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Summary. The effect of the postnatal maternal environ-
ment, simulated by rearing mice in litters of three, six or
nine, on body weight and body composition was investi-
gated in three lines of mice differing widely in growth
rate. The lines were selected for high (Hg) and low (Lg)
6-week body weight while the control line was maintained
by random selection. Body weight and weights and per-
centages of ether extract, water, ash and protein at 21, 42,
63 and 84 days were recorded. With few exceptions, there
were positive correlated responses to selection in body
weight and in weights of body components. At 21 and 42
days the correlated responses were larger in Lg mice than
in Hg mice. Body weight and weights of body compo-
nents were larger for mice reared in litters of three than
for those reared in litters of nine. Also, mice reared in
litters of six were intermediate in body weight and
weights of some of the body components between those
reared in litters of three and nine. Differences in body
weight and weights of body components due to postnatal
maternal environment were small by comparison with dif-
ferences due to genetic line. There were significant line by
maternal environment interactions in body weight at 21
days and in ether extract weight at 21 and 63 days. Line
and maternal environment differences in percentages of
body components did not follow any consistent trend.
The results for percentages of body components were fur-
ther complicated by line X maternal environment inter-
actions. In general, both line and postnatal maternal en-
vironmental differences in percentages of body compo-
nents diminished with age.
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Introduction

Postnatal environmental maternal effects are often impli-
cated as a possible causal component of observed variation
in growth. For example, many authors list environmental
maternal effects as one of the causal components of the
observed postnatal maternal variance in body weight in
crossfostering studies. Most studies yield little information
on the nature of maternal environmental influences since
known differerices in the maternal environment are not
part of the experimental design. Nevertheless, there have
been reports that indirectly have yielded useful informa-
tion on postnatal environmental maternal effects and sug-
gested that more detailed studies of this source of varia-
tion would be informative (Falconer 1963; Eisen 1970).

There are reports indicating the importance of post-
natal environmental maternal influences on body compo-
sition mediated through controlling the energy available
to pups during the nursing period by manipulation of
postnatal litter size. Widdowson and McCance (1960)
studied the growth patterns of several tissues and organs
in rats reared in litters of three or of 15 to 20. At weaning
and at later ages rats reared in small litters exceeded those
reared in large litters in body length and in weights of
several organs. At weaning and all later ages fat percentage
was much higher in rats reared in the small litter size.
Eisen and Leatherwood (1978) reported that percentage
fat of mice reared in litters of 14 was consistently less
than in litters of eight from six to 30 weeks of age.

There is evidence that postnatal environmental mater-
nal influences on cell number and cell size in various fat
depots in rats and mice are substantial. Knittle and Hirsch
(1968) reared rats in litter sizes of four and 22. At S, 10,
15 and 20 weeks of age, rats reared in the smaller litter
size had significantly larger epididymal fat pads caused by
both more and larger cells in the pad. Eisen and Leather-
wood (1978) reported that both a polygenic obese and
control strain of mice had fewer and smaller epididymal
fat cells when reared in large litters. In addition, environ-
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mental maternal influences may depend on the particular
strain. Johnson et al. (1973) found that rearing rats in
small or large litters affected cell size and number in
various fat depots of control rats but not in obese rats.
However, Eisen and Leatherwood (1978) reported no im-
portant interaction between genetic strain and number
reared.

These results suggest the need for determining the rela-
tive importance of postnatal environmental maternal ef-
fects, genetic effects due to selection for growth and their
interaction on growth and body composition at different
ages. The present study was undertaken to investigate the
effects of rearing high and low body weight selected and
control lines of mice in different litter sizes on body
weight and body composition at 21, 42, 63 and 84 days
of age.

Material and Methods
Genetic Stocks

Parents of mice used in the present study were from generations
75 and 76 of an experiment in which mice were selected for high
(H,) and low (L,) 6-week body weight. Parents of control mice
(C,) were from generations 44 and 45 of a population that had
been maintained contemporaneously with the selected lines by
random mating. The control line, which consisted of 30 females
and 15 males, was maintained by randomly choosing a female
from each litter and a male from two litters having the same sire.
The selected lines, each consisting of 20 females and 10 males,
were developed by selecting the largest (H,) or smailest (L) fe-
male in each of 20 litters and the largest or smallest male from two
litters by the same sire. After a number of generations the control
line was reconstituted from the original stocks. A more detailed
description of the origin and selection history of the present lines
has been given by Legates (1969).

Experimental Design

After littering, dams were assigned to rear three, six or nine off-
spring from their own line. To avoid associations between the
dam’s body weight and the litter size she reared, the method of
assignment was to select at random within a line three dams that
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had littered within a twelve-hour period and to form a pool of the
progreny from these three dams. Then one of the dams was ran-
domly selected to rear nine young also randomly selected from the
pool, a second dam to rear six and the third one to rear three. In
order that approximately equal numbers of offspring were allotted
to each number-reared treatment, two of the dams were randomly
assigned to rear three young and the third one to rear six in some
groups. Males and females were assigned to each of the three dams
so that postnatal litters contained approximately equal numbers of
males and females. Mice were identified by toe-clipping at twelve
days of age and weaned at 21 days. Mice of like sex, postnatal
litter size and line were randomly assigned to cages in groups of
four. Dams were fed Purina Mouse Chow ad libitum during lacta-
tion; after weaning the progreny were fed Purina Laboratory
Chow ad libitum. All mice were individually weighed at 21, 42, 63
and 84 days of age.

Sampling of Mice for Chemical Analysis

Ten males and ten females were randomly selected from each line
and postnatal litter size for body chemical composition analysis at
21, 42, 63 and 84 days of age. The number of mice sampled are
shown in Table 1. At each age, the sampled mice were killed by
overexposure to ether. Using the methods outlined by Eisen and
Leatherwood (1976), empty body weight and weights of ether
extract, water, ash and protein were obtained on individual mice.
Percentage of each body component was obtained by dividing
each component by empty body weight.

Statistical Methods

At each age, it was assumed that an observation, Yijkg, could be
described by the following model:

Yijkm™ & + & + 5j + ng + () + (W) + (sn)jx + (Wsn) ik + Ciike

where u = overall mean, £; = fixed effect of the ith tine i=1,2,
3), sj = fixed effect of the jhsex (= 1,2),ny = fixed effect of the
kth number-reared treatment (k = 1, 2, 3), (28)ij> (®n)jk, (sn)jk and
(@sn)jjk are two-way and three-way interactions, respectively, and
€jjkm = random error assumed NID (0, 6*). The data were un-
equally distributed in the subclasses and statistical methods ap-
propriate for non-orthogonal data were used (Harvey 1960).
Certain linear contrasts (Table 2) were decided upon, a priori,
because they have specific biological interpretations. The first two
contrasts among the lines measure asymmetry of response to selec-
tion and the divergence between the selected lines, respectively,

Table 1. Numbers of mice sampled from the treatment subclasses for body composition analysis at 21, 42, 63 and 84 days of age

Age at Line
slaughter
(days) C, — number reared H, — number reared L, — number reared

3 6 9 3 6 9 3 6 9

M F M F M F M F M F M F M F M F M F
21 10 10 10 10 12 9 10 10 10 10 10 10 10 10 10 10 10 10
42 10 9 11 10 11 10 11 10 9 10 10 10 10 10 9 9 11 12
63 11 9 10 10 10 10 10 7 6 10 11 11 9 10 7 6 10 10
84 10 10 10 11 10 10 10 9 7 8 10 10 10 10 10 4 10 10
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Table 2. Linear contrasts among the treatment means in the analysis of environmental maternal effects at each age

Linear Line X sex X number-reared combination
contrast

CM3 CM6 CM9 CF3 CF6 CF9 HM3 HM6é HM9 HF3 HF6 HF9 LM3 LM6 LM9 LF3 LF6 LF9

Line contrasts

2C,-H,-L, 2 2 2 2 2 2 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
H,-L, 0 0 0 0 0 0 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1
C,—-H, 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1 0 0 0 0 0 0
C,—-L, 1 1 1 1 1 1 0 0 0 0 0 0 -1 -1 -1 -1 -1 -1
Sex contrast

M-F 1 1 1 -1 -1 -1 1 1 1 -1 -1 -1 1 1 1 -1 -1 -1

Number reared

contrasts

2N —N;-N; -1 2 -1 -1 2 -1 -1 2 -1 -1 2 -1 -1 2 -1 -1 2 -1
(Quadratic)

N,-N, 1 0 -1 1 0 -1 1 0 -1 1 0 -1 1 0 -1 1 0 -1
(Linear)

N, —-N; -1 1 0 -1 1 0 -1 1 0o -1 1 0 -1 1 0 -1 1 0
Ny —N, 0 1 -1 0 1 -1 0 1 -1 0 1 -1 0 1 -1 0 1 -1
while the second two measure correlated responses to selection in Results

the H, and L, lines, respectively. The first two number-reared

contrasts measure quadratic and linear effects of number-reared, Body Weight

respectively. The interaction contrasts are obtained by multiplying

the coefficients of one main effect contrast by a contrast in- .
volving a second main effect. Interaction contrasts are given in the Least squares means for body weight at 21, 42, 63 and 84

results section when considered biologically significant. All linear days are plotted by line X sex X number-reared subclass in
contrasts are expressed as a percentage of the control line. Figure 1. Linear contrasts among treatment means are
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Fig. 1. Least squares means, plotted by line X sex X number-reared subclasses, for body weights (g) at 21, 42, 63 and 84 days
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Table 3. Linear contrast and their standard errors (as a percentage of the control mean for each age) among treatment means for body

weight at 21,42, 63 and 84 days of age
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Linear contrast

Body weight (g) at day

21 42 63 84
Line contrasts
2C,-H,-L, () 3.27 £ 0.34b 2.77 £ 0.50b 0.09+ 0.77 042+ 0.75
H, -L, 2) 6.75+ 0.21b 18.07 + 0.32b 20.39 + 0.50b 2098 + 0.51b
C,-H, ~1.74 + 0.20b — 7.65+0.30b —10.15 + 0.46b —10.28 + 0.45b
C, -L, 5.01+0.19% 1042+ 0.29b 10.24 £ 0.46b 10.70 + 0.45b
Male-female (3) 0.35+£0.162 341+ 0.252 457+ 0.39b 477 £ 0.39b
Number-reared contrasts
2N, --N;~N, D) -0.51+0.36 0.30+0.55 0.05+0.89 0.72 + 0.90
N, -N, ) 2.86 + 0.190 2.05 + 0.290 2.42 + 0.440 149+ 0.42b
N, -N, -1.68+0.21b — 0.87+0.31b — 1.18+0.51b - 0.38+0.52
N, N, 1.17 + 0.19b 1.18 + 0.30b 1.23 + 0.48b 1.10+ 0.482
Line X sex contrasts
(1) X (3) 1.73+£1.0 - 1.00+1.50
(2) X (3) 250+ 0.63b 491 +1.02b
Line X number-reared contrasts
(1) X (4) 1.69+ 144
1) X (5) 246 + 0.81b
2)yX @ -0.55+0.91
(2) X (5) —-1.11+0.482
a P<0.05
b pP<0.01

shown in Table 3. The divergence of the selected lines was
highly significant at all ages, but asymmetry was signifi-
cant only at 21 and 42 days. The correlated responses in
Hg and Lg were significant at all ages. Males were consis-
tently larger than females. N3 mice (reared in litters of
size three) were significantly heavier and Ny mice (reared
in litters of size nine) significantly lighter than Ng mice
(reared in litters of size six). Body weight increased
linearly with smaller postnatal litter size. There was a sig-
nificant line by number-reared interaction at 21 days of
age, but the interaction was due to line differences
changing in magnitude from one number-reared class to
another, without any change in the ranking of the lines.
The significant (1) x (5) contrast was attributed to the
difference between C, mice and the average of selected
mice being greater for mice reared in litters of size three
than it was for mice reared in litters of size nine (2C, —
Hy — L = 4.2 g and 1.76 g for mice reared in litters of
size three and nine, respectively). The significant (2) x (5)
contrast was caused by the difference between Hg and L
being smaller for mice reared in litters of size three than it
was for mice reared in litters of size nine (Hg — Lg = 6.29
g and 7.39 g for mice reared in litters of size three and
nine, respectively).

Weights of Body Components

Since estimation of various two- and three-fractor inter-
actions was permitted by the design of the present experi-
ment (Materials and Methods), these interactions were
estimated in the present data. Many of these interactions
were statistically significant, but were small and consider-
ed to be of little, if any, biological interest. Consideration
of these interactions in the results would divert attention
from the more important features of the results. There-
fore, several statistically significant interactions are given
little emphasis in describing the results except in cases
where interpretation of main effects are influenced by the
presence of the interactions.

Least squares means for ether extract, water, ash and
protein weights are plotted by line X sex x number-reared
subclass in Figures 2 to 5, respectively. Linear contrasts
among the subclass means are shown in Tables 4 to 7. The
Hg and C, lines had significantly greater ether extract
weights than the L¢ line at all ages. The C, line had a
significantly greater ether extract weight than Hg at 21
days, no significant difference at 42 days and significantly
less at 63 and 84 days. The asymmetric response in ether
extract weight at 21 and 42 days was due to a greater
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FEMALES

42 63 84 2 42 63 84
AGE, DAYS AGE , DAYS
Fig. 2. Least squares means, plotted by line X sex X number-reared subclasses, for ether extract weights (g) at 21, 42, 63 and 84 days

- FEMALES

21 42 63 84 21 42 63 84
AGE, DAYS AGE, DAYS
Fig. 3. Least squares means, plotted by line X sex X number-reared subclasses, for water weights (g) at 21, 42, 63 and 84 days
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Fig. 4. Least squares means, plotted by line X sex X number-reared subclasses, for ash weights (g) at 21, 42, 63 and 84 days
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Fig. 5. Least squares means, plotted by line X sex X number-teared subclasses, for protein weights (g) at 21, 42, 63 and 84 days

response in Lg than in Hg; this difference was absent at
later ages. Mice showed a linear effect of postnatal litter
size on ether extract weight at all ages except 21 days
when a quadratic effect was evident. In general, indi-
viduals reared in larger litters had a reduced ether extract

weight, although some exceptions were observed. At 21
days, the significant line by number-reared and line x sex
interactions were not caused by changes in ranking of
subclass means. The line X sex X number-reared inter-
action at 42 days was large and could be attributed to the
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Table 4, Linear contrasts and their standard errors (as a percentage of the control mean for each trait) among treatment means for body

components at 21 days

Linear contrast Ether extract Water Ash Protein

2C, -H,-L, o)) 8252+ 8.10b 16.55 + 5.05b 21,92+ 5,640 25.85+ 5.85b
H, L, ¥)) 4195+ 4.66P 58.39 + 2.92b 44.89 + 3.27b 51.01 + 3.39b
C, -H, 2029+ 4.66P ~20.92 + 2.92b -11.50 + 3.26b -12.58 + 3.39b
C,-L, 6224+ 4660 3747 +2.92b 33.41:327° 38.43 + 3.39b
Male-female 3) 116+ 3.81 ~ 176 +237 2.94 x 2.64

2N, -N, -N, “ ~1960: 8.10b ~ 044+ 506 137+ 565 — 344:585
N, -N, ®) 4767+ 4660 8.48 + 2.92b 7.06 + 3.278 9.19 + 3.39b
N, -N, 3363+ 466 ~ 446+292 -~ 2.84:327 — 629+ 339
N, -N, 1404 + 4.66b 4.021:292 422+3.25 2.85¢3.39
1) X@) 41.05 £ 16.15Y

@ X3 -11.12+ 937

HxXE® —66.20 £ 34.322

QX4 124.20 + 19.75b

1) X 7.36+19.86

(2) X (5) -10.91 £ 1144

a P<0.05

b p<0.01

Table 5. Linear contrasts and their standard errors (as a percentage of the control mean for each trait) among treatment means for body

components at 42 days

Linear contrast Ether extract Water Ash Protein

2C, -H, L, 6} 59.21+ 17.64b 10.52 + 3.63b 16.87 + 3.78b 25.11 + 4.000
H, L, ) 6265+ 44sb 79.02 + 2.10b 68.42 + 2,19b 70.33 + 2.33b
C,-H, - 172+ 445 —34.25 + 2.10P —25.85+2.19b —22.61+ 2.30b
C, L 60.93 + 4.40b 44.76 + 2.09b 4257+ 2.18b 4772+ 2.30b
Male-female 3) 1559+ 1.72b 8.67 + 1.79b 16.69 + 1.90b
2N, -N, -N, “ 025+ 7.74 0.95 + 3.67 - 031:+382 — 144+ 405
N,-N, (%) 1959+ 4.40b 10.80 £ 2.07b 7.59+2.15b 8.27 + 2.30b
N, -N, - 967+ 4502 —~492+2.13 — 3.87+222 — 4.86+ 2358
N, -N, 9.92+ 4.402 5.88 + 2.10b 3.56+2.18 3412230
1) X3 148+ 7.26 2.00+ 7.99
Q)X (3) 12.46 + 4.21b 15.88 + 4.65b

WXBFA XA

176.16 * 65.08b

(1) X (3) X (5) 61.23+ 3745
QX3 X&) 7.64 £ 38.46
2) X (3) X (8) 6.88 £ 21.26
a P<0.05
b P<0.01

difference between C, mice and the average of selected
mice being greater for Ng mice (3.28 g) than for the
average of N and Ny mice (1.32 g) in the case of males,
whereas in the case of females the reverse was true (1.70 g
vs 3.21 g). The line X number-reared interaction at 63
days was attributed to the difference between Hg and Lg

mice being less for Ng mice (1.16 g) than for the average
of N3 and Ny mice (2.72 g).

A more consistent pattern was evident for water
weight, At all ages C, mice contained significantly less
water than Hg mice and more than L¢ mice. After 21
days, N3 mice contained more water than N¢ mice, and
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Table 6, Linear contrasts and their standard errors (as a percentage of the control mean for each trait) among treatment means for body

components at 63 days
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Linear contrast Ether extract Water Ash Protein

2C, -H, -L, @ 1122+ 8.76 0.82 + 3.00 7471:3.732 426+ 353
H, -L, ) 8449+ 5.34b 80.61 + 1.83b 76.19 + 2.24b 7532+ 2.15b
C,-H, ~3665+ 5.11b —39.90+ 1.83b —3436 +2.12b ~35.52+2.04b
C,-L, 4783+ 5.15b 40.70 £ 1.77b 41.70 £ 2.12b 39.80+ 2.11b
Male-female 3) 16.02 + 1.46b 6.47 + 1.74b 1933« 1.71b
2N, -N, -N, ) ~1256+ 9.34 4.16 + 3.20 — 162398 244 £3.75
N, -N, ) 1068 + 4.992 9.90+ 1.71b 8.09+ 2.12b 8.07 + 2.00b
N, -N, ~1160+ 5.382 - 287+1.84 — 48512242 - 283+2.15
N, —N, - 092+ 523 7.03 +1.79b 3.24 £ 2.24 527+21128
X3 — 239+704
@)X 3) 12.22+4.27b
(1) X (4) 52.60 + 37.88

1) X (5) ~27.55 21,02

AX® -59.90 « 23.822

2) X (5) 830+ 12.29

a P<005

b P<0.01

Table 7. Linear contrasts and their standard errors (as a percentage of the control mean for each trait) among treatment means for body

components at 84 days

Linear contrast Ether extract Water Ash Protein
2C,-H,-L, ) —10.85+ 9.47 1.11 + 2.88 4,85+ 3.73 8.23 + 3.588
H,-L, () 81.43+ 5.79b 74.85 + 1.77b 78.68 + 2.24b 78.70 + 2.19b
C,-H, —46.14 + 5.46b —-36.87 + 1.65Y —-36.85+ 2.12b —35.24 + 2.06b
C,-L, 35.20+ 5.61b 37.98 + 1.72b 41.83 + 2.24b 43.46 + 2.13b
Male-female 3) 22,29+ 4.59b 17.81 = 1.40b 8.59 + 1.74b 20.25 + 3.86°
2N, —N, -N, (O] 10.05 + 10.23 - 2.07+3.12 — 348 + 3.98 —~ 1.05+3.86
N, -N, 15.15+ 5.35b 8.87 + 1.62b 6.85 + 2.12b 10.90 + 2.02b
N, —N, - 255+ 5.79 — 54711.76b — 5.10%2.24b - 333:£219
N¢—N, 12.60x 5.752 3.40+1.76 1.61+2.24 2.28 £2.17
(1) X (3) ~ 5.13+18.89 — 2.53+5.76 — 1.82+7.15
2) X(3) 2490+ 11.612 10.22 + 3.54b 10.90 + 2.17b
M X@)X @) -93.94 + 82.07

@) X (3)X((5) —55.60 + 45.26

@QXBG)X@ 55.02 + 54.61

(2) X (3) X (3)

51.52 + 26.253

a P<0.05
b P<0.01

N; mice more than Ny mice, though not always signifi-
cantly so. No quadratic effect of number-reared was
found for water weight. At all ages Hs mice had signifi-
cantly more ash and L¢ significantly less than C, mice.
N5 mice had significantly more ash than Ny mice at 21
and 42 days, and significantly more than Ny and Ng mice

at 63 and 84 days. The decline in ash weight with in-
creased postnatal litter size was linear at all ages.

The Hg mice contained significantly more and Ls mice
significantly less protein than C, mice at all ages. The
response was asymmetric at all ages except 63 days. N3
mice had significantly more protein than Ny mice at all
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ages. N3 mice had significantly more protein than Ng
mice at 42 days, and at 63 days N¢ mice had significantly
more protein than Ny mice. Protein weight declined
linearly with increased postnatal litter size.

Line by number-reared and line by number-reared by
sex interaction contrasts were not significant for water,
ash and protein weights at any of the ages studied.

Body Components Expressed as Percentages

Least squares estimates of the means for ether extract,
water, ash and protein percentages at 21, 42, 63 and 84
days are plotted by line X sex X number-reared subclasses
in Figures 6-9. Linear contrasts are shown in Tables 8-11.
Ether extract percentage showed a significant negative
correalated response in Lg at 21, 42 and 63 days with no
difference at 84 days. The Hg line had lower fat percent-
ages than C, at 21 and 42 days but no differences were
found at later ages. N3 mice were significantly higher in
ether extract percentage than Ng mice at 21 and 42 days,
and N4 mice were significantly higher than Ny mice at 21
days. Postnatal litter size differences were negligible at later
ages. The line by number reared interaction at 21 days did

21— ¢
%

19— \

not involve a change in ranking of the number-reared
classes from one line to the next. At 42 and 63 days,
interaction effects for ether extract percentage were large
in comparison with main effects. The line X sex X num-
ber-reared interaction contrast (1) X (3) x (4) of Table 9
at 42 days was due to the male difference between C,
mice and the average of selected mice being greater for Ng
mice (13.10%) than for the average of N3 and N, mice
(3.87%), whereas in females the oppostite was found
(4.51% for Ng and 13.64% for the average of N5 and
Ng). The linear contrast (1) x (3) x (5) of Table 9 was
due to the male difference between C, mice and the aver-
age of selected mice being greater for N3 mice (4.77%)
than for Ny mice (—0.89%), while in females the differ-
ences were 5.78% and 7.86% for N3 and Ny, respectively.
The line X sex X number-reared interaction at 63 days
could be attributed to the difference between C, mice
and the average of selected mice being greater for N; mice
(3.77%) than it was for Ny mice (2.46%) for males, where-
as for females the difference between C, mice and the
average of selected mice was negative for N; mice
(—4.21%) and positive for Ny mice (1.76%) (contrast (1)
X (3) x (5) of Table 10).

Line differences in water percentage were opposite in

9 \ FEMALES

AGE, DAYS

AGE, DAYS

Fig. 6. Least squares means, plotted by line X sex X number-reared subclasses, for percentages (%) of ether extract at 21,42, 63 and 84

days
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Fig. 7. Least squares means, plotted by line X sex X number-reared subclasses, for percentages (%) of water at 21, 42, 63 and 84 days
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sign of ether extract percentage but were smaller as a
percentage of the control line mean, Number-reared ef-
fects for water percentage were significant at 21-days
only. The Ny mice were significantly higher in water per-
centage than N3 mice, and Ny mice were lower than Ny
mice. The line X number-reared interactions at 21 and 42
days were large and involved lines ranking differently for
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Fig. 8. Least squares means, plotted by line X sex X number-reared subclasses for percentages (%) of ash at 21, 42, 63 and 84 days

mice from the different litter sizes. The line X number-
reared interaction at 21 days could be attributed to (a)
the difference in water percent between C, mice and the
average of selected mice, being —13.87 g for N3 mice and
—5.37 g for Ny mice (contrast (1) x (5) of Table 8) and
(b) the difference between Hy and Lg mice, being positive
for N3 mice (3.29 g) and negative for Ny mice (—0.30 g)
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Fig. 9. Least squares means, plotted by line X sex X number-reared subclasses, for percentatges (%) of protein at 21, 42, 63 and 84 days

Table 8. Linear contrasts and their standard errors (as a percentage of the control mean for each trait) among treatment means for per-

centages (%) of body components at 21 days

Linear contrasts Ether extract % Water % Ash % Protein %
2C,-H, -L, ) 62.43+ 5.86b —~14.53 + 1.47b -13.39 + 3.160 - 5.97+3.19
H,-L, ) 8.33+ 3.402 1.31+0.85 ~13.54 + 1.84b — 440+ 1.85b
C,-H, 27.04+ 3.39b — 7.92 £ 0.85b 0.08 + 1.95 - 0.79+1.84
C,-L, 35.38+ 3.39b — 6.61:0.85b —13.47+1.95b —~ 5.18+1.84b
Male-female 3) 0.45+ 2.77

2N, -N; —N, 4) -14.02+ 5.898 232+ 1.48 —~ 3.84+3.17 — 1.09+3.20
N, —N, ) 38.87+ 3.39b — 812+ 0.85b ~ 8.34 + 1.83b —~ 7.25 + 1.84b
N, -N, —26.45+ 3.40b 5.22 + 0.85b 6.09 + 1.84b 3.08 + 1.85
N, -N, 1242+ 3.39b — 2.90 + 0.85b — 2.26+1.83 — 4.17%1.842
1) X @3) 30.56 + 11.73b

) X (3) -~ 8.40+ 6.80

DO XM@ —48.73 + 24.94 3.63 £ 6.26

(1) X (5) 72.25 + 14,35b -13.39 + 3.61b

QO X@ 7.67 £ 14.42 — 6.23+3.62

) X (5) —28.52+ 8.32b 5.66 + 2.09b

a P<0.05

b pP<0.01

(contrast (1) x (5) of Table 8). At 42 days the line X
number-reared interaction could be attributed to the dif-
ference between Hg and L mice being positive for Nj
mice (0.60 g) and negative for Ny mice (—1.96 g) (con-
trast (2) x (5) of Table 9). At 63 days, the line X sex X
number-reared interaction was very large when compared

with main effects and could be attributed to the differ-
ence between C, mice and the average of selected mice,
being negative for N3 mice (—1.53 g) and positive for Ny
mice (1.5) g) in the case of males, whereas for females the
corresponding values were —0.45 g and —5.59 g (contrast
(1) x (3) x (5) of Table 9).
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The C, mice were significantly lower in ash percent
than Ls mice at 21 and 42 days but did not differ from
Hg¢ mice. At 21 days, N3 mice had a significantly lower
ash percentage than Ng and Ng¢ mice. At 63 days, Ng mice
had a significantly lower ash percentage than No mice.
Females were higher in ash percent than males at all ages.

Hg mice were significantly lower in protein percentage
than C, mice at 42 and 84 days. Ls mice were signifi-
cantly higher than C, at 21 and 63 days, but lower at 84
days. Hg mice were significantly lower than L mice at all
ages except 84 days. At 21 days, Ny mice were signifi-
cantly higher in protein percent than Ng mice, and Ng mice
were significantly higher than N3 mice. At 84 days, Ny
mice were significantly higher than N3 mice.

Discussion

The positive correlated responses in body weight at all
ages due to selection for high and low body weight are
typical of most selection studies with mice; for reviews see
Roberts (1965) and Eisen (1974). The asymmetrical re-
sponse in body weight at 21 and 42 days of age is also a
common finding in selection studies and was observed in
earlier generations of the present selection lines (Legates

Theor. Appl. Genet. 55 (1979)

1969). The higher and lower body weights of mice reared
in litters of size three and nine, respectively, as compared
with mice reared in litters of size six is in complete agree-
ment with the studies in rats of Widdowson and McCance
(1960, 1963) and Widdowson and Kennedy (1962). How-
ever, these other studies were limited to rats from a single
genetic line. The present study suggests that the magni-
tude of the effect on body weight of rearing mice in a
given litter size may depend on the genetic line in ques-
tion, albeit only to a small extent. However, differences in
body weight due to number-reared treatments, though they
persisted with age, were small in comparison with differ-
ences due to genetic line, Similar findings were reported in
comparing a polygenic obese and control strain of mice
(Eisen and Leatherwood 1978).

The positive correlated responses observed for weights
of body components at all ages, except for ether extract
of Hg mice at 21 days, reflect to a large extent the pattern
of body weight differences among the lines. Similar find-
ings have been reported in mice by Fowler (1958), Timon
et al. (1970), Biondini et al. (1968) and Hayes and Mc-
Carthy (1976), in rats by Baker and Chapman (1975) and
in Tribolium castaneum by Medrano and Gall (1976).
Water and protein were the components that contributed
most to the differences in body weight among the lines,

Table 9. Linear contrasts and their standard errors (as a percentage of the control mean for each trait) among treatment means for per-

centages (%) of body components at 42 days

Linear contrast Ether extract % Water % Ash % Protein %
2C,-H,-L, ) 4518 5.98b ~10.39 + 1.13b ~ 8.00 + 2.98b 4.93 + 2.252
H,-L, V) 5.53: 3.44 ~ 0.59 £ 0.65 -11.32: 1,716 - 3.92:1.31b
C.-H, 19.82+ 3.45) — 4.90 £ 0.65b 1.67+1.71 4.42 1 1.30b
C,-L, 2535+ 3.45b - 5.49: 0.65b - 9.64:1.71b 0.50 + 1.30
Male-female 3) -17.24 + 2.82b 1.29 + 0.532 - 517+ 1.40b 2.92+1.302
2N, —N, ~N, ) - 0.73: 6.04

N, -N, 6)) 14.01+ 3.41b

N, —N, - 737+ 3.502

Ng-N, 6.64+ 3.45

M X @ 0.29 ¢ 25.38 - 3.52:4.79

(1) X (5) 18.53 + 14.61 - 1.66 £ 2.76

) X 4) 6.10 + 15.00 2.61 +2.83

2) X (5) -24.12+ 8.30b 3.91: 1.562

G X&) 5.03 ¢ 2.292

(3) X (5) 0.38 £ 1.29

W XGX@ 189.28 + 50.76P

1) X (3) X (5) 79.79 £ 29.22b

QX3 X4 35.18 = 29.98

) X (3) X (5) 14.99 £ 16.59

a3 P<0.05
b P<0.01
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though when expressed as a percentage of C, line means
for each component all components contributed more
equally.

Again, the differences in weights of body components
at all ages among mice reared in the three litter sizes re-
flect body weight differences to a large extent, i.e., mice
reared in small litter sizes had heavier weights of all body
components. Widdowson and McCance (1960) observed
higher fat weights for rats reared in small litter sizes. In
the present study, water was the component that con-
tributed most to the body weight differences among the
mice reared in the different litter sizes, with ether extract
being the next most important component. When ex-
pressed as a percentage of the control line mean for each
trait, efher extract was the component that was changed
most by rearing mice in the large and small litter sizes.

In the case of ether extract weight, the interactions
involving lines and number-reared treatments were a
notable feature of the results, particularly after 21 days.
Differences in ether extract due to rearing in different
litter sizes depended on the particular line. Despite the
complications of interactions, particularly for ether ex-
tract, it is clear that genetic lines were more important
than number-reared treatments in causing differences in
weights of body components. Differences in weights of

body components due to rearing in different litter sizes
did not disappear with age, however. Eisen and Leather-
wood (1978) reported that genetic line and postnatal lit-
ter size effects were of equal magnitude at four weeks but
by six weeks differerences between genetic lines were
larger than between litter size reared for fat, lean, and ash
weights. The effect of the postnatal maternal environment
persisted until 30 weeks of age. In contrast to the present
study, no line by postnatal litter size interactions were
obtained for fat weight.

Comparisons among the lines for percentages of body
components depended to a great extent on the age at
which the comparisons were made, regardless of the num-
ber-reared. This is typical of most studies with mice in
which percentages of body components have been record-
ed at more than one age, for example, Fowler (1958),
Biondini et al. (1969), Lang and Legates (1969), Hayes
and McCarthy (1976) and Eisen et al. (1977), and em-
phasizes the need to assess body composition at many
ages. For ether extract and water percentage, differences
among mice reared in the different litter sizes depended to
a large extent on the particular line considered in the
present data. At 21 days, however, ether extract percent-
age was highest in mice reared in litters of size three, and
intermediate in mice reared in litters of size six in all lines.

Table 10. Linear contrasts and their standard errors (as a percentage of the control mean for each trait) among treatment means for per-

centages (%) of body components at 63 days

Linear contrast Ether extract % Water % Ash % Protein %
2C, —H, -L, m 13.25 £ 65.07 — 315+ 1.19b ~1.16  2.09
H,-L, ) 9.50+ 4.162 0.06 + 0.73 -4.63+ 1.27°
C,-H, 1.87+ 3.98 - 161+ 0.70b 1.73:1.22
C,-L, 11.37+ 4.02b — 1.54+ 0.702 ~2.89+1.232
Male-female 3) - 7.38+ 3.312 ~7.83 + 1.20b 3.77 + 1.01b
2N, -N, -N, @) —6.69 + 2.643

N, -N, ) ~1.11+1.41

N, -N, -2.7911.52

N, —N, -3.90 + 1.47b

1 x3) 27.94 + 13.692 543+ 2392

2) X (3) 25.50+ 8.32b - 0.26+ 1.45

M X@® 28.11 £ 29.61

1) XS —-21.11 + 16.42

QX4 —43.60 + 18.61b

@)X 5.09+ 9.60

MXBYX@W —-69.37 + 59.21 4.53 £ 10.34

1 XB)XOB) 66.09 + 32.812 —-12.57+ 5.732

DXBX@D -53.54 + 37.22 6.79+ 6.50

(2) X (3) X (5) 19.91 + 19.20 — 583+ 3.35

a P<0.05
b p<0.01
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Table 11. Linear contrasts and their standard errors (as a percent-
age of the control mean for each trait) among treatment means
for percentages (%) of body components at 84 days

Linear contrast Ash % Protein %

2Cz _"Hg ‘Lg (1) 6-04 S 2.23b
He-L, 2) 0.89 + 1.38
C,-H, 2.57+ 1.292
C,-1L, 3.47+ 1.33b
Male-female 3 - 9.17: 1.14b

2N,-N,-N, @ 1.04 + 2.41
N,-N, (5) -3.67 + 1.26b
N,—N, 2.36 + 1.37
N, -N, -1.31+1.36
1) XA - 168+ 461

2yx(@3) — 8.60+ 2.84b

M X@3)X@4) —43.89 £ 20.068

1) X3) %X (5) — 2.42+11.07

O XB)X@ —~18.50+ 12.89

@QXB)YX(S) — 6.89+ 6.40

a P<0.05

b P<0.01

This result agrees with that of Widdowson and McCance
(1960) for rats at weaning. A notable feature of the pres-
ent data after weaning was the inconsistency among lines
in the ranking of the number-reared classes for ether ex-
tract percentage. Widdowson and McCance (1960) found
the same ranking at all ages for the number-reared sub-
classes, but only a single genetic line was involved. Studies
of cell number and cell size in fat depots of mice reared in
small and large litter sizes have usually indicated increased
cell size and number, or both, in mice reared in the
smaller litter sizes (Knittle and Hirsch 1968). Some
studies, however, have indicated much variation from one
depot to another in cellularity characteristics, and the re-
sults of one study indicated that the effects of high and
low preweaning nutritional levels were different in obese
mutant rats than in normal rats (Johnson et al. 1973). In
contrast, both polygenic obese and non-obese mice had
more and larger fat cells when reared in smaller size litters
(Eisen and Leatherwood 1978).

The relative differences in percentage ether extract
among the Hg, C, and Lg lines were generally small and
diminished to a negligible amount at later ages, as did the
differences in percentage ether extract among the three
postnatal litter size groups. The lack of any sizeable cor-
related response in percentage body fat in the Hg line
agrees with the data of Lang and Legates (1969) and Eisen
et al. (1977). The observed interaction of line and post-
natal litter size for ether extract may be the result of the
small influence of selection on this trait which may make

Theor. Appl. Genet. 55 (1979)

it more susceptible to postnatal environmental maternal
influences. Eisen and Leatherwood (1978), comparing an
obese and non-obese line, found that mice reared in litters
of eight had consistently higher fat percentage than in
litters of 14 from 6 to 30 weeks of age. The magnitude of
the difference was larger for the obese line and no inter-
action was detected. Another marked contrast to the pres-
ent study was the delayed manifestation of the genetic
line and postnatal environmental maternal effect on fat
percentage, being negligible at four weeks and increasing
subsequently. Postnatal environmental maternal effects
contributed little to differences in lean and ash percent-
ages.

General conclusions based on the present study and
that of Eisen and Leatherwood (1978) are as follows. The
weight of protein, fat, ash and water are permanently af-
fected by the postnatal maternal environment, regardless
of whether selection has been for large or small body size
and regardless of whether there has or has not been a
correlated response in percentage body fat. However, the
magnitude of line differences tend to be larger when mice
are reared in small litters. On a percentage basis, the re-
sults are somewhat more variable and depend to a great
extent on the variation in percentage body fat among
lines. If the differences among lines in percentage body fat
are small, then it is difficult to predict precisely what will
happen other than to say that postnatal environmental
maternal effects are likely to be large at weaning and di-
minish markedly with maturity. In contrast, lines selected
for body weight and showing a large correlated response
in percentage fat continue to exhibit clear differences be-
tween postnatal litter size groups in percentage body fat
1o at least 30 weeks of age. The effects of postnatal litter
size on the percentages of protein and ash are relatively
small and likely are influenced primarily by variation in
percentage fat.
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