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ABSTRACT

Correlated responses to selection for postweaning gain in mice were studied
to determine the influence of population size and selection intensity. Correlated
traits measured were three-, six- and eight-week body weights, litter size,
twelve-day litter weight, proportion infertile matings and two indexes of repro-
ductive performance. In general, the results agreed with observations made on
direct response: correlated responses in the body weight traits and litter size
increased as (1) selection intensity increased and (2) effective population size
increased. Correlated responses in the body weight traits and litter size were
positive in the large population size lines (16 pairs), as expected from the
positive genetic correlation between these traits and postweaning gain. How-
ever, several negative correlated responses were observed at small population
sizes (one and two pairs). Within each level of selection intensity, traits
generally associated with fitness tended to decline most in the very small popu-
lations (one and two pairs) and in the large populations (16 pairs) for appar-
ently different reasons. The fitness decline at the small effective population
sizes was attributable to inbreeding depression. In contrast, it was postulated
that the fitness decline at the large effective population size was due to
selection moving the population mean for body weight and a trait positively
correlated genetically with body weight (i.e., percent body fat) away from an
optimum.

RECENT studies have focused on the effects of population size and selection
4N intensity on direct response to selection for a quantitative character. Smaller
effective population sizes tend to decrease selection response and realized herit-
ability, and to increase replicate variability (TanTawy 1956; FRankmAM, JONES
and Barker 1968; RumsaLL and Rae 1968; Hanraman, Ersen and LEGATES
1973). These observations may be partly attributed, at the locus level, to genetic
drift (Kerr and WricaT 1954; RoBerTson 1960, 1961). Reduced selection in-
tensities invariably yield decreased selection response per generation (CLAyTON,
Morr1s and RoBerTson 1957 ; FrankmaMm, Jones and Barker 1968; HANRAHAN,
E1sen and LecaTes 1973), as expected from large sample selection theory.
Little information is available regarding the effects of population size and
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selection intensity on correlated responses to selection. The present study con-
siders influences of these factors on several correlated traits, where selection was

practiced for increased postweaning gain in mice (Hanraman, Esen and
LEecares 1973).

MATERIALS AND METHODS

The ICR base population of mice used in the present experiment has been described by
Hawrazan and Ersen (1973). The design of the selection experiment for postweaning gain (six-
minus three-week body weight) reported by Hanraman, Eisex and Lrcates (1973) is given in
Table 1. Selection was practiced exclusively within full-sib families for fourteen generations.
Pair-matings were made at random at eight to ten weeks of age except that full-sib matings were
avoided where possible. Females were placed in separate cages sixteen days after exposure to
males. Litters were standardized to eight mice (4&:49) whenever possible at day five post-
partum. Litters with less than eight young were augmented by foster mice of the same line and
age. Mice were weaned at three weeks of age, at which time foster young were discarded.
Further details of the experimental design are given by Hanraman, Fisex and LecaTes (1973).

Correlated traits measured were individual body weights at three, six and eight weeks of age,
litter size (number of live young born per litter), twelve-day litter weight and proportion
infertile matings. Body weights were recorded to the nearest 0.1 g. In addition, two indexes of
reproductive performance were calculated each generation to determine changes in overall fitness
at the various selection intensity-population size combinations. Although a direct measure of
total fitness is difficult to define, a useful indicator is mean litter size per mating. This was
defined as Index-1 = (1 — p,) T, where p, equals proportion of infertile matings and L equals
mean litter size for the particular generation and line. The ability of the dam to maintain a well-
nourished litter also may be considered a useful component of fitness. Since litter size was
standardized to eight young in the present study, it need not be considered further. Thus the
second measure of fitness was defined as Index2= (1 — p, — p,) W, where p, — proportion
of dams losing their entire litter prior to day twelve postpartum and W = mean twelve-day
litter weight.

Hanranaw, Eisen and Lecates (1973) have given formulas for the expected direct response
to within-family selection in the presence of maternal effects and a genetic correlation less than
unity between additive genetic effects in males and females. The expected correlated response
in the jth sex of trait X due to within-family selection for trait ¥ is
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TABLE 1

Design of the selection experiment

Number of Selection intensity codesf
Population replicates for each

size* selection intensityt Control (C) Intermediate (I) Maximum (M)
1 16 C1 I1 M1
2 8 c2 I2 M2
4 4 4 T4 M4
8 2 C8 18 M8

16 2 C16 116 M16

* Population size is expressed as the number of pairs of selected parents mated each generation.
+ Replicate lines within treatments are referred to as, for example, M16-1, M16-2. The repli-

cate designation is omitted when data are pooled and reference is then made to the M16 hne,
T Selection intensities of 1009 (C), 50% (I) and 25% (M).
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where .
kki = heritability of s effects in the kth trait of the jtb sex; s = direct (o) or maternal (m)

j
effects, £ = trait X or Y and ; = males (1) or females (2),
r, 4 = genetic correlation between the s effects in trait X of the jt sex and the s’ effects
8.8,
i
in trait Y of the j'tb sex,

%, = phenotypic standard deviation for trait X in the jth sex,

j L. .
i; — standardized selection differential in the jtb sex,

K, = \/(n]-——l)/nj(i-—twj) , n; is progeny number and tm]_ is the intraclass correlation
among full sibs of the jth sex for trait X.

Assuming thatr,, ,  are equal for all j, i’ =1,2 and similarly for r, y » the response becomes
m_ o,

, i %
AG, =Ytk 1,, +h, 1, )y +h o, K.
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The estimated genetic parameters in the ICR base population (HanrRaHAN and Eisen 1973) are

presented in Table 2. These values were substituted into the above formula to predict the corre-
lated selection responses.

RESULTS

Correlated responses in body weight: The regressions of correlated responses on
generations of selection, expressed as a deviation from the mean of the two con-
trol line replicates of the largest population size (C16), are presented in Table 3
for three-, six- and eight-week body weights. Plots of male generation mean devi-
ations for three- and six-week body weights for several of the selected lines are
given in Figure 1. The observed correlated responses were generally similar
between the sexes for each body weight trait. As expected, significantly (P < .01)
greater correlated responses were observed in the maximum selection intensity
lines (M) than in the intermediate intensity lines (I) of the same population size.

Correlated responses decreased as population size decreased, when compari-
sons are made within levels of selection intensity. The selection differential for
postweaning gain did not differ sufficiently among the various population sizes
(Hawrauan, Ersen and Lecates 1973) to account for this result. Since the
correlated responses were measured as a deviation from the C16 reference line,
the trends reflect the additional effect of inbreeding depression and possibly
genetic drift. Correlated responses in the one- and two-pair lines are biased since

TABLE 2

Estimates of genetic parameters* and predicted correlated responsest

2 2
Trait k y°1 k yoz ha”mx h:ymz r.'co’ yoj' rmml ”o’, AGE‘”
Postweaning gain (g) 0.29 0.38 — — — — —_
three-week weight (g)  0.34 0.45 027 0.06 — .04 0.20 0.06
six-week weight (g) 0.39 0.51 0.75 031 0.65 — .08 0.33
eight-week weight (g)  0.44 0.51 0.13 0.01 0.83 — .63 0.38
Litter size — 0.28 - 0.14 0.74 — .64 0.11

* Parameters are defined in the text.
+ Predicted mean correlated response per generation of males and females in the M lines. Pre-
dicted correlated responses in the I lines are slightly less than one-half of the values shown.
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TABLE 3

Regressions of correlated responses, expressed as deviations from C16, on generation number (g)
for the body weight traits, pooled over replicatest

Three-week weight Six-week weight Eight-week weight
Line Male Female Male Female Male Female
I1 — 31** — 26** — 33** . 23** — 31** . 93%*
12 — A3**F . 5% — .06 — .06 — .04 — .01
14 — .04 — .01 0.10* 0.12** 0.15%* 0.15%*
18 0.09** 0.08* 0.25%* 0.22** 0.30%* 0.23%*
116 0.04 0.04 0.35%* 0.35%* 0.39** 0.39**
M1 — .05 - .0t 0.23* 0.33** 0.23* 0.32**
M2 — .07 — 07 0.14* 0.25*%* 0.27** 0.34**
M4 0.02 0.06 0.40** 0.39** 0.45** 0.41**
M8 0.12* 0.16** 0.41** 0.41** 0.53** 0.49**
Mi16 0.13** 0.14** 0.69** 0.67** 0.80** 0.77**

*P L5, P <01
+ Regression coefficients for I1, M1, I2 and M2 in this and subsequent tables are biased because
of extinction of replicates.
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Ficure 1.—Correlated responses of three- and six-week body weights to selection for increased
postweaning gain, expressed as a deviation from the C16 line means.
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TABLE 4

Pooled regressions of correlated responses on cumulative selection differentials
in postweaning gain, pooled over replicates

Three-week weight Six-week weight Eight-week weight

Line Male Female Male Female Male Female
I1 — 28%* . o7** — 23* — 20 — 19*  — 19*
12 — .02 — .06 0.24** 0.15** 0.34** 0.25**
14 0.13** 0.15** 0.37** 0.29** 0.46** 0.35**
18 0.34** 0.32** 0.66** 0.51** 0.76** 0.57**
116 0.22** 0.18** 0.70** 0.58** 0.77** 0.66**
M1 — .0 0.01 0.28** 0.30** 0.26** 0.30**
M2 0.13** 0.11** 0.35%* 0.33** 0.46** 0.42%*
M4 0.12** 0.13** 0.44** 0.38** 0.50** 0.41**
M8 0.18** 0.19** 0.43** 0.35** 0.51** 0.42%*
M16 0.16** 0.15** 0.54%* 0.48** 0.62** 0.56**

*P <05 **P <L .01

several replicates became extinct during the course of the experiment. However,
even with the omission of these lines, a lowered correlated response was noted as
population size decreased.

The predicted correlated responses in the body weight traits were compared
with the observed responses in the M16 and I16 lines, where the influence of
genetic drift should be minimal. The observed correlated responses for each trait
were consistently greater than the predicted values. The importance of this out-
come is difficult to evaluate because of the large sampling errors of the predicted
values.

Correlated responses in the body weight traits were regressed on the cumu-
lative selection differentials for postweaning gain, according to the method of
RicaarpsoN, Kosrma and Lucas (1968). This procedure permits simultaneous
estimates of genetic trends in correlated responses per unit selection differential
of the primary trait, adjusted for environmental effects. These regression coeffi-
cients, pooled over replicates, are presented in Table 4, The analyses of variance
(Table 5) indicated a significant increase of the correlated responses per unit
selection differential in all three traits as population size increased. This trend
tended to be quadratic. On the average, no significant effect of selection intensity
on the correlated responses was observed. However, significant interactions be-
tween population size and selection intensity were present, with M exceeding 1
intensity at small population sizes and vice versa at larger sizes. The interpre-
tation of this interaction has been discussed previously since it was observed for
the direct response in postweaning gain (HaNrazaN, Ersex and LecaTes 1973).

The analyses of variance to test for homogeneity of correlated responses among
replicates is given in Table 6. Considerable heterogeneity of replicate responses
occurred. The replicate variability was comparable to that observed for the pri-
mary trait (HaNrauaN, E1sEx and LecaTes 1973).

Correlated responses in litter iraits: Regressions of litter size at birth and
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TABLE 5

Effect of population size and selection intensity on correlated responses
per unit primary selection differential

Mean squares

Three-week weight Six-week weight Eight-week weight
Source d.f. Female Male Female Male Female
Population size (P) 4
Linear (PL) 1 333.06** 632.74** 909.62** 1366.20** 711.03** 1573.67**
Quadratic (QL) 1 153.21**  141.91** 141.43* 32.65 32448**  63.16*
Selection intensity
(TosM) 1 8.17 11.11 3.37 0.95 112
P X TvsM) 4
PL X (Lvs M) 1 871.68** 104.34**  2U67.47** 455.17**  2385.03** 436.96**
PQ x (Ivs M) 1 35.50 87.23* 163.02%* 87.93 233.99**
Error 563 9.94 21.83 11.98 24.09 15.06
*P<L.05 **P <01

twelve-day litter weight, expressed as deviations from the C16 line, on genera-
tions of selection are presented in Table 7. Only the M16 and I16 lines showed a
significant positive correlated response in litter size. As was the case for the body
weight traits, the correlated responses in these two lines were greater than pre-

TABLE 6

Analysis of replicate differences in correlated response per unit primary selection differential

Mean squares

Source d.f. Three-week weight Six-week weight Eight-week weight
Males

12 7 25.77* 50.01* 46.43
M2 7 1421 19.55 35.11

14 3 81.55** 105.24** 78.02*
M4 3 17.28 47.90 50.23

18 1 20.95 37.04 61.40
M8 1 64.06* 14.17 0.93

116 1 138.53** 231.04** 150.65**
M16 1 0.15 185.77%* 262.81**

Error 563 12.80 21.83 24.09
Females

12 7 18.62 25.59* 26.80
M2 7 8.20 35.53%* 41.75**

I4 3 76.64** 136.52** 124.94**
M4 3 15.25 16.02 21.82

I8 1 0.03 0.16 7.78
M8 1 7.37 3.17 14.95

I16 1 41.82%* 127.96** 139.88**
M16 1 5.85 70.71* 196.08**

Error 563 9.94 11.98 15.06

*Pp <L .01
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TABLE 7

Regressions of litter size and twelve-day litter weight, expressed as mean deviations from C16,
on generations of selection, pooled over replicates

Twelve-day
Line Litter size litter weight (g)
Il — .08 — .19
12 0.07 — TO**
14 0.07 — .18
I8 0.08 0.23+
116 0.12* 0.18+
M1 — .18* 0.37
M2 0.01 — .13
M4 — 02 0.20
M8 0.07 0.51**
Mi16 0.23** 0.31+

*PL.05 *P <L 0L
+ Approaching statistical significance (.05 < P < .10).

dicted. There was a general tendency for litter size response to increase as popu-
lation size increased. Litter size in the M16 line responded twice as much as in
116, which was expected on the basis of the difference in the primary selection
differentials. However, there was no consistent difference in correlated response
between the I and M lines at the smaller population sizes. This result may have
been due to the effects of inbreeding depression.

Correlated responses for twelve-day litter weight were very erratic. There was
a general tendency for response to be greater as selection intensity increased and
as population size increased.

Correlated responses in proportion of infertile matings and fitness indexes: A
high proportion of infertile matings led to extinction of several one-and two-pair
lines (HanraHAN, E1sEN and Lecates 1973). The number of surviving replicates
and mean survival time in these lines are given in Table 8. Their mean fitness
was extremely low. Mean survival time was lower in the full-sib mated lines than
in the two-pair lines.

The regressions of the fitness traits, as a deviation from C16, on generations of

TABLE 8

Surviving replicates and mean survival time through fourteen generations

Surviving Percent Mean survival

Line replicates* surviving time (gen.)+
C1 2 12.5 6.25 (1.75)
It 3 18.7 6.94 (2.50)
M1 1 6.3 6.75 (2.63)
Cc2 4 50.0 11.38 (10.63)
12 4 50.0 10.50 (8.75)
M2 1 12.5 9.38 (6.63)

* All replicates of size four-pair or more survived.
+ Values in parentheses are mean survival times if no reserve matings had been maintained.
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TABLE 9

Regressions of proportion infertile matings, Index-1 and Index-2, expressed as a deviation
from C16, on generations of selection, averaged over replicatest

Proportion. infertile

Line matings Index-1 Index-2(g)

14 0.005 0.05 — .76

I8 0.004 0.00 0.12

116 — .019 (0.0029**) 0.36* (—.039**) 2.06* (—.23**)
M4 0.011* — .14 — .79
M3 0.005 0.04 — .15

M16 —.018 (0.0030**) 0.49* (—.045%%) 2.67%* (—.30%%)

*P<L.05 **P <L .01 )
+ Where quadratic effects contributed significantly to the model, the quadratic regression
coefficients are given in parentheses.

selection are shown in Table 9. The generation means for these traits are pre-
sented in Figure 2 for the C16, 116 and M16 lines. The C16 line showed no
significant response in Index-1 (b= —.02 = .06), Index-2 (b= 0.38 = .27) or
proportion infertile matings (b = —.004 = .003). The 116 and M16 lines exhibit-

PROPORTION INFERTILE
MATINGS
o o0 o o
RS

! |l|l|!lll[|l
O/ 2 34 5678 91001 121314
R

Ficure 2.—Generation means of proportion infertile matings, Index-1 and Index-2 for the
C16, 116 and M16 lines.
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ed a significant (P < .01) negative quadratic trend for all three fitness traits.
This trend was primarily due to a sharp increase in the proportion of infertile
matings in these lines beginning at generation nine. Thus, although two com-
ponents of the fitness indexes, litter size and twelve-day litter weight, showed
increased correlated responses to selection for postweaning gain, the fitness
indexes still declined significantly. The four- and eight-pair lines did not change
significantly in fitness traits except for a significant (P < .05) increase in pro-
portion of infertile matings in the M4 line.

DISCUSSION

There generally was an increase in all of the body weight traits except for
three-week weight in the I1, 12 and M1 lines. These positive correlated responses
are a reflection of the sizeable positive genetic correlations among body weights
at different ages on the growth curve (ErseEN, Lanc and Lecares 1969). The
observed correlated responses in three-, six- and eight-week body weights due
to selection for increased postweaning gain in the M16 and 116 lines were larger
than predicted from base population estimates of genetic parameters. Direct
response to selection for postweaning gain in these lines also was greater than
that predicted (HanrazAN, Ersen and LecaTes 1973).

Increased litter size in the IM16 and I16 lines was expected based on the posi-
tive genetic correlation between litter size and adult body weight in the mouse
(RARNEFELD et al. 1966; Fi1sen, LecaTes and Rosisow 1970). The positive incre-
ment in litter size has been observed in previous lines selected for increased adult
body weight (MacArTHUR 1944; Farconer 1953; RauNEFELD et al. 1963;
LecaTes 1969). An exception was reported by Brabprorp (1971), who observed
no correlated response in litter size due to selection for increased postweaning
gain. Evidence from several high body weight selected lines clearly indicates that
increased ovulation rate was responsible for the positive response in litter size
(MacArTtuur 1949; Farconer 1960; Fowrer and Epwarps 1960; Evrrorrt,
Lecares and ULBerc 1968).

Weight of the litter at twelve days increased somewhat in the M16 and 116
lines, although the correlated response did not reach statistical significance
(P > .05). Farconer (1953) and LecaTtes (1969) reported an intial slight in-
crease in twelve-day litter weight when selection was practiced for six-week body
weight. Exsen, LEcaTes and Rosison (1970) found that selection for twelve-day
litter weight led to an increase in six-week body weight.

The previous report on selection for increased postweaning gain in mice
showed that the response declined as effective population size decreased within
a given level of selection intensity (Hanramawn, E1sEn and Lecartes 1973). The
present study provides similar findings for correlated'responses in body weight
and litter size in these lines. This result is particularly striking when litter size is
considered since only the M16 and I16 lines showed a significant positive cor-
related response. In addition, several negative correlated responses were observed
at population sizes of one, two and four pairs. Thus, the effects of inbreeding and
genetic drift on correlated response are similar to those observed on direct
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response, viz. a reduction in effective directional selection response per unit
selection differential.

Genetic drift in small populations results in a lower response than predicted
from infinite population size theory by increasing the probability of fixation of
undesirable alleles during the course of selection (RoserTson 1960). The pres-
ence of nonadditive gene action would be expected to further depress mean
response as inbreeding increases. The following procedure was used to estimate
the cumulative effects of effective population size on response for the primary and
secondary traits. The mean effective population sizes varied from 2.00 to 48.28
in the I lines and from 2.00 to 40.85 in the M lines (HanramaN, Eisenv and
LecaTes 1973). The mean response per generation for each line, pooled over
replicates and sexes (where applicable), was regressed on mean 109 increase in
inbreeding of the line, within each level of selection intensity. A critical assump-
tion for this analysis to be valid is that the cumulative selection differentials for
each line are similar within levels of selection intensity.

Since the regressions did not differ significantly between levels of selection
intensity, pooled values only are presented in Table 10. No significant deviations
from linearity were obtained. All traits showed a significant decline with inbreed-
ing except that for twelve-day litter weight. The latter value, however, was in the
expected direction and approached statistical significance. The influence of in-
breeding on the correlated responses in these traits may be illustrated by taking
litter size as an example. For a ten percent increase in inbreeding within the
range considered (approximately 129 to 95% ), the correlated response over ten
generations of selection would be expected to be reduced by 0.28 pups for the
same intensity of selection.

A computer simulation study by Bereskin (1972) considered positive selec-
tion for an index at effective population sizes of approximately 4.2, 7.8 and 15.1,
respectively. The respective realized heritabilities of the aggregate genotype were
—.02, 0.18 and 0.35. Genetic drift clearly reduced the selection response and even
resulted in a negative response at the smallest effective population size, which is
in agreement with the present findings.

TABLE 10

Regressions of mean direct and correlated responses per generation, pooled over replicates and
sexes, on mean 10% increase in level of inbreeding}

Trait bt S.E.
Postweaning gain (g) —.025%* 0.008
Three-week weight (g) —.034** 0.006
Six-week weight (g) —.058** 0.009
Eight-week weight (g) —.063** 0.008
Litter size —.028** 0.007
Twelve-day litter weight (g) —.054* 0.027

* Approaching statistical significance (.05 <P < .10).
»p .0,

+ Pooled over intensities of selection.
I One-tail ¢-test.
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Ficure 3.—Plot of Index-1 against six-week body weight in terms of linear response per
generation for the I and M lines, and least squares regression curves relating Index-1 to six-week
body weight responses/generation.

The joint effects of genetic drift and inbreeding depression in selected lines has
considerable bearing on the choice of a control line. If a control line with an
effective population size very much larger than the selected line is chosen, then
the deviation from control over many generations will include drift effects as
well as selection. Thus, a more suitable experimental design would be to maintain
selected and control lines of the same effective population size, which are also
large enough so that drift will be of little consequence over the course of selection.

The relationship between fitness response per generation as measured by
Index-1 and six-week body weight response for the I and M lines is plotted in
Figure 3. A quadratic relationship between fitness response and body weight
response is apparent within each level of selection intensity. It is postulated that
the reduction in mean fitness at low body weight responses (small population
size) and at high body weight responses (large population size) are a consequence
of quite different genetic mechanisms.

The reduction in mean fitness of the one- and two-pair lines selected for in-
creased postweaning gain was due to a high frequency of infertile matings. This
led to extinction of many replicates, a phenomenon also observed in the C1 and
C2 lines. The mean inbreeding coefficients in all of these lines increased rapidly
as selection progressed. Thus, those lines surviving to generation 14 had pedigree
inbreeding coefficients of 0.95 in the full-sib mated lines and 0.76, 0.73 and 0.84
in the C2, I2 and M2 lines, respectively (HanramaN, ErseN and LecaTes 1973).
These findings point to inbreeding depression (Farcower 1960) as the major
cause of the fitness decline in these extremely small effective population size lines.
Bowman and Farconer (1960) indicated that selection for litter size under full-
sib mating resulted in extinction of 17 of the original 20 lines due to sterility when
the inbreeding coefficient reached 0.76.
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In contrast, the decrease in fitness traits in the 116 and M16 lines appeared
mainly to be a direct consequence of selection for increased postweaning gain.
This conclusion is based on the fact that (a) the C16 line showed no change in
fitness traits during the course of the experiment and (b) the cumulative inbreed-
ing coefficients of the C16, 116 and M16 lines were not greatly different (0.12,
0.12 and 0.13, respectively). Thus, any contribution of inbreeding to a reduction
in mean fitness in these lines was probably small. The major fitness component
affected in the 116 and M16 lines was proportion infertile matings, which was
combined with two other components of fitness, litter size and twelve-day litter
weight, to form two indexes of reproductive fitness. These indexes provided simi-
lar evidence for a reduction in fitness, despite the fact that litter size and twelve-
day litter weight responded positively to selection for postweaning gain.

The findings for the M16 line are in general agreement with previous reports
in the literature, but there are exceptions. Braprorp (1971) reported a similar
increase in proportion infertile matings beginning at about generation ten
of selection for increased postweaning gain. However, no increase in litter size
at birth was recorded. FaLconer (1955) observed a reduction in proportion fer-
tile matings, after twenty generations of selection for increased six-week body
weight, which was later shown to be due to reduced male libido (FowrLer and
Epwarps 1960). The influence of inbreeding cannot be discounted in FALcONER’s
(1955) study since the effective population size was quite small. In contrast,
Erviort, LEcaTEs and ULsere (1968) found no decrease in proportion fertile
matings in the line selected by Lrcates (1969) for increased six-week body
weight, whereas the line selected for small body weight decreased in fertility due
to a lowered libido of breeding males.

Lerner (1954) has reviewed several selection experiments showing that fit-
ness generally declines during directional selection for a metric trait. VERGHESE
and Norpskoc (1968) found reduced reproductive fitness in lines of chickens
selected for body weight and for egg weight.

It has been postulated that the decline in fitness due to selection for a metric
trait may be due to the homeostatic model or the metric deviation model. The
homeostatic model assumes that the decline in fitness as a correlated response to
selection is due to increased homozygosity at loci affecting the quantitative trait
(LErNER 1954). The metric deviation model argues that extreme phenotypes are
intrinsically less fit (RoBerTsoN 1956). These models have been discussed fur-
ther by LaTter (1960) and by James (1962). Under these models it may be
assumed that there is an optimum phenotype for body weight (or a character
highly correlated genetically with body weight) and that deviations from this
optimum lead to fitness decline.

Percent body fat has increased significantly as a result of selection for increased
postweaning gain in the M16 line (Timon, Ersen and Learaerwoop 1970) and
for selection for six-week body weight in Farconer’s (FowLer 1958) and Brab-
FORD’s (RoBINSON and BrRADFORD 1969) lines, whereas Lane and LecaTes (1969)
found no increase in percent fat in Lecates’ (1969) line selected for increased
six-week body weight. It has already been noted that the first three lines cited
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decreased in fertility whereas the fourth line did not. Obesity, manifested in
several single gene mutant conditions of mice, is generally accompanied by
increased sterility (see Bray and York 1971 for review). Thus, the excessive
accumulation of body fat in the M16 line (Timon, Eisen and LEaTaERWOOD
1970) may, in part, be responsible for the decreased fitness in this line. This
interpretation would favor the metric deviation model whereby selection has
moved the population mean for body weight and percent body fat away from an
optimum.

In absolute terms, the fitness decline in the 116 line would not have been ex-
pected to be as great as in the M16 line since the six-week body weight response
in 116 was only about one-half that of M16. However, the relative fitness decline
in the 116 line is compatible within the intermediate level of selection intensity.

In contrast to the M16 and I16 lines, there was no decline in fitness due to
directional selection in the M8 and I8 lines. Inbreeding coefficients in these lines
of 0.27 and 0.26, respectively, were similar to levels of inbreeding reached in
short-term artificial selection studies with mice (Roserts 1966). The level of
inbreeding may not have been sufficiently high to cause any appreciable inbreed-
ing depression, particularly since it accumulated slowly over fourteen genera-
tions. In addition, the M8 and I8 lines had not responded to selection for weight
gain to the same degree as their larger population size counterparts. Thus it is
hypothesized that the frequency of extremely large body weight phenotypes was
not sufficiently high to cause a reduction in mean fitness of these lines.
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