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Effects of Selection and Drift on the Dynamics 
of Finite Populations 

IV. Gene Frequency dependent Selection 

R. F. NASSAR 

D e p a r t m e n t  of S ta t i s t i cs  and  C o m p u t e r  Science, K a n s a s  S t a t e  Unive r s i ty ,  M a n h a t t a n  (USA) 

Summary. A genetic model of a two allelic locus involving gene frequency dependent  selection with overdominance 
or underdominance was investigated with regard to the probabi l i ty  of and the expected t ime to fixation of an allele in 
the face of stochastic variations arising from finite population size. Results showed the following: 

1. If the probabi l i ty  of fixation is larger than for no selection, the case of fequency dependent selection with over- 
dominance at  equilibrium gave rise to tile highest probabi l i ty  of fixation. If, however, the probabi l i ty  of fixation is less 
than for no selection, the case of frequency dependent selection and underdominance at  equilibrium gives rise to the 
highest probabi l i ty  of fixation. 

2. The expected t ime to fixation is largest for the case of overdominance at  equilibrium and smallest for the case of 
underdominance at  equilibrium if 0.2 < p < 0.8. 

3. For  equilibrium gene frequencies (p) above 0.8 or below 0.2 there was acceleration in the t ime to fixation. This 
acceleration occurred over a wide range of initial gene frequencies tha t  includes the p value. 

I .  Introduction 

I t  is well  known t h a t  n a t u r a l  popu la t ions  con ta in  
a large  a m o u n t  of gene t ic  va r i ab i l i t y .  Many  gene t ic  
models  have  been  i nvoked  to exp la in  the  m a i n t e n a n c e  
of th is  va r i ab i l i t y .  Of the  oldest  and  pe rhaps  mos t  
popu l a r  is the  ove rdominance  model .  Recen t ly ,  there  
has  been  increas ing  evidence  t h a t  the  re la t ive  selec- 
t ive  va lues  of cer ta in  geno types  depend  on the i r  re la-  
t ive  f requencies  (Tobar i  and  Ko j ima ,  t967;  K o j i m a  
a n d  Yarb rough ,  t967;  K a u l  a n d  Parsons ,  t965 ;  
E r h m a n ,  t966 and  others) .  Ev idence  also exis ts  
(unpub l i shed  results)  to  show t h a t  the  mode  of 
select ion wi th  r ega rd  to  a t h i r d  chromosome inver-  
sion in Drosophi la  melanogaster involves  f requency-  
d e p e n d e n c y  and  overdominance .  I t  is also possible  
t h a t  a t  a s tab le  equi l ib r ium,  when select ion is fre- 
q u e n c y - d e p e n d e n t ,  the  r e l a t ive  select ive va lues  could  
show unde rdominance .  Thus,  a genera l  mode l  t h a t  
p rov ides  for f r equency -dependen t  select ion wi th  over-  
dominance  and  u n d e r d o m i n a n c e  is of in te res t  to  con- 
s ider  in exp la in ing  the  ma in t enance  of genet ic  va r i a -  
b i l i t y  in n a t u r a l  popu la t ions .  

In  s tudies  of the  n a t u r e  of forces m a i n t a i n i n g  va -  
r i a t ion  in n a t u r a l  popu la t ions ,  popu la t i on  gene t ic i s t s  
have,  to  v a r y i n g  degrees,  used in fo rma t ion  f rom 
smal l  l a b o r a t o r y  popu la t ions .  I t  is deemed  useful,  
therefore ,  to  ana lyse  the  genet ic  behav io r  of smal l  
popu la t ions  unde r  genet ic  models  t h a t  serve  to  ex-  
p la in  the  m a i n t e n a n c e  of v a r i a b i l i t y  in inf in i te  popu-  
la t ions .  Knowledge  of the  d y n a m i c s  of smal l  popu-  
la t ions  is also useful  in p l a n t  and  an ima l  b reed ing  as  
well  as in e x p e r i m e n t a l  q u a n t i t a t i v e  genetics.  I t  is 
also known t h a t  gene f r e q u e n c y  changes  u n d e r  the  

combined  effects of select ion and  dr i f t  due  to  f ini te  
popu l a t i on  size are a p p r o x i m a t e l y  d e t e r m i n e d  b y  N s 
(N = effect ive popu la t i on  number ,  s = select ion co- 
efficient) which  makes  i t  poss ible  to  a p p l y  resu l t s  
f rom smal l  popu la t ions  to  large popula t ions .  

In  f ini te  popula t ions ,  ba r r i ng  m u t a t i o n  and  migra-  
t ion,  the  genet ic  v a r i a b i l i t y  is t r ans ien t ,  no s tab le  
equ i l ib r ium is possible  and  the  end  resul t  is f ixa t ion  
or  loss of an allele. In  th is  r ega rd  there  are two prob-  
lems of ma in  in t e re s t :  

1. the  u l t i m a t e  p r o b a b i l i t y  wi th  which an allele is 
f ixed  and  2. the  t ime  in genera t ions  i t  t akes  to f ixa-  
t ion.  I n  th is  pape r  po in ts  t and  2 are  i nves t i ga t ed  in 
the  case of a two allelic locus and  f r e q u e n c y - d e p e n d e n t  
select ion wi th  ove rdominance  or underdominance .  

2. Materials and Methods 
Consider that  at  a locus with two alleles the relative 

selective values of the three genotypes A A ,  A a  and aa are 
I + s - -  b l p , l  + h s a n d l  -- s + b ep, respectively (s is 
the selection coefficient and h is the dominance factor). 
The model assumes tha t  the selective values of the homo- 
zygotes decrease l inearly as the corresponding chromo- 
mosome frequencies increase. The heterozygote takes on 
different values depending on h. At  a stable gene frequen- 
cy equilibrium in an infinite populat ion (p) there are three 
cases to distinguish with regard to the relative selective 
values of the three genotypes. The first is selective neu- 
t ra l i ty ,  the second overdominance and the third under- 
dominance. For b 1 = b2, selective neutral i ty  occurs when 
h = hn = O, for b I ~ b 2 (bt > '  0) i t  occurs for 0 < hn 
< I (a tb  1 = 0, h n =  l) ; and for b~ > b  2(b 2 > 0 )  selective 
neutra l i ty  occurs in the range --1 < hn < 0 (at b2 = 0, 
h .  = -- 1). In  all  cases, if h > h,,  there is overdominance 
at  equilibrium and if h < hn, there is underdominance at  
equilibrium. 
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At  equi l ibr imn 

r b,p  - p) + o - 1 
A p = L -  s (p (~ - p) + hp  (~ - 2 p )  (~ - p ) ) l  = o 

(where N = the  mean  fitness) 
which reduces to 

p (bl~ + b 2 (1 - -  /5)) = s (h -t- I - -  2 p h )  (2.1)  

The equi l ibr ium is stable if 

~ A p p fi d O  (2.2) 

(2.2) reduces to 

A / 5  3 + C t5 -- 2 D  < 0 (2.3) 

where 
A = b 1 -- b 2 = A b 
C = s ( l  + 3 h )  + b  2 
D = s O  + h) 

when A b is small  such tha t  A p  3 is negligible, :b satisfies 
the  following inequal i ty  

2 
b <  

b2 2 
s 

3 +  .... l + h  

This  shows tha t  iI b 2 > 2 s, the  value  of the  stable equili-  
b r ium gene f requency is ~b ~ 0.67. The  condi t ion b~ > 2 s 
is probably  no t  s t r ingent  if we consider t h a t  in na tura l  
popula t ions  s is l ikely to be small  and b 2 re la t ive ly  large. 

In  wha t  follows the  word equi l ibr ium refers to a stable 
equi l ibr ium in an infini te  populat ion.  

Consider a r andom ma t ing  diploid popula t ion  of f ixed 
size N wi th  non-over lapping  generations.  Assume t h a t  
the  2 N gametes  in adults  of a given genera t ion  are a ran- 
dora sample  of the infini te  number  produced (or po- 
ten t ia l ly  produced) by adults  of the previous  generat ion.  
In  a previous paper  (Carr and Nassar, 1970) it  was shown 
tha t  the  s tochast ic  process (X (0), X(I )  . . . . .  X(t)), X(t) 
being the number  of A alleles in genera t ion  t, is a f ini te  
Markov chain wi th  s ta te  space 0, 1,. . . . .  2 N and stochas- 
tic ma t r ix  P, having  as its (i y)th e lement  

Pii  = (~N) p{ (l -- Pi)2N- i  i = o, , . . . . . .  2 N (2.4) 
1 ' =  0, 1 . . . . . .  2 N  

For  this mode l  

xi + x~ (s - b~ xi)  + hsxi (~ - -  xi)  i 
P' 2 N  

+ (~ - 2 *i) (b~xi - s) 
(2.5) 

is the  probabi l i ty  of allele A in the  inf ini te  popula t ion  
af ter  selection and before the  r andom sample of N indivi-  
duals  or 2 N gametes.  

The  chain is s ta t ionary  wi th  two absorbing states  (0, 2 N) 
and wi th  remaining  2 N -- I t r ans ien t  states.  

Le t  

Q = [Pill, a (2 N -- 1) by  (2 N -- 1) m a t r i x  of t rans i t ion  
probabi l i t ies  

e (T) = e (ti), a v e c t o r o f o r d e r  2 N -  I w h o s e e l e m e n t s a r e  
the  expected  t ime  to f ixa t ion  or loss from 
an ini t ia l  s ta te  2((0) = i ( i  = 1 ,2  . . . . .  
2 N - -  1) 

r = [Pi, 2 N l, a (2 N -- 1) vec tor  of t rans i t ion  probabil i -  
t ies f rom t rans ien t  s ta te  i (i = 1, 2 . . . . .  
2 N -- t) to the  absorbing s ta te  2 N. 

/i = the  probabi l i ty  of u l t imate ly  f ix ing the  A 
allele given tha t  the  ini t ial  s tate was i. 

[ = [fd, a 2 N -  I vec tor  of the  probabi l i t ies  or 
u l t imate  f ixa t ion  

I t  can be shown (see Carr and Nassar, 1970) tha t  

/ = (I  -- Q)-a r (2.6) 
and 

e(T) = (I -- Q)-I 6 (2.7) 

where I is the iden t i ty  m a t r i x  and 6' = (t, I . . . .  1) is the  
uni t  vec tor  of order  2 N -- t. 

Equa t ions  (2.6) and (2.7) were solved for N = 10 and 
for var ious values of the  paramete rs  Sa, b,, b 2 and h. The  
solution was obta ined  numer ica l ly  on the  compute r  by 
inver t ing  the  m a t r i x  ( I  --  Q) using the  i te ra t ive  proce- 
dure discussed in the  paper  by Carr and Nassar  (1970). 

To inves t iga te  the  three  possible relat ions be tween b, 
and b 2 (b 1 = b2, b 1 ~ b v b 1 ~ b2) the  fol lowing represen- 
t a t ive  cases were considered:  b I = b2, b 1 = 1/2 b 2, b 1 = 0, 
b2 = I /2  b 1 and b 2 = 0. For  each set of b 1, b 2 values three 
h values were chosen such tha t  at  equi l ibr ium the re la t ive  
select ive values of the three genotypes  would  show over- 
dominance,  under -dominance  or selective neutra l i ty .  The 
values of h t h a t  give rise to selctive neu t ra l i ty  at  equili-  
b r ium were : 

h, = o (b 1 = b2), hn = .3333 (b, = t /2  b2), 
hn = I (bl = 0), hn = -- .3333 (b~ = 1/2ba), hn = --1 
(b2 = o). 

3. R e s u l t s  

Expected t ime to f ixat ion 

F i g u r e s  I a n d  2 a, b . .  e h a v e  as o r d i n a t e s  t h e  r a t i o  
Rs = Es w h e r e  E0(ti) is t h e  e x p e c t e d  t i m e  
to  f i x a t i o n  in t h e  case  of no  se lec t ion  g i v e n  t h a t  t h e  in i t i a l  

gene  f r e q u e n c y  is ~ (i = l ,  2 . . ,  2 N - I ) ;  a n d  Es 

is t h e  e x p e c t e d  t i m e  to  f i x a t i o n  w i t h  se lec t ion  (s) a n d  
e q u i l i b r i u m  gene  f r e q u e n c y  (p). T h e  abscissas  are  

o r ig ina l  g e n e  f r e q u e n c i e s  (~- -~) .  t h e  T h e  h o r i z o n t a l  

l ine  is Eo(h)/Eo(h ) = 1. I f  Rs  > t ,  t h e n  th is  
c o m b i n a t i o n  of s a n d  15 has  t h e  e f fec t  of r e t a r d i n g  t h e  
e x p e c t e d  t i m e  to  f i x a t i o n  in a p o p u l a t i o n  w i t h  in i t i a l  

i 
gene  f r e q u e n c y  ~ .  I f  R s  ~ 1, a c c e l e r a t i o n  in t h e  

e x p e c t e d  t i m e  to  f i x a t i o n  is in effect .  

I n  t h e  case  of r e l a t i v e l y  w e a k  se lec t ion  (Ns = 1) 
f igure  I a . . . .  e, i t  is seen t h a t  for  b~ = b,, b, = 1/2b~, 
b 2 = 0 a n d  1; of 0.2 a n d  0.9 t h e r e  was  an  a c c e l e r a t i o n  
in t h e  e x p e c t e d  t i m e  to  f i x a t i o n  o v e r  a r ange  of in i t i a l  
gene  f requenc ies .  I n  t he  case  of b 1 = 0, t h e  acce le ra -  
t i on  was  o n l y  for  ~ = .9. I n  al l  cases  t h e  a c c e l e r a t i o n  
o c c u r r e d  for  o v e r d o m i n a n c e  a t  equ i l i b r i um.  Acce le -  
r a t i o n  in t h e  case of u n d e r d o m i n a n c e  o c c u r r e d  o n l y  
a t  b 2 = 1/2 b 1 a n d  b 2 = 0, a n d  in t h e  case of s e l ec t ive  
n e u t r a l i t y  o n l y  for b~ = 0. F o r  all  t h e  b~ a n d  b~ re la-  
t ions  t h a t  were  cons ide r ed  t h e  r e t a r d a t i o n  in t h e  ex-  
p e c t e d  t i m e  to  f i x a t i o n  was  l a rges t  for  t h e  case  of 
o v e r d o m i n a n c e  a n d  sma l l e s t  for  t h e  case  of u n d e r -  
d o m i n a n c e  a t  e q u i l i b r i u m .  I n  t h e  f o r m e r  case  t h e  
r e t a r d a t i o n  was  l a rge r  for  h igh  t h a n  for  low in i t i a l  
gene  f r e q u e n c i e s  w h e n  ~ was  less t h a n  i n t e r m e d i a t e  in 
va lue .  T h i s  was  r e v e r s e d  for  ~ l a rge r  t h a n  i n t e r m e d i -  
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F i g .  l a ,  b . . . .  e. T h e  r a t i o  R# s(i) 
u n d e r  w e a k  s e l e c t i o n  as  a Iunct ic~n o f  
t h e  i n i t i a l  g e n e  f r e q u e n c y .  - -  T h e  o r d i -  
n a t e  is  t h e  r a t i o  of  t h e  t i m e  t o  f i x a t i o n  
o r  loss  of  a n  a l l e le  w i t h  s e l e c t i o n  (s - - .  t ) 
t o  t h a t  w i t h  n o  s e l e c t i o n  (s = 0).  
T h e  a b s c i s s a  is  t h e  i n i t i a l  g e n e  f r e -  
q u e n c y .  T h e  h o r i z o n t a l  l i l le  r e p r e s e n t s  
n o  s e l ec t i on .  T h e  c u r v e s  a r e  f o r  d i f -  
f e r e n t  g e n e  f r e q u e n c y  e q u i I i b r i a  i n  
t h e  c a s e  of  o v e r d o m i n a n c e  
u n d e r d o m i n a n e e  - - - - ,  o r  s e l e c t i v e  

n e u t r a l i t y  . . . . . .  

ate value. The slopes of the RAs(i ) curves for all ;5 
larger than  intermediate  value, were reduced by  going 
from overdominance  to selective neut ra l i ty  and fur- 
ther  to underdominance.  This tended to reduce the 
differences in R~,s(i) between low and high initial 
gene frequencies. At  underdominance  these differ- 
ences were least pronounced.  

In  the case of overdominance  at equilibrium the 
re tarda t ion  is largest at in termediate  ib values. Among  
the different b~ and b~ relations it was largest for b 1 
= b 2 and smallest for b 1 = t /2  b 2. For  ib values above 
0.8 there was little effect of the change in the relat ive 
values of b 1 and b, on the R6,,(i) and for ib ~ .02 the 
effect was only for high initial gene frequencies. In  

the lat ter  event the re ta rda t ion  was again largest 
for b 1 = b 2 and smallest for bl = t /2  b~ and bl = 0. 
The effect on R#,s(i) of vary ing  the relative values of 
b~ and b 2 was small in the case of selective neut ra l i ty  
and underdominance .  As in the case of re tardat ion,  
acceleration was also smallest for b 1 ~ b~. 

Stronger  selection (N s --= 4) caused little quali ta-  
tive changes in the results. The main effect of s tron- 
ger selection, figure 2 a . . . .  e, was to increase re tarda-  
t ion for in termediate  ~b values and to s imul taneously  
increase acceleration for ~b above 0.8 and below 0.2. 
For  all the  b 1 and b 2 relations acceleration occurred 
at ~b = .8 or above for overdominance  and at/~ = .9 
or above for underdominance  and selective neutral i ty.  
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Fig. 2a, b . . . .  e. The ratio R# s(i) 
under strong selection as a fun~'tion 
of the initial gene frequency. --  The 
ordinate is the ratio of the time to 
fixation or loss of an allele with selec- 
tion (s = .4) to that  with no selec- 
tion. The abscissa is the initial gene 
frequency. The horizontal line repre- 
sents no selection. The curves are for 
different gene frequency equilibria in 

the case of overdominance - - - -  
underdominance . . . . .  , or selective 

neutrality . . . . . .  

A c c e l e r a t i o n  also o c c u r r e d  a t  ;b---- .2 or  be low,  b u t  
o n l y  for b 1 >> b=. T h e  m a g n i t u d e  a n d  r a n g e  of acce-  
l e l a t i o n  was  l a rges t  for  o v e r d o m i n a n c e  a n d  sma l l e s t  
for  u n d e r d o m i n a n c e .  

Probability o/ultimate fixation 
F i g u r e  3 a, b . . .  f, ha s  t h e  p r o b a b i l i t y  of f i x a t i o n ,  

/ ,  as  o r d i n a t e  a n d  t h e  i n i t i a l  gene  f r e q u e n c y ,  i/2 N, as 
abscissa .  T h e  d i a g o n a l  l ine  in  e a c h  g r a p h  r e p r e s e n t s  
t h e  case  of no se lec t ion  (s = 0, b 1 = b= = 0). 

F r o m  resu l t s  in f igure  3 a, b . . .  e i t  is seen  t h a t  for  
w e a k  se lec t ion  (Ns = t)  a n d  for  ;~ in t h e  n e i g h b o u r -  
h o o d  of 0.5 (/5 b e t w e e n  .4 a n d  .6) t h e r e  was  a p o i n t  x 
in in i t i a l  gene  f r e q u e n c y  (poin t  of i n t e r s e c t i o n  of a 

c u r v e  w i t h  t h e  d i a g o n a l  line) a b o v e  w h i c h / ,  was  less 
t h a n  i t  w o u l d  be  u n d e r  no  se lec t ion .  F o r / ;  be low  
0.5, x lies be low  0.5 a n d  v ice  v e r s a  ( the o n l y  e x c e p -  
t i o n  was  for  t h e  case of u n d e r d o m i n a n c e  a t  b 1 = 0). 
A t / 5  = .5, x as e x p e c t e d ,  was  e q u a l  to  0.~ r ega rd le s s  
of t h e  m o d e  of s e l ec t i on  a t  e q u i l i b r i u m .  F o r  p ~ .6 
a n d  ;b ~ .4 t h e  p r o b a b i l i t y  of f i x a t i o n  was  a b o v e  a n d  
b e l o w  t h e  d i a g o n a l  l ine  r e s p e c t i v e l y .  T h e  p r o b a b i l i t y  
of f i x a t i o n  a b o v e  t h e  d i a g o n a l  l ine  w a s  l a rge s t  fo r  
o v e r d o m i n a n c e  a n d  sma l l e s t  for  u n d e r d o m i n a n c e .  
Th i s  w a s  r e v e r s e d  w h e n  / ,  was  be low  t h e  d i a g o n a l  
l ine.  T h e  u l t i m a t e  p r o b a b i l i t y  of f i x a t i o n  was  an  in-  
c r eas ing  f u n c t i o n  of ]) as wel l  as of t h e  i n i t i a l  gene  
f r e q u e n c y .  
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F ig .  3a,  b . . . . .  f. T h e  p r o b a b i l i t y  of f i x a t i o n  of a n  a l l e l e  as  a f u n c t i o n  of t h e  i n i t i a l  g e n e  f r e q u e n c y .  - -  T h e  o r d i n a t e  is  t h e  
p r o b a b i l i t y  of f i x a t i o n  of a n  a l l e l e  w i t h  se l ec t ion .  T h e  a b s c i s s a  is  t h e  i n i t i a l  gene  f r e q u e n c y .  T h e  d i a g o n a l  l i n e  r e p r e s e n t s  t h e  

case  of no  se l ec t ion .  T h e  c u r v e s  a re  for  d i f f e r e n t  g e n e  f r e q u e n c y  e q u i l i b r i a  in  t h e  case  of o v e r d o m i n a n c e  - - - - - - ,  
u n d e r d o m i n a n c e  , o r  s e l e c t i v e  n e u t r a l i t y  . . . . . .  

The effect of increasing the selection intensity (N s 
= 4) was, for all b 1 and b~ relations, to increase the 
ul t imate probabil i ty of fixation when above the diago- 
nal line and to decrease it when below the line (this 
is typically shown in figure 3 f). As N s gets larger 
the end result of course is t h a t / ,  goes to 0 or t .  With 
an increase in the selection intensity the tendency 
was for x to decrease if it were below 0.5 and to in- 
crease if above 0.5. The change in the b I and b 2 rela- 
tions from b 1 ---- b2 to bt < b2 increased in general h. 
The effect of reducing b2 in relation to bt did in gene- 
ral decrease the ul t imate probabil i ty of fixation. 

4. D i s cu s s ion  

The most  salient features of these results with re- 
gard to the ul t imate probabil i ty of fixation is the fact 
tha t  this probabil i ty is not only determined by  the 
value of the stable gene frequency equilibrium in the 
infinite population, but  also by  the mechanism tha t  
maintains the stable equilibrium. This can be help- 
ful in using results from small populations to infer 
about the genetic prpperties of lalge populations. If  
the probabil i ty of ul t imate fixation is larger than in 

the case of no selection, the case of overdominance 
at equilibrium gives rise to the highest probabil i ty of 
fixation. If, however, [, is less than in the case of no 
selection, the case of underdominance at equilibrium 
gives rise to the highest probabil i ty of fixation. This 
relationship holds for all relative values of b I and b2. 
The differences in /t between overdominance, se- 
lective neutral i ty  and underdominance are most pro- 
nounced at intermediate initial gene frequencies. 

The retardat ion in the expected time to fixation, as 
in the case of/, ,  is a function both of ;6 and the mecha- 
nism maintaining equilibrium in the infinite popu- 
lation. Retardat ion is largest for the case of overdo- 
minance and smallest for the case of underdominance. 
Also tile difference in the magnitude of the retarda- 
tion between tha t  for small and large initial gene fre- 
quencies is largest for overdominance at equilibrium 
and smallest for underdominance at equilibrium. 
This is particularly so when the equilibrium gene fre- 
quency is below 0.2 or above 0.8. 

When/~ is between 0.2 and 0.8, it can be inferred 
from these results tha t  gene frequency dependent se- 
lection with overdominance at equilibrium is most 
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effective in maintaining variabil i ty in natural  popu- 
lations. 

At ~ values above .8 and below 0.2 and when the ini- 
tial gene frequency is in the neighbourhood of the 
equilibrium frequency none of the above selection 
systems is very effective in maintaining variabil i ty in 
the face of stochastic variation. In this regard, how- 
ever, underdominance is bet ter  than overdominance 
or selective neutral i ty by  virtue of the fact that  it does 
not accelerate the time to fixation by  as much as the 
others do. 

Overdominance without gene frequency dependent 
selection is more effective in maintaining variabil i ty 
than overdominance with gene frequency dependent 
selection. However, the segregational load in the 
former case can be much larger than in the latter. 
In the lat ter  case, intermediate ~b values can be main- 
tained with slight overdominance effect (slight segre- 
gational load at equilibrium). This is in contrast with 
a large overdominance effect (large segregational 
load) needed to maintain intermediate ~b values when 
overdominance is not coupled with gene frequency de- 
pendent selection. Frequency dependent selection 
with selective neutral i ty at equilibrium gives rise to 
no or little segregational load and is next  in line to 
overdominance as an effective way of maintaining 
variabil i ty in the face of stochastic variations. 

Zusammenfassung 

Es wird das genetische Modell eines biallelen Locus 
mit  genfrequenzabh~ingiger Selektion bei Vorliegen 
von 1]ber- oder Unterdominanz im Hinblick auf die 
Wahrscheinlichkeit der Fixierung und die erwartete 
Zeit bis zur Fixierung eines Allels im Zusammenhang 
mit  stochastischer Variation, die aus einem begrenz- 
ten Populat ionsumfang resultiert, untersucht.  Fol- 
gende Ergebnisse wurden erhalten : 

1. Wenn die Fixierungswahrscheinlichkeit grSBer 
ist als ohne Selektion, dann ffihrt der Fall h~iufigkeits- 
abh~ingiger Selektion in Verbindung mit  Superdomi- 
nanz im Gleichgewicht zur gr6Bten Fixierungswahr- 
scheinlichkeit. Is t  jedoch die Fixierungswahrschein- 
lichkeit niedriger als ohne Selektion, dann ftihrt der 
Fall h~iufigkeitsabh~ingiger Selektion in Verbindung 
mit  Unterdominanz im Gleichgewicht zur gr6Bten 
Fixierungswahrscheinlichkeit. 

2. Die erwartete Zeit bis zur Fixierung ist am 
grSBten im Fall der Superdominanz im Gleichgewicht 
und am kleinsten ffir den Fall der Unterdominanz im 
Gleichgewicht, wenn 0,2 ~ ~b ~ 0,8 ist. 

3. Fiir Gleichgewichtsfrequenzen (p) fiber 0,8 oder 
unter 0,2 gibt es eine Akzeleration in der Fixierungs- 
zeit. Diese Akzeleration t r i t t  fiber einen breiten Be- 
reich ursprfinglicher Genfrequenzen auf, die den ~b 
Wert  einschlieBen. 

Diese Ergebnisse werden im Hinblick auf die Er- 
haltung der Variabilit~it in natfirlichen Populationen, 
die einer stochastischen Variation unterliegen, dis- 
kutiert .  
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