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What i s  Darwinism Today? 

Erns t  Mayr 

Harvard Un ive r s i t y  

One of t h e  dominant i n t e r e s t s  of t h e  ph i lo sophe r s  of s c i e n c e  has  
always been t h e  problem of t heo ry  c o n s t r u c t i o n .  How i s  a  new theo ry  
e s t a b l i s h e d ?  To what e x t e n t  can a t heo ry  be changed? Do t h e o r i e s  
change g r a d u a l l y  o r  a r e  t hey  r ep l aced  du r ing  r e v o l u t i o n s ?  

Most of t h e  t h e o r i z i n g  on t h e s e  ques t ions  has  been done wi th  
t h e o r i e s  of t h e  p h y s i c a l  s c i e n c e s ,  bu t  t h e r e  a r e  i n d i c a t i o n s  t h a t ,  f o r  
s e v e r a l  r ea sons ,  Darwin's t heo ry  of e v o l u t i o n  does n o t  f i t  i n  t h e  t r a -
d i t i o n a l  framework. For i n s t a n c e ,  t h e  number of t h e o r i e s  s t i l l  compet- 
i ng  wi th  each o t h e r  i n  t h e  80 year  pe r iod  from t h e  Darwinian revolu-  
t i o n  (1859) t o  about  1940 i s  q u i t e  e x t r a o r d i n a r i l y  l a r g e ,  and i t  was 
n o t  one of t h e s e  competing t h e o r i e s  t h a t  was u l t i m a t e l y  v i c t o r i o u s ,  
but  r a t h e r  an e c l e c t i c  t heo ry  in  which t h e  b e s t  components of s e v e r a l  
opposing t h e o r i e s  were syn thes i zed  in  t h e  1940s.  

But i t  i s  n o t  t h i s  s y n t h e s i s  which concerns  us  today but  r a t h e r  t h e  
ques t ion  whether t h i s  s y n t h e s i s  was s u c c e s s f u l  o r  whether i t  i s  i n d i -
c a t e d  by t h e  r e c e n t  c o n t r o v e r s i e s  t h a t  t h e  s y n t h e s i s  has  become un-
glued aga in  o r  had never  been completed.  

To be a b l e  t o  answer t h i s  q u e s t i o n ,  one must s t a t e  i n  a few words 
what t h e  opposing paradigms were t h a t  were supposed t o  have been syn-
t h e s i z e d  i n  t h e  1930s/40s.  B a s i c a l l y  two camps were involved,  

(1 )  t h e  exper imenta l -mathemat ica l  g e n e t i c i s t s ,  c o n s i s t e n t l y  reduc- 
t i o n i s t  i n  t h e i r  approach,  f o r  whom t h e  gene was t h e  t a r g e t  of s e l e c -
t i o n ,  who s t u d i e d  e v o l u t i o n  i n  a s i n g l e  gene poo l ,  and f o r  whom evolu- 
t i o n  was "a change of gene f r equenc ie s  i n  popula t ions" .  They d i d  n o t  
work on problems of s p e c i a t i o n  o r  of t h e  o r i g i n  of d i v e r s i t y  a t  h ighe r  
c a t e g o r i c a l  l e v e l s ;  

( 2 )  t h e  n a t u r a l i s t s - s y s t e m a t i s t s ,  f a r  more h o l i s t i c  i n  t h e i r  ap- 
proach,  f o r  whom t h e  i n d i v i d u a l  was t h e  t a r g e t  of s e l e c t i o n ,  whose 
p r i n c i p a l  r e s e a r c h  procedure  was t h e  comparison of d i f f e r e n t  popula-
t i o n s  and s p e c i e s ,  f o r  whom e v o l u t i o n  was a "change i n  a d a p t a t i o n  and 
d i v e r s i t y " ,  and whose major i n t e r e s t  was t h e  o r i g i n  of o rgan ic  d ive r -  
s i t y .  
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Both camps agreed i n  t h e  r e j e c t i o n  of neo-Lamarckism, s a l t a t i o n i s m ,  
and of a l l  t e l e o l o g y .  They a l s o  agreed i n  t h e  acceptance  of n a t u r a l  
s e l e c t i o n  a s  t h e  p r i n c i p a l  agent  of evo lu t iona ry  change. As long a s  
t h e r e  was a c t i v e  oppos i t i on  t o  t h i s  a l l i a n c e ,  t hey  muted t h e i r  d i s -  
agreements,  i n  o r d e r  t o  d i s p l a y  a common f r o n t .  But ,  when f i n a l l y  a l l  
m a n i f e s t a t i o n s  of t h e  t r a d i t i o n a l  oppos i t i on  t o  Darwinism had disap-  
peared ,  t h e  hidden d i f f e r e n c e s  f i n a l l y  came again  t o  t h e  s u r f a c e ,  a s  I 
w i l l  d e s c r i b e  p r e s e n t l y .  

But t h e r e  a r e  two more g e n e r a l  m a t t e r s  on which I want t o  comment 
f i r s t .  

The f i r s t  p o i n t  i s  t h a t  most r ecen t  a t t a c k s  on t h e  s y n t h e t i c  t heo ry  
by non-evo lu t ion i s t s  were d i r e c t e d  a g a i n s t  t h e  r e d u c t i o n i s t  extreme of 
some g e n e t i c i s t s .  These c r i t i c i s m s  a r e  simply n o t  a p p l i c a b l e  t o  such 
a r c h i t e c t s  of t h e  evo lu t iona ry  s y n t h e s i s  a s  Huxley, Rensch, and Mayr. 
Furthermore,  t h e  term neo-Darwinism f o r  t h e  s y n t h e t i c  t heo ry  i s  wrong, 
because t h e  term neo-Darwinism was coined by Romanes i n  1895 a s  a des-
igna t ion  of Weismann's t heo ry .  The c la im by Ho and Saunders i n  t h e i r  
book Beyond Neo-Darwinism, t h a t  according t o  t h e  theory  of neo-Darwin- 
ism "organisms, and p e r f o r c e ,  s o c i e t i e s  and c u l t u r e s  can be reduced t o  
molecules and genes" (1984, p .  l o ) ,  i s  a c a r i c a t u r e  of t h e  s y n t h e t i c  
t heo ry .  

The second p o i n t  i s  t h a t  t h e  c la im of t h e  c o l l a p s e  of t h e  Darwinian 
theory  and i t s  replacement by a new paradigm i s  based t o  a cons ide rab le  
e x t e n t  on an er roneous  unders tanding of change i n  s c i e n t i f i c  t h e o r i e s .  
These c r i t i c s  have a r a t h e r  t y p o l o g i c a l  concept of t h e o r i e s  and theo ry  
format ion.  Laws must be u n i v e r s a l ,  a s i n g l e  except ion  i n v a l i d a t e s  
them. The i r  t h ink ing  i s  ve ry  much t h e  same a s  t h a t  of t h e  so -ca l l ed  
Received View of t h e  ph i lo soph ie s  of Carnap, Hempel, and Nagel. Even 
though t h i s  p o s i t i v i s t  i n t e r p r e t a t i o n  of t heo ry  format ion i s  now 
l a r g e l y  r e j e c t e d  even f o r  p h y s i c a l  t h e o r i e s ,  i t  had never  i n  t h e  
s l i g h t e s t  been a p p r o p r i a t e  f o r  evo lu t iona ry  t h e o r i e s .  Very l i t t l e  
thought has  been given up t o  now t o  t h e  way i n  which theo ry  format ion 
proceeds i n  evo lu t iona ry  b io logy .  For t h i s  reason,  be fo re  d e a l i n g  
w i t h  s p e c i f i c  contemporary c o n t r o v e r s i e s  and misunders tandings .  I 
f i r s t  want t o  comment on two p a r t i c u l a r  a s p e c t s  of t heo ry  format ion i n  
evo lu t iona ry  b io logy.  

( a )  Theor ies  a s  Opposit ion t o  E x i s t i n g  Theor ies  

Contrary t o  most c la ims i n  t h e  l i t e r a t u r e  on t h e  philosophy of 
s c i e n c e ,  new t h e o r i e s  a r e  r a r e l y  proposed a s  t h e  d i r e c t  r e s u l t  of in-
duc t ion ,  deduc t ion ,  o r  whatever o t h e r  method of phi losophy,  but  r a t h e r  
i n  oppos i t i on  t o  an e x i s t i n g  theo ry .  For i n s t a n c e  Darwin's  and 
Lamarck's t h e o r i e s  of evo lu t ion  were advanced in oppos i t i on  of t h e  
theory  of a cons t an t  world.  Darwin's t heo ry  of g radua l  evo lu t ion  op-
posed t h e  r e ign ing  theo ry  of s u p e r n a t u r a l  des ign.  

This reason f o r  i n t roduc ing  a  new theo ry  has  c e r t a i n  consequences.  
For i n s t a n c e ,  it i s  good s t r a t e g y  when one proposes a  new theo ry  t o  
p r e s e n t  a  v e r s i o n  t h a t  i s  a s  d i f f e r e n t  a s  p o s s i b l e  from t h e  theo ry  i t  
i s  meant t o  r ep l ace .  Once t h e  o l d e r  theory  has  been vanquished, i t  i s  
o f t e n  advantageous t o  modify t h e  new theo ry  i n t o  a  more moderate ve r -  
s i o n .  This must be kep t  i n  mind wi th  r e s p e c t  t o  Darwinism when one ex-



amines t h e  r o l e  of g radua lnes s ,  s e l e c t i o n ,  o p t i m i z a t i o n ,  and a popula-
t i o n a l  s p e c i a t i o n .  

(b)  The Gradual Improvement of a Theory 

A new theo ry  i s  u s u a l l y  ve ry  coarse-gra ined.  Only a f t e r  t h e  oppos- 
i ng  theo ry  has  been vanquished does t h e  f i ne -g ra ined  e l a b o r a t i o n  of 
t h e  t heo ry  become impor tant .  One can a l s o  compare a  new theo ry  w i t h  
t h e  map of a  newly d i scove red  con t inen t .  A t  f i r s t  i t  e x i s t s  on ly  a s  a 
rough o u t l i n e ,  w i t h  many wh i t e  a r e a s  remaining t o  be  f i l l e d  i n .  I n  
t h e  c a s e  o f  a  new theo ry  t h e  a r e a s  of ignorance  a r e  o f t e n  r e f e r r e d  t o  
a s  "b l ack  boxes". Among examples of such b l a c k  boxes i n  t h e  c a s e  of 
Darwinism have been, and i n  p a r t  s t i l l  a r e ,  t h e  sou rce  of g e n e t i c  v a r i -  
a t i o n ,  t h e  exac t  g e n e t i c  mechanism of s p e c i a t i o n ,  t h e  mechanisms pro-
ducing t h e  u n i t y  of t h e  genotype,  and t h e  r e l a t i o n  between genotype and 
epigenotype .  The more complex t h e  system i s  t h a t  i s  be ing expla ined by 
a  t h e o r y ,  t h e  more piecemeal t h e  t heo ry  w i l l  be  b u i l t  up. I t  would be 
absurd  t o  c l a im  t h a t  an e x i s t i n g  theo ry  i s  r e f u t e d  every  t ime a b l ack  
box is be ing  r ep l aced  by a t e n t a t i v e  o r  v a l i d  exp lana t ion .  

1. Ambiguous Terminology 

Much of t h e  r e c e n t  c r i t i c i s m  of Darwinism i s  based e i t h e r  on t h e  am-
biguous u s e  of c e r t a i n  terms o r  on a f a u l t y  unders tanding of t h e  cur-
r e n t  Darwinian theo ry .  There i s  no b e t t e r  way t o  r e f u t e  t h e s e  c r i t i -  
cisms than t o  c l a r i f y  t h e s e  u n c e r t a i n t i e s  and t o  c o r r e c t  t h e  misunder- 
s t and ings .  Th i s  i s  t h e  major  o b j e c t i v e  o f  my p r e s e n t a t i o n .  

Let  me begin  w i t h  t h e  d i f f e r e n c e  between r educ t ion  and a n a l y s i s .  I t  
i s  s e l f - e v i d e n t  t h a t  much of exp lana t ion  is c o n t r i b u t e d  by a n a l y s i s ,  
t h a t  is  by t h e  s tudy  of components, such a s  t h e  c o n s t i t u e n t s  of t h e  
whole organism (o rgans ,  t i s s u e s ,  c e l l s ,  o r g a n e l l e s ,  mo lecu le s ) .  The 
s tudy  of each of t h e s e  l e v e l s  makes unique  c o n t r i b u t i o n s  t o  t h e  under- 
s t and ing .  The c l a s s i c a l  r e d u c t i o n i s t ,  however, would c l a im  t h a t  i t  i s  
t h e  s tudy  of t h e  lowest  l e v e l  t h a t  g i v e s  u s  t h e  on ly  impor tant  i n s i g h t  
o r  e l s e  t h a t  one can d e f i n e  h i g h e r  l e v e l  p roces ses  on ly  i n  terms of 
lower l e v e l  c o n s t i t u e n t s .  Typ ica l  f o r  t h e  r e d u c t i o n i s t  approach i n  
evo lu t iona ry  b io logy  i s  t h e  t r a d i t i o n a l  d e f i n i t i o n  of e v o l u t i o n ,  by 
g e n e t i c i s t s ,  a s  "a  change of gene f r equenc ie s  i n  popula t ions" .  The 
c u r r e n t  a t t a c k s  on t h i s  and o t h e r  r e d u c t i o n i s t  fo rmula t ions  i n  evolu- 
t i o n a r y  and a d a p t a t i o n i s t  i n t e r p r e t a t i o n s  a r e  f u l l y  j u s t i f i e d .  I t  i s  
n o t  a t  a l l  j u s t i f i e d ,  however, t o  l a b e l  such reduct ionism a s  e i t h e r  
Darwinian o r  a s  c h a r a c t e r i s t i c  of t h e  s y n t h e s i s .  I t  i s  p r a c t i c e d  p r i -  
m a r i l y  by many g e n e t i c i s t s  and by a  r a t h e r  smal l  p o r t i o n  of t h e  na tu r -  
a l i s t s .  Darwin h imsel f  was n o t  a t  a l l  a  r e d u c t i o n i s t  i n  t h i s  s e n s e ,  
s i n c e  he always a p p r e c i a t e d  t h e  importance of t h e  organism as  a whole. 
The shor tcomings  of t h e  r e d u c t i o n i s t  approach were recognized by me 
e a r l y  i n  my c a r e e r ,  a s  documented i n  my 1959 paper "Where a r e  we?", 
and by Chapter 1 0  of my 1963 and 1970 books. Another a r c h i t e c t  of t h e  
s y n t h e s i s ,  Th. Dobzhansky, t o g e t h e r  w i th  h i s  f o l l o w e r s  (Lerner ,  Wal-
l a c e ) ,  even though a g e n e t i c i s t ,  was n o t  n e a r l y  a s  r e d u c t i o n i s t  i n  h i s  
approach a s  t h e  mathemat ic ians  ( F i s h e r ,  Haldane) o r  a s  Mul ler  and h i s  
group. 

Cur ious ly ,  i n  r e c e n t  y e a r s ,  some t y p o l o g i s t s  have a p p l i e d  t h e  l a b e l  



r e d u c t i o n i s t s  t o  t hose  who i n  t h e i r  ana lyses  have descended from t h e  
l e v e l  of h ighe r  t axa  and of t h e  s p e c i e s  down t o  t h e  l e v e l  of t h e  popu- 
l a t i o n  and t h e  i n d i v i d u a l .  This i s  q u i t e  mi s l ead ing ,  f o r  a n a l y s i s  i s  
n o t  t h e  same a s  r e d u c t i o n ,  and t h e  a n a l y s i s  must be conducted a t  t h e  
a p p r o p r i a t e  h i e r a r c h i c a l  l e v e l .  

2 .  The Mul t ip l e  Aspects of Darwinism 

Much of t h e  confus ion in  t h e  r e c e n t  l i t e r a t u r e  i s  due t o  t h e  f a c t  
t h a t  w r i t e r s  d i d  n o t  recognize  t h a t  Darwin i n  1859 had proposed a 
whole s e t  of t h e o r i e s ,  many of which a r e  l a r g e l y  independent of each 
o t h e r .  I t  w i l l  h e l p  t o  d i s p e l  confus ion i f  we d i s t i n g u i s h  between 
t h e s e  t h e o r i e s  (Mayr 1982, pp. 505-510). B a s i c a l l y  they f a l l  i n t o  two 
groups:  ( a )  t hose  t h a t  simply d e a l  w i th  evo lu t iona ry  change, p a r t i c u -
l a r l y  w i th  a d a p t a t i o n ,  and (b) t hose  t h a t  d e a l  w i th  t h e  o r i g i n ,  t h e  
c a u s a t i o n ,  and t h e  meaning of o rgan ic  d i v e r s i t y ,  hence p a r t i c u l a r l y  
w i th  common d e s c e n t ,  t h e  mechanisms of s p e c i a t i o n ,  and wi th  t h e  r o l e  of 
s p e c i a t i o n  i n  macroevolut ion .  

The problems connected wi th  t h e s e  two s e t s  o f  t h e o r i e s  a r e  so  d i f -
f e r e n t  t h a t  they a r e ,  on t h e  whole,  s t u d i e d  by d i f f e r e n t  groups of i n -
v e s t i g a t o r s ,  t h a t  i s  they have r e s u l t e d  in  t h e  development of two 
r a t h e r  s e p a r a t e  f i e l d s .  A f a i l u r e  t o  recognize  t h a t  t h e  problems i n  
t h e s e  two f i e l d s  a r e  q u i t e  d i f f e r e n t  has  been a t  t h e  r o o t  of some 
r e c e n t  c o n t r o v e r s i e s .  

Let me now t a k e  up s e p a r a t e l y  some of t h e  t h e o r i e s  proposed by 
Darwin i n  1859. 

2 . 1 .  Evolut ionary  change a s  such.  

The theory  of an evolving wor ld ,  f i r s t  p o s t u l a t e d  by Lamarck, i s  
now so  t o t a l l y  accep ted ,  indee.d simply accepted  a s  a f a c t ,  t h a t  i t  i s  
no longe r  t h e  source  of c o n t r o v e r s i e s  w i t h i n  s c i e n c e .  

2 .2 .  Common descen t .  

The theory  of common descent  of a l l  organisms was no th ing  but  a 
working hypo thes i s  i n  Darwin's day. But by now t h e  evidence  f o r  i t  i s  
so overwhelming t h a t  i t  i s  no longe r  c o n t r o v e r s i a l  except  f o r  c l a d i s -  
t i c  d e t a i l .  With t h e  d i scove ry  t h a t  t h e  g e n e t i c  code i s  t h e  same i n  
a l l  organisms, down t o  t h e  p roka ryo te s ,  t h e  descent  of a l l  e x i s t i n g  or-  
ganisms from a  s i n g l e  o r i g i n  of l i f e  i s  no longe r  ques t ioned .  Almost 
a l l  t a x a  of organisms a r e  monophyletic except  s p e c i e s  produced by am-
ph ip lo idy ,  o r  o t h e r  forms of s t a b i l i z e d  h y b r i d i t y .  Another except ion  
t o  monophyly a r e  t hose  organisms t h a t  a r e  t h e  product of symbios i s ,  
l i k e  t h e  l i c h e n s  ( a l g a e  and f u n g i ) ,  and probably  t h e  f i r s t  eukaryotes .  
On t h e  whole our  t h ink ing  about phylogeny today i s  ve ry  much t h e  same 
a s  t h a t  of Darwin. The theory  of common descent  i s  complete ly  inde- 
pendent of t h e  theory  of n a t u r a l  s e l e c t i o n  (Mayr 1982, p. 5 0 6 ) ,  a s  
some c l a d i s t s  have a l s o  po in t ed  o u t .  

2 .3 .  The theo ry  of s p e c i a t i o n  ( m u l t i p l i c a t i o n  of s p e c i e s ) .  

As f a r  a s  s p e c i a t i o n  i s  concerned, t h a t  i s  t h e  process  by which or-
ganic  d i v e r s i t y  i s  produced, t h e r e  has  been a g r e a t  d e a l  of change 



and c l a r i f i c a t i o n  s i n c e  Darwin's day. The major arguments,  however, 
a r e  conducted w i t h i n  t h e  Darwinian framework, and thus  I s h a l l  s a y  
no th ing  f u r t h e r  about  i t ,  p a r t i c u l a r l y  s i n c e  t h e r e  a r e  numerous r e c e n t  
comprehensive t r ea tmen t s  of t h i s  s u b j e c t  (White 1978, Ba r igozz i  1932, 
Eche l l e  and Korn f i e ld  1984).  The two major c u r r e n t  problems of spec i -
a t i o n  r e s e a r c h  a r e  f i r s t ,  t h e  n a t u r e  of t h e  g e n e t i c  b a s i s  of spec i a -
t i o n ,  and second, t h e  ques t ion  what pe rcen tage  of s p e c i a t i o n  e v e n t s  i s  
n o n - a l l o p a t r i c .  These a r e  q u e s t i o n s  t h a t  can be answered on ly  through 
e m p i r i c a l  r e sea rch .  

2 .4 .  Darwin's t heo ry  of e v o l u t i o n a r y  gradual ism,  by c o n t r a s t ,  remains 
a sou rce  of con t rove r sy .  Darwin's s t r o n g  o p p o s i t i o n  t o  e s s e n t i a l i s m  
and t o  L y e l l ' s  t heo ry  of t h e  sudden i n t r o d u c t i o n  of new s p e c i e s  fo rced  
him t o  promote a theory  of g radua l  evo lu t ion .  However, n o t  on ly  ideo- 
l o g i c a l  r ea sons  but  a l s o  e m p i r i c a l  ones (geographic  v a r i a t i o n ,  t h e  
g radua l  improvement of animal  b reeds )  l e d  t o  Darwin's b e l i e f  i n  evolu- 
t i o n a r y  gradual ism.  But what does t h e  term gradual ism r e a l l y  mean? 
I n  t h e  cou r se  of t h e  r ecen t  con t rove r sy  over  t h e  v a l i d i t y  of t h e  
t heo ry  of punctuated  e q u i l b r i a  i t  became apparent  t h a t  d i f f e r e n t  
a u t h o r s  had d i f f e r e n t  meanings i n  mind. What was impor tant  f o r  Darwin 
was t o  deny t h e  sudden o r i g i n  of a s i n g l e  i n d i v i d u a l  t h a t  r e p r e s e n t s  a  
new t y p e ,  because  f o r  Darwin evo lu t ion  was a  p o p u l a t i o n a l  phenomenon. 
Modem a u t h o r s ,  however, when t a l k i n g  about  g radua l  o r  n o t ,  ve ry  o f t e n  
simply t h i n k  of t h e  phenotype. I t  i s  now c l e a r  t h a t  t h e  term g radua l  
can sugges t  two d i f f e r e n t  s e t s  of a l t e r n a t i v e s :  ( a )  t h e  g radua l  change 
of popu la t ions  i n  c o n t r a s t  t o  t h e  sudden o r i g i n  of founder  i n d i v i d u a l s  
of new types  (hopeful  mons t e r s ) ,  and (b)  a  g r a d u a l ,  s t e p  by s t e p  
change of t h e  phenotype i n  c o n t r a s t  t o  a  major,  d i s con t inuous  pheno- 
t y p i c  change w i t h i n  a s i n g l e  popu la t ion .  The f i r s t  ( a )  s e t  of a l t e r -
n a t e s  i s  i n  c o n f l i c t  w i t h  Darwinism, t h e  second s e t  (b)  i s  n o t ,  a t  
l e a s t  n o t  i n  p r i n c i p l e .  A d r a s t i c a l l y  d i f f e r e n t  phenotype,  i f  v i a b l e  
and i f  n o t  r e p r o d u c t i v e l y  i s o l a t e d ,  can be inco rpo ra t ed  i n  a popula-
t i o n ,  l e a d i n g  t o  phenotypic polymorphism. The p r o b a b i l i t y  of v i a b i l i t y  
and even s e l e c t i v e  s u p e r i o r i t y  of d r a s t i c a l l y  changed phenotypes ,  i s  
ve ry  sma l l ,  and i t  i s  t h e r e f o r e  an event  t h a t  probably  does n o t  ve ry  
o f t e n  occur  i n  e v o l u t i o n .  Probable  c a s e s ,  recorded i n  t h e  r ecen t  lit-
e r a t u r e ,  a r e  t h e  jaw s t r u c t u r e  of c e r t a i n  boid  snakes  and t h e  cheek 
pouches of c e r t a i n  r o d e n t s ,  c a ses  where i t  i s  d i f f i c u l t  t o  conceive  of 
a g radua l  phenotypic  t r a n s i t i o n .  Darwin, who was f a m i l i a r  w i th  t h e  
ancon sheep and t h e  t u r n s p i t  dog, would presumably have accepted  such 
c a s e s ,  even though a f t e r  h i s  encounter  w i th  Fleeming Jenkin  he  was 
even more r e l u c t a n t  t o  accep t  t h e  evo lu t iona ry  s i g n i f i c a n c e  of discon-
t inuous  morphologica l  changes than be fo re .  However, t o  r e p e a t ,  such 
changes a r e  n o t ,  i n  p r i n c i p l e ,  non-Darwinian. 

2 . 5 .  Na tu ra l  s e l e c t i o n .  

Among a l l .  of Darwin's  evo lu t iona ry  t h e o r i e s  none faced a s  much r e -
s i s t a n c e  a s  h i s  t heo ry  of n a t u r a l  s e l e c t i o n  (Mayr 1982).  For 80 y e a r s  
a f t e r  t h e  p u b l i c a t i o n  of t h e  Orig in  i t  was accepted  by on ly  a  minor i ty  
of b i o l o g i s t s .  Even today a lmost  a l l  t h e  o b j e c t i o n s  t h a t  a r e  r a i s e d  
a g a i n s t  Darwinism a r e  d i r e c t e d  a g a i n s t  one o r  t h e  o t h e r  a s p e c t  of t h e  
t heo ry  of n a t u r a l  s e l e c t i o n .  I t  i s  on ly  wi th in  t h e  l a s t  2 0  o r  30 
y e a r s  t h a t  t h e  n a t u r e  of t h e  d i f f i c u l t i e s  was f u l l y  unders tood.  
S e v e r a l  au tho r s ,  p a r t i c u l a r l y  Tuomi (1981) ,  have po in t ed  o u t  t h a t  na-
t u r a l  s e l e c t i o n  i s  n o t  a s p e c i f i c  t heo ry  but a  v e r y  b a s i c  g e n e r a l  p r in -  



c i p l e ,  which a s  such can n e i t h e r  be r e f u t e d  n o r  does i t  have p r e d i c t i v e  
powers. I t  becomes a s p e c i f i c  t heo ry  on ly  when enr iched w i t h  s p e c i f i c  
a n c i l l a r y  assumptions,  f o r  i n s t a n c e  w i t h  t he  t heo ry  of p a r t i c u l a t e  in-
h e r i t a n c e ,  t h e  p o s t u l a t e  of sma l l  mu ta t ions ,  and t h e  occurrence  of ge-
n e t i c  recombination.  The p r i n c i p l e  of n a t u r a l  s e l e c t i o n  can a l s o  be 
formula ted  i n  a t heo ry  based i n  p a r t  on s o f t  i n h e r i t a n c e ,  a s  was 
Darwin's o r i g i n a l  t heo ry .  This proves  t h e  independence of t h e  p r i n c i -  
p l e  of n a t u r a l  s e l e c t i o n  of p a r t i c u l a r  a n c i l l a r y  assumpt ions .  

The c l a im  t h a t  t h e  theory  of n a t u r a l  s e l e c t i o n  i s  t a u t o l o g i c a l  has  
been r e f u t e d  so  many t imes  t h a t  i t  i s  n o t  worth going over  t h e  argu- 
ment aga in .  Lewontin (1970) ,  Brandon (1981) ,  and o t h e r s  have p re sen t -  
ed c l e a r l y  non- t au to log ica l  fo rmula t ions  of t h e  theory .  Darwin himself  
had a l r e a d y  s i n g l e d  o u t  t h e  e s s e n t i a l  components of t h e  theory .  The 
f i r s t  i s  t h a t  i n  every  gene ra t ion  t h e r e  i s  a g r e a t  over-production of 
i n d i v i d u a l s ,  on ly  a  smal l  pe rcen tage  of whom can su rv ive  and reproduce .  
Secondly,  a l l  t h e s e  i n d i v i d u a l s  have d i f f e r e n t  phenotypes which, a t  
l e a s t  i n  p r i n c i p l e ,  d i f f e r  i n  t h e i r  adaptedness  t o  t h e i r  common envi-
ronment. And t h i r d ,  t h e  causes  of t h e  d i f f e r e n c e s  i n  adaptedness  a r e  
i n  p a r t  h e r i t a b l e .  

I t  fo l lows ,  by s imple  l o g i c ,  t h a t  t hose  wi th  t h e  h i g h e s t  adaptedness  
have t h e  g r e a t e s t  chance t o  s u r v i v e  and t o  reproduce ,  and t h a t  t h i s ,  i n  
due t ime,  w i l l  l e a d  t o  a  change i n  t h e  p r o p e r t i e s  of t h e  popu la t ion .  

Most o b j e c t i o n s  t o  n a t u r a l  s e l e c t i o n  a r e  based on a  whole s e r i e s  o f  
misconcept ions ,  some of which I s h a l l  now d i s c u s s .  

The most impor tant  i s  t h e  f a i l u r e  t o  s e e  t h a t  n a t u r a l  s e l e c t i o n  & 
-a two-step process .  -- Even though Darwin made i t  c l e a r  t h a t  n a t u r a l  
s e l e c t i o n  was a two-step p r o c e s s ,  t h e  f i r s t  c o n s i s t i n g  of t h e  produc- 
t i o n  of h e r i t a b l e  v a r i a t i o n  and t h e  second of t h e  t e s t i n g  of t h i s  va r -
i a t i o n  (Mayr 1962) ,  t h i s  d u a l  n a t u r e  of s e l e c t i o n  was a lmost  c o n s i s t -  
e n t l y  ignored by t h e  opponents of Darwinism, who neve r  t i r e d  of a sk ing ,  
"How can n a t u r a l  s e l e c t i o n  make something new when a l l  i t  does i s  t o  
e l i m i n a t e  t h e  u n f i t ? "  V i r t u a l l y  t h e  same ques t ion  was asked by some 
r e c e n t  c r i t i c s  who thereby r e v e a l e d  an a p p a l l i n g  ignorance  of t h e  pro- 
c e s s  of s e l e c t i o n .  When an a u t h o r  a s k s ,  I s  evo lu t ion  due t o  molecular  
p roces ses  o r  due t o  s e l e c t i o n ? ,  i t  amounts t o  a sk ing :  " I s  e v o l u t i o n  a  
change due t o  s t e p  one o r  s t e p  two o f  n a t u r a l  s e l e c t i o n ? "  Ac tua l ly  
t h e  two s t e p s  a r e  complete ly  i n s e p a r a b l e  and t h e  ques t ion  thus  i s  
q u i t e  meaningless .  As t h e  second s t e p  i n  t h i s  p roces s ,  s e l e c t i o n  sensu 
s t r i c t 0  i s  an a p o s t e r i o r i  p roces s  d e a l i n g  wi th  t h e  p rev ious ly  produced 
v a r i a t i o n  and n o t  a process  which i t s e l f  produces v a r i a t i o n .  

Let u s  begin  w i t h  a  d i s c u s s i o n  of t h e  f i r s t  s t e p ,  t h e  product ion  of 
v a r i a t i o n .  Darwin knew v i r t u a l l y  no th ing  about t h i s  and most of h i s  
i d e a s  on t h e  s u b j e c t  t u rned  o u t  t o  be er roneous .  Exac t ly  how v a r i a t i o n  
i s  produced is  q u i t e  i r r e l e v a n t  f o r  t h e  theory  of n a t u r a l  s e l e c t i o n ,  
some o f  i t  could  even be  Lamarckian, provided t h a t  it is  h e r i t a b l e  and 
t h a t  i t  is  a b l e  t o  a f f e c t  t h e  adaptedness  of t h e  phenotype. Cur ious ly ,  
many c r i t i c s  of n a t u r a l  s e l e c t i o n  omit t h i s  f i r s t  s t e p  a l t o g e t h e r ,  as-
suming t h a t  n a t u r a l  s e l e c t i o n ,  i n  a  t e l e o l o g i c a l  manner, makes i t s  own 
v a r i a t i o n .  

For t h e  Mendelians,  muta t ion  was t h e  d r i v i n g  f o r c e  o f  e v o l u t i o n .  



However, t h e  formula ' e v o l u t i o n  is due t o  muta t ion  and s e l e c t i o n '  r e -
mained popu la r  among c e r t a i n  g e n e t i c i s t s  even a f t e r  t h e  s a l t a t i o n i s t  
i d e a s  of Bateson and De V r i e s  had been d i sca rded .  This  s i m p l i f i e d  f o r -  
mula became o b s o l e t e  a s  t h e  r e s u l t  of t h e  evo lu t iona ry  s y n t h e s i s .  This 
was due t o  two i n s i g h t s :  (1) t h a t  i t  i s  recombination r a t h e r  than muta- 
t i o n  which p rov ides  t h e  a c t u a l  m a t e r i a l  on which s e l e c t i o n  works, and 
( 2 )  t h a t  whole i n d i v i d u a l s  ( t h e  product  of recombinat ion)  a r e  t h e  t a r -  
g e t  of s e l e c t i o n ,  r a t h e r  than s i n g l e  genes .  When c u r r e n t  c r i t i c s  a t -  
t r i b u t e  t o  t h e  Darwinians t h e  view " t h a t  a l l  o r  a lmost  a l l  of evolu-
t i o n  can be  exp la ined  by n a t u r a l  s e l e c t i o n  of random mutat ions"  (Ho 
and Saunders 1984, p .  l l ) ,  they a r e  r e v i v i n g  an exp lana t ion  t h a t  a s  
f a r  a s  most Darwinians a r e  concerned has  been o b s o l e t e  f o r  more than 
40 y e a r s .  The f a c t  t h a t  i t  i s  recombinat ion  r a t h e r  than muta t ion  which 
i s  d i r e c t l y  r e s p o n s i b l e  f o r  g e n e t i c  v a r i a t i o n ,  accounts  f o r  two a s p e c t s  
of n a t u r a l  s e l e c t i o n .  F i r s t  t h e  abundance of d i f f e r e n t  phenotypes 
(based on d i f f e r e n t  genotypes)  a v a i l a b l e  f o r  s e l e c t i o n ,  and second, t h e  
c r e a t i v e n e s s  of n a t u r a l  s e l e c t i o n ,  which i s  due t o  t h e  u n p r e d i c t a b i l i t y  
of t h e  p r o p e r t i e s  of i n d i v i d u a l s  produced by recombinat ion .  I t  needs  
emphasizing t h a t  recombination can c r e a t e  something t r u l y  new, some-
t h i n g  t h a t  had neve r  e x i s t e d  b e f o r e .  

Darwin's  t heo ry  was a complete break w i t h  p re -ex i s t i ng  th ink ing  i n  
s e v e r a l  ways. F i r s t ,  i t  r e j e c t e d  e s s e n t i a l i s m ,  according t o  which a l l  
i n d i v i d u a l s  a r e  m a n i f e s t a t i o n s  of t h e  same unchanging under ly ing type .  
Secondly i t  r ep l aced ,  so  t o  speak,  t h e  hand of God by t h e  hand of 
Nature .  And t h i r d l y  i t  r ep l aced  t h e  widely  accepted  p r i n c i p l e  of el im- 
i n a t i o n  ( t h e  removal of t h e  u n f i t )  by t h e  p r i n c i p l e  of s e l e c t i o n  ( t h e  
f avo r ing  of t h e  b e s t  adapted)  (Mayr 1982, pp. 488-490). A p r i n c i p l e  
of e l i m i n a t i o n ,  t h a t  i s  a removal of i n f e r i o r  i n d i v i d u a l s  ("degenera-
t i o n s  of t h e  type") was widely  accepted  by e s s e n t i a l i s t s .  Rather  in- 
t e r e s t i n g l y ,  even a f t e r  1859, t h e  p o i n t  was r a i s e d  f r e q u e n t l y  t h a t  an 
e l i m i n a t i o n  of m i s f i t s  could  n o t  r e s u l t  i n  evo lu t iona ry  advance. 
These c r i t i c s  f a i l e d  t o  s e e  t h a t  Darwin's t heo ry  was fundamenta l ly  d i f -  
f e r e n t  from t h e  o l d  e l i m i n a t i o n  theo ry  of t h e  e s s e n t i a l i s t s .  Elimina-
t i o n  i s ,  of c o u r s e ,  s t i l l  recognized by t h e  e v o l u t i o n i s t  a s  so -ca l l ed  
s t a b i l i z i n g  s e l e c t i o n .  Such s e l e c t i o n  i s  p a r t i c u l a r l y  a c t i v e  du r ing  
ontogeny. What c e r t a i n  a u t h o r s  have r e f e r r e d  t o  a s  i n t e r n a l  s e l e c t i o n  
i s ,  f o r  t h e  most p a r t ,  such a  removal of d e f e c t i v e  zygotes  (Remane 
1983) .  

3 .  Target  of S e l e c t i o n  

For t h e  sake  of computa t ional  convenience ,  and a l s o  guided by t h e i r  
r e d u c t i o n i s t  phi losophy,  t h e  mathemat ica l  g e n e t i c i s t s  opted  f o r  t h e  
gene a s  t h e  t a r g e t  of s e l e c t i o n  o r ,  a s  it i s  sometimes mis l ead ing ly  
c a l l e d ,  t h e  u n i t  of s e l e c t i o n .  By c o n t r a s t  t h e  n a t u r a l i s t s ,  from 
Darwin on, have i n s i s t e d  t h a t  i t  i s  t h e  i n d i v i d u a l  a s  a  whole t h a t  i s  
t h e  t a r g e t  of s e l e c t i o n .  This  cho ice  would seem t o  be v a l i d  f o r  
s e v e r a l  r ea sons .  F i r s t  of a l l ,  i t  i s  t h e  i n d i v i d u a l  a s  a  whole which 
e i t h e r  s u r v i v e s  o r  does n o t ,  which e i t h e r  has  o r  does n o t  have repro-  
d u c t i v e  succes s .  Furthermore,  a g iven gene may va ry  g r e a t l y  i n  i t s  se-
l e c t i v e  v a l u e  depending on t h e  genotypic  background on which i t  i s  
p l aced .  This  view, which I have v igo rous ly  promoted f o r  a long t ime 
(Mayr 1963) i s  now a l s o  admit ted  by ph i lo sophe r s  and g e n e t i c i s t s  (Sober 
and Lewontin 1982) .  



This  ca se  i s  an i n s t r u c t i v e  i l l u s t r a t i o n  f o r  t h e  f r equen t  s i t u a t i o n  
where a n a l y s i s  should  be pursued downward on ly  t o  t h e  a p p r o p r i a t e  l e v e l  
and n o t  t o  t h e  lowest  of a l l  p o s s i b l e  l e v e l s ,  a s  some r e d u c t i o n i s t s  r ec -
ommend. Darwin c l e a r l y  thought  n o t  only  of p a r t i c u l a r  a s p e c t s  of t h e  
phenotype bu t  of t h e  organism a s  a whole, a s  i n d i c a t e d  by h i s  r e f e r -  
ence t o  " t h e  whole machinery of l i f e "  (1859, pp. 83 ,  85-86). Darwin's  
language c l e a r l y  r e f u t e s  t h e  view of some a u t h o r s  who cons ide r  a s  phe-
notype  on ly  t h a t  which i s  v i s i b l e  from t h e  o u t s i d e .  Ac tua l ly  any pro- 
duct  of t h e  t r a n s l a t i o n  of t h e  DNA b l u e p r i n t  is p a r t  of t h e  phenotype 
(Mayr 1983, pp. 48-49). This  is  one of t h e  reasons  why one cannot  
make a d i s t i n c t i o n  between i n t e r n a l  and e x t e r n a l  s e l e c t i o n .  Some re-
cen t  d i s c o v e r i e s  of molecular  b io logy  ( t r ansposons ,  molecular  d r i v e )  
have been c i t e d  a s  a s p e c i a l  kind of molecular  s e l e c t i o n  i n  c o n f l i c t  
w i th  i n d i v i d u a l  s e l e c t i o n .  I f  such p roces ses  should  have an in f luence  
on t h e  course  o f  e v o l u t i o n ,  a s  i s  p o s s i b l e ,  t h i s  a lone  would n o t  qual -
i f y  f o r  t h e  des igna t ion  s e l e c t i o n ,  f o r  t hey  simply r e p r e s e n t  b i a sed  
v a r i a t i o n .  Furthermore,  a s  soon a s  t hey  a f f e c t  t h e  p r o p e r t i e s  of an 
i n d i v i d u a l ,  they w i l l  be  s u b j e c t  t o  o r d i n a r y  n a t u r a l  s e l e c t i o n .  

The i n s i s t e n c e  t h a t  t h e  i n d i v i d u a l  a s  a  whole i s  t h e  t a r g e t  of se-
l e c t i o n ,  r a t h e r  than s e p a r a t e  genes,  would be unimportant i f  t h e  geno- 
type  were an aggrega te  of s e p a r a t e ,  independent genes.  However, t h e r e  
i s  an opposing v iewpoint  which c o n s i d e r s  t h e  genotype a s  a  we l l - i n t e -  
g r a t e d  system analogous t o  an organism w i t h  s t r u c t u r e  and organs .  
This  v iewpoint  i s  f o r c e f u l l y  p re sen ted  i n  L e r n e r ' s  (1954) Genet ic  
Homeostasis and i n  my own w r i t i n g s  (1963, 1975) .  The con t rove r sy  be- 
tween t h i s  v iewpoint  and t h e  r e d u c t i o n i s t  one,  bo th  wi th in  t h e  Darwin- 
i an  framework, has  n o t  y e t  been r e so lved .  There i s ,  however, a g r e a t  
deal  of r e c e n t  evidence t h a t  t h e  system of i n t e r a c t i o n s  among compo- 
n e n t s  of t h e  genotype i s  f a r  more complex than conceived of in c l a s s i -
c a l  popu la t ion  g e n e t i c s .  The system n a t u r e  of t h e  genotype i s  s t rong-  
l y  co r robora t ed  by t h e  r e c e n t  r ecogn i t i on  of t h e  g r e a t  f u n c t i o n a l  d i -  
v e r s i t y  of k inds  of DNA. Much of t h e  r e c e n t  c r i t i c i s m  of "neo-Darwin-
ism" i s  d i r e c t e d  a g a i n s t  t h e  s t r i c t l y  r e d u c t i o n i s t  concept ion  of t h e  
genotype.  These c r i t i c s  do n o t  mention t h a t  o t h e r  r e p r e s e n t a t i v e s  of  
t h e  s y n t h e t i c  t heo ry ,  l i k e  Waddington, Rensch, Mayr, Le rne r ,  and mem-
b e r s  of ~ o b z h a n s k ~ ' s  t o  a f a rschoo l  have f o r  many decades adhered 
more h o l i s t i c  concept  of t h e  genotype.  

Accepting t h e  i n d i v i d u a l  a s  a  whole,  r a t h e r  than t h e  gene,  a s  t h e  
t a r g e t  of s e l e c t i o n  l a r g e l y  r e s o l v e s  t h e  problem o f  so -ca l l ed  n e u t r a l  
evo lu t ion .  When t h e  enormous e x t e n t  of t h e  v a r i a b i l i t y  of enzyme 
genes  was d iscovered i n  t h e  1960s. Kimura and o t h e r  a u t h o r s  advanced a 
n e u t r a l  o r  'non-Darwinian' t heo ry  of evo lu t ion .  According t o  t h i s  
t heo ry ,  most of t h e  v a r i a t i o n  of t h e  DNA w i th in  and between s p e c i e s  i s  
due t o  t h e  random f i x a t i o n  of n e a r l y  n e u t r a l  a l l e l e s  by g e n e t i c  d r i f t .  
Kimura (1983) s t i l l  upholds t h i s  t heo ry ,  bu t  a more moderate v e r s i o n  of 
t h e  t heo ry  i s  now g e n e r a l l y  adopted .  It seems t o  be  t r u e  t h a t  some ge- 
n e t i c  v a r i a t i o n  i s  indeed "neu t r a l "  but  a g r e a t  d e a l  of r e s e a r c h ,  some 
of i t  summarized by Ayala (1974),  has  shown t h a t  a s e l e c t i v e  
v a l u e  of much of t h e  supposedly n e u t r a l  v a r i a t i o n  can be  demon- 
s t r a t e d  when t h e  proper  t e s t s  a r e  made. What i s  p a r t i c u l a r l y  mislead- 
i ng  i s  t h e  c la im t h a t  n e u t r a l  v a r i a t i o n  i s  "non-Darwinian". Such v a r i -  
a t i o n  r e l a t e s  t o  t h e  f i r s t  s t e p  in n a t u r a l  s e l e c t i o n ,  and wi th  t h e  in- 
d i v i d u a l  a s  a whole t h e  t a r g e t  of s e l e c t i o n ,  i t  i s  n o t  s u r p r i s i n g  t h a t  
numerous n e a r l y  n e u t r a l  and some even mi ld ly  d e l e t e r i o u s  genes  a r e  car -



r i e d  a long a s  "h i t chh ike r s "  of f avo red  genotypes .  The c l a im  by Ho and 
Saunders (1984, p .  4 )  " t h a t  t h e  m a j o r i t y  of g e n e t i c  v a r i a t i o n s  a r e  of 
no p h y s i o l o g i c a l  o r  phenotypic  consequence" i s  n o t  a t  a l l  s u b s t a n t i a t -  
ed i n  s p i t e  of Kimura's s i m i l a r  c l a ims  ( s e e  G i l l e s p i e  1984, p ,  7 3 2 ) .  

I s h a l l  n o t ,  f o r  l a c k  of t ime,  d i s c u s s  t h e  ques t ion  whether  o r  n o t  
group s e l e c t i o n  and s p e c i e s  s e l e c t i o n  e x i s t ,  except  f o r  s ay ing  t h a t  
t h e  p o s s i b l e  e x i s t e n c e  of such p roces ses  would n o t  be i n  c o n f l i c t  w i th  
t h e  Darwinian theo ry  of n a t u r a l  s e l e c t i o n .  

Nor does t ime pe rmi t  me t o  d i s c u s s  a s p e c t s  o f  macroevolut ion ,  i n  
p a r t i c u l a r  t h e  r e l a t i o n  between micro- and macroevolut ion .  There has  
been much c l a r i f i c a t i o n  in  r e c e n t  decades -- a l s o  much con t rove r sy ,  a s  
must be admi t t ed ,  bu t  none of t h e  new i n s i g h t s  i s  i n  c o n f l i c t  w i th  t h e  
Darwinian theory .  

4. Summary 

I can b e s t  summarize my comments on t h e  ques t ion :  "What i s  Darwinism 
today?" by answering t h r e e  q u e s t i o n s :  

(A)  First: Have t h e  d i s c o v e r i e s  of t h e  l a s t  50 y e a r s ,  and p a r t i c u -  
l a r l y  t hose  of t h e  l a s t  15  y e a r s .  r e f u t e d  Darwinism o r  a t  l e a s t  some 
major t h e s i s  of i t ?  

Xy own answer t o  t h i s  ques t ion  is a resounding "No!'' a s  i s  t h e  inev- 
i t a b l e  conclus ion emerging from t h e  preceding a n a l y s i s  of t h e  major 
c u r r e n t  c o n t r o v e r s i e s  i n  evo lu t iona ry  b io logy .  

(B)  The second ques t ion  &: I n  what r e s p e c t s  does t h e  modem the-
o ry  of Darwinism d i f f e r  from Darwin's  own v e r s i o n ?  Here we can provide  
a s u b s t a n t i a l  l i s t  of d i f f e r e n c e s .  

(1 )  We make a f a r  c l e a r e r  d i s t i n c t i o n  between t h e  f i r s t  s t e p  of 
s e l e c t i o n ,  t h e  product ion  of g e n e t i c  v a r i a t i o n ,  and t h e  second s t e p ,  
t h e  a c t u a l  s e l e c t i o n .  

( 2 )  Darwin had no knowledge of t h e  o r i g i n  and t h e  n a t u r e  of g e n e t i c  
v a r i a t i o n .  Indeed,  he even accepted  a c e r t a i n  amount of i n h e r i t a n c e  of 
acqu i r ed  c h a r a c t e r s .  We now b e n e f i t  from 85 y e a r s  of g e n e t i c  r e sea rch ,  
and p a r t i c u l a r l y  from t h e  i n s i g h t  t h a t  p r o t e i n s  cannot  convey informa-
t i o n  back t o  t h e  n u c l e i c  a c i d s .  

( 3 )  We now have a  much b e t t e r  a p p r e c i a t i o n  of t h e  g r e a t  r o l e  of 
chance i n  evo lu t ion ,  p a r t i c u l a r l y  i n  t h e  product ion  of g e n e t i c  v a r i a -  
b i l i t y .  

( 4 )  We now have a much b e t t e r  unders tanding of t h e  p o p u l a t i o n a l  
n a t u r e  of e v o l u t i o n a r y  change, which,  i n  t u r n ,  e x p l a i n s  why evo lu t ion  
by n e c e s s i t y  must be g radua l  i n  s p i t e  of t h e  d i scon t inuous  n a t u r e  of 
t he  g e n e t i c  m a t e r i a l  and sometimes even o f  phenotypes.  

(5)  We have a  much b e t t e r  unde r s t and ing  of t h e  p roces s  of spec i a -
t i o n ,  and b e l i e v e  t h a t  a l l o p a t r i c  s p e c i a t i o n  i s  t h e  p r e v a i l i n g  p roces s ,  
p a r t i c u l a r l y  i n  p e r i p h e r a l l y  i s o l a t e d  founder  popu la t ions .  



( 6 )  We unders tand even b e t t e r  than Darwin t h a t  t h e r e  i s  g r e a t  var-  
i a t i o n  in t h e  r a t e  of e v o l u t i o n ,  and, i n  p a r t i c u l a r  t h a t  many s p e c i e s ,  
perhaps  even t h e  m a j o r i t y  of them, exper ience  long pe r iods  of s t a s i s .  

( C )  My t h i r d  and f i n a l  ques t ion  i s :  Where a r e  s t i l l  t h e  g r e a t e s t  
gaps i n  ou r  unders tanding of evo lu t ion?  

There i s  no doubt i n  my mind t h a t  i t  i s  our  ve ry  incomplete  under- 
s t a n d i n g  of t h e  molecular  s t r u c t u r e  of t h e  genotype and i t s  func t ion -  
i n g  dur ing development. 

The e x p l o r a t i o n  of t h e  s t r u c t u r e  of t h e  genotype w i l l  be t h e  g r e a t  
f r o n t i e r  of evo lu t iona ry  b io logy i n  t h e  coming decades.  
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