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Summary. Replicated within full-sib family restricted in-
dex selection was conducted for eight generations in mice
for high or low epididymal fat pad weight (EF) holding
body weight (BW) constant. Pooled realized heritability
estimates of index units based on high, low and divergent
selection were 0.42+0.20, 0.44+0.19 and 0.424-0.05, re-
spectively, which were not different from the base popu-
lation estimate of 0.33+0.10. Realized responses per
generation pooled across replicates in the high-fat re-
stricted index lines were in the expected directions for
EF (17.5+7.2mg, P<0.05) and BW (0.03+0.58 g;
P>0.05), but responses in the low-fat restricted index
lines were discrepant for EF (0.3+5.1 mg; P>0.05) and
BW (0.38+0.01 g; P<0.01). Consequently, the realized
responses in component traits were decidedly asymmetric
(P<0.05). A technique for estimating realized genetic
parameters from index selection lines gave realized heri-
tabilities for BW and EF of 0.68 +0.04 and 0.45+0.05,
respectively, and a realized genetic correlation between
BW and EF of 0.93+0.01 compared with base popula-
tion estimates of 0.43+0.08, 0.494-0.10 and 0.78 +0.05,
respectively. Possible explanations for the disparity be-
tween observed and expected responses in the low-fat
restricted index lines include genetic drift, poor estimates
of base population parameters, changes in genetic
parameters with selection, linkage disequilibrium result-
ing from selection and asymmetric realized relative index
weights,

* The research reported in this publication was funded by the
North Carolina Agricultural Research Service (NCARS),
Raleigh, NC 27695-7643, USA. The use of trade names in this
publication does not imply endorsement by the NCARS, nor
criticism of similar ones not mentioned
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Introduction

A primary goal of livestock breeding programs generally
includes simultaneous genetic improvement of multiple
traits. The selection index is recognized as the most effi-
cient method to accomplish this objective (Young 1961).
Often the desired direction of selection for two traits that
are to be improved with the use of an index conflict with
the sign of the genetic correlation between the traits, a
situation known as antagonistic index selection (Rut-
ledge et al. 1973; Nordskog et al. 1974). An example of
two such traits is body fat and body weight or growth
rate. In many countries there is an economic incentive to
select for reduced fat content while at the same time
increasing growth rate. Yet in pigs backfat depth and
growth rate are positively genetically correlated (Biswas
et al. 1966; Stewart and Schinckel 1990), and in poultry
there is a positive genetic correlation between abdominal
fat and body weight (Leenstra and Pit 1988). An
analogous situation exists in mice, which are widely used
as a model for livestock to study complex quantitative
traits (Falconer 1989; Eisen 1989), where there exists a
positive genetic correlation between body weight and
each fat depot (Eisen and Prasetyo 1988).

The objective of the present study was to determine
the efficacy of using a restricted selection index in mice to
select antagonistically for high or low body fat content
with no accompanying change in body weight. These
lines will provide valuable models for studying the genet-
ics of maintenance requirements and the partial efficien-
cies of fat and protein deposition (Eisen 1989). A com-
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panion paper presents the results of a suite of correlated
traits (Eisen 1992).

Materials and methods
Formation of base population

The base population of mice used in this study was formed by
reciprocally crossing two replicate control lines (RC1, RC2) that
were used in a single-trait selection experiment designed to alter
components of body composition (Eisen 1987). The composite
population was randomly mated with approximately 75 sire-
dam pairs per generation for two generations to reduce linkage
disequilibrium prior to initiation of selection.

Selection procedures

Each line was maintained with 15 pair-matings per generation.
Three reserve matings were available from each line in case
replacements were required because of infertility or mortality.
Selection was conducted within full-sib families to minimize
inbreeding and maternal effects. Pair-matings were made at ran-
dom with the avoidance of sib matings. The expected effective
population size in each line was approximately 60.

Weight of the right epididymal fat pad (EF) was used as an
indicator trait of total body fat weight because the two traits are
phenotypically highly correlated. Estimates of phenotypic corre-
lations between EF and body fat excluding EF were 0.86, 0.81,
0.86, 0.90 and 0.96 at 4, 6, 10, 16 and 30 weeks of age, respec-
tively (Eisen and Leatherwood 1978).

Restricted index selection was conducted for high or low
12-week EF while holding 12-week body weight (BW) un-
changed in two replicates for eight consecutive generations.
Replicate high and low index lines are designated HE1, HE2 and
LE1, LE2, respectively, and replicate control lines are referred
to as RS1, RS2. Omission of the replicate number, e.g. HE,
indicates pooling of lines.

The restricted selection index was first developed by
Kempthorne and Nordskog (1959). Extension of the restricted
index to within-family selection does not affect the solution to
the equations for the relative index weights, but it is important
to note that within full-sib family phenotypic and additive genet-
ic variance-covariance matrices were used to obtain solutions.
Estimates of genetic and phenotypic parameters used to calcu-
late index weights are given in Table 1. The restricted selection
index was found to be I=11.93 Py —0.3323 Py, where Pgy, and
Py are phenotypic values for 12-week body weight and epididy-
mal fat pad weight, respectively. The index is defined so that an
increase in index units results in a decrease in EF and vice versa.

Expected response in the vector of component traits in the
index was determined as 4=kG’b/(b'Pb)?, and the heritability
of index units was calculated as h?=b'Gb/b'Pb (Eisen 1977; Lin
and Allaire 1977; Nordskog 1978), where 4=2x1 vector of
responses in BW and EF, k=selection intensity, G and P are
2 x 2 additive genetic and phenotypic variance-covariance ma-
trices, respectively, involving BW and EF, and b’=1 x 2 vector
of weights applied in the index (11.93-0.3323).

In each generation, 60 approximately 9-week-old male-fe-
male pairs in the selected lines and 30 pairs in the controls were
cohabited for 16 days, during which time they were fed ad
libitum Purina Laboratory Chow 5001 (Purina Mills, Rich-
mond, Ind.). Males represented progeny from 15 full-sib fami-
lies, with a mean of four full-brothers per family in selected lines
and two in control lines. Following the period of cohabitation,
males were continued on the same diet and were caged singly
until 12 weeks of age when they were weighed and killed by

Table 1. Estimates of phenotypic and genetic parameters used
to develop the restricted selection index

Trait®  V, A h? t

BW (g) 637  14.82 0.43+0.08° 0.35+0.04

EF (mg) 13,502.44 27,556.00 0.49+0.10 0.28+0.04
Traits CABWAEF CPBWPEF rGBW,EF rPBW,EF tBWYEF
BW,EF 228.75  428.20 0.78+0.05 0.67 0.20

* From data of Eisen and Prasetyo (1988). Heritabilities and
genetic correlations were estimated by son-sire regressions

® BW, 12-week body wt; EF, 12-week epididymal fat pad wt; V,
and V, are additive genetic and phenotypic variances; h?, herita-
bility; t, intraclass correlation between full sibs; C,, A and C,
are additive genetic and phenotypic covariances, respectively;
Tomw.er a0 oy, o are genetic and phenotypic correlations, re-
spectively; tgy g is covariance of full-sibs divided by the geo-
metric mean of the phenotypic variances

¢ Standard errors

cervical dislocation. The right epididymal fat pad was dissected
and weighed. Based on the selection criterion within each line,
one male was selected within each of the 15 full-sib families. If
a selected male could not be used because of infertility, litter
mortality or insufficient male progeny, then a reserve male was
selected.

Females were fed ad libitum Purina Mouse Chow 5015 from
the time they were separated from their mate until their litter
was weaned. Litters were standardized randomly within gender
to ten pups at 1 day of age, attempting to obtain an equal sex
ratio. Foster pups in augmented litters were identified by clip-
ping their tail and were discarded at weaning.

Statistical analysis

Primary selection differentials for index units and secondary
selection differentials for BW and EF were calculated as the
mean of the deviation of each selected male from its full-sib
family mean and then halved because it was assumed that selec-
tion was applied to male parents only. Preliminary analysis
indicated that unweighted selection differentials did not differ
from selection differentials weighted by the number of progeny
of each male measured for the selected traits in the next genera-
tion, so that only the former was used. Realized index weights
were calculated using the procedure described by Dickerson
et al. (1954) modified by using the within full-sib family pheno-
typic variance-covariance matrix.

Direct and correlated responses were estimated as the re-
gressions of selected line means, deviated from control line
means each generation to account for environmental effects, on
generation number. Realized heritabilities of index units were
estimated as the regressions of generation mean responses on
cumulative selection differentials. Responses and realized heri-
tabilities also were based on divergence between high and low
index lines (HE-LE) (Falconer 1989). Tests of asymmetry of
responses were based on the contrast HE+LE-2RS. Hill
(1972a, b) has shown that the least-squares estimates of realized
heritabilities and responses are unbiased, but that the least-
squares standard errors are biased downward. Therefore, empir-
ical standard errors were estimated from the variation between
replicates.

Because the realized heritability of index units (h3) was
based on within full-sib family selection, individual heritability



of index units was calculated as h?=h3 (1-t)/(1-r), where
t=estimated intraclass correlation among full-sibs for index
units and r= Y, = Wright’s relationship coefficient between full-
sibs. The estimate of t for index units was 0.28 £+ 0.04 using data
from Eisen and Prasetyo (1988).

Realized heritabilities of and realized genetic correlations
between the component traits of the index were estimated by
modifying procedures outlined by Harvey (1972), Rutledge et al.
(1973) and Berger and Harvey (1975) to take into account with-
in-family selection. Realized genetic correlations between index
units and component traits were based on the following formula
(Rutledge et al. 1973):
erbG;j (hjz VPJ-/hi2 Vy, )2

where by, is the realized regression of the unselected trait on the
selected trait, h and hy are heritabilities, and V;, and Vy, are
phenotypic variances of the selected and unselected traits. Her-
itabilities were obtained from the realized estimates described
above, and phenotypic variances were obtained from each repli-
cate line pooled within generations.

Results
Control lines

Base population means, phenotypic standard deviations
and coefficients of variation for index units, 12-week
body weight and 12-week epididymal fat pad weight were
estimated by pooling generation data from RS1 and RS2
(Table 2). Variation in EF was considerably larger than
in BW. Mean and variation in BW were similar to values
estimated in RC1 and RC2, the progenitor lines, while
mean and variation in EF were much lower (Eisen 1987).
Slopes of generation means on generation number for
index units and component traits were not different from
zero (P>0.05) in the control lines (Table 2).

Selection differentials

Absolute values of the primary cumulative selection dif-
ferentials in index units were larger in HE than in LE
(Table 3). Secondary cumulative selection differentials
for BW were lower in absolute value in HE than in LE,
but the reverse was true for EF. This result is reflected in
the lower realized relative index weights (RRIW) applied
to BW in the HE replicates compared to the LE replicates
(Table 3). RRIW in HE were lower than intended; in LE
they were higher than intended. In general, replicates
within HE and LE responded similarly in RRIW.

Selection responses and realized heritabilities
of index units

Responses in index units are plotted in Fig. 1 as devia-
tions from control line means each generation and in
Fig. 2 as divergence between HE and LE. Pooled re-
sponses in index units (Table 4) were significant in HE
(P<0.05) and LE (P <0.05) and for divergence, with no
evidence of asymmetry (P >0.05).
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Table 2. Base population means, phenotypic standard devia-
tions (\/ V,), coefficients of variation (CV) and regressions of
generation means on generation number + standard errors
(b£SE)

Trait? Mean® \/\pr Cv? b+SE®

I 354 37.75 106.64 0.66+1.27
BW (g) 37.9 3.51 9.25 —0.114+0.16
EF (mg) 295 112.27 38.06 —58 +4.5

2 1, Index units; BW, 12-week body wt; EF, 12-week epididymal
fat pad wt

° Pooled within replicate controls (RS1, RS2) and generations
(n=1,068)

¢ Pooled within replicate controls

Table 3. Primary (index units) and secondary (BW, EF) cumula-
tive selection differentials (CSD) and realized relative index
weights (RRIW)

Line CSDhe¢ RRIWY

I® BW (g) EF (mg) BW EF
HE1 —155.01 —-3.37 345.76 2621 —1
HE2 —174.70 —2.09 447.98 2723 —t%
LE1 136.61 8.15 —118.83 4931 -1
LE2 115.85 6.03 —132.61 46.65 —1
Intended® 3590 -1

? Based on restricted selection index applied in the selection
experiment

® See footnote a in Table 2 for definition of traits

¢ Values are halved because selection is only on males

¢ Calculated by the method of Dickerson et al. (1954) using
within-family phenotypic variance-covariance matrix and sec-
ondary cumulative selection differentials

Table 4. Regression coefficients +SE of responses on genera-
tion number

Line Trait®

1 BW, g EF, mg
HE1? ~7954+£1.77**% —~0.38+0.16* 10.34+6.9
HE2* ~3.00+1.77% 0.4440.16%  24.746.9%**
Pooled® ~548+248* 0.03+0.58 17.5+7.2%
LE1® 2.66+1.77 0.37+0.16* 5.4+6.9
LE2® 6.14+1.77%*  0.394+0.16*% —474+6.9
Pooled® 4.40+1.74% 0.38+0.01**  0.345.1
Divergencel® —10.614£1.91%% —0.754+0.16** 49452
Divergence2®* —9.15+1.91**  0.0540.16 29.44£5.2%*
Pooled® —9.88+0.73** —0.3540.40 17.24+12.2
Asymmetry® 1.08+2.44 041+0.24*% 17.8+8.5*

* Standard errors estimated by least-squares
* Standard errors estimated from variance between replicates
¢ See footnote a in Table 2 for definition of traits
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INDEX UNITS
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Fig. 1. Generation mean responses in index units in HE and LE
lines as deviations from control line means
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Fig. 2. Generation mean responses in index units as HE-LE
divergence

Realized heritability estimates for index units (h3)
varied considerably between replicates in high and low
selected lines, but pooled realized heritabilities were sim-
ilar for both directions of selection and for divergence
(Table 5). Pooled realized heritabilities, converted to an
individual basis, were similar for HE, LE and divergence
and were not significantly different from the heritability
of index units estimated from base population son-sire
regression (Eisen and Prasetyo 1988).

Selection responses and realized parameters
in component traits

Regression coefficients of generation mean responses
(Fig. 3, 4) on generation number in the component traits
of the restricted selection index are presented in Table 4.
The pooled response to selection in HE was positive for
EF and nearly zero for BW, but there was considerable
replicate variation. Contrary to expectation, the response
in LE was negligible for EF and positive for BW. Asym-
metry in responses was found for both EF and BW.
These observed responses can be compared with ex-
pected responses. Based on selecting one out of four
males within each family, the expected selection intensity
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[
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Fig. 3. Generation mean responses in BW (body weight) in HE
and LE lines as deviations from control line means
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Fig. 4. Generation mean responses in EF (epididymal fat) in
HE and LE lines as deviations from control line means

is 1.029 (Becker 1984), which is halved because it was
assumed that no selection was applied to males. Using
the selection intensity of 0.514 and base population
statistics, the expected responses per generation to with-
in-family selection for the component traits were found
to be zero for BW and +11.4 mg for EF. Therefore, the
realized responses in HE were in fair agreement with
expectation, but the realized responses in LE were clearly
discrepant.

Realized genetic correlations between index units and
component traits are presented in Table 6. Based on the
results of responses in component traits, one would pre-
dict good agreement between expected and observed esti-
mates in HE but not in LE. Based on the genetic param-
eter estimates used to construct the restricted selection
index, the expected genetic correlation between index
units and BW was found to be zero and the genetic
correlation between index units and EF was —0.63.
Pooled realized genetic correlations in the HE line were
not different from expectation (Table 6). However, as
expected, the realized genetic correlations for BW and
EF in the LE line were not in agreement with predicted
values. Estimates from divergence fluctuated widely and
were intermediate between HE and LE.



Table 5. Realized heritability estimates (b3) +SE for index

units

Line hz+SE h?+SE¢
HE1? 0.4440.10 0.63+0.14
HE2*® 0.15+0.08 0.2240.12
Pooled® 0.30+0.14 0.424+0.20
LE1? 0.18+0.11 0.26+0.16
LE2* 0.4340.13 0.62+0.19
Pooled® 0.314+0.13 0.4440.19
Divergencel * 0.3140.05 0.45+0.07
Divergence2?® 0.264+0.05 0.374+£0.07
Pooled® 0.29+0.03 0.42+40.05
Son-sire regression 0.3340.10

Standard errors estimated by least-squares

Standard errors estimated from variance between replicates
Estimated from data of Eisen and Prasetyo (1988)
Individual heritability =h?=hZ (1 —1t)/(1 —r) where hi =real-
ized heritability based on within full-sib family selection, and
t=intraclass correlation between full-sibs and r=Wright’s rela-
tionship between full-sibs

& o o »

Table 6. Realized genetic correlations between index units and
component traits (1, 4y ', e) T SE?

Line

rGl,BW rGI,EF
HE1 0.37 —-0.69
HE2 0.03 —-0.51
Pooled 0.20+0.17° —~0.60+0.09
LE1 0.52 -0.05
LE2 0.73 —-0.09
Pooled 0.62+0.11 —~0.0740.02
Divergencet 0.55 —0.30
Divergence2 0.14 —0.60
Pooled 0.35+0.21 —0.45+0.15

* See footnote a in Table 2 for definition of traits
® Standard errors are estimated from variation between repli-
cates

Table 7. Realized heritabilities of and genetic correlation be-
tween BW and EF estimated simultaneously from the two re-
stricted index lines®

Estimate® h3y +SE hZ:+SE " Gaw zx T SE
Rep 1°¢ 0.72+0.05 0.40+0.01 0.9340.03
Rep 2° 0.65+0.05 0.50+0.01 0.93+0.03
Pooled? 0.68 +0.04 0.45+0.05 0.93+0.01

* See footnote b in Table 1 for definition of terms

® Rep 1 results are based on responses in HE1, LE1, and Rep 2
results are based on responses in HE2, LE2

¢ Standard errors estimated by least-squares

¢ Standard errors estimated from variance between replicates
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Results of simultaneously estimating realized genetic
parameters of component traits from the pair of restrict-
ed selection index lines are presented in Table 7. Esti-
mates from both replicates were in good agreement. The
pooled realized heritability for BW and the pooled real-
ized genetic correlation between BW and EF were signif-
icantly larger than the base population estimates
(Table 1), while the realized and base population esti-
mates of heritability for EF were similar.

Discussion

Eight generations of replicated within full-sib family re-
stricted index selection for high or low epididymal fat
pad weight, holding body weight unchanged, resulted in
responses and realized heritabilities that were symmetric
and in good agreement with base population parameters.
Realized individual heritability based on divergence was
0.42+0.05. However, when component traits of the re-
stricted index were examined, asymmetry of responses
was apparent. Selection responses for high EF with no
change in BW were in good agreement with theoretical
expected values although variation between replicates
was sizable. In contrast, selection for low EF, holding
BW unchanged, actually resulted in responses opposite
to expectation, i.e., no change in EF and an increase in
BW. The responses in the LE line provided an example of
how the overall index units can agree with expectation,
but the component traits can fail to do so.

Campo and Velasco (1989) have reviewed the litera-
ture on antagonistic index selection for two traits under
different types of selection: (1) restricted selection with a
genetic correlation either greater than or less than zero;
(2) selection in opposite directions for two traits with a
positive genetic correlation; and (3) selection in the same
direction for two negatively correlated traits. They indi-
cated that many antagonistic index selection experiments
found discrepancies between observed and expected re-
sponses. In the case of restricted indices, most often selec-
tion response in the unrestricted trait is less than ex-
pected, whereas response in the restricted trait is greater
than zero.

Two other restricted selection index experiments have
been reported in mice. Restricted index selection for in-
creased or decreased postweaning gain holding change in
feed intake to zero resulted in realized responses that
were in agreement with expectations for postweaning
gain, but feed intake changed in the direction of response
in postweaning gain after the first few generations of
selection (Eisen 1977). McCarthy and Doolittle (1977)
used a restricted selection index intended to increase or
decrease body weight at 5 weeks of age while holding
body weight constant at 10 weeks of age, and vice versa,
so that all four combinations of high and low selection
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and 5 and 10 week restrictions were considered. While
restricted index selection was generally successful, real-
ized responses did not agree very well with predicted
responses; specifically, expected responses of zero were
never realized. Abplanalp et al. (1963) used a restricted
selection index in turkeys designed to increase 8-week
body weight while holding 24-week body weight con-
stant. The restricted index was moderately successful,
although body weight at 24 weeks responded downward.

None of these three experiments was replicated, so it
is possible that genetic drift may have contributed to
discrepancies between observed and expected responses
(Hill 19724, b). Campo et al. (1990) concluded that dis-
crepancies between observed and expected responses in
index selection studies with Tribolium may be associated
with genetic drift. In fact, genetic drift may be responsi-
ble for disparate results in the present study because the
use of only two replicates may not provide an adequate
empirical estimate of the variance of response. However,
the effective population size of 60 in each replicate line
should have adequately minimized drift and inbreeding
effects.

Sharp et al. (1984) selected replicate lines of mice for
high or low lean body mass based on the phenotypic
index I=BW-(4)(2) EF. The rationale for this index was
based on the fact that the pair of epidymal fat pads
represent about one-cighth of total fat in 10-week-old
males; therefore, the lean index would be a suitable
predictor of fat-free mass. Based on base population
parameter estimates in 12-week-old male mice of a differ-
ent line, Fisen and Prasetyo (1988) found that the lean
index was expected to restrict fat content to approxi-
mately zero change. After seven generations of selection,
fat weight was not different between the high and low
lines, but the high lines had a higher body weight and
protein weight (Sharp et al. 1984). However, asymmetry
of response was found for body weight and fat weight;
for body weight the response upward was much greater
than the downward response, while for fat weight both
lines were higher than controls. However, asymmetry of
response in body weight may have been transient because
it was not present in generations eight and nine. There-
fore, the lean index was a reasonably successful restricted
index.

Replicated restricted selection index experiments in
Tribolium castaneum also revealed considerable disagree-
ment between observed and theoretical responses
(Scheinberg et al. 1967; Okada and Hardin 1967, 1970).
Bohren (1975) suggested that replicate single generation
selection experiments would be a more appropriate
method of testing selection theory because the effects of
genetic drift and inbreeding would be minimized. Gar-
wood et al. (1978) reported good agreement between ex-
pected and observed responses in a replicated single gen-
eration restricted selection index study in poultry de-

signed to increase egg weight and egg production without
changing days tested. Campo and Villaneuva (1987) re-
ported two replicated single generation restricted selec-
tion index experiments in Tribolium castaneum aimed at
either increasing adult weight without changing pupal
weight or increasing egg number without changing adult
weight. Response in the unrestricted traits was less than
expected, and the restricted traits responded positively.
Therefore, the one generation selection approach, at least
in this study, did not eliminate the problem of discrepan-
cies between observed and predicted responses in restrict-
ed index selection studies.

Harris (1964) showed that progress from unrestricted
index selection may be poorly predicted if estimation of
genetic and phenotypic parameters are greatly different
from the true population parameters, although the index
seems to be robust in this regard. However, in the case of
restricted index selection, poor estimation of parameters
may cause the actual response in the testricted variable to
differ markedly from that intended (Hill and Meyer
1984). Comparing several index selection experiments
with Tribolium, Campo et al. (1990) found greater dis-
crepancies between observed and expected responses
when restricted and/or antagonistic indices were used.
But it is difficult to see why poor parameter estimates
would necessarily lead to asymmetry.

Eisen (1977) suggested that restricted index selection
may be more sensitive to alterations in genetic parame-
ters than single-trait selection. Mortimer and James
(1987) examined the consequences of this hypothesis for
two traits controlled by four loci. Most models they ex-
amined led to changes in gene frequency, which changed
genetic parameters, causing an inability of the restricted
index to maintain zero genetic change in the restricted
trait. They pointed out that in a model with many loci
each with small gene effects, this conclusion would still
hold, although it might take longer for the effectiveness
of the restricted index to be reduced. Asymmetry of re-
sponses was not discussed, but it is possible that asymme-
try is as likely to occur in the component traits of the
selection index as it was shown to be for correlated re-
sponses in single-trait selection (Bohren et al. 1966). Fur-
ther, under the infinitesimal model, asymmetry in corre-
lated responses to selection can be caused by linkage
disequilibrium (Villaneuva and Kennedy 1992).

Other possible factors contributing to asymmetry of
responses in component traits of the restricted index were
the asymmetry in realized index weights and the smaller
absolute cumulative selection differential applied to LE
compared to HE. Both replicates of LE had a relatively
higher than expected weighting factor applied to BW,
which may have caused the positive response in BW.
However, this factor is a questionable cause of asymme-
try because the lower than expected weighting factor for
BW in HE did not result in a reduction in BW. The



relatively weak cumulative selection differential in LE
may have caused genetic drift to lead to the positive
response in BW just by chance. One possible way of
increasing the selection differential would have been to
have used mass selection rather than within-family selec-
tion. But then there would be the risk that effective pop-
ulation size would be greatly reduced, leading to a rapid
increase in inbreeding.

Harvey (1972) developed the technique of estimating
realized heritabilities and realized genetic correlations
from two-trait selection index experiments. Applying this
technique to the present selection study yielded results
which are reasonable, considering the unexpected re-
sponses for BW and EF in the LE replicates. One can ask
how reliable this technique is in general. Few studies have
applied the technique, and those that have used the pro-
cedure have met with mixed success. Berger and Harvey
(1975) applied the technique to a selection experiment for
high-high, high-low, low-high and low-low 12- to 21-day
gain and 51-day body weight in mice. Combined esti-
mates of realized genetic parameters were consistent with
offspring-sire estimates, but there was considerable vari-
ation among realized estimates. Rutledge et al. (1973)
used the method to estimate realized genetic parameters
in a selection index experiment in mice for high 6-week
tail length-low 6-week body weight and vice versa. Real-
ized heritabilities were in fair agreement with base popu-
lation and single-trait realized estimates, but the realized
genetic correlation was much higher than base estimates.
The latter discrepancy may have been due to the antago-
nistic nature of the selection indices used. However, sam-
pling effects, the nature of which are unknown, may also
have been a factor. Eisen (1977) applied the technique to
restricted selection index in mice aimed at increasing or
decreasing 3- to 6-week postweaning gain while holding
food intake constant. Realized heritability for postwean-
ing gain was in agreement with a paternal half sib-esti-
mate, but realized heritability for feed consumption was
negative, which invalidated the realized genetic correla-
tion. Eisen (1977) pointed out that multicollinearity
among variables in the design matrix may have led to the
negative realized heritability estimate. In summary, cau-
tion is needed in interpreting the method of estimating
realized genetic parameters from two-trait index studies
because little is known about its sampling properties and
multicollinearity may lead to misleading estimates.

The present experiment confirmed earlier findings
that realized responses in restricted index selection often
do not agree with expectation. Asymmetry of responses
in component traits of the index was observed, but re-
sponses in index units per se were not asymmetric. Possi-
ble explanations for these results include genetic drift,
inaccurate estimates of genetic parameters, change in ge-
netic parameters with selection, linkage disequilibrium
and weak sclection. The results indicate that application
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of restricted selection indices to livestock breeding will
require careful monitoring of responses in each genera-
tion to determine if the intended changes are being real-
ized.
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