. It has long been recognized

that litter size increases with the age of the female at time of concep-

tion, up to about 15 months of age. The practical breeder can in-

crease litter size by mating gilts at the third heat period instead of

at puberty. Breed differences in the number of pigs farrowed per

litter exist; differences between lines within breeds are probably

greater than average differences between breeds; nevertheless,

higher producing lines are found in higher producing breeds. The

Yorkshire is one of the most prolific breeds; the sows are heavy

milkers and excellent mothers. Regardless of breeds used, cross-

breeding generally increases litter size above parental breed means

at all stages and inbreeding generally has an unfavorable effect.

Crossing inbred lines generally results in substantial heterosis.

The objective of the present analysis is to determine whether

amount of heterosis in crosses between breeds changes as inbreeding

increases in the parent breeds. Traits evaluated will be (1) number

of pigs born alive and in total; (2) individual birth weight; (3) percent

survival to weaning; (4) number weaned; (5) individual weaning weight;

and (6) total litter weaning weight.
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REVIEW OF LITERATURE

Inbreeding

Inbreeding results from the mating together of individuals that

are related to each other by ancestry. The essential consequence

of two individuals having a common ancestry is that they may both

carry replicates of some of the genes present in the ancestor, and if

they mate, they may each pass on the same replicates to their off--

spring.

The measure of inbreeding has various formulae for calculation,

a suitably accurate and much used formula was devised by Wright

(1922). The coefficient of inbreeding is a measure of the expected

accumulated homogygosity resulting from the departure from the

heterozygosity prevailing at the onset of the inbreeding.

The closer the mating and the more generations the inbreeding

is continued, the higher the degree of genetic purity that will be ob-

tained. Inbreeding automatically increases the number of homozy-

gous gene pairs, and thereby it promotes genetic purity. In the

process of inbreeding, especially when accompanied by selection, a

line develops a lower frequency of undesirable genes. By and large,

due to action of natural selection, dominant genes are favorable

whereas recessives in the heterozygous condition can remain in the



population even when they have undesirable effects. Inbreeding brings

these undesirable recessive genes to light in the homozygous condition

and permits selection against them.

Inbreeding without rigorous selection is almost certain to result

in a loss of vigor. The degree of loss will vary considerably, depen-

dent upon the rate of inbreeding and upon the genetic constitution of

the stock at the start. Gill and Clemmens (1965), using Monte Carlo

computer techniques, found that both linkage and selection increased

the rate of inbreeding in populations of a given size and that the effect

of linkage was the greater of the two. Selection for heterozygotes, on

the other hand, would cause inbreeding coefficients to be an over-

estimate of the degree of increased homozygosity.

The most striking observed consequence of inbreeding is the

reduction of the mean phenotypic value shown by characters connected

with reproductive capacity or physiological efficiency; this phenome-

non is known as inbreeding depression. Thus, characters that form

an important component of fitness show a reduction on inbreeding;

characters that contribute little to fitness show little or no change

(Falconer, 1960).

In swine, inbreeding of dam generally shows a depression of

litter size (Stewart, 1945; Bradford, Chapman and Grummer, 1958;

Chapman, 1963; Noland et al., 1964; Bereskin et al., 1968). Some

reports showed different results. Craft (1953) reported that
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inbreeding of dam had small effects on mortality of pigs after birth

and no significant effect on survival of pigs from birth to weaning or

on total weaning weight of the litter. Rigor (1963) stated that the effect

of inbreeding of the dam is shown by decreased ovulation rates, ova

less capable of fertilization, lower survival of fertilized ova or a less

favorable maternal environment for the developing embryos. Noland

et al. (1964) pointed out that prolificacy was not reduced with inbreed-

ing but livability was the factor most limiting the maintenance of litter

size with increasing levels of inbreeding. Bereskin et al. (1968) indi-

cated that inbreeding of dam had no significant effect on number

weaned.

The total litter weight at farrowing and at weaning are useful

traits with which to evaluate the influence of inbreeding of the dam.

Inbreeding of dam depresses litter weights and individual birth weights

of pigs at farrowing (Hetzer et al., 1961; Noland et al., 1964; Brinks

et al., 1965; Bereskin et al., 1968). Bereskin et al. (1968) reported

that inbreeding of dam showed a negative but non-significant effect

on mean weaning weight per pig; these same authors reported signifi-

cant negative effects with other data in a later report (1970).

Some studies have been directed at finding the relationship of

inbreeding of sires to litter traits. Hauser et al. (1949) reported

that crossbred boars had higher body and testes weight and larger

epididimal size than inbred boars. Later (1952) they found no



differential fertility attributable to a boar's own inbreeding. Bereskin

et al. (1966) stated that inbreeding of sire showed no statistically

significant effects, thus, among boars which sired at least one live

pig, a boar's own inbreeding level apparently did not affect the quantity

and quality of his semen to a degree that noticeably influenced the

size of his litters at farrowing. In 1968 Bereskin et al. reported

that inbreeding of sire had no significant effect on litter size. The

above research seems to indicate that fertility of the boar at a given

service appears to be an all-or-none matter. A. contrasting observa-

tion was reported by England (1952), in that more heterozygous boars

tended to sire larger litters than did inbred boars, but this effect

was not definitely evinced.

The effect of inbreeding of litter tends to become more impor-

tant than inbreeding of the dam in determining litter size and weaning

weight. The higher the inbreeding of the litter, the smaller the num-

ber of pigs raised (Fine and Winters, 1952; Hetzer et al., 1940; Craft,

1953; Bradford et al., 1958; Godbey and Godley, 1961). Inbreeding of

the litter creates a disadvantage in birth weight (Bradford et al., 1958;

Godbey and Godley, 1961; Brinks et al., 1965; Bereskin et al., 1970).

Some data showed contradiction; Godbey et al. (1932) reported that

inbreeding did not appear to affect birth weight but that weaning weight

appeared to be reduced. Rigor (1963) reported that inbreeding of

litter was not significantly associated with litter size. Noland et al.
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(1964) found that pigs with more inbreeding had heavier litter birth

weight and weaning weight than those with lesser amount of inbreeding.

Bereskin et al. in 1968 reported that inbreeding of the litter had no

significant effect on litter size at farrowing but did show a generally

significant depressing effect on pig weights at farrowing. Later in

1970 they stated that inbreeding of litter had a significant depressing

effect on average weight per pig and total litter weight at weaning but

no significant influence on litter size at birth and at weaning.

Heterosis

Opposite to the phenomenon of inbreeding depression is "hybrid

vigor" or heterosis. When inbred lines are crossed, the progeny

show an increased production of those characters that previously

suffered a reduction from inbreeding. Genetic diversity has long

been recognized as a requirement for the expression of heterosis to

be manifest in a cross of two lines or breeds, and the amount of

heterosis exhibited by a cross is customarily used as a measure of

the genetic divergence of the parent stock. England and Winters

(1953) recorded the heterotic responses resulting from the crossing of

inbred lines of swine and found that the amount of heterosis expressed

increased as the genetic divergence of the parents increased.

Although ovulation rate is markedly influenced by environmental

factors such as feeding regimen and stress, and by physiological
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phenomena such as amount of stored body fat and stage of develop-

ment, there is evidence showing that ovulation rate is controlled in

part by genetic mechanisms. Squires (1952) found highly significant

differences between breeding groups of gilts in the number of ova

shed. When crossbred gilts were compared with the performance of

parental strains it was found that crossbred gilts shed an average of

1.19 ova more than the mean of the parental inbred strains; this ad-

vantage is equivalent to .55 ova per ten percent inbreeding in parental

strains. The differences in degree of inbreeding within purebred

parental stock was not sufficient, however, to adequately test the

effects of inbreeding upon ovulation rate. Olferrall et al. (1968)

conducted an experiment based on 229 inbred and 327 crossbred

litters in which they noted that litter size at birth was practically the

same for inbred and crossbred litters. The results of the highly sig-

nificant differences of .8 and 1.0 pigs frequently found in favor of

crossbred litters at 21 and 56 days of age probably can be explained

by a higher survival rate up to 21 days among the crossbred litters.

But the crossbred litters were significantly larger and heavier at

each age than were inbred litters. These are in close agreement

with Dickerson et al. (1946), Hetzer et al (1951), and Chambers et

al. (1951). Their results are presented in the following table.
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Investigators

Birth 21 Days 56 Days

No. Litter Pig No. Litter Pig No. Litter Pig

pigs weight weight pigs weights weight pig weight weight
(lb. ) (lb. ) (lb. ) (lb. ) (lb. ) (lb. )

Dickerson
et al. (1946) .9 3. 1 .08 1.3 16.0 .2 1.3 55.0 3.4

Chambers
et al. (1951) . 43 1.22 76 7.42 . 85 23. 5

Hetzer
et al. (1951) 1.2 2.4 -.05 1. 7 17.9 .3 1.7 63. 7 2.7

It can be observed from the table that both prenatal and postnatal

viability were higher among crosses than among inbreds.

The effects on litter size of crossing lines of mice inbred with-

out selection was investigated by Roberts (1960). The mean litter

size of the linercross mice did not exceed that of the outbred popula

tion from which the inbred lines were derived. Carmon (1963)

made all possible crosses among four lines of mice to estimate

heterosis for 21- and 45-day weight. He found that heterosis, mea-

sured as a comparison between linebreds and crossbreds, was highly

significant for both weights. The poorest performing line performed

the best in crosses while the better performing lines performed the

poorest in crosses.

To determine the effect of crossing inbred lines of swine for

the production of market hogs, single crosses between six inbred

lines of swine were compared with their parental lines by Hetzer

et al. (1951). These comparisons showed that line crosses
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significantly exceeded the inbreds in litter size and weight at birth

and at weaning. The results agreed that the lower the relationship

between inbred lines, the higher, in general, is the performance of

crosses between them. The crosses exhibited a proportionately

greater advantage in litter size or viability than in rate of growth.

Carmon (1963) pointed out that relatively large differences in heter-

osis were evident for weights at 21 and 45 days but not for litter size.

No heterosis was detected for litter size at birth by Jinks et al. (1963).

King (1967) recommended the use of crossbred females between two

inbred lines while using an inbred male. A male inbred for good

qualities will breed better than he looks, whereas an outbred male

will not breed as well as his appearance suggests.

Winters et al (1944) compared the results of 13 different crosses

of ten inbred lines of four different breeds. Comparisons were made

using fertility, survival, rate of gain, economy of gain and scores

for body conformation as criteria for evaluating the different crosses.

In each experiment crossbreds were compared with the average of

the parental stock for each of the five factors. Based on these com-

parisons, 12 of the 13 crosses possessed more vigor than the aver-

age of the parental lines. Line crosses between breeds gave more

heterosis than line crosses within breed.
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Breed Variables

Breed differences have been reported to influence the perfor-

mance characteristics of swine. Johnson et al. (1972) reported that

breed of sire effect was small while breed of dam effect was large.

A similar report was made by Strang et al. (1970). Breed group

differences were highly significant for litter size at birth and signifi-

cant for litter size at weaning as reported by Hacker et al. (1970).

Holloway et al. (1970) concluded that breed and sire did not signifi-

cantly influence percentage born alive of total farrowed, but breed

significantly influenced percentage weaned of total farrowed and litter

size at weaning. Breed differences were reported by Pond et al.

(1960) for percentage of mummified fetuses, average number of mum-

mified fetuses, pigs per litter, and percentage of stillborn pigs per

litter.

That different breeds show different ovulation rates and embryo

survival have been observed by England et al. (1962). There was an

average of 5.0, or 34.3 percent, embryo deaths in the Berkshire

sows while in the Yorkshire sows only 3.3 or 17.2 percent embryo

deaths occurred. A significant positive correlation existed between

ovulation rate and number of live embryos. The number of corpora

lutea for Berkshire sows and Yorkshire sows was 14.6 and 19.2

respectively, and was 9. 6 and 15.9 respectively for number of
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embryos. As can be seen, the differences between breeds are dis-

tinct.

Environmental Variables

Season, year, location and type of housing have all been re-

ported to affect performance characteristics of swine, Reddy et al.

(1959) concluded that pigs farrowed in the fall have a rate of gain of

.14 pound per day lower than pigs farrowed in the spring and pigs

reared on pasture in the summer averaged .24 pound per day more

gain per day than those reared on dry lot. Revelle et al. (1972)

asserted that pigs born into litters above average size tended to far-

row litters below average in size. On the other hand, those animals

born into litters below average in size tended to farrow litters above

average size. This suggests a negative environmental association

between litter size in which an animal is born and litter size is pro-

duced. Difference in age at puberty was given as a contributing fac-

tor. England and George (1972), however, reported that gilts of low

or high birth weight were not different in age or litter production at

first parity. Fredeen (1964) noted station differences are likely

caused by large environmental differences as indicated by a wide vari-

ation in age of pigs starting test. Wong et al. (1971) reported that

purebred selection generally yields a greater rate of genetic improve-

ment, for most traits, in contrast to some form of selection based
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on crossbred progeny.

No significant difference due to season on litter size at birth,

21 and 42 days was found in an investigation by Edwards et al. (1970);

however, gilts farrowing in March and April had more pigs per litter

at birth, 21 and 42 days than gilts farrowing in September and October.

Sows farrowing in the spring farrowed fewer pigs but raised a higher

proportion to weaning than sows farrowing in the fall. Hetzer et al.

(1940) reported that spring farrowed litters were slightly larger

than fall-farrowed litters, but the difference was significant only for

litter size at 70 days of age. Later they (1961) concluded that year

of birth was significant for litter weight and individual pig weight at

birth and at 56 days of age.

Litter size was maternally determined at birth and there was

no difference in survival to maturity among litters. Individual body

weight at maturity was found to be largely determined by the indivi-

dual's own genotype whereas at birth and weaning it was determined

largely by causes external to the individual's genotype (Jinks et al.,

1963). This is because the dam furnishes the environment for the

offspring from conception until birth and usually contributes materi-

ally to the environment from birth until weaning. A strong maternal

component was noted for individual body weight for a short period

following weaning (Jinks et al., 1963). Carmon (1963) reported that

maternal effects were hightly significant for 21 and 45 day weight.
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A similar conclusion was noted by Kidwell (1960) in that maternal

effects were highly significant at 28 and 70 days of age. There was a

negative genetic correlation between the additive genetic effects in the

pigs and maternal effects of the line (Bradford et al., 1958). Hetzer

et al. (1959) reported that maternal effects were not significant for

litter size at birth and weaning but maternal effects different signifi-

cantly for pig and litter weight at 56 days. Lasalle et al. (1972) re-

ported that maternal effects were significant for body weight at birth,

12 and 21 days and for greater rate of gain in mice. Maternal effect

was an important influence on litter size and weight of swine as noted

by Pani et al. (1963). Old sows were able to produce sufficiently

vigorous pigs and to provide them with enough milk so that perfor-

mance was more nearly normal than in litters from gilts. A. high

incidence of mortality of entire litters in the gilt-farrowed group com-

pared to that in the sow-farrowed group is evidence for this hypothesis.

The age of the dam at the time the litter is born has been re-

ported to be more important than either inbreeding of the dam or of

the litter in the determination of seven measures of sow productivity

(Blunn and Baker, 1949). Edwards et al. (1970) asserted that sows

had larger litter of heavier pigs at birth, 21 and 42 days than gilts.

Lush and Molln (1942) found that litter size increased from an aver-

age of eight pigs per litter for gilts to an average of almost ten pigs

per litter when the sows were three years of age. Litter size re-

mained at approximately ten pigs per litter until the sows were five
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years of age and then began to decline. Godbey and Godley (1961)

reported peak sow age to be 23 to 36 months for litter size and weight

at birth, individual pig's birth weight and for many body measurements.

Bereskin et al. (1968) stated that the effect of age of dam was curvi-

linear even for first litters, from dams ranging from 10 to 19 months

of age.

Most reports have shown that age of dam does not affect sur-

vival from birth to weaning (Godbey and Godley, 1961; Bereskin et al.,

1968,; Tanhueco and Rigor, 1964). However, Bauman et al. (1966)

reported higher preweaning mortality in the second litter, and they

also reported that mortality increases with increase in litter size.

Age of dam appears to have a slight effect on pre-weaning growth.

Bereskin et al. (1968) reported that although age of dam had practi-

cally no effect on number of pigs weaned over the indirect effect on

number on number born, it did have an effect on average weaning

weight per pig. The only significant difference between gilts under

or over one year of age at farrowing was in litter weight at 56 days.

Sows farrowing second and later litters farrowed and reared litters

significantly larger and heavier than did gilts as reported by

O'Ferrall (1968). Age of dam did not significantly influence percen-

tage born alive of total farrowed (Holloway et al., 1970). Godley and

Godbey (1961) reported that age of the dam had a significant effect on

birth weight but did not affect the 56-day weight and the total weaning
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weight per litter. Hetzer (1940) reported that litter size increased

with increase in age of dam to about 3 1/2 years, after which it re-

mained practically unchanged to the age of 5 1/2 years. Later (1961)

he indicated that the effect of age of dam was most pronounced in sows

farrowing their first litters at approximately one year of age. Litter

size at birth, 21 days and 56 days of age continued to increase with

age of dam until the oldest group averaged approximately 2.5 years.

Sows in the 2.5 age group produced litters that had .71 pigs more at

birth, and 1.15 pigs more at 56 days than litters from 1.5-year-old

sows. Strang et al. (1970) found a small increase in the size of gilt

litters as the age of the gilts at first farrowing increased. Litter

size increased progressively with parity up to around the fourth litter

and then declined gradually at higher parities. The research of

Noland et al. (1964) and Bereskin et al. (1970) indicated that age of

dam effects were significant for pig birth weight and weaning weight,

total number of pigs farrowed, litter birth weight and total number of

pigs weaned per litter. Corner (1923) showed that there is an increas-

ing number of ova shed with increasing age of dam. Similar findings

are reported by Waldorf et al. (1957) who showed that sows ovulated

an average of four more ova than gilts. Age of dam showed highly

significant effects on litter size, total litter weight and average pig

weight at birth and at weaning as reported by Bereskin et al. (1970).

There was an increase of .26 pig born alive for each increase of one
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month in age of gilt at farrowing. This value is compared with the

value of about . 33 pig reported by Comstock and Winters (1944) and

.17 pig by Bereskin et al. (1968).
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METHODS AND MATERIALS

The data in this study are from the swine herd at Oregon State

University. The study involved pigs born during the 12-year period

from 1962 to 1973, inclusive. Included in this study are litter size

traits, preweaning survival and weight at birth and at weaning. Berk-

shire and Yorkshire breeds are the basic breeds; the Composite popu-

lation was established by crossing the Berkshire and Yorkshire breeds

and mating inter se thereafter. Selection in each population was

based on performance test for production traits. Inbreeding advanced

relatively slowly: dams were maintained for variable numbers of

litters on the basis of productivity. The same system was used in all

three populations. Crosses between Berkshires and Yorkshires

were made in variable numbers in the different farrowing periods

throughout the 12 years. F
1

dams were mated to Berkshire, York-

shire or Composite boars; pigs produced by F
1

dams were thus inbred

to some extent.

The inbreeding coefficients were calculated by the coancestry

method reported by Malecot (1948). The inbreeding coefficient of an

individual depends on the amount of common ancestry in its two par-

ents. The amount of common ancestry is identical with the inbreed-

ing coefficient of the progeny, and is the probability that two gametes

taken one from one parent and one from the other will contain the
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same alleles that are identical by descent. In the present study, the

inbreeding coefficients were calculated by a computer program as

designed by Janssen and Rowe (1967).

The data were analyzed by least squares procedures. The pri-

mary dependent variables considered were number born alive, total

number born, percent survival, average birth weight and average

weaning weight. Preliminary analyses were used to examine the

linear effects of the age of dam, and inbreeding of dam, litter, dam's

dam, and sire of littei.

The two mathematical models used for the analyses are as

follows:

I) Yi = p. + bixi + b2x2 + b 3x3 + ei

where

Y. is the performance of the ith individual

p. is the overall mean when x1, x2, and x3 are

equal to zero

b1, b2, b3 are regression coefficients which furnish a meas-

ure of the linear relationship between the dependent

variable Y. and the continuous independent vari-
i

ables xl, x2 and x3

x1, x2, x3 are served as either age of dam or inbreeding of

dam or inbreeding of litter depending on which two

of these three independent variables are selected



as the adjustment variables to test the third one.

II) Y. = + bl x
1

+ b2 x2 + b3 x3 + b4 x4 + ei

where

Y. is the performance of the ith individual

p. is the overall mean when x1,x2,x3 and x4 are

equal to zero

20

bl, b2, b3, b4 are regression coefficients which furnish a meas-

ure of the linear relationship between the dependent

variable Y. and the continuous independent

variables.

x
1
,x

2
,x

3
are age of dam, inbreeding of dam and inbreeding

of litter

x4 is either inbreeding of dam's dam or inbreeding

of sire of litter

Used in the analyses were a total of 179 litters from Berkshire

dams, 280 from Yorkshire dams, 194 from Composite dams and 236

from crosses between either two of the above three breeds. Litters

born from 1962 to 1973 were used to study the effects of inbreeding

on litter size and weight.

The means and standard deviations of all variables and litter

traits for the entire data set are presented in Table 1. Analyses were

done within each breed. In equation I the regressions are for one

dependent variable on either one of the three independent variables,
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age of dam and inbreeding of both the dam and litter. The remainder

were used as adjustment factors. In equation II differences associ-

ated with age of dam, inbreeding of dam and inbreeding of litter were

adjusted by least squares procedures so that more accurate inbreed-

ing of sire and dam's dam effects could be measured.

The regression equations with least square analyses of vari-

ance for the factors affecting the two measures of litter size at bitth,

litter size at weaning, percent survival and average pig weight at

birth and at weaning are presented in Tables 2 through 7.
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Table 1. Mean and standard deviation of descriptive and production traits in four populations
of swine

Breed
Variable

Berkshire Yorkshire Composite
Berkshire x Yorkshire

and
Yorkshire x Berkshire

Age of dam 25. 87 ± 13.44 20.24 ± 8.44 20. 10 ± 8..28 21.73 ± 7. 98

Inbreeding
of dam . 0614 ±. 0632 1274 ±. 0778 1331 ±, 0403 0 ±0

Inbreeding
of litter .0893 ±.0670 1338 ± . 0809 1342 ±.0546 .0912 ±.0279

Inbreeding
of dam's
dam .0965 ±.0921 .0867 ±.0819 .0842 ±.0652 .0839 ±.0879

Inbreeding
of sire .0789 ±.0678 . 1112 ± . 0870 . 1280 ±.0585 .0820 ±.0746

Number
born alive 7. 87 ±2.65 9.70 ±3. 12 10.07 ±2. 78 10. 58 ±2. 80

Total num-
ber born 8.91 ±2. 80 10, 88 ±3. 18 10. 81 ± 3. 04 11.46 +4. co

Number at
weaning 6.23 ± 2. 69 7, 30 3, 22 8.42 ± 3. 04 9.00 ± 2. 63

Percent
survival 78.76 ±24, 53 75. 26 ±20. 18 83.42 ±21. 38 85. 59 ± 15. 20

Average pig
birth weight 2, 79 t . 51 2.77 ± 44 2. 81 ±. 44 2. 81 ±. 40

Average pig
weaning
weight 33. 19 tn. 68 32.34 ±6.97 33.22 ±6.75 34.24 ± 7. 09
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RESULTS

Factors Influencing Components of Sow Productivity

Age of Dam

Increasing age of dam (Tables 2-7) produced a significant posi-

tive effect on total number born in all three breeds and on average

pig weaning weight of pigs born to Composite dams. Effect of age of

dam was highly significant for average pig birth weight in Yorkshire

dams and number alive at birth in Composite dams. In the Composite

dams, age of dam also had a significant positive effect on percent

survival. Regression coefficients for age of dam were positive but

not significant for most of the litter performance criteria. Excep-

tions were average pig weaning weight of Yorkshires and Berkshires,

percent survival in Composites and number of pigs weaned in York-

shires, In these, coefficients were negative, non-significant and very

small.

Inbreeding of Dam

The statistical relationships associated with inbreeding of dam

are presented in Tables 2-7. A significant decrease in number born

alive and total number born was found for Yorkshire and Composite

dams but not for Berkshires as inbreeding of dam increased. Negative



Table 2. Multiple regression coefficients and constants from multiple linear regression analysis of factors influencing number of pigs born alive

Breed
Independent
Variable

Berkshire Yorkshire Composite
a

I II
b

IIIc a
II

b
mc Ia II

b c
HI

Age of dam (mo. ) .0229 .0235 .0236 .0201 .0217 , 0282 . 0712** .0700** 0714**

Inbreeding of dam
(100%) -1.9953 -3.0871 -2.4240 -5.0663* -6.0035** -2.5036 -11.5510* -4.0686 -11.3810*

Inbreeding of litter
(100%) -7.9730** -7.9232** -7. 6260** -1.7690 -2.1216 .7106 1.1808 1.4062 1.2403

Inbreeding of dam's
dam (100%) -1.6744 3.5794 - S.6518

Inbreeding of sire
(100%) 1.8334 -7.3504** - .3464

Constant 8.1142 8.3221 7,9466 10.1780 10.0020 10.1730 10.0210 9.4939 10.0290

2
R .0641 .0667 .0661 .0208 .0290 .0542 .0785 .0842 .0786

* P < .05
** P < .01
a Multiple regression equation with variables, age of dam, inbreeding of dam and inbreeding of litter
b Multiple regression equation with variables, age of dam, inbreeding of dam,_ inbreeding of litter and inbreeding of dam's dam
c Multiple regression equation with variables, age of dam, inbreeding of dam, inbreeding of litter and inbreeding of sire.

N.)



Table 3. Multiple regression coefficients and constants from multiple linear regression analysis of factors influencing total number at birth

Breed
Independen
Variable

Berkshire Yorkshire Composite

II
b

III
c Ia II

b
IIIc Ia II

b mc

Age of dam (mo.) .0482 ** . 0492** . 0486** .0453* .0465* .0508* .0950** . 0930** ,0958 **

Inbreeding of dam
(100%) - .6280 -2,2651 - . 8210 - 4.9804* -5, 6607* - 3.2563 -12. 4300* . 1916 - 11.9270*

Inbreeding of litter
(100%) -5. 1235 -5. 0487 -4, 9673 - .9841 2. 5984 .6841 -1. 1971 - . 8169 - 1.0207

Inbreeding of dam's
dam (100%) -2. 5106 -1. 2400 -9, 5337

Inbreeding of sire
(100%) . 8253 - 4.9451* - 1.0270

Constant 8, 1527 8, 4644 8.0773 10.7230 10. 5950 10.7200 10.7200 9. 8317 10, 7460

R2 .0731 .0784 ,0734 ,0294 .0335 .0440 .0999 .1132 1002

* P <.05
** P <.01
a Multiple regression equation with variables: age of dam, inbreeding of dam and inbreeding of litter
b Multiple regression equation with variables: age of dam, inbreeding of dam, inbreeding of litter, and inbreeding of dam's dam
c Multiple regression equation with variables: age of dam, inbreeding of dam, inbreeding of litter, and inbreeding of sire of litter



Table 4, Multiple regression coefficients and constants from multiple linear regression analysis of factors influencing litter size at weaning

Breed
Independent
Variable

Berkshire Yorkshire Composite

Ia II
b a

II
b a

II
b

IIIc

Age of dam (mo. ) . 0214 .0215 .0225 - .0138 - .0110 - .0075 .0277 .0274 .0299

Inbreeding of dam
(100%) . 5972 . 4266 - .0847 -4.6413 -6. 2964* -2, 6199 -16. 4920** - 14.9260 -15. 0170**

Inbreeding of litter
(100%) -11. 3940** -11, 3860** -10, 8420**

*
-5. 8930 -6. 5156** -3. 9371 3, 2830 3, 3302 3, 7995

Inbreeding of dam's
darn (100%) - .2616 6. 3213** -1, 1834

Inbreeding of sire
(100%) 2, 9160 -5. 7978* -3. 0078

Constant 6.6617 6.6942 6.3952 8, 9632 8.6518 8, 9594 9.6216 9, 5114 9, 6968

R2 .0918 .0918 .0967 .0351 .0590 .0546 .0570 .0572 .0598

* < .05
** P < .01
a Multiple regression equation with variables: age of darn, inbreeding of darn and inbreeding of litter
b Multiple regression equation with varilables: age of dam, inbreeding of dam, inbreeding of litter and inbreeding of dam's darn
c Multiple regression equation with variables: age of darn, inbreeding of dam, inbreeding of litter and inbreeding of sire



Table 5. Multiple regression coefficients and constants from multiple linear regression analysis of factors influencing percent survival

Breed
Independent
Variable

Berkshire Yorkshire Composite

Ia IIb IIIc
a

II
b

III
c a

II
b

III
c

Age of dam (mo. ) .0010 .0010 .0011 - .0031 - .0029 - .0032 - . 0044* - .0043* - .0040*

Inbreeding of dam
(100%) . 4498 . 5060 .3937 - .1781 - .2728 - .2103 - . 9026* -1.3750* - . 6861

Inbreeding of litter
(100%) - 9121** - 9147** - 8667** - 4234* - , 4590* - .4545 2106 1964 2864

Inbreeding of dam's
dam (100%) .0862 .3616 .3568

Inbreeding of sire
(100%) .2398 .0923 - .4412

Constant 8151 8044 . 7931 .8929 . 8751 . 8930 1.0138 1.0471 1,0249

R2 .0670 .0678 .0710 .0322 .0455 .0330 .0529 .0567 .0651

* P < .05
** P < .01
a Multiple regression equation with variables: age of dam, inbreeding of dam, and inbreeding of litter.
b Multiple regression equation with variables: age of dam, inbreeding of dam, inbreeding of litter, and inbreeding of dam's dam.
c Multiple regression equation with variables: age of dam, inbreeding of dam, inbreeding of litter, and inbreeding of sire.



Table 6. Multiple regression coefficients and constants from multiple linear regression analysis of factors influencing average pig birth weight

Breed
Independent
Variable

Berkshire Yorkshire Composite

Ia II
b

IIIc Ia II
b

IIIc Ia IIb III
c

Age of dam (mo. ) ,0050 .0051 .0058* .0112** .0112** .0107** .0071 ,0073 .0076*

Inbreeding of dam
(100%) 2. 0154** 1.9337 ** 1. 5341* .2180 2290 .0715 - , 3030 -1. 2692 . 0546

Inbreeding of litter
(100%) - 1.0786 -1. 0749 - 6891 - . 2247* - .2205 - .3664* - .3289 - .3580 - , 2037

Inbreeding of dam's
dam (100%) - . 1254 - .0420 7298

Inbreeding of sire
(100%) 2. 0582** . 4200 - 7291

Constant 2, 6330 2, 6486 2, 4448 2, 5421 2, 5442 2, 5424 2, 7544 2, 8223 2, 7726

2
0676 .0680 .1344 .0499 ,0552 .0199 .0236 .0277

* P <.05
** P <.01
a Multiple regression equation with variables: age of dam, inbreeding of dam and inbreeding of litter,
b Multiple regression equation with variables: age of dam, inbreeding of dam, inbreeding of litter, and inbreeding of dam's dam.
c Multiple regression equation with variables: age of dam, inbreeding of dam, inbreeding of litter, and inbreeding of sire.



Table 7. Multiple regression coefficients and constants from multiple linear regression analysis of factors influencing average pig weaning weight.

Breed
Independent
Variable

Berkshire Yorkshire Composite

Ia Hb III
a

II
b

III
a

II
b

III
c

Age of dam (mo. ) - .0098 - .0037 - .0017 - .0471 - .0458 - .0461 .1134* 1077 , 1314*

Inbreeding of dam
(100%) -3, 7646 -9. 8422 -7. 4343 .6081 - .6461 1. 1086 -62. 870** -38, 473* -51. 0540**

Inbreeding of litter
(100%) -28, 2580* -28. 4160* -25, 2630* .3563 - .0300 .8280 -2. 7123 -2. 1128 1, 9021

Inbreeding of dam's
dam (100%) -10. 2110 4. 6402 -18. 486

Inbreeding of sire
(100%) 18. 468 -1, 4085 -21. 5214**

Constant 36, 1390 37, 327 34, 419 33, 1640 32, 9420 33, 1730 39, 6630 38, 0060 40, 3270

2
R .0395 .0467 .0547 .0031 .0059 .0034 ,1700 ,1802 ,2104

* P < .05
** P < .01
a Multiple regression equation with variables: age of dam, inbreeding of dam and inbreeding of litter.
b Multiple regression equation with variables: age of dam, inbreeding of dam, inbreeding of litter, and inbreeding of dam's dam.
c Multiple regression equation with varaibles: age of dam, inbreeding of dam, inbreeding of litter, and inbreeding of sire.
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but non-significant regression coefficients were found for all four

measures of litter traits except that positive coefficients were found

for average pig birth weight and number of pigs at weaning for York-

shires, and percent survival and average pig birth weight for Berk-

shires.

Inbreeding of Litter

Increasing inbreeding of litter had significant negative effects

(P < . 01 or . 05) on all traits studied in Berkshires except total num-

ber born and average pig birth weight; whereas, in Yorkshires, only

weaning weight, percent survival and average pig birth weight were

affected and these at P < . 05 only. In the Composites, inbreeding

of litter had no significant effect. The negative but non-significant

regression coefficients for almost all litter performance criteria

except those slightly positive regression coefficients for average pig

weaning weight of Yorkshires and number born alive, number at wean-

ing and percent survival for Composites indicate that inbreeding of

the litter may have had a detrimental effect on litter traits.

Inbreeding of Dam's Dam

Association of inbreeding of dam's dam with litter traits would

presumably be a reflection of maternal influence on the dam during

fetal and preweaning development. Non-significant effects (Tables
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2-7) were found on almost all litter traits in all three breeds. The

only exception was a highly significant increase in number of pigs

weaned by inbred Yorkshire dams. The regression coefficients for

other traits were either positive or negative but not significantly

different from zero. It thus appears that,within the limits of this

study, maternal influences as a result of inbreeding were not gener-

ally important in affecting subsequent performance as a dam.

Inbreeding of Sire of Litter

A highly significant (P < . 01) increase associated with inbreed-

ing of sire was found for average pig birth weight in Berkshires. A

significant (P < . 05) decrease in litter size at birth and at weaning

was found in Yorkshires and for average pig weaning weight in Com-

posites. The regression coefficients were positive but non-significant

for all other litter performance traits in Berkshires. Positive but

non-significant regression coefficients were found for average pig

birth weight and percent survival but a negative non-significant coeffi-

cient for average pig weaning weight was found for Yorkshires. Nega-

tive non-significant coefficents existed for all the litter traits in the

Composites.

Heterosis

Purebred dams that had both crossbred and straightbred litters

were used to provide data for analysis of variance to determine the
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effect of heterosis on performance in litter traits (Table 8). The

analysis showed that litter size and weight at birth and at weaning

were smaller for Berkshires than for Yorkshires or Composites.

The percent increase for all litter traits was determined for cross-

bred litters vs. purebred litters farrowed by the same dams. In

Berkshires, crossbred litters were highly significantly superior for

number of pigs born alive, number of pigs at weaning and average

weaning weight when compared with straightbred litters. The com-

parison between crossbred and straightbred litters from Yorkshire

dams showed no significant differences for any of the litter traits.

All differences were positive, however, except average birth weight

and average weaning weight.

Comparisons were also made for the straightbred and cross-

bred litters farrowed by Composite dams. The extent of cross-

breeding involved was theoretically less in these litters than in Berk-

shire and Yorkshire litters because crossbred litters from Composite

dams were sired by either Berkshire or Yorkshire boars, both of

which were somewhat related to the Composite dams. Results in

Table 8 show no significant differences when litters were sired by

Berkshire boars; purebred litters were non-significantly superior to

the crossbred litters in all traits. Crossbred litters from Composite

dams and Yorkshire sires were non-significantly superior for number

born alive and total number born, and for average birth weight. They



Table 8. Heterosis of crossbred litter vs straightbred litter from same darn

a
Litter Breed

1 x 1 2 x 1
Heterosis

2 x 2 1 x 2
Heterosis

3 x 3 1 x 3
Heterosis

3 x 3 2 x 3
Heterosis

Number of darn 23 22 18 11

Number of litter 74 32 47 25 37 22 20 15

**
Number born alive 8. 149 9. 438 15. 82 9. 789 10.680 9. 12 10. 514 9. 818 -6.62 9.950 11.000 10. 55

Total number born 9.608 9. 750 1. 48 10. 830 11, 680 7. 85 11.054 10. 318 -6.66 10, 700 12, 067 12, 78

**
Number at weaning 6. 459 8. 125 25.79 7. 170 8.320 16.04 8. 865 8, 727 -1. 56 9, 250 9.067 -1. 98

Percent survival 80. 414 87. 569 8, 90 72. 702 78. 680 8. 22 83. 781 90. 336 7, 82 93, 850 82, 333 -12. 27

Average pig birth
weight unit 2, 701 2, 755 2, 00 2. 800 2.653 -5. 25 2, 811 2, 996 6, 58 2, 835 2, 914 2, 79

Number of litter 73 32 45 25 36 22 20 15

Average pig **
weaning weight 32.481 39.109 16.95 32.989 32.612 -1.14 32.714 33.995 3.92 34.720 33,353 -3.94

a 1 = Berkshire
2 = Yorkshire
3 =Composite

** P < . 01
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were significantly inferior for percent survival, and non-significantly

inferior for number weaned and average weaning weight. There was

a relatively small sample size in these latter comparisons.

In crossbred dams, the regressions of litter traits on inbreeding

of dam's dam, and on mean parental inbreeding with adjustment for

age of dam and inbreeding of litter are presented in Table 9. These

two independent variables produced negative non-significant effects

on all the litter performance traits except for a positive non-significant

effect on average pig birth weight. The only two significant negative

effects of inbreeding of dam's dam were for total litter size at birth

and number weaned. This is not in agreement with the relationship

of these variables to these traits in the straightbreds in which the

only significant effect found was a positive association of these vari-

ables with number weaned in the Yorkshires.

Heterosis for litter performance of Berkshire x Yorkshire

dams was determined by comparing their performance with that of

straightbreds.(Table 10). The data were divided into three ranges of

inbreeding in the Berkshire and Yorkshire: 0 percent; 1-10 percent;

and 11 percent or higher. These ranges are for dams with and with-

out adjustment for inbreeding of litter. In the zero inbred group with-

out adjustment for inbreeding of litter, crossbred dams showed highly

significant advantages for all traits of litter size. There was a sig-

nificant advantage for percent survival when adjustment for inbreeding



Table 9. Multiple regression coefficients and constants from multiple linear regression analysis of factors influencing litter performance

Traits

Independent

Number Born Total Number Number at
Alive Born Weaning

Variables I
a

Age of dam **
(mo. ) .0614

Inbreeding
of litter
(100%) 6. 2523

Inbreeding
of dam's
dam
(100%) -3, 9162

Mean
Parental

Inbreeding
(100%)

Constant 8, 8187

2
R .0588

Percent Average Pig Average Pig
Survival Birth Weight (lb,) Weaning Weight (lb. )

IIb Ia II
b Ia IIb Ia IIb Ia IIb Ia II

b

** ** **
.0610 .0654 .0647 .0246 0239 0018 0019 .0074 .0075 0251 ,0241

**
8, 6855 5.6010 8, 9789 9, 6118 12. 980 . 5403 7161 -1, 5251 -1. 8260 24, 3590 28. 4200

*
-5. 5106 -5.6259 3021 , 5055 -6. 8875

-3. 8246 -6.6159 -8. 9014 - .6156 8473 -12. 575

8. 3651 9, 8503 9, 2787 7, 7796 7. 3122 . 8557 , 8380 2, 7536 2, 7930 31, 108 30, 625

.0500 .0640 .0515 0556 .0469 .0379 .0380 .0567 0541 0227 0218

* P <.05
** P < .01
a Multiple regression equation with variables: age of dam, inbreeding of litter, and inbreeding of dam's dam.
b Multiple regression equation with variables: age of dam, inbreeding of litter, and mean parental inbreeding.

Ui



Table 10. Heterosis of crossbred dams vs purebred dams in two breeds of swine

Trait
Crossbred Purebred dam Heterosis Purebred Dam Heterosis Purebred Dam Heterosis

Dam (Fx = .0) Unit .0 <F < 10 Unit F > . 10 Unit

Number born alive
(Adjusted number

born )

Total number born

(Adjusted number
born)

Number at weaning_

(Adjusted number at
weaning)

Percent survival

(Adjusted percent
survival)

Average pig birth weight

(Adjusted average pig
birth weight)

Average pig weaning
weight

(Adjusted average pig
weaning weight)

10.578
9.736a

10.681b

10.118c

11.455
10.785a
11.955b

10.978c

9.000
9.309a
8. 777b
9.020c

85.590
98.690
82. 550b
89,070c

2.814
3.045a
2.877b
2.890c

34.241
34.311a
32.772b

32. 777c

9.019

7.495

10.517

9.087

6.626

6.787

71.792

91.250

2.722

3.062

32.918

32.872

**
1.559

**
2.241

**
.938

**
1.698

**
2.374

**
2.522

**
13.798

*
7.426

.092

- .017

1.323

1.439

17.29

29.90

8.92

18.69

35.83

37.16

19.22

8.14

3.39

- .56

4.02

4.38

8.603

8.867

9.873

10.691

6.720

6.506

76.715

72.810

2.650

2.746

31.821

29.672

**
1.98

**
1.8120,46

**
1,58

1.26

**
2.28

**
2.27

**
8.88

**
9.74

.16

.13

*
2.42

*
3.10

23.02

16.02

11.82

33.93

34.91

11.57

13.38

6.20

4.77

7.70

10.45

8.088

7.976

8.433

9.165

6.105

6.510

76.861

80.220

2.807

2.930

31.707

29.375

**
2.57

**
2.14

**
3.02

1.81

**
2.90

2.'51

**
8.73

**
8.85

.01

-.04

**
2,53

**
3.40

31.73

26.86

35.82

19.79

47.74

38.56

11.36

11.03

.25

-1.53

7,99

11.58

* P05 ** P < .01
1 Adjusted for inbreeding of litter: a - adjusted value compared to purebred dam (F,=. 0); b - adjusted value compared to purebred dam

(.0< Fx < 10); c - adjusted value compared to purebred dam (Fx> 10).
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of litter was made and non-significant differences for weight at birth

and weaning with or without adjustment for inbreeding of litter.

In the 1 to 10 percent inbred group, without adjustment for in-

breeding of litter, crossbred dams were highly significantly superior

for all measures of litter size; with adjustment for inbreeding of litter,

crossbred dams were significantly superior for total number at birth,

and average weight at birth and weaning. In the group with 11 per-

cent or higher inbreeding, the crossbred dams were highly significantly

superior for all the litter traits except average pig birth weight with

or without adjustment for inbreeding of litter.

Heterosis is a ratio of the amount of improved performance of

a cross and its parental breed mean for that trait. Therefore, the

magnitude of heterosis is affected not only by the amount of superior-

ity in crossbred performance but also by the mean level of perform-

ance in the parent breeds. Generally, inbreeding results in de-

creased performance. It would thus be expected that the magnitude

of heterotic performance would appear greater when crosses are com-

pared with parental performance at successively higher levels of in-

breeding.

The performance of crossbred litters compared to purebred

litters from Yorkshire or Berkshire dams with varying levels of in-

breeding of dams are presented in Tables 11 and 12. In the Berkshire

herd, percent heterosis for number born alive increased as inbreeding



Table 11. Performance of crossbred litters from purebred Yorkshire dams compared to purebred litters with various degrees of inbreeding of dam with and without adjustment for inbreeding of
litter and/or dam 1

Traits

of Dam ,

Number
of

Litter
Number Born Alive Total Number Born Number at Weaning Percent Survival (%)

Average Pig
Birth Weight (lb. )

Number
of

Litters

Average Pig
Weaning Weight

Mean % Heterosis Mean % Heterosis Mean 96 Heterosis Mean 91 Heterosis Mean % Heterosis Mean % Heterosis

Crossbred litter 38 10, 237 11. 263 7. 842 75.782 2.695 36 33. 128

10. 560a - 2. 5 12. 033 - 6. 4 7. 533 4. 1 71. 283 6. 3 2, 689 2 33. 386
Fx = 0 30 10, 269b 11. 938 - 5.7 8.282 - 5. 3 80.200 - 5. 5 2. 860 -5. 8 28 32.680 1. 4

10. 269c 11.938 - 5. 7 8. 282 - 5. 3 80. 200 - 5.5 2. 860 -5. 8 32. 680 1.4

9.267a 10.5 9.667 16.5 7.400 6.0 81. 287 - 6.8 2,757 -2,3 30. 757 7,7
.0< F <.05 15 9. 086b 12. 7 9. 592 17.4 7, 984 - 1. 8 88. 248 -14.1 2.890 -6.7 14 30. 202 9. 7x-

9. 336c 9. 7 9. 642 16.8 8. 234 - 4. 8 89. 138 -15.0 2.880 -6. 4 30. 172 9. 8

9. 714a 5. 4 11. 333 7. 714 1. 7 80.005 - 5. 3 2.650 1. 7 31.595 4. 9
.05< F < . 10

x
21 9. 532b 7. 4 11. 257 . 1 8. 304 - 5.6 87.027 -12.9 2. 785 -3. 2 21 31, 038 6, 7

10,032c 2.0 11.758 - 4.2 8.804 -10.9 88. 807 -14.7 2,765 -2,5 30. 978 6.9

9. 787a 4.6 10. 987 2. 5 7. 227 8. 5 74.452 1. 8 2. 815 -4. 3 32. 151 3.0
. 10< F < . 15 75 9, 526b 7.5 10. 879 3.5 8.069 - 2. 8 84.485 -10.3 3.007 -10.4 74 31. 356 5.7

10.276c 11.429 - 1.5 8.819 -11.1 87. 155 -13.0 2.977 -9. 5 31.265 6.0

8. 818a 16.1 9.970 13.0 6.091 28.8 69.948 8.3 2. 764 -2.5 33. 147 4.8
. 10 < F < . 20 33 8. 585b 19. 2 9, 873 14. 1 6. 845 14.6 78. 935 -4.0 2.936 -8. 2 32 32. 428 2. 2

x
9. 585c 6. 8 10. 873 3.6 7. 845 .0 82. 495 -8. 1 2. 896 -6.9 32. 308 2, 5

B. 735a 17, 2 10.059 12.0 6. 118 28, 2 68. 226 11, 1 2. 787 -3.3 31.619 4.8
F > 20

x
34 B. 514b 20.2 9.967 13.0 6.754 16.1 76,:759 -1.3 2,951 -8,7. 31 30. 936 7.1

9. 764c 4. 8 11.017 2.2 8,004 - 2.0 81.209 -6.7 2.901 -7. 1 30. 786 7.6

1 The designations a, b, c as given apply throughout each column
a = without any adjustment b = with adjustment for inbreeding of litter c = with adjustment for inbreeding of litter and dam



Table 12. Performance of crossbred litters from Berkshire purebred dams compared to purebred litters with various degrees of inbreeding of dam with and without adjustment for inbreeding of
litter and/or daml

Traits
Inbreeding
of Dam

Number
of

Litter
Number Born Alive Total Number Born Number at Weaning Percent Survival (%)

Average Pig
Birth Weight (lb. )

Number
of

Litters

Average Pig
Weaning Weight

Mean % Heterosis Mean % Heterosis Mean % Heterosis Mean % Heterosis Mean % Heterosis Mean % Heterosis

Crossbred litter 40 9. 025 9, 450 7.625 86, 722 2, 811 39 37, 590

7, 754a 16. 4 9, 000 5,0 5, 719 33, 3 73. 149 18, 6 2. 755 2, 0 32, 449 15. 8
Fx = 0 57 7, 791b 13, 2 9.511 - .6 6.100 25, 0 79.030, 9, 7 2. 884 - 2. 5 53 33, 229 13, 1

7, 791c 13, 2 9, 511 6, 100 25, 0 79, 050 9. 7 2. 884 - 2. 5 33, 229 13. 1

8, 000a 12, 8 9, 333 1, 3 7. 500 1, 7 94. 817 - 8. 5 2. 732 . 9 34, 033 10. 5
. 0 < F < . 05x- 6 8, 174b 10, 4 9. 743 - 3. 0 7. 805 - 2. 3 99. 546 -12, 9 2. 836 - . 9 6 34, 684 8. 4

8. 275 9, 1 9. 773 - 3. 3 7. 775 - 1. 9 97. 296 -10. 9 2, 736 2, 7 34, 874 7, 8

7. 591a 18.9 9.045 4, 5 5. 409 41, 0 66, 914 29.6 2, 570 9, 4 32, 063 17. 2
. 05 < F < . 10 22 7, 872b 14.6 9. 707 - 2. 6 5, 902 29, 2 74, 558 16, 3 2, 737 2. 7 19. 33, 128 13. 5x-

7. 966c 13, 3 9. 767 - 3. 2 5, 842 30, 5 70, 058 23, 8 2, 537 10. 8 33, 508 12, 2

6. 714a 34, 4 8, 000 18. 1 5, 786 31, 8 84, 961 2, 1 2, 753 2, 1 30. 596 22. 9
. 10 < F < 15 28 6, 930b 30, 2 8. 509 11. 1 6. -165 23, 7 90. 836 - 4. 5 2. 882 - 2. 5 28 31, 404 19, 7

7. 189c 25, 5 8. 599 9. 9 6.075 25, 5 84.086 3. 1 2, 582 8, 9 31. 974 19.6

7, 333a 23. 1 8, 333 13. 4 5, 111 49, 2 72,011 20, 4 3.021 - 6, 9 32. 711 14. 9
15 < F < . 20x- 9 7, 634b 18. 2 9, 041 4. 5 5, 639 35, 2 80, 187 8, 1 3. 200 -12. 2 33. 835 11. 1

7. 908c 14. 1 9. 161 3,2 5,519 38.2 71. 179 21,8 2,800 .4 34. 595 8,7

1
The designations a,b.,c as given apply throughout each column

a = without any adjustment
b = with adjustment inbreeding of litter
c = with adjustment inbreeding of litter and dam
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of dam increased from 0 to 15%; the sample size of those with in-

breeding beyond 15% is too small to be adequate. For total number

born, without adjustment for inbreeding, there was little heterotic

effect when inbreeding of dam was less than 10%, whereas, with adjust-

ment for inbreeding of litter and/or inbreeding of dam, heterosis was

slightly negative. Beyond 10% inbreeding of dam, heterosis was in

the range of 15% without adjustment for inbreeding and decreased

somewhat with adjustment for inbreeding. Crossbred litters exhibited

increasing amounts of heterosis for number of pigs at weaning as in-

breeding increased from five percent to higher levels. Heterosis

for percent survival was inconsistent. There was a negative heter-

osis with' inbreeding of dam between 0 and 5% with and without adjust-

ment of inbreeding; little heterosis was exhibited with inbreeding of

dam between 10% and 15%. Only with inbreeding of dam at zero or

between 5 and 10% was heterosis present in a meaningful amount;

effect of adjustment for inbreeding was not constant in direction.

On average pig birth weight, with and without adjustment of

inbreeding, the only major amount of heterosis was found when in-

breeding of dams was between five and 10%. Adjustment for inbreed-

ing resulted in little change. For average pig weaning weight, the

percent heterosis was great but not increasing as inbreeding of dam

increased, adjustment for inbreeding changed the magnitude of heter-

osis only slightly.
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In Yorkshires there was a small negative amount of heterosis

for number born alive when crossbreds were compared with pure-

bred litters from non-inbred dams. A relatively low amount of

heterosis was present in the range of 10% inbreeding of dam with or

without any adjustment. Beyond 15% inbreeding of dam, heterosis

was substantial and adjustment for inbreeding of litter did not affect

the magnitude of heterosis; however, adjustment for inbreeding of

dam and litter reduced the amount of heterosis when inbreeding of

dam was above 15%. For total number born when inbreeding of dam

was less than 15%, the only heterosis observed was with inbreeding

of dam between 0 and 5%. When inbreeding of dam was above 15%,

heterosis was substantial and was affected by adjustment for inbreed-

ing. Crossbred litters exhibited heterosis for number at weaning

when inbreeding of dam was above 15%; the magnitude of this effect

was decreased by adjustment for inbreeding of litter and essentially

eliminated by adjustment for inbreeding of both dam and litter. Heter-

osis for percent survival was slight but positive when there was no

adjustment for inbreeding when inbreeding of dam was at 0 or above

10%. There was a negative and curvilinear effect found with adjust-

ment of inbreeding of litter and/or dam. For average birth weight

per pig, percent heterosis was low and predominantly negative at all

ranges of inbreeding of dam below 10%; and when inbreeding exceeded

10% heterosis was negative but of greater magnitude. Adjustment
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for inbreeding increased the magnitude of the negative heterosis.

Positive but generally non-increasing level of heterosis was found for

average pig weaning weight. In general, adjustment for inbreeding

increased the magnitude of the heterotic effect; the only two negative

effects found were in the non-inbred dams and the group with inbreed-

ing of darn between 15 and 20%.
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DISCUSSION

Age-of-dam differences which reflect the physiological maturity

or immaturity of the reproductive ability of sows are directly ex-

pressed in total litter size at birth. This is indicated by the positive

age-of-dam effects in all three populations (Tables 2-7). These re-

sults agree with other studies (Lush and Mo llia, 1942; Godbey and

Godley, 1961). The significant effect of age of dam for total number

of pigs at birth appears to be due to increased ovulation and/or em-

bryo survival (Bereskin et al., 1968; Spurr, 1969). The number of

pigs a sow farrows per litter increases with age until the sow is

about 2 1/2 to 3 years old, and remains constant until the sow is

about 5 years old, and then declines somewhat after that age (Olbrycht,

1943; Krider and Carroll, 1950). Olbrycht measured successive

litter size for 10 successive litters in each of 156 sows; thus his

results reflect the true effect of age. In the present study, older

dams tended to be those whose performance records were above aver-

age in merit which may account, in part, for the continuing linear

relation of litter size with age. The maximum age was 67, 48, 51

months in Berkshires, Yorkshires and Composites respectively.

Relatively few dams farrowed more than 4 litters.

Age of dam had no significant effect on number of pigs born

alive in Berkshires and Yorkshires but it did have a significant
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positive effect in the Composites (Tables 2-7). Age of dam had a

significant positive effect on total number born. These findings indi-

cate a tendency for a higher number of pigs born dead per litter as

age of dam increases. Age of dam also had no significant effect on

number weaned in any of the three populations. This is consistent

with the lack of a positive effect of age of dam on number born alive.

The majority of comparisons that have been made on weaning

weight of pigs produced by gilts and by mature sows show a slight

advantage for litters from sows (McMeekan, 1936). In the present

study, age of dam had no significant effect on weaning weight except

in the Composites in which average weaning weight increased as age

of dam increased. This presumably is an indication of increased

milk production with increasing age in the Composites.

The observed effects of inbreeding of the dam are in agreement

with findings in other studies (Fine and Winters, 1952; Chapman,

1963; Bereskin et al., 1968). The results are somewhat contrary

to those reported by Willham and Craft (1939) who found that the

greatest decline was in birth weight. The present study shows no

significant effect on birth weight. The unusual highly significant

positive association between inbreeding of dam and mean birth weight

in the Berkshire group may be explained by the mating system used.

Coancestry charts were used to schedule matings in order to prevent

highly inbred dams from being mated to closely related sires. In
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many cases, inbred dams farrowed non-inbred pigs and non-inbred

dams farrowed inbred pigs. A similar association of inbreeding of

dam with pig birth weight in this herd was previously obserired by

Chapman (1963). In the present study, the analysis indicates that

inbred dams of the Yorkshire and Composite herds were inferior to

non-inbred dams in prolificacy. This could be due either to ovulation

rate or to embryo mortality or to both. The inbred dams in these

breeds were also inferior in suckling ability. Fine and Winters (1952)

and Rigor (1963) reported similar results.

Inbred sows were inferior to non-inbred sows in overall mater-

nal ability. Several factors may be responsible for maternal influence.

The intra-uterine environment and/or milk production and the mother-

ing ability of the dam during the nursing period may be important.

The maternal effect may include the effect of sex-linked genes.

Stonaker (1963) found that hybrid heifers were almost the same weight

as hybrid bulls at weaning, whereas in turkeys and to a lesser extent

in chickens the hybrid male is heavier than the hybrid female while

the inbred males and females are more nearly the same in body

weight. This indicated an advantage of the homogametic hybrid, a

result which was similar as that reported by Brinks et al. (1967),

while in swine, the effect of inbreeding appeared to be greater for

barrows than for gilts (Magee, 1964).

In the present study, the relationship between litter performance
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and inbreeding of dam broken down into three levels is presented in

Table 13.

Table 13. Estimates of litter performance change as inbreeding of dam increased by each 10 percentl

Traits
Breeds
of darn

No. born
Alive

No. born
Total

No.
Weaning

Percent
Survival

(%)

Average Pig
Birth Weight

(lb. )

Average Pig
Weaning

Weight (lb. )

Berkshire - .20 - .06 + .06 +4.50 + .20 - .38

Yorkshire - 50 - . 50 + .46 -1.78 + .02 + .06

Composite -1,16 -1.24 -1,65 -9.02 - . 03 -6.29

1
Those estimations were based on regression coefficients.

In all traits shown above the decrease was greater as inbreeding

increased in the Composites than it was in Berkshires and Yorkshires.

This can be reasonably interpreted as a loss of hybrid vigor in as

much as lowly-inbred Composites were essentially F2 Berkshire x

Yorkshire. More highly inbred Composites were later generation

animals derived from this base. Performance in the lowly-inbred

Composites thus included some heterosis. In most instances, the

effect of inbreeding of dam was at least twice as great in the Com-

posites as it was in the most severely affected purebred breed. An

increase of 10% in inbreeding coefficient of the dam resulted in de-

creases of approximately .0 pig farrowed per litter, .10 pigs raised

per litter and 1.5 lbs. in individual pig weight at weaning in a study by

Bradford et al. (1958); and -.17 pigs at birth and -.25 pigs at wean-

ing per litter with 10% increase of inbreeding of dam in a report by
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Dickerson et al. (1954).

The inbred litters of this study were significantly different from

non-inbred animals in numbers born alive and weaned, percent sur-

vival and average weaning weight in the Berkshire population. This

is in agreement with results reported by Godbey and Godley (1961)

for Berkshires, but it is not in agreement with a report by Rigor

(1963) for Berkshires. Non-significant effects of inbreeding of litter

were found for all litter traits in the Composites. In Yorkshires, in-

breeding of litter effects were intermediate between effects in Berk-

shires and Composites; traits that were significantly affected were

average birth weight, percent survival, and weaning weight (P < .05).

Due to the way in which matings were made in the three populations,

inbreeding of dam and litter were likely more closely related in the

Composites than in Berkshires and Yorkshires; if so, the inbreeding-

of-dam effects in Composites may have involved some contribution

from inbreeding-of-litter effect. The change in performance per 10

percent increase in inbreeding of litter is presented in Table 14.

Table 14. Estimate of litter performance change as inbreeding of litter increased each 10 percentl

Traits
Breeds
of Dam

No. born
Alive

No. born
Total

No.
Weaning

Percent
Survival

(%)

Average Pig
Birth Weight

(lb. )

Average Pig
Weaning

Weight (lb. )

Berkshire -. 80 -. 51 -1.14 -9.12 -. 11 -2.83

Yorkshire -. 18 -. 10 - , 59 -4.23 -.02 + . 04

Composite +. 12 -. 12 + . 33 +2.11 -.03 - . 27

1
Those estimations based on regression coefficients.
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Dickerson et al. (1954) estimated the effect of each 10 percent

increase in inbreeding of litter and reported a decrease of .20 and . 38

for number of pigs at farrowing and weaning, an increase of .02 and

.03 for average weight at birth and at weaning. A decrease of .28

pigs at birth and .83 pigs at weaning associated with each 10% in-

breeding was reported by Fine and Winters (1952).

Inbreeding of pigs affects their performance directly because of

their genetic constitution, whereas inbreeding of dam affects the pigs

through the maternal environment provided them from conception to

weaning. Lerner et al. (1957) and Spurr (1969) reported increased

prenatal death loss by inbred dams. It is reasonable to expect that

surviving pigs produced by inbred sows also are adversely affected

by the uterine environment. Mi et al. (1965) have reported decreased

milk production resulting from inbreeding of cattle. It is to be ex-

pected that inbreeding decreases milk production in swine also,

although report of milk production measured directly is not found.

Non-significant effects of inbreeding of sire were found for all

litter traits in Berkshires except for a highly positive significant

effect on average birth weight per pig. In Yorkshires, significant

negative effects of inbreeding of sire were found for all litter size

traits, but not for percent survival nor weight traits. A highly sig-

nificant negative effect of inbreeding of sire on average weaning

weight was found in Composites. England (1952) reported a trend of
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decreased litter size in comparable groups of dams as inbreeding of

sire increased. Only in the Yorkshire herd in the present study was

this finding substantiated. From the present study, it does not seem

warranted to conclude that inbreeding of sire generally has either a

positive or a negative effect on sow productivity traits in as much as

the effect on birth weight was positive in Berkshires and was non-

significant in the other two herds; the effect on weaning weight was

negative in Composites and non-significant in the other two herds;

effect on litter size traits was significantly negative in Yorkshires and

not significant in the other two herds. It thus appears that a general

statement of the effect of inbreeding of sire cannot be made. In-

breeding depression of sires was reported by Hauser et al. (1949)

who indicated that crossbred boars exceeded, inbred boars in body and

testes weight, epididymis size, sperm production and age at first

fertility but there was no difference in fertilization rate after the

first fertile mating. No difference between inbred boars and cross-

bred boars was reported by Bereskin et al. (1966).

The effect of inbreeding of the dam's dam had no effect on any

litter performance trait in the three straightbred populations except

for a highly positive significant effect on number at weaning in York-

shires. In the crossbred dams, a significant negative effect existed

for total number born and number weaned. It is assumed that in-

breeding of the dam's dam would result from an environmental
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influence to dams directly and to dam's litter indirectly if an effect

is present. No report of this has been found. In the present study,

the findings suggest little if any permanent environmental influence

of an inbred dam on her daughter's maternal performance. It is diffi-

cult to formulate an explanation to account for no effect or a positive

one in purebred daughters and a negative one in crossbred daughters.

Both relationships found to be significant were so only at P < . 05;

these findings may represent chance relationships.

Heterosis is said to occur when the average performance of the

generation produced by crossing is higher for a particular trait, or

several traits, than the average of the two parental populations. The

percentage of superiority is used as a measure of the degree of

heterosis. The occurrence of heterosis in crossbred litters from

purebred dams and for maternal traits of crossbred dams in this study

agree with results reported by Dickerson et al. (1946), Skarman

(1965) and many others. The heterosis of crossbred dams showed

more superiority than did crossbred litters from purebred dams.

These findings are similar to other studies (Winters, 1935; Smith

and King, 1964). The analyses indicate that the effect of maternal

influence tends to be more important than the genetic constitution of

pigs as factors influencing performance from conception to weaning.

This is indicated by the finding that heterosis for maternal traits in

crossbred dams is greater than the heterosis of crossbred pigs
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nursing purebred dams. This conclusion is in agreement with find-

ings of other studies which showed a marked influence of the dam

upon litter size either through ovulation rate (Squiers et al., 1952;

Lerner et al., 1957) or embryo survival. That litter size showed

more superiority than average pig birth weight in crossbreds can be

explained by the negative relationship between litter size and mean

birth weight (Lush, 1945; Chapman, 1963). Crossbred litters and

litters from crossbred dams have more pigs per litter and this could

create a negative effect on average birth weight.

Heterosis resulting from crossing inbred parents has essentially

two components compared to only one for crosses of non-inbred pure-

breds. These are first, the recovery from inbreeding depression,

and secondly, the increased heterozygosity in the cross beyond that

existing in the purebred. It is reasonable to expect greater heterosis

from crossing as inbreeding of parents increases. The data in Table

8 makes it possible to compare heterosis of crossbred litters from

purebred dams, without regard to the level of inbreeding of the dam

that produced the crossbred litter, with purebred litter performance

from dams with various degrees of inbreeding. This is done with and

without adjustment for inbreeding of litter or of litter and dam. In

general, heterosis was greatest for number born alive and number

weaned; heterosis for total number born tended to be low or negative

except at inbreeding above 10% in Berkshires and above 15% in
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Yorkshires. Percent survival tended to be positively affected by

heterosis in Berkshires and tended to be negatively affected in York-

shires; average birth weight per pig tended to be lowly negatively

affected in both breeds. Weaning weight tended to have a substantial

positive effect from heterosis in Berkshires and lower positive effect

in Yorkshires. In general, adjustment for inbreeding decreased the

magnitude of heterosis somewhat and tended to change the relative

amount of heterosis at different levels of inbreeding to a more uniform

expression. This is in agreement with expectation.

There are some possible sources of bias in any calculated in-

breeding level. Selection may favor heterozygotes so that the com-

puted inbreeding coefficients may not accurately reflect the actual

changes in heterozygosity assumed. Mendelian segregation permits

the actual level of homozygosity to vary among littermates. As vari-

ation in homozygosity may be reflected phenotypically, retention of the

top animals could result in retaining individuals of lower homozygosity

than indicated from the pedigree. Within a population, however,

these effects would be randomly distributed and would thus not disturb

the character of the relationships involved.
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SUMMARY AND CONCLUSION

Records on a total of 889 litters were used, 653 of these were

inbred litters; 179 litters were from Berkshire dams, 280 were from

Yorkshire dams and 194 were from Composite dams. Also used were

236 litters from crossbred dams. The data were collected over a

12-year period, 1962-1973, and were analyzed for effects of age and

inbreeding of dam, inbreeding of litter, inbreeding of dam's dam and

inbreeding of sire of litter on measures of number born alive, total

number born, number weaned, percent survival, average birth weight

per pig and average weaning weight per pig.

The results of these analyses support the following conclusions:

1. Age of dam had a positive significant effect on total number born

at birth in all three populations; on average pig birth weight in

Yorkshires and in Composites; and on number of pigs born

alive in Composites.

2. Inbreeding of dam showed a negative significant effect on litter

size at birth in Yorkshires, and in all of the litter traits except

average pig birth weight in Composites. The positive signifi-

cant effect of inbreeding of dam on average pig birth weight in

Berkshires may be explained by the frequent occurrence of

non-inbred pigs from inbred dams and inbred pigs from non-

inbred dams.
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3. In the Berkshire herd, negative significant effects of inbreeding

of litter were found for all litter measures except total number

born and average pig birth weight which was negative but non-

significant. In Yorkshires, there were negative significant

effects of inbreeding of litter for number at weaning, percent

survival and average birth weight per pig. No statistically sig-

nificant effect was found for any of the traits due to inbreeding

of litter from Composite dams.

4. The regression coefficients of inbreeding of the dam's dam on

litter traits indicated no permanent environmental influence of

an inbred dam on her purebred daughter's maternal perform-

ance.

5. Inbreeding of the sire of litters had a positive significant effect

on average pig birth weight in the Berkshire herd. Negative

significant effects of inbreeding of sire on all litter size mea-

sures except percent survival were found in the Yorkshire herd.

A significant negative effect on average pig weaning weight was

found in the Composites. It thus appears that a general cata-

gorizing statement of effect in inbreeding of sire cannot be

made.

6. Heterosis expressed in crossbred dams showed more superior-

ity than heterosis expressed in crossbred litters from purebred

dams for litter performance traits.
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7. Comparison of performacne of purebred and crossbred litters

from purebred dams when compared to purebred litters with

various degrees of inbreeding of dam shows that heterosis was

greatest for number born alive and number weaned; heterosis

for total number born tended to be low or negative except when

inbreeding of dam was above 10% in Berkshires and above 15%

in Yorkshires. Crossbreeding tended to affect percent survival

positively in Berkshires and negatively in Yorkshires. Average

pig birth weight tended to be lowly negatively affected by cross-

breeding in both breeds. Average pig weaning weight tended to

be substantially positively affected by crossbreeding in Berk-

shires and positively but not so highly affected in Yorkshires.
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