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S u m m a r y .  1) Se lec t ion  l ines  d e r i v e d  f r o m  a r e f e r e n c e  l ine ,  the cont inuat ion of an in i t ia l  populat ion which 
w e r e  founded by a double c r o s s  of four  l a b o r a t o r y  s t ocks ,  w e r e  s e l e c t e d  for  shor t  ( l ine  KS and K) and 
long ( l ine  LS and L) deve lopmen ta l  r a t e  fo r  up to 183 ~ e n e r a t i o n s .  

2) F r e q u e n c i e s  of the l inkage  g r o u p s ,  A~ r , AFD and ASD s , of two c l o s e l y  l inked loc i ,  LAP-A 
and LAP-D,  w e r e  e s t i m a t e d  by f r e q u e n c i e s  of the i s o e n z y m e s  con t ro l l ed  by t h e m .  

3) The r e f e r e n c e  l ine RE had ma in ta ined  a ba lanced  a l l e l e  p o l y m o r p h i s m  for  al l  t h r e e  l inkage  g roups  
with the f r e q u e n c i e s  f (A ~ r )  = 0 ,145 ;  f (A FD r )  = 0 ,605 ;  a n d f ( A  sD s) = 0 ,250 .  The r e f e r e n c e  l ine  di f -  
f e r s  f r o m  the four  l a b o r a t o r y  s tocks  in which two f u r t h e r  l inkage groups  (A~ s and ASD F ) o c c u r .  

4) Both l ines  s e l e c t e d  fo r  shor t  deve lopmen ta l  r a t e  a r e  d i f ferent  f rom each o the r  and f r o m  the r e -  
f e r e n c e  l ine .  While  in l ine  K the l inkage  group A~ F was f ixed ,  in l ine  KS the l inkage g roups  AeD r and 
ASD s ma in ta ined  a ba lanced  p o l y m o r p h i s m .  

5) The l ines  s e l e c t e d  fo r  long deve lopmen ta l  r a t e  LS and L a r e  d is t inc t  f r o m  the r e f e r e n c e  l ine ,  too.  
In both l ines  the l inkage  g roups  A~ F and ArD r a r e  p r e s e n t .  They d i f fe r  f r o m  each  o t h e r  by a h i g h e r  
f r e q u e n c y  of l inkage group A~ ~ and a s m a l l e r  one of l inkage group A F D r in l ine  LS. 

6) The d i s cus s ion  ma in ly  dea l s  with the inf luence  of the t h r e e  fol lowing a s p e c t s :  the r e s p o n s e  of the 
s e l e c t i o n  l ines  to s e l e c t i o n ;  the m e c h a n i s m s  main ta in ing  a l l e l e  p o l y m o r p h i s m  ; and the gene t ic  d r i f t .  

In t roduct ion  

Se lec t ion  l ines  w e r e  d e r i v e d  f r o m  an in i t ia l  populat ion 

which had been e s t ab l i shed  by a double c r o s s  of  four  l ab -  

o r a t o r y  s t o c k s .  Two l ines  w e r e  s e l e c t e d  fo r  long and 

shor t  deve lopmen ta l  r a t e ,  r e s p e c t i v e l y ,  for  about 88 to 

183 generations. Previous papers dealt withthe same se- 

lection lines but with the isoenzymes controlled by the 

Est-6-1ocus and Aph-D-locus (Muhs, 1975c) or with 

lines selected under different temperature conditions 

which had been derived from the same initial population and 

were analysed for the isoenzymes controlled by the Est- 

6-1ocus, ,aph-D-locus, LAP-A-locus and the LAP-D-lo- 

cus (Muhs, 1975 a,b). In this paper the frequencies of 

different alleles of the LAP-A- and LAP-D-locus are 

described. 

M a t e r i a l s  and Methods 

The g e n e r a l  e x p e r i m e n t a l  t echn ique ,  the Dz, osoph4.Za 
s tocks  and the foundation of the in i t ia l  populat ion (Mu~s,  
1975 a ) ,  s e l e c t i o n  l ines  and sampl ing  (Muhs,  1975 c) 
and the i s o e n z y m e s  (Muhs 1975 b) have  been  d e s c r i b e d  
e l s e w h e r e .  Homogen iz ing  and e l e c t r o p h o r e s i s  methods  
will  be g iven in m o r e  de ta i l  in a f u r t he r  pape r  (Muhs,  
1975 d ) .  

* This s tudy is  a par t  of a t h e s i s  (Facu l ty  of  F o r e s t r y ,  
Un ive r s i t y  F r e i b u r g ) .  

In th is  study two l ines  had been s e l e c t e d  for  shor t  d e -  
ve lopmen ta l  r a t e  ( l ines  KS and K) and two for  long de -  
ve lopmen ta l  r a t e  ( l ines  LS and L). The l ines  KS and LS 
had been e s t ab l i shed  about 3 g e n e r a t i o n s  a f te r  founding 
the in i t ia l  populat ion,  l ines  K and L about 13 to 15 gen-  
e r a t i ons  a f t e r .  

Resu l t s  

The i s o e n z y m e  techn ique  a l lowed inves t iga t ion  of the i s o -  

e n z y m e s  con t ro l l ed  by the c l o s e l y  l inked L A P - A - I o c u s  

and L A P - D - l o c u s  i n t h e  s a m e  z y m o g r a m .  Thus it  was p o s -  

s ib le  to ident i fy  each  l inkage  g roup .  The l inkage  g roups  

AOD F , AFD F,  and ASD S w e r e  found in the s e l e c t i o n  l i n e s .  

Only in the r e f e r e n c e  l ine RE w e r e  two h e t e r o z y g o t e s  

(DFD X) o b s e r v e d  conta in ing the a l l e l e  D X . This a l l e l e  

will  not be c o n s i d e r e d  h e r e .  

The t h r e e  l inkage groups  can f o r m  s ix  geno types .  Thei r  

c o r r e s p o n d i n g  phenotypes  can be a r r a n g e d  in four  g roups  : 

I : A O A O / D F D F  

ti : A F A F / D F D F  and A O A F / D F D F  

Ill : ASAS/DSDS 

IV : AOAS/DFDS and AFAS/DFDS 

In the phenotype groups  II and IV two phenotypes  each  a r e  

l i s t ed  which can not be d i s t ingu i shed  sa fe ly  by the i s o e n -  

z y m e  technique  used  h e r e  (Muhs,  1975 b ) .  

In the four  l a b o r a t o r y  s tocks  used  fo r  foundation of  the 

s e l e c t i o n  l ines  all  t h r e e  l inkage  g roups  a r e  p r e s e n t ,  AOD F 
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Table 1. Observed and Expected Numbers of Phenotypes 

Mode of Selection Observed Numbers 
Selection Line in Phenotype Group 

I II III 

E x p e c t e d  N u m b e r s  
in P h e n o t y p e  G r o u p  2 2 

IV I II III IV X 1 df  X2 df  

25 ~  RE 5 132 14 103 5 ,33  137,54  15 ,88  95 ,25  1,097 1 - 
s h o r t  KS 182 2 72 185,83 5 ,61  64 ,56  2 ,259  1 - 
s h o r t  KS r e p .  177 4 42 175,84  2 ,81  44 ,35  0 , 6 4 7  1 6 , 3 8 8  ~ 
short K 256 . . . . . .  
short K rep. 256 . . . . . . . .  
long LS 29 226 - - 28,97 226,03 - - 
long  L 5 251 - - 5 , 0 2  250 ,98  - _ 

The X~ -test is a goodness of fit test, table value is 3,84 for one degree of freedom (dr) and 95 % probability. 
The X~ 2 -test is a heterogeneity test KS versus KS rep. (replication of KS), the table value is 5, 99 for 2 df and 
95 % probability 

Table 2. Estimates of the Frequencies of Linkage Groups and the Variances 

Mode of Selection Frequencies of Linkage Group Variances 
A o D r A F D r A S D S A o D F A F D r" A S D S Selection Line 

25~ RE 0 , 1 4 5  0 , 6 0 5  0 , 2 5 0  0 ,0 0 0 5 6  0 ,0 0 1 7 1  0 ,00097  
short KS 0,852 0,148 - 0,00025 
short KS rep. 0,888 O, 112 - 0,00022 
short K 1,000 - - 
short K rep. I, 000 - - 
long LS 0,337 0,663 0,00044 - 
long L 0,140 0,860 0,00024 - 

The variances of the estimates of the linkage group A F D r and A s D s are identical in selection line 
KS and those of A~ F and AFD r are identical in selection lines LS and L. They are listed once. 

being the most frequent. In addition, two linkage groups, 

AOD S and ASD F , occurred which had never been observed 

in the selection lines (Muhs, 1975b). 

The reference line RE is the continuation of the initial 

population which had been founded by a double cross of the 

four laboratory stocks. All three linkage groups are pres- 

ent in the reference line with the following frequencies 

f(AOD F) =0,145 i f(AFD F) =0,605; and f(ASD S) =0,250. 

We can assume that the frequencies of these linkage groups 

are maintained by a balanced allele polymorphism (Muhs, 

1 9 7 5 b ) .  

D i s t r i b u t i o n  of P h e n o t y p e s  and  Linkage  G r o u p s  in t h e  

S e l e c t i o n  L ines  

In Tab le  1 t h e  o b s e r v e d  and  e x p e c t e d  f r e q u e n c i e s  a r e  

given, together with the goodness of fit tests as far as 

they can be applied. The lines KS and K had been analy- 

sed twice. The replications of the examinations are desig- 

nated by KS rep. or K rep. and had been done in the fol- 

lowing generation. 

The selection lines show clear cut differences. In line 

KS phenotype I was missing, but phenotype group II oc- 

curred most frequently. Phenotype III was observed only 

at a very low frequency and phenotype group IV at a fre- 

quency of about 0,25. In the replication (KS rep.) the 

frequencies were different from those of KS. In particu- 

lar, the number in phenotype group IV decreased from 

72 in line KS to 42 for the replication KS rep. This differ- 

ence can be attributed at least partially to the smaller 

number of observations in KS rep. (224 instead of 256) 

but this difference is significant at the 5% level (see Ta- 

ble I). Thus both estimates of the frequencies of KS and 

KS rep. are not homogeneous. This fact can only be ex- 

plained by strong shifting of the allele frequencies from 

generation to generation. The goodness of fit tests show 

no significant differences, so we can assume that sam- 

pling had been done without bias and that random mating 

had occurred in the tested lines. The frequencies of the 

linkage groups and the variance are given in Table 2. 

Here, in KS rep., the frequency of the most frequent 

linkage group AFD F is 0,888, about 0,036 higher than in 

KS. The corresponding frequencies of the linkage group 

ASD S are 0,148 in KS and 0,112 in KS rep. 

Only individuals of the phenotype I have been observ- 

ed in line K as well as in the replication of line K (K 

rep. ). This line is the only monomorphic line concern- 
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ing both L A P - A - a n d  L A P - D - l o c i .  The l inkage  group 

ADD F had been  f ixed.  

The l ines  LS and L conta ined only ind iv idua ls  of the 

phenotype g roups  I and II, so d i f fe r  f rom KS as  wel l  as  

f r o m  K. C o m p a r e d  with l ine L the l ine LS showed m o r e  

indiv iduals  of phenotype I, n a m e l y  29 of  the total  of 256 

pupae ana lysed .  This is  a l so  shown by the f r e q u e n c i e s  of 

the l inkage groups  ( s e e  Table  2) .  The f r e q u e n c y  of the 

l inkage  group ADD F in l ine  LS r e a c h e d  0 ,337 ,  that of  

l ine  L only 0 ,140 .  F o r  the l inkage  group AFD F the f r e -  

quenc ies  w e r e  r e v e r s e d :  h e r e  l ine  L showed t h e h i g h e r  

f r equency  with 0 ,860 and l ine  LS the l ower  one with 0 ,663 .  

Differences in Variability between Different Steps and 

Modes of Selection 

As reported in the previous paper (Muhs, 1975 b) the 

fourlaboratory stocks still have two more linkage groups 

which do not occur in the reference line RE. This means 

that v a r i a b i l i t y  of the r e f e r e n c e  l ine  i s  r e s t r i c t e d  c o m -  

pa red  with the v a r i a b i l i t y  of  the in i t ia l  populat ion,  which 

was founded by a double c r o s s  of the four  l a b o r a t o r y  

stocks. 

Selection for short or long developmental rate caused 

a further reduction of variability. In none of the selection 

lines did all three linkage groups occur together which 

were maintained by the reference line. Line KS lacked 

the linkage group ADD F, line K the linkage groups AFD F 

and ASD S, and both lines LS and L lacked the linkage 

group ASD S. Generally it can be assumed that elimination 

of linkage groups and a reduction in the degree of hetero- 

zygosity had occurred in the first step of selection at the 

foundation of the initial population. 

The second step of selection started with the establish- 

ment of the selection lines derived from the reference 

line and lasted during the whole time of artificial selection. 

The effect of selection consisted of a further elimination 

of linkage groups and a further reduction of the degree 

of heterozygosity in some cases. 

The lines selected for short developmental rate had 

different linkage groups. While in line KS the linkage 

groups AFD F and ASD S were maintained, in line K the 

linkage group ADD F was fixed. Thusthe same mode of 

selection did not show the same results in this case. By 

selection for long developmental rate, both lines LS and 

L maintained the linkage groups ADD F and AFD F, but 

at differing frequencies. In this case the same mode of 

selection resulted in a significant difference in allele 

frequencies. 

Discussion 

In previous papers the mode of selection (Muhs, 1975 c) 

and the physiological importance of the leucine aminopep- 

tidases (Muhs, 1975 b) were discussed. In this study 

very different responses to selection were observed, so 

that an intensive discussion of these responses would seem 

to be necessary. 

The Reaction upon Selection 

The initial population arose from a double cross of four 

laboratory stocks which had been held under constant en- 

vironmental conditions in the laboratory before the ini- 

tial population was founded. We may take it for granted 

that during that time the laboratory stocks had adapted to 

the laboratory environment. Obviously each population 

had reached an equilibrium as it was not influenced by 

any pressure of selection caused by environmental chang- 

es. The double cross brought four gene pools together. Thus 

a high heterogeneity was reached and the population 

showed heterosis effects alternating with partial break- 

downs. The fluctuations in the population size of the initial 

population, which disappeared after some I0 generations, 

can be regarded as the consequence of these effects. In- 

creased competitive ability of a generation caused an ex- 

tremely high density of the population which may have in- 

fluenced the mating behaviour. Thus in the following gener- 

ations many far fewer descendents were produced. We can 

conclude that the gene pools of the four laboratory stocks 

were different and had to integrate during a process last- 

ing several generations. 

The lines KS and LS were derived before this process 

of integration had been completed, so that these lines 

stem from an extremely fluctuating, unbalanced popula- 

tion. In contrast to this, all the other lines were deriv- 

ed from the line RE at the time when this line had found 

its equilibrium. As a matter of fact the lines KS and 

LS showed other reactions than the lines K and L which 

were selected according to the same mode. As far as 

both investigated loci (LAP-A- and LAP-D) are con- 

cerned, the line KS had maintained a certain heteroge- 

neity, while in line K this was not the case because of 

the fixation of a linkage group. Since the line RE had 

also maintained heterogeneity, here an effect of selec- 

tion must be present. 

The initial population, called reference line RE in lat- 

er generations, couldnot be founded under natural condi- 

tions. This very heterogeneous "hybrid population", how- 

ever, will probably show a higher proportion of additive 
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genetic variance by distintegration of the coadapted chro- 

mosomes and gene complexes (Band, 1964; Spiess and 

Spiess, 1964, 1966). This variance can be used during 

mass selection (Kojima and Kelleher, 1963 ). Thus the ini- 

tial population should react intensively and quickly upon 

selection (Tigerstedt, 1969). In the end the disintegration 

and change of the gene complexes would probably have a 

devastating effect on the population. Usually at first a 

decrease of fitness is connected with disintegration 

(Wallace and Vetukhiv, 1955). If during this time the 

pressure of selection is high and the population can not 

reproduce new adaptive gene complexes by recombina- 

tion, fitness may decrease still further until the popula- 

tion dies out. In order to prevent this in the lines select- 

ed for developmental rate, 480 flies of each generation 

were used to found the next generation. By this method 

the populations had a chance to organize new coadapted 

gene pools. 

After 45 generations (for line L), 55 generations (for 

line LS), 85 generations (for line K), and 105 genera- 

tions (for line KS), Tigerstedt (1969) demonstrated that 

the reactions had been partly different even in lines se- 

lected for the same mode: "In the lines KS and K the 

developmental rate shortened from an average 13 to II, 3 

days, the fitness increased continuously and the genetic 

variance was mostly additive. The lines LS and L react- 

ed differently. In the line LS the average developmental 

rate increased from 13 to 13,5 days. Fitness increased 

slightly but most of the genetic variance had not been ad- 

ditive. Inline L the average developmental rate increa- 

sed from 13to 15, 5 days. This happened discontinuously 

after the 30 th generation. Fitness decreased continuous- 

ly, the phenotypical variance was high and the additive 

genetic variance extremely small". From these results 

obtained by Tigerstedt (1969)we can conclude that the 

lines KS, K, LS and L hadchanged their gene pools fun- 

damentally. The lines KS and K are obviously better 

adapted than the lines LS and L. The line L seems even 

to show a disintegration and a reduction of the genetic 

variability. 

These findings of Tigerstedt (1969) do not agree 

with the results obtained here in every detail: there 

exists a very great difference between the lines KS and K. 

While the line KS has maintained a balanced polymor- 

phism of the two linkage groups AFD F and ASD S, these 

linkage groups have been eliminated in the line K. Both 

lines differ from the reference line which could maintain 

polymorphism with all three linkage groups AOD F, 

AFD F and ASD S. The lines LS and L show the same link- 

age groups AOD F and AFD F , differing only in frequency. 

From this we can not conclude that in line L the gene 

pool is disintegrated. Both lines are different from the 

lines KS and K and from the reference line. 

The differences between the lines selected for short 

or long developmental rate can be caused by selection 

up to a certain degree. This may not be the only expla- 

nation, since the same selection modes favoured the 

linkage group AOD F in the line K but the linkage groups 

AFD F and ASD S in the line KS. Two different modes of 

selection, however, enriched the same linkage group, 

AFD F, in the lines KS, LS and L. So far the responses 

to selection can not be shown by allele frequencies of the 

LAP-loci as marker genes. 

These results demonstrate that in the case of the LAP- 

loci the alleles are not directly influenced by the modes 

of selection used here. On the other hand this is an advan- 

tage which allows observation of changes in the gene pool 

which are caused by reaction of the population to selec- 

tion rather than by selection itself. Since isoenzymes are 

controlled by genes, changes in the gene pool can be ob- 

served. In particular, those mechanisms become obvious 

which play an important role in the distribution of the al- 

leles and maintenance of allele polymorphism. From the 

extensive changes in the allele frequencies of the LAP- 

loci we may assume that similar shifts had occurred at 

other polymorphic loci, too, which were not directly ex- 

posed to selection. 

To s u m  up ,  we c o n c l u d e  t h a t  a l l e l e s  o f  w h i c h  t h e  d i s -  

t r i b u t i o n  i s  d e t e r m i n e d  d i r e c t l y  by  s e l e c t i o n  a r e  o b v i o u s -  

ly  no t  a p p r o p r i a t e  f o r  d e m o n s t r a t i n g  a s h i f t  in  t h e  g e n e  

p o o l ,  s i n c e  t h e  r e s p o n s e  to s e l e c t i o n  c o v e r e d ,  f o r  e x a m -  

p l e ,  t h e  m e c h a n i s m s  m a i n t a i n i n g  a l l e l e  p o l y m o r p h i s m .  

The  a l l e l e s  e x a m i n e d  h e r e  a r e  m o r e  s u i t a b l e  f o r  s h o w i n g  

c h a n g e s  in  t he  g e n e  pool  by  s h i f t i n g  of  t he  a l l e l e  f r e q u e n -  

c i e s .  They  a r e  i n f l u e n c e d  by  s e l e c t i o n  a s  we l l  a s  by  m e c h -  

a n i s m s  m a i n t a i n i n g  a l l e l e  p o l y m o r p h i s m .  

Mechanisms maintaining Allele Polymorphism 

In some selection lines allele polymorphism has been 

found. Despite intensive and lengthy selection, this poly- 

morphism could be maintained nearly unchanged, e.g. in 

the temperature selected lines (Muhs, 1975 b). The mech- 

anisms responsible for this polymorphism are not known. 

There are, however, some explanations which may be 

considered. 

On principle the allele polymorphism observed here 

can be explained by overdominance. Fitness values of the 

six genotypes which can be formed by the three linkage 
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groups have not been calculated, but investigations are 

in progress with the alleles D F and D S of the LAP-D- 

locus which allow the estimation of fitness at different fre- 

quencies of the alleles. First results show no overdomi- 

nance of the herozygotes DFD S for normal crowding con- 

ditions and for egg-to-adult period. 

At the frequency of 0.5, slight dominance was shown 

by the homozygotes DFD F , but this was not the case in 

all experiments. We conclude that overdominance does 

not exist or is of secondary importance, if at other fre- 

quencies any overdominance should be present. 

During the first 20 to 30 generations the reaction of 

the selection lines on selection was weak (Tigerstedt, 

1969). This may point to high interactions of the genes 

which led to an unbalance of the gene pool, if selection 

occurred. These interactions can maintain existing poly- 

morphism (Mather and Harrison, 1949). In the selec- 

tion lines these interactions play an important role which 

can be demonstrated by the lines selected for long devel- 

opmental rate LS and L. While line L showed disintegra- 

tion and a high response to selection, line LS had main- 

tained fitness and responses to selection were weak. 

Here the interactions had stabilized the gene pool inline 

LS. 

Taking the selection lines for different temperature 

conditions (Muhs, 1975b)into consideration, this effect 

of high gene interactions can be shown more clearly. All 

lines had maintained the same allele polymorphism for 

the LAP-A- and LAP-D-locus in nearly equal frequen- 

cies. Selection had only small effects in this case. This 

shows that epistasis stabilized the existing integrated 

gene pool (Levins, 1965; Franklin and Lewontin, 1970) 

without favouring the recombinants (Lewontin, 1971 ). 

The lines KS and K had increased fitness and at the 

same time responded to selection, which points to high 

genetic variability. The exception is the line K: here 

one linkage group had been fixed for the LAP-A- and 

LAP-D-locus. In the case of line KS the above mech- 

anisms are not sufficient to explain the existence of a 

balanced allele polymorphism. Here a frequency depen- 

dence is assumed. Experiments onthis topic showed 

frequency dependent selection with an equilibrium of 

about O, 6 for the allele D F. We can assume that the 

linkage groups as well as the alleles D F and D S are 

frequency dependent. 

Only in populations with high densities can frequency 

dependence be observed (Kojima and Huang, 1972; 

Huang et al., 1971). For the selection lines we can 

conclude that the frequency dependence had greater el- 

fects in temperature selected lines than in lines select- 

ed for developmental rate, since the temperature se- 

lected lines had the highest crowding conditions because 

they were held in population cages permanently. The 

temperature selected lines had maintained allele poly- 

morphisms which can be well explained by frequency 

dependence. 

An indispensable precondition for frequency depend- 

ent selection is the existence of selective values for the 

alleles, otherwise the equilibrium of the alleles becomes 

a by-product of linked gene complexes which have high 

selective values (Mclntryre and Wright, 1966~ Sved, 

1968). In the selection lines a linkage of the LAP-A- 

and LAP-D-locus with such gene complexes can not be 

wholly excluded, but the population sizes were big enough 

to produce suitable recombinations even in the lines se- 

lected for developmental rate. Thus we may assume that 

the equilibrium is balanced by the selective values of the 

alleles. 

The existence of selective values for both alleles D F 

and D S of the LAP-D-locus has been found in the first re- 

sults of a series of experiments which were started to 

estimate fitness in relation to different frequencies and 

developmental stages. The results of these experiments 

will contribute detailed information on this topic (Muhs, 

in  preparation). 

Genetic Drift 

Up to now the results have been discussed from the as- 

pect of maintaining genetic polymorphism. The lines se- 

lected for developmental rate have lost a part of their 

variability, especially line K for the studied loci. In a 

previous chapter it was shown that the distribution of the 

linkage groups in this line is a product of selection only 

to a certain degree. Above all the fixation of the linkage 

group AOD F in line K and, on the other hand, the main- 

tenance of the balanced polymorphism inthe parallel line 

KS with both linkage groups AFD F and ASD S, remained 

unexplained. 

Artificial or natural selection can reduce genetic var- 

iability. Because of the extensive genetic homeostasis, 

especially of the frequency dependence, fixation of a 

linkage group in line K should not take place. Therefore 

another factor has to be considered which can decrease 

the Variability: the genetic drift. 

If the fixation probability for every generation is 

1/2 hl e (N e being the effective population size), we can 

expect that this fraction amounts to less than 1/480 each 

generation. Up to 183 generations had been selected. ThE 
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probability that an allele should be fixed during this time 

by drift alone is not high. In permanent populations (RE, 

Is, !b, 3a, and 3b) (Muhs, 1975b) the drift will cer- 

tainly not be important because population sizes are big 

and generations overlap extensively. 

As soon as selection takes place the fixation probabil- 

ity changes. In the cases involving selection and over- 

dominance a decrease in fixation probability is expected. 

If selection, frequency dependence, and selective neutral-  

ity at the equilibrium frequency exist, a balanced poly- 

morphism can be maintained effectively. If in the same 

case overdominance instead of selective neutrality is 

assumed, this seems to be the most effective way to 

maintain allele polymorphism (Nassar,  1970). 

We may conclude that selection connected with mech- 

anisms maintaining allele polymorphism does not lead 

to a higher probability of fixation than the genetic drift 

alone. In big populations, mechanisms maintaining allele 

polymorphism are more effective than drift ; it is just the 

reverse  in small populations (Dobzhansky andSpassky, 

1962). The population size used here (480 individuals in 

line KS and K) and the duration of selection (up to 183 

generations) had caused drift to be more effective in one 

line (K) than in the other line (KS). The fixation of one 

linkage group in line K can only be explained by the co- 

operation of drift and artificial selection. 

In these investigations it is very difficult to distinguish 

between the effects of drift and selection. This is obvious 

for the studies, too, dealing with the alleles of the Est-  

6-locus and the Aph-D-locus (Muhs, 1975a,c).  Except 

for the Aph-D0-alleles, the alleles Est-6 S and Aph-D 1 

had been fixedlargely or  completely in all l ines. The ef- 

fect of selection in these lines is evident, but drift may 

not have been without influence. 
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