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Responses to 14 Generations of Selection for
Components of Litter Size

Rodger Johnsoh tion of this procedure in industry breed- population with 50 percent of genes
ing programs. Because of undesirable from each breed. Random mating was
genetic relationships between ovula- practiced for two generations to reduce

Summary and Implications tion rate and the number of stillborn linkage relationships created in the F
and mummified pigs and decreasedcross. Then select (Line I) and control

Eleven generations of selection birth weight with increased litter size, (Line C) lines were formed by ran-

for increased index of ovulation rate 9eneticimprovement programs should domly assigning littermates to lines.
and embryonal survival rate, followed €mphasize live born pigs and perhapsLines were maintained as closed popu-
by three generations of selection for Weight of liveborn pigs in selection lations with generation interval of one

litter size, were practiced. Laparo- Programs. year. _

tomy was used to count corpora lutea Line I was selected 10 generations
and fetuses at 50 days of gestation. Introduction for increased index followed by one
High indexing gilts, approximately 30 _ o generation of random selection (gen-
percent, were farrowed each genera- Reproductive efficiency is one of eration 11) and three generations of

tion. All gilts in these litters were the most important variables in eco- selection for increased number of fully
mated to boars selected from litters of Nomic efficiency of swine enterprises. formed pigs at birth (generations 12-
gilts in the upper 15 percent of the Litter size, the most important repro- 14). The index included number of
distribution for index. Selection from ductive trait, is weighted heavily in corporalutea asameasure of ovulation
generation 12 to 14 was for increased development of maternal lines. rate (OR) and the ratio of fetuses (F) to
number of fully formed pigs. Replace- Economic value of litter size rela- OR (F/OR) at 50 days of gestation. The
ment boars and gilts were selected tive to other traits will likely increase index was constructed to make maxi-
from the largest 25 percent of the inthe future due to decreasing empha-mum expected change in litter size.
litters. Total response in the selected Sis on leanness as a result of successfurhe index used from generations 0 to
line compared to the control was ap- 9enetic selection for decreased backfat.5 was | = 10.6 x OR + 72.6 x F/OR.
proximately 6.7 ova, 3.9 fetuses, 3 Swine breeders must have reliable in-Because of the increase in OR during
fully formed pigs, and 1.4 live pigs (P formation on genetic parameters for the first five generations, the index
< .01) at birth. Ovulation rate and litter size and its components to de- was changed to place more emphasis
number of fetuses had positive geneticvelop optimum breeding strategies. on embryonal survival rate. The index
correlations with number of stillborn Correlated responses expected in pigused from generations 6 to 10 was
and mummified pigs, which increased Weights, survival and litter weaning 1, = 9.9 x OR + 148.6 x F/OR.

with selection for the index. Approxi- Weights from continued selection for Laparotomy was performed at 50
mately 77 percent of the increase in increased litter size and its compo- days of gestation in all pregnant Line
fetuses was represented by a pig atnents must be known. | gilts (n=1,618) and a random sample
birth, and 36 percent of the increase In 1981, an experiment began to of one-half of Line C gilts(n = 269).
was a live pig. Average pig birth weight select for increased index of ovulation Uteri and ovaries were exposed and
declined as litter size increased. Smaller fate and embryonal survival at 50 daysnumber of corpora lutea and fetuses
pigs, and the higher rate of inbreeding Of gestation. After 10 generations, in- were counted. The index was calcu-
in the select line, may have contrib- dex selection was discontinued andlated and the highest ranking Line |
uted to greater fetal losses in late selection for increased litter size was gilts (45 to 55 per generation) were
gestation, greater number of stillborn Practiced. This report presents resultsselected. The remainder were culled
pigs and lower preweaning viability in Of 14 generations of selection. Re- before parturition. The number of lit-
the select line. Phenotypic variation SPonses in litter size and its compo- ters during generations O to 10 was 43
in litter size and its component traits is nent traits litter birth WeightS, and to53inLinel, and 36 to 44 in Line C.

high. Heritabilities were between 10 litter weaning traits are presented. Two sons of each of the 15 Line |
and 25 percent; sufficient genetic varia- dams with greatest index values were
tion exists to increase litter size with Methods selected. One boar from each litter and
selection. Response in total born per _ two from the five highest indexing
litter was approximately 15 percent The population was a composite dams were used as breeders; the re-

greater than response predicted from Of the Large White and Landrace breeds.maining boars were alternates and used
direct litter size selection. This is prob- Boars and gilts of each breed were only if primary boars died or failed to
ably not enough to justify implementa- reciprocally crossed in 1979 to make abreed.
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Approximately 30 boars and 55 Table 1. Difference in realized cumulative selection differentials between Lines | and’C

gilts in Line C were selected. Of the 55 Gen | OR F ES
gilts, one gilt was selected randomly

: - 1 12.7 1.1 1.13 0.01
from every litter and one additional 2 33.7 3.15 247 0.00
gilt was selected from randomly cho- 3 50.8 4.97 3.37 -0.02
sen litters. Two boars were selected g gé-g g-gz 2-28 ggé
from.each paternal half-5|b family (15 6 1155 1052 772 001
families per generation); one was des- 7 130.0 12.29 9.36 0.00
ignated as a breeder, the other an alter- 8 150.5 14.05 11.07 0.02
nate. 9 182.3 17.15 12.43 0.02
. . 10 217.1 21.75 13.44 0.00
Index selection was terminated after 11 5579 2551 14.73 0.02

10 generations, but generation 10 Line
| gilts that farrowed were a selected
sample. A random sample of their
progeny, the generation 11 gilts, was selections were made. Selected pigsthese values. Number of fully formed
selected, mated and farrowed to esti-were moved to naturally ventilated pigs, number of live pigs, number of
mate selection response in litter size buildings with 10 pigs per pen. Boars stillborn pigs, number of mummified
in unselected gilts in which laparo- and gilts were in separate buildings. pigs and weight of all fully formed pigs
tomy had not been performed. How- Estrus detection in gilts began on were recorded at birth. Nurse dam was
ever, because their sires were selectedhe day the oldest pig in each penrecorded for all pigs transferred to
on the index, the total index selection reached 130 days of age. After express-another litter. Each pig was weighed
applied was calculated through gen- ing their pubertal estrus and the subse-when weaned.
eration 11. There were 60 Line | litters quent estrus, they were moved to a Traits included in the analyses
in generation 11. breeding building. The objective was were OR, F, F/OR, total born per litter
Selection during generations 12- to mate gilts at their third or later (TB),numberbornalive perlitter (NBA),
14 in Line | was based on number of estrus. Gilts averaged approximately number of stillborn pigs (SB), number
fully formed pigs in the litter in which 250 days of age when mated. Someof mummified pigs (MUM), total weight
pigs were born. Two boars, a primary gilts were mated at their second estrusof fully formed pigs at birth (LBW),
breeder and an alternate, were selecte@nd, in a few cases, at their pubertalnumber of pigs weaned (NW) and total
from each of the 15 largest litters. All estrus. Atotal of 2,510 gilts were mated weight of pigs weaned by each sow
gilts from the largest litters were se- and became pregnant during the ex-(LWW). All records were considered a
lected until the desired number was periment, 33 were mated at their pu- trait of the gilt.
attained. Number of litters in Line | bertal estrus and 58 at their second
was increased at generation 13. Thereestrus. Gilts were mated each day theyData analyses
were 47, 79 and 97 Line | litters by were in estrus. They were in stalls
generations 12, 13, and 14 dams, re-during gestation. Appropriate statistical procedures
spectively. These dams were selected  Standard corn- or milo-soybean were used to estimate genetic param-
from 15, 22 and 28 litters, respec- meal diets, balanced to meet nutrienteters and responses in each trait. The

8Gen = generation, | = Index, OR = number of corpora lutea, F = number of fetuses, and ES = embryonal
survival rate.

tively. requirements for age and production analyses performed produced estimated
status of pig, were used. Pigs werebreeding values for each animal, using
Management of pigs provided ad libitum access to feed un- all pedigree information. Mean breed-

til they were approximately 180 days ing values were calculated for each
of age (qgilts) or 160 days of age (boars),line and plotted to illustrate selection

after which they were given approxi- responses. Responses in both Line |
mately 5 Ib feed per day until mating. and C were estimated with regressions
Gilts were given 4.6 Ib of feed per day of breeding values on generation and
during the gestation period, except by contrasts among breeding values
during the last 14 days when the amountfor specific generations.

was increased to 5.5 Ib. Sows had ad

libitum access to feed during lactation. Results

Pigs were transferred among lit-
ters both within and across lines within
two days of birth. The objective was to
give each sow between eight and 11
pigs to nurse, which was accomplished
for 73 percent of litters; 12 percent of
the sows had fewer than eight pigs
after transfer, 15 percent had more
than 11.

Pigs were weaned at 28 days ofage__ . : . . .
through generation 12 and approxi- Traits measured Cumulative selection differentials

mately 12 days of age for generations The traits measured at 50 days Offor Index and for component traits are

. . in Table 1. Relative to Line C, total
13 and 14. Pigs were moved to nurserygestation were number of corpora lutea . P
. selection applied in Line | accumu-
rooms at weaning where they stayed toand number of fetuses. Embryonal sur-
approximately 56 days of age when vival and index were calculated from (Continued on next page)
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lated to 257.9 Index points, 25.5 ovu- Table 2. Means for traits” at 50 days gestatiotr)l
lations, 14.7 fetuses at 50 days gesta- N OR F ES
tion, and -.02 embryonal survival rate. 5,

[ C [ C [ C [ C
Number of observations and phe-
. for traits at 50 davs of ° 128 13.98 10.81 0.79

notyplg means for y 1 127 23 1431  13.04 1115 957 0.79 0.74
gestation are in Table 2. The differ- 2 132 24 15.11  14.32 1085 1096 0.73 0.78
ence between Lines | and C at genera- 3 148 23 15.76 14.35 11.56 10.48 0.74 0.74
tion 10 was 6.7 OR, 3.3 Fand -.04 ES. 4 150 21 1595  13.24 1149 952 0.73 0.73
M timated breedi | 5 127 43 17.02  14.02  11.89 1091 0.71 0.78
ean estimated breeding vaiues are 4 164 22 1798  13.09 1270 9.91 073 084
plotted in Figure 1. Estimated genetic 7 169 24 1887 1446 1303 1129 073  0.79
responses in Line | relative to Line C 8 155 22 21.23 14.41 13.08 9.73 0.67 0.69
averaged .67 OR (P<.01), .35 F (P<.01) 9 156 19 2070 13.00  12.99 10.00 0.67 0.79
10 162 48 20.46  13.77  13.64 10.33 0.72 0.76

and -.008 ES (P<.05) per generation.
Expected responses based on base geﬁN =number of gilts, OR = number of corpora lutea, F = number of fetuses, ES = embryonal survival rate,

eration parameter estimates were anl)z Index select line, and C = control line.
P Laparotomy not done on base generation Line C gilts.

increase in ovulation rate and a slight
decline in embryonal survival rate,
which was expected to maximize the pigs. There was a reduction in numbermified pigs and litter birth weight.
response in litter size. The observedof mummified pigs in both lines dur- Multiplying these values by 14 genera-
results at 50 days gestation agreed welling generations 11 to 14 when laparo-tions of selection produces predicted
with expected responses. tomy was not practiced. genetic responses of 2.95 fully formed
Number of litters and phenotypic Genetic response in Line I relative and 1.4 live pigs. Mean differences
means for birth and weaning traits areto Line C over all generations aver- during generations 12 to 14 were some-
in Table 3. The estimated genetic dif- aged an increase of .2 .04 fully = what greater than these values, aver-
ference between Line | and C at gen-formed pig, .18 .04 live pig, .12 .03  aging 4.1 total and 2.1 live pigs per
eration 10 was 3.1 pigs. However, the stillborn pig, .03+ .02 mummified pig litter.
difference in number born live was 1.6 and .2+ .13 Ib litter birth weight per Mean number of pigs weaned and
pigs. The differences in generation 11, generation (Figures 2 and 3). Responseditter weaning weight are in Table 4.
which represented total index selec- were significant except those in mum- Means are adjusted for number after
tion applied and a random sample of
gilts selected to farrow, were 1.3 fully
formed pigs and .4 pigs born live.

Litter birth weight tended to be greater —a— Line |, OR Lo -1 0.03
for Line I; however, the difference LT neC.OR 2
between lines did not increase signifi- 51 |- =- Linec,F o 10.02
cantly with generations. ” T henEs e

Number of stillborn and mummi- & 41 ' L. 10.01
fied pigs per litter were greater in Line @ U *” °
| than Line C each generation during S ,4---e""" 0o S
index selection. The differences were £ g
1.51 stillborn and .83 mummified pigs © g
at generation 10 and .93 stillborn and % 2 001%
.53 mummified pigs at generation 11. & S
Part of the increase in number of mum- g 1 -0.022
mified pigs was due to the laparotomy £ w
procedure. The effect of laparotomy 2 N 1003
was estimated to be a reduction of .97 B . e I L o e N
+ .26 fully formed pigs, .8% .26 pigs B SR N
born live, and increase of .44 .12 1T Low - r o004
mummified pigs. The difference in
this effect on fully formed and mum- -2 + + —- + 4 + 4 + + -0.05
mified pigs is due to fetal deaths occur- 0 1 2 3 4 5 6 7 8 9 10
ring after 50 days gestation and not Generation
detected as a mummified pig at birth. Figure 1. Mean estimated breeding value plotted against generation (genetic trend) for ovulation
The laparotomy procedure did not sig- rate (OR), number of fetuses at 50 days gestation (F), and embryonal survival to 50 days
nificantly affect number of stillborn gestation (ES).
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Table 3. Mean number of fully formed (FF), live (NBA), stillborn (SB), and mummified (MUM) pigs, and weight of FF pigs at birth (LBW?

No litters FF NBA SB MUM LBW, Ib
Gen | C | C | C | C | C | C
-1 42 41 10.3 9.5 9.9 9.3 0.43 0.22 0.17 0.05 29.7 28.6
0 43 41 11.0 10.4 105 10.2 0.49 0.20 0.56 0.24 30.8 28.8
1 43 40 10.8 9.1 10.3 8.8 0.56 0.25 0.95 0.38 20.4 24.2
2 44 42 10.5 9.3 9.7 8.9 0.75 0.41 1.34 0.67 27.1 25.1
3 44 42 10.6 8.3 9.3 8.0 1.23 0.34 1.86 1.17 26.2 22.4
4 44 43 10.7 8.9 9.0 8.6 1.75 0.30 1.20 0.61 27.5 24.6
5 48 43 11.6 9.2 9.8 8.2 1.79 1.00 1.56 121 27.5 24.4
6 44 44 11.7 9.8 10.1 9.1 1.57 0.70 2.57 0.31 29.5 29.3
7 45 41 11.6 10.0 10.4 9.2 1.20 0.78 1.76 0.63 26.2 27.5
8 51 42 11.2 8.1 9.2 7.6 2.04 0.53 1.65 0.50 251 21.6
9 a7 36 11.8 9.3 10.2 8.6 1.62 0.76 1.55 0.21 24.9 25.1
10 53 39 12.6 9.5 10.7 9.2 1.87 0.36 1.19 0.36 26.6 24.0
11 60 47 11.2 9.4 9.6 9.2 1.65 0.72 0.70 0.17 26.4 25.1
12 a7 41 13.8 9.8 115 9.0 2.30 0.80 0.60 0.46 315 25.1
13 79 47 13.3 8.8 10.4 8.5 2.90 0.30 0.49 0.17 30.1 23.3
14 97 43 13.4 9.7 114 9.3 2.05 0.37 0.47 0.30 29.7 24.6

a . . . .
Gen = generation, | = index select line, C = control line.

crossfostering and weaning age. Recordsvas a tendency for Line | sows to weannumber of fetuses, number of fully
for sows whose pigs were all fostered fewer pigs with less weight at weaning formed pigs, number of live pigs and
to other sows were not included. Sowsthan Line C sows. Average response innumber of stillborn pigs were from .16
given pigs to nurse and all pigs subse-Line | relative to Line C was -.05.02
guently died were given a value of zero (P < .05) pigs weaned and 4442 Ib
for both traits. Another line farrowed litter weight per generation (Figure 4). somewhat greater than most values

contemporary to these lines and foster-

to .18. Heritability of number of mum-
mified pigs was .12. All values are

Estimates of genetic parametersfound in the literature, which for these

ing was practiced across all three lines.are in Table 5. Heritabilities ranged traits are mostly in the range of .05 to
Thus, number nursed was less thanfrom .08 for number weaned to .32 for .15.
number of live pigs for Line I. There litter birth weight. Heritabilities of

Number of pigs per litter

3.75 1

—a— Line |, FF
- a=- LineC,FF
3.25 4 |=—=— Linel,NBA
- a- LineC,NBA
—e— Linel, LBW
275+ |- *- LineC,LBW

225¢
1.75¢
1.25¢
0.75¢

0.254

005l Rz EC s

-0.75 e

- ~‘_--A--|LO

-1

-1 0 1 2 3

5 6 7 8 9 10 11 12
Generation

M
+

13 14

Total litter birth weight, Ib

Ovulation rate was negatively cor-
related with embryonal survival but
positively correlated with number of
fetuses, number of fully formed pigs,
number of stillborn pigs and number
of mummified pigs. It was not corre-
lated with number of live pigs, but was
negatively correlated with number
weaned. Embryonal survival was posi-
tively correlated with number born but
was not correlated with other traits.
Number of fetuses was positively cor-
related with total born and live pigs at
birth. Number of stillborn pigs also
was positively correlated with number
of fetuses.

Discussion

The selection index was designed
to maximize litter size response. This
result probably was achieved for num-
ber of fetuses at 50 days gestation, but
response in litter size at birth was less.
The response in number of fetuses was

Figure 2. Mean estimated breeding value plotted against generation (genetic trend) for number of .35 per generation, apprOX|mater 30
fully formed pigs (FF), number of live pigs (NBA), and weight of fully formed pigs (LBW)

at birth.

(Continued on next page)
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Table 4. Mean number weaned per litter and, total weight of litter weaned, adjusted for number All expressions of litter size,

after crossfostering and weaning age including number of stillborn and
Number weaned per litter Litter weaning weight, Ib mummified pigs, had greater herita-

Gen Linel Line C Line Line C bilities than most values in the litera-
1 8.2 8.4 124.7 132.0 turg. G'rea.ter genetlg variation for these
0 9.4 9.2 132.0 1285 traits in thls populatlon. may be.due to
1 8.1 7.6 111.1 108.5 the selection response in ovulation rate.
g g-g S-i ﬂ;; Eig As ovulation rate increased, uterine
2 8.2 82 116.2 114.8 papacﬁy pecame the I|m|t|ng vana'ble
5 8.3 8.3 119.7 114.4 in litter size. Measures of litter size
6 8.6 8.9 115.5 121.0 are, then, measures of effects of uter-
; g-g Z-g 122? ﬁg-g ine capacity on fetal survival rate, es-
9 81 85 103.6 113.3 pemally those in late ggstatlop. Selgct-
10 8.5 8.9 105.2 115.7 ing on component traits of litter size
11 8.1 8.3 111.1 107.1 probably would have been more effec-
ig g-g g'(z) géi gg-é tive if ovulation rate and a measure of

12 8.6 9.6 581 66.0 uterine capacity to term were used.

Two other important findings in
this study are the correlated responses
of increased number of stillborn pigs

percent greater than expected responsexperiment verifies those results. In- and decreased number weaned in Line
for selection directly on number of creased number of mummified pigs |- Increased incidence of stillborn pigs
fetuses. However, the response innum-and losses of fetuses after 50 daysS€ems partly related to birth weight.
ber born per litter was .21 pig per gestation occurred in Line I. The losses Averaged over generations, birth weight
generation, approximately 15 percentwere greater in sows carrying larger Of live pigs averaged 2.46 Ib in Line |
greater than response expected fromnumbers of fetuses. Genetic improve-and 2.73 Ib in Line C. Average birth
direct selection for litter size, but only ment in uterine capacity after 50 days Weight of stillborn pigs was less than
60 percent of the observed response inof gestation did not keep pace with the Weight of live pigs in both Line I and C
number of fetuses. increase in number of fetuses and late(-51 and .42 Ib, respectively). This
When the experimentwas designed,gestation losses increased. difference between live and stillborn
we believed most embryonal/fetal loss
had occurred by 50 days gestation and
that number of fetuses and litter size
were highly correlated. Since then, 18

a, . . . . . .
Gen = generation, Line | = index select line, Line C = control line.

—a— Line |, SB

researchers at the US Meat Animal - a- LineC,SB
T|—s=— Line I, MUM
- &=~ Line C, MUM

Research Center reported significant
fetal loss occurs late in gestation. This

Table 5. Heritabilities and genetic correlations

Genetic correlation

Number of stillborn or mummified pigs at birth

Trait Heritability ~ OR F ES

OR 0.24

F 0.18 0.44

ES 0.14 -0.86 0.47 0.14

FF 0.16 0.24 0.85 0.36

NBA 0.17 -0.02 0.61 0.36

SB 0.17 0.34 0.67 -0.01

MUM 0.12 0.27 0.17 0.00

LBW 0.32 -0.10 0.47 0.24

NW 0.08 -0.37  -0.18 0.07

Lww 0.25 -0.18 0.12 0.16

#0R = number of corpora lutea, F = number of -0.4 4 + + + + + + + + et + + + + i
fetuses, ES = embryonal survival, FF = total number 1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
of pigs born per litter, NBA = number born alive, SB Generation

= number of stillborn pigs, MUM = number of __ . . . . .
mummified pigs, LBW = litter birth weight, NW = Figure 3. Mean estimated breeding value plotted against generation (genetic trend) for number of

number weaned, and LWW = litter weaning weight. stillborn (SB) and mummified pigs (MUM) per litter.

1998 Nebraska Swine Report — Page 16



02T T25
1-2
01l
1.5
T
£ 0}l {1
g o
o -
3 05 <
2 o1f 1 5
) =
A j0 2
2 -0.2 5
= 4 05 2
o} [
Q =
E 03 1 =
pd -
—ar— |Line |, NW
- a- LineC,NW 15
-0.4 —a— Linel, LWW
- - LineC,LWW 2
-0.5 2.5

-1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Generation

Figure 4. Mean estimated breeding value plotted against generation (genetic trend) for number of
pigs weaned (NW) and 28-day litter weaning weight (LWW).

pigs remained consistent throughoutinvolved in the increase in stillborn
the experiment. Average birth weight pigs.

decreased in Line | with selection for Decreased weight of live pigs might
increased litter size. Therefore, there have contributed to greater prewean-
were more small pigs and more of ing mortality in Line I. Although
them were stillborn. Other factors, such crossfostering was practiced, Line |
as length of parturition, which may be sows frequently nursed only Line |
longer in large litters, also may be pigs. If birthweight was related to vi-

™

ability, more deaths of Line | pigs were
expected. Survival rate from birth to
weaning was analyzed, including the
genetic effect of the pig and of its nurse
dam. Direct heritability, that due to
genes of the pig, was 3 percent, whereas
maternal heritability, that due to genes
of the nurse dam, was 7 percent. The
trend in breeding values was negative
for both components in Line I. The
combination of decreased genetic trend
in both direct and maternal effects on
pig survival caused the significant nega-
tive trend in number weaned. Selec-
tion did not significantly affect mater-
nal effects on milk production as mea-
sured by litter weaning weight.

Inbreeding increased in both lines
during the experiment, but it increased
more in Line I. Mean inbreeding in
generation 14 was .18 (range from .15
to .26) in Line | and .12 (range from
.09 to .17) in Line C. Increased in-
breeding of both dam and pig are known
to decrease pig viability. Therefore,
the decrease in pig survival to weaning
and decrease in number weaned in
Line | were likely related to both de-
creased birth weight and to increased
inbreeding.

1Rodger Johnsonis a professor inthe Animal
Science Department.
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