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Summary. Correlated responses in feed efficiency, feed 
consumption and body composition were investigated 
after nine generations of selection for weight gain in 
two age intervals, 28 to 38 or 48 to 58 days old, and 
under ad libitum feed consumption or intake restricted 
to 80% of the control lines. Correlated responses in feed 
efficiency and feed consumption in the ad libitum lines 
were positive in the early period and negative in the 
late period. Restricted lines had a positive response in 
feed efficiency and a negative response in consumption 
in both periods of selection. Changes in body composi- 
tion in the early period were the same in all selected 
lines: a lower crude protein percentage at the start of 
the period and a lower ash percentage at the end of the 
period. Body composition at the start of the late period 
was not altered by selection, while at the end of the 
period ad libitum lines had higher dry matter percent- 
ages and restricted lines had lower fat and higher ash 
percentages. Body composition at 100 days old was not 
affected by selection except for dry matter percent, 
which was lower in the restricted lines. 
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Introduction 

Selection for increased growth in mice has usually been 
accompanied by correlated changes in feed efficiency, 
feed consumption and body composition. Feed ef- 
ficiency and feed consumption have been reported to 
increase as a result of selection (Fowler 1962; Lang and 
Legates 1969; Sutherland et al. 1970; Timon and Eisen 
1970; Brown and Frahm 1975; Kownacki et al. 1977; 

McPhee et al. 1980; Roberts 1981; Stanier and Mount 
1972). 

Increased fatness, particularly in adulthood, has 
been an outcome of selection for increased growth 
(Fowler 1958; Clarke as reviewed by Roberts 1979; 
Timon and Eisen 1970; Hayes and McCarthy 1976; 
Eisen et al. 1977; Alien and McCarthy 1980; McPhee 
et al. 1980; McPhee and Neill 1976; Hull 1960; Bakker 
et al. 1978; Baker et al. 1979). On the other hand, Lang 
and Legates (1969), Brown etal. (1977) and McKay 
etal. (1985) did not observe significant differences in 
fat percent in their selected lines. Biondini et al. (1968) 
and Eisen et al. (1977) reported lines that increased in 
fat and lines that showed no change. 

Clarke (as reviewed by Roberts 1979) indicated that 
selection did not increase fatness up to the age of 
selection, but that after selection animals became pro- 
gressively fatter. Hayes and McCarthy (1976) proposed 
that the differences in fatness due to selection at 
different ages could be due to the type of genetic 
variance being utilized. Selection at early ages would 
favor mainly animals with increased appetites while 
selection at later ages, when animals are laying down 
fat at a higher rate, would favor animals that also have 
a differential ratio of tissue deposition towards lean 
tissue. This implied that selection under feed restriction, 
as proposed by Falconer (1960), would lead to leaner 
and more efficient animals when practiced at later ages. 
Direct evidence regarding these predictions is very 
limited. Baker et al. (1979) selected at three ages but 
only under ad libitum feeding and found the animals 
selected at later ages to be the leanest and to remain 
the leanest. Thus, they supported the presence of 
genetic variation in tissue deposition at later ages. 
McPhee et al. (1980) selected for weight gain at be- 
tween 5 and 9 weeks old under feed restriction and 



found selected mice to be more  efficient bu t  fatter than  
controls. However,  they did no t  have lines selected 
unde r  ad l ib i tum feeding, an d  because of  the age 
per iod involved selection ma y  have impl ica ted  several 
genetic mechanisms .  

A study in which selection is pract iced at two ages 
and  unde r  ad l ib i tum and  restricted feeding is needed  
in order  to bet ter  unde r s t and  the type o f  genet ic  
var iance  be ing  uti l ized an d  be able  to predict  the 
na tu re  of  correlated responses.  Such a s tudy has been  
reported (Urrut ia  a n d  Hayes 1987), an d  the present  
s tudy evaluates  the correla ted responses in feed ef- 
ficiency, feed c o n s u m p t i o n  and  body composi t ion .  

Materials and methods 

Laboratory procedures 
This study was carried out in generation nine of lines selected 
for weight gain at two ages and under two feeding regimes. 
The ten line-replicates were: EPRI and EPR2, early period 
restricted replicates 1 and 2, selected for increased gain 
between 28 and 38 days old under a restricted feeding regime; 
EPAI and EPA2, early period ad libitum replicates 1 and 2, 
selected for increased gain between 28 and 38 days of age 
under an ad libitum feeding regime; LPR1 and LPR2, late 
period restricted replicates 1 and 2, selected for increased gain 
between 48 and 58 days of age under a restricted feeding 
regime; LPAI and LPA2, late period ad libitum replicates 1 
and 2, selected for increased gain between 48 and 58 days of 
age under an ad libitum feeding regime; and CI and C2 
control line replicates 1 and 2, maintained by random selec- 
tion. The foundation population and the regular laboratory 
procedures have been described in an earlier report on direct 
and correlated responses to selection (Urrutia and Hayes 
1987). 

In generation nine, no selection was practiced and mice 
were weighed when 21, 28, 38, 48, 58, and 100 days old. When 
28 days old, ten males and ten females from each of lines 
EPR1, EPR2, EPA1, EPA2, C1, and C2 were killed and body 
composition determined. Another ten males and ten females 
from each of these lines were individually caged and ad 
libitum feed consumption was measured up to day 38. At 
day 38, these mice were killed and body composition deter- 
mined. The same procedure was followed for lines LPR1, 
LPR2, LPA1, LPA2, CI, and C2 between 48 and 58 days old. 
Ten males of each line were kept until 100 days old and then 
weighed, killed and body composition determined. 

All mice were fed standard Laboratory Chow from Purina, 
as in all previous generations. Water was available ad libitum 
at all times. Lights were kept in a standard regime of 12 h light 
and 12 h darkness. The temperature in the mouse laboratory 
varied between 18 ~ and 23 ~ 

Body composition analysis 

All mice were killed with CO2. The gut was excised, its 
contents removed, and replaced in the abdominal cavity after 
rinsing with distilled water. Empty body weight was then 
recorded. Whole mice were placed in individual containers, 
cut into several pieces and frozen at -18 ~ The frozen carcass 
was dried in a freeze dryer for approximately 24 to 48 h 
depending on the size of the mouse. Percentage dry matter of 
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the carcass was calculated from the empty body weight and 
the dry carcass weight. For fat content, the whole mouse was 
placed in cellulose thimbles, dried in a vacuum oven at 100 ~ 
overnight, and fat was extracted using anhydrous ethyl ether 
in a Soxhlet extractor. Samples were then redried in a vacuum 
oven at 110~ for 4 h and fat content calculated. After fat 
determination the samples were ground and homogenized. 
Crude protein was determined in duplicate from homogenized 
samples of 0.3 g by the Kjeldahl procedure (AOAC 1980), 
using a semiautomatic Kjelfoss instrument. Ash was deter- 
mined from two homogeneous samples of 1 to 2 g per mouse 
using a furnace at 600~ The arithemetic mean of the 
duplicates was taken to be the true value of the determination. 
Where the difference between duplicates was larger than 5% a 
third determination was made and included in the arithmetic 
mean. 

Statistical analysis 
Efficiency, as the ratio of gain to total consumption, consump- 
tion corrected for body weight at the start of the selection 
period and body composition were analyzed using the General 
Linear Model procedure of the Statistical Analysis System 
(1982). 
The model was: 
Y~kl 
where; 
Yijkl 

Li 
Rij 

Sk 
(SL)ik 
(SRL)ij k 

-- ~t + L i + Ri j + s k + SLik + SRLij k + bWtijkl + eiikl , 

= observation for the I th mouse of the ijkl th subclass, 
= mean of the population, 
= fixed effect of the i th line, 
=random effect of the jth replicate nested within the 
i th line, 
= fixed effect of the k th sex, 
= interaction of the k th sex with the i th line, 
--interaction of the k th sex with the jth replicate of 
the  i th line, 

b --(where used) regression coefficient of Y on empty 
body weight, 

Wtijkl = empty body weight of the ijkl th mouse (used only 
in the analysis of feed consumption), 

e ijkl = random error, assumed N-(O, a 2). 
The error term used to test the effect of line and the 

interaction of line and sex was the mean square for replicates 
nested within line. All other effects were tested against the 
residual mean square. Differences between the lines were 
tested using linear contrasts. The error term used to test the 
level of significance of contrasts was constructed using the 
mean square for replicates nested within line. The standard 
errors of the contrasts, therefore, take into account genetic 
drift. 

The body composition data were analyzed separately for 
each age. The ages of 28 and 38 days correspond to the start 
and end of the early selection period. The ages of 48 and 58 
days correspond to the start and end of the late selection 
period. The analysis for 100days old included all lines in 
order to detect the effect on body weight and body composi- 
tion at adulthood of the different selection criteria. The effect 
of sex and the interactions including sex were not included in 
the model for this age since only males were present. 

Results 

Efficiency and consumption 
Least-square m eans  for gross efficiency (ga in / f eed  con-  
sumpt ion)  and  c o n s u m p t i o n  corrected for body  weight  
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Table 1. Efficiency of feed utilization (gain/consumption) and 
consumption in g corrected for body weight at the start of the 
selection period. Early period of selection. NS: not significant 

a Least-squares means _+ SE 

Line Efficiency Consumption 

EPR1 0.076_+ 0.006 40.8 _+ 1.02 
EPR2 0.092_+0.006 41.6_+ 1.08 
EPAI 0.078 _+ 0.006 46.0_+ 0.98 
EPA2 0.095_+0.006 44.4_+ 1.01 
C1 0.074_+0.006 43.3_+ 1.06 
C2 0.068 + 0.006 44.4-+ 0.99 

b Linear contrasts 

C-EPR -0.013 NS 2.6 (P--0.059) 
C-EPA - 0.016 NS - 1.4 NS 
EPA-EPR 0.003 NS 4.0 * 

* P <  0.05 

Table 2. Efficiency of feed utilization (gain/consumption) and 
consumption in g corrected for body weight at the start of the 
selection period. Late period of selection. NS: not significant 

a Least-squares means _+ SE 

Line Efficiency Consumption 

LPRI 0.022+0.006 40.4+ 1.14 
LPR2 0.019+0.006 40.8+1.10 
LPAI 0.000+0.006 46.1+1.13 
LPA2 0.001+0.006 43.5__+1.12 
C1 0.004___0.006 45.7_+ 1.11 
C2 0.007_+0.006 49.4_+ 1.10 

b Linear contrasts 

C-LPR - 0.015"* 7.0* 
C-LPA 0.005" 2.7 NS 
LPA-LPR - 0.020** 4.3 NS 

* P <  0 . 0 5  

** P<0.01 

at the start of  the selection per iod are presented in 
Table 1 a for the early per iod and Table 2 a for the late 
period. Linear contrasts among the lines are presented 
in part 'b '  of  the Tables. 

In the early period, gross efficiency was higher in 
the ad l ibitum and restricted lines than the control, but 
the difference was not significant. Ad l ibi tum consump- 
tion corrected for initial body weight was highest in the 
ad l ibitum line and lowest in the restricted line. The 
difference between the restricted and ad l ibi tum lines 
was significant and the the difference between re- 
stricted and control lines was very close to significance 
(P=0.059) .  

In the late period of  selection, gross efficiency was 
significantly higher in the restricted line and the control 
line had significantly higher gross efficiency than the ad 
libitum line. Consumpt ion  corrected for body weight 
was lowest in the restricted line and intermediate  in the 
ad l ibitum line. The difference between restricted and 
control lines was significant. 

Body composition 

Least-squares estimates of  means for empty body 
weight and body components  at the start of  the early 
period of  selection are presented in Table 3 a and linear 
contrasts among the lines are presented in Table 3b. 
Empty body weight is expressed in g, dry mat ter  is 
expressed as a percentage of  empty  body weight, fat is 
expressed as a percentage of  dry matter,  and ash and 
protein are expressed as a percentage of  the fat-free 
body (FFB). 

The control line had the highest empty body weight 
and the line selected under  restriction the lowest. The 
difference between these two lines was significant, and 
the differences between ad l ibi tum and control lines 
and among selected lines were not. All lines had very 

Table 3. Carcass composition at the start of the selection period. Dry matter as % of empty body weight, fat as % of dry matter, and 
ash and crude protein as % of the fat free body (FFB). Early period of selection. NS: not significant 

a Least-squares means + SE 

Line Empty body 
weight (g) 

Dry matter Fat Ash Crude protein 

EPR1 18.5+0.32 
EPR2 17.4-+ 0.32 
EPA1 18.9 + 0.32 
EPA2 18.9 _ 0.32 
C1 20.7+0.32 
C2 19.6-t-0.33 

b Linear contrasts 

C-EPR 2.18 * 
C-EPA 1.26 NS 
EPA-EPR 0.92 NS 

30.7+0.42 28.8+0.96 14.2+0.20 81.1 +0.43 
29.2+0.42 27.1 +0.96 14.1 +0.20 81.0+0.43 
29.6 ___ 0.42 27.6 ___ 0.96 13.8 ___ 0.20 81.0 _ 0.43 
30.3___0.42 28.0___0.96 14.0___0.20 81.8-t-0.43 
30.2___0.43 29.9+0.98 14.0+0.20 83.0+0.44 
29.9 ___ 0.42 27.3 ___ 0.96 14.5 _+ 0.20 83.5 _+ 0.43 

0.12 NS 0.62 NS 0.09 NS 2.3** 
0.13 NS 0.80 NS 0.37 NS 1.9" 

- 0.01 NS - 0.18 NS - 0.28 NS 0.4 NS 

* P<0.05 
** P<0.01 
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Table 4. Carcass composition at the end of the selection period. Dry matter as % of empty body weight, fat as % of dry matter, ash 
and crude protein as % of the fat free body (FFB). Early period of selection. NS: not significant 

a Least-squares means _+ SE 

Line Empty body 
weight (g) 

Dry matter Fat Ash Crude protein 

EPR1 22.4 ___ 0.46 31.9-+ 0.49 26.1 -+ 1.32 14.6 ___ 0.25 81.3 _+ 0.45 
EPR2 20.5_+0.44 31.6_+0.47 26.4___ 1.27 14.2-+0.24 81.8_+0.44 
EPA1 23.0 _+ 0.43 31.2 _+ 0.46 23.9 _+ 1.24 14.5 _+ 0.24 81.9 _+ 0.43 
EPA2 22.8 _+ 0.44 31.7 _+ 0.47 25.8 _+ 1.27 14.3 _+ 0.24 81.4_+ 0.44 
C 1 22.6 _+ 0.46 30.9 _+ 0.48 24.6 _+ 1.30 15.2 _+ 0.25 81.4_+ 0.45 
C2 21.6_+0.44 29.7___0.47 21.5___ 1.27 15.3-+0.24 81.3_+0.44 

b Linear contrasts 

C-EPR 0.68 NS - 1.45 (P = 0.077) - 3.18 NS 0.84" - 0.24 NS 
C-EPA 0.80 NS 1.16 NS - 1.78 NS 0.80* - 0.30 NS 
EPA-EPR 1.48 NS - 0.29 NS - 1.40 NS 0.04 NS 0.06 NS 

~: P < 0.05 

Table 5. Carcass composition at the start of the selection period. Dry matter as % of empty body weight, fat as % of dry matter, ash 
and crude protein as % of the fat free body (FFB). Late period of selection. NS: not significant 

a Least-squares means _+ SE 

Line Empty body 
weight (g) 

Dry matter Fat Ash Crude protein 

LPR1 24.7 _+ 0.45 
LPR2 25.4_+ 0.45 
LPA 1 25.6 _+ 0.45 
LPA2 26.7 _+ 0.47 
C 1 26.3 _+ 0.47 
C2 26.0_+ 0.45 

b Linear contrasts 

C-LPR 1.06 NS 
C-LPA 0.00 NS 
LPA-LPR 1.06 NS 

33.3+0.54 28.3+ 1.49 14.7+0.19 79.1_+0.38 
32.8 _+ 0.54 26.0_+ 1.49 15.2 _+ 0.19 78.5 _+ 0.37 
33.4_+0.54 29.5_+ 1.49 14.8+0.19 80.1 _+0.37 
34.0_+0.54 29.9_+ 1.49 15.0_+0.19 80.1 +0.38 
33.5 -+ 0.56 20.5 -+ 1.53 15.0-+ 0.20 79.2 -+ 0.38 
33.6 _+ 0.54 29.2 _+ 1.49 15.5 _+ 0.19 80.9 _+ 0.37 

0.58 NS 2.69 (P=0.091) 0.31 NS 1.08 NS 
- 0.13 NS 0.11 NS 0.36 NS 0.07 NS 

0.71 NS 2.58 (P= 0.098) - 0.05 NS 1.15 NS 

similar mean dry mat ter  percentages; none of  the 
differences among lines was significant. The fat and ash 
percentages were highest in the control  line, followed 
by the line selected under  restriction; however, dif- 
ferences among lines were not significant. The dif- 
ferences between lines for crude protein were signifi- 
cant, with the control  line having a significantly higher  
protein percentage than restricted and ad l ibi tum lines. 
The ad l ibi tum line had a higher protein percentage 
than the lines selected under  restriction, but this dif- 
ference was not significant. 

Table 4 presents the data for the end of  the early 
period of  selection. The ad l ibi tum line had the highest 
empty body weight and the line selected under  restric- 
tion the lowest, but the difference was not significant. 
Dry matter  and fat percentages were not  significantly 
different among lines; however,  the control  line had  the 
lowest dry mat ter  and fat percentages and the lines 

selected under  restriction the highest. The control  line 
had a significantly higher ash percentage than selected 
lines. All lines were very similar for crude protein  
percentages. The decrease in certain body components  
at the end of  the period,  compared  with the start of  the 
selection period, was due to single housing. It is not  
intended that comparisons  be made  between the two 
ages. 

Data for body composi t ion at the start of  the late 
period of  selection are presented in Table 5 and for the 
end of  the selection period in Table 6. At the beginning 
of  the late period o f  selection differences between the 
selected and control lines were not significant for any of  
the variables considered.  Empty  body weight was 
highest in the control line and lowest in the line 
selected under restriction. Dry matter,  fat, and crude 
protein percentages were lowest in the restricted line, 
while ash percentages were very similar for all lines. 
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Table 6. Carcass composition at the end of the selection period. Dry matter as % of empty body weight, fat as % of dry matter, ash 
and crude protein as % of the fat free body (FFB). Late period of selection. NS: not significant 

a Least-squares means • SE 

Line Empty body Dry matter 
weight (g) 

Fat Ash Crude protein 

LPRI 24.6 • 0.54 
LPR2 25.5+0.54 
LPA1 26.0 • 0.54 
LPA2 26.4 • 0.54 
C1 26.3 • 
C2 26.2 • 0.54 

b Linear contrasts 

C-LPR 1.16 (P-- 0.058) 
C-LPA 0.01 NS 
LPA-LPR 1.15 (P = 0.060) 

32.2 • 23.0+ 1.62 16.0+0.20 79.5• 
32.3_+0.60 24.8_+ 1.62 15.7• 79.5_+0.40 
33.1 • 0.60 26.2 • 1.62 15.3 • 0.20 78.4 • 0.40 
32.6 • 0.60 27.3 • 1.62 15.5 • 0.20 79.4 • 0.40 
32.1 • 24.9• 1.58 15.2• 79.7+0.39 
32.0 • 0.69 24.5 • 1.62 15.3 • 0.20 80.1 _+ 0.40 

0.21 NS 0.79 NS - 0.58* 0.45 NS 
- 0.77* - 2.07 NS - 0.16 NS 1.03 NS 

0.56 (P= 0.065) 2.86* - 0.42 (P= 0.060) 0.58 NS 

* P <  0.05 

Table 7. Body weights in g and carcass composition at 100 days old. Dry matter as % of empty body weight, fat as % of dry matter, 
and ash and crude protein as % of a fat free body (FFB). Early and late period of selection. NS: not significant 

a Least-squares means • SE 

Line Body weight Dry matter Fat Ash Crude protein 

EPR1 38.1 • 1.41 40.0 • 1.23 44.6 + 2.59 14.3 + 0.40 80.3 _ 0.80 
EPR2 33.7 _+ 1.58 39.6 • 1.38 42.5 + 2.89 14.9 • 0.45 79.2 • 0.90 
EPA1 40.9 • 1.49 40.7 • 1.30 45.9 • 2.73 14.6 • 0.42 79.1 • 0.85 
EPA2 38.2 • 1.41 40.2 • 1.23 40.1 ___ 2.59 13.3 • 0.40 79.9 • 0.80 
LPR1 36.4_+ 1.41 40.4• 1.23 43.5• 14.8+0.40 78.8• 
LPR2 35.9 • 1.49 38.5 • 1.30 40.3 • 2.73 15.1 • 0.42 79.2 • 0.85 
LPA1 38.1 • 1.41 41.1 +_ 1.23 45.6• 14.1 • 79.5• 
LPA2 40.4 • 1.49 42.1 • 1.30 46.0 • 2.72 13.4 • 0.42 76.6 _+ 0.85 
C 1 41.7 • 1,69 41.4 • 1.47 46.8 • 3.09 14.3 • 0.48 79.4 • 0.96 
C2 40.1 • 1.49 41.3• 1.30 46.4• 13.5• 78.5+_0.85 

b Linear contrasts 

C-EPR 4.94 (P=0.051) 1.57 (P-- 0.098) 3.01 NS - 0.69 NS 0.801 NS 
C-EPA 1.33 NS 0.94 NS 3.57 NS - 0.03 NS - 0.56 NS 
C-LPR 4.69 (P = 0.057) 1.92 (P = 0.053) 4.63 NS - 1.03 NS - 0.09 NS 
C-LPA 1.64 NS - 0.25 NS 1.20 NS 0.141 NS 0.92 NS 
EPA-EPR 3.61 NS 0.63 NS - 0,56 NS - 0.66 NS - 0.24 NS 
LPA-LPR 3.05 NS 2.17" 3.43 NS - 1.17 (P--0.089) - 1.01 NS 
LPR-EPR 0.25 NS - 0.35 NS - 1,62 NS 0.34 NS - 0.71 NS 
LPA-EPA -0.30 NS 1.19 NS 2.37 NS 0.17 NS - 1.48 NS 

* P <  0.05 

At the end of  the late period of  selection there were 
significant differences in body composition between 

control and selected lines and among selected lines. 

Empty body weight was lowest in the restricted line 
and highest in the control line; this difference was very 

close to significance (P = 0.058). The difference between 

restricted and ad libitum lines was also very close to 
significance (P=0.060).  Dry matter  was highest in the 
ad libitum line. The difference between ad libitum and 

control lines was significant, and the difference between 
selected lines was close to significance (P=0.065).  For 

fat percentage, the ad libitum line was highest, the 
restricted line lowest, and the control line intermediate. 

The difference between ad libitum and restricted lines 
was significant. The control line had the lowest ash 

percentage and the restricted line the highest. The 

difference between control and restricted lines was 

significant and the difference between ad lib• and 
restricted lines was close to significance ( P =  0.060). For 
protein percentages, the ad lib• line was lowest and 

the control line highest; however, none o f  these dif- 
ferences between lines was significant. 
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Empty body weights and body composition data at 
100 days of age are reported in Table 7. Empty body 
weights were highest in the control line and lowest in 
the lines selected under restriction. Both these dif- 
ferences were very close to significance (P = 0.051 and 
P=0.057, respectively), whereas other differences be- 
tween lines were not significant. 

With respect to body composition, dry matter was 
lowest in the line selected under restriction in the late 
period and highest in the line selected under ad libitum 
feeding in the same period. The difference between ad 
libitum and restricted lines was significant and the 
difference between restricted lines in the late period 
and control lines was close to significance (P=0.057). 
The control line had the highest fat percentage followed 
by the line selected ad libitum in the late period. The 
line selected under restriction in the late period had the 
lowest fat percentage, although differences among lines 
were not significant. Restriction at both ages resulted in 
marginally higher ash contents, though not significantly 
so. Non-significant line differences for protein percent- 
ages were found at this age; however, the protein 
percentages were highest in lines selected in the early 
period and lowest in the line selected ad libitum in the 
late period. 

Discussion 

In previous studies feed efficiency and feed intake have 
been reported to increase as a result of selection for 
increased weight gain (Hetzel and Nicholas 1982; 
Rahnefeld etal. 1963; Timon and Eisen 1970). The 
results obtained in the early period in the ad libitum 
line are in agreement with these earlier studies; howev- 
er, the results in the restricted line differ from previous 
reports. McPhee etal. (1980) reported that lines se- 
lected under restriction had the same consumption and 
higher efficiency than controls; thus, ad libitum intake 
did not change with selection. Results from this study 
indicated that gross efficiency was higher in the re- 
stricted line compared to the control line, but consump- 
tion was lower. 

In the late period of selection consumption was 
lower in the ad libitum and restricted line than in the 
control line. These results do not agree with Timon and 
Eisen (1970) who reported that intake per gram of body 
weight was larger in selected mice at all body weights. 
They suggested that perhaps the increased consumption 
leads to a less efficient absorption and utilization of 
feed energy and this may influence the gross efficiency 
of the selected mice in a negative manner. In the 
present study the increased consumption in the ad 
libitum line was accompanied by an increased ef- 
ficiency in the early period, and in the late period the 

higher consumption of the control line compared with 
ad libitum lines was also accompanied by a higher 
efficiency. In the restricted lines the mechanism seems 
to be the same at both ages of selection. The fact that 
consumption and growth are reduced and efficiency is 
increased would suggest that maintenance requirements 
are reduced. 

Results from these experiments indicate that selec- 
tion under ad libitum feeding for post-weaning gain at 
different ages is based on different genetic mechanisms. 
Ad libitum lines in both periods of selection had higher 
weight gain than controls. In the early period, where 
the difference in weight gain was significant, consump- 
tion and efficiency were increased over the control line 
while in the later period, where the difference in weight 
gain was not significant, consumption and efficiency 
were below the control line. It appears therefore that 
the systems upon which selection acts in order to obtain 
the increased growth are different in the two periods. 

With respect to body composition, crude protein 
percentages were significantly lower in both ad libitum 
and restricted lines at the start of the early period of 
selection. This lower crude protein percentage is proba- 
bly part of the general strategy for increased weight 
gain in the selected lines, which implies lower body 
weights at the start of the selection period. 

At the end of the early period of selection the 
control line had a significantly higher ash percentage 
than selected lines. Since at the start of the selection 
period selected lines had lower crude protein and lower 
fat percentages than the control line, while at the end of 
the selection period selected lines had higher crude 
protein and fat percentages, these higher rates of crude 
protein and fat deposition in the selected lines were 
probably the cause of their lower ash percentage. With 
respect to fat percentage, though the differences were 
not significant, the lines selected under feed restriction 
had the highest fat percentage. Two possible reasons for 
this increased fat percent are: first, the restricted line is 
truly fatter than the control line at this age. Since they 
are smaller animals with reduced growth they are at a 
later phase with respect to fat deposition, and this 
implies a greater fat percentage at a given age. Second, 
the restricted lines were always selected on the basis of 
their performance in isolation. Since it may be specu- 
lated that these lines were being selected for reduced 
maintenance requirements, and thermoregulation is the 
major cost within maintenance, the increased fatness in 
these lines could have been the fastest route to decrease 
thermoregulatory costs. 

The late period of selection for weight gain did not 
significantly alter body composition prior to the start of 
the selection period, while at the end of the selection 
period significant differences between control and se- 
lected lines and among selected lines were observed. 
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Reports in the literature on the effect on body composi- 
tion of selection for weight gain at an age comparable  
to the late period of  the present study are very scarce. 
Biondini et al. (1968) selected for increased weight gain 
between 4 and 11 weeks old under ad libitum feeding 
in three replicate lines. They observed that two of  the 
three replicates became progressively fatter while the 
third replicate did not change in fat percentage. Under 
restricted feeding, McPhee et al. (1980) selected mice 
for increased weight gain between 5 and 9 weeks old 
and reported that their selected lines were 3% fatter 
than controls when all were fed ad libitum. It would 
seem that the level of  restriction applied by McPhee 
et al. (1980) was acting on the growth portion of  the 
intake; therefore, the effects on carcass composition are 
not comparable.  In the present study the ad libitum 
line had higher fat percentage than control line at the 
end of  the selection period; therefore this could not 
have contributed to the increased weight gain observed 
in these lines. Moreover, these lines had lower con- 
sumption than controls. It may  be speculated then that 
these lines had reduced the energetic discrepancy (Ste- 
phenson and Malik 1984) and the extra energy saved 
was utilized in laying down fat. 

Selection experiments for increased body weight 
have reported a tendency towards increased fatness 
that accentuates with age (as reviewed by McCarthy 
1982; Malik 1984). However, it appears  that selection 
for weight gain does not have similar effects. Baker 
et al. (1979) analyzed lines selected for 3 - 6  weeks gain 
at 140days old and observed very little difference 
between males from selected and control lines, though 
females were significantly fatter. In this study only 
males were analyzed at 100 days old and body weights 
were found to be lower in selected lines, particularly in 
the lines selected under restriction. Selection under 
restriction at both periods had a similar effect in 
decreasing body weight at adulthood. 

Wilson (1973) suggested that selecting for gain at an 
earlier age would decrease body size. Present findings 
are in partial agreement,  since selection did decrease 
adult body weight with respect to control lines, but had 
less effect in decreasing body weight than selection at 
later ages. 

In general, restricted lines remained smaller and 
leaner in adulthood while ad libitum lines remained  
approximately the same size as controls with a slightly 
lower fat percentage. 
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