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SUMMARY
The Nebraska Large White-Landrace synthetic has undergone index selection
for litter size since the initiation of the lines in 1981.
Selection for litter
s iz e was done using an index of ovulation rate and embryo/fetal survival to 50 d
of gestation.
In the litter size index (LSI) line, ovula t i o n rate and
embryo/fetal survival were measured by laparotomy at 50 d of gestation on all
females mated from each generation. The AO highest indexing of approximately 150
females were selected and farrowed. Males were selected from the 15 highest
indexing dams and mated to gilts to produce the next generation. The control
(CLw) line was maintained with random selection of one male per half-sib family
and one female per full-sib family. Line size was maintained at AO litters by 15
males in each line.
Inbreeding levels are currently A.A6% in the LSI line and
2.71% in the CLw line.
T r a i t s m e a s u r e d i n c l u d e d o v u l a t i o n rate (OR),
embryo/fetal survival (ES), number of fetuses at 50 d of gestation (FETS), fetal
loss from 50 d of gestation to parturition (LOSS), total number of fully formed
piglets born (TNB), and number of mummified piglets (MUMM).
Heritability
estimates obtained by parent-offspring regressions on A29 pairs were: OR (.10 ±
.09), FETS (.32 + .1A), ES (.13 + .11) and LOSS (.A2 + .20).
Heritability
estimated for TNB (.22 ± .10) was based on 537 parent-offspring pairs. Genetic
correlations were also calculated using parent-offspring regression. OR was
p ositively correlated with FETS (.21 + .A2) and with TNB (.03 + .AA), however,
negatively correlated with ES (-.30 + .53) and LOSS (-.08 _+ .A5).
FETS was
positively correlated with TNB (.18 +_ .31) and highly positively correlated with
ES (.83 ± .13).
Expected response to selection for a lternative selection
strategies is presented.

INTRODUCTION
Selection for the components of litter size may be a viable alternative to
direct selection as a way of increasing reproductive output. The two main
components of litter size are the number of eggs ovulated and the percentage of
these eggs resulting in live offspring at birth. Johnson e t a l . (198A) stated
that ovul a t i o n rate responded to selection, but selection for ovul a t i o n rate
resulted in lower embryo survival rates. This suggests that selection pressure
must be on embryo and fetal survival, or on both o v u l a t i o n rate and embryo
survival, to improve litter size at birth. These findings prompted the deriva
tion of an index for litter size selection which incorporated the two component
traits ovulation rate and embryo/fetal survival (I = 10.6 OR + 72.6 ES), and the
initiation of the current selection experiment.
The objective of the experiment
is to determine the effectiveness of index selection for components of litter
size by determination of ovulation rate and number of fetuses at 50 d of gesta
tion by laparotomy.
Laparotomy was performed in the litter size index (LSI) line on approxi
mately 1A0 females per generation to count the number of corpora lutea and number
of fetuses.
The A0 top ranking individuals on index were selected and farrowed.
The remaining females were marketed at approximately 30 d post-surgery. Replace
ment breeders were selected at weaning. Boars were selected from the 15 high
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indexing dams and mated to approximately 160 selected gilts providing the females
for the next generation of selection. The control (CLw) line produced 40 litters
per generation from which boars were randomly selected (one from each half-sib
family) and 55 gilts were randomly selected (one or more per litter). Laparotomy
was performed on a sample of the CLw gilts at 50 d of gestation each generation
to provide a control for the laparotomy procedure.
Laparotomy is a surgical procedure in which the reproductive tract is
exposed by a midventral incision through the abdominal wall. Ovaries and uterus
are externalized for counting the number of corpora lutea on the ovaries (OR) and
palpation of the uterus to count the number of fetuses (FETS) contained in both
uterine horns. The ratio of FETS and OR is therefore embryo survival (ES). For
further discussion, see Sasaki (1984).
Data collected at parturition included TNB (no. of fully formed piglets),
MUMM (no. of mummified piglets), and LOSS (fetal loss after 50 d of gestation =
FETS - TNB - MUMM).
Derivation of the current selection index (I = 10.6 OR + 72.6 ES) is
discussed extensively by Johnson et a U (1984). Estimates of parameters for the
current index (table 1) were obtained from literature, by indirect methods, and
from the selection experiment for ovulation rate in the Nebraska Gene Pool popu
lation.
Selection employing this index attempts to increase FETS and increases
in number b o m will occur if FETS is highly positively correlated with TNB.

Table 1.
Component
Trait
OR
ES

Parameter Estimates for Construction of the Current Selection Index.
Mean

Phenotypic
Variance

Genetic
Variance

Heritability

14.0

6.76

3.04

.45

.73

.035

.0053

Correlations
Phenotypic Genetic
-.42

-.75

.15

Parameter Estimation
Parent-offspring regression on 429 pairs was used to obtain estimates of
heritability and genetic correlations (table 2). Heritability estimates were as
follows: OR (.10 + .09), FETS (.32 + .14). ES (.13 + .11), and LOSS
(.42 + .20).
Litter-data from a l l lines, 537 parent-offspring pairs, was used to estimate
heritability of TNB (.22 + .10). Land and Falconer (1969) reported heritability
of ovulation rate in mice to be .31, which is somewhat larger than the estimate
from these data. However, Bradford (1969) calculated a realized heritability of
o vulation rate in mice of .10. Heritability of litter size has wid e l y been
reported as .10 (Bichard 1985) which is lower than the estimate from these data.
Since only females selected, based on index ranking, were farrowed, their progeny
or the TNB of the selected females represent a selected sample. Therefore, both
parent and offspring were selected for TNB which biases the parent-offspring
estimate. This bias may explain differences between the estimates for TNB.
Litter records from a third line in which selection was for size of testes at 150
d of age were combined with those of lines LSI and CLw in an attempt to lessen
the bias.
Only high indexing dams were farrowed. Thus records on dams for OR, ES, and
FETS were also selected records; however, these traits were measured on all
daughters and thus the heritability was not expected to be biased by selection.
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Estimates of heritabillty of OR and ES of .45 and .15, respectively, were used in
the construction of the original index. The value for ES agrees rather well with
the estimate of .13 ± .11 obtained from these data, however the estimate obtained
here for heritabillty of OR of .10 ± .09 is much lower than the value of .45 used
in constructing the index.

Table 2.

Component
Traits0

Estimates of Heritabilities, Genetic Correlations, and Standard Errors
for Component Traits8®.
Heritability
Estimates

OR

.10 + .09

FETS

.32 ± .14

TNB

.22 + .10

ES

.13 + .11

LOSS

.42 ± .20

FETS
.21 ± .42

Genetic Correlations
ES
TNB

LOSS

.03 + .44

-.30 + .53

-.076 + .449

.18 ± .31

.83 ± .13

-.043 + .325

.28 ± .40

-.42 3 + .273
.001 ± .435
.

.

.

a corrected for Year and Line, estimated from parent-offspring regression.
® approximate standard errors from methods described by Falconer (1981).
0 OR = no. of corpora lutea at 50 d of gestation (both ovaries),
FETS a no. of fetuses palpated at 50 d of gestation,
TNB = total no. of fully formed piglets born,
ES = percentage embryo/fetal survival,
MUMM = no. of mummified piglets/litter at birth,
LOSS = FETS - TNB - MUMM.
Genetic correlations between traits measured at 50 d and traits measured at
parturition were calculated from the regression of the daughter’s record at 50 d
of gestation on TNB of the dam and all were quite low.
OR, ES and FETS were
s l i g h t l y p o s i t i v e l y correlated with TNB (.03 ± .44, .28 ± .40, and .18 ± .31,
respectively).
These correlations indicate that traits measured at 50 d of
gestation are not accurate predictors of genetic merit for TNB.
These low
correlations do not support the assumption made concerning selection on the index
where a high positive correlation was assumed between FETS and TNB. OR was
negatively correlated with ES (-.30 ± .53).
This genetic correlation was lower
than the negative genetic correlation of -.75 between OR and ES assumed in the
original index.
Revised Index Construction
Based on the parameter estimates obtained (table 3) an optimum linear index
was derived as described by Smith (1967) and Johnson et a l . (1984). Compared to
the original index, the revised index (I = 5.9 OR + 135.8 ES) reduces the
emphasis on OR by half and doubles the emphasis on ES. Reduced emphasis on OR in
the index is a result of the lower observed negative genetic correlation between
OR and ES and the lower estimate of the heritability of OR. Coefficients for
each trait in the original and the revised index were adjusted to give the index
a variance of 625.
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Table 3.

Parameter Eatimates for Construction of Revised Index and
Calculating Expected Response to Selection.

Component
Trait

Mean3

OR

15.05

8.95

0.92

.103

ES

0.75

0.033

0.0044

.133

11.14

7.40

2.39

.323

9.99

7.47

1.67

.224

FETS
TNB

Phenotypic3
Variance

Genetic
Variance

Heritability

Correlations of
OR with ES
Phenotypic Genetic
-.34

-.30

pooled estimates across Years and Lines

Predicted Selection Response for Alternative Methods
Several selection strategies were evaluated for potential response in
fetuses at 50 d and litter size (table 4). The selection methods evaluated were
selection on TNB, selection on FETS, selection on the present index assuming new
parameters, and selection on new index assuming new parameters.
Response in
fetuses per generation was higher for selection on FETS alone (.650) than either
the present index (.201) or the revised index (.282). Selecting for TNB only had
a selection response per generation in TNB of .30 pigs which was highest in
predicted response of all methods evaluated.
This resulted from the high esti
mate of heritability of TNB (.22 + .10) from these data which may be biased
upward.
Expected response per generation in TNB when selecting for FETS was .066
pigs.
Response expected per generation in FETS was higher for selecting on the
revised index of OR and ES (.282 fetuses) than on the present index (.201
fetuses). The predicted response in improving TNB per generation was small for
the revised index (.004 pigs) and even smaller for the present index (.002 pigs).
The minimal response is due to the low estimates of genetic correlation between
traits measured at 50 d and traits measured at parturition.
Measuring females
nearer parturition w ou l d probably provide a better genetic predictor of the
number of fully formed piglets at farrowing.

Table 4.

Expected Response to Selection for Alternative Methods

Selection
Method
TNB

Selection Intensity
Males
Females

Genetic Change
fetuses/gen
pigs/gen

.991

.991

FETS

1.738

1.225

.650

.066

Present Index

1.738

1.225

.201

.002

Revised Index

1.738

1.225

.282

.004

.303
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GENERAL DISCUSSION
The largest portion of embryo/fetal loss is thought to occur early in
gestation (before 50 d). Rathnasabapathy £t a 1. (1956) estimated the fetal loss
between 55 d and term to be only 2%. Thus, the number of fetuses present in the
uterus at 50 d was expected to be an accurate approximation of TNB at
parturition. The surgical procedure may have been causing larger than normal
proportions of mummified piglets.
This wou l d tend to lower the correlation
between FETS and TNB since TNB only includes number of fully formed piglets at
parturition.
Therefore, TNB was combined with number of mummified piglets (TNBM)
to estimate genetic correlations of traits at 50 d with TNBM.
Genetic
correlations of OR, ES, and FETS with TNBM were .09 _+ .44, .44 *_ .35, and .32 _+
.29, respectively, compared to the same correlations with TNB of .03
.44, .28 +_
.40, and .18 ± .31. Correlations with TNBM were approximately double those with
TNB indicating surgery, by causing an increased incidence of mummies, could be
biasing downward estimates of genetic correlations.
In addition, predicted
response calculated for selection where surgery is performed would be underesti
mating true response.
Selection for components may require that traits be
measured later in gestation to realize higher correlation of traits measured
during gestation with traits measured at parturition.

CONCLUSIONS
Preliminary evaluation of the current index selection experiment for the
components of litter size, ovulation rate and embryo survival, has yielded some
interesting results.
O v u l a t i o n rate was estimated to be much more lowly
heritable than expected from previous estimates, however the estimate agreed well
with some estimates from work with mice. Litter size was estimated to be more
highly heritable than most estimates found in the literature, although, as
discussed previously, may be biased upwards by selection of both daughters and
dams. Genetic correlations between traits measured at 50 d and numbers born were
low.
This may be partially a result of the surgical process causing increased
incidence of mummified piglets. Another factor influencing correlation of traits
measured during gestation and at parturition may be the time during gestation in
which the measurement is taken.
Although, if surgical procedures were causing
increased fetal loss and incidence of mummified piglets, then time of measurement
past 50 d of gestation seems to make little difference. Predicted response in
litter size to selection for the revised index was low but response in number of
fetuses was relatively high. Genetic correlations of traits at 50 d of gestation
with TNBM (includes mummies) were higher than with TNB, indicating surgery may be
biasing downward estimates of genetic correlations as well as predicted response
to selection.
Retaining females for a second parity (no laparotomy) would
provide a means of estimating the possible effect of the surgical procedure as a
cause of mummified piglets and fetal losses.
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