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I t i s not my i n t e n t i o n to p r e s e n t a d e t a i l e d 
h i s t o r y of the development of the theory of E v o l u t i o n as 
g e n e r a l l y formulated today , but o n l y to p r e s e n t some 
s t e p s which have had s p e c i a l importance i n the past or 
which r e q u i r e now r e c o n s i d e r a t i o n . Some p o i n t s of view 
accepted as e s s e n t i a l i n the p a s t , owing to f a c t s then 
c o n s i d e r e d e v i d e n t , were not r a r e l y i n c l u d e d i n the 
genera l theory though sometimes hav ing r e s u l t e d from 
b i a s , e x a g e r a t i n g t h e i r importance w h i l e h a v i n g a c t u a l l y 
become wi thout much i m p o r t a n c e , thus r e p r e s e n t i n g a 
n e c e s s a r y b a l l a s t or dead w e i g h t . 

Some m y t h o l o g i c a l c o n c e p t s about o r i g i n of l i f e 
or more s p e c i f i c a l l y of mankind, e x i s t e d probably i n many 
p a r t s of the world and have been accepted by s t i l l 
r a ther p r i m i t i v e i n d i g e n o u s p e o p l e . D u r i n g the midd le 
a g e s , ideas of A r i s t o t e l e a n p h i l o s o p h y or the b i b l i c a l 
concepts were accepted as r e p r e s e n t i n g the " t r u t h " . I n 
the midd le of the 1 8 t h c e n t u r y modern or s c i e n t i f i c 
r e a s o n i n g s t a r t e d i n the b i o l o g i c a l s c i e n c e s , and one 
c a n , from then o n , d i s t i n g u i s h two phases of development 
of s c i e n t i f i c s tudy of e v o l u t i o n . I n the f i r s t phase 
the q u e s t i o n s of e v o l u t i o n as a p r o c e s s predominated , 
w h i l e a f t e r i t s acceptance had spread more or l e s s 
w i d e l y , the d i s c u s s i o n passed to a second p h a s e , the 
s tudy of the e v o l u t i o n a r y mechanism. Not i n f r e q u e n t l y 
both phases are c a l l e d summari ly " d a r w i n i s m " . A c t u a l l y , 



when DARWIN s t a r t e d h i s work and p u b l i s h e d the r e s u l t s , 
the h y p o t h e s i s of e v o l u t i o n as a p r o c e s s had been 
accepted by many s c i e n t i s t s , and DARWIN's c o n t r i b u t i o n 
d e a l t ma in ly w i t h the e v o l u t i o n a r y mechanism, though 
g r e a t l y c o n t r i b u t i n g to s t r e n g t h e n suppor t of the 
e v o l u t i o n a r y h y p o t h e s i s i n g e n e r a l . 

I n p r e p a r i n g the p r e s e n t paper the q u e s t i o n arose 
which b i b l i o g r a p h i c a l r e f e r e n c e s should be g i v e n out of 
the v a s t number of p u b l i c a t i o n s e x i s t i n g today t r e a t i n g 
e v o l u t i o n and connected s u b j e c t s . Such c i t a t i o n s might 
h e l p the r e a d e r , but would undoubtedly i n c r e a s e the s i z e 
of t h i s paper to s u c h an e x t e n t that the treatment of 
some e s p e c i a l l y important p o i n t s might become o b s c u r e d . 
Thus oy o n l y m e n t i o n i n g the names of the more important 
a u t h o r s i n the f i e l d , an e x p e r i e n c e d g e n e t i c i s t cou ld 
e a s i l y f i n d the n e c e s s a r y b i b l i o g r a p h i c a l r e f e r e n c e , 
w h i l e f o r o t h e r s the r e a d i n g of s p e c i a l i z e d papers might 
be r a t h e r c o n f u s i n g . 

The q u e s t i o n of e x p l a i n i n g the d i v e r s i t y of 
l i v i n g organ isms became important around the middle of 
the 1 8 t n c e n t u r y , i n view of the r a t h e r great number of 
taxa which had been accumulated in consequence of the 
e x p a n s i o n of world s h i p p i n g and the e x p l o r a t i o n of 
c o l o n i a l a reas by the great European powers. S p e c i a l 
methods of an a r c h i v i s t i c na tu re were r e q u i r e d to b r i n g 
o r d e r i n t o i t and t h i s was the great mer i t of LINNAEUS 
to have p r o v i d e d an o r d e r l y arrangement , e s t a b l i s h i n g 
both f i r m c o n c e p t s s u c h as that of the s p e c i e s and b a s i c 
n o m e n c l a t u r a l r u l e s f o r c l e a r i d e n t i f i c a t i o n . B o t h , the 
s p e c i e s concept and the b a s i c nomenc la tura l r u l e s then 
e s t a b l i s h e d , are v a l i d s t i l l today . LINNAEUS r e c o g n i z e d 
that h i s s y s t e m was an a r t i f i c i a l one , but he soon came 
to the c o n c l u s i o n that there e x i s t s an u n d e r l y i n g 
Natura l S y s t e m . The o r i g i n of the e x i s t i n g d i v e r s i t y 
d id not r e p r e s e n t any d i f f i c u l t y to h im, s i n c e he 
accepted f i r m l y the b i b l i c a l i n t e r p r e t a t i o n and s i m p l y 
c o n c l u d e d : t h e r e are many s p e c i e s as had been 
determined by the C r e a t o r . The p a l e o n t o l o g i s t CUVIER 



was e s p e c i a l l y i n t e r e s t e d i n the o b s e r v a t i o n s that f o s s i l 
s p e c i e s were always found o n l y i n a r e s t r i c t e d s e r i e s 
of g e o l o g i c a l s t r a t a and then s u b s t i t u t e d f r e q u e n t l y by 
ra ther s i m i l a r s p e c i e s . T h i s e x t i n c t i o n and the 
f o l l o w i n g new f o r m a t i o n of s p e c i e s he a l s o i n t e r p r e t e d 
as a c t s of the C r e a t o r , but he added some new e l e m e n t s . 
He formulated the h y p o t h e s i s that at d i f f e r e n t g e o l o g i c a l 
per iod the C r e a t o r became d i s s a t i s f i e d w i th h i s c r e a t i o n s , 
p rov ided a d i l u v i u m d e s t r o y i n g a l l e lements of f l o r a and 
fauna, resuming t h e n , the p r o c e s s of c r e a t i o n . 
G e o l o g i s t s d id not f i n d proof that such genera l 
c a t a s t r o p h i c changes had ever o c c u r e d . On the c o n t r a r y , 
they found that some f o s s i l t a x a , s p e c i a l l y s p e c i e s , 
d i s a p e a r e d , i . e . , became e x t i n c t and then were 
s u b s t i t u t e d by new ones at some s p e c i f i c g e o l o g i c a l 
p e r i o d , w h i l e i n o t h e r s s u c h e v e n t s had taken p l a c e at 
q u i t e d i f f e r e n t g e o l o g i c a l moments. F u r t h e r m o r e , 
s c i e n t i s t s may have come to r e j e c t CUVIER's h y p o t h e s i s 
as fundamenta l ly i l l o g i c a l and thus as i n a c c e p t a b l e : i t 
a t t r i b u t e s to the Supreme C r e a t o r the human q u a l i t y of 
u s i n g the s imple method of " t r i a l and e r r o r " r e p e a t e d l y . 
I n f a c t C U V I E R ' s h y p o t h e s i s was not accepted as a v a l i d 
e x p l a n a t i o n , not on ly because not hav ing been p roved , 
but by l e a d i n g to too many c o n t r a d i c t i o n s . Thus an 
a l t e r n a t i v e e x p l a n a t i o n was r e q u i r e d . 

The genera l s i t u a t i o n i n the second h a l f of the 
1 8 t n and the f i r s t of the 1 9 t n c e n t u r i e s may e a s i l y 
have caused d i s c u s s i o n s of another n a t u r e . I t was 
e v i d e n t that the p o l i t i c a l system of the a b s o l u t e 
monarchy had r e s u l t e d i n s o c i a l m i s e r y and economic 
b a n k r u p t c y , r e q u i r i n g d r a s t i c c h a n g e s . Some thought 
the o n l y s o l u t i o n to c o n s i s t i n o n e , v e r y d r a s t i c and 
r e v o l u t i o n a r y change, w h i l e o t h e r s p re fe r red a sequence 
of s m a l l e r changes wi thout a genera l upheava l , i . e . the 
p r o c e s s of s l o w , but c o n t i n u o u s e v o l u t i o n towards a 
p r e e s t a b l i s h e d end. The F r e n c h fo l lowed the f i r s t 
mentioned way, that of the grea t F r e n c h r e v o l u t i o n , 
w h i l e i n England and e lsewhere the p r o c e s s of slow and 
gradual change was adopted. S i m i l a r thoughts may have 



played c o n s i d e r a b l e r o l e i n s c i e n t i f i c t h i n k i n g . 
C U V I E R ' s h y p o t h e s i s of repeated d i l u v i a correspondend 
r a t h e r to that of r e v o l u t i o n a r y change , w h i l e Auguste 
de S t . H i l a i r e , LAMARCK and o t h e r s accepted an 
e v o l u t i o n a r y h y p o t h e s i s . They p o s t u l a t e d that taxa 
( s p e c i e s ) were s t e p by s t e p t ransformed i n t o new o n e s . 
No proof of t h i s i s a v a i l a b l e owing to the f a c t that 
s u c h e v o l u t i o n a r y t r a n s f o r m a t i o n s r e q u i r e e v i d e n t l y 
g e o l o g i c a l p e r i o d s , much longer than l i f e of one 
s c i e n t i s t or even that of s e v e r a l s u c c e s s i v e g e n e r a t i o n s 
of s c i e n t i s t s . But s e v e r a l s e r i e s of f o s s i l s have been 
found i n subsequent g e o l o g i c a l p e r i o d s , showing s t a g e s 
i n the development of some c h a r a c t e r s which can be 
i n t e r p r e t e d as s u c c e s s i v e phases i n an e v o l u t i o n a r y 
c h a i n , f o r i n s t a n c e the fo rmat ion of the foot of h o r s e s , 
the t runk i n e l e p h a n t s or o t h e r s l i n k i n g apes to Homo 
sapiens. I n such s e r i e s of f o s s i l s the s p e c i e s f o l l o w i n 
each o t h e r are most p robab ly not d i r e c t l y c o n n e c t e d , but 
r e p r e s e n t o n l y s t e p s i n a genera l p h y l o g e n e t i c s e q u e n c e . 
The s p e c i e s at one l e v e l need not to have been the 
a c t u a l a n c e s t o r of the f o s s i l s p e c i e s of the f o l l o w i n g 
l e v e l . S t u d i e s of comparat ive morphology have a l s o 
r e s u l t e d i n e s t a b l i s h i n g what might be c o n s i d e r e d as 
s u c c e s s i v e s t e p s i n an e v o l u t i o n a r y sequence even w i th 
r e g a r d s to c h a r a c t e r s of h i g h e r t a x a . The sequence 
from P t e r i d o p h y t e s over P t e r i d o s p e r m s and Gymnosperms 
to Angiosperms shows an almost c o n t i n u o u s change. From 
the s t i l l a u t o t r o p h i c h a p l o i d p r o t h a l l u m of f e r n s i t 
p a s s e s to the female gametophyte formed w i t h i n the 
female t i s s u e of the d i p l o i d spo-rophyte. The male 
gametophyte may form i n the G i n g k o a l e s a tube or 
h a u s t o r i u m p r o d u c i n g s t i l l two mob i le s p e r m a t o c y t e s , 
u n t i l f i n a l l y i n the Gymnosperms such h a u s t o r i u m , now 
c a l l e d p o l l e n t u b e , t r a n s p o r t s the two male n u c l e i to 
complete f e r t i l i z a t i o n of the o o s p h e r e . The d e c i s i v e 
element a l l o w i n g the e v o l u t i o n a r y concept to be 
g e n e r a l l y accepted c o n s i s t s i n the complete absence of 
any e v i d e n c e to the c o n t r a r y . The e v o l u t i o n a r y concept 
was c o n s e q u e n t l y s l o w l y a c c e p t e d , ma in ly d u r i n g the 
f i r s t h a l f of l a s t c e n t u r y and i s s t i l l c o n s i d e r e d 
v a l i d up today . 



As long as the b i b l i c a l concept had been 
a c c e p t a b l e , t h e r e was no problem r e g a r d i n g the o r i g i n of 
l i f e and the dogmatic s ta tement : "omne v ivum ex v i v o " 
remained v a l i d . Some c o n c e p t s r e g a r d i n g the o r i g i n of 
l i v i n g organisms had been formula ted and formed par t of 
a r i s t o t e l e a n p h i l o s o p h y , regarded as fundamental s i n c e 
the Greek c l a s s i c s . D u r i n g the l a s t c e n t u r y , PASTEUR 
and o t h e r s accumulated exper imenta l e v i d e n c e d i s p r o v i n g 
the s p e c u l a t i o n that l i f e cou ld have o r i g i n a t e d by some 
combinat ion of dead m a t t e r , thus at l e a s t a p p a r e n t l y 
d i s p r o v i n g the o c c u r r e n c e of "spontaneous g e n e r a t i o n " . 
Such e x p e r i m e n t s , though wi thout p o s i t i v e r e s u l t s , d id 
not prove a n y t h i n g , s i n c e i t was not shown that the 
exper imenta l c o n d i t i o n s had been the r i g h t o n e s . On the 
o ther hand, i f the e v o l u t i o n a r y h y p o t h e s i s i s a c o r r e c t 
one, l i f e must have s t a r t e d somehow, somewhere and at 
some t ime. Rather r e c e n t l y s c i e n t i f i c r e s u l t s have 
i n d i c a t e d how and when l i f e could have had i t s o r i g i n . 
G e o l o g i c a l and p e t r o g r a p h i c e v i d e n c e i n d i c a t e that i n 
the course of some 5 b i l l i o n y e a r s the e a r t h s u f f e r e d 
important c h a n g e s . In about the f i r s t h a l f of t h i s long 
p e r i o d , f r e e oxygen was e i t h e r absent or e x t r e m e l y rare 
in the atmosphere which conta ined l a r g e r amounts of 
n i t r o g e n , carbon d i o x i d e and ammonia v a p o r , which form 
under some c o n d i t i o n s , water s o l u b l e complex m o l e c u l e s 
d i s s o l v e d i n ocean waters or r i v e r s . Such chemica l 
combinat ions s i m i l a r to p r o t e i n s have i n f a c t been 
produced e x p e r i m e n t a l l y . As soon however, as some 
p h o t o c h e m i c a l l y a c t i v e combina t ions s i m i l a r or i d e n t i c a l 
to c h l o r o p h y l l were formed, the s i t u a t i o n changed and 
f r e e oxygen appeared i n the athmosphere . T h i s i n tu rn 
would have caused the immediate d e s t r u c t i o n through 
o x i d a t i o n of many or most " o r g a n i c compounds" - so 
c a l l e d by t r a d i t i o n , though not of o r g a n i c o r i g i n -
u n l e s s they were a l r e a d y p r o t e c t e d by s p e c i a l membranes. 
T h i s might be c o n s i d e r e d as a p o s s i b l e o r i g i n of l i v i n g 
o r g a n i s m s . Again i t must be s ta ted that there i s no 
proof of t h i s a s s u m p t i o n , but i t shows that such an 
o r i g i n might have taken p l a c e . 



So f a r I have t r i e d to summarize why the 
c o n t i n u o u s p r o c e s s of e v o l u t i o n has become g e n e r a l l y 
a c c e p t a b l e . I t was never p r o v e d , but there are no 
c o n t r a d i c t i n g f a c t s known and i t i s not o n l y l o g i c a l , 
but a l s o i n agreement w i th a l l f a c t s known, in na ture or 
from e x p e r i m e n t s . 

Now I w i l l pass to d i s c u s s the p robab le na ture of 
the e v o l u t i o n a r y mechanism which a l l o w s the permanent 
c o n t i n u a t i o n of the e v o l u t i o n a r y p r o c e s s . The concept 
of i t s n a t u r e which up to now w i d e l y was a c c e p t e d , 
c o u l d be r i g h t l y c a l l e d "darw in ism" and s h a l l be 
submi t ted to a c r i t i c a l a n a l y s i s . However, b e f o r e 
e n t e r i n g i n t o t h i s s u b j e c t , LAMARCK's ideas about the 
r o l e of the supposed i n h e r i t a n c e of a c q u i r e d c h a r a c t e r s 
must be mentioned r a p i d l y , main ly f o r h i s t o r i c a l reasons . 

LAMARCK, a F r e n c h b i o l o g i s t w i th a v a s t taxonomic 
knowledge b e l i e v e d that some c h a r a c t e r i s t i c s i n a n i m a l s , 
i n c l u d i n g man, cou ld not o n l y be improved by i n t e n s e 
t r a i n i n g , but a l s o become to be h e r i t a b l e i n t h i s 
improved form. However, even i n human s o c i e t y there are 
p r o b a b l y more c a s e s showing the c o n t r a r y , i . e . , of 
i n e f f i c i e n t c h i l d r e n of o u t s t a n d i n g people not on ly i n 
some s p e c i a l f i e l d s but a l s o a f t e r s p e c i a l t r a i n i n g . 
E x p e r i m e n t s were c a r r i e d out by s e v e r a l b i o l o g i s t s , and 
they d i d not show any s i g n s of an e x i s t e n c e of 
h e r i t a b i l i t y of a c q u i r e d c h a r a c t e r s . Thus LAMARCK 1s 
h y p o t h e s i s was r e j e c t e d and f i n a l l y abandoned. 

DARWIN's way of t h i n k i n g was probab ly p r e d i s p o s e d 
by the genera l s p i r i t i n England at the time of the 
b e g i n n i n g of i n t e n s e i n d u s t r i a l i z a t i o n where both 
extreme c o m p e t i t i o n between new i n d u s t r i a l i s t s and at 
the same time v e r y s t r o n g e x p l o i t a t i o n of the labour 
f o r c e s were c o n s i d e r e d e s s e n t i a l f o r p r o g r e s s . 
F u r t h e r m o r e , he knew that i n animal b r e e d i n g , sudden 
h e r i t a b l e changes of c h a r a c t e r i s t i c s d id o c c u r , at that 
t ime c a l l e d " s p o r t s " , now m u t a t i o n s . F i n a l l y , 
t r a v e l l i n g as med ica l o f f i c e r over the A t l a n t i c Ocean 



and l a n d i n g on the shore of R i o de J a n e i r o , he became 
aware of the r i c h n e s s of both f l o r a and fauna of the 
t r o p i c s , so much c o n t r a s t i n g w i t h the comparably r a t h e r 
poor v e g e t a t i o n i n E n g l a n d . Combining a l l t h e s e 
thoughts and o b s e r v a t i o n s , he conc luded that a l s o i n 
na ture t h e r e must e x i s t an extreme s t r u g g l e f o r s u r v i v a l 
and that any h e r e d i t a r y changes which i n c r e a s e the 
chances f o r s u r v i v a l would be s e l e c t e d r a p i d l y through 
c o m p e t i t i o n w i th t h e i r own p r e d e c e s s o r s . Thus the 
h y p o t h e s i s of d a r w i n i s t i c "Natura l S e l e c t i o n " was 
e s t a b l i s h e d . DARWIN delayed p u b l i c a t i o n of h i s 
h y p o t h e s i s u n t i l much l a t e r a f t e r hav ing accumulated 
a great number of o b s e r v a t i o n s which he cou ld i n t e r p r e t 
w i t h h i s h y p o t h e s i s . T h i s was r a t h e r r a p i d l y accepted 
by an i n c r e a s i n g number of s c i e n t i s t s and gained genera l 
acceptance as a s a t i s f a c t o r y e x p l a n a t i o n as a mechanism of 
the e v o l u t i o n a r y p r o c e s s , based e x c l u s i v e l y on mechanica l 
e lements and f r e e of any v i t a l i s t i c or b i b l i c a l c o n c e p t s . 
E v i d e n t l y , as was the case r e g a r d i n g the h y p o t h e s i s of 
e v o l u t i o n as a p r o c e s s , no exper imenta l proof cou ld be 
f u r n i s h e d : e v o l u t i o n a r y p r o g r e s s i s so s l o w , r e q u i r i n g 
g e o l o g i c a l time s c a l e s , b u t not some based on the dura t ion 
of human l i f e . With the i n t e n t i o n , however, to p r o v i d e 
"proof" f o r the darwin ian h y p o t h e s i s , h i s f o l l o w e r s 
accumulated a ve ry great volume of o b s e r v a t i o n s which 
were i n t e r p r e t e d a c c o r d i n g to the r e q u i r e m e n t s of the 
darwin ian t h e o r y . In f a c t , the l a t t e r became a dogma: 
e i t h e r observed s t r u c t u r e s or f u n c t i o n s cou ld be 
i n t e r p r e t e d a c c o r d i n g to d a r w i n i s m o r they were s i m p l y 
d i s r e g a r d e d . With t h i s form of p rocedure a tremendous 
b i a s was i n t r o d u c e d . Such b i a s has led to q u i t e 
e r roneous i n t e r p r e t a t i o n s of c h a r a c t e r s to be of va lue tor 
i n c r e a s i n g s u r v i v a l c a p a c i t y . An almost dogmatic 
b e l i e f i n the ever p r e s e n c e of da rw in ian na tura l 
s e l e c t i o n has caused even a t e l e o l o g i c a l form of 
t h i n k i n g . E v e r y c h a r a c t e r of an organ ism has to s e r v e 
somehow f o r one purpose s p e c i a l l y : to improve s u r v i v a l 
c a p a c i t y . U n f o r t u n a t e l y t h i s p r i n c i p l e was not r a r e l y 
u s e d , i n t e r p r e t i n g o n l y the f u n c t i o n s of c h a r a c t e r s of 
l i v i n g organism wi thout p r o v i n g that such an i n c r e a s e 
i n s u r v i v a l c a p a c i t y had been a c h i e v e d . One of many 



examples o n l y s h a l l be mentioned i n some d e t a i l . I n the 
h i g h e r p l a n t s (Ang iosperms) the f u n c t i o n of the f l o r a l 
organs c o n s i s t s i n a l l o w i n g p o l l i n a t i o n . The s t r u c t u r e 
of the f l o r a l organs has however a l s o been used l a r g e l y 
r e e s t a b l i s h o r d e r i n a "Natura l S y s t e m " , i . e . , one which 
c o r r e s p o n d s to the changes which had o c c u r r e d c u r i n g 
e v o l u t i o n . C o n s e q u e n t l y , i n a p p l y i n g the darwin ian 
dogma, each s p e c i a l f e a t u r e of f l o r a l organs must 
r e p r e s e n t some improvement i n the p o l l i n a t i n g p r o c e s s 
and through i t to an i n c r e a s e i n s u r v i v a l c a p a c i t y . 
Among the f a m i l i e s of A n g i o s p e r m s , the o r c h i d f a m i l y i s 
o f t e n c i t e d as showing the most a s t o n i s h i n g "adapta t ions" 
between f lower and p o l l i n a t o r , sometimes to a group of 
i n s e c t s , sometimes to one s p e c i e or even to one sex of a 
s p e c i e o n l y . The o f t e n compl ica ted f l o r a l s t r u c t u r e s i n 
o r c h i d s became a ve ry s p e c i a l and o f t e n c i t e d o b j e c t of 
d a r w i n i s t i c i n t e r p r e t a t i o n . For i n s t a n c e i t was 
observed that they a t t r a c t e d by t h e i r s c e n t , c o l o r a t i o n 
and form the males of w i l d bees w h i c h , c o n f u s i n g the 
f l o w e r w i t h a female of t h e i r s p e c i e s , t r i e d to c o p u l a t e 
w i t h the f l o w e r and d u r i n g these movements t r a n s f e r r e d 
the p o l l i n i a from the anther to the r e c e p t i v e st igma of 
the same f l o w e r , a p r o c e d u r e c a l l e d " p s e u d o c o p u l a " . The 
b e h a v i o u r of the i n s e c t males was- c l e a r l y o b s e r v e d , but 
not that f r u i t s e t t i n g fo l lowed always a f t e r pseudocopula . 
Other i n t e r p r e t a t i o n s i n f lower e c o l o g y were r a t h e r 
an thropomorph ic . For i n s t a n c e l o n g i t u d i n a l dark s t r i p e s 
on f l o r a l lea f organs p o i n t i n g somewhere i n t o the f lower 
were i n t e r p r e t e d as s e r v i n g as i n d i c a t i n g d i r e c t i o n as 
i f the p o l l i n a t o r had learned some t r a f f i c s i g n s , w h i l e 
i g n o r i n g t r a n s v e r s e s t r i p e s i n d i c a t i n g to human 
impediments of movement. I t seems v e r y doubt fu l that 
bumblebees w i l l s e t t l e one on top of the o t h e r , but a 
d e s i g n on an O p h r y s - f l o w e r , appear ing to the human eye 
as an image of such an i n s e c t , has been i n t e r p r e t e d as 
i n f o r m i n g the i n s e c t that some s p e c i a l food or d r i n k 
might be o b t a i n e d , an i m p r e s s i o n analogous to that of a 
human p e r s o n on the o u t s i d e board of a bar or 
r e s t a u r a n t . However most important i s the f a c t that 
g e n e r a l l y no t e s t i s made to prove the e f f i c i e n c y of the 



a d a p t a t i v e r e l a t i o n s between f lower and p o l l i n a t o r . 
Having s t u d i e d t r o p i c a l o r c h i d s f o r s e v e r a l d e c a d e s , I 
undertook numerous c o l l e c t i n g t r i p s i n many p a r t s of the 
American t r o p i c s . S i n c e o r c h i d s are long l i v e d 
p e r e n n i a l s , they can be e a s i l y found and c o l l e c t e d . Most, 
i f not a l l , s p e c i e s of t h i s f a m i l y f lower each at a 
s p e c i f i c time of the y e a r . They were o f t e n found 
wi thout f l o w e r s , but when c u l t i v a t e d under near n a t u r a l 
c o n d i t i o n s they showed that they produce f l o w e r s normal ly 
each y e a r . S i n c e the ovary i s genera l ly i n a bud s tage 
at f l o w e r i n g t i m e , d e v e l o p i n g o n l y f u r t h e r a f t e r a 
s u c c e s s f u l l p o l l i n a t i o n , r e a c h i n g m a t u r i t y a f t e r 
c o n s i d e r a b l e t i m e , i . e . a f t e r s e v e r a l weeks or most ly 
many months, one might thus expect that f r u i t s i n some 
stage of development should be found on the mother p l a n t 
on i t s na tu ra l h a b i t a t at any time of the year and i n 
abundance. On the o ther hand f r u i t s were o n l y v e r y 
r a r e l y found on the n a t u r a l h a b i t a t . T h i s then i n d i c a t e s 
ve ry c l e a r l y that the a d a p t a t i o n s between o r c h i d f lower 
and p o l l i n a t o r are v e r y i n e f f i c i e n t under n a t u r a l 
c o n d i t i o n s and thus do not i n any way i n c r e a s e s u r v i v a l 
c a p a c i t y . Only o c a s i o n a l l y a few s p e c i e s were found 
wi th a l l t h e i r f l o w e r s developed i n t o f r u i t s . A d e t a i l e d 
study of such s p e c i e s under c u l t i v a t i o n and c o n s t a n t 
o b s e r v a t i o n showed that they had s p e c i a l , o f t e n minor 
s t r u c t u r a l changes r e s p o n s i b l e fo r automat ic 
se 1 f p o 1 1 i n a t i o n b e s i d e s a l l c h a r a c t e r s t y p i c a l f o r each 
s p e c i e s or genus . L e a v i n g a s i d e the few e x c e p t i o n a l 
c a s e s of automat ic s e l f i n g , the m a j o r i t y of o r c h i d s show 
the r e l a t i v e i n e f f i c i e n c y of the a d a p t a t i o n s between 
o r c h i d f lower and p o l l i n a t o r which r a t h e r r e p r e s e n t a 
d isadvantage and not an i n c r e a s e of s u r v i v a l c a p a c i t y . 
S i n c e however o r c h i d s have evolved and s t i l l e x i s t , t h e r e 
must be some c h a r a c t e r s r e e s t a b l i s h i n g e f f i c i e n t s u r v i v a l 
c a p a c i t y and thus a c t i n g as what may be c a l l e d a 
"compensat ing a d a p t a t i o n " . Orch id f r u i t s when mature 
can c o n t a i n , v a r y i n g from taxon to t a x o n , from s e v e r a l 
tens of thousands to some hundreds of thousand s e e d s . 
S i n c e i t would be s u f f i c i e n t f o r the p r e s e r v a t i o n of a 
s p e c i e that one seed per parent p l a n t would g i v e a 



mature s p e c i m e n , the r a t e of s u r v i v a l under n a t u r a l 
c o n d i t i o n s must be an e x c e e d i n g l y low one and a large 
number of p o t e n t i a l d e s c e n d a n t s are e l i m i n a t e d by some 
form of random e l i m i n a t i o n , independent from i t s 
i n d i v i d u a l s u r v i v a l c a p a c i t y . T h i s should not h • 
i n t e r p r e t e d as i n d i c a t i n g that there i s no na tu ra l 
s e l e c t i o n of the da rw in ian s o r t , but that t h i s i s o n l y 
par t of the whole s e l e c t i v e p r o c e s s and probab ly a r a t h e r 
minor p a r t of i t when compared w i th random s e l e c t i o n . 
T h i s c o n c l u s i o n w i l l lead f o r c i b l y to r e c o n s i d e r many 
i n t e r p r e t a t i o n s g i v e n to the e v o l u t i o n of c h a r a c t e r s 
which f o r m e r l y have been c o n s i d e r e d as the r e s u l t of 
da rw in ian s e l e c t i o n . I t w i l l i n no way a f f e c t the 
genera l a c c e p t a n c e of the e v o l u t i o n a r y p r o c e s s as s u c h , 
but o n l y c o n c e p t s r e g a r d i n g the e v o l u t i o n a r y mechanism. 

The s c i e n c e of g e n e t i c s which has r a p i d l y 
developed d u r i n g t h i s c e n t u r y , had f u r n i s h e d many 
c o n t r i b u t i o n s to the u n d e r s t a n d i n g of the e v o l u t i o n a r y 
p r o c e s s and i t s mechanism, and t h u s , a f t e r changing the 
e x c l u s i v e i f not dogmatic b a s i c c o n c e p t s of darwin ism i t 
becomes n e c e s s a r y to e n t e r i n t o a d i s c u s s i o n of p e r t i n e n t 
c y t o g e n e t i c q u e s t i o n s . 

When MENDEL d i s c o v e r e d the r u l e s of t r a n s m i s s i o n 
and p e r s i s t e n c e of h e r e d i t a r y b a s i c u n i t s , t h i s was at 
f i r s t r e j e c t e d , but CORRENS and o t h e r s r e e s t a b l i s h e d the 
mende l ian r u l e s . DE VRIES formula ted h i s mutat ion 
h y p o t h e s i s by e r r o n e o u s l y i n t e r p r e t i n g r e s u l t s , but the 
e x i s t e n c e of h e r e d i t a r y changes was l a t e r g e n e r a l l y 
a c c e p t e d . JOHANNSEN e s t a b l i s h e d a c l e a r d i s t i n c t i o n 
between the c a r r i e r of the g e n e t i c i n f o r m a t i o n , c a r r i e d 
out from mother to daughter c e l l s and from g e n e r a t i o n to 
g e n e r a t i o n which he c a l l e d the"gen" and on the o ther s i d e the 
a c t u a l m a n i f e s t a t i o n of t h i s i n f o r m a t i o n the "phenotype" . 
The f a c t that s p e r m a t o c y t e s or p o l l e n tubes t r a n s f e r 
o n l y and w i t h r e g u l a r i t y n u c l e i i n t o the oocy te r a r e l y 
a l s o some sma l l par t of c y t o p l a s m , made i t e v i d e n t that 
o n l y n u c l e i are r e s p o n s a b l e f o r g e n e t i c t r a n s m i s s i o n . 
C y t o l o g i s t s proved then that ma in ly the chromosomes of 



the v a r i o u s components of the n u c l e u s were r e s p o n s i b l e 
for that t r a n s m i s s i o n through the complex mechanica l 
b a s i s of mendel ian s e g r e g a t i o n s . A l s o the chromosomes 
have a complex s t r u c t u r e . Sometimes l i v i n g c e l l s show 
that chromosomes c o n t a i n a s p i r a l l y e n r o l l e d thread or 
t h r e a d s , the chromosomes, though i t was long under 
d i s c u s s i o n whether these remained i n t a c t d u r i n g the 
r e s t i n g s tages of the n u c l e u s . A f t e r t reatment of 
l i v i n g chromosomes ( i . e . wi thout f i x a t i o n of any s o r t ) , 
these s p i r a l s cou ld become v i s i b l e w i thout s t a i n i n g , but 
c o n s i d e r i n g t h e i r t h i c k n e s s they leave a c e n t r a l space 
which must be f i l l e d by some m a t e r i a l , the " m a t r i x " 
forming the main body of each chromosome. In t r e a t i n g 
l i v i n g c e l l s d u r i n g n u c l e a r d i v i s i o n by v a r i o u s 
chemica ls (ammonia, n i t r a t e s of C a , Na, L i , e t c ) I 
observed (.BRTEGKR u n p u b l i s h e d ) that the chromosomes s t a r t 
to s w e l l , chromonemas becoming v i s i b l e w i t h i n a c o l o r l e s s 
and un i form matr ix which thus d i f f e r s c l e a r l y from the 
s u r r o u n d i n g granu la r c y t o p l a s m . The swe11ing•mat r i c e s 
touch and fuse f i n a l l y w h i l e the chromonema u n r o l l almost 
c o m p l e t e l y . Thus the f i n a l aspect d i f f e r s on ly i n so 
far from a n u c l e u s in the r e s t i n g s tage that i t has no 
outer membrane nor a d e f i n i t e form. The f u n c t i o n s of the 
matr ix are unknown, but i t c e r t a i n l y lias no part in 
p r e s e r v i n g a g e n e t i c i n f o r m a t i o n . 

The chromonemas are ra ther long and t h i n t h r e a d s , 
though of v a r y i n g t h i c k n e s s nodu les of v a r y i n g s i z e s 
be ing connected by a t h i n th read . The p e c u l a r i t y of 
both m i t o s i s and m e i o s i s a l s o i n d i c a t e c l e a r l y that 
there e x i s t some o r d e r l y sequence in the arrangement of 
gen l o c i , l i n k e d wi th each o ther f i x e d r a t e s when 
located i n the same chromonema. Attempts were made to 
determine the s i z e of a gen l o c u s . The t o t a l length of 
the chromonema can be measured w i t h some a c c u r a c y . The 
t o t a l number of gen l o c i has been est imated fo r some 
s p e c i e s to be of the o rder of s e v e r a l t h o u s a n d s . 



A chromonema i s composed of two c h e m i c a l l y 
d i f f e r e n t p a r t s : the D N A - c h a i n , formed by l o n g i t u d i n a l 
u n i o n s of o n l y f o u r k ind of n u c l e o t i d e s and i t s p r o t e i n 
c o v e r . S i n c e the DNA c h a i n was d i s c o v e r e d i t was 
p o s t u l a t e d that i t s p a r t s should c o n t a i n permanent ly the 
g e n e t i c messages i n some coded form which then s ? i l l be 
a c t i v a t e d and t r a n s m i t t e d somehow and somewhere to be 
executed and t ransformed i n t o p h e n o t y p i c m a n i f e s t a t i o n s . 
I t was assumed f u r t h e r that the four n i t r o g e n b a s i s in 
v a r i o u s numbers of a l l combinat ions and permuta t ions 
would f u r n i s h the b a s i s f o r the t r a n s m i s s i o n of g e n e t i c 
i n f o r m a t i o n s of the numerous gen l o c i and the a l l e l s of 
a s p e c i e . However s i n c e the same n u c l e o t i d e s are 
p r e s e n t i n a l l s p e c i e s , i t seems to me v e r y doubt fu l 
i f they would be s u f f i c i e n t to b u i l d up so many 
d i f f e r e n t types of g e n e t i c messages . Be fo re the 
d i s c o v e r y of the D N A - c h a i n , i t was accepted that 
p r o t e i n s were the b a s i s of what was f i r s t c a l l e d a 
"mendel ian f a c t o r " and l a t e r a gen . I t would seem to me 
more l o g i c a l to r e t u r n to such an i n t e r p r e t a t i o n , 
c o n s i d e r i n g that p r o t e i n s would be a more adequate c h o i c e 
i n view of t h e i r chemica l c o m p l e x i t y and d i v e r s i t y as 
the m a t e r i a l b a s i s of a gen l o c u s and i t s v a r i o u s a l l e l s . 
The DNA-ctjain would then have the f u n c t i o n to be the 
f i r s t s t e p i n a sequence t r a n s f e r r i n g the i n f o r m a t i o n 
to o ther p a r t s of the c e l l or o ther c e l l s ab le to produce 
p h e n o t y p i c m a n i f e s t a t i o n s . I t r e a l l y does not matter 
v e r y much whether we a c c e p t the former assumpt ion of the 
DNA-cha in or that of i t s p r o t e i n cooper as r e p r e s e n t i n g 
the c o n s e r v e r of the coded g e n e t i c i n f o r m a t i o n . 

The c o n s e r v a t i o n of the whole g e n o t y p i c informat ion 
i n some p a r t s of the chromonemas seems to be the l a s t 
c o n c l u s i o n which can be a p p l i e d i n a genera l way to a l l 
o r g a n i s m s w i t h normal m i t o s i s and m e i o s i s . Regard ing i f 
c o n n e c t i o n w i th the f i n a l p h e n o t y p i c m a n i f e s t a t i o n s , 
the re are some i n d i c a t i o n s r e f e r i n g to s p e c i a l c a s e s , 
but which r e p r e s e n t and at p r e s e n t mere ly some form of 
p i e c e s of a p r e l i m i n a r y work ing h y p o t h e s i s to be f u r t h e r 
t e s t e d . I t must be remembered that the genotype as a 



whole r e p r e s e n t s a k ind of m a s t e r - p l a n which not o n l y 
de termines the d i f f e r e n t phases of o n t o g e n e t i c 
development , but a l s o the f u n c t i o n i n g i n the a d u l t . 
Though i n some c a s e s p h e n o t y p i c m a n i f e s t a t i o n s seem to 
be c o n t r o l e d by one or few gens o n l y , i n f a c t a number 
of m o d i f i e r gens are a l s o i n v o l v e d and i n a d d i t i o n the 
m a n i f e s t a t i o n depends on from i n f l u e n c e s from the o u t s i d e . 
We do not yet know a n y t h i n g about when and how the 
g e n e t i c message i s m o d i f i e d under the i n f l u e n c e of 
e x t e r n a l f a c t o r s . I t i s e q u a l l y unknown how c e r t a i n 
p a r t s of the g e n e t i c message are a c t i v a t e d i n some c e l l s 
i n time and space w i t h i n an o r g a n i s m , though the whole 
message i s p r e s e n t i n chromosomes of a l l c e l l s of that 
o rgan ism. Some a u t h o r s have a t t r i b u t e d a c t i v a t i o n to 
p r o t e i n m o l e c u l e s of the DNA-cover , w h i l e o t h e r s admit 
that hormones might be r e s p o n s i b l e . But what might 
a c t i v a t e these " a c t i v a t e r s " at the r i g h t time and p l a c e 
on ly i n some but not a l l c e l l s ? I t i s assumed that 
messenger -RNA, d i f f u s i n g from the chromonema i n t o the 
c e l l t r a n s p o r t s somehow the message to o ther p a r t s of 
the c e l l such as the r ibosome which then are ab le to 
decode the message and p r o v i d e s i t s p h e n o t y p i c 
r e a l i z a t i o n . But when no such s p e c i a l i n c l u s i o n s aro 
known to e x i s t , what part does the decoding? How ou.i 
an i n d i v i d u a l c e l l ''know" what s i z e , shape or 
f u n c t i o n i t has to assume? SPERMANN, HARRISON and t h e i r 
groups have e s t a b l i s h e d that a c e r t a i n group of 
u n d i f f e r e n t i a t e d c e l l s i n embryos of Amphibians induce 
c e l l s more on the o u t s i d e to form normal eyes or l e g s 
anywhere i n the embryo, i n p l a c e s to which they have 
been t r a n s p l a n t e d e x p e r i m e n t a l l y . How they a c t i v a t e i n 
the induced c e l l s the r e s p e c t i v e gen l o c i i s c o m p l e t e l y 
unknown. I n the p r o c e s s of r e g e n e r a t i o n of l o s t p a r t s 
or the r e c o v e r y of c u t t i n g s i n p l a n t s , somehow the c o u r s e 
of o n t o g e n e t i c development or o n l y p a r t s of i t are 
r e i n i t i a t e d i n accordance to the g e n o t y p i c m a s t e r - p l a n . 
Again i t i s not known what d e t e r m i n e s which par t i s 
r e i n i t i a t e d . E v i d e n t l y b i o l o g i s t s have not yet 
d i s c o v e r e d e f f i c i e n t methods of e x p e r i m e n t a t i o n and 
o b s e r v a t i o n to enable them to uncover the pathway or 



p o s s i b l y the pathways l i n k i n g the conserved g e n o t y p i c 
m a s t e r - p l a n w i t h the p h e n o t y p i c m a n i f e s t a t i o n s . I t seems 
now i n d i c a t e d to rev iew some o ther i tems which have been 
i n c o r p o r a t e d i n t o the c u r r e n t e v o l u t i o n a r y t h e o r y . 

Up to the p o i n t of c o n s i d e r i n g the chrun .«orne as 
the c a r r i e r of g e n e t i c messages , s c i e n c e i s s t i l l on a 
f i r m b a s i s , but l i n k i n g the. g e n e t i c message to i t s 
p h e n o t y p i c m a n i f e s t a t i o n we have at p r e s e n t on ly 
i n c o m p l e t e and r a t h e r vague work ing h y p o t h e s i s . 

When T . H . MORGAN s t a r t e d h i s work i n g e n e t i c s he 
used as l a b o r a t o r y animal the f r u i t f l y , p r e v i o u s l y 
found by CASTLE to be e a s i l y c u l t i v a t e d and s t u d i e d i n 
m i l k b o t t l e s . BRIDGES, then o n l y a l a b o r a t o r y s e r v a n t , 
though l a t e r a v e r y d i s t i n g u i s h e d g e n e t i c i s t , was to ld 
to c o l l e c t f r u i t f l i e s i n o r c h a r d s , f r u i t shops and 
e l s e w h e r e , to c u l t i v a t e them and see what v a r i a t i o n s he 
could f i n d d i f f e r i n g from the common or "wi ld t y p e " . 
He c a r r i e d t h i s work v e r y e f f i c i e n t l y o u t , i s o l a t i n g 
i n d i v i d u a l s w i t h aber ran t c h a r a c t e r s , t e s t e d them i n 
c r o s s e s and kept o n l y those which gave c l e a r mendel ian 
or n e a r - m e n d e l i a n s e g r e g a t i o n s i n such t e s t c r o s s e s . 
A l l o t h e r aber ran t forms were s i m p l y d i s c a r d e d . T h i s 
method seemed to a l low to reach genera l c o n c l u s i o n s 
r e g a r d i n g the n a t u r e of h e r e d i t y , but i n v o l v e d a ve ry 
s t r o n g b i a s r e g a r d i n g the genera l na ture of m u t a t i o n s : 
namely that they were genera l ly r e c e s s i v e and reduced 
s u r v i v a l c a p a c i t y . G e n e t i c r e s e a r c h w i th m i c e , r a t s , 
r a b b i t s * p o u l t r y or w i th m a i z e , p e a s , sweet p e a s , 
s n a p - d r a g o n , e t c . , conf i rmed that i n i t i a l l y mutant genes 
were g e n e r a l l y r e c e s s i v e , but not always s u b v i a b l e . 

N ILSON-EHLE and CAST, s t u d y i n g the h e r e d i t y of 
q u a n t i t a t i v e d i f f e r e n c e s , conc luded on the other hand 
that such d i f f e r e n c e s were c o n t r o l l e d by r a t h e r numerous 
gen l o c i the a l l e l s of each l o c u s when h e t e r o z y g o u s 
b e i n g i n t e r m e d i a t e between the homozygotes i n t h e i r 
p h e n o t y p i c m a n i f e s t a t i o n and had no e f f e c t on s u r v i v a l 
q u a l i t y i n any c o m b i n a t i o n . The a n a l y s i s of the mendel ian 



p r o p o r t i o n s of m o n o f a c t o r i a l s e g r e g a t i o n s of t h i s na ture 
i s m o s t l y d i f f i c u l t s i n c e the d i s t i n c t i o n of the th ree 
m o n o f a c t o r i a l genotypes are not v e r y sharp owing to 
g radua t ions of t h e i r p h e n o t y p i c e x p r e s s i o n . 

Other c a s e s must be c o n s i d e r e d where the 
phenotyp ic m a n i f e s t a t i o n of the h e t e r o z y g o t e s go beyond 
the range of v a r i a t i o n of e i t h e r homozygote, the o r i g i n a l 
one and the mutated one. A h e t e r o t i c m o n o f a c t o r i a l 
e f f e c t has been s t u d i e d i n two c a s e s , the c o l o u r of the 
f e a t h e r s i n p o u l t r y and the f lower c o l o u r i n some 
c u l t i v a t e d form of Silene armaria. These c a s e s have 
been i n t e r p r e t e d a t t r i b u t i n g the p h e n o t y p i c e f f e c t to 
two ex t remely c l o s e l y l i n k e d gens i n the mutant , one a 
r e c e s s i v e i n h i b i t o r and the o ther a dominant i n t e n s i f i e r 
which however i s h y p o s t a t i c w i th regards to the i n h i b i t o r 
when homozygous. The r e c e s s i v e i n h i b i t o r b e i n g i n a c t i v e 
in h e t e r o z y g o t e s , the dominant i n t e n s i f i e r m a n i f e s t s i t s 
phenotyp ic e f f e c t p l a i n l y . I n the case of Llilcna which 
I used d u r i n g many y e a r s in c l a s s w o r k f o r s t u d e n t s , many 
thousands of F2 p l a n t s were ana lyzed wi thout any case of 
a l i nkage break which might have proven the b a s i c 
h y p o t h e s i s . I n maize or man as i n s e v e r a l o ther s p e c i e s 
h e t e r o s i s i s caused through h e t e r o t i c i n t e r a c t i o n of many 
gen l o c i . The use of h y b r i d s w i th a maximum of s t r o n g l y 
h e t e r o t i c p a i r s of a l l e l s , r e s u l t e d wi th i n b r e e d i n g 
through autogamy or b r o t h e r - s i s t e r mat ings i n a d e s a s t r o u s 
l o s s of v i g o u r caused by the appearance of homozygosi ty 
even o n l y i n some gen l o c i . 

As l a s t case the p o s s i b i l i t y s h a l l be mentionned 
of a mutant hav ing a dominant e f f e c t . I t seems that i n 
such c a s e s the mutant r e d u c e s s u r v i v a l c a p a c i t y 
c o n s i d e r a b l y . Such c a s e s have been r a r e l y observed and 
s t u d i e d , f o r i n s t a n c e by R . A . F I S H E R i n p o u l t r y . 
A p p a r e n t l y the ex t reme ly strong p h e n o t y p i c a l e f f e c t of a 
dominant mutant causes a g e n e r a l i z e d unbalance i n the 
genotype . 



From the f o r e g o i n g c o n s i d e r a t i o n s one must c o n c l u d e 
that t h e r e e x i s t s no genera l r u l e f o r mutant a l l e l s to be 
always f o r even m o s t l y r e c e s s i v e and to reduce g e n e r a l l y 
s u r v i v a l c a p a c i t y . I t should a l s o be remembered that no 
gen l o c u s w i l l cause s p e c i f i c p h e n o t y p i c m a n i f e s t a t i o n s 
which are not a f f e c t e d by the p r e s e n c e of a l l e l s of 
o t h e r gen l o c i . These may act s i m p l y as m o d i f i e r o n l y , 
i . e . t h e i r p h e n o t y p i c m a n i f e s t a t i o n c o n s i s t s e x c l u s i v e l y 
i n m o d i f y i n g the e f f e c t s of a l l e l s of o the r gen l o c i and 
which can e a s i l y r e e s t a b l i s h l o s t s u r v i v a l c a p a c i t y . 
G e n e t i c i s t s and b r e e d e r s have used these p o s s i b i l i t i e s 
by changing the m o d i f i e r e f f e c t s by c a r e f u l l y p l a n n i n g 
a r t i f i c i a l s e l e c t i o n . 

The term "wi ld type a l l e l " was used to i d e n t i f y 
a l l e l s p r e s e n t w i th v e r y h i g h f r e q u e n c y i n n a t u r a l 
p o p u l a t i o n or sometimes i n o ld and we l l e s t a b l i s h e d r a c e s 
of c u l t i v a t e d p l a n t s . I t must however be remembered 
that the "wi ld type a l l e l s " must i n tu rn have appeared 
at some time d u r i n g e v o l u t i o n or b r e e d i n g and r e p r e s e n t e d 
once m u t a t i o n s . Thus the q u e s t i o n a r i s e s how a mutat ion 
w i t h i t s i n i t i a l e x t r e m e l y low f r e q u e n c y might become as 
f r e q u e n t as p r e s e n t day "wi ld type g e n s " . 

I n the p r e c e d i n g paragraphs c r i t i c i s m s are brought 
forward aga in a c e r t a i n monopoly a t t r i b u t e d to the p u r e l y 
d a r w i n i a n concept as e x p l a i n i n g the e v o l u t i o n a r y p r o c e s s . 
Thus i t becomes n e c e s s a r y to r e c o n s i d e r i n some d e t a i l 
the f a c t o r s which are i n v o l v e d d u r i n g t h i s p r o c e s s . I t s 
b a s i s c o n s i s t s e v i d e n t l y i n the s u b s t i t u t i o n of the 
a l l e l s p r e s e n t at a g i v e n gen l o c u s by a new mutant a l l e l 
which c a u s e s a new way of p h e n o t y p i c m a n i f e s t a t i o n . T h i s 
m a n i f e s t a t i o n i s always q u i t e u n p r e d i c t a b l e and one can 
e x p e c t that i n i t i a l l y i t c a u s e s i n the genotype as a 
whole a c e r t a i n u n b a l a n c e . I t s f r e q u e n c y i s n e c e s s a r e l y 
at f i r s t e x t r e m e l y low, but then i n c r e a s e s s u c c e s s i v e l y 
d u r i n g many g e n e r a t i o n s , s u b s t i t u t i n g the o r i g i n a l a l l e l 
and p o s s i b l y e l i m i n a t i n g i t c o m p l e t e l y . When a n a l y s i n g 
t h i s change i n organ isms l i v i n g today , i t has become the 
custom to d e s i g n a t e the a l l e l s p r e s e n t as "wi ld type 



a l l e l s " i n c o n t r a s t to the i n f r e q u e n t new mutant a l l e l s . 
The p resent "wi ld type a l l e l " on i t s par t must have 
o r i g i n a t e d at some p r e v i o u s time as a mutant and has 
s u b s t i t u t e d the p r e c e d i n g o r i g i n a l a l l e l . T h i s pa r t of 
the e v o l u t i o n a r y p r o c e s s , the s u b s t i t u t i o n of p r e c e d i n g 
a l l e l s i s however so slow that i t cannot be observed 
by d i r e c t o b s e r v a t i o n . But such changes have been caused 
through a r t i f i c i a l s e l e c t i o n c a r r i e d out by g e n e t i c i s t s 
and b r e e d e r s . An analogous r e s u l t was e v i d e n t l y reached 
by na tura l s e l e c t i o n which c o n s i s t e d both i n random and 
in darwin ian s e l e c t i o n as e x p l a i n e d a l r e a d y above , the 
f i r s t a consequence of the h i g h l y e x c e s s i v e o f f s p r i n g of 
each p l a n t , wel l beyond the minimum n e c e s s a r y to 
s u b s t i t u t e i t s p r o g e n i t o r s and the second a r e s u l t of 
d i f f e r e n c e s i n s u r v i v a l c a p a c i t y . In o r d e r to v i s u a l i z e 
how the e v o l u t i o n a r y p r o c e s s might have p r o g r e s s e d , i t 
became n e c e s s a r y to work out mathematical models of 
p o p u l a t i o n g e n e t i c s , e s t a b l i s h i n g c e r t a i n i n d i s p e n s a b l e 
p r e m i s s e s which s h a l l now b r i e f l y be d i s c u s s e d . 

Mutation P r e s s u r e 

The mutat ion rate i s g e n e r a l l y very low and i f we 
accept a va lue of u = 0,001 as an upper maximum t h i s 
would e v i d e n t l y r e p r e s e n t an u n u s u a l l y h i g h one . I t 
would appear at f i r s t in the h e t e r o z y g o u s s t a t e and the 
format ion of a homozygote might depend on the o c c u r e n c e 
of a second mutant a l l e l f o r which the expected f r e q u e n c y 
would be s t i l l s m a l l e r , be ing equal to u^ = 1 ^ w i t h i n 
the same progeny and wi thout i n t e r c r o s s i n g . I f we assume 
however that such a muta t ion would o c c u r i n n i n d i v i d u a l s 
w i th homozygotes b e i n g formed through i n t e r c r o s s i n g , the 
t o t a l f r e q u e n c y of the mutant might r i s e a p p r e c i a b l y 
though h a r d l y r e a c h i n g a v a l u e of more than 1%. Even 
t h i s ve ry slow i n c r e a s e might be c o n s i d e r e d s u f f i c i e n t 
s i n c e we d i s c u s s e v e n t s i n g e o l o g i c a l t ime which are 
g e n e r a l l y counted i n m i l l i o n s of y e a r s . 



Number and I n t e r a c t i o n of A l l e l s Per Gen L o c u s 

Next we must c o n s i d e r the number of a l l e l s per 
gen l o c u s . Exper imenta l e v i d e n c e i n d i c a t e s that most 
f r e q u e n t l y there are on ly two forms of phe.nof;y t) i c 
m a n i f e s t a t i o n s per gen l o c u s . T h i s may e i t h e r mean that 
o n l y two types of muta t ions were p o s s i b l e , each 
d e t e r m i n i n g one of two p h e n o t y p e s , or that there might 
e x i s t any number of mutant a l l e l s but on ly two forms of 
m a n i f e s t a t i o n s . 

I n a c c o r d a n c e w i th the nature of i n t e r a l l e l 
i n t e r a c t i o n t h e r e may e x i s t th ree genotypes w i th the 
mende l ian p r o p o r t i o n s of ( 1 : 2 : 1 ) or two w i th the 
p r o p o r t i o n ( 3 : 1 ) . T h i s means that the number of 
phenotypes would be reduced to two, one of which wi th 
t h r e e t imes the f r e q u e n c y of the o t h e r . 

N o n - a l l e l i c I n t e r a c t i o n s 

I f the a l l e l s at each gen l o c u s should not 
i n t e r a c t w i t h each o t h e r , the maximum of p h e n o t y p i c types 
w i th n gen l o c i would be e i t h e r 3 r or 2 r . T h i s number 
would be f u r t h e r reduced i n those c a s e s where a l l e l s of 
d i f f e r e n t l o c i shou ld i n t e r a c t i n such a way that v a r i o u s 
genotypes would m a n i f e s t i d e n t i c a l p h e n o t y p e s . As an 
example c a s e s of s u c h i n t e r a c t i o n s w i l l be mentioned 
s t a r t i n g from a b i f a c t o r i a l p r o p o r t i o n of ( 9 + 3 + 3 + 1 ) . I n 
case of a c u m u l a t i v e e f f e c t of the number of dominant 
a l l e l s , the p r o p o r t i o n might be changed to ( 9 + 6 + 1 ) . I n 
case of complementary i n t e r a c t i o n r e q u i r i n g at l e a s t one 
dominant a l l e l i n each of the two l o c i , the r e s u l t 
would be a s e g r e g a t i o n of (9+7) or when both l o c i have 
to be homozygous r e c e s s i v e ( 1 5 + 1 ) . The 9 p o s s i b l e 
genotypes of a b i f a c t o r i a l s e g r e g a t i o n w i th dominant 
a l l e l s i n both l o c i would be reduced to 4 phenotypes and 
then f u r t h e r to a minimum of 2 phenotypes by i n t e r a l l e l 

http://phe.no


i n t e r a c t i o n s . C o n s i d e r i n g the g e n e r a l l y v e r y h i g h to ta l 
number of gen l o c c i , such r e d u c t i o n s would s t i l l p r e s e r v e 
a great deal of d i v e r s i t y i n p o p u l a t i o n s of a s p e c i e , 
but phenotypes based on s e v e r a l genotypes would have a 
f requency equal to the sum t o t a l of the i n d i v i d u a l 
genotypes i n c l u d i n g h e t e r o z y g o t e s and thus be 
c o n s i d e r a b l y l a r g e r than that of any genotype i n d i v i d u a l l y . 

Random S e l e c t i o n 

Random s e l e c t i o n i s an automat ic consequence (a) 
of the f a c t that on the average each i n d i v i d u a l of a 
p o p u l a t i o n produces more o f f s p r i n g than would be 
n e c e s s a r y to m a i n t a i n p o p u l a t i o n s i z e ; (b) of the 
e x i s t a n c e w i t h i n a p o p u l a t i o n of numerous phenotypes 
w i th d i f f e r e n t f r e q u e n c i e s and ( c ) i n consequence of 
d i f f e r e n c e s in s u r v i v a l c a p a c i t y . I n the l a t t e r case 
the f o l l o w i n g should be e x p l a i n e d : i f a mutant a l l e l 
causes a r a t h e r weak m a n i f e s t a t i o n and t h i s on ly when 
homozygous then i t may cause a c e r t a i n unbalance of the 
genotype r e s u l t i n g i n lower s u r v i v a l c a p a c i t y . I f the 
penet rance should be c o n s i d e r a b l e , the mutant a l l e l may 
man i fes t i t s phenotyp ic e f f e c t a l r e a d y i n the h e t e r o z y g o t e 
and thus act as a dominant a l l e l . In t h i s case the 
unbalance of the genotype w i l l a l s o be much s t r o n g e r . 
I n f a c t r a t h e r few such dominant mutants have been 
observed i n exper imenta l work. F i n a l l y i f a mutant has 
very l i t t l e p e n e t r a n c e , i t can be c o n s i d e r e d as a 
n e u t r a l a l l e l and w i l l h a r d l y a f f e c t s u r v i v a l c a p a c i t y . 
G e n e r a l l y the a c t i o n of i n d i v i d u a l mutants of t h i s type 
cannot be analyzed i n d i v i d u a l l y and they are thus mainly 
c o n s i d e r e d as m o d i f i e r s of the a c t i o n of o ther mutants 
wi th a s t r o n g e r p e n e t r a n c e . I n f a c t s e l e c t i o n of such 
m o d i f i e r s may a f f e c t and r e f o r c e the penet rance of o ther 
mutant a l l e l s , and remove s u b v i a b i 1 i t y . T h i s l a s t s t e p 
w i l l however not be anymore the r e s u l t of random s e l e c t i o n 
w h i c h , by d e f i n i t i o n , i s w i thout d i r e c t i o n , depending 
e x c l u s i v e l y on the f r e q u e n c i e s of p h e n o t y p i c 



m a n i f e s t a t i o n s of mutan ts . I t may r e s u l t i n the 
p r e s e r v a t i o n of some of them w i t h i n the p o p u l a t i o n and 
the a c c i d e n t a l e l i m i n a t i o n of o t h e r s i n the next 
f o l l o w i n g g e n e r a t i o n . D i v e r s i t y i n the p o p u l a t i o n w i l l 
be reduced and homogeneity a c c o r d i n g l y i n c r e a s e d . 

E c o s e l e c t i o n i s a term which I propose e x c l u s i v e l y 
to i n d i c a t e s e l e c t i o n caused by i n t e r a c t i o n between 
p h e n o t y p e s , r e s p . t h e i r genotypes p r e s e n t i n a 
p o p u l a t i o n , and the e c o l o g i c a l c o n d i t i o n s under which the 
p o p u l a t i o n l i v e s . One can d i s t i n g u i s h three d i f f e r e n t 
s i t u a t i o n s : 

a) Some phenotypes may n e i t h e r be advantageous 
nor d i s v a n t a g e o u s under the e x i s t i n g c o n d i t i o n s and thus 
may be c o n s i d e r e d " n e u t r a l " , not s u f f e r i n g darwin ian 
s e l e c t i o n , except at most i n the form of a m o d i f i e r 
s h i f t , s t a b i l i z i n g the phenotypes and compensat ing any 
e v e n t u a l l y e x i s t i n g s u b v i a b i l i t y . S i n c e such 
m a n i f e s t a t i o n s must have r e s u l t e d under random s e l e c t i o n 
r e f e r e n c e to them was a l r e a d y made i n the p r e c e d i n g 
paragraph . Thus they do not form any type of a d a p t a t i o n . 

b) Other phenotypes may be advantageous under 
e x i s t i n g e c o l o g i c a l c o n d i t i o n s and t h e i r f r e q u e n c i e s 
might be i n c r e a s e d under darw in ian s e l e c t i o n . 
C o n s e q u e n t l y they might be c o n s i d e r e d as a d a p t a t i o n s . 

c ) F i n a l l y some p h e n o t y p i c m a n i f e s t a t i o n s might 
be u n f a v o r a b l e under the e x i s t i n g c o n d i t i o n s of the 
environment and c o n s e q u e n t l y w i l l s u f f e r under darwin ian 
s e l e c t i o n and may e v e n t u a l l y e l i m i n a t e from the p o p u l a t i o n . 

The p h e n o t y p i c m a n i f e s t a t i o n s and t h e i r g e n o t y p i c a l 
b a s i s have been e s t a b l i s h e d under random s e l e c t i o n and 
are c o m p l e t e l y independent from each o t h e r . E c o s e l e c t i o n 
may a f f e c t them i n d i v i d u a l l y . The term " a d a p t a t i o n " does 
not r e f e r to some s i t u a t i o n r e s u l t i n g from s e l e c t i o n , 
but something which e x i s t e d i n c i d e n t a l l y a f t e r random 
s e l e c t i o n . T h i s s i t u a t i o n has been c a l l e d by some 



authors " p r e a d a p t a t i o n " . 

DARWIN e s t a b l i s h e d the p r i n c i p l e of the " s u r v i v a l 
of the f i t t e s t " , though o r i g i n a l l y he used the terms 
"of the s t r o n g e s t " . H i s f o l l o w e r s t r i e d c o n s e q u e n t l y to 
i n t e r p r e t as many c h a r a c t e r s as p o s s i b l e a t t r i b u t i n g to 
them s p e c i a l a d a p t a t i v e v a l u e i n i n c r e a s i n g f a v o r a b l y 
t h e i r f r e q u e n c i e s . T h i s has led many to use even a 
c e r t a i n form of t e l e o l o g i c a l t h i n k i n g , p r e s e n t i n g t h e i r 
i n t e r p r e t a t i o n of f a c t s , but not p r o v i n g that a l l 
c h a r a c t e r i s t i c s thus i n t e r p r e t e d i n f a c t improved s u r v i v a l 
c a p a c i t y . I n an e a r l i e r par t of t h i s paper I t r i e d to 
show that a proof of any darw in ian i n t e r p r e t a t i o n i s 
a b s o l u t e l y n e c e s s a r y and that f o r i n s t a n c e the 
adapta t ions of o r c h i d f l o w e r s to s p e c i f i c p o l l i n a t o r s 
are g e n e r a l l y i n e f f i c i e n t . S u r v i v a l c a p a c i t y i s o n l y 
r e s t o r e d through a n o t h e r , but c o m p l e t e l y independent 
adapta t ion g u a r a n t y i n g an e x c e s s i v e number of seeds i n 
each of the few f r u i t s . 

We can now draw the f o l l o w i n g c o n c l u s i o n s : 

I. A l l the i tems so f a r mentioned change somehow 
the f r e q u e n c i e s of g e n o t y p e s , r e s p e c t i v e l y of the 
phenotypes they c a u s e , w i t h i n a na tura l p o p u l a t i o n i n 
favor of the more f requent o n e s . 

I I . The d i f f e r e n t f a c t o r s en te r s u c e s s i v e l y i n t o 
a c t i o n in the f o l l o w i n g o r d e r : p r e s s u r e of r e c u r r e n t 
mutat ion r a t e , i n t e r a c t i o n between a l l e l s at the same or 
at d i f f e r e n t gen l o c i , random s e l e c t i o n and f i n a l l y 
e c o s e l e c t i o n , but they remain ing then i n a c t i o n 
c o n t i n u o u s l y . 

I I I . As a r e s u l t the p o p u l a t i o n w i l l have 
c h a r a c t e r i s t i c s which are e i t h e r n e u t r a l , i . e . are 
n o t - a d a p t i v e w i t h regard to the e c o l o g i c a l c o n d i t i o n s 
p r e s e n t , or can be c o n s i d e r e d as a d a p t a t i o n s to these 
c o n d i t i o n s , b e s i d e s an e v o l u t i o n a r y p o t e n t i a l gen r e s e r v e , 
main ly formed by m o d i f i e r s w i t h r a t h e r weak p h e n o t y p i c 
e f f e c t s . 



IV. The term e c o s e l e c t i o n i s used i n a d i f f e r e n t 
way from the o r i g i n a l l y , proposed by DARWIN. Adapta t ions 
are not produced under the p r i n c i p l e of a " s e l e c t i o n of 
the f i t t e s t " but are p r e s e n t as a r e s u l t of random 
s e l e c t i o n . 

V. E c o s e l e c t i o n does not a l t e r the f r e q u e n c i e s of 
n e u t r a l c h a r a c t e r i s t i c s p r e s e n t , i t may i n c r e a s e the 
f r e q u e n c y and e x p r e s s i o n of adapt ive c h a r a c t e r s , but i t 
w i l l reduce the f r e q u e n c i e s of u n f a v o r a b l e c h a r a c t e r s or 
even e l i m i n a t e them, u n l e s s they have been compensated 
by o ther and independent c h a r a c t e r i s t i c s . 

The i tems which now w i l l be d i s c u s s e d h a r d l y 
a f f e c t the f r e q u e n c i e s of the d i f f e r e n t a l l e l s i n the 
genotype but can i n f l u e n c e s t r o n g l y t h e i r homozygosi ty 
and h e t e r o z y g o s i t y . 

The Mode of Sexua l R e p r o d u c t i o n 

The mode of s e x u a l r e p r o d u c t i o n i s another 
important element i n e s t a b l i s h i n g models of p o p u l a t i o n 
g e n e t i c s . I t has been a l s o an o b j e c t of s p e c i a l i n t e r e s t 
to taxonomist who used the c h a r a c t e r s of r e p r o d u c t o r 
l a r g e l y i n d i s t i n g u i s h i n g taxa at d i f f e r e n t l e v e l s . 
A l s o DARWIN and h i s f o l l o w e r s saw t h e i r importance and 
s t u d i e d the m o d a l i t i e s of s e x u a l r e p r o d u c t i o n s p e c i a l l y 
from t h e i r p o i n t of v i e w . Somehow the o p i n i o n was 
accepted that t h e r e are two a l t e r n a t i v e forms of sexua l 
r e p r o d u c t i o n : a l logamy and autogamy. On the o ther s i d e 
I came to the c o n c l u s i o n that they are not mutua l l y 
e x c l u s i v e a l t e r n a t i v e s , but that there are q u i t e 
f r e q u e n t l y mixed forms of r e p r o d u c t i o n i n v a r i o u s degrees 
of m i x t u r e between two a l t e r n a t i v e e x t r e m e s . The q u e s t i o n 
can be e a s i l y s o l v e d by a s i m p l e exper imenta l arrangement, 
u s i n g p l a n t s p e c i e s w i t h h e r m a p h r o d i t i c f l o w e r s , the 
male and female organs matur ing at the same t ime. 



One p lan t of a s p e c i e c a r r y i n g a g e n e t i c marker 
i s to be p lan ted i n the m i d d l e of a number of o the r 
p l a n t s of the same s p e c i e s but c a r r y i n g another marker . 
The F l sometimes the F2 from seeds of the c e n t r a l p lan t 

• w i l l then show whether i t was s e l f - p o l l i n a t e d or 
o u t c r o s s e d and the p e r c e n t a g e s of both can be determined. 

There are a l s o o t h e r i n d i c a t i o n of the o c c u r r e n c e 
of mixed p o l l i n a t i o n s . Nicotina tabacoum has the t y p i c a l 
f lower of a s p e c i e s adapted to i n s e c t p o l l i n i z a t i o n : the 
f l o w e r s are a t t r a c t i v e b r i g h t p ink and produce n e c t a r 
abundant ly . N e v e r t h e l e s s even an i s o l a t e d p l a n t , we l l 
p r o t e c t e d from p o l l i n a t o r s , w i l l produce w e l l f i l l e d 
c a p s u l e s from a l l f l o w e r s . Though i t has the 
" a d a p t a t i o n s " of an i n s e c t p o l l i n a t e d s p e c i e s , i t s 
a n t h e r s are arranged t i g h t l y around the st igma and shed 
t h e i r p o l l e n abundantly at the time when the s t igma i s 
r e c e p t i v e . 

Another i n t e r e s t i n g case was observed at the J o h n 
Innes I n s t i t u t i o n when I s t a r t e d work t h e r e . The f l o w e r s 
of the sweet pea are not a u t o m a t i c a l l y s e l f p o l 1 i n a t e d . 
The an thers form a c l o s e c y c l e w i t h the p o l l e n s a c s 
s l i g h t l y above the st igma i n the m i d d l e . The c o r r e s p o n d i n g 
petal i s doubled up a long i t s m i d n e r v e , w i t h i t s s i d e s 
t i g h t l y p r e s s e d together and on ly a smal l opening at the 
t i p . Rubbing t h i s peta l between ones f i n g e r s , the 
f l o w e r s were s e l f e d . I f on the o ther hand, a common bee 
s e t t l e s on the petal i t s weight f o r c e s the pe ta l to move 
somewhat downwards and t h i s movement c a u s e s p o l l e n g r a i n s 
out of the p o l l e n s a c s and on to the s t i g m a , a l s o c a u s i n g 
autogamy. However i f a r e p r e s e n t a t i v e of a l a r g e r and 
h e a v i e r s p e c i e s v i s i t s a f l o w e r , i t s h e a v i e r weight 
f o r c e s the pe ta l much f u r t h e r down e x p o s i n g the s t i g m a . 
I f the l a r g e i n s e c t has v i s i t e d o ther f l o w e r s p r e v i o u s l y 
and c o l l e c t e d p o l l e n p l a c i n g i t i n a k ind of b a s k e t on 
h i s l e g s , then i t may happen that some f o r e i g n p o l l e n 
g r a i n s f a l l out of the baske t on to the s t i g m a , c a u s i n g 
a c e r t a i n degree of a l logamy, i n the p r e s e n t case 
c o n s i d e r e d as c o n t a m i n a t i o n . Thus the s p e c i e s seems to 



be adapted to one p o l l i n a t o r s p e c i e s promoting autogamy, 
but when v i s i t e d by another p o l l i n a t o r produces mixed 
s e e d s . 

Next maize s h a l l be ment ioned, a wind p o l l i n a t e d 
s p e c i e s w i t h s e p a r a t e male and female f l o w e r s o.i the 
same i n d i v i d u a l . Maize i s a l s o c a l l e d as b e i n g 
" p a n m i t i c " s i n c e here the p o l l e n i s not c a r r i e d by a 
p o l l i n a t o r from p l a n t to p l a n t , but f i r s t the p o l l e n of 
many p l a n t s i s mixed i n the a i r by wind and l i g h t e r a i r 
c u r r e n t s , b e f o r e i t s l o w l y f a l l s downwards owing to i t s 
w e i g h t . The male f l o w e r s are formed at the top of the 
p l a n t i n the t a s s e l , w h i l e the female f l o w e r s of the ear 
stand about i n the m i d d l e of the p l a n t i n the a x i l of a 
l e a f s h e a t h , p r o t e c t e d by a number of a d d i t i o n a l sheaths 
and o n l y the s t i g m a s , the s i l k , hanging out of t h i s cover . 
Even i f p o l l e n g r a i n s could f a l l v e r t i c a l l y down, they 
w i l l g e n e r a l l y not r e a c h the s i l k s which are p r o t e c t e d 
by the l e a f b l a d e above , l e a v e s b e i n g arranged i n two 
rows , to the r i g h t or l e f t of the main s t a l k , on e i t h e r 
s i d e each lea f above the next one lower down. Thus i t 
seems that the whole arrangement i s an adap ta t ion to 
a l logamy. However i f one o b s e r v e s p l a n t s growing i n an 
i s o l a t e d p l a c e , f a r from other maize p l a n t s one w i l l 
f i n d that t h e i r e a r s c o n t a i n g e n e r a l l y some k e r n e l s which 
thus must have come from autogamy. Thus i n panmi t ic 
m a i z e , a l logamy p r e s e n t dominates but does not e x c l u d e 
o c c a s i o n a l autogamy. 

Though p o s s i b l y or r a t h e r p robab ly some m i x t u r e 
between a l logamy and autogamy are common i n hermaphrodi t ic 
s p e c i e s , i n b i s e x u a l ones of an imals or p l a n t s c r o s s i n g 
between c l o s e l y r e l a t e d spec imens such as b r o t h e r - s i s t e r -
- m a t i n g s may take e f f e c t i v e l y the p l a c e of autogamy as a 
r a t h e r c l o s e approach . From a genera l p o i n t of view we 
can c o n s i d e r e x c l u s i v e a l logamy or e x c l u s i v e autogamy as 
extremes of a wide range of mixed s e x u a l r e p r o d u c t i o n . 
T h i s i s important s i n c e t h e s e two extremes w i l l 
n e c e s s a r i l y cause q u i t e d i f f e r e n t r e s u l t s . Under al logamy 
h e t e r o z y g o t e s are p r e s e n t as the r e s u l t of combinat ion 



at the b e g i n n i n g of every new g e n e r a t i o n , w h i l e under 
autogamy the number of h e t e r o z y g o t e s w i l l be a u t o m a t i c a l l y 
h a l f e d i n each g e n e r a t i o n so that u l t i m a t e l y no 
h e t e r o z y g o t e s w i l l be p r e s e n t , excep t some r e s u l t i n g 
from new m u t a t i o n s . 

T h i s w i l l however a f f e c t the genera l s i t u a t i o n 
c o n s i d e r a b l y , i n view of the f a c t mentioned above that 
many p h e n o t y p i c a l m a n i f e s t a t i o n s are of a p o l y m e r i c 
na ture and thus r e q u i r e the combina t ion of s e v e r a l 
mutated gens i n d i f f e r e n t chromosomes. In e x c l u s i v e l y 
autogamous s p e c i e s i n t e r c r o s s i n g between i n d i v i d u a l s not 
t ak ing p l a c e , the p o p u l a t i o n w i l l c o n s i s t of s e v e r a l 
homozygous genotypes and many combina t ions of mutants at 
d i f f e r e n t gen l o c i w i l l not be p r e s e n t . T h i s -would 
c e r t a i n l y r e s t r i c t the p o s s i b i l i t i e s of e v o l u t i o n a r y 
changes and might j u s t i f y the o p i n i o n of many a u t h o r s 
that autogamy i s a " b l i n d e v o l u t i o n a r y a l l e y " . But even 
i f autogamy should be i n some s p e c i e s a b s o l u t e r a r e 
i n t e r c r o s s i n g may s t i l l ac t as a compensat ing f a c t o r . 
I n f a c t , there i s no q u e s t i o n that s t r i c t l y autogamous 
s p e c i e s have evo lved and e x i s t . T h i s i s another 
i n d i c a t i o n that a b s o l u t e autogamy can on ly e x i s t when at 
l e a s t o c a s i o n a l l y s u b s t i t u t e d by some i n t e r c r o s s i n g 
w i t h i n a p o p u l a t i o n . 

Hybr id V igor 

I t was j u s t d i s c u s s e d that some degree of autogamy 
w i l l reduce the f r e q u e n c y of h e t e r o z y g o t e s i n a p o p u l a t i o n , 
thus i t w i l l be i n d i c a t e d to d i s c u s s s p e c i a l s i t u a t i o n 
i n which the g e n e t i c b a s i s c a u s e s an i n c r e a s e of v i g o r 
and thus a f f e c t s f a v o r a b l y the f r e q u e n c y of h e t e r o z y g o t e s . 
The n e c e s s a r y g e n e t i c b a s i s may r e s u l t from two s p e c i a l 
s i t u a t i o n s : cumula t i ve i n t e r a c t i o n of a l l e l s at d i f f e r e n t 
gen l o c i or a h e t e r o t i c i n t e r a c t i o n of two a l l e l s at the 
same gen l o c u s . The f i r s t may be r e s p o n s i b l e when h y b r i d 
v i g o r becames m a n i f e s t i n c r o s s e s between u n r e l a t e d 



p o p u l a t i o n s w i t h i n a s p e c i e or i n i n t e r s p e c i f i c h y b r i d s , 
as a r e s u l t of the a c c u m u l a t i o n of a l l e l s which when 
i n c i d e n t a l l y combined had a c u m u l a t i v e e f f e c t . I n the 
second c a s e however one has to assume that w i t h i n one 
p o p u l a t i o n mutant a l l e l s w i th a h e t e r o t i c i n t e r a c t i o n had 
become accumula ted . Some au thors d i s c u s s e d iv> * *e past 
whether the l a s t mentioned g e n e t i c formula cou ld be 
accepted and they p o s t u l a t e d i n s t e a d that the two a l l e l s 
i n q u e s t i o n shou ld be c o n s i d e r e d as b e l o n g i n g to two 
d i f f e r e n t gen l o c i which however were a b s o l u t e l y l i n k e d . 
Even i n the v e r y few c a s e s where a h e t e r o t i c e f f e c t was 
caused by one p a i r of a l l e l s at one gen l o c u s , no suppor t 
f o r t h i s assumpt ion came forward. I n one of such c a s e s 
tha t of Silene armeria where the m o n o f a c t o r i a l h e t e r o z y g o t e 
has deeper c o l o u r e d f lower than e i t h e r parent l i n e . I 
used h e t e r o z y g o t e s as m a t e r i a l f o r s tuden t c l a s s work 
d u r i n g many y e a r s . F2 s e g r e g a t i o n s were always i n 
agreement w i t h the r a t i o 1:2:1 and no break of the 
supposed l i n k a g e was ever observed i n s e v e r a l hundreds 
of F2 g e n e r a t i o n s . 

By d e f i n i t i o n homozygotes w i l l have most ly l e s s 
v i g o r than h e t e r o z y g o t e s both i n the case of cumula t ive 
e f f e c t s of a l l e l s i n d i f f e r e n t or h e t e r o t i c e f f e c t s of 
a l l e l s at one l o c u s . I n the case of cumula t i ve 
i n t e r a c t i o n , the s i t u a t i o n might be e x p l a i n e d u s i n g a 
b i f a c t o r i a l model: AAbb x AaBb. Such a h e t e r o z y g o u s 
h y b r i d would i n f a c t g i v e homozygotes of the formula 
AA B B , c o n s e q u e n t l y as v i g o r o u s as the double h e t e r o z y g o t e 
AaBb, but w i t h a f r e q u e n c y of o n l y 1 /16 . S i n c e there i s 
no r e a s o n to admit that o n l y two l o c i might be 
p a r t i c i p a t i n g i n c a u s i n g h y b r i d v i g o r , the f r e q u e n c y of 
s u c h m u l t i p l e homozygotes w i l l be much s m a l l e r and might 
become p r a c t i c a l l y i n s i g n i f i c a n t . I n the case of 
h e t e r o t i c a l l e l s r e d u c t i o n of v i g o r caused by homozygosis 
w i l l be u n a v o i d a b l e by d e f i n i t i o n . 

Next q u e s t i o n s h a l l be b r i e f l y d i s c u s s e d how gene 
c a u s i n g h y b r i d v i g o r might become e s t a b l i s h e d d u r i n g the 
e v o l u t i o n a r y p r o c e s s . S i n c e the fo rmat ion of mutants 



wi th v a r i o u s p h e n o t y p i c e f f e c t s i s a matter of c h a n c e , 
the re i s no reason to r e j e c t the. p o s s i b i l i t y of two 
muta t ions o c c u r r i n g i n d e p e n d e n t l y , which however when 
i n c i d e n t a l l y combined might r e s u l t i n a c u m u l a t i v e 
e f f e c t s u c h as h y b r i d v i g o r . The s i t u a t i o n i s on the 
o ther hand d i f f e r e n t r e g a r d i n g h e t e r o t i c p a i r s of a l l e l s . 
These might e a s i l y be p r e s e r v e d i n p redomina t l y or 
e x c l u s i v e l y a l l o g a m i c p o p u l a t i o n s where h e t e r o z y g o t e s 
are formed a u t o m a t i c a l l y i n each g e n e r a t i o n . I n 
p redominant ly or e x c l u s i v e l y autogamous p o p u l a t i o n the 
s i t u a t i o n w i l l be q u i t e d i f f e r e n t . I n these the number 
of h e t e r o z y g o t e s i s a u t o m a t i c a l l y h a l f e d i n each 
g e n e r a t i o n through autogamy and thus h e t e r o t i c p a i r s of 
a l l e l s could on ly be p r e s e r v e d when they cause such an 
e x t r e m e l y s t r o n g v i g o r ab le to compensate the l o s s 
through s e g r e g a t i o n . T h i s then would e x p l a i n why h e t e r o s i s 
i s absent whenever autogamy p r e d o m i n a t e s . Hybr id v i g o r 
i s not to be c o n s i d e r e d as an " a d a p t a t i o n promot ing 
a l l o g a m y " , but as i t s c o n s e q u e n c e . 

S e l f - and C r o s s - I n c o m p a t i l i 1 i t y 

S e l f - and c r o s s - i n c o m p a t i b i l i t y are both 
i n t e r p r e t e d as p o s s i b l e a d a p t a t i o n s promot ing somehow 
e i t h e r a l i o or autogamy. I n f a c t however i t seems to 
me r a t h e r more c o r r e c t to c o n s i d e r them not as c a u s e s 
f a v o r i n g one or o ther form of s e x u a l r e p r o d u c t i o n but as 
e f f e c t s of the l a t t e r . 

Gens fo r s e l f - i n c o m p a t i b i l i t y are not too r a r e i n 
s p e c i e s of hermaphodi t ic p l a n t s . I f they shou ld a r i s e 
by mutat ion i n a predominant ly autogamous s p e c i e s they 
w i l l have l i t t l e chance of be ing p r e s e r v e d under s u c h 
c o n d i t i o n s w h i l e n o t h i n g w i l l h i n d e r t h e i r p r e s e n c e i n 
predominant ly al logamous p o p u l a t i o n s . Such a s e l f -
i n c o m p a t i b i l i t y might e i t h e r be caused s p o r o p h y t i c a l l y 
or by an i n t e r a c t i o n between the female organs of the 
m o s t l y d i p l o i d sporophyte and the g e n e r a l l y h a p l o i d 



male gametophyte. The l a t t e r i s the cause of the S - a l l e l s 
ana lyzed i n d e t a i l s by EAST and h i s coworkers A . 
MANGELSDORF and BRIEGER. These S f a c t o r s r e p r e s e n t a 
m i x t u r e of both s e l f - and c r o s s - i n c o m p a t i b l e g e n e t i c 
e l e m e n t s . I n a c r o s s between two p l a n t s c a r r y i n g one 
i d e n t i c a l a l l e l f o r i n s t a n c e S1S2 x S1S3 the S i p o l l e n 
tubes do not f u n c t i o n n o r m a l l y but have t h e i r growth 
stopped i n the s t y l e . I f both a l l e l s should be 
d i f f e r e n t S 1 S 2 X S 3 S 4 a l l p o l l e n tube grow norma l ly and 
i n c r o s s e s S j S 2 x S\$2 o r a ^ t e r s e l f i n g a l l tubes s t o p 
and no seeds are formed at a l l . S i n c e the S - a l l e l s form 
a r a t h e r long s e r i e s or m u l t i p l e a l l e l s i n na tura l 
p o p u l a t i o n s , the eventua l c r o s s - s t e r i l i t y of some 
c o m b i n a t i o n s do not a f f e c t s e r i o u s l y the f r e q u e n c y of 
i n d i v i d u a l a l l e l s i n p redominant ly al logamous p o p u l a t i o n s , 
though i n autogamous p o p u l a t i o n s such a l l e l s a r i s i n g 
by muta t ion h a r d l y w i l l have a chance of p r e s e r v a t i o n . 
I t must a l s o not r a r e i n s p e c i e s of h e r m a p h r o d i t i c p l a n t s , 
but t h e i r a c t i o n i s f r e q u e n t l y q u i t e i n c o m p l e t e . Thus i n 
Nicotiana sanderae, the S - a l l e l s are q u i t e i n a c t i v e i n 
buds and thus i n f l o w e r s when j u s t opening as a l s o i n 
the l a s t f l o w e r s formed at the end of the f l o w e r i n g 
p e r i o d of a p a n i c l e . 

The th ree f a c t o r s j u s t d i s c u s s e d , mode of sexual 
r e p r o d u c t i o n , h y b r i d v i g o r and s e l f - or c r o s s -
i n c o m p a t i b i l i t y h a r d l y a f f e c t i n d i v i d u a l gen f r e q u e n c i e s , 
but w i l l a l t e r the f r e q u e n c i e s of p h e n o t y p i c c h a r a c t e r 
m a n i f e s t a t i o n s and thus i n d i r e c t l y that of t h e i r 
genotypes whether h e t e r o z i g o u s or homozygous. 

E v o l u t i o n and the D i s t i n c t i o n of Taxa 

E v o l u t i o n and d i s t i n c t i o n of taxa r e p r e s e n t s the 
l a s t s u b j e c t to be d i s c u s s e d . Taxonomy or S y s t e m a t i c s 
whatever d e s i g n a t i o n one may p r e f e r , i s the o l d e s t 
branch of b i o l o g i c a l s c i e n c e s which was s t a r t e d i n the 
midd le of the 18th c e n t u r y , w e l l b e f o r e any e v o l u t i o n a r y 



idea had been e x p r e s s e d . L i n n a e u s ' s f i r s t t ask c o n s i s t e d 
to b r i n g order i n t o the v a s t m a t e r i a l to be s t u d i e d . 
He n o t i c e d v e r y c l e a r l y that the enormous d i v e r s i t y of 
organisms i s not a c o n t i n u o u s one . T h i s led him to 
d i s t i n g u i s h v e r y s h a r p l y two c a t e g o r i e s which he 
des ignated as those of the genus and of the s p e c i e s 
g i v i n g a l ready more weight to the l a t t e r . . The o r i g i n of 
such c a t e g o r i e s d id not r e p r e s e n t any problem to him 
s i n c e he was f i r m l y conv inced that the b i b l i c a l t h e s i s 
was c o r r e c t and that there e x i s t e d o n l y those s p e c i e s as 
created by the supreme i n t e l l i g e n c e . With the accep tance 
of the e v o l u t i o n a r y concept new problems a rose which are 
p a r t l y not yet ve ry c l e a r l y r e s o l v e d . Some a u t h o r s up 
to recent t imes t r y s t i l l to c o n s i d e r the s p e c i e s as a 
rea l and q u i t e d i s t i n c t e n t i t y . Thus DOBSZHANSKY and 
o t h e r s p o s t u l a t e d that s p e c i e s must always be separated 
by " b a r r i e r s of r e p r o d u t i v e i s o l a t i o n " and t r i e d to 
e x p l a i n t h e i r o r i g i n i n the f o l l o w i n g way: a s p e c i e , 
though i n i t i a l l y o c c u p y i n g one c o n t i n u o u s a r e a , came 
somehow to be d i s t r i b u t e d over two q u i t e d i f f e r e n t and 
separate a r e a s . When t h i s p o s s i b i l i t y had to be r e j e c t e d , 
i t was assumed that i t became adapted to two d i f f e r e n t 
e c o l o g i c a l n i c h e s w i t h i n one g e o g r a p h i c a l a r e a . I n 
both cases i t was then assumed that i n t e r c r o s s i n g between 
such separated p o p u l a t i o n s became i m p o s s i b l e and that i n 
consequence each accumulated d i f f e r e n t mutants which 
when l a t e r c r o s s e d caused mutual i n c o m p a t i b i l i t y between 
components of the two separated p o p u l a t i o n s . Thus a 
b a r r i e r was e s t a b l i s h e d and the two p o p u l a t i o n s cou ld 
now be c o n s i d e r e d as two separa te s p e c i e s . T h i s 
s p e c u l a t i v e c o n s t r u c t i o n can be d i s c a r d e d , s i n c e the 
b a s i c assumpt ion of the o b l i g a t o r y b a r r i e r between s p e c i e s 
cannot be a c c e p t e d . I n many groups of an imals there 
e x i s t s i n f a c t a complete i n c o m p a t i b i l i t y between s p e c i e s 
as u s u a l l y c l a s s i f i e d , w h i l e i n few o ther groups of 
an imals and i n most h i g h e r p l a n t s not o n l y i n t e r s p e c i f i c 
but a l s o i n t e r g e n e r i c h y b r i d s o c c u r i n na tu re and a l s o 
r e s u l t from exper imenta l h y b r i d i z a t i o n s . The r e s u l t of 
such c r o s s e s i s to some ex ten t u n p r e d i c t a b l e and may 
vary from complete f a i l u r e to o b t a i n even h y b r i d embryos 



to the o t h e r extreme of o b t a i n i n g F l - p l a n t s w i th f u l l 
f e r t i l i t y . J .CLAUSEN and o t h e r s have attempted to use 
s u c h degrees as a measure of taxonomic a f f i n i t y between 
s p e c i e s or genera p r o c e d u r e which dependes again 
e s s e n t i a l l y on p u r e l y s u b j e c t i v e r e a s o n i n g . S i m i l a r 
gradual d i f f e r e n c e s e x i s t between norma l ly d e ^ . l o p i n g 
mutants over s u b v i a b l e ones to l e t h a l s . 

The c o n c l u s i o n that r e p r o d u c t i v e b a r r i e r s are not 
o b l i g a t o r y f o r s e p a r a t i n g s p e c i e s but they do not e x i s t 
r a r e l y . T h i s f o r c e s one to ask i n v e r s i t y : how can such 
b a r r i e r s be formed d u r i n g e v o l u t i o n ? The S - a l l e l s 
a l r e a d y mentioned above cause both s e l f and c r o s s -
i n c o m p a t i b i l i t y w i t h i n p o p u l a t i o n s . H e t e r o s t y l y i n some 
p l a n t s such as Primula a l s o causes a c e r t a i n form of 
c r o s s - s t e r i l i t y . There are two groups of p l a n t s p resen t , 
some w i t h a long s t y l e and thus w i th the st igma i n a 
h i g h p o s i t i o n w h i l e the a n t h e r s are i n s e r t e d below i n the 
c o r o l l a t u b e , and o t h e r s w i th a s h o r t s t y l e and thus the 
s t igmas i n a low p o s i t i o n w i t h a n t h e r s i n s e r t e d h i g h e r 
up i n the f l o r a l tube . There i s a s t r o n g degree of 
s t e r i l i t y between p l a n t s w i t h i n each group and f u l l 
f e t i l i t y i n c r o s s e s between p l a n t s of d i f f e r e n t g r o u p s . 
I n analogy one might p o s t u l a t e that mutants might o c c u r 
i n a h e t e r o z y g o t e s t a t e Cc w i thout h a v i n g any e f f e c t i n 
an a d u l t o r g a n i s m , but m u t u a l l y unable to form zygotes 
when combined i n r e p r o d u c t i o n . Thus a l l i n d i v i d u a l s of 
the c o n s t i t u t i o n C- as those of c o n s t i t u t i o n c - are 
i n t e r f e r t i l e w h i l e no z y g o t e s r e s u l t from combinat ions 
of C - x c - . The p o p u l a t i o n w i l l then be s p l i t i n t o two 
i n t e r s t e r i l e p a r t s and each par t might accumulate 
i n d e p e n d e n t l y d i f f e r e n t m u t a t i o n s . 

I n v iew of the absence of any o b j e c t i v e c r i t e r i u m 
to d e l i m i t a t e the range of v a r i a t i o n both w i t h i n and 
between s p e c i e s or g e n e r a , the taxonomist has to e v a l u a t e 
s u b j e c t i v e l y the d e g r e e s of s i m i l a r i t y or d i s i m i l a r i t y 
between t a x a . T h i s method depends v e r y much upon 
p e r s o n a l b i a s and c o n s e q u e n t l y o p i n i o n s of d i f f e r e n t 
a u t h o r s not r a r e l y d i s a g r e e w i t h each o ther though i t i s 



a l s o unders tandab le that d i f f e r e n t a u t h o r s dec ided to 
use d i f f e r e n t c h a r a c t e r s i n e v a l u a t i o n d i v e r s i t y . At 
f i r s t the d i f f e r e n c e s i n e x t e r n a l and i n t e r n a l 
s t r u c t u r a l e lements and t h e i r f u n c t i o n i n g were chosen 
to es t imate degrees of d i f f e r e n c e s and t h i s method s t i l l 
r e p r e s e n t s the b a s i s of taxonomy. L a t e r on chemica l 
d i f f e r e n c e s were i n c l u d e d . With the growing amount of 
g e n e t i c a l knowledge, the p o s s i b i l i t y o f f e r e d i t s e l f to 
form o p i n i o n s over the n a t u r e of the g e n e t i c b a s i s of 
c h a r a c t e r s and judge thus at l e a s t a p p a r e n t l y the 
p r o g r e s s i v e i n c r e a s e r of d i f f e r e n c e s i n g e n e t i c a l 
c o n s t i t u t i o n . D i f f e r e n c e s in the p a i r i n g of chromosomes 
d u r i n g m e i o s i s were accepted as a c r i t e r i u m though t h i s 
r e q u i r e d the p o s s i b i l i t y to o b t a i n at l e a s t i n t e r s p e c i f i c 
h y b r i d s . Rather r e c e n t l y i t became p o s s i b l e to go even 
f u r t h e r i s o l a t i n g i n d i v i d u a l chromosome combin ing some 
obta ined from d i f f e r e n t s p e c i e s and then v e r i f y i n g how 
i n t e n s e t h i s p a i r i n g was by d e t e r m i n i n g at what 
tempera tures 50% of the chromosomes u n p a i r e d . S I B L E Y 
and AHLQUIST used t h i s method i n a s tudy of a v e r y l a rge 
number of A u s t r a l i a n b i r d s . I n pa r t they conf i rmed the 
d e c i s i o n s of o ther t a x o n o m i s t s , w h i l e i n o ther c a s e s 
they suggested new forms of c l a s s i f i c a t i o n . The a u t h o r s 
assumed a r b i t r a r i l y that a lower ing of temperature 
d e t e r m i n i n g l o s s e s p a i r i n g of chromosomes would i n d i c a t e 
degrees of lower e v o l u t i o n a r y a f f i n i t y . However i t i s 
not known that other f a c t o r s but e v o l u t i o n a r y a f f i n i t y 
do i.n f a c t c o n t r o l of the p a i r i n g i n t e n s i t y . I t should 
be remembered that a mutant a l l e l has been found i n 
maize which i n h i b i t s p a i r i n g d u r i n g m e i o s i s even i n the 
p r e s e n c e of ten p a i r s of homologous chromosomes. 

One can on ly c o n c l u d e that there does not e x i s t 
an a b s o l u t e l y s u r e method to judge or measure e v o l u t i o n a r y 
o f f i n i t y and that i t depends on p e r s o n a l s u b j e c t i v e 
judgement to which method each b i o l o g i s t might be i n c l i n e d 
to g i v e more weight i n case of c o n t r a d i c t o r y r e s u l t s . 

On the o ther s i d e i t i s q u i t e e v i d e n t that 
v a r i a t i o n of c h a r a c t e r s of any s o r t i s not c o n t i n u o u s 



one , but t h a t ' t h e r e e x i s t d i f f e r e n c e s of v a r i o u s 
d i m e n s i o n s between, the s o - c a l l e d t a x a . The d e c i s i o n made 
by LINNAEUS more than 200 y e a r s ago was a c o r r e c t one 
from a p r a c t i c a l p o i n t of v iew . H i s d e c i s i o n to e s t a b l i s h 
the ranks of s p e c i e s and genus was f u l l y j u s t i f i e d and 
remains v a l i d w i t h the i n d e r s t a n d i n g that these ranks 
are c o n v e n t i o n a l and thus a r b i t r a r y u n i t s . N e v e r t h e l e s s 
some i n f o r m a t i o n s r e g a r d i n g e v o l u t i o n can be obta ined 
from taxonomic da ta . I have s t u d i e d d u r i n g s e v e r a l 
decads the taxonomy of o r c h i d s which r e p r e s e n t the 
f a m i l y of h i g h e r p l a n t s w i th the maximum degree of 
d i v e r s i f i c a t i o n as measured on the b a s i s of the number 
of s p e c i e s and genera d e s c r i b e d . The great m a j o r i t y of 
the 20 to 25 .000 s p e c i e s i s composed of c l e a r l y d e f i n e d 
u n i t s w i t h a minimum os i n t e r n a l v a r i a b i l i t y w h i l e a 
c o m p a r a t i v e l y smal l number i s so polymorphous that they 
had to be d i v i d e d i n t o s u b s p e c i e s or even lower r a n k s . 
An i d e n t i c a l s i t u a t i o n e x i s t s r e g a r d i n g about a dozen 
genera of a t o t a l of more than 800. They c o n t a i n more 
than 100 to over 500 s p e c i e s and can c l e a r l y be d i v i d e d 
i n t o a number of subgenera though some of them can v e r y 
w e l l be c o n s i d e r e d as s e p a r a t e genera . I t cannot be 
d e c i d e d whether s u c h polymorphous groups are fo r some 
unknown reasons s u b j e c t to a g r e a t e r tendency f o r 
d i v e r s i f i c a t i o n or s p e c i e s , r e s p . genera s t i l l i n 
a c t i v e e v o l u t i o n w h i l e o t h e r s have passed such a p h a s e , 
unable to f u r t h e r d i v e r s i f y and determined to eventual 
e x t i n c t i o n . 

The i m p o s s i b i l i t y to d e f i n e i n an o b j e c t i v e way 
what shou ld be c o n s i d e r e d as "a s p e c i e " l e a v e s o n l y the 
c o n c l u s i o n that " the s p e c i e s " i s not a f i x e d u n i t of any 
s o r t . I t i s i n f a c t a s tage w i t h i n the e v o l u t i o n a r y 
p r o c e s s which p r o g r e s s e s s l o w l y and might appear s t a t i c 
f o r a l i m i t e d p e r i o d of g e o l o g i c a l t i m e . What taxonomis ts 
c a l l "a s p e c i e " c o r r e s p o n d s to a segment of g e o l o g i c a l 
t imes c o r r e s p o n d i n g i n a way to an i s o l a t e d snapshot 
taken out of a l o s t , but o r i g i n a l l y long c inematograph ic 
f i l m . S p e c i a t i o n r e q u i r e s f i r s t the a c c u m u l a t i o n of a 
l a r g e number of mutants and t h i s w i l l be r a t h e r slow 



both under r e c u r r e n t muta t ion r a t e and random s e l e c t i o n . 
C o n s i d e r i n g that g e o l o g i c a l t imes are measured i n 
m i l l i o n s of y e a r s , one may e s t i m a t e that i n one m i l l i o n 
years there may e x i s t the f o l l o w i n g numbers of g e n e r a t i o n s : 
about 35 m i l l i o n g e n e r a t i o n i n the f r u i t f l y one m i l l i o n 
i n annual p l a n t s , some f i f t y thousands i n longer l i v i n g 
organisms l i k e man or many t r e e s which may s t a r t 
r e p r o d u c t i o n a f t e r some 20 y e a r s . Such h i g h numbers of 
g e n e r a t i o n s should be s u f f i c i e n t f o r even slow e v o l u t i o n a r y 
p r o g r e s s . SIMPSON has g i v e n more d e t a i l e d i n f o r m a t i o n s 
about t h i s m a t t e r , s p e c i a l l y a c c e n t u a t i n g that e v o l u t i o n a r y 
p r o g r e s s has taken p l a c e at q u i t e d i f f e r e n t r a t e s i n 
d i f f e r e n t taxonomic g r o u p s . 

I n s p i t e of the i m p o s s i b i l i t y to d e f i n e the s p e c i e s 
c o n c e p t - l i k e those of a genus or s t i l l h i g h e r taxonomic 
l e v e l s - i n a d e f i n i t e and o b j e c t i v e fo rm, i t s t i l l 
r e p r e s e n t s a u s e f u l l and i n d i s p e n s a b l e too l i n a l l b ranches 
of b i o l o g i c a l s c i e n c e , n e c e s s a r y the m a t e r i a l w i t h one 
works . 

CONCLUDING REMARKS AND ABSTRACT 

I n i t i a l l y a c l e a r d i s t i n c t i o n i s made between the 
e v o l u t i o n a r y p r o c e s s and i t s mechanisms. 

I t i s perhaps not s u r p r i s i n g that from time to 
time renewed a t t e n t i o n i s b e i n g g i v e n to what CUVIER more 
than two hundred y e a r s ago c o n s i d e r e d as e v o l u t i o n a r y 
r e v o l u t i o n s and which i s now r e v i s e d i n the modern form 
of " p u n c t u a l i s m " . The gaps i n f o s s i l r e c o r d s and between 
the h i g h e s t ranks of l i v i n g an imals are c e r t a i n l y 
i m p r e s s i v e and s t i l l are u n e x p l a i n e d . C o n s e q u e n t l y they 
remain open f o r more or l e s s s p e c u l a t i v e i n t e r p r e t a t i o n s . 
The main t r o u b l e c o n s i s t s i n the l a c k of s e c u r e data 
from past g e o l o g i c a l p e r i o d s r e g a r d i n g " m i s s i n g l i n k s " 



which might or might not have e x i s t e d . Thus o n l y 
s u b j e c t i v e i n t e r p r e t a t i o n s are p o s s i b l e to e x p l a i n those 
gaps . I n p l a n t s s u c h problems seem not to e x i s t and the 
e v o l u t i o n a r y sequence i f not from A l g a e , at l e a s t from 
P t e r i o d o p h y t e s to the h i g h e s t Angiosperms seems lo be 
r e a s o n a b l y c o n t i n u o u s , p a r t l y through f o s s i l s , p a r t l y 
based on s t u d i e s of compara t ive morphology of s t i l l 
l i v i n g i n t e r m e d i a r i e s . Regard ing s p e c i a t i o n or what 
R. GOLDSCHMID c a l l e d " m i c r o e v o l u t i o n " , a h y p o t h e s i s w i th 
r e s p e c t to i t s e v o l u t i o n a r y mechamism has been exposed 
i n the p r e s e n t paper . The t ime ra te of e v o l u t i o n has 
been s t u d i e d by SIMPSON i n d e t a i l and found ex t reme ly 
v a r i a b l e i n terms of g e o l o g i c a l t i m e s , and the ra te of 
e v o l u t i o n a r y r a d i a t i o n i s e q u a l l y d i f f e r e n t i n d i f f e r e n t 
g r o u p s , both i n c l u d i n g gaps or m i s s i n g l i n k s . Such gaps 
may be c o n s i d e r e d l a r g e r i n animal taxonomy. Without 
e v i d e n c e r e g a r d i n g the e x i s t a n c e or n o n - e x i s t a n c e of 
s u c h l a r g e r m i s s i n g l i n k s , the re seems to me no reason 
to assume some s p e c i a l e v o l u t i o n a r y mechanisms f o r h i g h e r 
ranks or f o r what GOLDSCHMID has c a l l e d "macro -" and 
" m e g a - e v o l u t i o n " . 

There are no doubts r e g a r d i n g the e v o l u t i o n a r y 
p r o c e s s as s u c h . I t s t a r t e d some 2 .5 b i l l i o n y e a r s ago 
when under s p e c i a l e x t e r n a l c o n d i t i o n s complex water 
s o l u b l e chemica l compounds, s i m i l a r to p r o t e i n and o ther 
" o r g a n i c " s u b s t a n c e s were formed. The p r o c e s s then 
c o n t i n u e d permanently forming f i r s t s imp le o n e - c e l l e d 
organ isms up to that of complex m u l t i c e l l u l a r o n e s . 

The e v o l u t i o n a r y mechanism r e q u i r e s s t i l l a 
c a r e f u l and c r i t i c a l a n a l y s i s . Two main t h e o r i e s have 
been p r o p o s e d . LAMARCK p o s t u l a t e d that there sou ld 
e x i s t and i n h e r i t a n c e of a c q u i r e d c h a r a c t e r s but t h i s 
was r e j e c t e d owing to proof to the c o n t r a r y . DARWIN'S 
s t a r t e d from the o b s e r v a t i o n that orgamisms s u f f e r 
o c a s i o n a l l y , though r a r e l y h e r i t a b l e c h a n g e s , at h i s 
time c a l l e d s p o r t s , now m u t a t i o n s , the na ture of t h e i r 
p h e n o t y p i c m a n i f e s t a t i o n s b e i n g u n p r e d i c t a b l e and i n no 
r e l a t i o n to any d i r e c t e d p r o g r e s s nor a u t o m a t i c a l l y 



advantageous under e c o l o g i c a l c o n d i t i o n s . Fur thermore 
DARWIN p o s t u l a t e d that these mutants became s u b j e c t e d to 
na tura l s e l e c t i o n . Which led to c o m p e t i t i o n between 
them r e s u l t i n g i n the " s u r v i v a l of the f i t t e s t " . Among 
the great number of such d a r w i n i a n i n t e r p r e t a t i o n s , the 
r e l a t i o n between o r c h i d f l o w e r s and t h e i r p o l l i n a t o r s 
are c i t e d . The r a r i t y of f r u i t fo rmat ion i n the m a j o r i t y 
of t r o p i c a l o r c h i d s show c l e a r l y that these a d a p t a t i o n s 
are h i g h l y i n e f f i c i e n t and i n s t e a d of i n c r e a s i n g s u r v i v a l 
c a p a c i t y reduce i t to such an ex ten t that o n l y another 
and unre la ted c h a r a c t e r , the e x t r e m e l y h i g h number of 
seeds per c a p s u l e r e e s t a b l i s h e s s u r v i v a l c a p a c i t y . Thus 
the e s s e n c e of the darwin ian concept must be r e j e c t e d . 
A c t u a l l y t h i s has a l r e a d y been the case though i n an 
i n d i r e c t form. I t became e v i d e n t that a d a p t a t i o n s i n 
general r e q u i r e the a c c u m u l a t i o n of numerous mutant gens 
be fore they r e a l l y are of v a l u e i n c r e a s i n g s u r v i v a l 
c a p a c i t y . T h e i r a c c u m u l a t i o n must thus precede any 
i n c r e a s e at s u r v i v a l c a p a c i t y i t i s a c o n s e q u e n c e , i . e . 
t h e i r must have been an a c c u m u l a t i o n p r e c e e d i n g phase of 
" p r e a d a p t a t i o n " . 

The i n c r e a s e of mutant a l l e l s i s f i r s t caused by 
r e c u r r e n t mutat ion r a t e . I n t e r a c t i o n s between a l l e l s 
both at the same and at d i f f e r e n t gen l o c u s r e d u c e s the 
number of d i f f e r e n t phenotyp ic m a n i f e s t a t i o n s , i n c r e a s i n g 
thus the f r e q u e n c i e s of those m a n i f e s t a t i o n which are 
based j o i n t l y on d i f f e r e n t g e n o t y p e s . The d i f f e r e n c e s 
i n f r e q u e n c y on the one hand on the o ther hand the 
e x c e s s i v e l y l a rge number of descendants of organisms i n 
genera l fa r i n e x c e s s over the n e c e s s a r y fo r p r e s e r v a t i o n , 
w i l l cause a s t r o n g e l i m i n a t i o n or random s e l e c t i o n . 

The more f r e q u e n t phenotypes have a b e t t e r chance 
f o r be ing m a i n t a i n e r than the l e s s f r e q u e n t one . Some 
of them cannot be i n t e r p r e t e d as " a d a p t a t i o n s " but are 
r a t h e r of a n e u t r a l c h a r a c t e r . O thers might be c o n s i d e r e d 
as a d a p t a t i o n s f a v o r a b l e under e x i s t i n g e c o l o g i c a l 
c o n d i t i o n s ; f i n a l l y some might be i n d i s a c c o r d w i th the 
e x i s t i n g c o n d i t i o n s and thus w i l l have t h e i r f requency 



f u r t h e r reduced up to complete e l i m i n a t i o n by what might 
be c a l l e d " e c o s e l e c t i o n " , wh ich I a l s o have c a l l e d i n the 
t e x t " d a r w i n i a n s e l e c t i o n " . These d i f f e r e n t f a c t o r s w i l l 
e n t e r i n t o p l a y i n the o r d e r they have been ment ioned, 
but w i l l c o n t i n u e to act j o i n t l y , d u r i n g a c o n s i d e r a b l e 
t i m e . The e v o l u t i o n a r y p r o c e s s might come to ;..n end when 
a l l p r o b a b l e m u t a t i o n s have been i n c o r p o r a t e d or 
e l i m i n a t e d from a p o p u l a t i o n . However there remains always 
the p o s s i b i l i t y of a muta t ion o c c u r i n g w i th an e n t i r e l y 
new p h e n o t y p i c e f f e c t and which thus may s t a r t a new 
e v o l u t i o n a r y c y c l e . 

B e s i d e s the f a c t o r s a l r e a d y mentioned some o t h e r s 
may a f f e c t m a i n l y the r e l a t i v e f r e q u e n c i e s of homo- and 
h e t e r o z y g o t e s . The mode of sexua l r e p r o d u c t i o n i s 
p r o b a b l y the most important and probab ly the most 
f r e q u e n t l y d i s c u s s e d one. I t i s po in ted out that 
autogamy f a v o r i n g homozygotes and al logamy f a v o r i n g 
h e t e r o z y g o t e s r e p r e s e n t o n l y the extremes of a wide 
range of combina t ions of mixed r e p r o d u c t i o n . S e l f -
i n c o m p a t i b i l i t y and h e t e r o t i c gen i n t e r a c t i o n s a l s o favor 
h e t e r o z y g o s i t y . 

As a c o n c l u s i o n of the paper the d e l i m i n a t i o n of 
t a x a , s p e c i a l l y of s p e c i e s i s d i s c u s s e d . I t i s shown 
that t h e r e i s no method yet a v a i l a b l e to d e f i n e the 
s p e c i e s concep t o b j e c t i v e l y . I t remains however e v i d e n t 
that v a r i a t i o n i s d i s c o n t i n u o u s and that s u c h 
d i s c o n t i n u i t i e s can be used to d i s t i n g u i s h taxa at 
d i f f e r e n t and subsequent l e v e l s . I n genera l the lowest 
l e v e l r e c e i v e s the c l a s s i f i c a t i o n of " s p e c i e s " which 
thus r e p r e s e n t s a c o n v e n t i o n a l and p r a c t i c a l y 
i n d i s p e n s a b l e u n i t . The grea t m a j o r i t y of these s p e c i e s 
i s w e l l d e f i n e d by t h e i r r e l a t i v e u n i f o r m i t y w i t h i n and 
the d e s c o n t i n u i t y between t h e s e u n i t s . Only a smal l 
p e r c e n t a g e o f f e r s d i f f i c u l t i e s owing to po lymorphism. 
The same can be s a i d r e g a r d i n g the next h i g h e r l e v e l , 
that of the g e n u s . 


