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Summary. Body weights and tail lengths were observed every 3 days from birth to 60 days of age and every 6 days 
from 60 to 96 days in four lines of mice: C57BL/6J, an inbred; J, a synthetic outbred; GR, Goodale large body raze 
line; and FR, Falconer large body size line. Mean 96-day body weights for lines C57BL, J, GR and FR were 25.4, 
29.7, 48.8 and 49.1 gm for males, and 19.9, 23.8, 38.5 and 38.2 gm for females, respectively. Lines GR and FR gave 
identical body weights at all ages studied. Both of these lines had previously plateaued in response to selection 
for large body size. The variability in body weight was smallest for lines C57BL and J, intermediate for FR and highest 
for GR. The pattern of variance over time was very similar in all lines and both sexes, showing a minimum at birth 
and a maximum at age of inflection. Growth in tail length of the four lines showed similar between line differences 
except tha t  length in GR was greater than in FR. Age at vaginal opening in females coincided closely with age of 
inflection in body weight growth. Age at point of inflection did not  differ between lines bu t  appeared to occur some- 
what earlier in females than in males. 

I n t r o d u c t i o n  

Over tile years selection exper iments  (G00DALE, 
t938;  RAHNEFELD et al., t963) and  studies invo lv ing  
geno type -env i ronmen t  in te rac t ions  (FALCONER, t955;  
EISEN and  LEGATES, t966) ut i l iz ing a body  weight 
characteris t ic  of the l abora tory  mouse have been 
very  common.  The mouse has also been ut i l ized in  
other  scientific areas in which the basic exper imenta l  
cr i ter ion is also a body  weight  t ra i t .  I n  such studies it  
is impor t an t  to know and  u n d e r s t a n d  the growth 
behavior  of the exper imenta l  organism. This  s t udy  
demons t ra tes  the growth pa t t e rns  of four s t ra ins  
of mice each un ique  in genetic origin. 

S o u r c e  o f  D a t a  

Four strains were employed each of which had under- 
gone varying genetic changes through specific mating 
systems and selection methods. All strains were main- 
tained by  random mating prior to and during this study. 

STRAIN J. : A synthetic stock made by and obtained 
from Jackson Laboratories, Bar Harbor, Maine. I t  was 
composed of (LP/J9 • S J L / J 6 ) 9  • (BALB/cJ9 • 
C57BL/6Jd')d~ and was randomly mated for three gene- 
rations prior to data collection. 

STRAIN C57BL/6J : An inbred stock obtained directly 
from Jackson Laboratories which had undergone 79 
generations of brother-sister mating. I t  was maintained 
under random mating for one generation. 

STRAIN Gl~: A stock selected for high 60-day body 
weight by GOODALE (1938) for 80 generations and by us 
for an additional 15 generations. I t  was maintained by 
random mating for two generations. T h e  stock had 
apparently plateaued in its response to selection. 

STRAIN FR:  A stock selected for high 42-day body 
weight (Nutrition Full  diet) by  FALCONER and LATYS- 
ZEWSKI (1952) for 34 generations before transfer to the 
Mount Hope Farm where selection for high 60-day body 
weight was practiced. Selection for the latter t ra i t  was 
continued by use to a total  of ten generations. The stock 
was then maintained by random mating for five gene- 
rations. This stock had also apparently plateaued in its 
response to selection. 

Data for body weight and tail  length were collected on 
progeny from two consecutive generations referred to 
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hereinafter as replicates I and II.  The number of single 
pair matings and total  number of progeny observed for 
each strain in each replicate are shown in Table t. The 
data for replicates I and I I  0 concern first litter progeny 
and that  for replicate I I  1 were for second litter progeny 
produced by  the mating pairs observed in replicate I I  0. 
Strain F R  failed to produce second litters. As there were 
no significant differences between replicates I and I I  0 
for body weight or tail length, the data from the two re- 
plicates have been pooled. Data were obtained on age of 
vaginal opening by  examining all female progeny in re- 
plicate I I  at three-day intervals beginning on the 15th 
day. 

Table 1. Number ol single-pair mati~r by line and re- 
plicate with number of progeny in parenthesis 

Line 
Replicate 

I II 0 II 1 

J t3 (96) 16 (t14) t3 (t13) 
C57 9 (4t) 11 (48) f0 (55) 
OR ~3 (85) t6 (I27) 5 (5~) 
F R  10 (80) 6 (44) - -  

All litters studied were born within the t 5-hour period 
from 5 : 00 P. M. to 8 : 00 A. M. and within a three-week 
period in each replicate. All mice in a litter were weighed 
as a group on day of bir th (day 0) after insuring that  all 
litters had suckled at least once. Subsequent weighings 
and measurements of tail length began at day 3; they 
were every three days thereafter up to and including the 
60th day and every six days thereafter up to and includ- 
ing the 96th day. The mice were sexed and marked on 
day 3 and weaned on day 27. At weaning the sexes were 
separated and housed with either 3, 4 or 5 mice per cage. 

R e s u l t s  

The growth curves for the two sexes and  the four 
lines have the same general  characterist ics and  are 
shown in  Figures t and  2. On the  basis of an approxi-  
ma te  t- test ,  females were s ignif icant ly  smaller  t han  
males beyond  18, and  2t days in lines C57 and  J,  
respectively,  and  beyond  24 days in lines GR and  FR.  

Both  sexes of line C57 were the smallest  and  lines 
GR and  F R  the largest  at  all ages. W i t h i n  bo th  
sexes, lines GR and  F R  demons t r a t ed  ident ica l  body  
weights at  all ages well wi th in  the l imits  of the re- 
spective variances.  Such a f inding is of in teres t  in 
l ight  of the selection his tory  of these lines. I t  should 
be no ted  however,  t ha t  the ma jo r  difference be tween  
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Fig. 1. LVfean body weight of male mice; line C57BL/6J,-I-; 
line J, - A - ;  line GR, - [~- ;  line FR, -�9 Smooth curve 

calculated using the method of FABENS (t965) 
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Fig. 3. Mean body weight gain in male mice calculated for 
3-day intervals. Legend as in Figure t 
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Fig. 2. ~{ean body weight of female mice. Legendas in Fi- 
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Fig. 4. Mean body weight gain in female mice calculated for 
3-day intervals. Legend as in Figure I 

lines OR and FR and the other two lines occurs after 
18 days and becomes more pronounced with age. 
The two selected lines are approXimately twice as 
heavy  at ma tu r i ty  as the inbred line. The growth 
curves for the four lines would suggest tha t  lines C57 
and J enter the decelerating growth phase earlier 
than  lines GR and FR;  the growth pat terns  also in- 
dicate a t empora ry  deceleration in rate  of gain be- 
tween 9 and t 8 days in all four lines. 

Examinat ion  of weight gain in the four lines can 
shed some light on the lat ter  observation since the 
inflection point coincides with the point of m a x imum 
gain. The da ta  shown in Figures 3 and 4 are the 
simple weight gains of the mice over three-day 
intervals;  beyond 60 days weight gain was calculated 
as one-half the gain over a six-day interval. Several 
pert inent  observations can be made from these plots. 
There was a deceleration in growth rate  by  both  sexes 
between 9 and 18 days. The only exception was line 
C57 which showed an increasing rate  of gain at nine 
days. The drop in growth rate  was followed by  an 
abrupt  and rapid acceleration. The pat tern  of early 

growth was extremely uniform for males of the four 
lines but  was somewhat variable for females. Males 
and females of all four lines exhibited a max imum 
growth rate at 28 days with males showing a second 
max imum at 33 days; the growth rate of females at the 
lat ter  age was lower than at 28 days. Males also ex- 
hibit a minimum between these ages, i. e., at  30 days. 
The weight gain at this point represents the gain 
during the three days immediately following weaning 
and the reduction was undoubtedly due to the stress 
of weaning. Females of lines C57 and FR, and line 
J to a lesser extent,  also show a reduction in growth 
rate  due to weaning. These data  do not show the 
same effect for line GR; however, it is possible tha t  
these mice recovered from the stress more rapidly. 

If we assmne tha t  the mice had fully recovered 
from the stress of weaning by  33 days and if we 
ignore the reduction in growth rate at 30 days we 
can postulate tha t  the point of max imum growth 
rate for males is between 28 and 33 days (possibly 
30 days) and tha t  it is in the same range but  some- 
what  earlier for females, especially those in line GR. 
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Fig. 5. Total variance in body weight of male mice. Legend 
as in Figure I 
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Fig. 6. TotaI variance in body weight of female mice. Legend 
as in Figure t 
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Fig. 7. Mean weight gain of BALB/C mice taken from CARMON 

(1965) 

All four lines display a steady but  variabIe decele- 
ration in growth rate after 33 days and approach 
zero growth rate asymptotically. Lines GR and FR 
do not deviate greatly from the time pat tern of the 
other two lines. The latter lines hold this pat tern b y  
dropping from the 33-day maximum much more 
rapidly than the other two lines. Line C57 gave the 

most variable growth rate pat tern during the period 
of most rapid growth, 2t to 42 days. These findings 
suggest that  the pattern of growth of the two selected 
lines, GR and FR, was very similar to the synthetic 
stock. The larger size of the selected lines was achie- 
ved through more rapid growth with little Change in 
the chronological time pattern of the growth phases. 

The total variance in body weight for the two 
sexes is shown in Figures 5 and 6. Lines GR and FR 
displayed a much greater variance than the other two 
lines to a degree roughly proportional to the diffe- 
rence in body weight and males of all lines showed a 
larger variance than females. Line GR males differ 
from the other lines and from females by displaying 
a very large variance over the period of rapid growth, 
approximately 27 to 42 days. The variance patterns 
do not reflect the deceleration in growth rate ob 
served from 9 - - t  8 days. 

An effort was made to determine if the observed 
deceleration in growth rate between nine and 18 days 
of age was due to husbandry practices unique to this 
study. Data on a sample of eight BALB/c mice from 
CARMON (1965) was examined for the effect (Figure 7). 
The mice studied by  CAR~{ON also showed a slow 
growth rate over the period in question. To further 
examine the phenomenon a group of t20 male mice 
from an 8-way cross stock maintained at the univer- 
sity of California, Davis was divided into a control 
group and a supplementary fed group. Supplemental 
feeding consisted of placing pelleted feed directly into 
the cage, beginning at nine days of age. The rational 
for the trial was that  the young mice were not able 
to obtain solid food sufficient to supplement the 
dam's milk supply. The growth curves from three 
to 27 days for the two groups and for line J are 
shown in Figure 8 and their growth rates over three- 
day intervals in Figure 9. The decelerating growth 
rate phenomenon is evident from these data. Supple- 
mental feeding appears to have partially alleviated 
the decline; however, even this group displayed a 
substantial reduction in rate of gain. 

The curves for growth in tail length for males of 
the four lines are shown in Figure t 0. The curves for 
females were similar, the only difference being that  
length at 96 days was approximately 3 mm less than 
for males. All four lines display the characteristic 
monotonically decreasing exponential pat tern ex- 
pected for growth in a linear dimension. The lines 
do not differ as widely for this characteristic as they 
do for body weight. Lines GR and FR have similar 
growth patterns for length of tail up to approximately 
42 days after which growth slows to a steady state 
more rapidly in line FR than in line GR. This diffe- 
rence between the selected lines deviates from that  
found for body weight. Figure t t  demonstrates the 
allometric relationship between tail length and body 
weight by  means of a log-log plot for line J and GR 
males. The relationship is not linear, thus the allo- 
metric equation y = b x ~ does not apply. I t  is inter- 
esting to note that  the region of lowest slope on the 
log-log plot coincides with the age of most rapid acce- 
leration in growth rate for body weight, approxima- 
tely t8 to 30 days of age in both lines. 

It  suffices to say that  the growth data observed 
for second litters (Replicate II1) did not show any 
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Fig. 8. Mean body weight of 8-way cross male mice given 
supplemental f e e d , - A - ,  no supplemental feed, - � 9  and 
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in Figure I 
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Fig. 9. Mean weight gain of 8-way cross male mice given supp- 
lemental feed - O -  or no supplemental iced - e -  

real  dev i a t i on  f rom those  of f irst  l i t t e r s  for the  th ree  120 
mm 

lines s tud ied ;  however ,  there  was a t r e n d  ind i ca t i ng  
t h a t  second l i t t e r s  were s l igh t ly  smal le r  t han  first  100 
l i t t e r  p rogeny .  

The  d a t a  for age a t  vag ina l  opening  for the  females 
in rep l ica tes  I I  0 and  II~ are s u m m a r i z e d  in Tab le  2. 80 

Table 2. Age at vaginal opening /or /emales in Repli- 
cates I [  o and I I  1 (observed at 3-day intervals) 

Replicate 

Line II o II  1 Average 

No. Mean s.d. No. Mean s.d. 

C57 25 33.6 2.83 29 31.4 4.92 32.5 
J 60 28.0 4.30 5~ 23.8 6.17 25.9 
GR 58 31.1 t3.05 20 28.6 14.80 29.8 
F R  18 23.0 6.15 - -  - -  - -  23.0 

60 

40 

20 

There  were no real  differences be tween  lines or f irst  
and  second l i t t e r  p rogeny  b u t  some t r ends  were indi-  
ca ted .  Line G R  appea r s  to  be more  va r i ab le  t h a n  2g mm 
the  o the r  lines. The  ave rage  age a t  vag ina l  opening  
coincides wi th  the  inf lect ion po in t  on the  weight  
g rowth -cu rve  as d e t e r m i n e d  b y  the  po in t  of mos t  706 
r a p i d  weight  gain.  86 

Discussion ~ 55 

The  f inding t h a t  two i n d e p e n d e n t  weigh t - se lec ted  ~ 45 
l ines of mice have  iden t i ca l  g rowth  p a t t e r n s  was un- 
expec ted .  Such an obse rva t ion  would  i m p l y  a near  
per fec t  genet ic  cor re la t ion  be tween  b o d y  weight  a t  20 
dif ferent  ages. However ,  i t  m u s t  be n o t e d  t h a t  bo th  
of the  lines s tud i ed  have  been  ex t ens ive ly  se lected 
b e y o n d  the  po in t  of the  a p p a r e n t  p l a t e a u ;  a s imi la r  
s t u d y  car r ied  out  a t  a t ime  pr ior  to  the  occurrence  of 
the  p l a t e a u  m a y  no t  have  g iven  the  same resul ts .  
I f  the  l ines were d i f ferent  in g rowth  p a t t e r n  a t  the  
po in t  a t  which  the  p l a t e a u  occurred ,  we could  i m p l y  
t h a t  the  pr inc ip le  gene t ic  c o m p o n e n t  for b o d y  weight  
had  r e sponded  to select ion and  t h a t  subsequen t  se- 
lect ion,  the  resul t s  of which  m a y  have  been  slow b u t  
cumula t ive ,  m a y  have  resu l t ed  in a response of asso- 
c ia ted  and /o r  mod i fy ing  gene t ic  componen t s  such 
t h a t  a no rma l  h o m e o s t a t i c  p a t t e r n  of g r o w t h  was 
rees tab l i shed .  A response  to  select ion b y  mod i fy ing  
sys tems  subsequen t  to select ion for the  pr inc ip le  
c o m p o n e n t  has  been  r e p o r t e d  b y  FRASER (1967). 

0 1; b 4> J6 7'o d #8 
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Fig. 10. N[ean tail length of male mice. Legend as in Figure 1. 
Smooth curve calculated using the method of FABF, XS (1965) 
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Fig. 1 t. A log-log allomeric plot of the relationship between 
mean body weight and mean tail length for male mice of 
line J, - o - ,  and line GR, - �9  3 days to 96 days of age 

A l t h o u g h  the  four  l ines s tud i ed  differ  wide ly  in 
the i r  genet ic  compos i t ion  and  have  qu i te  d i f ferent  
b o d y  weights  a t  a specific age, there  are a n u m b e r  of 
s imi la r i t i es  be tween  the  lines. The  age of m a x i m u m  
ra te  of ga in  ( inflect ion point)  is cons i s ten t  f rom line 
to line as is age a t  vag ina l  opening  in females.  Al l  l ines 
d i sp l ay  an exponen t i a l  increase  in va r i ance  of b o d y  
weight  to  a peak  a t  s imi la r  ages. The  b r e a k  in ex- 
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ponential  increase coincides with the age at inflection 
in the growth curve; the change in variance pat tern  
a t  this t ime is similar to a metamorphic  change in 
growth of an insect at the larval-pupal interface 
(see E~GLE~T and BELL, t963). The two selected 
lines did, however, show a difference in the magni- 
tude of variance between 27--56 days of age, line GR 
being more variable at these ages. I t  is possible that  
selection for 42-day weight (line FR) affected a 
variance change different from tha t  resulting from 
selection for 60-day weight (line GR). 

Another state of similarity between the four lines 
was their consistent response to the environmental  
forces causing the drop in growth rate  at nine days. 
Assuming tha t  par t  of this complex pat tern  is due to 
a maternal  interaction of the amount  of milk the dam 
can supply and the demand for milk by  the litter, 
the data  suggests tha t  the four lines were genetically 
similar in pat tern  of response and differed only in 
the magnitude of response. This interpretat ion is 
further substant iated by  the growth response of the 
8-way cross mice studies in the supplemental  feed- 
ing experiment. All the above similarities suggest 
tha t  chronological t ime is a good measure of gross 
physiological time in mice. 

Zusammenfassung 

Vier Linien von Laboratoriumsm/iusen: der In- 
zuchts tamm C57BL/GJ, der Kreuzungsstamm J, eine 
yon GOODALE auf KGrpergrGBe selektierte Linie GR 
und die von FALCOXER auf KGrpergrGBe ausgelesene 
Linie FR, wurden auf KGrpergewieht und Schwanz- 
l~inge untersucht,  und zwar v o n d e r  Geburt  bis zum 
60. Lebenstage in 3 t~gigem Abstand, yon 60. bis 
96. Lebenstage in 6t~igigem Abstand. Am 96. Le- 
benstag betrugen die Durchschnittsgewichte fiir die 
4Lin ien  25,4; 29,7; 48,8 und 49,1 g fiir M/innchen 

und 19,9; 23,8; 38,5 und 38,2g ffir Weibchen. Die 
Linien GR und F R  zeigten in allen untersuchten 
Altersstadien gleiche Gewiehte. Beide waren durch 
vorangegangene Selektion auf KGrpergrGl3e weit- 
gehend angeglichen. Die Variabilit/it des Gewichtes 
erwies sich bet den Linien C57BL und J als am gering- 
sten, als intermedi/ir bet F R  und als am hGchsten bet 
GR. Das Varianzmuster war bet allen Linien und 
fiir beide Geschlechter innerhalb des Untersuchungs- 
zeitraumes sehr/ihnlich, mit  einem Minimum bet der 
Geburt  und einem Maximum am Ende der Wachs- 
tumsperiode (Inflexion). Das Schwanzwachstum 
zeigte die Linienunterschiede in gleicher Weise, 
lediglich der S tamm GR hat te  eine grGl3ere L~tnge als 
FR. Das 0ffnen der Vagina f~illt zeitHch mit  der 
Inflexion der weiblichen Tiere zusammen. Der Zeit- 
punkt  der Inflexion differiert nicht zwischen den 
untersuchten Linien, scheint j edoch bet den weiblichen 
Tieren etwas frfiher als bet den m/innliehen zu liegen. 
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