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Correlated Response in Male and Female Sterility to Selection for 
Pupa Weight in T r i b o l i u m  c a s t a n e u m  1 
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U n i v e r s i t y  of Minnesota ,  St. Paul ,  Minn. (USA) 

Summary. The correlated responses in male and female steri l i ty to 50 generations of individual  selection for pupa 
weight in Tribolium were analyzed. Two replicate lines (S-lines) were selected for heavier pupa weight and stabilizing 
selection for pupa weight was practiced in two replicate control lines (C-lines). There was close agreement between 
replicates in both sets of lines for direct and correlated responses. The rate  of inbreeding has been constant  for all lines 
(approximately 0.5 % per generation). 

Regression of generation means for pupa weight on generation of selection indicated a significant l inear regression in 
the direct response for both lines. The linear increases of 46 and 55 ~g. per  generation in the S-lines accounted for 98% 
of the var ia t ion  among generations and the linear decreases of 5 and 10 ~g. per generation in the C-lines accounted for 
70--90% of the var ia t ion in the generation means. 

Maximum likelihood estimators were used to calculate the frequency of male and female steri l i ty for each generation 
and line. Average ster i l i ty  in the base population ranged from about  4 to 12~o for both sexes. Polynomial  regressions 
of percent  s teri l i ty on generation of selection showed tha t  quadrat ic  and higher order regressions were occasionally 
significant but  accounted for a relat ively small fraction of the to ta l  variation. In  the two S-line replicates, linear 
regression coefficients of percent steril i ty on generation number were 0.t 6+ .09  and 0.20:[:.07 for males and 0.72-t-.08 
and 0.54 + .08  for females, suggesting a larger correlated response in female than in male sterility. In  the C-lines, l inear 
regression coefficients were 0.02-t-.08 and - - . t  2-4-.05 for males in the two replicates and --.O5-t-.05 and --.05 4-.05 
for females. Est imates  of realized genetic correlations between pupa  weight and steri l i ty in the S-lines ranged from 
0.04 to 0.14 for males and from 0.14 to 0.37 for females when the her i tabi l i ty  of steril i ty was allowed to take on values 
from 0.05 to 0.25. 

Introduct ion  

Most e x p e r i m e n t a l  resu l t s  have  shown t h a t  the  
effect  of a r t i f ic ia l  select ion based  on a single po ly -  
genic  c h a r a c t e r  is m u l t i p l e  in the  sense t h a t  co r re l a t ed  
responses  are obse rved  in s e c o n d a r y  cha rac t e r s  as 
well  as d i rec t  response  in the  p r i m a r y  one (for exam-  
ples in va r ious  species see C lay ton  et al., t957 ;  
Dawson ,  t966;  Fa lcone r ,  t954  and  Lerner ,  t946).  
Cor re l a t ed  responses  m a y  be due  to  the  gene t ic  
s t r u c t u r e  of the  p o p u l a t i o n  and  arise as a resu l t  of 
p l e i o t r o p y  of gene effects,  l inkage  a n d / o r  epis tas is .  
As F a l c o n e r  (1953) has  po in t ed  out ,  t he re  are  a t  
leas t  two t y p e s  of co r r e l a t ed  responses.  There  m a y  
be a d i rec t  co r r e l a t ed  response  in which  the  s e c o n d a r y  
c h a r a c t e r  m a y  increase  or decrease ,  depend ing  on the  
d i rec t ion  of se lect ion for the  p r i m a r y  charac te r .  
A l t e r n a t i v e l y ,  the  s econda ry  c h a r a c t e r  m a y  decl ine 
regard less  of the  d i rec t ion  of select ion for the  p r i m a r y  
cha rac te r .  Seconda ry  cha rac t e r s  which  are compo-  
nen t s  of f i tness  migh t  r e spond  in th is  manner .  Le rne r  
(t954) r e l a t ed  this  second t y p e  of co r re l a t ed  response  
to  genet ic  homeos ta s i s  and  severa l  i nves t iga to r s  have  
p r e sen t ed  evidence  of genet ic  homeos ta s i s  (Dawson,  
1966; Hi ra i zumi ,  t 9 6 t ;  L a t t e r  and  Rober t son ,  t962 
and  Verghese and  Nordskog ,  t968).  

1) Supported by  NSF Grants G-1238 and GB-5987, 
N I H  Grant  GM-16074 and N I H  Fellowship t FO2 
GM45130-01. 

Cor re la ted  responses  are  of in te res t  no t  on ly  be-  
cause the i r  q u a n t i t a t i v e  ana lyses  m a y  e luc ida te  fac ts  
a b o u t  a n u m b e r  of genet ic  p a r a m e t e r s  of p o p u l a t i o n s  
b u t  also because  t h e y  p rov ide  in fo rma t ion  on fac tors  
which  m a y  inf luence the  r a t e  and  l imi t  to  d i rec t  
select ion.  I f  co r r e l a t ed  responses  are  found  to l imi t  
the  d i rec t  response to select ion,  i t  would  be of i n t e re s t  
to  examine  ways  of b r e a k i n g  the  l imi t .  There  is 
evidence (Abplana lp ,  1962; F a l c o n e r  and  King,  t953 
and Rober t s ,  t 967a ,  b) t h a t  a p p a r e n t  p l a t e a u s  m a y  
be su rpassed  b y  use of a p p r o p r i a t e  me thods .  

The  ob jec t ives  of the  p resen t  s t u d y  were to  est i -  
m a t e  the  effects of 50 genera t ions  of i nd iv idua l  selec- 
t ion  for p u p a  weight  on male  and  female  s te r i l i ty .  
A p r e l i m i n a r y  r epo r t  b y  Enf ie ld  (t969) i n d i c a t e d  t h a t  
s t e r i l i t y  h a d  increased  dur ing  the  f irst  40 genera t ions  
of select ion and  i t  was of in te res t  to de t e rmine  
w h e t h e r  males  and  females  c o n t r i b u t e d  equa l ly  to 
the  increase.  

Materials  and M e t h o d s  
Two highly inbred lines of Tribolium castaneum origi- 

nat ing from the same synthetic stock were crossed to 
produce a base population for the selection experiment.  
Individuals  of the F 3 generation were randomly assigned 
to four lines: two replicate select lines (S-lines) and two 
replicate control lines (C-lines). Replicates were " t ime"  
replicates in the sense tha t  one followed the other by two 
weeks. 

In  each generation and line 36 males and 72 females 
were selected as parents  for the next  generation. Each 
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male was mated at random with two females with the 
restriction that  full-sib matings were avoided. Individuals 
were mated at a constant age which was about 10 days 
subsequent to sexual maturity.  The selection criterion 
was 21-day pupa weight and selection was on an intra- 
half-sib family basis. The heaviest male and two heaviest 
females from each half-sib family were selected in the S- 
lines and the male and two females nearest the half- 
sib family mean for each sex were selected from each half- 
sib family in the C-lines (stabilizing selection). 

On the 21st day following the middle day of a three-day 
egg-laying period the number of larvae and pupae from 
each female were counted. If no pupae or larvae were 
present the particular mating was classified as sterile. 
A more complete description of the experimental pro- 
cedures has been given by Enfield et al. (1966). 

I t  is not  possible to classify individuals as sterile with 
complete accuracy since a given sterile mating may be 
the result of a sterile male, a sterile female or both. 
However, it is possible to estimate the frequency of male 
and female sterility separately for each generation and 
line. Table I shows how the estimators for male and 
female sterility were derived. Since mating was at ran- 
dom (the only known deviation from randomness was the 
avoidance of full-sib matings) the frequency of each type 
of mating is the product of the individual frequencies for 
fertility and sterility. I t  is implicitly assumed that  the 
fertility of an individual is not  affected by the fertility 
of its mate (i.e., no interaction between male fertility 
and female fertility). Equations (1) and (2) are easily 
derived from the frequencies of the matings of type A and 
13 and simultaneous solution of (1) and (2) yields the 
estimators for the frequency of male and female sterility. 
I t  is noteworthy that  the same estimators are obtained by 
the method of maximum likelihood. 

Table 1. Calculation o[ Male and Female Sterility 

Females 
Males 

Fq Fq FqlO-q) /(l-q)/(l-q) 

Fp 

1(t -p )  

p q 2  2 p q ( f  - -  q) p ( l  - -  q)2 

(f _ p)  q2 2 ( f  - p )  (1 - p )  
(I - -  q) q (1 - -  q)2 

Where i Fp ~ fertile males with frequency p 
/(l-p) = sterile males with frequency (l -- p) 
Fq -- fertile females with frequency q 
I(1-q) = sterile females with frequency (t -- q) 

Let: X = number of males mated to two females 
A = number of matings where both females produced 

progeny 
B = number of matings where one female failed to 

produce progeny 
C = number of matings where both females failed to 

produce progeny 

Then: A ~ pq2X (t) 

B = 2 p q  (1 -- q) X (2) 

Solving (1) and (2): 
(1 - -  q) = B/(2 A + B) -- female sterility 
(1 - -  p) = (l/X) (C -- B2]4 A) = male sterility 

Male sterility may be due to non-functional sperm and/ 
or of a mechanical nature resulting in failure of the sperm 
to be deposited. Female sterility, as estimated from these 
data, may be of a mechanical nature resulting in failure 
of the eggs to be laid but  may also include egg mortality. 
This results from the fact that  only pupae and larvae 
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Fig. 1. Direct response to selection. Unweighted means of 
male and female pupa weight plotted against generation of 

selection for each line (S and C) and replicate (1 and 2) 

were detected by the method used to separate flour from 
21-day-old progeny. In  those cases where there was 
complete egg mortali ty the mating would be classified as 
sterile since the undeveloped eggs could not be detected. 

R e s u l t s  a n d  D i s c u s s i o n  

A manusc r ip t  is in p repara t ion  which gives the 
results of a detai led analysis  of the direct  response to 
selection dur ing  the first 50 genera t ions  of selection. 
The direct response in pupa  weight  is briefly discus- 
sed in the present  paper  to lay the founda t ion  for 
present ing  the analyses of the correlated responses in 
male and  female steri l i ty.  

The direct  response to selection dur ing  the first 
50 genera t ions  of selection is shown in Fig. t for each 
line and  replicate. The pupa  weight means  for each 
genera t ion  are unweigh ted  means  of male and  female 
means.  There was a high degree of consis tency be- 
tween replicates for bo th  lines. Linear  regression 
coefficients of the S-line genera t ion  means  on gene- 
ra t ion  of selection were 55 and  46 vtg. for the first and  
second replicates,  which accounted for 98% of the 
var ia t ion  in genera t ion  means.  Hence,  response to 
selection for greater  pupa  weight has been essent ial ly 
l inear  and  there was no ind ica t ion  of the lines approa-  
ching a pla teau.  

The l inear  regression coefficients of the C-line p u p a  
weight means  on genera t ion  of selection were nega t ive  
(--5 and  - -10~g . )  and  s ignif icant  (P ~ .01) and  
accounted for 7 0 - - 9 0 %  of the var ia t ion .  The original  
i n t e n t  was for the C-lines to serve as controls for the 
S-lines. If the decline in pupa  weight  of the C-lines 
was due to e nv i r onme n t a l  t ime t rends  or inbreeding  
depression (the rate of inbreeding  was approx imate ly  
0.5 % per genera t ion  for a l l  lines) the C-lines would be 
unb iased  controls (assuming no gene t i c -env i ronmenta l  
interact ion) .  A replica of the original  base popula-  
t ion was establ ished from the two original  inbred  
lines at  genera t ion  28 and  two replicate lines (R-lines) 
were m a i n t a i n e d  by  r andom selection and  r a n d o m  
ma t ing  through genera t ion  50. The results  from the 
R-lines ind ica ted  t ha t  ne i ther  e n v i r o n m e n t a l  t ime 
t rends  nor  inbreeding  depression had  an effect on 
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pupa weight and suggested that  the 
decline in pupa weight of the C-lines 
was a result of the stabilizing selection, Gen. S 1 
thereby showing the C-lines to be in- Males 
appropriate controls. Though not sig- o -  9 4.19 
nificant, Bray et al. (t962) also ob- 1o -19  2.38 
served a decline in pupa weight of 2 o - 2 9  4.o5 
Tribolium lines subjected to stabilizing 3 o -  39 10.58 
selection for pupa weight over 8 gene- 4 0 - 4 9  8.51 

o - 4 9  5.94 
rations. Since it was not the purpose 
of this paper to examine the effects Females 
of stabilizing selection, it is sufficient o -  9 4.25 

10-19  2.79 
to note that  the absolute values for 2 o - 2 9  6.21 
male and female sterility of each line 30-39  12.62 
were subjected to analysis. The differ- 4 o - 4 9  34.24 
ences between lines (S 1 -  C 1 andS~--C2) 0 - 4 9  20.58 
were also analyzed, but, as the results 
show, the added precision was neg- 
ligible. 

Table 2 gives the mean percent sterility by groups 
of 10 generations for each line, replicate and sex. 
If it is assumed that  the mean values during the first 
10 generations of the experiment are representative of 
those in the base population, the means indicate that  
sterility of the foundation stock ranged from 4 to 
t2%. There was a tendency for sterility to be lower 
for the S-lines than for the C-lines during the early 
generations of selection. This could have been caused 
by a negative environmental correlation between 
weight and sterility. Perhaps the heavier individuals 
selected for parents of the next generation in the S- 
lines were heavier, in part, because of favorable 
environmental effects which also favored lower 
sterility. The means for percent sterility suggested 
some trends during the 50 generations of selection, 
but these will be more fully examined by subsequent 
analyses. 

Table 3. Analyses o/ Variance 
/or Male and Female % Sterility 

Source d.f. Male M.S. Female M.S. 

Line (L) 1 3t7.5 4029.4* 
Rep. (R) 1 362.6* 133.1" 
Gen. (G) 49 69.0* 138.5"* 
L • R t 1701.0"* 20.8 
L • G 49 71.1 133.2"* 
R • G 49 42.7 42.2 
L • R • G 49 59.8 30.4 

* P < .05 
** P < .01 

Table 2. Mean % Sterility byGroups o/Generations/or Each Line* and Sex 

S 2 C 1 C~ 

4- 1.37 4.8t 4- 1.43 8.94 -t- 1.73 6.75 4- 1.9o 
4- 0.58 6.65 4- 2.46 17.22 4- t.8o 8.95 + 1.56 
4- 2.25 10.39 4- 1.84 t9.33 ~ 3.34 6.63 + 2.00 
4- 3.01 13.56 4- 2.88 16.66 4- 1.8o 3.39 4- 1.39 
4- 5.49 1o.01 -4- 2.28 9.32 4- 1.75 3.11 4- 1.18 
4- 1.38 9.08 4- 1.05 14.29 4- 1.t2 5.77 4- 0.77 

+ t.37 6.67 4- 1.05 12.35 4- 1.74 9.73 • 1.78 
4-4- 0.56 9.80 + 1.33 9.79 4- 1.67 11.80 -1- 1.53 
4- 2.28 24.15 4- 2.30 13.55 4- 1.63 10.6o 4- 1.06 
n t- 2.75 22.42 4-4- 2,78 8.54 4- 0.92 8.02 • 1.55 
q- 4.95 28.49 4- 3.46 10.57 4- 1.26 9.71 + 1.28 
-1- 1.87 18.30 + 1.58 1o.96 4- 0.68 9.97 4-4- 0.65 

* s = select lines, C ~ control lines (stabilizing selection) and replicates 
are designated by the subscripts 1 and 2. 

action sources of variation by assuming that  a~.Ra 
was negligible (i.e., the expected mean square for the 
L X R • G interaction source of variation is a s + 2 aLRG, 
but if it can be assumed that  aLRG = O, then the 
mean square for the L • R • G interaction estimates 
the within line, replicate and generation variance). 
The line source of variation was significant (P < .05) 
for females only, indicating that the correlated effect 
of selection which differentiated the lines for percent 
sterility was more important for females. Replicate 
and generation were significant (P < .05) sources of 
variation for both sexes. The direction of the signifi- 
cant  differences for the main effects and the origin 
of the two significant (P ~ .0t) interactions (L • R 
for males and L • G for females) will become evident 
in the following regression analyses. 

Polynomial regression analyses of male and female 
percent sterility on generation of selection were done 
for the 50 generations of selection. Table 4 presents 
the polynomial regression analysis for male percent 
sterility and shows the linear, quadratic and cubic 
partial regression coefficients and the cumulative R 2 
values. The consistency between replicates was good. 
The partial regression coefficients were occasionally 
significant but  none of the polynomial terms account- 
ed for large portions of the variation in male sterility. 

Table 4. Polynomial Regression o[ Male % Sterility on 
Generation o/Selection 

Line Linear Quadratic Cubic 

S 1 

The analyses of variance for male and female per- $2 
cent sterility are separately presented in Table 3. Cx C~ 
Line and generation were considered as fixed and $1_C1 
replicate as a random source of variation. Exact  $2-C2 
tests of significance were available for the line (L), 
generation (G) and L • G interaction sources of varia- 
tion. Approximate tests of significance were made for 
the replicate (R), L • R interaction and R x G inter- 

0.547 ~ (5) b --.0002 (5) --.00104 (12) 
0.203** (t6) --.0043 (17) --.00046 (18) 

--.119 (0) --.0217"* (27) 0.00037 (28) 
--.434* (10) --.0042 (13) 0.00084** (26) 
0.667 (3) 0.0216" (t3)--.00141* (21) 
0.808** (2t) --.0000 (21) --.00129* (30) 

a Partial regression coefficient 
3 Cumulative R ~ values • 100 are in parentheses 

* P < .05 
**  P < . 0 t  
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Table 5. Polynomial Regression o/Female % Sterility on Generation o/Selection 

Line Linear Quadratic Cubic 

the polynomial regression 
curves of female percent 

Quartic sterility on generation of 
0.o0012** ( 7 0 )  selection. In the C-lines, 
0.00011** (57) there was little change in 

female sterility during the 
course of selection. In 

0.00006 (70) 
0.00009" (56) the S-lines, the correlated 

response to selection was 
an obvious increase in 
female sterility. The devi- 
ation from linearity of the 

correlated response in the S-lines was likely due to 
environmental  effects since the linear regression 
accounted for the major i ty  of the variation. However, 
the initial decrease could have been due to a negative 
environmental  correlation between pupa weight and 
sterility. Those individuals selected for parents  of 
the next  generation m a y  have been healthier and 
more vigorous, which could have caused them to be 
jointly heavier and less likely to be sterile. A positive 
genetic correlation would eventually override this 
effect and cause sterility to increase. This points to 
the danger in interpreting correlated responses 
observed over short periods of time. The apparent  
plateau of the correlated response in female sterility 
between generations 25 and 40 is difficult to explain. 
I t  is unlikely to be due to rare events such as a muta-  
tion of a major  gene or recombination since it occur- 
red at the same t ime in both replicates. 

S~ 0.685 **a (62) b --.0622 (63) 
$2 0.462** (49) --.0602 (49) 
G --.025 ( 2 )  0.0007 ( 2 )  
C2 --.112 (2)  0.0008 (3)  
S~--Ct 0.710"* (69) --.0304 (69) 
S~--C~ 0.574** (50) --.0528 (51) 

a Partial regression coefficient 
b Cumulative R ~ values X 100 are in parentheses 

0.00008 (63) 
0.00020 (49) 

-- .00007 ( 3 )  
0.ooo17 ( 3 )  
0.00Ol 5 (69) 
0.00003 (51) 

* P < .05 
* * -P < .01 

>'1• $1 "---* C 1 ~  
S * - *  C - *  

9 10 19 20 25 30 35 40 45 
Generation 

Fig. 2. Correlated response in male sterility. Cubic polynomial 
regression curves of male percent sterility on generation of 

selection 

The analyses of the differences between lines (S 1 --  C 1 
and S ~ -  C2) did not yield appreciably larger R 2 
values and suggested tha t  the within generation 
deviations from the regression curve of male sterility 
in the S-lines were no more accurately predicted by  
the deviations from the regression in the C-lines than 
from the means of the S-lines themselves. 

The cubic polynomial regression curves shown in 
Fig. 2 graphically illustrate the correlated response of 
male sterility to selection for pupa  weight. The 
correlated response was small or negligible in all 
lines. However, the close correspondence between 
the S-line replicates suggested that  the slight increase 
observed for the S-lines may  be a real correlated 
response. The origin of the significant line x replicate 
interaction observed in Table 3 is i l lustrated by  
Fig. 2. The difference between replicates was small 
in the S-lines and larger in the C-lines. 

Table 5 gives the polynomial regression analysis for 
female percent sterility for the 50 generations of 
selection. The partial  regression coefficients for each 
polynomial term and the cumulative R 2 values are 
shown. There was a high degree of consistency be- 
tween replicates for both lines. In the S-lines, the 
linear partial  regression coefficients were positive, 
significant (P ~ 0.t) and accounted for 50--60% 
of the variation. The quadratic and cubic terms were 
unimpor tant  sources of variation, but  the quartic 
terms were significant (P < .01) and increased the 
cumulative R ~ values to 60--700/0 . In the C-lines, 
none of the polynomial terms was a significant source 
of variat ion and the max imum cumulative R z value 
was 3 %- As in the male data,  analyses of the differen- 
ces between lines added little precision to the results. 

The correlated response of female sterility to 
selection for pupa  weight is i l lustrated in Fig. 3 by  

50 
45 
40 

3O 
.~29 
m20 

19 
10 
5. 

/ 

10 15 20 25 3o 3~ 4 0 " 4 5  : ~  
Generation 

Fig. 3. Correlated response in female sterility. Polynomial 
regression curves of female percent sterility on generation of 

selection are quartic for S-lines and cubic for C-lines 

Table 6 summarizes the correlated responses in 
male and female percent sterility to selection for 
pupa weight. Regression coefficients from the linear 
regression of sterility on generation of selection are 
shown. In contrast  with the preceding discussion, 
this implicitly assumes tha t  the correlated responses 
were essentially linear. All of the linear regression 
coefficients were positive for the S-lines. Those for 
the females were significant (P ~ .01) and approxi-  
mate ly  three times as large as those for the males, 
indicating a more pronounced correlated response in 
female than in male sterility. If  sterility continues 
at the rate dictated by  the linear regression coeffi- 
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Table 6. Linear Regression o/ % Sterility on Generation 
o/Selection 

Line Male Female 

S 1 o.157 + .094 o.717 ~ .080 
S 2 0.203 ::L .068 0.535 ::1:.079 
C 1 o.o20 q-.078 --.o51 ~ .o47 
C z - - . 1 2 0  i .o5t --.049 ~2.045 
S1--C x o.137 -4-.122 0.767 ~ .075 
$2--C ~ 0.323 -[-.091 0.585 ~ .084 

cients, it  is predicted that  sterility will eventually 
limit the direct response to selection. 

These results from the S-lines could be explained 
either in terms of a positive genetic correlation be- 
tween pupa weight and sterility, regardless of the 
direction of selection, or in terms of genetic homeo- 
stasis where the sign of the realized genetic correla- 
tion between the selected metric trai t  and the com- 
ponent of fitness would depend on the direction of 
selection from some intermediate optimum. Since 
selection for pupa weight was not practiced in the 
downward direction this question can not be resolved 
for these data. However, the results from the C-lines 
offer some indirect evidence. Table 6 shows that  the 
linear regressions of sterility on generation of selec- 
tion tended to be negative but  seldom significant for 
both sexes in the C-lines. On tile surface, these 
results suggest a positive genetic correlation since 
pupa weight also declined in the C-lines and argue 
against the homeostatic model. The issue must re- 
main clouded, however, because direct selection for 
lower pupa weight was not practiced in the C-lines. 
The corresponding decreases in pupa weight and 
sterili ty observed for the C-lines were the result of 
stabilizing selection, which is not well understood. 

Falconer (1960 a) gave formula (1) shown in Table 7, 
which describes the expected correlated response in 
a secondary character as a result of its genetic corre- 
lation with the pr imary character. Rearranging for- 
mula (t) and setting the correlated response in steri- 
l i ty and the direct response in pupa weight equal to 
the linear regressions of sterility (bsg) and pupa weight 
(bpg) on generation of selection, respectively, leads to 
formula (2). The only value in the right side of for- 
mula (2) for which there was no estimate was hs. 
By letting h~ vary  from 0.05 to 0.25, it was possible 
to make corresponding estimates for the realized 
genetic correlation between sterility and pupa weight. 
This seemed to be a reasonable range of values based 
on heritabilities in the li terature for most fitness 
parameters. This method assumes that  the heritabi- 
lities of sterility and pupa weight and the genetic 
correlation between them did not change during the 
course of selection. There is evidence that  the heft- 
tabil i ty of pupa weight did not change significantly 
in these data (Enfield -- manuscript in preparation), 
but  the poor agreement between predicted and ob- 
served correlated response during later generations 

Table 7. Realized Genetic Correlation between Sterility 
and Pupa Weight 

C Rs = i hp ks rG as" (1) 
r~ = (Ilk,) (bsg ~p hplbpg ~,)b (2) 

h~s 

Line .05 ,10 .15 .20 .25 

Males  

S 1 .08 .06 .05 .04 .04 
S 2 .14 .10 .08 .07 .06 

F e m a l e s  

Sx . 3 7  .26 .22 .19 .17 
S z .32 .22 . t 8  .16 .14 

a Subscripts  s and p refer to steril i ty and pupa  weight,  re- 
spectively, C R  = correlated response, i = selection intensity,  
h -- square root  of heritabil i ty,  rG = genetic correlation and 
a = phenotypic  s tandard  deviat ion 

b bsg and bpg are l inear regressions of steril i ty and pupa  
weight,  respectively, on generat ion of selection 

of selection as demonstrated by Falconer (t960b) 
and the theoretical results of Bohren et al. (t966) 
may make the assumption of no change in the genetic 
correlation subject to debate. Estimates of the realiz- 
ed genetic correlation between pupa weight and steri- 
l i ty are shown in Table 7 and were calculated for the 
S-lines only. The realized genetic correlations ranged 
from 0.04 to 0.t4 for the males and from 0.14 to 0.37 
for the females. 

Several other investigators have reported correlat- 
ed responses in sterility which were primarily due to 
females. Reports by Clayton and Robertson (t957) 
and Clayton et al. (1957) on a long-term selection 
experiment with Drosophila showed that  selection 
for abdominal bristle number resulted in declines in 
fertility which were larger in low than in high lines. 
One high line was lost because of female infertility 
and all low lines required intermit tent  relaxation of 
selection to save them from extinction. Extreme 
females of the low lines tended to be infertile. Dawson 
(1965, t966) selected for fast and slow developmental 
rate in Tribolium and productivi ty declined so rapidly 
in the slow lines that  the selection procedure had to 
be modified after 5 generations. It  was determined 
that  male fertility had not decreased and that  the 
correlated response was due to a reduction in egg 
hatchabil i ty and larval survival. Note that  female 
sterility of the present s tudy includes egg mortality.  
Lat ter  (t966), in a line of Drosophila selected for 
scutellar bristle number, observed an increase in the 
incidence of sterility. Outcrosses indicated that  
females only had increased in sterility. Lat ter  and 
Robertson (t962) noted that  in the later generations 
of a low line of Drosophila selected for wing length the 
egg laying ability of females was reduced and that  
male fertility was apparently not greatly affected. 
Lerner and Dempster (195t) showed that  the decrease 
in realized selection differentials observed during 
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selection for shank length in pou l t ry  was no t  due to 
males. 

There are also s tudies  which have shown correlated 
responses in male fert i l i ty.  Fowler  and  Edwards  
(1960) analyzed s t ra ins  of mice previously  selected 
for large and  small  body  size and  observed tha t  the 
percent  of sterile pair  ma t ings  was greater  in the 
select lines t h a n  in the control.  Outcrosses revealed 
t ha t  females of the small  line bu t  t ha t  males of the 
large l ine were responsible for the increased steri l i ty.  
I n  lines of Drosophila subjec ted  to rapid  inbreed ing  
and  selected for ra te  of development ,  Hol l ingsworth  
and  Smith  (t955) ascribed the declines in egg ha tch-  
abi l i ty  to be largely caused by  infer t i l i ty  of males. 

Other  inves t iga t ions  which have not  separa ted  
correlated responses in to  their  componen t  male and  
female par ts  have var ied  in their  results.  Selection 
over long periods of t ime has general ly  been accom- 
panied  b y  a reduct ion in reproduct ive  fi tness bu t  
some studies (Brown and  Bell, 196t ;  Demps te r  et al., 
t952 and  Y a m a d a  et al., 1958) have shown tha t  
observed p la teaus  or decreased responses to selection 
were no t  due to decreases in reproduct ive  fi tness or, 
in some cases, components  of reproduct ive  fitness. 
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