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Summary. Selection for increased 12-day l i t ter  weight of s tandard  li t ters of eight mice was practiced for nine gene- 
rations in a replicated experiment with controls. The two selection lines followed very similar pat terns  of response. 
The pooled realized her i tabi l i ty  was 0.08 ! 0.04 and the observed genetic gain was 0.57 + 0.19 g per generation. 
The replicated controls showed a negative t rend in 12-day l i t ter  weight which was likely due to the effects of inbreeding 
and possibly some detr imental  environmental  fluctuation. Derivations of the components of variance affecting t 2-day 
body weight indicated tha t  direct addi t ive genetic variance arising from genes controlling, growth from bir th  to 12 days 
of age accounted for 37.0% of the to ta l  variation,  while maternal  addit ive genetic variance and pos tna ta l  maternal  
variance accounted for 16.4% and 49.6% of the variance, respectively. The direct addit ive genetic-maternal  genetic 
covariance was negative but  small. Significant positive correlated responses were observed for 12, 21, 42 and 56-day 
body weight, but  no correlated responses were observed for postweaning body weight gain or for reproductive efficiency 
nleasured as number born and percent fertile matings. 

Introduction 

s  g rowth  in the  l a b o r a t o r y  mouse is in- 
f luenced to  a large degree  b y  the  p o s t n a t a l  m a t e r n a l  
a b i l i t y  of the  d a m  (Cox, Lega te s  and  Cockerham 
t959;  E 1 0 k s h ,  S u t h e r l a n d  and  Wi l l i ams  1967; Whi t e ,  
Lega tes  a n d  Eisen  1968 and  Young,  Lega tes  and  
F a r t h i n g  1965). These  s tud ies  showed t h a t  p o s t n a t a l  
m a t e r n a l  inf luences  accoun ted  for  7 0 - - 8 0 %  of the  
va r i ance  on 12-day l i t t e r  weight  of s ix mice,  and  t h a t  
12-day  l i t t e r  weight  m a y  be a useful  p h e n o t y p i c  
i n d i c a t o r  of p o s t n a t a l  m a t e r n a l  pe r fo rmance .  Others  
(Eisen,  Lega tes  and  Rob i son  1970; J a r a - A l m o n t e  and  
Whi te ,  t973 and  Young  and  Lega tes  t965) have  
shown t h a t  the  h e r i t a b i l i t y  of p o s t n a t a l  m a t e r n a l  
a b i l i t y  m e a s u r e d  as the  12-day  weight  of a s t a n d a r d  
s ized l i t t e r  averages  abou t  0.25 and  should  the re fore  
r e spond  to select ion.  However ,  se lect ion for inc reased  
p rewean ing  l i t t e r  weight  has  shown l imi t ed  success 
in p rev ious  s tudies  (Fa lconer  t955;  Eisen et al.  1970; 
Lega tes  and  F a r t h i n g  1962). In  a d d i t i o n  on ly  one 
prev ious  s t u d y  (Eisen et al. 1970) examined ,  in de ta i l ,  
co r r e l a t ed  responses  in o the r  g rowth  and  r ep roduc-  
t ive  t r a i t s .  The  purpose  of th is  i nves t iga t ion  was to  
e v a l u a t e  se lect ion response  for increased  t 2 -day  l i t t e r  
weight  of e ight  suckl ing  y o u n g  in a r ep l i ca t ed  exper i -  
m e n t  wi th  con t ro l s  and  to  assess co r re l a t ed  responses  
in o the r  g r o w t h  and  r ep roduc t i ve  t ra i t s .  

Experimental Procedure 

The base populat ion (ICR-Albino) was obtained from 
the large, non-inbred colony at  the Ins t i tu te  for Cancer 
Research, Philadelphia,  Pa. After two generations of 
random mat ing to allow for acclimation to this labor- 
a to ry  and to expand the original base populat ion of 100 
females and 50 males, individuals were randomly divided 

1 Supported in par t  by  a grant  from the Virginia Agri- 
cultural  Foundat ion.  

into four lines. Within-family  selection for increased 12- 
day  weight of a l i t ter  of eigl{t mice was ini t ia ted in two 
replicate lines (S-I and S-2), while two lines (C-I and 
C-2) were mainta ined as unselected controls. Each of 
the selection lines ideally consisted of 18 full-sib families, 
each generation, with each family containing six females 
and two males. Each control line consisted of 30 paired 
matings each generation. Generations were contemporary 
in all four lines throughout  the experiment.  Results are 
presented for the first nine generations of selection. 

The selection procedure was based on the deviat ion of 
the 12-day l i t ter  weight from the family mean. The l i t ter  
within a full-sib family of l i t ters which had the largest 
positive deviat ion from its full-sib family 12-day l i t ter  
weight mean was selected, along with a single l i t ter  from 
t 7 other families, to serve as parents  for the next  genera- 
t ion (Fig. t). The only exception to this  procedure occur- 
red when the l i t ter  with the largest deviat ion did not  

FULL-SIB / FULL-SlB I D3 ~L3 

I:ig. t. Mating design for within-family selection scheme 

contain at  least  one male or three females. In such a case, 
the l i t ter  with the second largest deviation was selected. 

Although 12-day l i t ter  weight has been shown to be 
largely a t ra i t  of the dam (Young et al. 1965 and E10ksh  
et al. 1967), the addit ive genotype of the young must  also 
be considered since i t  also contributes to the preweaning 
growth of the offspring (Eisen et al. 1970 and ]3ateman 
1954). The variat ion due to the genotype of the suckling 
young may  be minimized by  mating all full sisters to 
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a single, unre la ted  male. However ,  ma t ing  all tull-sib 
females to a single male  is r a ther  r isky since one infert i le  
male  would  resul t  in the  loss of an  ent i re  family.  There-  
fore, the  ma t ing  scheme shown in Figure  t was used in 
the  selected lines. Ideal ly ,  six daughters  f rom a l i t te r  
selected to  serve as paren ts  for the  nex t  genera t ion  were 
paired r a n d o m l y  wi th  two  full-sib sons f rom an unre la ted  
l i t ter .  E a c h  male  was then  ma ted  to three of the  females.  
This  ma t ing  design was similar  to the  one out l ined by  
Eisen et al. (1970). 

Dams  were eight  to t en  weeks of age at  mat ing.  Only  
first l i t ters  were used. A t  par tur i t ion ,  the  number  of 
young  born  alive, hereaf te r  expressed as the  number  born,  
was recorded.  At  f ive days  of age the  l i t ters  were stan- 
dardized to  e ight  nfice, inc luding six females and two  
males  in the  select ion lines and four  females  and four  
males  in the  controls.  L i t te rs  wi th  five to  seven mice 
were augmen ted  to eight  wi th  fos ter  mice f rom o ther  
l i t ters.  These fostered mice were discarded at  weaning.  

A t  12 days of age, each mouse was p e r m a n e n t l y  ident i -  
fied by  toe cl ipping and weighed.  To ta l  l i t t e r  weights  
were also recorded a t  12 days, and select ion decisions 
were m a d e  a t  this point .  A t  wean ing  (21 days) each 
mouse was again weighed and  four unre la ted  mice of the  
same sex and age were caged toge the r  in po lypropy lene  
cages. Only  selected l i t ters  were weaned.  All  o ther  mice 
were discarded.  The  mice were ind iv idua l ly  weighted  a t  
42 and 56 days  of age. All weights  were recorded to the  
neares t  t en th  of a gram. 

Old Guilford Breeder  Pel le ts  were fed ad l ib i tum from 
mat ing  unt i l  wean ing  and Pur ina  Lab  Chow was fed ad 
l ib i tum af ter  weaning.  The  l abo ra to ry  was main ta ined  
at  app rox ima te ly  22 ~ wi th  a cont inuous  l ight  to dark-  
ness ra t io  of one (12 hr. l ight  to  12 hr. darkness).  

Estimates of Genetic and Environmental Variances 

The to ta l  genetic  var iance  associated wi th  t 2-day l i t t e r  
weight  was pa r t i t ioned  into  three components .  These  
included the  direct  addi t ive  genetic  var iance  (~0)  for 
growth  in the  offspring, the  ma te rna l  add i t ive  genetic  

(7 2 var iance  (A~)  for pos tna ta l  ma te rna l  abi l i ty  in the  dam 
and the  d i rec t -mate rna l  add i t ive  genetic  covar iance  
(aAoa,,,). These three  componen t s  were es t imated  f rom 
covar iances  among  var ious  sets of re la t ives  fol lowing the  
procedures  of Wi l l ham (1963) and Eisen  etal. (1970). 
The  re la t ive  magni tudes  of these  three  paramete rs  indi-  
cate  thei r  impor tance  in de te rmin ing  12-day l i t te r  weight  
and are helpful  in predic t ing select ion response. 

In  der iving the  covar iances  among  re la t ives  for this 
design, i t  was assumed t h a t  p rena ta l  genetic  and perma-  
nen t  env i ronmen ta l  effects;  pos tna ta l  ma te rna l  domi-  
nance and epis ta t ic  effects; and direct  g.enetic dominance  
and in te rac t ion  effects were of minor  impor tance .  
Al though  these basic assumpt ions  m a y  no t  be t o t a l l y  
just if ied ( Ja ra -Almonte  and Whi t e  1973), biases resul t ing 
from the  failure of these  assumpt ions  to be comple te ly  
val id  should be min imal  (Young and Legates  1965). 

F r o m  the  ma t ing  design shown in Fig. 1, h ierarchical  
analyses  of var iance  were conduc ted  ut i l iz ing the  follow- 
ing mode l  : 

Y#km = I* + gi + fj(i) + slr + Wm(ijk) 

where Yii~m = 12-day l i t te r  weight  of a l i t te r  f rom the  
mth d a m  m a t e d  to the  k th full-sib sire wi th in  the  jth fami ly  
of full-sib dams wi th in  the  ith generat ion.  

# = general  mean  
gi = the  effect of the  ith genera t ion  (i = 1, 2, ... , 9) 
dg(i) = t he  effect  of the  jth full-sib family  of dams 

wi th in  the i th genera t ion  (j = t ,  2 . . . . .  18). 

sk(ii) = the  effect of the  k th full-sib sire wi th in  the  jth 
fami ly  of full-sib dams  (k = l ,  2). 

Wm(iik) = the  effect of the  l i t te r  f rom the  rjcth dam. 

The effects of fi(i), sk(q) and Wm(iik) were assumed to be 
normal ly  and independen t ly  d is t r ibuted  r andom var iables  

2 and a 2, respect ively.  wi th  means  zero and var iances  at, a s 
Based upon the  relat ionships  developed f rom the  ma t ing  
design (Fig. 1), these var iance  components  have  the  follow- 
ing expected  values  (Wil lham t963 and Eisen  elM. 
1970): 

~ Cov (L1, L,) = 2S4~ + .50o~,,, + .50%A,~, (I) 
a 2 =  Cov(L 1,L2) -- Cov(L i,L4) 

= ( .3754.  + + .SO%a,,) -- + 
+.so4 , , ,  +.50%Am) = .12S4~ (2) 

2 2 .125~ ,  + .5~,~ + .5~a ,~  + ~ + O" w 

+ ( . s , 2  + 
2 2 25%2 = '1875a~0 + '5~Am + . 5 ~ A ~  + % + .l 

(3) 
2 p e r m a n e n t  (common) env i ronmen ta l  var iance  where % = 

2 r a n d o m  env i ronmen ta l  var iance.  (1# = 

The pheno typ ic  var iance  for 12-day l i t te r  weight  then  is : 

2 2 2 .5625cr~o + 2 2 ap,= a~ + % + % = %m + a&a,,, + % + 

+ .125~, ~ . (4) 

The pheno typ ic  var iance  of 12-day indiv idual  weight  is 
given by  the  sum of the  pheno typ ic  var iance  for 12-day 
l i t te r  weight  expla ined  by  the  mode l  and the  por t ion  no t  
expla ined by  the  model  as a resul t  of not  consider ing t 2- 
day  ind iv idua l  weight .  Hence :  

ap2 ap,2 + .43a~0 + .875a~. (5) 

Offspr ing-parent  re la t ionships  were de te rmined  fronl 
the  regression of daugh te r  t 2-day l i t t e r  weight  on dam 
t 2 - d a y  l i t te r  weight  for each l ine pooled  over  the  nine 
generat ions.  Since select ion was prac t iced  on the  dam's  
record, the  parent-offspr ing covar iance  was computed  as 
the  p roduc t  of the  regression coefficient  and the  pheno-  

If2 typ ic  var iance  ( p , )  e s t ima ted  f rom the  analysis of 
var iance.  The  regression coefficient  was calcula ted by  
r a n d o m l y  choosing a daughte r  f rom each l i t t e r  t hen  re- 
gressing these r a n d o m  daughters  on thei r  dams.  

The  expec ted  covariance,  Cov(L{, Lx), be tween  danls 
and daughters ,  was computed  as the  weighted  mean  of 
all  possible covar iances  be tween  individuals  in the  dam ' s  
l i t te r  (L;) and indiv iduals  in the  daugh te r ' s  l i t t e r  (L1). 
Cov(L~, L~) = 8Coy (daughter ,  dam) + 56 Coy (maternal  
aunt ,  niece)~64 

cr 2 = .281a~0 + .500 a,, + .813%0a= �9 (6) 

Es t ima tes  of the  var iance  componen t s  a 2 a 2 and A,' Am 
aA0a~ were ob ta ined  f rom the  s imul taneous  solutions of 
equat ions  (1, 2 and 6). The  %2 was obta ined  by  adjus t ing  
the  var iance  for t 2-day indiv idual  weight  to a l i t te r  to ta l  
basis by  mul t ip ly ing  i t  by  64, the  square  of the  number  
of mice per l i t ter ,  t hen  equa t ing  the  ad jus ted  var iance  to  
the  expec ta t ion  of the  wi th in  fullsib fami ly  var iance  

2 was der ived  by  solving (.5a~, + a 2) and solving. The  % 
equa t ion  (3). 

Selection Response: Tile direct  response to select ion for 
increased 12-day l i t t e r  weight  was measured  as the  re- 
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gression of the deviation of the selection lines from the 
pooled control on generation number. 

The expected selection differential was calculated as 
the deviation of the selected daughter 's t2-day litter 
weight from the mean of her full-sib family and summing 
over all families. The realized selection differential which 
was a weighted selection differential was calculated in 
a manner  similar to the expected selection differential, 
except that  each deviation was weighted by the number 
of daughters from the selected litter which actually pro- 
duced a litter. These procedures were performed for each 
line per generation for males and females and the sexes 
were subsequently averaged. 

Both the expected and realized heritabilities were conl- 
puted for the nine generations of selection in each selected 
line. Realized heritabili ty for each selected line was cal- 
culated as the regression of the sum of the deviation of 
selected lines generation mean from the control line mean 
on the realized cumulative selection differential. 

The expected heri tabil i ty calculated from the data 
pooled over generations was based on considerations in- 
volving the covariances between litters which were both 
single first cousins and half-sibs and litters which were 
double first cousins. 

Coy (LI, Lz) Coy (L v L3) = Coy (L 2, La) (L4, La) 

= Coy (L 4, L~) = Coy (L 5, L6) 

= Coy (single first cousins) + Coy 
(paternal half-sibs) 

-- .375%]~ + .5~, ,  + .5aAoa,,, , (7) 

Cov (L 1, L4) ~- Cov (L 1, L5) = Cov (L> L6) = Cov (L z, L4) 

Coy (L 2, Ls) = Coy (L 2, L6) = C o v  (L 3, L4) 

- -  C o v  (La, Ls)  = C o y  (L  3, L6) 

= Coy (double first cousins) 

- -  . 2 5 4 0  + . 5 4 . ,  + '5"~oA,. - (S) 

The weighted average of all 15 covariances then beco- 
l n e s  : 

COVA, [6 (.375a~0 q- .5a~m + .5%G4m ) + 9 (.25a~, + 

+ 5 4 , .  + 
= .30a20 + .50"~m + . 5 0 0 " A o A m  �9 (9) 

The value of the weighted average must be subtracted 
from the total  genotypic variance available for selection 
(a~;) using within family heritabili ty: 

t4 : ( 4  - cov o)/4,o - t )  
�9 2625o'~ ~ + .5a~,n -+- .5~rAoAm 

: ( 56 54. + 2 + i r a 4 ) ( i  i) " Am ~- ff AoA,n @ ~C 
0o) 

Where : 

l = intraclass correlation anlong 12-day litter weights 
of females from the same dam. 

The intraclass correlation among 12-day litter weights 
of females from the same dam was obtained from the 
ratio of the family component of variance to the sum of 
the components of variance for family, sire and litter. 
These components were those obtained from the analysis 
of variance for 12-day litter weight. 

Correlated Responses : The correlated responses to selec- 
t ion for increased 12-day litter weight were measured as 
a regression of the deviation of the trai t  in the selection 
lines from the pooled control lines on generation number. 
The correlated traits examined were individual body 
weight at 12, 21, 42, and 56 days; growth from 21 to 42 
and 42 to 56 days; reproductive fitness measured as litter 
size and percent fertile matings. 

Results  and Di scuss ion  

Est imates  o/ Genetic and E n v i r o n m e n t a l  Parameters  

Es t ima tes  of var iance  componen t s  der ived from 
analyses  of var iance  and  daugh te r -dam regression 
coefficients are shown in Table  t .  Al though  there 
are m a n y  degrees of freedom avai lable  for each effect, 
sizable f luc tua t ions  occurred in the es t imates  of the 
two lines. Similar  results  were repor ted  by  Eisen 
et al. (1970). The t rends  observed be tween  the 
family  componen t  and  sire componen t  of var iance  
for line S-I were reversed when compared  to those 
for line S-2. Logically, one would expect  a greater  
va r i ab i l i ty  between families t h a n  be tween sires. The 
es t imates  ob ta ined  from l ine S-I were nea r ly  equal  
ind ica t ing  as much  va r i a t ion  be tween sires as be- 
tween families. Es t imates  from line S-2 followed more 
closely the expecta t ion.  The two lines were tes ted 
for homogene i ty  of error var iances  and  found  to be 
s igni f icant ly  different.  However,  due to the ra ther  
small  ac tua l  differences in the error variances,  the 
two lines were pooled. The fami ly  and  sire compo- 
nen t s  con t r i bu t ed  t4 .2% and  5.7% to the pheno typ ic  
var iance  for 12-day l i t ter  weight while the major  
con t r i bu t i on  (80. t%) was made  by  the l i t ter  compo- 
nen t .  The es t imates  from Eisen et al. (1970) when 
calcula ted as a percentage agreed very  closely wi th  
the percentage con t r i bu t i on  found in the present  
s tudy.  

Table I. Estimates of variance components from analysis of variance and regression coefficients of 
daughter on dam for 12-day litter weight 

Degrees of Freedom Variance Components~ Regression of 
for Mean Squares Daughter on Dam 

2 2 2 Line f s w or/ a s o'2w a p, 

S-I 146 137 389 3.6 4.1 45.6 53.3 --0.041 + . t 0 7  
S-2 133 134 324 7.7 2.1 34.9 44.7 0.156 • .118 
Pooled 288 271 713 7.2 2.9 40.7 50.8 0.II0 + .080 
Percent 14.2 5.7 80.1 1o0.0 

2 2 e. = variance among families of full sib dams ~1 = variance among full-sib sires mated to full-sib 
I 2 ' S 2 2 

dams, a e = variance among full-sib dams mated to the same sire, @, = a~ + a s + a e. 
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The regression coefficients of daughter  on dam also 
presented in Table I showed great diversity. The 
negative regression for line S-I can only be explained 
on the basis of sampling error associated with regres- 
sing a randomly drawn daughter  on each dam. The 
estimates for line S-2 and the pooled value of the two 
lines were both positive but  relatively small. 

The genetic and environmental  variances and co- 
variances for 12-day individual weight are shown in 
Table 2. The individual weight at t 2 days of age was 
utilized to enable the division of the environmental  
variat ion into the components between and within 
litters. The direct additive genetic variance for 
growth of the offspring represented 37.0% of the 
phenotypic variance for 12-day individual weight. 

2 
This est imate of aAo was slightly larger than those 
reported by  Eisen et al. (1970), Young et al. (1965), 
and E 1 0 k s h  el al. (1967). 

Table 2. Genetic and environmental components of variance 
and covariance for individual 12-day weight* 

Component 0 "2 o 2 2 A ~ a~ ~ aA ,A ,~ ac ~ ap 

Estimate 23.2 10.3 - -  7.5 31.1 5.6 62.7 
Percent 37.0 t6.4 --12.0 49.6 8.9 100 

* a~0 = direct additive genetic variance, a~m = maternal 
additive genetic variance, aAoAm ~ direct-maternal additive 

2 maternal environmental variance, genetic covariance, a c = 
2 = random environmental variance, 4 = phenotypic va- cr E 

riance. 

The direct maternal  genetic variance was smaller, 
contributing 16.4% of the variat ion in 12-day indi- 
vidual weight. Eisen et al. (t970) reported tha t  the 
component  for the genetic materna l  variat ion repre- 
sented 6.1% of the total  variance. Therefore, based 

2 2 
upon these estimates of aA0 and aA,,, response to 

selection for increased 12-day litter weight would be 
more associated with increased growth from bir th 
to 12 days than with increased postnata l  maternal  
ability. 

The direct-maternal  genetic covariance estimate 
was negative (--7.5) and fairly small. However, it is 
likely tha t  ra ther  large sampling errors were en- 
countered in a t tempt ing  to develop this covariance 
through indirect procedures. These results do not 
agree with those of Eisen et al. (1970) who found a 
small positive value representing 7% of the pheno- 
type variance for 12-day individual weight. If this 
covariance is in fact negative, selection response 
would be further restricted since there is a genetic 
antagonism between two of the factors determining 
12-day weight. 

The total  postnata l  maternal  variance (a~,,, + a~) 
accounted for 66.0% of the phenotypic  variance 
which is similar to tha t  (56.2%) reported by  Eisen 
et al. (t970). Young et al. (/965); E 1 0 k s h  et al. 
(1967); and Cox et al. (t959) reported values of 63%, 
63% and 61.6%, respectively, for the postnata l  
maternal  variance. As a result of the large common 
environmental  effect which is pr imari ly maternal  in 
origin, the within-family selection scheme utilized in 
this s tudy was probably  the only one tha t  could 
logically have been used. 

Response lo Selection: The mean 12-day li t ter 
weights for generations zero through nine are pre- 
sented in Table 3. The control lines (C-I and C-2) 
showed a significant decline in 12-day litter weight 
over the nine generations studied. Although the two 
control lines differed to a small extent,  the trends 
were essentially the same since the regression co- 
efficients were homogeneous (Steel and Torrie t960). 
Similar trends in the controls were reported by  Eisen 
et al. (t970) who used lines tha t  were genetically 

Table 3. 

Gen 

Means (g), standard deviations and regressions of 12-day litter weight means on 
generation number 

Line 

C - t  C - 2  S-1  S - 2  

Mean if_ SD Mean 4- SD Mean i SD Mean ~ SD 

o 68.1 + 5.9 71.1 + 7.5 68.3 • 4.9 67.8 + 6.5 
I 7t.o _+ 4.9 7t.5 i 4.6 70.8 i 5.8 72.8 + 5.7 
2 68.1 + 6.9 70.9 • 6.6 65.1 ! 8.2 67.2 + 8.5 
3 67.6 + 5.2 70.6 • 5.0 69.2 + 5.3 70.3 _+ 6.3 
4 66.1 +4 .7  66.2 • 5.1 69.2 _ 5.7 72.6 + 6.1 
5 69.7 + 6.2 70.5 • 5.8 70.6 _+ 6.3 72.2 • 4.8 
6 63.5 • 5.8 64.1 • 5.5 66.9 + 8.2 70.5 + 5.9 
7 59.5 _+ 5.9 62.o • 4.2 59.4 + 9.1 64.6 _+ 9.0 
8 65.t • 4.9 64.5 ! 6.2 68.8 • 5.1 69.5 _+ 5.0 
9 64.8 :~ 5.t 62.8 i 4 . 1  65.2 + 6.6 67.1 • 7.1 
Regression --0.74 • .29* --1. t t  ~ .22** --0.47 ! .36 --0.26 • .30 
Coefficients 0.46 ! .24t 0.67 + .27"~ 

* Statistically significant (P < .05) 
** Statistically significant (P < .01). 

t Deviation from the mean of both controls each generation. 
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quite different from those in the present s tudy and 
litters that  were standardized to six rather than eight. 

The negative trends in the controls can be par- 
tially explained on the basis of inbreeding depression 
(White t972). The average rate of inbreeding was 
approximately 1% per generation in each line which 
accumulated to 9% after nine generations. This 
amount of inbreeding could be expected to account 
for about a two gram reduction in t2-day lit ter 
weight (White t972). Therefore, it is likely that  some 
unidentified, but  consistent environmental trend such 
as the gradual build-up of subclinical pathogens 
could also be partially responsible for the decline in 
the control lines. The control means did not reflect 
any consistent seasonal trend. 
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Fig. 2. Response to selection for 12-day litter weight in the 
two lines expressed as deviations from controls 
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Fig. 3. Response to selection for i 2-day litter weight pooled 
over the two lines as deviations from controls 

Response to selection for increased t2-day lit ter 
weight, expressed as deviations of generation means 
from the pooled control, is shown in Fig. 2 and 3. 
Although wide fluctuations occurred from generations 
to generation, it is evident that  the response was 
significant (0.57 + 0.t9) and consistent between the 
two lines (Fig. 2). The individual line regression co- 
efficients were 0.46 + 0.24 for line S-t and 0.67 i 0.27 
for line S-2, and these two regressions were homo- 
geneous. Although there was a tendency toward non- 
linearity, the quadratic regression coefficients were 
not significant. 

The genetic advance of 0.57 4 - 0 . t 9 g  per gene- 
ration represents a cumulative genetic advance of 
5.13 g. Based upon the genetic (3.3 g) and phenotypic  
(6.t g) standard deviations reported by Jara-Almonte 
and White (1973), this represents an increase of t.55 
genetic standard deviations and 0.84 phenotypic 
standard deviation units. This response is approxi- 
mately twice the genetic gain reported by Eisen et al. 
(1970) for 10 generations of selection and is much 
greater than other reports (Bateman, cited by  Fal- 
coner t955; Legates and Farthing 1962; Dalton and 
Bywater  t963) which reported little or no genetic 
gain from selection for li t ter weight. One of the basic 
differences between this experiment and that  reported 
by  Eisen et al. (1970) was the magnitude of the 
selection differentials. In the present experiment, 
with litters standardized to six females and two 
males, the cumulative realized selection differentials 
(Table 4) were about double those shown by Eisen 
et al. (t970) whose litters were standardized to four 
females and two males. Strain differences (ICR- 
albino vs four-way crosses of inbred lines) may  also 
have contributed to the differences in the results of 
the two experiments. 

Table 4. Cumulative expected and realized selection diffe- 
rentials (g) and the ratio of realized to expected seleclion 

differentials for 12-day litter weight 

Line Expected Realized 
Realized 
Expected 

S-1 47.7 47.7 1 .oo 
S-2 46.7 47.5 1.02 

The ratio of the cumulative realized to the ex- 
pected selection differentials shown in Table 4 were 
near unity. Therefore, it is unlikely that  natural  
selection, which would be reflected in the realized 
selection differential (Falconer 1960), affected the 
selection response in either direction. 

The expected within-family heritabili ty estimate 
for t2-day lit ter weight calculated by substituting 
the components of variance in Table 2 and the 
intraclass correlation (.14) into formula (t0) was 0.25. 
This value was slightly larger than the 0.20 reported 
by Eisen et al. (t970). However, realized heritabi- 
lities in Table 5 were not significant and were much 
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Table 6. Regression of various body weights and body weight gain on generatZons 

Line  12-Day weight 2t-Day weight 42-Day weight 56-Day weight Gain Gain 
21 to 42 days 42 to 56 days 

C-t --0.08 4- 0.04* --0.2t 4- 0.07* --0.06 4-. 0.10 - -0 .10+ 0.t2 0.15 4- 0.08 - -0 .04•  0.04 
C-2 --0.t4 ~ 0.03** --0.26 • 0.04** --0.10 :~ 0.08 --0.10 + 0.t0 0.14 fir 0.09 0.022t2 0.05 
Pooled --0.11 :k 0.02** --0.24 q: 0.02** --0.08 + 0 . 0 7  --0.10 4- 0.07 0.14 _+ 0.07 0.03 +_ 0.03 

S-I 0.10 • 0.03*t 0.20 :k 0.07* 0.19 _+ 0.06* 0.29 4-_ 0.07** --0.02 _+ 0.10 0.07 f 0.06 
S-2 0.12 + 0.04* 0.23 • 0.10" 0.22 7- 0.09* 0.29 ~2 0.11" --0.01 • 0.10 0.05 • 0.09 
Pooled 0.tt ~ 0.03** 0.22 ~ 0.06** 0.20 fl: 0.06** 0.29 =k 0.06** --0.01 Jc 0.07 0.06 ~ 0.05 

Deviation from the mean of both controls each generation. 
* StatisticaUy significant (P < .05). 

** Statistically significant (P < .01). 

lower than the expected value. Eisen et al. (1970) 
reported a pooled realized heritability of 0.09 + 0.02 
which is very close to the 0.08 + 0.04 found in this 
study. Falconer (1955) reported a realized herit- 
ability value of 0.14 for increased 12-day litter weight. 

Table 5. Realized heritabilities in the re- 
plicated selection lines for increased 12-day 

litter weight 

Line h ~ + S.E. 

S-I .08 _+ .06 
S-2 .10 • .06 
Pooled .08 +_ .04 

The diserepany between the expected and the realized 
heritability may be due to overestimated genetic 
parameters due to nonadditive and intrauterine ma- 
ternal effects in the numerator of formula (t0). Al- 
though Miller, Legates, and Cockerham (t963) report- 
ed no evidence of nonadditive genetic variance for 
t 2-day litter weight, Jara-Almonte and White (t 973), 
E 1 0 k s h  et al. (/967) and Moore, Eisen, and Ulberg 
(t970) reported that  both nonadditive genetic and 
intrauterine maternal effects may significantly affect 
t 2-day litter weight. 

Correlated Responses in Growth and Reproductive 
traits: Jara-Almonte and White (1973) utilized the 
C-t and C-2 lines in a large population study designed 
to estimate genetic parameters associated with 
growth and maternal ability. Their estimated genetic 
eorrelations between 12-day, litter weight and 12-day 

individual weight, 2t-, 42-, and 56-day body weight 
and gain from 2t to 42 days and 42 to 56 days were 
1.t4 + O.99, t.33 i 0.36, O.42 :k 0.30, O.25 :k 0.33, 
--0.31 i 0.40 and --0.43 :t: 0.40, respectively. Eisen 
et al. (1970) estimated the genetic correlation between 
number born and t2-day litter weight to be 0.19. 
From these results, correlated responses would be 
expected to be sizable for the preweaning body 

Table. 7 Regression of number born and % fertile matings 
on generation number 

Line Number born % Fertile matings 

C-t 0,04 :E 0.10 --0.9 • t.3 
C-2 0.15 ! 0.07* --1.2 • 1.1 
Pooled 0.10 ! 0.06* --1.1 ! 0,9 

S-I --0.0t :k 0.08 t.5 ~ 1.4 
S-2 --0.04 =k 0.09 2.5 • 1.5 
Pooled --0.02 ~ 0.06 2.0 ! 0.9* 

I" Deviation from the mean of both controls each generation. 
* Statistically significant (P < .05). 

weights, smaller for postweaning weights and negli- 
gible for postweaning gain and litter size. 

Regressions of control mean on generations and the 
correlated responses (regression of deviations of se- 
lection lines from the pooled control) for growth and 
reproductive traits are shown in Tables 6 and 7, 
respectively. The regressions for the C-I and C-2 
lines were homogeneous for each trait and there was 
no significant deviation from linearity. Therefore, 
generation means for each correlated trait, pooled 

Table 8. Pooled control line means 

Gen 1 2 - D a y  21-Day 42-Day 56-Day 
weight weight weight weight 

0 8.6 t 5.2 26.1 28.3 
1 8.8 15.0 27.6 29-9 
2 8.6 t 5.0 26.9 28.4 
3 8.5 15.1 26.4 28.2 
4 8.2 14.5 27.2 29.0 
5 8.6 t5.0 27.7 30.O 
6 7.9 13.4 25.7 27.2 
7 7.6 13.3 25.4 27.4 
8 8.t 13.9 25.9 28.2 
9 7.9 13.3 27.0 28.6 

(g) for females for the correlated traits 

Gain Gain Number % Fertile 
21--42 days 42--56 days born matings 

lo.8 2.2 12.3 1o0 
12.7 2.3 13.2 89 
11.9 '1.5 12.9 80 
11.9 1.6 13.8  80 
12.7 1.9 13.2 80 
t2.7 2.3 13.8 86 
12.3 1.5 t5.0 83 
12.0 1.9 t 3.0 80 
t 1.9 2.4 12.9 86 
13.7 1.7 13.8 80 
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over the two control lines, are shown in Table 8 to 
illustrate the trends in the control lines and to serve 
as a point of reference for the correlated responses 
shown in Fig. 4, 5, 6 and 7. 
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Fig. 4. Correlated response in 12-day individual weight as 
deviations from the controls 
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Fig. 5. Correlated response in 21-day body weight as deviations 
from controls 

There were significant negative trends in the con- 
trol lines for t2-day weight and 2 | -day  weight which 
paralleled those previously shown for 12-day lit ter 
weight. The slightly negative trends in the controls 
for 42- and 56-day weight were similar to those 
reported by Eisen et al. (t970). 

Significant positive linear correlated responses in 
female body weight at 12-, 21-, 42- and 56 days of 
age were found in both selection lines (Table 6 and 
Fig. 4, 5, 6). There was no significant heterogeneity 
between the two selection lines for these traits, and 
there was no significant deviation from ]inearity. 
As would be expected from the genetic correlations 
reported by Jara-Almonte and White (1973), the 
responses in the preweaning traits (1.28% of the 
original mean increase per generation for 12-day 
weight and 1.45% for 21-day weight) were relatively 
larger than for the postweaning traits (0.77% for 
42-day weight and 1.02% for 56-day weight). The 
regressions for 42- and 56-day weight were approxi- 
mately double those reported by Eisen et al. (1970). 

In contrast to the results of Eisen el al. (1970), who 
reported a very small but  significant positive corre- 
lated response, no significant correlated responses 
were detected for postweaning gain from 2t to 42 
days or 42 to 56 days. These results are in basic 
agreement with those of Jara-Almonte and White 
(1973) who reported the genetic correlation between 
12-day lit ter weight and gain from 21 to 42 days to be 
--0.31 • 0.40. However, LaSalle, White and Vinson 
(1974) selected for increased gain from 21 to 42 days 
for 12 generations and reported a small but  signi- 
ficant positive correlated response in 12-day lit ter 
weight. Therefore, the real genetic relationship 
between 12-day lit ter weight and gain from 21 to 
42 days is likely very small if they are genetica]ly 
related at all. An experiment involving reciprocal 
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Fig. 7- Correlated response in % fertile matings as deviations 
from controls 
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cross-fostering as described by White et al. (1968) 
would  have  to  be comple t ed  before  the  r e l a t ionsh ip  
could be de t e rmined .  

Cor re la ted  responses  in r e p r o d u c t i v e  t r a i t s  are 
shown in Tab le  7. There  was no s igni f icant  corre-  
l a t ed  response  d e t e c t e d  for n u m b e r  born .  Young  et al. 
(t965) found  no re l a t ionsh ip  be tween  n u m b e r  born  
and  12-day l i t t e r  weight  while Lega tes  and  F a r t h i n g  
(1962) r e p o r t e d  a decl ine in n u m b e r  born  per  l i t t e r  
as select ion for t 2 -day  l i t t e r  weight  progressed.  Eisen 
et al. (t970) found  a s l ight  pos i t ive  co r re l a t ed  res- 
ponse.  Therefore ,  i t  is l ike ly  t h a t  ve ry  l i t t l e  gene t ic  
r e la t ionsh ip  exis ts  be tween  l i t t e r  size and  12-day 
l i t t e r  weight .  

There  a p p e a r e d  to  be a pos i t ive  co r re l a t ed  response  
in pe rcen t  fer t i le  m a t i n g s  (Table 7). However ,  ex- 
a m i n a t i o n  of Fig.  7 shows t h a t  the  pos i t ive  regress ion 
was a resul t  of the  se lect ion l ines hav ing  a 72% 
l i t t e r ing  r a t e  in gene ra t ion  zero while the  l i t t e r ing  
r a t e  in the  cont ro l s  was t 0 0 % .  Af t e r  genera t ion  zero, 
the re  were no differences  in pe rcen t  fer t i le  m a t i n g s  
be tween  the  se lect ion and  the  control .  S imi la r  resul t s  
were r e p o r t e d  b y  Eisen et al. (t970). 
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