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P R E F A C E .

T h is  b o o k  is  w r it te n  fo r  th e  sa k e  o f  p re s e n tin g  
s im p ly  a n d  c o n c ise ly  to  s tu d e n ts  o f  b io lo g y  a n d  to  g e n e ra l 
re a d e rs  th e  p re s e n t-d a y  s ta n d in g  o f  D a rw in is m  in  
b io lo g ic a l sc ie n c e , a n d  to  o u tlin e  fo r  th e m  th e  v a r io u s  
a u x ilia ry  a n d  a lte rn a tiv e  th e o r ie s  o f  sp e c ie s - fo rm in g  
w h ic h  h a v e  b e e n  p ro p o s e d  to  a id  o r  to  r e p la c e  th e  
se le c tio n  th e o rie s .

O u r  a c tu a l k n o w le d g e  o f  th e  fa c to rs  an d  
m e c h a n is m  o f  o rg a n ic  e v o lu tio n  a n d  o u r  h y p o th e s e s  a n d  
th e o r ie s  w h ic h  se rv e  to  fill in  th e  p re s e n t g a p s  in  th is  
k n o w le d g e  h a v e  b e e n  g re a tly  a d d e d  to  a n d  m o d if ie d  in  th e  
la s t  fe w  y e a rs . M u c h  th a t  th e  g e n e ra l re a d e r  in c lu d e s  in  h is  
c o n c e p tio n  o f  o rg a n ic  e v o lu tio n , b a s e d  o n  h is  re a d in g  o f  
D a rw in  a n d  W a lla c e  a n d  S p e n c e r, h a s  b e e n  m a te r ia lly  
m o d if ie d  a n d  so m e  o f  i t  p ro v e d  u n te n a b le  b y  m o d e rn  
in v e s t ig a tio n ;  w h ile  m u c h  w h ic h  h a d  n o  p la c e  in  th is  
e a r lie r  g e n e ra l u n d e rs ta n d in g  o f  e v o lu tio n a ry  m e th o d  an d  
p ro c e s s  m a y  n o w  b e  c o n f id e n tly  a d d e d  to  it. T h e  p re s e n t 
t im e  is  o n e  o f  u n p re c e d e n te d  a c tiv ity  a n d  fe r ti l i ty  b o th  in  
th e  d is c o v e ry  o f  fa c ts  a n d  in  a tte m p ts  to  p e rc e iv e  th e ir  
s ig n if ic a n c e  in  r e la tio n  to  th e  g re a t  p ro b le m s  o f  
b io n o m ic s . B o th  d e s tru c tiv e  c r it ic ism  o f  o ld , a n d  sy n th e s is  
o f  n e w  h y p o th e se s  a n d  th e o r ie s , a re  b e in g  so  e n e rg e tic a lly  
c a rr ie d  fo rw a rd  th a t  th e  s c ie n tif ic  la y m a n  an d  e d u c a te d  
re a d e r , i f  h e  s ta n d  b u t  e v e r  so  l i t t le  o u ts id e  o f  th e  ac tu a l 
w o rk in g  ra n k s  o f  b io lo g y , is  l ik e ly  to  lo s e  h is  o r ie n ta tio n  
as  to  th e  tre n d  o f  e v o lu tio n a ry  a d v a n c e . P re c is e ly  a t th e  
p re s e n t m o m e n t is  th is  m o d if ic a tio n  o f  th e  g e n e ra l p o in t  o f  
v ie w  a n d  a tti tu d e  o f  p h ilo so p h ic a l b io lo g is ts  u n u s u a lly  
im p o r ta n t  a n d  fa r - re a c h in g  in  its  re la tio n  to  c e r ta in  lo n g - 
h e ld  g e n e ra l c o n c e p tio n s  o f  b io lo g y  a n d  e v o lu tio n . T h is  
m o d if ic a tio n  o f  th e  g e n e ra l t re n d  o f  e v o lu tio n a ry  th o u g h t
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m u s t a lso  n e c e s sa r ily  s tro n g ly  a f fe c t o u r  c o n c e p tio n s  o f  
th e  u n d e r ly in g  p r in c ip le s  o f  su c h  c o rre la te d  s c ie n c e s  as  
so c io lo g y , p e d a g o g y , e tc . I t is , th e n , a s  a  m e a n s  o f  
o r ie n ta tio n  in  e v o lu tio n a ry  m a tte rs  fo r  th e  g e n e ra l re a d e r  
a n d  fo r  th e  u n s p e c ia l is e d  b u t  in te re s te d  s tu d e n t o f  sc ie n c e  
th a t  th is  b o o k  is p re p a re d .

T h a t i t  m a y  n o t  b e  w ith o u t  so m e  sp e c ia l u s e fu ln e s s  
to  m o re  a d v a n c e d  s tu d e n ts  a n d  b io lo g ic a l w o rk e rs  th e re  
a re  ad d e d , in  a p p e n d ic e s  to  th e  c h a p te rs , sp ec ia l n o te s  
( re fe r re d  to  in  th e  te x t  b y  sm a ll s u p e r-n u m b e rs )  in  w h ic h  
a re  g iv e n  n u m e ro u s  e x a c t re fe re n c e s  to  g e n e ra l o r  sp ec ia l 
b o o k s  o r  p a p e rs , a n d  a c c o u n ts , in  m o re  o r  le s s  d e ta il, o f  
p a r t ic u la r  o b se rv a tio n s , e x p e r im e n ts , o r  th e o re tic a l 
d is c u ss io n s , as w e ll as re fe re n c e s  to  e x te n d e d  
b ib l io g ra p h ic  l is ts  o f  th e  su b je c ts  u n d e r  tre a tm e n t. T h e se  
n o te s  w ill e n a b le  s tu d e n ts , o r  o th e rs  in te re s te d , to  lo o k  u p  
th e  o rig in a l so u rc e s  o f  o u r  k n o w le d g e  o f  th e  su b je c ts  o f  
th e  v a r io u s  c h a p te rs , a n d  to  f in d  m o re  d e ta ile d  g e n e ra l o r  
sp e c ia l d is c u s s io n s  o f  th e m  th a n  c a n  b e  g iv e n  in  th is  b o o k . 
T h e se  n o te s  a lso  e n a b le  th e  a u th o r  to  in tro d u c e  in to  th e  
b o o k  so m e  d e ta ils  o f  h is  o w n  o b se rv a tio n s  a n d  
e x p e r im e n ts  to u c h in g  v a r io u s  e v o lu tio n a ry  su b jec ts .
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CHAPTER I. 
INTRODUCTORY: THE "DEATH-BED OF 

DARWINISM.”

"VOM STERBELAGER DES DARW INISMUS!" T h is  is  
th e  t i t le  o f  a  r e c e n t p a m p h le t  ly in g  b e fo re  m e. B u t e v e r  
s in c e  th e re  h a s  b e e n  D a rw in ism  th e re  h a v e  b e e n  
o c c a s io n a l d e a th b e d s  o f  D a rw in ism  o n  t i t le  p a g e s  o f  
p a m p h le ts , a d d re sse s , a n d  se rm o n s . M u c h  m o re  w o r th  
c o n s id e ra tio n  th a n  a n y  c le r ic a l p a m p h le ts  o r  d is se r ta tio n s , 
u n d e r  th is  title , b y  frisch-gebacrenen G e rm a n  d o c to rs  o f  
p h ilo s o p h y  —  th e  t i t le  a lo n e  p ro v in g  p re ju d ic e  o r  la c k  o f  
ju d g m e n t  o r  o f  k n o w le d g e  —  a re  th e  n u m e ro u s  b o o k s  an d  
p a p e rs  w h ic h , w ith  le s s  s e n sa tio n a l h e a d lin e s  b u t  in f in ite ly  
m o re  im p o r ta n t  c o n te n ts , a re  a p p e a r in g  n o w  in  su ch  
n u m b e rs  a n d  f ro m  su c h  a  v a r ie ty  o f  re p u ta b le  so u rc e s  a s  to  
re v e a l th e  e x is te n c e  a m o n g  b io lo g is ts  a n d  p h ilo s o p h e rs  o f  
a  w id e s p re a d  b e l ie f  in  th e  m a rk e d  w e a k e n in g , a t le a s t, i f  
n o t  se r io u s  in d isp o s itio n , o f  D a rw in ism . A  fe w  o f  th e s e  
b o o k s  a n d  p a p e rs  f ro m  sc ie n tif ic  so u rc e s  e v e n  su g g e s t th a t  
th e ir  w r ite rs  see  sh a d o w s  o f  a  d e a th -b e d .

T h e  p re s e n t e x tra o rd in a ry  a c tiv ity  in  b io lo g y  is  
tw o -p h a s e d  ;  th e re  is  g o in g  on  a  m o s t  c a re fu l r e ­
e x a m in a tio n  o r  sc ru tin y  o f  th e  th e o r ie s  c o n n e c te d  w ith  
o rg a n ic  e v o lu tio n ,re s u ltin g  in  m u c h  d e s tru c tiv e  c r itic ism  
o f  c e r ta in  lo n g -c h e r is h e d  a n d  w id e ly  h e ld  b e lie fs , a n d  a t 
th e  sa m e  tim e  th e re  a re  b e in g  d e v e lo p e d  a n d  a lm o s t 
f e v e r is h ly  d r iv e n  fo rw a rd  c e r ta in  fa s c in a tin g  an d  
fu n d a m e n ta lly  im p o r ta n t  n e w  lin e s , e m p lo y in g  n e w  
m e th o d s ,o f  b io lo g ic a l in v e s tig a tio n . C o n sp ic u o u s  a m o n g  
th e s e  n e w  k in d s  o f  w o rk  a re  th e  s ta tis tic a l o r  q u a n tita tiv e  
s tu d y  o f  v a r ia t io n s  a n d  th a t  m o s t  a llu r in g  w o rk  v a r io u s ly  
c a lle d  d e v e lo p m e n ta l m e c h a n ic s , e x p e rim e n ta l 
m o rp h o lo g y , e x p e r im e n ta l p h y s io lo g y  o f  d e v e lo p m e n t, or,
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m o s t su ita b ly  o f  a ll b e c a u s e  m o s t c o m p re h e n s iv e ly , 
e x p e r im e n ta l b io lo g y . T h is  w o rk  in c lu d e s  th e  c o n tro lle d  
m o d if ic a tio n  o f  c o n d itio n s  a tte n d in g  d e v e lo p m e n t a n d  
b e h a v io u r , a n d  th e  p e d ig re e d  b re e d in g  o f  p u re  a n d  h y b r id  
g e n e ra tio n s . N o w  th is  c o m b in a tio n  o f  d e s tru c tiv e  c ritic a l 
a c tiv ity  a n d  a c tiv e  c o n s tru c tiv e  e x p e r im e n ta l in v e s tig a tio n  
h a s  p la in ly  re su lte d , o r  is  re su ltin g , in  th e  d is tin c t 
w e a k e n in g  o r  m o d ify in g  o f  c e r ta in  f a m ilia r  a n d  lo n g -  
e n tre n c h e d  th e o r ie s  c o n c e rn in g  th e  c a u sa tiv e  fa c to rs  an d  
th e  m e c h a n is m  o f  o rg a n ic  e v o lu tio n . M o s t  c o n sp ic u o u s  
a m o n g  th e s e  th e o r ie s  n o w  in  th e  w h ite  l ig h t o f  s c ie n tif ic  
s c ru tin y  a re  th o s e  e s ta b lish e d  b y  D arw in , a n d  k n o w n , 
c o lle c tiv e ly , to  b io lo g is ts ,  as  D a rw in ism .

T o  to o  m a n y  g e n e ra l re a d e rs  D a rw in ism  is  
s y n o n y m o u s  w ith  o rg a n ic  e v o lu tio n  o r  th e  th e o ry  o f  
d e sc e n t. T h e  w o rd  is  n o t  to  b e  so  u s e d  o r  c o n s id e re d . 
D a rw in ism , p r im a r ily , is  a  m o s t  in g e n io u s , m o s t 
p la u s ib le ,a n d , a c c o rd in g  to  o n e 's  b e l ie f ,m o s t  e ffe c tiv e  o r  
m o s t in a d e q u a te , c a u so -m e c h a n ic a l e x p la n a tio n  o f  
a d a p ta tio n  a n d  s p e c ie s - tra n s fo rm in g . I t  is  th a t  fa c to r  
w h ic h , e v e r  s in c e  its  p ro p o sa l b y  D a rw in  in  1859 , h a s  
b e e n  h e ld  b y  a  m a jo r ity  o f  b io lo g is ts  to  b e  th e  c h ie f  
w o rk in g  a g e n t in  th e  d e sc e n t, th a t  is , th e  o rig in , o f  sp ec ies . 
H o w e v e r  w o r th y  D a rw in  is  o f  h a v in g  h is  n a m e  a p p lie d  
d ire c tly  to  th e  g re a t  th e o ry  o f  d e s c e n t —  fo r  i t  w a s  o n ly  b y  
D a rw in 's  a id  th a t  th is  th e o ry , c o n c e iv e d  a n d  m o re  o r  le ss  
c le a r ly  a n n o u n c e d  b y  n u m e ro u s  p re -D a rw in ia n  n a tu ra lis ts  
a n d  p h ilo so p h e rs , c a m e  to  g e n e ra l a n d  n e a r ly  im m e d ia te  
a c c e p ta n c e  —  th e  fa c t  is  th a t  th e  n a m e  D a rw in ism  h a s  
b e e n  p re tty  c o n s is te n tly  a p p lie d  b y  b io lo g is ts  o n ly  to  th o s e  
th e o r ie s  p ra c tic a lly  o rig in a l w ith  D a rw in  w h ic h  o f fe r  a 
m e c h a n ic a l e x p la n a tio n  o f  th e  a c c e p te d  fa c t  o f  d e scen t. O f  
th e s e  D a rw in ia n  th e o r ie s  th e  p r im a ry  a n d  a l l- im p o r ta n t 
o n e  is  th a t  o f  n a tu ra l se le c tio n . In c lu d e d  w ith  th is  in  
D a rw in ism  a re  th e  n o w  n e a r ly  w h o lly  d is c re d ite d  th e o r ie s  
o f  se x u a l s e le c tio n  a n d  o f  th e  p a n g e n e s is  o f  g e m -m u le s . I t
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m a y  a lso  b e  fa ir ly  sa id  th a t  th e  th e o ry  o f  th e  d e s c e n t o f  
m a n  f ro m  th e  lo w e r  a n im a ls  sh o u ld  b e  in c lu d e d  in  
D a rw in ism . F o r  D a rw in  w a s  p ra c tic a lly  th e  f irs t  n a tu ra lis t  
b o ld  e n o u g h  to  a d m it th e  lo g ic a l a n d  o b v io u s  
c o n se q u e n c e s  o f  th e  g e n e ra l a c c e p ta n c e  o f  th e  th e o ry  o f  
d e sc e n t, a n d  to  in c lu d e  m a n  in  th e  g e n e ra l c h a in  o f  
d e sc e n d in g , o r  a sc e n d in g , o rg a n ism s . So th a t  th e  p o p u la r  
n o tio n  th a t  D a rw in ism  is  in  so m e  w a y  th e  r ig h t w o rd  to  
a p p ly  to  th e  d o c tr in e  th a t  m a n  h a s  c o m e  f ro m  th e  m o n k e y s  
is  ra th e r  n e a re r  r ig h t th a n  w ro n g . B u t b io lo g is ts  d o  n o t 
re c o g n is e  th e  d e s c e n t o f  m a n  is  a  sp e c ia l p h a se  o f  
D a rw in ism , b u t  ra th e r  o f  th e  w h o le  th e o ry  o f  d e sc e n t, o r  
o rg a n ic  e v o lu tio n .

D a rw in ism , th e n , is  n o t  s y n o n y m o u s  w ith  o rg a n ic  
e v o lu tio n , n o r  w ith  th e  th e o ry  o f  d e s c e n t (w h ic h  tw o  
p h a se s  a re  u s e d  b y  th e  b io lo g is t  p ra c tic a lly  
sy n o n y m o u s ly ) .

T h e re fo re  w h e n  o n e  re a d s  o f  th e  "d e a th -b e d  o f  
D a rw in ism ,"  i t  is  n o t  o f  th e  d e a th -b e d  o f  o rg a n ic  e v o lu tio n  
o r  o f  th e  th e o ry  o f  d e s c e n t th a t  o n e  is  re a d in g . W h ile  m a n y  
re p u ta b le  b io lo g is ts  to -d a y  s tro n g ly  d o u b t th e  c o m m o n ly  
re p u te d  e f fe c tiv e n e s s  o f  th e  D a rw in ia n  se le c tio n  fa c to rs  to  
e x p la in  d e s c e n t —  so m e , in d e e d , h o ld in g  th e m  to  b e  o f  
a b so lu te ly  n o  s p e c ie s - fo rm in g  v a lu e  —  p ra c tic a lly  n o  
n a tu ra lis ts  o f  p o s itio n  a n d  re c o g n is e d  a t ta in m e n t d o u b t th e  
th e o ry  o f  d e s c e n t.O rg a n ic  e v o lu tio n , th a t  is , th e  d e s c e n t o f  
sp e c ie s , is  lo o k e d  o n  b y  b io lo g is ts  to  b e  as p ro v e d  a  p a r t  
o f  th e ir  s c ie n c e  as  g ra v ita tio n  is  in  th e  sc ie n c e  o f  p h y s ic s  
o r  c h e m ic a l a f f in ity  in  th a t  o f  c h e m is try . D o u b ts  o f  
D a rw in ism  a re  n o t, th e n , d o u b ts , o f  o rg a n ic  e v o lu tio n . 
D a rw in is m  m ig h t in d e e d  b e  o n  its  d e a th -b e d  w ith o u t  
sh a k in g  in  a n y  c o n s id e ra b le  d e g re e  th e  c o n f id e n c e  o f  
b io lo g is ts  a n d  n a tu ra l p h ilo s o p h e rs  in  th e  th e o ry  o f  
d e scen t.

B u t th e  e d u c a te d  re a d e r , th e  s c ie n tif ic  la y m a n , th e  
th in k e r  a n d  w o rk e r  in  an y  lin e  o f  so c io lo g ic , p h ilo so p h ic ,
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o r  e v e n  th e o lo g ic  a c tiv ity  is  b o u n d  to  b e  d is tu rb e d  a n d  
u n s e ttle d  b y  ru m o u rs  f ro m  th e  c a m p  o f  p ro fe s s io n a l 
b io lo g is ts  o f  a n y  w e a k n e s s  o r  m o rta l i l ln e s s  o f  D a rw in ism .

W e  h a v e  o n ly  ju s t  g o t o u rse lv e s  a n d  o u r  
c o n c e p tio n s  o f  n a tu re ,o f  so c io lo g y  a n d  p h ilo so p h y , w e ll 
o r ie n te d  a n d  a d ju s te d  w ith  re g a rd  to  D a rw in ism . A n d  fo r  
re le n tle s s  h a n d s  n o w  to  c o m e  a n d  c lu tc h  a w a y  o u r  
fo u n d a tio n s  is  s im p ly  in to le ra b le .

Zum Teufel w ith  th e s e  G e rm a n  p ro fe sso rs !  F o r  it  is  
p re c is e ly  th e  G e rm a n  b io lo g is ts  w h o  a re  m o s t  a c tiv e  in  
th is  u n d e rm in in g  o f  th e  D a rw in ia n  th e o rie s .
B u t th e re  a re  o th e rs  w ith  th e m ; H o lla n d , R u ss ia , I ta ly , 
F ra n c e , a n d  o u r  o w n  c o u n try  a ll c o n tr ib u te  th e ir  q u o ta  o f  
d is tu rb in g  q u e s tio n s  a n d  d e c la ra tio n s  o f  p ro te s t  a n d  rev o lt. 
T h e  E n g lis h  se e m  m o s tly  in c lin e d  to  u p h o ld  th e  g lo ry  o f  
th e ir  i l lu s tr io u s  c o u n try m a n . B u t  th e re  a re  re b e ls  ev e n  
th e re . A lto g e th e r  i t  m a y  b e  s ta te d  w ith  fu ll re g a rd  to  fa c ts  
th a t  a  m a jo r  p a r t  o f  th e  c u r re n t p u b lis h e d  o u tp u t o f  g e n e ra l 
b io lo g ic a l d is c u ss io n s , th e o re tic a l tre a tise s , a d d re sse s , a n d  
b ro c h u re s  d e a lin g  w ith  th e  g re a t e v o lu tio n a ry  p ro b le m s , is  
d is tin c tly  a n ti-D a rw in ia n  in  c h a ra c te r . T h is  m a jo r  p a r t  o f  
th e  p u b lic  d is c u s s io n  o f  th e  s ta tu s  o f  e v o lu tio n  a n d  its  
c a u se s , its  fa c to rs  a n d  m e c h a n ism , b y  w o rk in g  b io lo g is ts  
a n d  th in k in g  n a tu ra l p h ilo so p h e rs , r e v e a ls  a  la c k  o f  b e l ie f  
in  th e  e f fe c tiv e n e s s  o r  c a p a c ity  o f  th e  n a tu ra l s e le c tio n  
th e o ry  to  se rv e  as a  su ff ic ie n t c a u so -m e c h a n ic a l 
e x p la n a tio n  o f  sp e c ie s - fo rm in g  a n d  e v o lu tio n . N o r  is  th is  
p re p o n d e ra n c e  o f  a n ti-D a rw in ia n  e x p re s s io n  in  c u rre n t 
b io lo g ic a l l i te ra tu re  to  b e  w h o lly  o r  e v e n  c h ie f ly  a ttr ib u te d  
to  a  d ig n if ie d  s ile n c e  o n  th e  p a r t  o f  th e  b e lie v e rs  in  
se le c tio n . A n s w e rs  a n d  d e fe n c e s  h a v e  a p p e a re d  a n d  a re  
a p p e a rin g . B u t in  p ra c tic a lly  a ll th e s e  d e fe n c e s  tw o  
c h a ra c te r is tic s  a re  to  b e  n o te d , n a m e ly , a  te n d e n c y  to  
p ro p o se  su p p o r tin g  h y p o th e s e s  o r  th e o r ie s , a n d  a  te n d e n c y  
to  m a k e  c e r ta in d is tin c t c o n c e s s io n s  to  th e  b e le a g u e r in g  
p a rty . T h e  fa ir  t ru th  is  th a t  th e  D a rw in ia n  se le c tio n
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th e o r ie s , c o n s id e re d  w ith  re g a rd  to  th e ir  c la im e d  c a p a c ity  
to  b e  an  in d e p e n d e n tly  su ff ic ie n t m e c h a n ic a l e x p la n a tio n  
o f  d e sc e n t, s ta n d  to -d a y  s e r io u s ly  d is c re d ite d  in  th e  
b io lo g ic a l w o rld . O n  th e  o th e r  h a n d , i t  is  a lso  fa ir  t ru th  to  
say  th a t  n o  re p la c in g  h y p o th e s is  o r  th e o ry  o f  sp e c ie s -  
fo rm in g  h a s  b e e n  o ffe re d  b y  th e  o p p o n e n ts  o f  se le c tio n  
w h ic h  h a s  m e t w ith  a n y  g e n e ra l o r  e v e n  c o n s id e ra b le  
a c c e p ta n c e  b y  n a tu ra lis ts . M u ta tio n s  seem  to  b e  to o  fe w  
a n d  fa r  b e tw e e n ;  fo r  o r th o g e n e s is  w e  c a n  d isc o v e r  n o  
sa tis fa c to ry  m e c h a n is m ; a n d  th e  sa m e  is  t ru e  fo r  th e  
L a m a rc k ia n  th e o r ie s  o f  m o d if ic a tio n  b y  th e  c u m u la tio n ,. 
th ro u g h  in h e r ita n c e , o f  a c q u ire d  o r  o n to g e n ic  c h a ra c te rs . 
Kurz und gut, w e  a re  im m e n s e ly  u n se ttle d .

N o w  b u t  l i t t le  o f  th is  p h ilo s o p h ic  tu rm o il  an d  
w o rd y  s tr ife  h a s  fo u n d  its  w a y  as y e t  in to  c u rre n t 
A m e ric a n  lite ra tu re . O u r  b o o k s h o p  w in d o w s  o ffe r  n o  
d isp la y , as  in  G e rm a n y , o f  v o lu m e s  a n d  p a m p h le ts  o n  th e  
n e w e r  e v o lu tio n a ry  s tu d y ; o u r  s e r io u s -m in d e d  q u a r te r lie s , 
i f  w e  h a v e  an y , a n d  o u r  c ritic a l m o n th lie s  a n d  w e e k lie s  
c o n ta in  n o  d e b a te s  o r  d is c u s s io n s  o v e r  "das Sterbelager 
des Darwinismus." O u r  p o p u la r  m a g a z in e s  k e e p  to  th e  
sa fe  a n d  p le a s a n t  ta s k  o f  te l l in g  sw e e tly  o f  th e  jo y s  o f  
m a k in g  N a tu re 's  a c q u a in ta n c e  th ro u g h  f ie ld -g la s s e s  an d  
th e  a ttu n e d  ear. B u t  ju s t  as c e r ta in ly  as th e  m a n y  m a te r ia l 
th in g s  "m a d e  in  G e rm a n y "  h a v e  fo u n d  th e ir  w a y  to  u s  so 
w ill c o m e  so o n  th e  e c h o e s  a n d  p h ra s e s  o f  th e  p re se n t 
in te lle c tu a l a c tiv ity  in  e v o lu tio n a ry  a ffa irs , an  a c tiv ity  
b o u n d  to  c o n tin u e  as lo n g  as  th e  n e w  lin e s  o f  b io lo g ic a l 
in v e s tig a tio n  c o n tin u e  th e ir  a m a z in g  o u tp u t o f  n e w  fa c ts  to  
se rv e  as th e  b a s e s  fo r  n e w  c ritic a l a tta c k s  o n  th e  o ld  
n o tio n s  a n d  fo r  th e  u p b u ild in g  o f  n e w  h y p o th e se s . I f  n o w  
th e  f ir s t  o f  th e s e  e c h o e s  to  c o m e  a c ro s s  th e  w a te r  to  u s  
p ro v e  to  b e , as  w h o lly  lik e ly , th o s e  f ro m  th e  m o re  v io le n t  
a n d  lo u d e r  d e b a te rs , th e y  m a y  le a d  to  an  u n d u e  d ism a y  
a n d  p a n ic  o n  o u r  p a rt. T h in g s  a re  re a lly  in  n o  su ch  
d e sp e ra te  w a y  w ith  D a rw in ism  as th e  p o le m ic  v ig o u r  o f
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th e  G e rm a n  a n d  F re n c h  a n ti-D a rw in ia n s  le a d s  th e m  to  
su g g es t. S ay s  o n e  o f  th e m : "D a rw in ism  n o w  b e lo n g s  to  
h is to ry , lik e  th a t  o th e r  c u r io s ity  o f  o u r  c e n tu ry , th e  
H e g e lia n  p h ilo s o p h y ; b o th  a re  v a r ia t io n s  o n  th e  th e m e : 
h o w  o n e  m a n a g e s  to  le a d  a  w h o le  g e n e ra tio n  b y  th e  n o se ."  
T h e  sa m e  w r i te r  a lso  sp e a k s  o f  " th e  so f te n in g  o f  th e  b ra in  
o f  th e  D a rw in ia n s ."  A n o th e r  o n e , in  s im ila r ly  r e le g a tin g  
D a rw in ism  to  th e  p as t, ta k e s  m u c h  p le a su re  in  e x p la in in g  
th a t  "w e [a n ti-D a rw in ia n s ]  a re  n o w  s ta n d in g  b y  th e  d e a th ­
b e d  o f  D a rw in ism , a n d  m a k in g  re a d y  to  se n d  th e  f r ie n d s  
o f  th e  p a tie n t  a  l i ttle  m o n e y  to  in su re  a  d e c e n t b u ria l o f  th e  
re m a in s ."  N o  le s s  in te m p e ra te  a n d  in d e c e n t is  W o lf f s  
re fe re n c e  to  th e  "e p iso d e  o f  D a rw in ism "  a n d  h is  
su g g e s tio n  th a t  o u r  a ttitu d e  to w a rd  D a rw in  sh o u ld  b e  "as 
i f  h e  h a d  n e v e r  e x is te d ."  S u ch  a b su rd ity  o f  e x p re s s io n  
m ig h t p a s s  u n n o tic e d  in  th e  m o u th  o f  a  v io le n t  n o n -  
sc ie n tif ic  d e b a te r  —  le t u s  say  an  in d ig n a n t th e o lo g ia n  o f  
D a rw in 's  o w n  d a y s  —  b u t  in  th e  m o u th  o f  a  b io lo g is t  o f  
re c o g n is e d  a c h ie v e m e n t, o f  th o ro u g h  sc ie n tif ic  tra in in g  
a n d  u n u s u a lly  k e e n  m in d  —  fo r  th is  e x p re s s io n  c a m e  fro m  
ju s t  su ch  a  m a n — it  c a n  o n ly  b e  re fe r re d  to  as  a  d e p lo ra b le  
e x a m p le  o f  th o s e  th in g s  th a t  m a k e  th e  ju d ic io u s  to  g riev e . 
S u ch  v io le n c e  b lu n ts  o r  b re a k s  o n e 's  o w n  w e a p o n s .

W h ile  I  h a v e  sa id  th a t  th e  c o m in g  a c ro ss  th e  w a te r  
o f  th e  m o re  v ig o ro u s  a n ti-D a rw in ia n  u tte ra n c e s  m ig h t 
c a u se  so m e  d ism a y  a n d  p a n ic  in  th e  ra n k s  o f  th e  e d u c a te d  
re a d e r  —  re a lly  u n n e c e s s a ry  p a n ic , as I  h o p e  to  p o in t  o u t 
—  it  w ill d o u b tle s s  o c c u r  to  so m e  o f  m y  re a d e rs  to  say  
th a t  th is  fe a r  o f  p a n ic  is  u n w a rra n te d . I f  th e  f irs t  p h ra s e s  to  
c o m e  a re  as  in ju d ic io u s  a n d  in te m p e ra te , h e n c e  as 
u n c o n v in c in g , a s  th o s e  j u s t  c ited , th e  w h o le  a n ti-  
D a rw in ia n  m o v e m e n t w ill b e  d is c re d ite d  a n d  g iv e n  n o  
a tte n tio n . W h ic h , I  h a s te n  to  re p ly , w ill b e  as m u c h  o f  a 
m is ta k e  as  p a n ic  w o u ld  b e . T h e re  is  so m e th in g  v e ry  
se r io u s ly  to  b e  h e e d e d  in  th e  c h o ru s  o f  c r itic ism  an d  
p ro te s t, a n d  w h o lly  to  s to p  o n e 's  e a rs  to  th e s e  c r it ic ism s  is
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to  re fu se  e n lig h te n m e n t a n d  to  sh o w  p re ju d ic e . I  h a v e  
th o u g h t it, th e re fo re , w o r th  w h ile  to  try  to  a n tic ip a te  th e  
c o m in g  o f  f ra g m e n ta ry  a n d  d is tu rb in g  e x tra c ts  f ro m  th e  
ra p id ly  in c re a s in g  m a ss  o f  r e c e n t a n ti-D a rw in ia n  l i te ra tu re  
b y  p re s e n tin g  in  th is  b o o k  a  su m m a ry  a c c o u n t n o t  a lo n e  o f  
th e s e  m o d e rn  c r itic ism s , b u t  o f  th e  a n sw e rs  to  th e m  b y  th e  
s te a d fa s t D a rw in ia n s , a n d  o f  th e  c o n c e s s io n s  an d  
s u p p o r tin g  h y p o th e s e s  w h ic h  th e  su p p o r te rs  o f  b o th  s id es  
h a v e  b e e n  le d  to  o f fe r  d u r in g  th e  d e b a te s . I  sh a ll try  to  
g iv e  a  fa ir  s ta te m e n t o f  th e  re c e n t  a tta c k s  on , a n d  th e  
d e fe n c e  a n d  p re s e n t  s c ie n tif ic  s ta n d in g  o f, th e  f a m ilia r  
D a rw in ia n  th e o r ie s , a n d  to  g iv e  a lso  c o n c ise  e x p o s itio n s , 
w ith  so m e  c ritic a l c o m m e n t, o f  th e  m o re  im p o r ta n t  n ew , 
o r  n e w ly  re m o d e lle d  a lte rn a tiv e  a n d  a u x ilia ry  th e o r ie s  o f  
sp e c ie s - fo rm in g  a n d  d e sc e n t, su c h  as  h e te ro g e n e s is , 
o r th o g e n e s is , iso la tio n , e tc ., a n d  an  e s tim a te  o f  th e ir  
d e g re e  o f  a c c e p ta n c e  b y  n a tu ra lis ts .

A P P E N D IX .

D e n n e r t, E ., "V o m  S te rb e la g e r  d es  D a rw in ism u s ,"  
S tu ttg a rt, 1903 . A n  in te m p e ra te  a n d  u n c o n v in c in g  b u t  
in te re s tin g  b r i e f  a g a in s t th e  D a rw in ia n  fa c to rs , i. e ., th e  
se le c tio n  th e o r ie s , in  e v o lu tio n . A u th o r  fu lly  a c c e p ts  th e  
th e o ry  o f  d e sc e n t, b u t  in  n o  d e g re e  th e  D a rw in ia n  c au sa l 
e x p la n a tio n  o f  th is  d e sc e n t. "W a s  ic h  in  d ie se n  B e r ic h te n  
n a c h z u w e is e n  su ch e , is t  d ie  T a tsa c h e , d a ss  d e r 
D a rw in is m u s  n u n m e h r  b a ld  d e r  V e r-g a n g e n h e it ,  d e r  
G e sc h ic h te  a n g e h o rt, d a ss  w ir  an  se in e m  S te rb e la g e r  
s te h e n  u n d  d a ss  a u c h  se in e  F re u n d e  s ich  e b e n  a n sc h ic k e n , 
ih m  w e n ig s te n s  n o c h  e in  a n s ta n d ig e s  B e g ra b n is  z u  
s ic h e rn "  (p. 4). T h e  v a lu a b le  th in g  a b o u t th e  p a p e r  is  th a t  
i t  is  la rg e ly  g iv e n  to  a  g a th e r in g  to g e th e r  o f  th e  a n ti-  
D a rw in ia n  o p in io n s  a n d  d e c la ra tio n s  o f  n u m e ro u s , m o s tly  
w e ll-k n o w n  a n d  re p u ta b ly  p la c e d  b io lo g is ts . S o m e  o f
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th e s e  d e c la ra tio n s  a re  in te rp re te d  b y  D r. D e n n e r t  in  a  w a y  
th a t  w o u ld  p ro b a b ly  h a rd ly  b e  w h o lly  a c c e p ta b le  to  th e  
d e c la re rs , b u t  fo r  th e  m o s t p a r t  th e  a n ti-D a rw in ia n  b e lie fs  
o f  th e s e  b io lo g is ts  a re  u n m is ta k a b ly  re v e a le d  b y  th e ir  o w n  
w o rd s . A m o n g  th e  b io lo g is ts  a n d  b io lo g ic a l p h ilo so p h e rs  
th u s  a g g lo m e ra te d  in to  th e  c a m p  o f  a n ti-D a rw in ism  are  
W ig a n d , H a a c k e , v o n  S ach s , G o e tte , K o r-sc h in sk y , 
H a b e r la n d t, S te in m a n n , E im e r, M . W a g n e r , v o n  K o llik e r , 
N a g e li , K e rn e r , F . v o n  W a g n e r , F le is c h m a n n , 0. S ch u ltze , 
0. H e r t-w ig , a n d  o th e rs . T h is  l is t  in c lu d e s  re p u ta b le  
b o ta n is ts , z o o lo g is ts , a n d  p a la e o n to lo g is ts .

F o r  a  re c e n t  a c c o u n t o f  su ch  w o rk , see  M o rg a n , T. 
H ., " E x p e rim e n ta l Z o o lo g y ,"  1907 .

A . F le is c h m a n n , p ro fe s s o r  o f  z o o lo g y  in  th e  
U n iv e rs i ty  o f  E r - la n g e n , is  th e  o n ly  b io lo g is t  o f  
re c o g n is e d  p o s itio n , o f  w h o m  I am  aw a re , w h o  p u b lic ly  
d e c la re s  a  d is b e l ie f  in  th e  th e o ry  o f  d e sc e n t. H e  se e m s to  
b a s e  h is  d is b e l ie f  o n  th e  fa c t  th a t  th e  p h y le tic  (g e n e a lo g ic )  
s e rie s  in  n u m e ro u s . a n im a l g ro u p s  a re  as y e t  u n e x p la in e d . 
S ee  h is  b o o k , "D ie  D e -s c e n d e n z th e o r ie ,"  L e ip z ig , 1901. 
"A lle in  j e  m e h r  ic h  m ic h  in  d ie  v e rm e in tlic h e n  
B e w e is g ru n d e  d e rs e lb e n  [ th e  th e o ry  o f  d e sc e n t]  v e r tie f te  
u n d  d u rc h  S p e z ia lu n te rsu c h u n g e n  p o s itiv e  A n h a lts p u n k te  
fu r  d ie  S ta m m e s v e rw a n d ts c h a f t  d e r  T ie re  z u  g e w in n e n  
su ch te , u m  so  k la re r  s te llte  s ich  m ir  d ie  E rk e n n tn is s  
h e ra u s , d a ss  je n e  T h e o r ie  e b e n  d o c h  m e h r  n u r  e in  
b e s tr ic k e n d e r , E rg e b n is s e  u n d  A u fk la ru n g  v o r ta u s c h e n d e r  
R o m a n  se i, a ls  e in e  a u f  p o s it iv e n  G ru n d la g e n  a u f-g e b a u te  
L e h re ."  (F ro m  th e  p re fa c e  o f  th is  b o o k ).

A  c u r io u s  a tte m p t to  fo rm u la te  a  s c ie n tif ic  th e o ry  
e x p la in in g  th e  c o n d itio n s  as w e  k n o w  th e m  in  th e  w o r ld  o f  
life , to  re p la c e  th e  th e o ry  o f  d e sc e n t, is  c o n ta in e d  in  a 
r e c e n t sm a ll b o o k  c a lle d  "D ie  K o n v e rg e n z  d e r 
O rg a n ism e n "  (1 9 0 4 ), b y  H e rm a n n  F r ie d m a n n . T h e  a u th o r  
a s su m e s  th a t  th e  d iv e rs ity  o f  o rg a n ism s  is  th e  p r im a ry  
c o n d itio n , an d . th a t  th e ir  s im ila r ity  h a s  b e e n  b ro u g h t  a b o u t

11



th ro u g h  c o n v e rg e n c e , as  o p p o se d  to  th e  p o s tu la te  o f  th e  
th e o ry  o f  d e s c e n t to  th e  e f fe c t th a t  d iv e rs ity  o f  l ife  h a s  
g ro w n  o u t o f  p r im a ry  id e n tity  o r  h o m o g e n e ity . I  q u o te  (p. 
12) as  fo llo w s  f ro m  F rie d m a n n : "D ie se  A n n a h m e , d ie  in  
d e m  v o r l ie g e n d e n  B u c h  v e r tre te n  w ird , is t  
fo lg e n d e rm a s s e n  z u  e ria u - te rn . W ir  g e h e n  v o n  d em  
H a u p ts a tz e  au s, d a ss  d as  L e b e n  im m e r  a ls. e in  b e s tim m te r , 
u n w a n d e lb a re r  S p e z ie s c h a ra k te r  a u ftr itt. D ie  sp e z i-f isc h  
v e rs c h ie d e n e n  L e b e n s fo rm e n  e rs c h e in e n  je d o c h  e in a n d e r  
a n g e n a h e rt, b e z w . a n n a h e rb a r, d u rc h  d re i (T e il)  
p r in z ip ie n , v o n  d e n e n  d as  L e b e n  b e h e r rs c h t  w ird : D a s  
P r in z ip , v e rm o g e  d e s se n  sp e z if is c h  v e rs c h ie d e n e  F o rm e n  
s o lc h e  U b e re in s t im m u n g e n  a u f-w e ise n , d ie  w ir  a ls  
p r im a rg e s e tz lic h e  b e tra c h te n , n e n n e n  w ir  d a s  P r in z ip  d e r 
H o m o lo g ie ; a ls  e in e n  A u s f lu s s  d e s  P r in z ip s  d e r  A n a lo g ie  
b e z e ic h n e n  w ir  d ie je n ig e n  U b e re in s tim m u n g e n , d ie  u n te r  
d e m  E in f lu s s e  g le ic h w irk e n d e r  a u s s e re r  (m it te lb a r  o d e r  
u n m itte lb a r  b e w irk e n d e r  o d e r  se le k tiv e r)  B e d in g u n g e n  
e n ts te h e n ; u n d  w ir  e rk e n n e n  d r it te n s  d ie  M a c h t u n d  d ie  
T ra g w e ite  e in e s  P r in z ip s  d e r  d ire k te n  K o n v e rg e n z , 
w e lc h e s  d a s  E n ts te h e n  v o n  U b e re in s t im -m u n e e n  z w isc h e n  
d e n  G e n o sse n  e in e r  B io s p h a re  au s  p s y c h is c h e n  U rs a c h e n  
b e w irk t. D ie  d re i P r in z ip ie n  b ild e n  d ie  G ru u d la g e  d e r 
K o n v e rg e n z th e o r ie ."

D rie sc h , H ., Biolog. Ceniralb., v . 16, p. 3 5 5 , 1896.
D e n n e r t , E ., "V o m  S te rb e la g e r  d e s  D a rw im sm u s ,

1903.
W o lff , G ., "B e itra g e  z u r  K r i t ik  d e r  D a rw in s c h e n  

L e h re , p. 54.
1898.
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CHAPTER II. 
DARWINISM AND EVOLUTION DEFINED 

AND DISTINGUISHED.

OUR m a n u a ls  o f  z o o lo g y  a n d  b o ta n y  c o n ta in  th e  
n a m e s  a n d  d e sc r ip tio n s  o f  a b o u t 4 0 0 ,0 0 0  liv in g  sp e c ie s  o f  
a n im a ls  a n d  2 0 0 ,0 0 0  liv in g  sp e c ie s  o f  p la n ts . T h e re  a re  
p a r ts  o f  th e  e a r th  f ro m  w h ic h  w e  h a v e  c o lle c te d  as y e t  
o n ly  a  fe w  k in d s  o f  a n im a ls  a n d  p la n ts , m e re ly  th e  la rg e r, 
m o re  c o n sp ic u o u s  o r  m o re  a b u n d a n t k in d s ; th e re  a re  n o  
p a r ts  o f  th e  e a r th  f ro m  w h ic h  w e  a re  n o t c o n s ta n tly  
r e c e iv in g  re p o r ts  o f  th e  d is c o v e ry  o f  "n ew " sp e c ie s  —  
n ew , o f  c o u rse , s im p ly  in  th e  se n se  th a t  w e  h a v e  n o t 
k n o w n  th e m  b e fo re . I t  is  w h o lly  c e r ta in  th a t  th e  n u m b e r  o f  
d if fe re n t .sp e c ie s , th a t  is , k in d s , o f  l iv in g  o rg a n is m s  m u s t 
n u m b e r  m illio n s ; v a r io u s  g u e sse s , a ll u n im p o r ta n t, h a v e  
b e e n  m ad e . O f  th e  e x tin c t  sp e c ie s , th o s e  h o s ts  o f  s tra n g e  
d e n iz e n s  o f  o u r  c h a n g in g  e a r th  in  th e  a g e s  g o n e , th e  
n u m b e r  o f  re c o rd e d  fo rm s  c a n  a t b e s t  b e  b u t  th e  v e r ie s t  
f ra c tio n  o f  th e  g ra n d  to ta l o f  sp e c ie s  th a t  h a v e  a c tu a lly  
e x is te d . N o w  all th e s e  m ill io n s  o f  k in d s  o f  a n im a ls  an d  
p la n ts  c a n  h a v e  h a d  a n  o r ig in  in  so m e  o n e  o f  b u t  th re e  
w a y s ; th e y  h a v e  c o m e  in to  e x is te n c e  sp o n ta n e o u s ly , th e y  
h a v e  b e e n  sp e c ia lly  c re a te d  b y  so m e  su p e rn a tu ra l p o w e r, 
o r  th e y  h a v e  d e sc e n d e d  o n e  f ro m  th e  o th e r  in  m a n y -  
b ra n c h in g  se r ie s  b y  g ra d u a l tra n s fo rm a tio n . T h e re  is  
a b so lu te ly  n o  sc ie n tif ic  e v id e n c e  fo r  e ith e r  o f  th e  f ir s t  tw o  
w a y s ; th e re  is  m u c h  sc ie n tif ic  e v id e n c e  fo r  th e  la s t  w ay . 
T h e re  is  le f t  fo r  th e  s c ie n tif ic  m a n , th e n , so le ly  th e  last; 
th a t  is , th e  m e th o d  o f  d e sc e n t. T h e  th e o ry  o f  d e s c e n t (w ith  
w h ic h  p h ra se  o rg a n ic  e v o lu tio n  m a y  b e  p ra c tic a lly  h e ld  as 
a  sy n o n y m ) is, th e n , s im p ly  th e  d e c la ra tio n  th a t  th e  
v a r io u s  l iv in g  as w e ll as  th e  n o w  e x tin c t  sp e c ie s  o f  
o rg a n ism s  a re  d e sc e n d e d  f ro m  o n e  a n o th e r  a n d  f ro m
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c o m m o n  a n c e s to rs . I t  is  th e  e x p la n a tio n  o f  th e  o r ig in  o f  
sp e c ie s  a c c e p te d  in  th e  s c ie n c e  o f  b io lo g y . (T h e  n a tu ra l 
q u e s tio n  a b o u t th e  f irs t  sp e c ie s  o r  th e  f irs t  se v e ra l, i f  th e y  
a p p e a re d  s im u lta n e o u s ly , w ill r e c e iv e  a tte n tio n  la te r; th e  
th e o ry  o f  d e s c e n t e x p la in s  th e  o r ig in  o f  k in d s  o f  life , n o t 
th e  o r ig in  o f  l ife .)  I f  su c h  a  su m m a ry  d isp o sa l o f  th e  
th e o r ie s  o f  sp o n ta n e o u s  g e n e ra tio n  a n d  d iv in e  c re a tio n  is  
to o  re p u g n a n t to  m y  re a d e rs  to  m e e t  w ith  th e ir  to le ra tio n , 
th e n , as  D e la g e  h a s  p e r tin e n tly  sa id  in  c o n n e c tio n  w ith  a 
s im ila r  s ta te m e n t in  h is  g re a t to m e  o n  "H e re d ity ,"  m y  
b o o k  a n d  su c h  re a d e rs  h a d  b e t te r  im m e d ia te ly  p a r t  
c o m p a n y ; w e  d o  n o t  sp e a k  th e  sa m e  la n g u a g e .

T h e  th e o ry  o f  d e sc e n t, lo n g  b e fo re  i t  w a s  fu lly  se t
fo r th  b y  D a rw in  in  1858  to g e th e r  w ith  a  d e f in ite  an d
w h o lly  p la u s ib le  c a u so -m e c h a n ic a l e x p la n a tio n  o f  it, h a d
b e e n  fo re s h a d o w e d  a n d  e v e n  fa ir ly  e x p lic it ly  fo rm u la te d
b y  v a r io u s  p h ilo s o p h ic a l n a tu ra lis ts ; a m o n g  o th e rs , G o e th e
(1 7 9 0 )  in  G e rm a n y , E ra s m u s  D a rw in  (1 7 9 4 )  (g ra n d fa th e r
o f  C h a r le s  D a rw in )  in  E n g la n d , L a m a rc k  (1 8 0 9 )  v e ry
d e f in ite ly  in  F ra n c e , C h a m b e rs  in  th e  "V e s tig e s  o f  th e
N a tu ra l H is to ry  o f  C re a tio n "  (1 8 4 4 ), a n d  W a lla c e  (1 8 5 8 )
c o in c id e n tly  w ith  D a rw in  h im s e lf  h a d  a ll re c o g n is e d
d e s c e n t as th e  o n ly  p o s s ib le  s c ie n tif ic  e x p la n a tio n  o f  th e
o rig in  o f  sp e c ie s  a n d  h a d  o ffe re d  e x p la n a tio n s  o f  th e
c a u sa l fa c to rs  o f  th is  d e sc e n t. E v e n  in  th e  fa r  o ld e r  

• • 2
w ritin g s  o f  th e  G re e k s , m o s t  c o n s p ic u o u s ly  p e rh a p s  in  
th e  p a g e s  o f  A r is to tle  (3 5 0 ), m a y  b e  fo u n d  p h ra se s  an d  
p a g e s  fo re s h a d o w in g  th o s e  o f  L a m a rc k , W a lla c e , an d  
D a rw in . B u t  i t  w a s  n o t  u n til  D a rw in  h a d  b a c k e d  u p  th e  
fo rm u la tio n  o f  th e  d e s c e n t  th e o ry  w ith  th a t  w o n d e rfu l 
a c c u m u la tio n  o f  i l lu m in a tin g  a n d  e x p la in in g  fa c ts , an d  
w ith  th o s e  a lw a y s  in g e n io u s  b u t  e v e r  c a n d id  an d  
su p re m e ly  h o n e s t t ry in g s -o n  o f  th e  th e o ry  to  th e  v a r io u s  
fa c t-b o d ie s , th a t  th e  T h e o ry  o f  D e s c e n t  b e g a n  to  b e  sp e lle d  
w ith  ca p ita l le tte rs  in  th e  b io lo g ic a l c reed . N o r  w a s  it  
m e re ly  g o o d -fo r tu n e  th a t  le d  to  th e  q u ic k  a n d  w id e
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a c c e p ta n c e  o f  th e  th e o ry  o f  d e s c e n t w h e n  p ro p o s e d  b y  
D arw in , w h ile  th e  sa m e  th e o ry  w h e n  p ro p o s e d  tw e n ty  
y e a rs  e a r lie r  b y  L a m a rc k  fo u n d  p ra c tic a lly  o n ly  re je c tio n . 
I t  w a s  b e c a u s e  to  th e  o ld  d e s c e n t th e o ry  th e  n e w  
D a rw in ia n  th e o r ie s  w e re  ad d ed . I t  w a s  b e c a u s e  o f  th a t  
e x p la in in g  D a rw in is m , w h ic h  to -d a y  is  b e in g  so  r ig o ro u s ly  
re -e x a m in e d  as to  its  v a lid ity , th a t  th e  th e o ry  o f  d e sc e n t 
to o k  its  d e f in ite  p la c e  as th e  d o m in a n t d e c la ra tio n  in  th e  
b io lo g ic a l credo.

T h is  D a rw in is m  o f  1858  a n d  1859  c o n s is te d  o f  th e  
s e le c tio n  th e o r ie s ; th e  D a rw in ia n  p a n g e n e s is  o f  g e m m u le s  
th e o ry  w a s  a  p ro d u c t  o f  te n  y e a rs  la te r . I t  w a s  th e  f ir s t  o f  
th e  D a rw in ia n  c o n c e s s io n s  to  s c ie n tif ic  a n ti-D a rw in ism . 
T h a t is, i t  w a s  a  s u p p o r tin g  h y p o th e s is  e re c te d  to  
s tre n g th e n  a  fo u n d a tio n  w h ic h  w a s  b e in g  w e a k e n e d  b y  th e  
e n e m y 's  a tta c k s . C u r io u s ly  e n o u g h  th is  f i r s t  D a rw in ia n  
c o n c e s s io n  w a s  m a d e  n o t  o n  b e h a l f  o f  a  t ru e  D a rw in ia n  
p r in c ip le , b u t  fo r  th e  sak e  o f  a  L a m a rc k ia n  p r in c ip le  w h ic h  
D a rw in  h a d  th o u g h t n e c e s s a ry  to  in c lu d e  in  h is  g e n e ra l 
c o n c e p tio n  o f  th e  t ra n s m is s io n  o f  v a r ia tio n s . E v e n  in  th e  
fo rm u la tio n  o f  th e  tru e  D a rw in is m , th e  se le c tio n  th e o rie s , 
th e re  m u s t  a lso  b e  re c o g n is e d  th e  p a r tic ip a tio n  o f  o th e r  
m in d s  th a n  th a t  o f  D a rw in . M a lth u s , w h o  w ro te , in  1826 , 
o f  th e  o v e r-su p p ly  a n d  th e  c o n s e q u e n t s tru g g le  in  th e  
h u m a n  p o p u la tio n  a n d  u n d o u b te d ly  a d d e d  m u c h  to  
D a rw in 's  c o n f id e n c e  in  h is  o w n  c o n c e p tio n  o f  th e  
p ro d ig a lity  o f  p ro d u c tio n  a n d  th e  n e c e s s a ry  s tru g g le  fo r  
life  th ro u g h o u t th e  w o rld  o f  o rg a n ism s , a n d  W a lla c e , w h o  
c a m e  to  c o n c lu s io n s  p ra c tic a lly  id e n tic a l w ith  D a rw in 's  a t 
p ra c tic a lly  th e  sa m e  tim e , a re  m e n  w h o s e  n a m e s  a re  e v e r  
to  b e  a s so c ia te d  w ith  th e  th e o ry  o f  o v e r-p ro d u c tio n , 
s tru g g le , a n d  se lec tio n .

D a rw in ism  m a y  b e  d e f in e d , th e n , a s  a  c e r ta in  
ra tio n a l, c a u so -m e c h a n ic a l (h e n c e , n o n - te le o lo g ic )  
e x p la n a tio n  o f  th e  o r ig in  o f  n e w  sp e c ie s . T h e  D a rw in ia n  
e x p la n a tio n  re s ts  o n  c e r ta in  o b s e rv e d  fa c ts , a n d  c e r ta in
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in d u c tio n s  f ro m  th e s e  fac ts . T h e  o b s e rv e d  fa c ts  are: (I) th e  
in c re a s e  b y  m u ltip lic a tio n  in  g e o m e tr ic a l ra tio  o f  th e  
in d iv id u a ls  in  e v e ry  sp e c ie s , w h a te v e r  th e  k in d  o f  
r e p ro d u c tio n  w h ic h  m a y  b e  p e c u lia r  to  e a c h  sp ec ie s , 
w h e th e r  th is  b e  s im p le  d iv is io n , sp o ru la tio n , b u d d in g , 
p a r th e n o g e n e s is , c o n ju g a tio n  a n d  s u b s e q u e n t d iv is io n , o r  
a m p h im ix is  (se x u a l r e p ro d u c tio n )  ; (2 )  th e  a lw a y s  
a p p a re n t s lig h t f to  g re a te r )  v a r ia tio n  in  fo rm  a n d  fu n c tio n  
e x is tin g  a m o n g  a ll in d iv id u a ls  e v e n  th o u g h  o f  th e  sa m e  
g e n e ra tio n  o r  b ro o d ; a n d  (3 ) th e  tra n s m is s io n , w ith  t l ie se  
in e v ita b le  s lig h t v a r ia tio n s , b y  th e  p a re n t  to  its  o ffsp r in g  o f  
a  fo rm  a n d  p h y s io lo g y  e s se n tia lly  l ik e  th e  p a re n ta l. T h e  
in fe rre d  (a lso  p a r tly  o b se rv e d )  fa c ts  are: (I) a  la c k  o f  ro o m  
a n d  fo o d  fo r  a ll th e s e  n e w  in d iv id u a ls  p ro d u c e d  b y  
g e o m e tr ic a l m u lt ip l ic a t io n  a n d  c o n s e q u e n tly  a  c o m p e tit io n  
(a c tiv e  o r  p a s s iv e )  a m o n g  th o s e  in d iv id u a ls  h a v in g  an y  
e c o lo g ic  re la tio n s  to  o n e  a n o th e r , as, fo r  e x a m p le , a m o n g  
th o s e  o c c u p y in g  th e  sa m e  lo c a lity , o r  n e e d in g  th e  sa m e  
fo o d , o r  n e e d in g  e a c h  o th e r  as  fo o d ; (2 ) th e  p ro b a b le  
su c c e ss  in  th is  c o m p e tit io n  o f  th o s e  in d iv id u a ls  w h o se  
s lig h t d if fe re n c e s  (v a r ia tio n s )  a re  o f  su ch  a  n a tu re  a s  to  
g iv e  th e m  an  a d v a n ta g e  o v e r  th e ir  c o n fre re s , w h ic h  re su lts  
in  sa v in g  th e ir  life , a t le a s t  u n til  th e y  h a v e  p ro d u c e d  
o ffsp r in g ; a n d  (3 ) th e  fa c t  th a t  th e s e  "sav ed "  in d iv id u a ls  
w ill, b y  v ir tu e  o f  th e  a lre a d y  re fe r re d  to  a c tio n  o f  h e re d ity , 
h a n d  d o w n  to  th e  o ffs p r in g  th e ir  a d v a n ta g e o u s  c o n d itio n  
o f  s tru c tu re  a n d  p h y s io lo g y  (a t  le a s t  as th e  "m o d e"  o r  m o s t 
a b u n d a n tly  re p re s e n te d  c o n d itio n . a m o n g  th e  o ffsp r in g ) .

T h e  c o m p e tit io n  a m o n g  in d iv id u a ls  a n d  k in d s  
(sp e c ie s )  o f  o rg a n ism s  m a y  fa ir ly  b e  c a lle d  a  s tru g g le . 
T h is  is  o b v io u s  w h e n  it  is  a c tiv e , as in  a c tu a l p e rso n a l 
b u ttin g  fo r  a  p ie c e  o f  fo o d  o r  in  a tte m p ts  to  c a p tu re  p re y  o r  
to  e sc a p e  c a p tu re , a n d  le s s  o b v io u s  w h e n  i t  is  p a ss iv e , as 
in  th e  e n d u ra n c e  o f  s tre ss  o f  w e a th e r , h u n g e r , th irs t, a n d  
u n to w a rd  c o n d itio n s  o f  a n y  k in d . T h e  s tru g g le  is, o r  m a y  
b e , fo r  e a c h  in d iv id u a l th re e fo ld  in  n a tu re : (I) a n  a c tiv e
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s tru g g le  o r  c o m p e tit io n  w ith  o th e r  in d iv id u a ls  o f  its  o w n  
k in d  fo r  sp a c e  in  th e  h a b ita t, su ff ic ie n t sh a re  o f  th e  fo o d , 
a n d  o p p o r tu n ity  to  p ro d u c e  o f fs p r in g  in  th e  w a y  p e c u lia r  
a n d  c o m m o n  to  its  sp ec ie s ; (2 ) an  a c tiv e  o r  p a s s iv e  
s tru g g le  o r  c o m p e tit io n  w ith  th e  in d iv id u a ls  o f  o th e r  
sp e c ie s  w h ic h  m a y  n e e d  th e  sa m e  sp a c e  a n d  fo o d  as  itse lf , 
o r  m a y  n e e d  i t  o r  its  e g g s  o r  y o u n g  fo r  fo o d , a n d  (3 )  an  
a c tiv e  (o r  m o re  u s u a lly  p a s s iv e )  s tru g g le  w ith  th e  p h y s ic o ­
c h e m ic a l e x te rn a l c o n d itio n s  o f  th e  w o r ld  i t  l iv e s  in , as 
v a ry in g  te m p e ra tu re  a n d  h u m id ity , s to rm s  a n d  f lo o d s , a n d  
n a tu ra l c a ta s tro p h e s  o f  a ll so rts . F o r  a n y  in d iv id u a l o r  
g ro u p  o f  in d iv id u a ls  a n y  o f  th e s e  fo rm s  o f  s tru g g le  m a y  b e  
te m p o ra r i ly  a m e lio ra te d , as  is  (I) th e  in tra -s p e c if ic  
s tru g g le  a m o n g  th e  th o u s a n d s  o f  h o n e y -b e e  in d iv id u a ls  
l iv in g  to g e th e r  a ltru is tic a lly  in  o n e  h iv e , o r  (2 )  th e  in te r ­
sp e c if ic  s tru g g le  w h e n  tw o  sp e c ie s  l iv e  to g e th e r  
sy m b io tic a lly  as th e  h e rm it  c rab  Eupagnrus a n d  th e  sea -  
a n e m o n e  Podocoryne, o r  (3 )  th e  s tru g g le  a g a in s t u n to w a rd  
n a tu ra l c o n d itio n s  as in  sp e c ia l t im e s  o r  p la c e s  o f  h ig h ly  
fa v o u ra b le  c lim a te , e tc . O r  fo r  a n y  in d iv id u a l o r  g ro u p  o f  
in d iv id u a ls  a ll fo rm s  o f  th e  s tru g g le  m a y  b e  c o in c id e n tly  
a c tiv e  a n d  sev e re . T h e  re s u lta n t  o f  th e s e  e x is tin g  
c o n d itio n s  is, a c c o rd in g  to  D a rw in  a n d  h is  fo llo w e rs , an  
in e v ita b le  n a tu ra l se le c tio n  o f  in d iv id u a ls  a n d  o f  sp ec ies . 
T h o u sa n d s  m u s t d ie  w h e re  o n e  o r  te n  m a y  liv e  to  m a tu r ity  
(i. e., to  th e  t im e  o f  p ro d u c in g  y o u n g ) . W h ic h  te n  o f  th e  
th o u s a n d  sh a ll l iv e  d e p e n d s  o n  th e  s lig h t b u t  su ff ic ie n t 
a d v a n ta g e  p o s s e s s e d  b y  te n  in d iv id u a ls  in  th e  c o m p le x  
s tru g g le  o r  e x is te n c e  d u e  to  th e  fo r tu ito u s  p o s s e s s io n  o f  
fo r tu n a te  c o n g e n ita l  d if fe re n c e s  (v a r ia tio n s ) . T h e  n in e  
h u n d re d  a n d  n in e ty  w ith  u n fo r tu n a te  c o n g e n ita l v a r ia tio n s  
a re  e x tin g u ish e d  in  th e  s tru g g le  a n d  w ith  th e m  th e  
o p p o r tu n ity  fo r  th e  p e rp e tu a tio n  (b y  tra n s m is s io n  to  th e  
o ffsp r in g )  o f  th e ir  p a r t ic u la r  v a r ia tio n s . T h e re  a re  th u s  le f t  
te n  to  r e p ro d u c e  th e ir  a d v a n ta g e o u s  v a r ia tio n s . T h e  
o f fs p r in g  o f  th e  te n  o f  c o u rse  w ill v a ry  in  th e ir  tu rn , b u t
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w ill v a ry  a ro u n d  th e  n e w  a n d  a lre a d y  p ro v e d  
a d v a n ta g e o u s  p a re n ta l c o n d itio n  : a m o n g  th e  th o u sa n d , 
say , o f fs p r in g  o f  th e  o r ig in a l sa v e d  te n  th e  sa m e  
lim ita tio n s  o f  sp a c e  a n d  fo o d  w ill a g a in  w o rk  to  th e  k il l in g  
o f f  b e fo re  m a tu r ity  o f  n in e  h u n d re d  a n d  n in e ty , le a v in g  th e  
te n  b e s t  e q u ip p e d  to  re p ro d u c e . T h is  r e p e a te d  an d  
in te n s iv e  se le c tio n  le a d s  to  a  s lo w  b u t  s te a d y  a n d  c e r ta in  
m o d if ic a tio n  th ro u g h  th e  su c c e s s iv e  g e n e ra t io n s  o f  th e  
fo rm  a n d  fu n e tio n s  o f  th e  sp e c ie s ; a  m o d if ic a tio n  a lw a y s  
to w a rd s  a d a p ta tio n , to w a rd s  f itn e ss , to w a rd s  a  m o u ld in g  
o f  th e  b o d y  a n d  its  b e h a v io u r  to  sa fe  c o n fo rm ity  w ith  
e x te rn a l c o n d itio n s . T h e  e x q u is ite  a d a p ta tio n  o f  th e  p a rts  
a n d  fu n c tio n s  o f  th e  a n im a l a n d  p la n t  as w e  see  i t  e v e ry  
d ay  to  o u r  in f in ite  a d m ira tio n  a n d  w o n d e r  h a s  a ll c o m e  to  
e x is t  th ro u g h  th e  p u re ly  m e c h a n ic a l, in e v ita b le  w e e d in g  
o u t a n d  se le c tin g  b y  N a tu re  (b y  th e  e n v iro n rn e n ta l 
d e te rm in in g  o f  w h a t m a y  a n d  w h a t m a y  n o t  liv e )  th ro u g h  
u n c o u n te d  g e n e ra tio n s  in  u n re c k o n a b le  tirn e . T h is  is  
D a rw in 's  c a u so -m e c h a n ic a l th e o ry  to  e x p la in  th e  
tra n s fo rm a tio n  o f  sp e c ie s  a n d  th e  in f in ite  v a r ie ty  o f  
a d a p tiv e  m o d if ic a tio n . A  r ig o ro u s  a u to m a tic  N a tu ra l 
S e le c tio n  is  th e  e sse n tia l id e a  in  D a rw in is m , a t le a s t  in  
D a rw in ism  as i t  is  h e ld  b y  th e  p re s e n t-d a y  fo llo w e rs  o f  
D a rw in .

W h a t  a u x ilia ry  a n d  s u p p o r tin g  fa c to rs  D a rw in  
c o n s id e re d  p o s s ib ly  o r  c e r ta in ly  o f  so m e  in f lu e n c e  o r  
e f fe c t in  sp e c ie s - fo rm in g  w e  m a y  p o s tp o n e  re fe re n c e  to  
u n til  o u r  m o re  p a r tic u la r  e x a m in a tio n  o f  th e  n a tu ra l 
se le c tio n  th e o ry  in  s u c c e e d in g  c h a p te rs  o f  th is  b o o k . 
S im ila r ly  w e  m a y  p o s tp o n e  a n y  im m e d ia te  re fe re n c e  to  
th e  fa c ts  o f  A r tif ic ia l  S e le c tio n  (so  im p o r ta n t  in  an y  
a c c o u n t o f  D a rw in ism ), th a t  p ro c e s s , m o re  o r  le s s  fa m ilia r  
to  u s  all, w h e re b y  th e  p la n t  a n d  a n im a l b re e d e rs  q u ic k ly  
a n d  e x te n s iv e ly  m o d ify  th e  p a r t ic u la r  sp e c ie s  w ith  w h ic h  
th e y  d ea l so  as to  p ro d u c e , to  o rd e r, as  i t  w e re , m a n ifo ld  
n e w  k in d s  (ra c e s )  o f  o rg a n ism s . D e s p ite  th e  c o m p le x ity  o f
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m e th o d s  u s e d  in  a r tif ic ia l se le c tio n , d u e  to  th e  c o m b in in g  
o f  h y b r id is a tio n , d ire c t m o d if ic a tio n  b y  v a ry in g  n u tr itio n , 
g ra f tin g , b u d d in g , e tc ., w ith  se le c tio n , th e  b a s ic  a n d  a ll­
im p o r ta n t  e s se n tia l is  th e  se le c tin g  o f  a  fe w  in d iv id u a ls , 
n a m e ly , th o s e  w h ic h  sh o w  th e  d e s ire d  v a r ia tio n s , to  liv e  
lo n g  e n o u g h  to  p ro d u c e  o ffsp r in g , a n d  th e  k il l in g  o u t 
b e fo re  m a tu r ity  o f  th e  th o u s a n d s  o f  in d iv id u a ls  th a t  sh o w  
u n fo r tu n a te  v a r ia tio n s :(u n fo r tu n a te , th a t  is, f ro m  th e  
b re e d e r 's  p o in t  o f  v ie w ). In  th e  g a rd e n s  o f  th a t  
e x tra o rd in a ry  p la n t-b re e d e r , L u th e r  B u rb a n k , in  
C a lifo rn ia , g re a t  b o n f ire s  o f  d is c a rd e d  se e d lin g s  
c o rre sp o n d  to  th e  s u c c u m b in g  o f  th e  th o u s a n d s  in  f ie ld  
a n d  fo re s t  in  th e  n a tu ra l s tru g g le  fo r  e x is te n c e , w h ile  
te n d e r ly  c a re d  fo r  l i t t le  ro w s  o f  p o ts  c o n ta in  th e  fo r tu n a te  
fe w  w h ic h  h a v e  w ith s to o d  th e  r ig o u rs  o f  th e  a rtif ic ia l 
c o m p e titio n .

A  p a r t  o f  D a rw in ism , w h ic h  h a s  a lre a d y  b e e n  
n a m e d  as  su ch , is  th e  th e o ry  o f  S ex u a l S e le c tio n ; b u t  th e  
d e ta ils  o f  th is , to o , w e  m a y  le a v e  u n e x p la in e d  fo r  th e  
m o m e n t in  o rd e r  n o t  to o  m u c h  to  tro u b le  th e  re a d e r  an d  
th e  a u th o r, w h o s e  a im  ju s t  n o w  is  to  d e f in e  th e  e sse n tia l 
th o u g h t o r  c o n c e p tio n  in  D a rw in ism , a n d  to  d is tin g u ish  
b e tw e e n  th is  e s se n tia l D a rw in is m  a n d  th e  d if fe re n t  an d  
w h o lly  in d e p e n d e n t th e o ry  o f  d e sc e n t. S e x u a l se le c tio n  is  
o n e  o f  D a rw in 's  su p p o r tin g  th e o r ie s  w h ic h  h a s  n e a r ly  g o n e  
q u ite  b y  th e  b o a rd . I t  is  b a s e d  o n  a  p o s tu la te d  p a r tic u la r  
a n d  lim ite d  k in d  o f  n a tu ra l se le c tio n , n o t  in v o lv in g  
d e te rm in a tio n  b e tw e e n  life  a n d  d e a th , b u t  a  d e te rm in a tio n  
b e tw e e n  g o in g  c h ild le s s  a n d  le a v in g  p o s te r ity , —  w h ic h  
is, a f te r  a ll, th e  e s se n tia l d e te rm in a tio n  in  g e n e ra l n a tu ra l 
se le c tio n . B u t  th e  a s su m e d  c h o ic e  in  th e  th e o ry  o f  sex u a l 
s e le c tio n  h a s  a  m u c h  le s s  m e c h a n ic a l a n d  a u to m a tic a lly  
w o rk in g  b a s is , in v o lv e s  v io le n t  a s su m p tio n s  r e g a rd in g  th e  
e s th e tic  d e v e lo p m e n t o f  b ird s , b u tte r f l ie s , a n d  sp id e rs , an d  
as  w e  sh a ll la te r  see  w a s  o n e  o f  th e  f ir s t  o f  D a rw in ia n  
o u tw o rk s  to  b e  s a d ly  b re a c h e d  b y  a ttack .

19



I  h o p e  n o w  to  h a v e  p o in te d  o u t c le a r ly  in  th e  
p re c e d in g  p a ra g ra p h s  th e  rea l d is tin c tio n  b e tw e e n  th e  
th e o ry  o f  d e s c e n t a n d  th e  th e o ry  o f  n a tu ra l se le c tio n  
(D a rw in ism ). T h e  b a se s , c o n s is tin g  o f  o b -se rv e d  fa c ts  an d  
lo g ic a l re a so n s , o f  th e  s e le c tio n  th e o ry , h a v e  b e e n  g iv en ; 
p e rh a p s  i t  w e re  w e ll to  s ta te  b r ie f ly  th e  b a s e s , o r  so u rc e s  
o f  th e  s c ie n tif ic  e v id e n c e  fo r  th e  th e o ry  o f  d e sc e n t. T h is  
e v id e n c e  is  d e r iv e d  f ro m  th re e  c h ie f  so u rc e s ; th e  s tu d y  o f  
th e  c o m p a ra tiv e  a n a to m y  a n d  s tru c tu ra l h o m o lo g ie s  o f  
o rg a n ism s , th e  s tu d y  o f  th e  p re h is to r ic  a n im a ls  a n d  p la n ts , 
th a t  is, p a le o n to lo g y  o r  h is to r ic a l g e o lo g y , a n d  th e  s tu d y  
o f  o n to g e n y , o r  e m b ry o lo g y , th a t  is , th e  d e v e lo p m e n t o f  
in d iv id u a l a n im a ls  a n d  p la n ts . T h e  h o m o lo g ie s  o r  
s tru c tu ra l c o rre sp o n d e n c e , in  g ro ss  a n d  in  d e ta il, w h ic h  th e  
s tu d y  o f  a n im a l a n d  p la n t  c o m p a ra tiv e  a n a to m y  re v e a ls  to  
e x is t  in  v a ry in g  d e g re e s  a m o n g  l iv in g  a n d  e x tin c t k in d s  o f  
o rg a n ism s  h a v e  b u t  o n e  p o ss ib le  s c ie n tif ic  e x p la n a tio n  :  an  
e x p la n a tio n  w h ic h  se rv e s  a t  o n c e  to  a c c o u n t fo r  th e  
e x is te n c e  o f  th is  c o rre sp o n d e n c e  a n d  fo r  its  v a ry in g  
d eg re e s . T h is  e x p la n a tio n  is  c o m m u n ity  o f  a n c e s try , th e  
b lo o d - re la t io n s h ip  o f  o rg a n ism s , th e  th e o ry  o f  d e scen t. 
S im ila r ly  th e  fa c ts  re v e a le d  b y  th e  s tu d y  o f  p a le o n to lo g y  
a re  e x p lic a b le  w h o lly  s a tis fa c to r ily  b y  th e  th e o ry  o f  
d e s c e n t a n d  in  n o  s in g le  d e f in itiv e  in s ta n c e  d o  th e y  
c o n tra d ic t  it. F in a lly , th e  fa c ts  a n d  c o n d itio n s  re la tin g  to  
th e  e m b ry o lo g y  o r  o n to g e n y  o f  a n im a ls  a n d  p la n ts  a re  
s im ila r ly  w h o lly  in  c o n so n a n c e  w ith  th e  th e o ry  o f  d e sc e n t, 
a lth o u g h  th e  b r i l l ia n t  p o s it iv e  e v id e n c e  fo r  th e  th e o ry  
w h ic h  th e  f irs t  re v e a lin g  o f  th e  p h e n o m e n a  o f  o n to g e n y  
le d  b io lo g is ts  to  e x p e c t a n d  e v e n  to  a n tic ip a te  h a s  
c o n fe s s e d ly  n o t  b e e n  fo r th c o m in g  in  th a t  o v e rw h e lm in g  
m e a su re  h o p e d  fo r. T h e  e v id e n c e  is  e x c e lle n t a n d  p o s it iv e  
a n d  th e re  is  m u c h  o f  it, b u t  th e  p r o o f  th a t  m a n  is  
d e sc e n d e d  f ro m  a  f ish  b e c a u s e  h e  h a s  g il l-s li ts  a t o n e  
p e r io d  in  h is  in d iv id u a l d e v e lo p m e n t is  n o t  o f  th e  so r t to  
re ly  o n  to o  c o n fid e n tly . T h e  re c a p itu la tio n  th e o ry  o f  F r itz
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M u lle r  a n d  H a e c k e l is  c h ie f ly  c o n sp ic u o u s  n o w  as a 
s k e le to n  o n  w h ic h  to  h a n g  in n u m e ra b le  e x c e p tio n s . B u t 
th e  s c ie n tif ic  e v id e n c e  fo r  d e sc e n t w h ic h  e m b ry o lo g y  
o ffe rs  is  n e i th e r  w e a k  n o r  s lig h t; i t  is  o n ly  le ss  
o v e rw h e lm in g  a n d  a ll- s u f f ic ie n t th a n  its  to o  s a n g u in e  
e a r ly  f r ie n d s  a n d  sp o n so rs  a ttr ib u te d  to  it.

T h e  sp e c if ic  c h a ra c te r  o f  th e  e v id e n c e  fo r  th e  
th e o ry  o f  d e s c e n t d e r iv e d  f ro m  th e  th re e  c h ie f  so u rc e s  ju s t  
m e n tio n e d  c a n n o t c la im  o u r  a tte n tio n  he re . K n o w le d g e  o f  
i t  is  c e r ta in ly  th e  a ttr ib u te  o f  a ll e d u c a te d  re a d e rs . I f  an y  
o n e  sh o u ld  d e s ire  to  re f re s h  h is  m e m o ry  o f  it, h e  m a y  
re a d ily  d o  th is  b y  re a d in g  h is  D a rw in , o r  W a lla c e , o r  
H u x le y , H a e c k e l,. S p e n c e r, W e ism a n n , R o m a n e s , 
M a rsh a ll , C o p e ,4 e t al. W h a t m a y  f o r  th e  m o m e n t d e ta in  
u s , h o w e v e r , is  a  re fe re n c e  to  th e  c u r io u s ly  n e a r ly  
c o m p le te ly  s u b je c tiv e  c h a ra c te r  o f  th e  e v id e n c e  fo r  b o th  
th e  th e o ry  o f  d e s c e n t  a n d  n a tu ra l se le c tio n . B io lo g y  h a s  
b e e n  u n til  n o w  a  s c ie n c e  o f  o b se rv a tio n  ; i t  is  b e g in n in g  to  
b e  o n e  o f  o b se rv a tio n  p lu s  e x p e rim e n t.. T h e  e v id e n c e  fo r  
its  p r in c ip a l th e o r ie s  m ig h t b e  e x p e c te d  to  b e  th o ro u g h ly  
o b je c tiv e  in  c h a ra c te r ; to  b e  o f  th e  n a tu re  o f  p o s itiv e , 
o b se rv e d , a n d  p e rh a p s  e x p e r im e n ta lly  p ro v e d , fa c ts . H o w  
is  i t  a c tu a lly ?  S p e a k in g  b y  a n d  la rg e  w e  o n ly  te ll  th e  
g e n e ra l t ru th  w h e n  w e  d e c la re  th a t  n o  in d u b ita b le  cases . o f  
sp e c ie s - fo rm in g  o r  tra n s fo rm in g , th a t  is, o f  d e sc e n t, h a v e  
b e e n  o b se rv e d ; a n d  th a t  n o  re c o g n is e d  c a se  o f  n a tu ra l 
se le c tio n  re a lly  se le c tin g  h a s  b e e n  o b se rv e d . I  h a s te n  to  
r e p e a t th e  n a m e s  o f  th e  A n c o n  sh eep , th e  P a ra g u a y  ca ttle , 
th e  P o r to  S an to  ra b b it, th e  A rte m ia s  o f  S c h m a n k e w itc h , 
a n d  th e  d e  V rie s ia n  e v e n in g  p r im ro se s  to  sh o w  th a t  I  k n o w  
m y  l is t  o f  c la s s ic  p o s s ib le  e x c e p tio n s  to  th is  d e n ia l o f  
o b se rv e d  sp e c ie s - fo rm in g , a n d  to  r e fe r  to  W e ld o n 's  b ro a d -  
a n d  n a r ro w -f ro n te d  c ra b s  as a  c a se  o f  w h a t m a y  b e  an  
o b se rv a tio n  o f  se le c tio n  a t w o rk . B u t  su c h  a  lis t, e v e n  i f  it  
c o u ld  b e  e x te n d e d  to  a  sco re , o r  to  a  h u n d re d , o f  c a se s , is  
lu d ic ro u s  as o b je c tiv e  p r o o f  o f  th a t  d e s c e n t a n d  se le c tio n ,
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u n d e r  w h o se  d o m in a tio n  th e  fo rm in g  o f  m ill io n s  o f  
s p e c ie s  is  su p p o se d  to  h a v e  o c c u rre d . T h e  e v id e n c e  fo r  
d e sc e n t is  o f  sa tis fy in g  b u t  p u re ly  lo g ic a l c h a ra c te r ; th e  
d e s c e n t h y p o th e s is  e x p la in s  c o m p le te ly  a ll th e  p h e n o m e n a  
o f  h o m o lo g y , o f  p a la e o n to lo g ic a l su c c e ss io n , o f  o n to g e n y , 
a n d  o f  g e o g ra p h ic a l d is tr ib u tio n ; th a t  is , i t  e x p la in s  a ll th e  
o b se rv e d  fa c ts  to u c h in g  th e  a p p e a ra n c e  in  t im e  a n d  p la c e  
o n  th is  e a r th  o f  o rg a n ism s  a n d  th e  fa c ts  o f  th e ir  l ik e n e s se s  
a n d  u n lik e n e s s e s  to  e a c h  o th e r, a n d  th is  n o  o th e r  th e o ry  
d o es. T h e  e v id e n c e  fo r  th e  se le c tio n  th e o ry  w e  sh a ll re fe r  
to  in  d e ta il in  th e  s u c c e e d in g  c h a p te rs , so  w e  m a y  m e re ly  
re c a ll n o w  th a t  i t  a lso  c h ie f ly  re s ts  o n  th e  lo g ic a l 
c o n c lu s io n  th a t  u n d e r  th e  o b se rv e d  fa c t  o f  o v e r ­
p ro d u c tio n , s tru g g le  is  b o u n d  to  o c c u r; th a t  u n d e r  th e  
o b se rv e d  fa c t  o f  m is c e lla n e o u s  v a r ia tio n , th o s e  in d iv id u a ls  
m o s t fo r tu n a te  in  th e ir  v a r ia t io n s  w ill w in  in  th e  s tru g g le ; 
an d , f in a lly , th a t  u n d e r  th e  o b s e rv e d  fa c t  o f  h e re d ity , th e  
w in n e rs  w ill t r a n s m it  to  th e ir  p o s te r ity  th e ir  a d v a n ta g e o u s  
v a r ia tio n s , a ll o f  w h ic h  in te r -a c tin g  fa c ts  a n d  lo g ic a lly  
d e r iv e d  p ro c e s s e s  w ill b e  re p e a te d  o v e r  a n d  o v e r  ag a in , 
w ith  th e  re s u lt  o f  s lo w  b u t  c o n s ta n t m o d if ic a t io n  o f  
o rg a n ic  ty p e s , th a t  is , fo rm a tio n  o f  n e w  sp ec ie s . In  th e  
l ig h t o f  th is  s u b je c tiv e  c h a ra c te r  o f  th e  e v id e n c e  fo r  
d e s c e n t a n d  se le c tio n , i t  is  w ith  u n u su a l in te re s t  th a t  o n e  
n o te s  th e  sw if t d e v e lo p m e n t o f  e x p e r im e n ta l a n d  s ta tis tic a l 
in v e s tig a tio n  in  b io lo g y . E x p e r im e n t a n d  s ta tis tic s  a re  
c a p a b le  o f  m a th e m a tic a l tre a tm e n t; b io lo g y  m a y  b e c o m e  
an  e x a c t s c ie n c e  in s te a d  o f  o n e  so le ly  o f  o b se rv a tio n  an d  
in d u c tio n . A s  w ith  th e  c o n c lu s io n  o f  th is  c h a p te r  w e  a re  
p ra c tic a lly  to  c o n c lu d e  a ll re fe re n c e  to  th e  th e o ry  o f  
d e sc e n t, w h ic h  is  to -d a y  m o re  th a n  e v e r  b e fo re  an  in te g ra l 
a n d  u n q u e s tio n e d  p a r t  o f  b io lo g ic a l sc ie n c e , a n d  to  d e v o te  
m o s t o f  th e  re s t  o f  o u r  d is c u s s io n  to  th e  th e o ry  o f  n a tu ra l 
se le c tio n , w h ic h  is  to -d a y  b e in g  su b je c te d  to  m o re  
se a rc h in g  sc ie n tif ic  c r it ic ism  th a n  e v e r  b e fo re  s in c e  its  
p ro p o sa l b y  D arw in , i t  w ill b e  w e ll to  d is tin g u ish , i f  w e
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can , in  th e  g e n e ra l in f lu e n c e  th a t  p o s t-D a rw in ia n  b io lo g y  
h a s  h a d  o n  a s s o c ia te d  s c ie n c e s  a n d  d isc ip lin e s , th a t  
p a r tic u la r  in f lu e n c e  w h ic h  e a c h  o f  th e s e  tw o  g re a t th e o r ie s  
h a s  h ad . S o  th a t  i f  o u r  fa ith  in  e ith e r  is  to  b e  sh a k e n  w e  
m a y  re c o g n is e  w h a t e ffe c ts  o n  o u r  so c io lo g ic , p e d a g o g ic , 
a n d  p h ilo s o p h ic  b e l ie f s  th is  p a r tic u la r  w e a k e n in g  o f  th e  
b io lo g ic  b a s is  m a y  h av e .

T h e  re la tio n  o f  th e o lo g y  to  b io lo g y  is  c o n c e rn e d  
a lm o s t w h o lly  w ith  th e  th e o ry  o f  d e sc e n t. T h e  s lo w  an d  
g ra d u a l fo rm in g  o f  sp e c ie s  in c lu d in g  th e  p a r t ic u la r  one , 
m a n , a n d  th e ir  g e n e tic  re la tio n sh ip , th e  a lly in g  o f  m a n  b y  
b lo o d  w ith  th e  lo w e r  a n im a ls  —  th e s e  a re  th e  tw o  
b io lo g ic a l c o n c e p tio n s  (b o th  in c lu d e d  in  th e  d e sc e n t 
th e o ry )  w h ic h  h a v e  b e e n  th e  c h ie f  p o in ts  o f  a ttr i t io n  in  th e  
c o m in g  to g e th e r  o f  th e o lo g y  a n d  b io lo g y . D a rw in ism  
sp e c if ic a lly  as su ch , th a t  is , th e  se le c tio n  p r in c ip le , h a s  h a d  
so m e  sp e c ia l a tte n tio n  f ro m  th e o lo g ia n s  b e c a u s e  o f  its  
su b s titu tio n  o f  a  c a u so -m e c h a n ic a l fo r  a  te le o lo g ic a l 
e x p la n a tio n  o f  sp e c ie s - fo rm in g , a n d  b e c a u s e  i t  d if fe rs  in  
its  in te rp re ta tio n  o f  th e  t im e  n e c e s s a ry  fo r  p e o p lin g  th e  
g lo b e  w ith  a  v a r ie ty  o f  o rg a n ic  fo rm s  f ro m  th e  
in te rp re ta tio n , o r  r a th e r  e x p lic it ly  sp e c if ic  s ta te m e n t, o f  
th e  f ir s t  c h a p te r  o f  G e n e s is . B u t  o n  th e  w h o le  th e  
D a rw in ia n  se le c tio n  th e o r ie s  c o u ld  b e  u tte r ly  d o n e  a w a y  
w ith  w ith o u t  m a k in g  a n y  a p p re c ia b le  c h a n g e  in  th e  
e x is tin g  re la tio n  b e tw e e n  th e o lo g y  a n d  b io lo g y . H u x le y  
sa id  th is  to  th e  th e o lo g ia n  D a rw in o p h o b e s  m a n y  y e a rs  
ago .

A n d  p ra c tic a lly  so  w ith  p h ilo so p h y . I t  is  th e  
tra n s fo rm a tio n  p r in c ip le , th e  p r in c ip le  o f  c o n tin u ity , o f  
m o n ism  in  N a tu re  th a t  E v o lu tio n  re p re se n ts , th a t  
p h ilo s o p h y  is  c o n c e rn e d  to  c o n s id e r . N o t  th e  a c tu a l h o w  o f  
th e  m o d if ic a t io n  a n d  tra n s fo rm is m  o f  a n im a l a n d  p la n t 
life .

In  p e d a g o g y  i t  is  a lso  th e  th e o ry  o f  d e s c e n t ra th e r  
th a n  th e  s e le c tio n  th e o ry  w h ic h  h a s  b e e n  d ra w n  o n  fo r
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so m e  ra th e r  re m a rk a b le  d e v e lo p m e n ts  in  c h ild -s tu d y  an d  
in s tru c tio n . U n fo r tu n a te ly  i t  is  e x -a c tly  o n  th a t  w e a k e s t  o f  
th e  th re e  fo u n d a tio n  p illa rs  o f  d e sc e n t, n a m e ly , th e  sc ie n c e  
o f  e m b ry o lo g y  w ith  its  M u lle r ia n -H a e c k e lia n  
re c a p itu la tio n  th e o ry  o r  b io g e n e tic  la w , th a t  th e  c h ild -  
s tu d y  p e d a g o g u e s  h a v e  b u ild e d . T h e  sp e c ie s  re c a p itu la te s  
in  th e  o n to g e n y  (d e v e lo p m e n t)  o f  e a c h  o f  its  in d iv id u a ls  
th e  c o u rse  o r  h is to ry  o f  its  p h y lo g e n y  (d e sc e n t o r  
e v o lu tio n ) . H e n c e  th e  c h ild  c o rre sp o n d s  in  d if fe re n t 
p e r io d s  o f  its  d e v e lo p m e n t to  th e  p h y le tic  s ta g e s  in  th e  
d e s c e n t o f  m an . A s  th e  c h ild  is  fo r tu n a te ly  w e ll  b y  its  f ish , 
do g , a n d  m o n k e y  s ta g e s  b e fo re  i t  c o m e s  in to  th e  c a re  o f  
th e  p e d a g o g u e , h e  h a s  to  c o n c e rn  h im s e l f  o n ly  w ith  its  
sa fe  p ro g re s s  th ro u g h  th e  v a r io u s  s ta g e s  o f  p re h is to r ic  an d  
b a rb a ro u s  m a n . D e te c t  th e  p re c is e  p h y le tic  s tag e , c a v e ­
m a n , s to n e -a g e  m a n , h u n te r  a n d  ro a m e r, p a s to ra l m an , 
a g r ic u ltu ra lis t , a n d  tr e a t  w ith  th e  l i t t le  b a rb a r ia n  
a c c o rd in g ly  !  W h a t  s im p lic ity !  O n ly  o n e  tro u b le  h e re  fo r  
th e  p e d a g o g u e ; th e  r e c a p itu la tio n  th e o ry  is  m o s tly  
w ro n g ;a n d  w h a t is  r ig h t  in  i t  is  m o s tly  so  c o v e re d  u p  b y  
th e  w ro n g  p a rt, th a t  fe w  b io lo g is ts  lo n g e r  h a v e  an y  
c o n f id e n c e  in  d is c o v e r in g  th e  rig h t. W h a t  th e n  o f  o u r  
g e n e ra lis in g  f r ie n d s , th e  p e d a g o g u e s  ?

F in a lly  in  so c io lo g y , m o re  p a r t ic u la r ly  b io lo g ic a l 
so c io lo g y . H e re  a g a in , to  m y  e y es , m u c h  b io lo g ic a l 
so c io lo g y  re s ts  o n  tw o  v e ry  in s e c u re  b a s e s :  (I) a  to o  s lig h t 
a c q u a in ta n c e  w ith  b io lo g y  o n  th e  p a r t  o f  th e  b io lo g ic a l 
so c io lo g is t, an d , (2 ) an  a c c e p ta n c e  o f, a n d  c o n f id e n c e  in , 
c e r ta in  b io lo g ic a l th e o r ie s  w h ic h  a re  c e r ta in ly  
u n w a rra n te d , a n d  a re  n o t  a t a ll sh a re d  b y  th e  b io lo g is ts  
th e m se lv e s . B io lo g ic a l s c ie n c e  c o n ta in s  m u c h  th a t  is  
p ro v e d  a n d  c e rta in ; b u t  a lso  m u c h  th a t  is  n o th in g  m o re  
th a n  w o rk in g  h y p o th e s is , p ro v is io n a l th e o ry , an d  
a n tic ip a to ry  g e n e ra lis a tio n . A s  th e  p ro v e d  p a r t  is  la rg e ly  
o f  th e  n a tu re  o f  fa c ts  o f  o b se rv a tio n , iso la te d  an d  
u n re la te d , a n d  th e  u n p ro v e d  p a r t  is  c o m p o se d  o f  th e  la rg e
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a n d  sw e e p in g  g e n e ra lis a tio n s , th e  p la u s ib le , p ro v is io n a l 
e x p la n a tio n s , su c h  as  th e  v a r io u s  th e o r ie s  o f  h e re d ity , o f  
th e  re su lts  o f  s tru g g le , o f  th e  d e v e lo p m e n t o f  m u tu a l a id , 
e tc ., th a t  is, is  e x a c tly  th e  so r t o f  m a te r ia l  th a t  th e  
so c io lo g is t  n e e d s  to  w e a v e  in to  h is  b io lo g ic a l fo u n d a tio n s  
fo r  th e  so c io lo g ic  s tu d y  o f  m a n , i t  is  e x a c tly  th is  u n p ro v e d  
p a r t  o f  b io lo g y  th a t  th e  s e a rc h in g  s o c io lo g is t  c a r r ie s  h o m e  
w ith  h im  f ro m  h is  e x c u rs io n s  in to  th e  b io lo g ic a l f ie ld . T h e  
re c a p itu la tio n  th e o ry  lo o m s  u p  la rg e  a n d  fa m il ia r  in  
b io lo g ic a l s o c io lo g y  ; i t  is  m o s tly  d is c re d ite d  in  b io lo g y . 
T h e  in h e r ita n c e  o f  a c q u ire d  c h a ra c te rs  s e rv e s  as b a s is  fo r  
m u c h  so c io lo g y ; m o s t  b io lo g is ts  b e lie v e  i t  im p o ss ib le . T h e  
se le c tio n  th e o r ie s  a re  g o sp e l to  so m e  so c io lo g is ts ; th e y  a re  
th e  p r in c ip a l m o o t p o in ts  in  p re s e n t-d a y  b io lo g y . A n d  so 
on . B io lo g y  is  n o t  y e t  c o m e  to  th a t  s ta g e  in  its  
d e v e lo p m e n t w h e re  i t  c a n  o f fe r  m a n y  so lid ly  fo u n d e d  
g e n e ra lis a tio n s  o n  w h ic h  o th e r  sc ie n c e s  c a n  b u ild . T h e  
th e o ry  o f  d e s c e n t is  o n e  su ch  sa fe  g re a t  g e n e ra lis a tio n ; b u t  
p e rh a p s  D a rw in ism  is  n o t a n o th e r. A t le a s t  m a n y  sc h o la rs  
d o  n o t  b e l ie v e  th a t  i t  is.

A P P E N D IX .

1 F o r  th e  in se c ts  a lo n e  e n to m o lo g is ts  h a v e  
e s tim a te d , o n  a  b a s is  o f  th e  n u m b e rs  o f  n e w  sp e c ie s  b e in g  
a n n u a lly  fo u n d  a n d  d e sc r ib e d , a n d  o n  th e  b a s is  o f  th e  
d e g re e  to  w h ic h  th e  e n to m o lo g ic a l e x p lo ra tio n  o f  th e  e a r th  
h a s  b e e n  c a rr ie d , th a t  o v e r  tw o  m illio n  sp e c ie s  m u s t  b e  in  
p re s e n t e x is te n c e .

2 S ee  H . F . O s b o rn 's  "F ro m  th e  G re e k s  to  D a rw in "  
(1 8 9 5 )  fo r  a  c a re fu l h is to ry  o f  th e  u n fo ld in g  o f  th e  d e sc e n t 
id e a ;se e  a lso  E d g a r  D a c q u e . "D e r  D e s c e n d e n z g e d a n k e  
u n d  se in e  G e sc h ic h te ,"  1903 ; a lso  C a ru s , J. V ., 
"G e sc h ic h te  d e r  Z o o lo g ie  b is  a u f  J. M u lle r  u n d  C. 
D a rw in ,"  1872 ; a lso  C lo d d , E d w ., "P io n e e rs  o f  E v o lu tio n
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f ro m  T h a le s  to  H u x le y ,"  1 8 9 7 ;a n d  Q u a tre fa g e s , A . de, 
''L e s  f im u le s  d e  D a rw in ,"  2  v o ls ., 1894.

3 M a n y  o f  th e  h e rm it  c ra b s  (P a g u r id a e )  w h ic h  liv e  
in  th e  d is c a rd e d  sh e lls  o f  g a s te ro p o d  m o llu sc s  h a v e  so m e  
sp e c ie s  o f  sm a ll c o lo n ia l p o ly p , a s  Podocoryne, a tta c h e d  
to  a n d  p a r tly  c o v e r in g  th e  sh e ll. T h e  p o ly p  c o lo n y  p ro f its  
b y  b e in g  c a rr ie d  a b o u t a n d  b y  o b ta in in g  b i ts  o f  fo o d  w h e n  
th e  c rab  h a s  su c c e e d e d  in  c a tc h in g  p re y  a n d  is  te a r in g  i t  to  
p ie c e s  w ith  h is  c law s, w h ile  th e  c rab  p ro f its  b y  th e  
p ro te c tio n  a f fo rd e d  i t  b y  th e  s tin g in g  th re a d s  a n d  n e ttle  
c e lls  o f  th e  p o ly p . E s ig  s a w  in  th e  a q u a r ia  o f  th e  
z o o lo g ic a l s ta tio n  a t N a p le s  a  sm a ll o c to p u s  w h ic h  w a s  
try in g  to  in s e r t  o n e  o f  its  te n ta c le s  in to  a  sh e ll to  g e t th e  
c rab , q u ic k ly  d r iv e n  a w a y  b y  th e  m a n y  s tin g in g  th re a d s  
w ith  w h ic h  i t  w a s  c a re s se d  b y  th e  p o ly p  c o lo n y  se a te d  on  
th e  o u te r  su rfa c e  o f  th e  she ll. T h is  sy m b io tic  l ife  b e tw e e n  
h e rm it  c rab  a n d  p o ly p  g o e s  so  fa r  w ith  so m e  sp e c ie s  th a t  
th e  h e rm it  c ra b s  n e v e r  re s t  u n til  th e y  h a v e  a  p o ly p  c o lo n y  
s e a te d  o n  th e ir  shell.

4 A m o n g  m o re  re c e n t  b o o k s  s ta tin g  th e  e sse n tia l 
p o in ts  in  th is  e v id e n c e  m a y  b e  m e n tio n e d  C o n n 's  
"E v o lu tio n  o f  T o -d a y ,"  1 8 8 9 ;W a lla c e 's  ''D a rw in ism ,"  
1891 ; A . M . M a rs h a ll 's  "L e c tu re s  o n  th e  D a rw in ia n  
T h e o ry ,"  1894; R o -m a n e s 's  "D a rw in  a n d  A f te r  D a rw in ."  
V o l. I, 1 8 0 6 ;K la a tsc h 's  "G ru n d z u g e  d e r  L e h re  D a rw in s ,"  
1900 ; M e tc a lf ’s "O u tlin e  o f  th e  T h e o ry  o f  O rg a n ic  
E v o lu tio n ,"  1904 ; W e is m a n n 's  "V o rtra g e  u b e r  
D e s c e n d e n z th e o r ie ,"  2  v o ls ., 1002 ; E n g . tra n s . 2  v o ls ., 
1904 ; L o tsy , J. P ., "V o r le su n g e n  i ib e r  
D e sc e n d e n z th e o r ie n , m it  b e s o n d e re r  B e r i ic k s ic h tig u n g  d e r 
b o ta n is c h e n  S e ite  d e r  F ra g e ,"  2  v o ls ., V o l. I, 1906; Jo rd a n  
a n d  K e llo g g , " E v o lu tio n  a n d  A n im a l L ife ."  1907.

5 F o r  an  in te re s tin g  d is c u s s io n  f ro m  th e  m o d e rn  
p o in t  o f  v ie w  o f  th e  r e la tio n  b e tw e e n  D a rw in ia n  b io lo g y  
a n d  th e o lo g y  se e  H a e c k e l. E rn s t, "D e r M o n is m u s  a ls  B a n d  
z w is c h e n  R e lig io n  u n d  W is s e n s c h a f t ,"  1893 ; a lso  V e tte r ,
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B e n .ia m in ," D ie  m o d e rn e  W e lta n s c h a u u n g  u n d  d e r  
M e n sc h ."  1903 ; a lso  W a sm a n n , E r ic h , "D ie  m o d e rn e  
B io lo g ie  u n d  d ie  E n tw ic k lu n g s th e o r ie ."  1904 . (A u th o r  is  a 
J e s u it  p r ie s t  w h o s e  re m a rk a b le  s tu d ie s  o n  a n ts  a n d  th e ir  
m e s s m a te s  h a v e  m a d e  h im  w e ll k n o w n  to  b io lo g is ts . H e  
a c c e p ts  th e  th e o ry  o f  d e sc e n t, w ith  th e  e x c lu s io n  o f  m a n  
f ro m  th e  e v o lu tio n  se r ie s .)  S ee  a lso  H u tto n . F . W ., "T h e  
L e s s o n  o f  E v o lu tio n ."  1902 . In  th is  b o o k  th e  a u th o r  ta k e s  
a  s tro n g  s ta n d  fo r  d u a lism , m a k in g  th e  p o in t  th a t  th e  
th e o ry  o f  e v o lu tio n  h a s  r e s c u e d  p h ilo s o p h y  f ro m  a  r ig id ly  
m o n is tic  m a te r ia lis t ic  b a s is  (a  m in d - in -a l l-m a tte r  th e o ry ) , 
a n d  h a s  m a d e  n e c e s s a ry  a  d u a l- is t ic  th e o ry  (m in d -a n d -  
m a tte r  th e o ry )  b e c a u s e  o f  th e  n e c e s s ity  o f  p o s tu la tin g  th e  
b e g in n in g  o f  l ife  a n d  a  b e g in n in g  o f  m in d . T h e  h e o ry  o f  
e v o lu tio n  re s c u e s  re lig io n  f ro m  P a n th e is m , a n d  p u ts  i t  o n  a 
T h e is tic  b a s is . "It is  tru e , as  P a n th e is ts  u rg e , th a t  th e ir  o n ly  
e x p e r ie n c e  o f  m in d  is  in  c o n n e c tio n  w ith  m a tte r , b u t  so  fa r  
as  w e  k n o w  m in d  is  c o n n e c te d  o n ly  w ith  o n e  k in d  o f  
m a tte r  c a lle d  p ro to p la sm , w h ic h  c a n n o t p o s s ib ly  e x is t  
th ro u g h o u t th e  u n iv e rse . C o n s e q u e n tly  m in d  m u s t e ith e r  
b e  a b se n t in  la rg e  p o r tio n s  o f  m a tte r  o r  i t  m u s t  b e  
a s so c ia te d  w ith  th a t  m a tte r  in  so m e  w a y  w h ic h  q u ite  
t ra n s c e n d s  th e ir  e x p e r ie n c e . S o  th a t  w e  h a v e  n o  m o re  
e x p e r ie n c e  o f  m in d  u n iv e rs a l ly  d is tr ib u te d  th ro u g h  m a tte r  
th a n  w e  h a v e  o f  m in d  d is tin c t f ro m  m a tte r . A n d  th e  
a rg u m e n t fo r  P a n th e is m  b re a k s  d o w n ."  S ee  a lso  L e  C o n te , 
Jo s ., "E v o lu tio n , its  N a tu re , its  E v id e n c e s  a n d  its  R e la tio n  
to  R e lig io u s  T h o u g h t,"  1891.

6 O f  c o u rse  m a n y  b o o k s  a n d  p a p e rs  c o n c e rn in g  th e  
re la tio n  o f  b io lo g y  to  p h ilo s o p h y  h a v e  b e e n  w ritte n . A  
g o o d  in tro d u c tio n  to  th e  su b je c t is  E u g e n  D re h e r 's  "D er 
D a rw in is m u s  u n d  se in e  S te llu n g  in  d e r  P h ilo so p h ic ,"  
1877 ; see  a lso  V e r-w o rn , M a x , " N a tu rw is se n sc h a f t  u n d  
W e lta n s c h a u u n g ,"  1904 ; a lso  A d ic k e s , E ric h , "K a n t c o n tra  
H a e c k e l,"  1901 ; a lso  E m il d u  B o is -R e y m o n d 's  "U b e r  d ie  
G re n z e n  d es  N a tu re r -k e n n e n s ,"  a n d  "D ie  S ie b e n
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W e ltra th se l" ;  a lso  H a e c k e l 's  "D ie  W e lt- ra th se l"  ( tran s . in  
E n g lis h  as "T h e  R id d le  o f  th e  U n iv e rs e " )  ; see  a lso  
S c h u rm a n , J. G ., "T h e  E th ic a l Im p o r t  o f  D a rw in ism ,"  
1 8 8 8 ;a lso  H u x le y , "E v o lu tio n  a n d  E th ic s  a n d  O th e r  
E ssa y s ,"  1894 ; see  a lso  R e in k e , J ., "E in le itu n g  in  d ie  
T h e o re tis c h e  B io lo g ic ,"  1901 . T h e  a u th o r  se ts  o u t in  th is  
b o o k  th e  p h ilo s o p h ic  n o tio n s  o f  H a r t-m a n n , L o tz e , W u n d t, 
M u lle r  a n d  o th e rs  c o n c e rn in g  th e  p r in c ip le s  a n d  la w s  o f  
b io lo g y , a n d  d o e s  th is  d e f in ite ly  e n o u g h  to  m a k e  h is  b o o k  
a  p re tty  g o o d  c o m p e n d  o f  p h ilo so p h ic o -b io lo g y .

See*  H e rb e r t  S p e n c e r 's  "P rin c ip le s  o f  
S o c io lo g y " ; a lso  L e s te r  W a rd 's  "B io lo g ic a l S o c io lo g y " ; 
a lso  B e n ja m in  K id d 's  "S o c ia l E v o - lu tio n " ; a lso  C u rt 
M ic h a e lis , "P r in z ip ie n  d e r  n a tu r - lic h e n  u n d  so z ia le n  
E n tw ic k lu n g s g e s c h ic h te  d e s  M e n -sc h e n ,"  1904 ; a lso  
"D a rw in ism u s  u n d  S o z ia lw is se n -sc h a f t,"  1903 ; see  a lso  
S c h a llm e y e r , W ., " V e re rb u n g  u n d  A u s le se  in  L e b e n s la u f  
d e r  V o lk e r ,"  1903.

* T h e  b o o k s  a n d  p a p e rs  re fe r re d  to  in  n o te s  5, 6, 
a n d  7 a re  s im p ly  c e r ta in  o n e s  th a t  h a v e  p a r tic u la r ly  
in te re s te d  th e  au th o r. T h e  lis ts  o t re fe re n c e s  m a k e  n o t  th e  
s lig h te s t  p re te n c e  to  g u id e  th e  g e n e ra l re a d e r  in te re s te d  in  
th e s e  sp e c ia l su b je c ts
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CHAPTER III. 
DARWINISM ATTACKED.

A TTACKS o n  D a rw in ism  h a v e  b e e n  m a d e , o f  
c o u rse , e v e r  s in c e  th e re  w a s  a n y  D a rw in ism  to  a tta ck . In  
th o s e  f ir s t  d a y s  (a n d  m o n th s  a n d  y e a rs )  a f te r  th e  "O rig in  
o f  S p ec ie s"  w a s  p u b lis h e d  th e re  w e re  th e  l iv e lie s t  o f  t im e s  
fo r  D a rw in  a n d  h is  su p p o rte rs ; o r  ra th e r  c h ie f ly  fo r  th e  
su p p o rte rs . D a rw in  w is e ly  k e p t  a lo o f  f ro m  th e  d eb a te s . 
B u t fo r  th e  f ir s t  b a n d  o f  fo llo w e rs  w ith  th e  in d e fa tig a b le , 
th e  b r il l ia n t, a n d  w h o lly  c o m p e te n t H u x le y  a t its  h ead , 
th e re  w a s  n o  la c k  o f  o p p o r tu n itie s  fo r  jo u s tin g . T h e  issu e  
w a s  n e v e r  d o u b tfu l; H u x le y  a n d  h is  in fo rm e d  an d  
e q u ip p e d  sc ie n tif ic  c o m p a n io n s  a g a in s t th e  sc ie n tif ic a lly  
ig n o ra n t, an g ry , in c a u tio u s , a n d  d o g m a tic  B ish o p  
W ilb e r fo rc e s  h a d  u n fa ir  o d d s. T h e  v ic to ry  c a m e  sw if tly  
a n d  b r il l ia n t ly  to  th e  D a rw in ia n s . A t th is  t im e  th e re  w a s  
l i t t le  d is tin c tio n  m a d e  b e tw e e n  D a rw in ism  a n d  E v o lu tio n . 
I t  w a s  re a lly  a  b a tt le  b y  th e  th e o lo g ia n s  a g a in s t th e  th e o ry  
o f  d e sc e n t. A n d  th e  th e o ry  o f  d e s c e n t w as , an d  
is ,in v u ln e ra b le .

S in c e  th o s e  w a rr in g  d a y s  o f  th e  '6 o 's  th e  th e o ry  o f  
d e s c e n t h a s  b e e n  a s sa ile d  n o  m o re , th a t  is in  a n y  im p o r ta n t 
o r  e v e n  in te re s tin g  w a y . A n d  th e  t ru e  D a rw in - is m ,th e  
se le c tio n  d o c tr in e , h a s  a lso  b e e n  su b je c t to  n o  c o n sp ic u o u s  
a n d  p o p u la r ly  re c o g n is e d  a ttack . T h e  e d u c a te d  p u b lic  
a c c e p te d  th e  re su lts  o f  th e  f ir s t  b a t t le  as  f in a l, a n d  it  
q u ie tly  b e g a n  to  re a r ra n g e  its  th o u g h t a n d  to  so m e  d e g re e  
its  a c tu a l w a y s  o f  l iv in g  in  a c c o rd a n c e  w ith  th e s e  n e w ly  
d isc o v e re d  c o n d itio n s  o f  life . N e v e r th e le s s  th e re  h a s  b e e n  
f ro m  th e  d a y  o f  th e  c lo se  o f  th e  g re a t  f ir s t  b a t t le  to  th e  
p re s e n t m o m e n t a  s te a d y  a n d  c u m u la tin g  s tre a m  o f  
sc ie n tif ic  c r it ic ism  l o f  th e  D a rw in ia n  se le c tio n  th e o r ie s . In  
th e  la s t  fe w  y e a rs , i t  h a s , as a lre a d y  m e n tio n e d  in  th e
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p re fa c e  a n d  in tro d u c to ry  c h a p te r  o f  th is  b o o k , re a c h e d  
su c h  p ro p o r tio n s , su c h  s tre n g th  a n d  e x te n t, as  to  b e g in  to  
m a k e  i t s e l f  a p p a re n t o u ts id e  o f  s tr ic tly  b io lo g ic a l an d  
n a tu ro -p h ilo s o p h ic a l c irc le s . S u ch  o ld e r  b io lo g is ts  an d  
n a tu ra l p h ilo s o p h e rs  as v o n  B a e r , v o n  K o lli-k e r , V irc h o w , 
N a g e li , W ig a n d , a n d  H a r tm a n n , a n d  su c h  o th e rs  w r it in g  in  
th e  n in e tie s  a n d  in  th e  p re s e n t  c e n tu ry  as v o n  S ach s, 
E lm e r, D e la g e , H a a c k e , K a sso w itz , C o p e , H a b e r la n d t, 
H e n s lo w , G o e tte , W o lff , D rie sch , P a c k a rd , M o rg a n , 
Ja e c k e l, S te in m a n n , K o rs c h in s k y , a n d  d e  V rie s , a re  
e x a m p le s  w h ic h  sh o w  th e  d is tin c tly  p o n d e ra b le  c h a ra c te r  
o f  th e  a n ti-D a rw in ia n  ran k s . P e rh a p s  th e s e  n a m e s  m e a n  
li t t le  to  th e  g e n e ra l re a d e r; le t  m e  tr a n s la te  th e m  in to  th e  
p ro fe s s o rs  o f  z o o lo g y , o f  b o ta n y , o f  p a la e o n to lo g y , a n d  o f  
p a th o lo g y , in  th e  u n iv e rs i t ie s  o f  B e r lin , P a r is , V ie n n a , 
S tra ssb u rg , T iib in g e n , A m s te rd a m , C o lu m b ia  U n iv e rs ity , 
e tc . N o w  w ith o u t k n o w in g  th e  m a n  p e rso n a lly , o r  e v e n  
th ro u g h  h is  p a r t ic u la r  w o rk , th e  g e n e ra l re a d e r  c a n  sa fe ly  
a ttr ib u te  to  m e n  o f  su c h  p o s itio n  a  c e r ta in  a m o u n t o f  
s c ie n tif ic  tra in in g , o f  p ro v e d  c a p a c ity , a n d  o f  sp e c ia l 
a c q u a in ta n c e sh ip  w ith  th e  su b je c t o f  th e ir  d is c u ss io n . O n e  
d o e s  n o t c o m e  to  b e  a  p ro fe s s o r  o f  b io lo g y  in  B e r l in  o r  
P a n s  o r  C o lu m b ia  so le ly  b y  c a p r ic e  o f  m in is te rs  o f  
e d u c a tio n  o r  b o a rd s  o f  tru s te e s ;  o n e  h a s  p ro v e d  o n e 's  
c o m p e te n c y  f o r  th e  p lace . T o  w o rk in g  b io lo g is ts  th e  
n a m e s  —  I h a v e  g iv e n , o f  c o u rse , o n ly  a  se le c tio n , an d  
o n e  p a r tic u la r ly  m a d e  to  sh o w  v a r ie ty  o f  in te re s t  (b o ta n y , 
z o o lo g y , p a la e o n to lo g y , p a th o lo g y )  —  m e a n  e v e n  m o re  
th a n  th e  p o s itio n s . T h e y  a re  m o s tly  a s so c ia te d  w ith  
re c o g n is e d  sc ie n tif ic  a t ta in m e n t a n d  .g e n e ra l in te lle c tu a l 
c a p ac ity .

A m o n g  th e  c r itic s  o f  th e  se le c tio n  th e o r ie s  w e  m u s t 
n o te  tw o  g ro u p s , d if fe r in g  in  th e  c h a ra c te r  o f  th e ir  
c r it ic ism  m o re  in  d e g re e  th a n  in  k in d , p e rh a p s , b u t  s till 
im p o r ta n tly  d iffe r in g . O n e  g ro u p  d e n ie s  in toto an y  
e f fe c tiv e n e s s  o r  c a p a c ity  fo r  s p e c ie s fo rm in g  o n  th e  p a r t  o f
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n a tu ra l se le c tio n , w h ile  th e  o th e r  g ro u p , a  la rg e r  o n e ,s e e s  
in  n a tu ra l se le c tio n  an  e ffe c tiv e  f a c to r  in  d ire c tin g  o r  
c o n tro ll in g  th e  g e n e ra l c o u rse  o f  d e sc e n t, h o ld in g  i t  to  
a d a p tiv e  lin e s , b u t  d e n ie s  i t  o u tr ig h t a n y  su c h  Allmacht o f  
s p e c ie s  c o n tro l a s  th e  m o re  e a g e r  s e le c tio n is ts , th e  so- 
c a lle d  n e o -D a rw in ia n s  o r  W e ism a n n ia n s , c re d it  i t  w ith . 
T h is  la rg e r  g ro u p  o f  c r itic s  sees  in  n a tu ra l se le c tio n  an  
e v o lu tio n a ry  fa c to r  c a p a b le  o f  in it ia tin g  n o th in g , 
d e p e n d e n t w h o lly  fo r  an y  e f fe c tiv e n e s s  o n  so m e  p r im a ry  
fa c to r  o r  fa c to rs  c o n tro ll in g  th e  o r ig in  a n d  d ire c tio n  o f  
v a r ia tio n , b u t  w h o lly  c a p a b le  o f  e x tin g u is h in g  all 
u n a d a p te d , u n f i t  lin e s  o f  d e v e lo p m e n t, an d , in  th is  w ay , o f  
e x e rc is in g  d e c is iv e  f in a l c o n tro l o v e r  th e  g e n e ra l c o u rse  o f  
d e sc e n t, i. e., o rg a n ic  e v o lu tio n . A n o th e r  c la s s if ic a tio n  o f  
c r itic s  m a y  b e  m a d e  o n  th e  b a s is  o f  p u re  d e s tru c tiv e n e s s  
o n  th e  o n e  h a n d  as o p p o se d  to  d e s tru c tiv e n e s s  c o m b in e d  
w ith  c o n s tru c tiv e n e s s  o n  th e  o th e r. T h a t is , so m e  c r itic s  o f  
s e le c tio n , as W o lff , P fe f fe r , D rie sch , et a!., a re  c o n te n t 
w ith  d o in g  th e ir  b e s t  to  re v e a l th e  in c a p a c ity  o f  
D a rw in ism ; o th e rs , o n  th e  c o n tra ry , c o m e  w ith  c e r ta in  
m o re  o r  le s s  w e ll-o u tl in e d  su b s titu tio n a ry  th e o r ie s  in  th e ir  
h a n d s . E im e r  w ith  h is  th e o ry  o f  o r th o g e n e s is , an d  
K o rs c h in s k y  a n d  d e  V rie s  w ith  th e ir  th e o ry  o f  m u ta tio n s , 
a re  e x a m p le s  o f  th e  la t te r  c lass .

T h e  g e n e ra l im p re s s io n  le f t  o n  o n e  a f te r  a 
c o n s id e ra b le  c o u rse  o f  a n ti-D a rw in ia n  re a d in g  ra n g in g  all 
th e  w a y  f ro m  th e  e x tre m e  a tti tu d e  a n d  th e  v io le n c e  o f  
D e n n e rt, F le is c h m a n n , W o lff , a n d  C oe . to  th e  te m p e re d  
a n d  re se rv e d  c r it ic ism  o f  D e la g e  a n d  d e  V rie s , is  th a t  th e re  
is  a  v e ry  re a l a n d  e ffe c tiv e  a m o u n t o f  d e s tru c tiv e  c r itic ism  
fo r  D a rw in ia n s  to  m e e t; a n d  a t th e  sa m e  t im e  a  c u r io u s  
p a u c ity  o f  sa tis fa c to ry  o r  a t  a ll c o n v in c in g  su b s titu tio n a ry  
th e o ry  o ffe re d  b y  th e  a n ti-D a rw in ia n s  to  re p la c e  th a t  
w h ic h  th e y  a re  a tte m p tin g  to  d e th ro n e . T h e  s itu a tio n  
i l lu s tra te s  a d m ira b ly  th e  v a ry in g  w o r th  o f  a  fe w  fac ts . A  
fe w  s tu b b o rn  fa c ts  o f  th e  w ro n g -c o m p le x io n  a re  fa ta l
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th in g s  fo r  a  th e o ry ; th e y  a re  im m e n s e ly  e f fe c tiv e  o ffe n s iv e  
w e a p o n s . B u t th e s e  sa m e  fe w  fa c ts  m a k e  a  p itia b le  
sh o w in g  w h e n  th e y  a re  c a lle d  o n  to  su p p o r t a  th e o ry  o f  
th e ir  o w n . I t  w a s  e x a c tly  th e  g re a te s t  p a r t  o f  D a rw in 's  
g re a tn e s s , i t  s e e m s to  m e , th a t  h e  la u n c h e d  h is  th e o ry  o n ly  
a f te r  m a k in g  th e  m o s t  r e m a rk a b le  c o lle c tio n  o f  fa c ts  y e t 
g a th e re d  to g e th e r  in  b io lo g ic a l s c ie n c e  b y  a n y  o n e  m an . 
T e s tin g  h is  th e o ry  b y  a p p ly in g  to  i t  s u c c e s s iv e ly  fa c t  a f te r  
fac t, g ro u p  a f te r  g ro u p  a n d  c a te g o ry  a f te r  c a te g o ry  o f  
fa c ts , h e  c o n v in c e d  h im s e lf  o f  th e  th e o ry 's  c o n so n a n c e  
w ith  a ll th is  v a s t  a rra y  o f  o b se rv e d  b io lo g ic a l ac tu a lity . 
C o m p a re  th e  g ro u n d in g  o f  a n y  o f  th e  n o w  o ffe re d  
re p la c in g  th e o r ie s  w ith  th e  p re p a ra tio n  a n d  fo u n d in g  o f  
D a rw in ism . In  1864  v o n  K o ll ik e r ,2 a  g re a t b io lo g is t, 
c o n v in c e d  o f  th e  in c a p a c ity  o f  n a tu ra l se le c tio n  to  d o  th e  
w o rk  a s s ig n e d  i t  b y  its  fo u n d e rs  a n d  f r ie n d s , su g g e s te d  a 
th e o ry  o f  th e  o r ig in  o f  sp e c ie s  b y  c o n s id e ra b le  le a p s ; in  
1899 , K o rs c h in s k y ,3 o n  th e  b a s is  o f  so m e  fe w  p e rso n a l 
o b se rv a tio n s  a n d  th e  c o m p ilin g  o f  so m e  o th e rs , d e f in ite ly  
fo rm u la te d  a  th e o ry  o f  sp e c ie s - fo rm in g  b y  su d d e n  
c o n s id e ra b le  v a r ia tio n s , n a m e ly , m u ta tio n s ; in  1901 a n d  
1903 a p p e a re d  th e  tw o  v o lu m e s  o f  d e  V rie s 's  "D ie  
M u ta tio n s th e o r ie ,"  in  w h ic h  a re  re v e a le d  th e  r e s u lts  o f  
lo n g  y e a rs  o f  c a re fu l p e rso n a l o b se rv a tio n , in  tru ly  
D a rw in ia n  m a n n e r , d ire c te d  to w a rd  th e  te s t in g  a n d  b e tte r  
g ro u n d in g  o f  th is  m u ta tio n s th e o r ie  o f  sp e c ie s -o r ig in . T h e  
re su lts  a re :  o u t o f  m a n y  p la n t sp e c ie s  s tu d ie d , a  fe w  sh o w  
a t c e r ta in  t im e s  in  th e  c o u rse  o f  n u m e ro u s  g e n e ra tio n s  a 
b e h a v io u r  in  a c c o rd a n c e  w ith  th e  d e m a n d s  o f  a  th e o ry  o f  
s p e c ie s - fo rm in g  b y  su d d e n  d e f in it iv e  m o d if ic a tio n ; th a t  is , 
sp e c ie s - fo rm in g  b y  m u ta tio n s . T h e  m u ta tio n s - th e o ry  th u s  
la u n c h e d  is  o f fe re d  as  a  su b s titu te  fo r  th e  n a tu ra l se le c tio n  
th e o ry  o b v io u s ly  w e a k e n in g  u n d e r  th e  f ire  o f  m o d e rn  
s c ie n tif ic  c r itic ism . B u t  h o w e v e r  e f fe c tiv e  d e  V r ie s 's  fa c ts  
a re  in  p ro v in g  th e  p o s s ib il i ty  o f  th e  o c c u r re n c e  o f  o th e r  
v a r ia t io n s  th a n  th o s e  fo r tu ito u s  o n e s  o c c u r r in g  in
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c o n tin u o u s  se rie s  f ro m  m e a n  to  o p p o s ite  e x tre m e s  w h ic h  
D a rw in  re c o g n is e d  as th e  b a s is  o f  sp e c ie s - fo rm in g , an d  
h o w e v e r  e ffe c tiv e  th e y  a re  in  p ro v in g  th e  ac tu a l 
p ro d u c tio n  o f  th re e  o r  s ix  o r  te n  sp e c ie s  b y  m u ta tio n , a n d  
h o w e v e r  e f fe c tiv e  in  b o th  th e s e  c a p a c itie s  th e y  a re  as 
w e a p o n s  o f  a tta c k  o n  th e  d o m in a n c e  o f  th e  D a rw in ia n  
th e o ry  o f  sp e c ie s -m a k in g , h o w  re a lly  in a d e q u a te  a re  th e y  
to  se rv e  as th e  b a s is  o f  a  g re a t  a l l-a n s w e r in g  th e o ry  
e x p la in in g , in  a  c a u so -m e c h a n ic a l w ay , th e  fa c ts  o f  
d e sc e n t, o r  e v e n  th e  p r im a ry  fa c ts  o f  g e n e ra l sp e c ie s -  
fo rm in g . A n d  y e t  th e  f ir s t  A m e r ic a n  b o o k  4 (fro m  th e  p e n  
o f  o n e  o f  A m e ric a 's  fo re m o s t  b io lo g is ts )  to  d is c u s s  th e  
m o d e rn  p h a s e  o f  u n re s t  a n d  d is s a tis fa c tio n  in  e v o lu tio n a ry  
m a tte rs , p ra c tic a lly  a c c e p ts  th e  m u ta tio n s - th e o ry  as a 
su b s ti tu te  fo r  th e  s e le c tio n  th e o ry  o f  sp e c ie s - fo rm in g . It 
c a n n o t b e , i t  se e m s to  m e , th a t  P ro fe s s o r  M o rg a n  is  so  
sa tis f ie d  w ith  th e  m u ta tio n s - th e o ry , th a t  h e  c lu tc h e s  i t  u p , 
h a rd ly  d e f in ite ly  fo rm e d  a n d  c o o le d , f ro m  th e  d e  V rie s ia n  
m o u ld s , b u t  th a t  h e  is , l ik e  m a n y  a n o th e r  p re se n t-d a y  
b io lo g is t , so  p ro fo u n d ly  d is sa tis f ie d  w ith  th e  n a tu ra l 
se le c tio n  th e o ry . F o r  m y  p a r t  i t  s e e m s  b e t te r  to  g o  b a c k  to  
th e  o ld  a n d  sa fe  Ig n o ra m u s  5 s ta n d p o in t.

B u t I  h a v e  b e e n  le d  to  a n tic ip a te  m y  c o n c lu s io n s ; 
le t  u s  m a k e  a n o th e r  b e g in n in g  w ith  th e  rea l u n d e r ta k in g  o f  
th is  c h a p te r  a n d  g e t to  th e  ac tu a l sp e c if ic a tio n s  o f  
"D a rw in ism  A tta c k e d ."  W e  sh a ll c o n c e n tra te  th e  a tta c k s  
a n d  a tta c k e rs  in  th is  a n d  th e  tw o  fo llo w in g  c h a p te rs ; th e n  
in c lu d e  in  th e  s u c c e e d in g  tw o  th e  d e fe n c e  a n d  th e  
d e fe n d e rs , a n d  in  th e  n e x t fo u r  c h a p te rs  th e  v a r io u s  
su p p o r tin g  a n d  su b s titu tio n a ry  th e o r ie s  o f fe re d  b y  th e  
f r ie n d s  a n d  fo e s  o f  D a rw in ism . F in a lly , in  th e  la s t  c h a p te r  
w e  sh a ll se t o u t w h a t w e  c a n  d isc o v e r , in  th e  h a z e  o f  th e  
sm o k e  o f  b a ttle , o f  th e  ac tu a l p re s e n t  s ta te  o f  th e  b e s ie g e d  
a n d  b e s ie g e rs .

D is tin c tly  th e  m o s t c o m p re h e n s iv e , th e  fa ire s t-  
m in d e d  re v ie w  o f  gegen-und-fur Darwinismus in  re c e n t
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l i te ra tu re  is  P la te 's  e x te n s io n  o f  h is  a d d re ss , "U b e r  d ie  
B e d e u tu n g  des. D a rw in 's c h e n  S e le c tio n sp r in c ip s ,"  m a d e  
in  H a m b u rg  b e fo re  th e  D e u tsc h e  Z o o lo g is c h e  G e se lls c h a f t  
in  1899 . T o  th is  re v ie w , a s  p u b lis h e d  in  1903 a f te r  b e in g  
e x te n d e d  a n d  b ro u g h t u p  to  d a te , I  b e g  to  a c k n o w le d g e  a 
sp e c ia l in d e b te d n e s s  in  m y  p re s e n t a tte m p t to  g e t  to g e th e r  
th e  m o re  im p o r ta n t  c r itic ism , b o th  a d v e rse  a n d  d e fe n s iv e , 
o f  D arw in . I  h a v e , h o w e v e r , a s s id u o u s ly  so u g h t o u t (w ith  
th e  h e lp  o f  l ib ra r ia n s  a n d  m y  in d e fa tig a b le  L e ip z ig  b o o k -  
d e a le r  f r ie n d  B e rn h . L ie b isc h ) , a n d  p e ru s e d  th e  o rig in a l 
p o u r in g s - fo r th  o f  c r itic ism  a n d  v il i f ic a t io n  e v e n  to  th e  
re a d in g  o f  so m e  m a tte r  w r it te n  b y  c e r ta in  R o m a n  C a th o lic  
p r ie s ts  w ith  a  c o n s id e ra b le  a m a te u r  in te re s t  in  n a tu ra l 
h is to ry  a n d  a  s tro n g  p ro fe s s io n a l in te re s t  in  a n ti-  
D a rw in ism ! B u t  P la te  h a s  b e e n  a  g u id in g  h a n d  in  th is  
s e a rc h  fo r  a c tiv e  a tta c k s  a n d  d e fen ce .

T h e  n a tu ra l se le c tio n  th e o ry  as an  a ll-su ff ic ie n t 
e x p la n a tio n  o f  a d a p ta tio n  a n d  s p e c ie s - fo rm in g  h a s  a lw a y s  
h a d  a  w e a k n e s s  a t its  b a se ; i t  d e p e n d s  a b so lu te ly , o f  
c o u rse , o n  th e  p re -e x is te n c e  o f  v a r ia tio n s , b u t  i t  i t s e l f  h a s  
n o  in f lu e n c e  w h a te v e r  o n  th e  o r ig in  o r  c o n tro l o f  th e se  
v a r ia tio n s  e x c e p t in  so  fa r  as i t  m a y  d e te rm in e  w h a t 
in d iv id u a ls  sh a ll b e  p e rm itte d  to  g iv e  b ir th  to  o th e r  
in d iv id u a ls . N o w  o n e  o f  th e  c h ie f  p ro b le m s  in  b io lo g y  is  
e x a c tly  th a t  o f  th e  o rig in , th e  ca u se s , a n d  th e  p r im a ry  
c o n tro l o f  th e s e  c o n g e n ita l v a r ia t io n s .6 T h re e  p r in c ip a l 
e x p la n a tio n s , n o  o n e  o f  th e m  e x p e r im e n ta lly  p ro v e d  o r  
e v e n  fa ir ly  te s te d  as  y e t, h a v e  b e e n  g iv e n  o f  th is  a c tu a lly  
o c c u rr in g  c o n g e n ita l v a r ia tio n , v iz ., (I) th a t  th e re  e x is ts  in  
th e  g e rm -p la sm  an  in h e re n t  te n d e n c y  o r  c a p a c ity  to  v a ry  
so  th a t  th e re  is  in e v ita b le  v a r ia t io n  in  a ll in d iv id u a ls  
p ro d u c e d  f ro m  g e rm -p la sm , th is  v a r ia t io n  b e in g  w h o lly  
fo r tu ito u s  a n d  f lu c tu a tin g  a c c o rd in g  to  so m e  (th e  b e l i e f  o f  
D a rw in  a n d  h is  fo llo w e rs ) , o r, a c c o rd in g  to  o th e rs , th is  
v a r ia tio n  fo llo w in g  c e r ta in  f ix e d  o r  d e te rm in a te  lin e s  
(d e te rm in a te  v a r ia tio n , o r th o g e n e tic  v a r ia tio n , e tc .)  ; (2 )
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th a t  a m p h im ix is , i. e., b i-p a re n ta l  p a re n ta g e , is  th e  
p r in c ip a l c a u se  o f  v a r ia tio n , i t  s e e m in g  lo g ic a l to  p re su m e  
th a t  in d iv id u a ls  p ro d u c e d  f ro m  g e rm -c e lls  d e r iv e d  f ro m  
th e  fu s io n  o f  g e rm -p la sm  c o m in g  f ro m  tw o  in d iv id u a ls  
m o re  o r  le s s  u n lik e  w o u ld  d if fe r  s lig h tly  f ro m  e ith e r  o f  th e  
p a re n ta l in d iv id u a ls ;  a n d  (3 ) th a t  c o n g e n ita l v a r ia t io n  is  
d u e  to  th e  in f lu e n c e  o f  th e  e v e r -v a ry in g  e n v iro n m e n t o f  
th e  g e rm -c e ll  p ro d u c in g  in d iv id u a ls . T h e  o b je c tio n s  to  an y  
o n e  o f  th e s e  th e o r ie s  m a y  b e  v e ry  p e r tin e n t, as  w h e n  o n e  
say s  re g a rd in g  th e  f ir s t  th a t  c a llin g  a  th in g  " in h e re n t"  is  
n o t  c le a r in g  u p  in  a n y  d e g re e  a  p h e n o m e n o n  fo r  w h ic h  w e  
a re  d e m a n d in g  a  c a u so -m e c h a n ic a l e x p la n a tio n ; o r  o f  th e  
se c o n d  th a t  it  h a s  b e e n  p ro v e d  7 th a t  in d iv id u a ls  p ro d u c e d  
p a r th e n o g e n e tic a lly , th a t  is , f ro m  an  u n m a te d  m o th e r , v a ry  
a n d  in  so m e  c a se s  v a ry  e v e n  m o re  th a n  d o  o th e r  
in d iv id u a ls  o f  th e  sa m e  sp e c ie s  p ro d u c e d  b y  a m p h im ix is ;  
o r  o f  th e  th ird  th a t  as  fa r  as  o u r  s tu d y  o f  th e  ac tu a l 
p ro c e s s e s  a n d  m e c h a n is m  o f  th e  p ro d u c tio n  o f  g e rm -c e lls  
a n d  o f  e m b ry o s  h a s  g o n e , w e  h a v e  fo u n d  n o  a p p a re n t 
m e a n s  w h e re b y  th is  in f lu e n c e  o f  th e  a m b ie n t m e d iu m  can  
b e  s u c c e s s fu lly  im p re s s e d  o n  th e  g e rm -p la sm . B u t 
h o w e v e r  p e r t in e n t  th e  o b je c tio n s  to  th e  w h y  o f  v a r ia tio n  
m a y  b e  th e y  d o  n o t  in  an y  w a y  in v a lid a te  th e  fa c t th a t  
v a r ia t io n s  d o  c o n tin u o u s ly  a n d  in e v ita b ly  o c c u r  in  all 
in d iv id u a ls , a n d  th a t  w h ile  m a n y  o f  th e s e  v a r ia t io n s  are  
r e c o g -n is a b ly  su c h  as h a v e  b e e n  im p re s s e d  o n  th e  
in d iv id u a l d u r in g  its  p e rso n a l d e v e lo p m e n t as im m e d ia te  
re su lts  o f  v a ry in g  te m p e ra tu re , a m o u n t o r  k in d  o f  fo o d , 
d e g re e  o f  h u m id ity , e tc ., to  w h ic h  it  m a y  b e  e x p o se d  in  its  
y o u n g  life , o th e rs  se e m  w h o lly  in e x p lic a b le  o n  a  b a s is  o f  
v a ry in g  in d iv id u a l e n v iro n m e n t a n d  a re  c e r ta in ly  d u e  to  
so m e  a n te n a ta l in f lu e n c e  a c tin g  o n  th e  g e rm -p la s m  fro m  
w h ic h  th e  e m b ry o  is  d e riv ed .

N o w  th e  n a tu ra l s e le c tio n  th e o ry , in  its  D a rw in ia n  
a n d  n e o -D a rw in ia n  fo rm , p re s u p p o s e s  fo r tu ito u s ly  
o c c u rr in g  c o n g e n ita l v a r ia tio n s  o f  p ra c tic a lly  in f in ite

35



v a r ie ty  in  a ll p a r ts  o f  a ll o rg a n ism s . A c tu a l o b se rv a tio n  
s h o w s  th a t  a ll p a r ts  o f  a ll o rg a n ism s  d o  v a ry  a n d  th a t  th e y  
v a ry  c o n g e n ita lly ,th a t is, in d e p e n d e n tly  o f  a n y  im m e d ia te  
in f lu e n c e  d u r in g  d e v e lo p m e n t e x e rc is e d  f ro m  w ith o u t b y  
e n v iro n m e n ta l c o n d itio n s , as  w e ll as in  re s p o n s e  to  th e s e  
e n v iro n m e n ta l in f lu e n c e s , a n d  f in a lly  th a t  in  m a n y  c a se s  
th is  v a r ia tio n  is  fo r tu ito u s , th a t  is , th a t  i t  o c c u rs  a c c o rd in g  
to  th e  la w s  8 o f  ch a n c e . T h e  in d u s tr io u s  s ta tis tic a l s tu d y  o f  
v a r ia tio n s , in c lu d in g  th e  ta b u la t io n  o f  th e  v a r ia tio n  
c o n d itio n  in  lo n g  se rie s  o f  in d iv id u a ls  o f  th e  sa m e  sp e c ie s  
o r  ra c e  a n d  th e  m a th e m a tic a l fo rm u la tio n  o f  th is  v a r ia tio n  
c o n d itio n , h a v e  sh o w n  th a t  in  m a n y  sp e c if ic  c a se s , s tu d ie d  
in  n u m e ro u s  k in d s  o f  a n im a l a n d  p la n t  fo rm s , th e  
c h a ra c te r  o f  th e  v a r ia t io n  in  an y  p a r t ic u la r  c h a ra c te r  m a y  
b e  tru ly  re p re s e n te d  (w ith  c lo se  a p p ro x im a tio n )  b y  th e  
m a th e m a tic a l e x p re s s io n  a n d  c u rv e  w h ic h  w o u ld  e x a c tly  
d e f in e  th e  c o n d itio n  in  w h ic h  th e  v a r ia t io n  w o u ld  e x is t  i f  it  
a c tu a lly  fo llo w e d  th e  la w  o f  e rro r. I t  is  th e s e  c o n tin u o u s  
s e rie s  o f  s lig h t v a r ia tio n s , th e s e  v a r io u s ly  c a lle d  
f lu c tu a tin g , in d iv id u a l, o r  D a rw in ia n  v a r ia tio n s , o c c u rr in g  
in  a ll o rg a n ism s  a t a ll t im e s  a n d  o f te n  fo llo w in g , in  th e ir  
o c c u rre n c e , th e  la w s  o f  c h a n c e , on  w h ic h  D a rw in 's  th e o ry  
o f  s p e c ie s - fo rm in g  b y  n a tu ra l se le c tio n  is  b a se d . B u t th is  
sa m e  in d u s tr io u s  s ta tis tic a l a n d  q u a n ti ta t iv e  s tu d y  o f  
v a r ia tio n , w h ic h  h a s  p ro v e d  th a t  so m e  v a r ia t io n s  d o  o c c u r  
re g u la r ly , f lu c tu a tin g  a ro u n d  a  m e a n  o r  m o d e , h a s  sh o w n , 
as  w e ll, th a t  in  m a n y  c a se s  th e  v a r ia t io n s  d is tin c tly  te n d  to  
h e a p  u p  o n  o n e  s id e  o r  th e  o th e r  o f  th e  m e a n , th a t  is , th a t  
th e y  te n d  to  o c c u r  a lo n g  c e r ta in  lin e s  o r  to w a rd  c e r ta in  
d ire c tio n s  r a th e r  th a n  u n ifo rm ly  o u t in  a ll d ire c tio n s . A lso  
i t  is  tru e , a n d  th is  h a s  o f  c o u rse  b e e n  lo n g  k n o w n , th a t  b y  
n o  m e a n s  a ll v a r ia t io n s  a re  so  s lig h t n o r  in  su c h  p e rfe c tly  
g ra d a to ry  o r  c o n tin u o u s  se r ie s  as is  t ru e  o f  th e  g ra d a to ry  
D a rw in ia n  v a r ia tio n s . "S p o rts"  h a v e  b e e n  k n o w n  to  
b re e d e rs  o f  p la n ts  a n d  a n im a ls  e v e r  s in c e  p la n t  a n d  an im a l 
b re e d in g  b e g a n . B a te s o n  h a s  f i l le d  a  la rg e  b o o k  9 w ith
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re c o rd s  o f  " d is c o n tin u o u s  v a r ia tio n s"  in  an im a ls ; 
v a r ia tio n s , th a t  is , o f  la rg e  s iz e  a n d  n o t  o c c u rr in g  as 
m e m b e rs  o f  c o n tin u o u s  g ra d a to ry  se rie s . So th a t  b io lo g is ts  
a re  a c q u a in te d  w ith  m a n y  c a se s  o f  v a r ia t io n  th a t  se e m  to  
b e  o f  a  k in d , o r  to  e x h ib it  a  te n d e n c y , to  in s ti tu te  sp ec ia l 
d ire c tio n s  o f  d e v e lo p m e n t, a n d  th u s  n o t  to  b e  o f  th e  
s im p le , n o n - in it ia tin g , in e r t  c h a ra c te r  o f  th e  fo r tu ito u s , 
s lig h t, f lu c tu a tin g  v a r ia tio n s , a m o n g  w h ic h  n a tu ra l 
s e le c tio n  is  p re s u m e d  to  c h o o se  th o s e  th a t  a re  to  b e c o m e  
th e  b e g in n in g s  o f  n e w  lin e s  o f  m o d if ic a t io n  a n d  d escen t. 
M a n y  b io lo g is ts  b e lie v e  f irm ly  th a t  v a r ia t io n s  o c c u r  in  
m a n y  sp e c ia l c a se s , i f  n o t  in  m o s t  c a se s , o n ly  a lo n g  c e r ta in  
sp e c ia l lin e s . P a la e o n to lo g is ts  b e lie v e , p ra c t ic a l ly  as  a 
u n ite d  b o d y , th a t  v a r ia t io n  h a s  fo llo w e d  f ix e d  lin e s  
th ro u g h  th e  a g e s ;th a t th e re  h a s  b e e n  n o  su c h  u n re s tr ic te d  
a n d  u tte r ly  f re e  p la y  o f  v a r ia tio n a l v a g a ry  as  th e  
D a rw in ia n  n a tu ra l se le c tio n  th e o ry  p re su p p o se s .

N o w  it  is  a t le a s t  o b v io u s  th a t  n a tu ra l se le c tio n  is  
a b so lu te ly  l im ite d  in  its  w o rk  to  th e  m a te r ia l fu rn is h e d  b y  
v a r ia t io n  ; so  th a t  i f  v a r ia t io n  o c c u rs  in  a n y  c a se s  o n ly  
a lo n g  c e r ta in  d e te rm in a te  l in e s  se le c tio n  ca n  d o  n o  m o re  
th a n  m a k e  u se  o f  th e s e  lin es .

In d e e d  i f  v a r ia t io n  c a n  o c c u r  p e rs is te n tly  a lo n g  
d e te rm in a te  lin e s  n a tu ra l se le c tio n 's  fu n c tio n  in  c o n tro llin g  
e v o lu tio n  in  su c h  c a se s  is  l im ite d  to  th e  p o lic e  p o w e r  o f  
r e s tr ic tin g  o r  in h ib i t in g  fu r th e r  d e v e lo p m e n t a lo n g  a n y  o n e  
o r  m o re  o f  th e s e  lin e s  w h ic h  a re  o f  a  d isa d v a n ta g e o u s  
c h a ra c te r , th a t  is. a  c h a ra c te r  w h ic h  h a n d ic a p s  o r  d e s tro y s  
th e  e f f ic ie n c y  o f  its  m e m b e rs  in  th e  s tru g g le  fo r  life . T h e  
q u e s tio n  in  m a n y  m e n 's  m o u th s  to -d a y  is, W h y  m a y  n o t 
v a r ia t io n  b e  th e  ac tu a l d e te rm in a n t fa c to r  in  sp e c ie s -  
fo rm in g , in  d e s c e n t?  I t a c tu a lly  is, re s p o n d  m a n y  
b io lo g is ts  a n d  p a la e o n to lo g is ts .

E v e n  D a rw in  b e lie v e d  su c h  d e te rm in a te  v a r ia tio n  
to  o c c u r, as is  in d ic a te d  b y  re p e a te d  s ta te m e n ts  in  th e  
"O rig in  o f  S p e c ie s ."  In  c h a p te r  IV  h e  say s  (to  r e fe r  to  b u t
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a  s in g le  o n e  o f  th e s e  a d m is s io n s )  : " It sh o u ld  n o t, 
h o w e v e r , b e  o v e r lo o k e d  th a t  c e r ta in  ra th e r  s tro n g ly  
m a rk e d  v a r ia tio n s , w h ic h  n o  o n e  w o u ld  ra n k  as m e re  
in d iv id u a l d iffe re n c e s , f re q u e n tly  re c u r  o w in g  to  a  s im ila r  
o rg a n isa tio n  b e in g  s im ila r ly  a c te d  o n  —  o f  w h ic h  fa c t 
n u m e ro u s  in s ta n c e s  c o u ld  b e  g iv e n  w ith  o u r  d o m e s tic  
p ro d u c tio n s . In  su c h  c a se s , i f  th e  v a ry in g  in d iv id u a l d id  
n o t  a c tu a lly  tr a n s m it  to  its  o f fs p r in g  its  n e w ly  a c q u ire d  
c h a ra c te r , i t  w o u ld  u n d o u b te d ly  tr a n s m it  to  th e m , as  lo n g  
as  th e  e x is tin g  c o n d itio n s  re m a in  th e  sam e , a  s till s tro n g e r  
te n d e n c y  to  v a ry  in  th e  sa m e  m a n n e r . T h e re  c a n  a lso  b e  
l i tt le  d o u b t th a t  th e  te n d e n c y  to  v a ry  in  th e  sa m e  m a n n e r  
h a s  o f te n  b e e n  so  s tro n g  th a t  a ll th e  in d iv id u a ls  o f  th e  
sa m e  sp e c ie s  h a v e  b e e n  s im ila r ly  m o d if ie d  w ith o u t  th e  a id  
o f  a n y  fo rm  o f  se le c tio n . O r  o n ly  a  th ird , f if th , o r  te n th  
p a r t  o f  th e  in d iv id u a ls  m a y  h a v e  b e e n  th u s  a ffe c te d , o f  
w h ic h  fa c t  se v e ra l in s ta n c e s  c o u ld  b e  g iv en . T h u s  G ra b a  
e s tim a te s  th a t  a b o u t o n e -f if th  o f  th e  g u ille m o ts  in  th e  
F a ro e  Is la n d s  c o n s is t  o f  a  v a r ie ty  so  w e ll m a rk e d , th a t  it  
w a s  fo rm e r ly  ra n k e d  as a  d is tin c t sp e c ie s  u n d e r  th e  n a m e  
o f  Uria lacrymans. In  c a se s  o f  th is  k in d , i f  th e  v a r ia tio n  
w e re  o f  a  b e n e f ic ia l  n a tu re , th e  o r ig in a l fo rm  w o u ld  so o n  
b e  su p p la n te d  b y  th e  m o d if ie d  fo rm , th ro u g h  th e  su rv iv a l 
o f  th e  fitte s t."

T h is  p ro b le m  o f  th e  e x is te n c e  o r  n o n -e x is te n c e  o f  
d e te rm in a te  v a r ia t io n  is  ta k e n  u p  in  su c h  d e ta il in  
c o n n e c tio n  w ith  th e  e x p la n a tio n  a n d  d isc u s s io n  o f  v a r io u s  
a u x ilia ry  o r  a lte rn a tiv e  th e o r ie s  o f  s p e c ie s - fo rm in g  in  la te r  
c h a p te rs  o f  th is  b o o k  th a t  i t  n e e d  n o t  d e ta in  u s  n o w . B u t  to  
m y  m in d  i t  is  o n e  o f  th e  m o s t im p o r ta n t  m a tte rs  in  
c o n n e c tio n  w ith  th e  w h o le  g re a t p ro b k le m  o f  d e sc e n t, th a t  
is, o f  e v o lu tio n . It is  th e  b a s ic  p ro b le m  o f  e v o lu - tio n , fo r  it  
is  th e  p ro b le m  o f  b e g in n in g s . S e le c tio n , iso la tio n , a n d  th e  
l ik e  fa c to rs  a re  c o n d itio n s  o f  sp e c ie s -fo rm in g ; v a r ia t io n  is  
a  p re re q u is ite , a  sine qua non. T ru e  v a r ia t io n  m u s t  h a v e  its  
c a u se s , a n d  th e s e  c a u se s  a re  to  b e  d e te rm in e d  b e fo re  an
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ac tu a l c a u so -m e -c h a n ic a l e x p la n a tio n  o f  e v o lu tio n  can  
e v e r  b e  fo u n d . B u t  th e  d e te rm in a tio n  o f  th e  r e la tio n  o f  
v a r ia t io n  to  sp e c ie s - fo rm in g  is  c e r ta in ly  th e  f ir s t  s tep  n o w  
n e c e s s a ry  in  o u r  s e a rc h  fo r  th e  b a s ic  fa c to rs , th e  rea l f irs t 
c a u se s  o f  sp e c ie s  ch an g e .

B u t e v e n  in  th o s e  c a se s  w h e re  th e re  m a y  e x is t  
u n re s tr ic te d  in d e te rm in a te  f lu c tu a tin g  v a r ia t io n  in  
c o n tin u o u s  se rie s  a c -c o rd in g  to  th e  la w  o f  e rro r , w h a t is  it  
th a t  th is  v a r ia t io n  re a lly  o ffe rs  n a tu ra l s e le c tio n  to  w o rk  
o n ?  R e m e m b e r  w h a t  n a tu ra l s e le c tio n  is  :the  sa v in g  o f  o n e  
o r  te n  b y  th e  ac tu a l k il l in g  o f  th e  th o u s a n d  o r  te n  th o u s a n d  
b e c a u s e  in  th e  s tru g g le  fo r  e x is te n c e  th e  v a r ia tio n s  o f  th e  
o n e  o r  te n  a re  o f  su ff ic ie n t a d v a n ta g e  to  h a v e  a  life -o r-  
d e a th -d e te rm in in g  v a lu e . N o w  b e tw e e n  a n y  tw o  
su c c e s s iv e  in d iv id u a ls  in  a  se r ie s  a rra n g e d  o n  a  b a s is  o f  
th e  v a r ia tio n s  in  a n y  o n e  c h a ra c te r  o f  a n y  o n e  o rg a n  o r  
fu n c tio n , th e  d if fe re n c e  is  e x tre m e ly  s lig h t, to o  s lig h t, o n e  
is  c e rta in , to  b e , in  m o s t c a se s , o f  life  o r  d e a th  v a lu e . B u t 
e v e n  i f  o n e 's  c o n c e p tio n  o f  th e  a b so lu te  in te n s ity  o f  th e  
r ig o u r  o f  th e  p e rso n a l s tru g g le  le a d s  to  a  lo g ic a l 
c o n c e p tio n  o f  a n  a b so lu te  a d v a n ta g e  in  a n y  d iffe re n c e , 
h o w e v e r  s lig h t, in  a  fa v o u ra b le  d ire c tio n , i t  is  w h o lly  
p o s s ib le  th a t  fo r  a n y  o th e r  c h a ra c te r is tic  e q u a lly  im p o r ta n t 
in  th e  s tru g g le  th e  tw o  in d iv id u a ls  m a y  b e  in  e x a c tly  
re v e rs e d  p o s itio n , th e  o n e  p o s s e s s in g  th e  in f in ite s im a l 
a d v a n ta g e  in  s tre n g th  say , p o s s e s s in g  an  in f in ite s im a l 
d is a d v a n ta g e  in  s h a rp n e s s  o f  c la w  o r  in  ag ility . W h a t o f  
th e  c h a n c e s  fo r  su c h  a  n e c e s s a ry  c o in c id e n c e  in  th e  o n e  
in d iv id u a l o f  fa v o u ra b le  v a r ia t io n s  in  a ll th e  w a y s  
n e c e s s a ry  to  c re a te  a  re a l l i f e -o r -d e a th -d e te rm in in g  
a d v a n ta g e ?  T h e  la w  o f  p ro b a b ili t ie s  a n sw e rs  th a t  m u c h  to  
th e  d ism a y  o f  th e  D a rw in ia n . B u t, ag a in , w h y  n o t  c o m p a re  
th e  c h a n c e s  in  th e  s tru g g le  o f  tw o  in d iv id u a ls  n o t  s ta n d in g  
s id e  b y  s id e  in  a  v a r ia tio n a l se rie s , b u t  a t tw o  e x tre m e s  o f  
th e  ra n g e  ; th e  d if fe re n c e  h e re  c a n  b e  c o n s id e ra b le , c a n  b e  
o f  p o s it iv e  a d v a n ta g e  o r  d isa d v a n ta g e . Y e s , b u t  a g a in
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c o m e s  th e  n e c e s s ity  o f  p re s u p p o s in g  a  c o in c id e n c e  o f  
o th e r  a d v a n ta g e s  o r  a t le a s t  o f  n o  c o in c id e n c e  o f  b a la n c in g  
a d v a n ta g e s  a n d  d isa d v a n ta g e s . B u t  e v e n  m o re  fa ta l is  th e  
c o n d itio n  th a t  i f  an  e x tre m e  v a r ia tio n  in  so m e  o n e  
c h a ra c te r  c o u ld  b e  o f  a  l i fe -p re s e rv in g  a d v a n ta g e , y e t  b y  
th e  la w  o f  p ro b a b ili t ie s  (a n d  b y  th e  ta le  o f  ac tu a l 
o b se rv a tio n )  th o s e  in d iv id u a ls  s ta n d in g  a t th e  e x tre m e s  o f  
th e  ra n g e  o f  v a r ia tio n  a re  v e ry , v e ry  fe w  c o m p a re d  w ith  
th o s e  s ta n d in g  n e a re r  th e  m e a n , o r  m o d e , o f  th e  se rie s , an d  
th e re  w o u ld  b e  a lm o s t a  c e r ta in ty  o f  su ch  an  e x tre m e -  
c h a ra c te re d  su rv iv o r  n o t  f in d in g  a  s im ila r  fo rm  w ith  w h ic h  
to  m a te  a n d  th u s  in su re  p e rp e tu a tio n  o f  th e  a d v a n ta g e , th e  
m a tin g  o f  th e  in d iv id u a ls  a d m itte d ly  n o t  d e p e n d in g  o n  an y  
n e c e s s a ry  s im ila r ity  in  v a r ia t io n  (u n le s s  th e  v a ry in g  
c h a ra c te r is tic s  h a p p e n  to  b e  a c tu a lly  c o n c e rn e d  w ith  th e  
m a tin g  act: see  la te r  d is c u s s io n  o f  b io lo g ic a l iso la tio n , 
c h a p te r  IX ). C o n s id e ra b le  v a r ia tio n s , th e  o n ly  o n e s  o f  
a p p a re n t w o r th  in  a  l i fe -a n d -d e a th  s tru g g le , a re  in  su ch  
m e a g re  d is p ro p o r tio n  to  th e  le s s  c o n s id e ra b le  th a t  th e y  a re  
in e v ita b ly  sw a m p e d , e x tin g u ish e d , in  m is c e lla n e o u s  c ro s s ­
m a tin g .

L e t  u s  c o n s id e r  a  l i t t le  m o re  in  d e ta il e a c h  o f  th e  
v a r io u s  o b je c tio n s  m e n tio n e d  in  th e  la s t  fe w  p a g e s . O n ly  
th e  s tu d e n t o f  sy s te m a tic  (c la s s if ic a to ry )  z o o lo g y  o r  
b o ta n y  c a n  re a lis e  h o w  s lig h t a n d  in s ig n if ic a n t  a re  th e  
v a r io u s  m is c e lla n e o u s  in d iv id u a l v a r ia tio n s  w h ic h  m a k e  
u p  th a t  b a s is  o f  e v e r-p re se n t, m y r ia d -fa c e d ,fo r tu ito u s , 
f lu c tu a tin g  v a r ia b il i ty  o n  w h ic h  th e  w h o le  g re a t s tru c tu re  
o f  th e  s e le c tio n  th e o ry  is  b a se d . Y e t a n y  o n e 's , c o m m o n  
se n se  a n d  h is  in tu it iv e  c o m p re h e n s io n  o f  w h a t l ife -a n d -  
d e a th  v a lu e  is  in  an  a n im a l's  b a tt le  w ith  a n o th e r, w ith  
fo re ig n  e n e m ie s , o r  w ith  in c le m e n t N a tu re , m a k e  th is  
o b je c tio n  o f  "no  h a n d le  fo r  n a tu ra l se le c tio n  in  
m is c e lla n e o u s  s lig h t v a r ia tio n "  th o ro u g h ly  a p p re c ia b le . 
P o la r  b e a rs  a re  p ro b a b ly  d e sc e n d e d  f ro m  b ro w n ; a n d  th e ir  
w h ite  fu r  c o a t is  p ro b a b ly  an  a d v a n ta g e o u s  a d a p ta tio n  in
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th e ir  l ife  in  th e  A rc tic . B u t  d id  th e  fo r tu i to u s  a p p e a ra n c e  in  
h is  c o a t o f  a  sp o t o f  w h ite  h a irs  as la rg e  as  a  d o lla r  o r  a 
p a n c a k e  g iv e  so m e  a n c ie n t  b ro w n  b e a r  su c h  an  a d v a n ta g e  
in  th e  s tru g g le  fo r  e x is te n c e  as to  m a k e  h im  o r  h e r  th e  
fo re ru n n e r  o f  a  n e w  a n d  b e tte r -a d a p te d  so r t o f  b e a r?  T h e  
g ira f fe 's  lo n g  n e c k  is  v e ry  m u c h  w o r th  w h ile  to  it; i t  g e ts  
le a v e s  f ro m  th e  h ig h e r  b ra n c h e s  u n a tta in a b le  b y  th e  s h o r t­
n e c k e d  a n im a ls  w h o  f in d  fo o d  in  th e  sa m e  ra n g e . B u t d id  a 
m ill im e tre  o r  e v e n  an  in c h  o f  e x tra  n e c k  a p p e a r in g  as 
in d iv id u a l v a r ia t io n  in  an  a n c e s tra l s h o r t-n e c k e d  g ira f fe  
k in d  g iv e  n a tu ra l se le c tio n  a  h a n d le  w ith  w h ic h  to  g r in d  
o u t a  n e w  sp e c ie s?  T h e  c o n s id e ra tio n  o f  th e  u s e fu ln e s s  o f  
s lig h t v a r ia t io n s  to o  o f te n  le a d s  to  an  a rg u m e n t fo r  th e ir  
u s e fu ln e s s  o n  th e  sa m e  g ro u n d s  as su s ta in  th e  b e l ie f  th a t  
th e  h o u n d  w ill n e v e r  c a tc h  th e  h a re  w h ic h  g o e s  o n e -h a lf  as 
fa s t  as th e  do g . F o r  e a c h  tim e  th e  h o u n d  c o v e rs  th e  g iv e n  
s tre tc h  th a t  lie s  b e tw e e n  h im  a n d  th e  h a re  a t a n y  g iv e n  
m o m e n t th e  h a re  w ill b e  j u s t  o n e -h a lf  th a t  d is ta n c e  in  
a d v a n c e  —  a n d  th o u g h  th e  d is ta n c e  w ill g e t e v e r  sh o rte r  
a n d  sh o r te r  th e  h a re  w ill e v e r  b e  o n e -h a lf  th e  la s t  d is ta n c e  
ah ead . S o  say  th e  so p h is ts . A s  a  m a tte r  o f  fa c t  th e  h o u n d  
g e ts  th e  ha re .

S p e n c e r 's  e x a m p le  o f  th e  fe m u r  o f  th e  w h a le  is  a 
s tr ik in g  i l lu s tra tio n  o f  th e  r e a lity  o f  th e  a b su rd ity  
c o n n e c te d  w ith  th e  a rg u m e n t o f  c h a n g e  o n  a  b a s is  o f  th e  
se le c tio n  o f  in f in ite s im a l d if fe re n c es . T h e  fe m u r  o f  th e  
w h a le , sa y s  S p e n c e r, is  e v id e n tly  th e  a tro p h ie d  ru d im e n t 
o f  a  b o n e  o n c e  m u c h  la rg e r. I t  w e ig h s  n o w  a b o u t o n e  
o u n c e , le s s  th a n  a  m ill io n th  o f  th e  w e ig h t  o f  th e  w h o le  
b o d y . L e t  u s  su p p o se  th a t  w h e n  i t  w e ig h e d  tw o  o u n c e c  an  
in d iv id u a l h a d  a  fe m u r  w h ic h  b y  v a r ia tio n a l c h a n c e  
w e ig h e d  b u t  o n e  o u n ce . W h a t a d v a n ta g e  o v e r  o th e r  
w h a le s  w o u ld  th e  d if fe re n c e  g iv e  it?  W h a t  f ra c tio n  o f  th e  
d a ily  n o u r is h m e n t w o u ld  th is  a d v a n ta g e o u s  v a r ia t io n  
p e rm it  th e  fo r tu n a te  w h a le  to  a d d  to  its  s to re d  fa t  in s te a d  
o f  sp e n d in g  i t  o n  an  e x tra  o u n c e  o f  u s e le s s  fe m u r?  W h o
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w o u ld  d a re  c la im  th a t  th is  v a r ia tio n  w o u ld  a id  in  su c c e ss  
in  th e  s tru g g le  fo r  e x is te n c e  ? A n d  y e t  th is  is  th e  a rg u m e n t 
fo r  th e  re d u c tio n  o f  u s e le s s  o rg a n s  th ro u g h  th e  in f lu e n c e  
o f  n a tu ra l se le c tio n . R o u x  a n d  W e ism a n n , re a lis in g  th e  
a b su rd ity  o f  th e  a rg u m e n t, h a v e  p u t  fo rw a rd  tw o  th e o rie s , 
o n e  c a lle d  th e  "b a ttle  o f  th e  p a r ts "  a n d  th e  o th e r  th e  
" th e o ry  o f  g e rm in a l s e le c tio n "  to  a id  th e  se le c tio n  th e o ry  
to  e x p la in  th e  d e g e n e ra tio n  a n d  re d u c tio n  o f  o rg a n s . T h e  
re a d e r  w ill f in d  th e s e  th e o r ie s  e x p la in e d  in  c h a p te r  V III.

E v e ry  s tu d e n t o f  sy s te m a tic  z o o lo g y  o r  b o ta n y  h a s  
a  k e e n  re a lis a tio n , to o , o f  th e  fa c t  th a t  a  m a jo r ity  o f  th e  
d is t in g u is h in g  c h a ra c te rs  w h ic h  h e  re c o g n ise s  in  th e  
v a r io u s  sp e c ie s  a n d  g e n e ra l th a t  c o m e  u n d e r  h is  e y e  a re  o f  
a  so r t th a t  re v e a l to  h im  n o  tra c e  o f  p a r t ic u la r  u til i ty  o r  
a d v a n ta g e . In d e e d  h e  ca n  g o  fa r th e r  a n d  e x p re ss , to  
h im s e lf  a t  le a s t, h is  c o n v ic tio n  th a t  m a n y  o f  th e s e  s lig h t 
b u t  c o n s ta n t sp e c if ic  d if fe re n c e s  10 c a n  a c tu a lly  h a v e  n o  
sp e c ia l a d v a n ta g e o u sn e s s  a b o u t th e m . O n e 's  e x p e r ie n c e  as 
an  o b s e rv e r  o f  n a tu re  a n d  o n e 's  c o m m o n  se n se  c o m b in e  to  
p ro te s t  a g a in s t th a t  e a sy  a n d  sw e e p in g  a n s w e r  o f  th e  
D a rw in ia n s : "sh all 'p o o r  b l in d  m a n ' say  w h a t
c h a ra c te r is tic , h o w e v e r  s lig h t a n d  in s ig n if ic a n t, is  o r  is  n o t 
o f  a d v a n ta g e  in  th e  g re a t c o m p le x  o f  n a tu re ? "  A s  th e  
w h o le  q u e s tio n  a f te r  a ll re so lv e s  i t s e l f  in to  o n e  fo r  w h ic h  
"p o o r  b l in d  m a n "  is  a tte m p tin g  to  f in d  an  a n sw e r  
s a tis fy in g  to  h is  o w n  u n d e rs ta n d in g , h o w e v e r  sh o r t o f  
p e r fe c tio n  a n d  o m n is c ie n c e  th a t  is, h e  is  b o u n d  to  a n sw e r  
th e  su b s id ia ry  p ro b le m s  su c h  as u s e fu ln e s s  o r  n o n ­
u s e fu ln e s s  o n  a  b a s is  o f  h is  o w n  s e e in g  a n d  u n d e rs ta n d in g  
c a p a c ity . A s  a  m a tte r  o f  fa c t  th e  in d if fe re n c e  o f  m a n y  
sp e c if ic  c h a ra c te r is tic s  o f  o rg a n ism s  is  n o t  d e n ie d  b y  
se le c tio n is ts . R o m a n e s  11 w a s  p e rh a p s  th e  f irs t  
r e p re s e n ta tiv e  D a rw in ia n , a f te r  D a rw in  h im se lf , to  a d m it 
th is . B u t  m a n y  b io lo g is ts  say , fu r th e r , o n  a  b a s is  o f  th e ir  
e x p e r ie n c e  as o b se rv e rs , th a t  th e s e  v e ry  in d iffe re n t, 
m e a n in g le s s  (a s  f a r  as  u ti l i ty  g o e s )  m o rp h o lo g ic a l
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c h a ra c te r is tic s  a n d  d if fe re n c e s  a re  m u c h  m o re  c o n s ta n t in  
th e ir  c h a ra c te r  th a n  th e  o b v io u s ly  a d a p tiv e , i. e., u se fu l 
o n es . H o w e v e r , as  p o in te d  o u t f ir s t  b y  N a g e li , a c c o rd in g  
to  th e  s e le c tio n  th e o ry  th e  c h a ra c te r is tic s  o f  o rg a n ism s  
sh o u ld  b e  j u s t  in  th a t  d e g re e  th e  m o re  c o n s ta n t, th e  m o re  
u se fu l th e y  are . H e n c e  th e re  is h e re  a  se r io u s  d is c re p a n c y  
b e tw e e n  th e o ry  a n d  fac t. D a rw in  h im s e lf  fe l t  th e  fo rc e  o f  
th is  o b je c tio n  a n d  m e t it  in  a  m a n n e r  n o t  a t a ll a c c e p ta b le  
to  th e  u ltra -D a rw in ia n s , th a t  is  th e  s tr ic t s e le c tio n is ts  o f  
p o s t-D a rw in ia n  tim e s . H e  a d m itte d  th a t  th e s e  tr iv ia l, 
a p p a re n tly  n o n -u se fu l, b u t  c o n s ta n t sp e c if ic  c h a ra c te rs  
c o u ld  n o t  b e  e x p la in e d  b y  n a tu ra l se le c tio n , a n d  m u s t b e  
d u e  to  a  f ix a tio n  in  th e  sp e c ie s  o f  th e s e  c h a ra c te rs  a t o n e  
tim e  o r  a n o th e r  th ro u g h  th e  n a tu re  o f  th e  o rg a n ism  a n d  th e  
in f lu e n c e  o f  e x tr in s ic  in f lu e n c e s ; a  tru e  L a m a rc k ia n  o r  a t 
le a s t  a n ti-W e is m a n n ia n  e x p la n a tio n .

T h is  o b je c tio n  to  th e  se le c tio n  th e o ry  b a s e d  o n  th e
a d m itte d  e x is te n c e  o f  in d if fe re n t  sp e c ie s  c h a ra c te rs  is  w e ll

12s ta te d  b y  C o n n  as  fo llo w s : "B u t h o w  is  i t  w ith  c h a r ­
a c te rs  th a t  h a v e  n o  u til i ty  ? I t  is, o f  c o u rse , a  g re a t 
a c h ie v e m e n t to  b e  a b le  to  p o in t  o u t th e  m e th o d  b y  w h ic h  
a d a p ta tio n s  h a v e  b e e n  p ro -d u c e d , b u t  i f  a n im a ls  h a v e  
so m e  c h a ra c te rs  th a t  a re  not u se fu l, n a tu ra l se le c tio n  d o e s  
n o t  e x p la in  th e m . N a tu ra l se le c tio n  c a n  d e v e lo p  u se fu l 
o rg a n s  o n ly . T h e  rea l p ro b le m  w h ic h  o u r  n a tu ra lis ts  a re  
try in g  to  so lv e  is  n o t  th e  o r ig in  o f  adaptations s im p ly  b u t  
th e  o r ig in  o f  species a lso . N o w  w h ile  m a n y  o f  th e  
c h a ra c te rs  a n d  o rg a n s  o f  a n im a ls  a n d  p la n ts  a re  o f  u ti l i ty  
to  th e  in d iv id u a l th e re  a re  o th e rs  th a t  a p p e a r  to  b e  u se le ss . 
A s  a n im a ls  a n d  p la n ts  a re  s tu d ie d , i t  is  fo u n d  th a t  th e  
d if fe re n t sp e c ie s  d if fe r  f ro m  e a c h  o th e r  b y  c e r ta in  d e f in ite  
c h a ra c te rs . T h e se  d is tin c tiv e  p e c u lia r it ie s  th a t  d is tin g u ish  
sp e c ie s  a re  c a lle d  'specific characters,' a n d  th is  te rm  w ill 
b e  h e re a f te r  u s e d  in  th is  sen se . T h e  e x p la n a tio n  o f  th e  
o r ig in  o f  sp e c ie s  m u s t th e n  a c c o u n t fo r  th e  o r ig in  o f  
s p e c if ic  c h a ra c te rs . N o w  sp e c if ic  c h a ra c te rs  a re  f re q u e n tly
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tr iv ia l  in  n a tu re . T h is  w a s  lo n g  a g o  re c o g n is e d  b y  D arw in , 
w h o  sa w  th a t  th e  c h a ra c te rs  b y  w h ic h  sp e c ie s  are  
d is tin g u ish e d  a re  f re q u e n tly  so  tr iv ia l  as  to  b e  a p p a re n tly  
u se le ss . If, h o w e v e r , w e  a re  to  e x p la in  th e  o r ig in  o f  
s p e c ie s  w e  m u s t f in d  an  e x p la n a tio n  o f  th e s e  tr iv ia l 
c h a ra c te rs  as  w e ll as th e  m o re  im p o r ta n t  o n es . I f  th e s e  
tr iv ia l c h a ra c te rs  a re  o f  n o  u se  to  th e ir  p o s se s so rs , th e n  
m a n ife s tly  th e  p r in c ip le  o f  th e  su rv iv a l o f  th e  f i t te s t  d o e s  
n o t  a c c o u n t fo r  th e m . T h e  fa c t  th a t  sp e c ie s  a re  so 
c o m m o n ly  s e p a ra te d  b y  c h a ra c te rs  th a t  se e m  to  b e  
a b so lu te ly  u s e le s s  h a s  le d  so m e  o f  o u r  k e e n e s t  n a tu ra lis ts  
to  in s is t  th a t  th e  su rv iv a l o f  th e  f i t te s t  d o e s  n o t  e x p la in  th e  
o r ig in  o f  sp e c ie s , b u t  e x p la in s  o n ly  th e  o r ig in  o f  
a d a p ta tio n s . A t a ll e v e n ts , i t  is  c le a r  th a t  th e  p ro b le m  o f  
th e  u ti l i ty  o f  sp e c if ic  c h a ra c te rs  is  a  v e ry  fu n d a m e n ta l o n e  
to  th e  d is c u s s io n  o f  th e  p r in c ip le  o f  su rv iv a l.

"W e h e re  c o m e  to  th e  f ir s t  p a r t in g  o f  th e  w a y s  
b e tw e e n  sc ie n tis ts  o f  d if fe re n t  sch o o ls . O n  th e  o n e  h a n d  
w e  f in d  th o s e  w h o  a re  so  th o ro u g h ly  c o n v in c e d  o f  th e  
u n iv e rs a lity  o f  th e  p r in c ip le  o f  n a tu ra l se le c tio n  th a t  th e y  
in s is t  th a t  a ll sp e c if ic  c h a ra c te rs  a re  u se fu l, h o w e v e r  
u s e le s s  th e y  m a y  seem . I t  is  b e y o n d  q u e s tio n  th a t  th e y  a re  
le d  to  th is  b e l ie f  in  th e  u ti l i ty  o f  a ll c h a ra c te rs , n o t  f ro m  
o b se rv a tio n , b u t  s im p ly  f ro m  th e ir  b e l i e f  in  th e  su ff ic ie n c y  
o f  th e  la w  o f  n a tu ra l se le c tio n . T h e y  te ll u s  th a t  w e  k n o w  
to o  li ttle  o f  th e  ac tu a l life  o f  o rg a n ism s  in  n a tu re  to  e n a b le  
u s  to  say  th a t  a n y  g iv e n  c h a ra c te r  is  n o t  o f  u s e ;  a n d  to  
m a k e  a  c la im  th a t  a n y th in g , n o  m a tte r  h o w  tr iv ia l, is  
u se le ss , is  s im p ly  to  c o n fe s s  ig n o ra n c e . W e  m u s t 
a c k n o w le d g e  th a t  m a n y  s e e m in g ly  u s e le s s  o rg a n s  h a v e  
b e e n  fo u n d  to  h a v e  u ti l i ty  as so o n  as th e  life  h a b its  o f  
a n im a ls  a re  b e t te r  u n d e rs to o d . C e rta in ly , u ti l i ty  h a s  b e e n  
fo u n d  m o re  u n iv e rs a l th a n  w a s  b e lie v e d  to  b e  p o ss ib le  a 
q u a r te r  o f  a  c e n tu ry  ago . T h e  fo llo w e rs  o f  D a rw in  h a v e  
g iv e n  v e ry  m u c h  a tte n tio n  to  th is  m a tte r . T h e y  h a v e  
p o in te d  o u t m a n y  lin e s  o f  u t i l i ty  h ith e r to  n o t  d re a m e d  of.
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T h e y  h a v e  c o n s id e re d  g re a t  m u lti tu d e s  o f  c a se s  o f  
se e m in g ly  u s e le s s  c h a ra c te rs , a n d  b y  a  l i t t le  im a g in a tio n  
h a v e  su g g e s te d  so m e  u s e  to  w h ic h  th e y  m a y  b e  a d a p te d . I f  
o n e  re a d s  th e  re c e n t  w o rk s  o f  W a lla c e , th e  m o s t  p ro m in e n t 
a d v o c a te  o f  th is  p o s itio n , h e  w ill n o t  fa il to  b e  im p re s se d  
w ith  th e  fa c t  th a t  u ti l i ty  is  m u c h  m o re  w id e ly  a p p lic a b le  as 
an  e x p la n a tio n  o f  se e m in g ly  tr iv ia l  c h a ra c te rs  th a n  m ig h t 
h a v e  b e e n  th o u g h t p o ss ib le . T h e  p o s it io n  h e ld  b y  th is  
w r ite r  is , th a t  in a s m u c h  as th e  la w  o f  n a tu ra l s e le c tio n  is  a 
u n iv e rsa l fo rc e  w h ic h  a ll ad m it, w h ile  a ll o th e r  fo rc e s  o f  
e v o lu tio n  a re  y e t  in  d isp u te , a n d  in a s m u c h  as m a n y  
se e m in g ly  u s e le s s  o rg a n s  h a v e  b e e n  sh o w n  to  b e  o f  u se , it  
is  p e r fe c tly  le g itim a te  to  c la im  th a t  w h e n  w e  c o m e  to  
u n d e rs ta n d  th e m , w e  sh a ll f in d  th a t  a ll c h a ra c te rs  a re  o f  
v a lu e , a n d  th a t  th e  p r in c ip le  o f  su rv iv a l o f  th e  f i t te s t  h a s  
b e e n  c o n c e rn e d  in  th e  d e v e lo p m e n t o f  th e m  all. I f  th is  is  
tru e , th e  su rv iv a l o f  th e  f i t te s t  e x p la in s  th e  o r ig in  o f  
sp e c ie s  as w e ll as th e  o r ig in  o f  a d a p ta tio n s , s in c e  all 
s p e c if ic  c h a ra c te rs  a re  re a lly  a d a p ta tio n s .

"B u t o n  th e  o th e r  h a n d , m a n y  n a tu ra lis ts  th in k  th a t  
th e re  a re  sp e c if ic  c h a ra c te rs  fo r  w h ic h  w e  c a n n o t o n ly  see  
n o  u tility , b u t  w h ic h  a re  d e m o n s tra b ly  o f  n o  u se . A  fe w  
i l lu s tra tio n s  w ill s e rv e  to  m a k e  th e  m a tte r  c le a re r. C e rta in  
in s e c ts  a re  d is tin g u ish e d  f ro m  e a c h  o th e r  in  a c c o rd a n c e  
w ith  w h e th e r  th e y  p o s se s s  o n e  o r  tw o  b r is t le s  o n  th e  h ead . 
H e re  is  a  c h a ra c te r  w h ic h  a p p e a rs  to  b e  c o n s ta n t, an d  
w h ic h  m u s t  th e re fo re  b e  e x p la in e d  b y  a n y  c o m p le te  th e o ry  
o f  th e  o r ig in  o f  sp ec ie s . C a n  w e  im a g in e  th a t  th e  q u e s tio n  
o f  w h e th e r  th e  a n im a l h a s  o n e  o r  tw o  h a irs  sh o u ld  e v e r  
h a v e  b e e n  o f  s e le c tiv e  v a lu e ?  B u t i f  d e v e lo p e d  b y  n a tu ra l 
se le c tio n , th is  c h a ra c te r  m u s t a t so m e  tim e  h a v e  b e e n  a 
m a tte r  o f  l ife  a n d  d ea th . A g a in  a m o n g  sn a ils , th e  sh e lls  
c o m m o n ly  co il in  th e  sa m e  d ire c tio n  in  th e  sa m e  sp ec ie s , 
th is  fa c t  m a k in g  th e  d ire c tio n  o f  th e  c o ilin g  o f  th e  sh e ll a 
sp e c if ic  c h a ra c te r . B u t  c le a r ly  th is  is  n o t  a  m a tte r  o f  
se le c tiv e  v a lu e , s in c e  l iv in g  a m o n g  th e  re s t  o f  th e

45



in d iv id u a ls  w ill f re q u e n tly  b e  fo u n d  so m e  w ith  th e ir  sh e lls  
c o ile d  in  th e  o p p o s ite  d ire c tio n . A g a in , h o rs e s  h a v e  sm all 
h o rn y  c a llo s it ie s  o n  th e ir  fee t. N o  o n e  h a s  su g g e s te d  an y  
p o ss ib le  u s e  fo r  th e m , b u t  n e v e r th e le s s  th e y  a re  p re s e n t o n  
th e  fe e t  o f  a ll th e  sp e c ie s  o f  th e  h o rse  fa m ily . B u t th e  m o s t 
c u r io u s  fa c t  is  th a t  w h ile  th e  h o rse  h a s  th e m  o n  all fo u r  
fee t, th e  a ss  h a s  th e m  o n  o n ly  tw o . N o w , u p o n  th e  
p r in c ip le  th a t  u t i l i ty  is  u n iv e rsa l, i t  w o u ld  b e  n e c e s s a ry  to  
c la im , n o t  o n ly  th a t  th e  p re s e n c e  o f  fo u r  c a llo s it ie s  h a s  
b e e n  a  m a tte r  o f  se le c tiv e  v a lu e  in  th e  h o rse , an  e x tre m e ly  
d if f ic u lt  th in g  to  b e lie v e , b u t  a lso  th a t  th e  p re s e n c e  o f  o n ly  
tw o  in s te a d  o f  fo u r  h a s  b e e n  o f  se le c tiv e  v a lu e  in  th e  ass. 
T h is  p o s it io n  a p p ro a c h e s  a b su rd ity . A g a in , th e re  a re  
m o llu s c s  c h a ra c te r is e d  b y  sp ec ia l m a rk in g s  o f  th e  sh e ll, 
w h ic h  m a rk in g s  a re  c o n s ta n t e n o u g h  to  b e  sp e c if ic  
c h a ra c te rs , a n d  m u s t, o f  c o u rse , b e  in c lu d e d  in  an y  
e x p la n a tio n  o f  th e  o r ig in  o f  sp e c ie s . B u t  th e s e  m a rk s  a re  
d e m o n s tra b ly  o f  n o  u se , s in c e  th e y  a re  e n tire ly  c o v e re d  b y  
th e  e p id e rm is  o f  th e  an im a l w h e n  a liv e , a n d  a b so lu te ly  
in v is ib le . A g a in , so m e  b ird s  h a v e  s lig h t d if fe re n c e s  in  
c o lo u r  m a rk in g s  w h ic h  se p a ra te  sp e c ie s . N o w  th e s e  
d if fe re n c e s  m a y  p e rh a p s  b e  re g a rd e d  as o f  u se  as 
p ro te c tiv e  o r  as  re c o g n itio n  m a rk s . B u t  in  so m e  c a se s  th e  
c o lo u r  m a rk in g s  a re  e n tire ly  c o n c e a le d  b y  o th e r  fe a th e rs  
an d , b e in g  in v is ib le , c a n  b e  o f  n o  p o s s ib le  u tility . I t is  
h a rd ly  p o s s ib le  fo r  o n e , u n le s s  h e  h a s  d e c id e d  p re v io u s ly  
to  a c c e p t th e  a ll-s u ff ic ie n c y  o f  n a tu ra l se le c tio n , to  b e lie v e  
th a t  th e re  ca n  b e  a n y  u til i ty  in  th e  v e ry  s lig h t d if fe re n c e s  
in  th e  sh a p e  o f  le a v e s  o f  p la n ts , in  th e  m ic ro s c o p ic  
m a rk in g s  o f  th e  h a irs  o f  d if fe re n t  sp e c ie s  o f  m a m m a ls , th e  
e x a c t n u m b e rs  o f  th e  fe a th e rs  in  th e  ta ils  o f  b ird s , th e  
p e c u lia r  d is tr ib u tio n  o f  th e  v e in s  in  th e  w in g s  o f  a 
b u tte r f ly , th e  m ic ro s c o p ic  m a rk in g s  in  th e  sc a le s  o n  its  
w in g s , o r  a  h o s t o f  o th e r  s im ila r  tr iv ia l c h a ra c te rs . W h e n  it  
is  re -m e m b e re d  th a t  th e  se le c tio n  p r in c ip le  w o u ld  fo rc e  u s  
to  in s is t  th a t  a ll o f  th e s e  c h a ra c te rs  a re  o f  v a lu e  su ff ic ie n t
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to  p ro te c t  th e ir  p o s se s so rs  a t th e  e x p e n se  o f  o th e r  
in d iv id u a ls  n o t  p o s s e s s in g  th e m , i t  is  e v id e n t th a t  th e  
b u rd e n  th ro w n  u p o n  th e  p r in c ip le  o f  su rv iv a l b e c o m e s  
v e ry  g rea t. W h e n  f in a lly  w e  c o m e  to  c h a ra c te rs  o f  sp e c if ic  
n a tu re  c o n n e c te d  w ith  c o lo u r  m a rk in g s  w h ic h  a re  in v is ib le  
w h e n  th e  an im a l is  a liv e , th e re  is  a p p a re n tly  n o  re so u rc e  
le f t  e x c e p t to  c o n c lu d e  th a t  th e  p r in c ip le  o f  su rv iv a l 
b e c a u s e  o f  u ti l i ty  d o e s  n o t a c c o u n t fo r  e v e ry th in g ."

I t is  in d e e d  th e  g e n e ra l re c o g n itio n  b y  n a tu ra lis ts  
o f  th e  fa c t  o f  th e  tr iv ia l i ty  o r  in d if fe re n c e  o f  a  m a jo r i ty  o f  
s p e c if ic  c h a ra c te rs  th a t  h a s  le d  to  th e  r e c e n t re n e w a l o f  th e  
im p o r ta n c e  o f  is o la tio n  th e o r ie s , p a r tic u la r ly  o f  
g e o g ra p h ic a l iso la tio n . T h e  re h a b il i ta t io n  o f  M o ritz  
W a g n e r 's  th e o ry  o f  s p e c ie s - fo rm in g  b y  m ig ra tio n  an d  
is o la tio n  is  a  c o n sp ic u o u s  fe a tu re  in  p re s e n t-d a y  e v o lu tio n  
d isc u ss io n . T h e  w a y  in  w h ic h  iso la t io n  c o m e s  to  th e  a id  o f  
se le c tio n , o r  e v e n  su p p la n ts  i t  in  th e  m in d s  o f  so m e , in  
sp e c ie s - fo rm in g  is  p o in te d  o u t in  c h a p te r  IX , to  w h ic h  th e  
in te re s te d  re a d e r  m a y  re fe r.

B u t in  th o s e  c a se s  w h e re  th e  d if fe re n c e s  o r  
v a r ia t io n  a m o n g  in d iv id u a ls  m a y  b e  o r  o b v io u s ly  a re  o f  
th e  c h a ra c te r  o f  u se fu l o n es , a n d  w h e re  b y  c o m p a r in g  e x ­
tre m e s  o f  th is  v a r ia tio n  th e  l ife -a n d -d e a th -d e te rm in in g  
w o r th  o f  th is  u til i ty  m ig h t b e  c o n c e d e d , s till w h a t c h a n c e  
is  th e re  fo r  th e  p e rp e tu a tio n  o f  th is  a d v a n ta g e ?  N a g e li  lo n g  
a g o  p o in te d  o u t th a t  th e  e x tre m e  v a r ia tio n s , th a t  is , th e  ra re  
v a r ia tio n s , w o u ld  in  a lm o s t e v e ry  c a se  b e  in e v ita b ly  
e x tin g u ish e d  b y  in te rb re e d in g . I f  a  c e r ta in  c o n s id e ra b le  
v a r ia tio n  o c c u rre d  in  o n e  in d iv id u a l o f  a  h u n d re d  b o rn , in  
2 0 ,0 0 0  in d iv id u a ls  o f  th e  sp e c ie s  2 0 0  w o u ld  h a v e  th is  
w o r th -w h ile  v a r ia tio n . N o w  i f  th e  c h a n c e s  o f  m a tin g  a re  
th e  sa m e  fo r  a ll th e re  w o u ld  b e  9 ,801  p a r in g s  o f  
in d iv id u a ls  n o t  sh o w in g  th e  v a r ia tio n s , 198 p a ir in g s  
b e tw e e n  a  v a ry in g  in d iv id u a l a n d  a  n o n -v a ry in g  o n e , a n d  a 
s in g le  m a tin g  b e tw e e n  tw o  in d iv id u a ls  b o th  p re s e rv in g  th e  
c o n s id e ra b le  v a r ia tio n . In  fa c t  e v e ry  ra re  v a r ia t io n  w ill, as
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D e la g e  say s, b e  im m e d ia te ly  e f fa c e d  b y  th e  d ilu tio n  o f  th e  
b lo o d  o f  th e  v a ry in g  in d iv id u a l b y  th a t  o f  th e  g re a t  m a ss  
o f  in d iv id u a ls  n o t  p o s s e s s e d  o f  th e  p a r t ic u la r  v a r ia tio n . 
T h is  in e v ita b le  sw a m p in g  o f  th e  a d v a n ta g e o u s  v a r ia tio n s  
o f  in d iv id u a ls  h a s  lo n g  a g o  le d  to  th e  p ra c tic a l g iv in g  u p  
b y  D a rw in ia n s  o f  a n y  c la im s  to  s p e c ie s - fo rm in g  o r  
e v o lu tio n  o n  th e  b a s is  o f  e x tre m e  o r  ra re  v a r ia t io n s  a n d  to  
th e  r e s tr ic tio n  o f  th e  se le c tin g  in f lu e n c e  to  m a sse s . T h e  
s p e c ie s  m u s t  b e  c h a n g e d  th ro u g h  th e  se le c tio n  o f  i t  as  a 
m a ss  o r  u n i t  ra th e r  th a n  th ro u g h  th e  se le c tio n  o f  sp ec ia l 
s c a tte re d  in d iv id u a ls  o f  it.

B u t fo r  th e  se le c tio n  o f  m a sse s  o f  in d iv id u a ls  
su ff ic ie n tly  c o n s id e ra b le  to  a v o id  th e  e x tin g u is h in g  o f  th e  
fo r tu n a te  v a r ia t io n s  b y  in te rb re e d in g , a n d  to  in su re  a 
re p e tit io n  o f  th e  a d v a n ta g e  a n d  an  o p p o r tu n ity  fo r  its  
fo s te r in g  a n d  in c re a se , th e re  is  n e c e s sa ry  a n  e x tra o rd in a ry  
c o in c id e n c e  in  th e  a p p e a ra n c e  o f  th e  n e e d e d  v a r ia t io n s  in  
m a n y  fo rm s  a t tn e  r ig h t tim e . T h a t is , a  th e o ry  b a s e d  o n  
c h a n c e  o r  a c c id e n ta l p h e n o m e n a  d e m a n d s  a f te r  a ll th e  
a s su m p tio n  o f  th e  o c c u rre n c e  o f  p h e n o m e n a  o f  th e  r ig h t 
k in d  a t th e  r ig h t m o m e n t, a n d  th e  p e rs is te n c e  o f  su ch  
o c c u rre n c e s  th ro u g h  a  d e f in ite  tim e -p e r io d . T h is  is  to o  
m u c h  to  a ssu m e , to o  m u c h  to  a sk  e v e n  o f  th o s e  o f  th e  tru e  
fa ith , say  th e  a n ta g o n is ts  13 14 o f  th e  se le c tio n  th eo ry . 
K ro n ig  15 m a k e s  sp o rt o f  th e  se le c tio n  d o c tr in e  b y  h a v in g  
h is  ra th e r  f r iv o lo u s  c h a ra c te r , S a b u c h -w in sk i, u n d e r ta k e  to  
h a v e  m a d e , b y  a  fo o lish  c lo w n , v a r io u s  tr if l in g  c h a n g e s  in  
a ll k in d s  o f  in d u s tr ia l  p ro d u c ts  w ith  th e  e x p e c ta tio n  o f  
b r in g in g  th e m  in to  th e  m a rk e t. H e  is  c o n v in c e d  th a t  h e  
w ill w in  a  fo r tu n e  b y  th is , fo r  h e  sa y s  to  h im s e lf  th a t  th e  
s tru g g le  fo r  su p re m a c y  m u s t  w o rk  o u t th e  sa m e  in  th e  
in d u s tr ie s  as in  n a tu re , a n d  in  h is  c a se  w ith  th e  a d d e d  
a d v a n ta g e  th a t  th e  c h a n g e s  e f fe c te d  b y  e v e n  th e  m o s t 
s le n d e r-w itte d  b o o r  m u s t  r e s u lt  b e t te r  th a n  th o s e  w h ic h  a re  
th e  o u tc o m e  o f  p e rfe c tly  b l in d  ch a n c e . In d e e d , f ro m  th e  
v e ry  h e a r t  o f  th e  n e o -D a rw in ia n  ra n k s  c o m e  s ig n s  o f
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d ism a y  w h e n  th is  o b je c tio n  is  faced . W e ism a n n , le a d e r  o f  
th e  u l tra -s e le c tio n is ts , p ra c tic a lly  c o n c e d e s  th e  
ir re fu ta b ili ty  o f  th is  o b je c tio n  to  th e  Allmacht o f  se le c tio n  
w h e n  h e  in tro d u c e s  a  s ta te m e n t o f  h is  la te s t  th e o ry , th a t  o f  
G e rm in a l S e le c tio n , b y  say in g : 16 "K n o w in g  th is  fa c to r  
[ th a t  o f  g e rm in a l s e le c tio n ]  w e  re m o v e , i t  se e m s  to  m e , th e  
p a te n t c o n tra d ic tio n  o f  th e  a s s u m p tio n  th a t  th e  g e n e ra l 
f i tn e s s  o f  o rg a n ism s  o r  th e  a d a p ta tio n s  n e c e s s a ry  to  th e ir  
e x is te n c e  a re  p ro d u c e d  b y  a c c id e n ta l  v a r ia tio n s  —  a 
c o n tra d ic tio n  w h ic h  fo rm e d  a  se r io u s  s tu m b lin g -b lo c k  to  
th e  th e o ry  o f  se le c tio n ."  A n d  th e  fo rm u la tio n  o f  th e  th e o ry  
o f  g e rm in a l se le c tio n  is  o f  i t s e l f  a  p ra c tic a l c o n fe s s io n  o n  
th e  p a r t  o f  th e  fo re m o s t  n e o -D a rw in ia n  o f  th e  in a b ili ty  o f  
n a tu ra l se le c tio n  to  e x p la in  sp e c ie s - fo rm in g  w ith o u t 
c a ll in g  to  its  a id  so m e  e ffe c tiv e  f a c to r  to  c o n tro l in  its  
b e g in n in g s  th e  v a r ia t io n  e sse n tia l as  th e  b a s is  o f  th e  
se le c tiv e  ac tio n .

17 18P fe f fe r  a n d  W o lf f  h a v e  b e e n  p a r tic u la r ly  k e e n  
a n d  se v e re  in  th e ir  c r it ic ism  o f  th e  s e le c tio n  th e o ry  o n  th e  
b a s is  o f  th is  o b je c tio n . A n d  M o rg a n  19 in  th is  c o u n try  h a s  
a lso  m a d e  e f fe c tiv e  u s e  o f  th is  w e a p o n  in  h is  d e s tru c tiv e  
c o n s id e ra tio n  o f  th e  D a rw in ia n  th e o rie s .

T h e re  is  an  a d d itio n a l p o in t  a b o u t th is  d if f ic u lty  o f  
th e  n e c e s s ity  fo r  a  c e r ta in  re g u la r ity  o r  re lia b ili ty  o f  
v a r ia tio n  in  o rd e r  to  m a k e  a  b e g in n in g  b a s is  fo r  th e  a c tio n  
o f  se le c tio n . I t  is  th is . C lo se  sc ru tin y  re v e a ls  th e  n e c e s s ity  
o f te n  o f  th e  o c c u r re n c e  o f  several m a k e  a  c e r ta in  
c o in c id e n t v a r ia tio n s  in  o rd e r  to  m a k e  a n y  o n e  
c h a ra c te r is tic  p o s it iv e ly  a d v a n ta g e o u s .W h o t a d v a n ta g e  in  
th e  w a y  o f  in c re a s e d  sp e e d  is  a  s l ig h t a d d e d  le n g th  o f  le g  
w ith o u t a  s im u lta n e o u s ly  a d d e d  s tre n g th  o f  m u s c u la tio n ; 
o r  an  in c re a s e  in  s ize  o f  a n tle rs  w ith o u t a  s im u lta n e o u s  
in c re a s e  in  s tre n g th  o f  n e c k  m u sc le s  to  su p p o rt an d  
m a n ip u la te  th e  h e a v ie r  h e a d ?  W h a t fa in t  p ro b a b ili ty  o f  th e  
o c c u rre n c e  c o in c id e n tly  o f  th e  n e c e s s a ry  v a r ia tio n s  ( i f  
d e te rm in e d  o n ly  b y  ch a n c e , th a t  is, th e  la w  o f  p ro b a b il i ty )
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to  p ro d u c e  a  g ra d u a l p e r fe c tin g  o f  so  c o m p le x  a  s tru c tu re  
as  th e  v e r te b ra te  e y e ?  O r, m o re , h o w  in c o n c e iv a b le  th e  
c o in c id e n c e s , i f  v a r ia tio n  is  p u re ly  fo r tu ito u s , n e c e s s a ry  to  
th e  s im u lta n e o u s  d e v e lo p m e n t o f  tw o  e x a c tly  s im ila r  eyes: 
tw o  ey es  so  in tim a te ly  a s so c ia te d  p h y s io lo g ic a lly  th a t  
n o rm a l s ig h t is  a  fu n c tio n  o f  b o th  th e s e  s e p a ra te d  o rg a n s  
w o rk in g  p e r fe c tly  to g e th e r . Is  v a r ia tio n  to  b e  a s su m e d  to
b e  g o v e rn e d  b y  so m e  la w  o f  b ila te ra l sy m m e try  ?  B u t I

20h a v e  sh o w n  fo r  m a n y  c a se s  20 th a t  in  su c h  p e rfe c tly  an d  
fu n d a m e n ta lly  b ila te ra l ly  sy m m e tr ic a l a n im a ls  as in se c ts  
n e ith e r  th e  u su a l D a rw in ia n  f lu c tu a tin g  v a r ia t io n  n o r  th e  
r a re r  d is c o n tin u o u s  o r  sp o rt v a r ia t io n  is  g o v e rn e d  a t a ll b y  
su c h  a  law . In  fa c t  th e  in d e p e n d e n c e  o f  th e  v a r ia tio n  
p h e n o m e n a  in  r ig h t  a n d  le f t  m e m b e rs  o f  b i la te ra lly  
a rra n g e d  p a irs  o f  o rg a n s  as w in g s , a n te n n a e , leg s , e tc ., is  a 
n o tic e a b le  fac t. T h is  d e n ia l o f  th e  c a p a c ity  o f  th e  se le c tio n  
o f  fo r tu ito u s  s lig h t v a r ia t io n s  to  a c c o u n t fo r  c o a d a p ta tio n  
a n d  fo r  th e  c o n tin u o u s  p e r fe c tin g  o f  c o m p le x  o rg a n s  h a s  
b e e n  s ta te d  as  fo llo w s : "It is  h ig h ly  im p ro b a b le  th a t  fo r  th e  
s te a d y  p e r fe c tin g  o f  an  o rg an , th e  v a r ia tio n s  n e e d e d  b y  
s e le c tio n  w ill a lw a y s  a p p e a r  ju s t  a t th e  r ig h t tim e ."  O r  in  
m o re  e x p a n d e d  fo rm : "It is  h ig h ly  im p ro b a b le  th a t  d u rin g  
th e  m o d if ic a tio n  o f  a  c o m p le x  o rg a n  su ch  as a  w h o le  b o d y  
p a rt, o r  d u r in g  th e  g ra d u a l p e r fe c tin g  o f  a n  a d a p tiv e  
m o d if ic a tio n , th e  n u m e ro u s  n e c e s s a ry  v a r ia t io n s  w ill 
a p p e a r  s u c c e s s iv e ly  in  su c h  se r ie s  th a t  a  h a rm o n io u s  
c o m b in a tio n  o f  th e  s in g le  v a r ia t io n s  w ill  b e  p o ss ib le ."  T h e  
o b je c tio n  c e r ta in ly  n e e d s  n o  e la b o ra tio n . T h e  D a rw in ia n  
v a r ia t io n s  a p p e a r  in  a ll d ire c tio n s  a t a ll t im e s  in  s lig h t 
d e g re e s  w ith  n o  d e te rm in a te  d ire c tio n  n o r  c o rre la tio n . 
S e le c tio n  is  to  f in d  in  th e s e  v a r ia tio n s  its  o n ly  m a te r ia l
w ith  w h ic h  to  b u ild  u p  to  w o n d e rfu l c o m p le x ity  a n d

21p e r fe c tio n  o f  c o a d a p ta tio n  a n d  c o r re la tio n  o f  p a r ts  21 o n  a 
b a s is  o f  c o n s ta n t a d v a n ta g e , su c h  an  in tr ic a te  b u t  
h a rm o n io u s ly  a d ju s te d  c o m p o u n d  o rg a n  as th e  h u m a n  ey e , 
in  w h ic h  th e  fa ilu re  o r  im p e rfe c tn e s s  o f  a  s in g le  m in u te
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p a r t  c a n  a t a n y  tim e , d u r in g  th e  c o u rse  o f  d e v e lo p m e n t, 
rob  th e  w h o le  o f  a n y  a d v a n ta g e  w h a te v e r  to  th e  o rg a n ism  
p o s s e s s in g  it.

W o lf f  22 e n la rg e s  o n  th e  d if f ic u lty  o f  e x p la in in g  
a n y  id e n tic a l s tru c tu re s  o f  th e  a n im a l b o d y  w h ic h  a p p e a r  
in  o n e  a n d  th e  sa m e  o rg a n ism  to  th e  n u m b e r  o f  tw o  o r  
m o re . "It c a n n o t b e  e x p la in e d ,"  h e  say s , "by  se le c tio n , 
h o w  th e  c a rn iv o re s , fo r  e x a m p le , c a n  h a v e  d e v e lo p e d  
th ro u g h  fo r tu i to u s  y e t  a lw a y s  s im ila r  v a r ia tio n s , tw o  su ch  
s tru c tu re s  a g re e in g  in  a ll d e ta ils  as th e  b a c k  te e th , w h ic h  
h a v e  d e v e lo p e d  in  c o u rse  o f  t im e  f ro m  sm all sk in  tee th . 
T h a t a  to o th  ca n  d e v e lo p  in to  su c h  an  a d m ira b le  b i t in g  
o rg a n  th ro u g h  c h a n c e  v a r ia t io n  m a y  b e  e x p lic a b le  b y  
se le c tio n , b e c a u s e  w e  a re  a c c u s to m e d  to  p o s tu la te  
th o ro u g h ly  fo r tu i to u s  a n d  a ll- in c lu s iv e  v a r ia t io n ;b u t  th a t  
th e  to o th  s ta n d in g  n e x t  to  i t  sh a ll h a v e  v a r ie d  a lw a y s  in  
e x a c tly  th e  sa m e  w a y  so  th a t  th e  re s u lt  o f  its  d e v e lo p m e n t 
sh a ll m a k e  i t  id e n tic a l w ith  th e  o th e r  o n e , is  in e x p lic a b le  
b y  se le c tio n  o n  a  b a s is  o f  fo r tu ito u s  v a r ia tio n , b u t  ra th e r  
in d ic a te s  th a t  th e  c h a n g e  o f  fo rm  is  ru le d  b y  la w  w h ic h  w e  
d o  n o t  k n o w . T h e  a tte m p t to  d is c o v e r  i t  is  th e  m o s t 
im p e ra tiv e  ta s k  fo r  b io lo g is ts  to  u n d e r ta k e ."

23W o lf f  23 fo llo w s  th is  a rg u m e n t f a r th e r  b y  
d isc u s s in g  o th e r  p a r t ic u la r  e x a m p le s , b u t  th e y  a re  a ll o f  
th e  ty p e  o f  th e  o n e  ju s t  se t ou t. S p e n c e r  p ic tu re s  th e  
s itu a tio n  o f  th e  h e rb iv o ro u s  a n im a ls  in  a  c o u n try  o f  in ­
c le m e n t c lim a te  a n d  p o p u la te d  b y  n u m e ro u s  c a rn iv o re s . 
N o w  th o s e  h e rb iv o re s  w h ic h  h a v e  th e  f in e s t  h e a r in g  w ill 
b e  so o n e s t a w a re  o f  th e  a p p ro a c h  o f  th e  tig e r , b u t  th o se  
w ith  k e e n e s t s ig h t o r  m o s t  p e r fe c t  se n se  o f  sm e ll w ill a lso  
p e rc e iv e , a s  so o n , th a t  i t  is  t im e  to  flee . B u t w h a t 
a d v a n ta g e  o v e r  o th e rs  w ill th e  f ir s t  s ta r t in  f l ig h t g iv e  
th e m ?  O th e rs  le s s  d e lic a te ly  e n d o w e d  w ith  se n se  o rg a n s  
b u t  sw if te r  o f  fo o t w ill, a lth o u g h  s ta r tin g  a  l i ttle  la te r , h a v e  
as  g o o d  a  c h a n c e  to  e sc a p e  b e c a u s e  o f  th e ir  m o re  ra p id  
ru n n in g . L a te r  m a y  c o m e  sn o w  a n d  te r r ib le  co ld . T h o se
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in d iv id u a ls  b e s t  e n d o w e d  w ith  s e n se -o rg a n s  o r  sw if te s t  o f  
fo o t  w ill n o t  n e c e s s a r ily  b e  th e  m o s t  e n d u r in g  o r  th e  b e s t  
e q u ip p e d  w ith  in s tin c ts  to  f in d  sh e lte r. T h e  c lim a te  m a y  
d e c im a te  th o s e  w h ic h  se le c tio n  o n  th e  b a s is  o f  sp ec ia l 
s e n se s  o r  sp e e d  h a s  sav ed . B u t a f te r  th e  c o ld  m a y  c o m e  
th e  s u m m e r  d ro u g h t. T h o se  m o s t h e a v ily  fu rre d  o r  
w a rm e s t-b lo o d e d  w h ic h  h a v e  s u c c e s s fu lly  e n d u re d  th e  
lo w  te m p e ra tu re  a n d  sn o w  a n d  ic e  o f  w in te r  sh o u ld  b e  th e  
f irs t  to  su ffe r  f ro m  th e  a tta c k s  o f  su n  a n d  d ro u g h t a n d  la c k  
o f  fo o d  in  th e  su m m er. T h u s  n o  in d iv id u a l h a s , b e c a u s e  o f  
a d v a n ta g e  in  a n y  o n e  c h a ra c te r , a n y  re a l a n d  c o m p le te  
su p e r io r ity  w h ic h  g u a ra n te e s  i t  su c c e s s  in  a ll th e  p h a se s  o f  
th e  s tru g g le  fo r  e x is te n c e : th e  a d v a n ta g e s  a re  sc a tte re d  an d  
c o m p e n s a te d  b y  d is a d v a n ta g e s .24

In  c o n n e c tio n  w ith  th e  o b je c tio n  s ta te d  in  th e  
p re c e d in g  p a ra g ra p h s  is  th a t  sp e c ia lly  p re s se d  b y  W o lff , 
a lth o u g h  lo n g  a g o  s tro n g ly  s ta te d  b y  M iv a r t ,25 a n d  o n e  
th a t  h a s  lo n g  a p p e a le d  s tro n g ly  to  m e  p a r t ic u la r ly  in  
c o n n e c tio n  w ith  th e  s tu d y  o f  th e  u til i ty  o f  c o lo u r  an d  
p a tte rn  a m o n g  in se c ts . T h is  o b je c tio n  is, th a t  n u m e ro u s  
u se fu l c h a ra c te r is tic s  o r  a d a p ta tio n s  o f  o rg a n ism s  a re  
u se fu l o n ly  in  a  h ig h ly  p e r fe c te d  s ta te , o f te n  in v o lv in g  a 
c o m p le x  a n d  c o n s id e ra b le  s tru c tu ra l d e v e lo p m e n t o f  o ld  
( th e n  m u c h  m o d if ie d )  o r  q u ite  n e w  p a rts , a n d  h e n c e  c o u ld  
n o t  h a v e  a r ise n  b y  g ra d u a l m o d if ic a t io n  b y  th e  se le c tio n  o f  
s lig h t v a r ia tio n s . D a rw in  h im s e lf  say s  th a t  i f  a  s in g le  
c o m p le x  o rg a n  c a n  b e  re fe r re d  to  w h o s e  fu ll d e v e lo p m e n t 
c a n n o t p o s s ib ly  b e  e x p la in e d  th ro u g h  n u m e ro u s  sm a ll 
s u c c e s s iv e  m o d if ic a tio n s , th e n  h is  th e o ry  m u s t in d u b ita b ly  
fa ll. F o r  e x a m p le , th e  e le c tr ic  o rg a n  o f  th e  to rp e d o e s , th e  
b ro o d -s a c k s  o r  c e lls  o n  th e  b a c k  o f  Pipa dorsigera, th e  
c h a m e le o n 's  to n g u e , a n d  m a n y  o th e r  o rg a n s  c a n  b e  
re c a lle d  w h ic h  c o u ld  n o t  p o s s ib ly  e x e rc is e  th e ir  p a r tic u la r  
a d v a n ta g e o u s  fu n c tio n  in  an  u n d e v e lo p e d  a n d  b e g in n in g  
s ta te . In  m y  o w n  e y e s  h a s  fo r  lo n g  s to o d  th e  f a m ilia r  c a se  
o f  th e  m im ic ry  o f  o u r  c o m m o n  A m e ric a n  m o n a rc h
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b u tte r f ly ,Anosia plexippus, b y  th e  v ic e ro y  b u tte rf ly , 
Basilarchia archippus. T h e  v ic e ro y  b e lo n g s  to  a  g ro u p  o f  
s p e c ie s  in  w h ic h  th e  p re v a ilin g  (a lm o s t  c e r ta in ly  th e  
a n c e s tra l)  c o lo u r  a n d  p a tte rn  a re  w h ite  a n d  b la c k  (o r  
ir id e s c e n t  p u rp lis h  a n d  b lu is h )  a r ra n g e d  as a  b ro a d  w h ite  
c o n tin u o u s  tra n sv e rsa l b a r  a c ro s s  b o th  fo re  a n d  h in d  
w in g s , o n  a  b la c k  ( to  p u rp lis h )  g ro u n d . T h e  c o lo u r  an d  
p a tte rn  o f  Anosia a re  r a d ic a lly  d iffe re n t; b r ic k - re d  g ro u n d , 
b la c k  lo n g itu d in a l lin e s  fo l lo w in g  th e  v e in s  a n d  sm all 
w h ite  sp o ts  in  an  ir re g u la r  b la c k  su b m a rg in a l b a n d . 
E x a m in e  th e  v ic e ro y  b u tte rf ly . Y o u  f in d  n o  s u g g e s tio n  o f  
ty p ic a l Basilarchia ty p e  o f  c o lo u r  a n d  p a tte rn ; o n  th e  
c o n tra ry , y o u  f in d  an  e x tra o rd in a r ily  fa ith fu l im ita tio n  
(d u p lic a tio n )  o f  Anosias c o lo u r  a n d  p a tte rn . O n ly  in  a 
n a r ro w  b la c k  tra n sv e rsa l s tre a k  a c ro ss  th e  o u te r  d isc  o f  
e a c h  h in d  w in g  is  th e re  a n y  d iv e rg e n c e  in  th e  v ic e ro y  fro m  
th e  Anosia p a tte rn . N o w  Anosia is  d is ta s te fu l to  b ird s ;  
a f te r  a  fe w  e x p e r im e n ts  w ith  Anosia a  b ird  r e c o g n is in g  
th is  i l l- ta s tin g  m o rse l in  its  c o n sp ic u o u s  re d -b ro w n  liv e ry  
le a v e s  th e  m o n a rc h s  a lo n e . N o t  o n ly  m o n a rc h s , h o w e v e r , 
b u t  a lso  v ic e ro y s , w h ic h  a re  to  a ll e x te rn a l s e e m in g  o n ly  
s lig h tly  s m a lle r  m o n a rc h s . T h e  v ic e ro y  is, h o w e v e r , n o t 
d is ta s te fu l; i t  w o u ld  b e  a  w e lc o m e  bonne bouche to  an y  
b ird  th a t  c o u ld  d is tin g u ish  it. B u t th a n k s  to  its  p e rfe c tly  
m im ic k in g  c o lo u r-p a tte rn  i t  w in g s  its  d e c e itfu l w ay  
u n m o le s te d . T h e re  is  h u g e  u s e fu ln e s s  h e re , a n d  se le c tio n  
c a n  w e ll  b e  th e  s te a d fa s t  m a in ta in e r  o f  th e  v ic e ro y 's  
d is s im u la tio n . B u t  o f  w h a t av a il fo r  th is  p u rp o s e  o f  d e c e it 
w a s  th e  f irs t  t in y  tin g e  o r  f le c k  o f  re d -b ro w n  o n  th e  s ta r in g  
b la c k  a n d  w h ite  w in g s  o f  th e  a n c e s tra l v ic e ro y ?  H o w  ca n  
o n e  p o s s ib ly  c o n c e iv e  o f  an  a t ta in m e n t o f  th is  id e n tity  o f  
p a tte rn  b e tw e e n  m im ic k e r  a n d  m im ic k e d  b y  se le c tio n  o n  a 
b a s is  o f  l ife -o r -d e a th -d e te rm in in g  a d v a n ta g e  o f  s lig h t 
c h a n c e  a p p e a ra n c e s  o f  b ro w n  o r  re d d ish  f le c k s  o r  t in g e s  in  
su c c e s s iv e  v ic e ro y s ?  N o t  u n til  p ra c tic a lly  fu ll 
d e v e lo p m e n t o f  th e  m im ic ry  p a tte rn  e x is te d  ca n  th is
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p a tte rn  h a v e  w o rk e d  its  a d v a n ta g e . I t is , in d e e d , a  d if fe re n t 
m a tte r  w ith  m a n y , p e rh a p s  m o s t, c a se s  o f  g e n e ra l o r  
sp e c ia l p ro te c tiv e  re se m b la n c e . A  l i t t le  g re e n , a  l i ttle  
b ro w n  c o u ld  o b v io u s ly  h e lp  th e  in s e c t  l iv in g  in  g re e n  
fo lia g e , o r  o n  th e  g ro u n d . E v e ry  c h a n g e  o f  tin g e  to w a rd  
th e  g e n e ra l e n v iro n in g  c o lo u r  is  w o r th  w h ile ; i t  h e lp s  m e lt  
th e  in s e c t in to  its  in a n im a te  su rro u n d in g s . B u t  w ith  
m im ic ry  i t  m u s t  b e  th e  w h o le  th in g  o r  n o th in g ; o r  a t le a s t 
n e a r  e n o u g h  to  th e  w h o le  th in g  to  p a s s  fo r  it. W o lf f  p u ts  
th e  o b je c tio n  a b o u t as fo llo w s : T h e re  a re  c o m p o u n d  
o rg a n s  a n d  c o m p le x  a d a p ta tio n s , w h o se  c o m p lic a tio n  (h e  
w o u ld  b e t te r  say , w h o s e  a d v a n ta g e  d u e  to  c o m p lic a tio n )  
c a n  o n ly  b e  re a c h e d  b y  a  le ap , w h ile  th e  se le c tio n  th e o ry  
p re s u p p o s e s  s lig h t g ra d u a l s ta g e s  o f  c o m p lic a tio n .

W o lf f  26 e x p re s se s  a n o th e r  p h a s e  o f  th is  o b je c tio n  
b y  re fe r r in g  to  a  fe w  o f  m a n y  c a se s  o f  c o m p le x  re la tio n s  
b e tw e e n  e n tire ly  d is tin c t o rg a n s  in  th e  b o d y , w h ic h  
re la tio n s  c o n s titu te  so m e  o f  th e  m o s t  im p o r ta n t  fu n c tio n s  
o f  th e  b o d y . F o r  th e  su c c e ss fu l e s ta b lis h m e n t o f  th e s e  
re la tio n s  i t  h a s  b e e n  n e c e s sa ry , as  W o lf f  e x p re s s e s  it, " th a t 
fo r  e a c h  a d v a n c e  in  d e v e lo p m e n t o r  c o m p le x ity  o f  o n e  
d e f in ite  p e c u lia r ity  in  an  o rg a n  th e re  m u s t  a p p e a r  
c o rre s p o n d in g  a n d  e x a c t d e f in ite  a d v a n c e  in  d e v e lo p m e n t 
o r  c o m p le x ity  o f  a  p e c u lia r ity  in  a n o th e r  e n tire ly  d is tin c t 
o rg a n ."  W o lff ’s f ir s t  e x a m p le  is  th e  re la tio n sh ip  e x is tin g  
b e tw e e n  th e  m u s c le s  a n d  n e rv e s  o f  th e  h ig h e r  a n im a ls . 
T h e  in tim a te , d e lic a te , a n d  p re c is e  c h a ra c te r  o f  th e  
re la tio n s  b e tw e e n  th e  n e rv e -e n d in g s  a n d  th e  m u sc le  ce lls , 
to  b e  e x p lic a b le  b y  se le c tio n  o f  fo r tu ito u s  v a r ia tio n s , m u s t 
h a v e  re q u ire d  c o in c id e n t  v a r ia t io n s  b o th  in  s tru c tu re  an d  
fu n c tio n s  o f  e a c h  m u sc le  ce ll a n d  e a c h  n e rv e -e n d in g  th a t  
a re  im p o s s ib le  to  c o n c e iv e  of. " It m ig h t b e ,"  sa y s  W o lff , 
"p o ss ib le  to  p ic tu re  th e  g ra d u a l d e v e lo p m e n t o f  th e  
re la tio n s  b e tw e e n  o n e  m u sc le  ce ll a n d  o n e  n e rv e -e n d in g  
o n  th e  b a s is  o f  a  se le c tio n  a m o n g  in f in ite ly  fo r tu ito u s  
v a r ia tio n s , b u t  th a t  su c h  v a r ia tio n  sh a ll o c c u r  c o in c id e n tly
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in  t im e  a n d  c h a ra c te r  in  h u n d re d s  o r  th o u s a n d s  o f  c a se s  in  
o n e  o rg a n ism  is  in c o n c e iv a b le ."

In  th e  c a se  o f  o rg a n s  w h o s e  fu n c tio n s  a re  re g u la te d  
f ro m  a  c o m m o n  c e n tre , th e  d e v e lo p m e n t o f  c e n tre  a n d  o f  
o rg a n s  m u s t  h a v e  g o n e  o n  c o in c id e n tly  a n d  c o u ld  n o t  h a v e  
b e e n  in d e p e n d e n t. T h e  d e v e lo p m e n t o f  th e  e y e  is  u s e le s s  i f  
th e  d e v e lo p m e n t o f  th e  o p tic  c e n tre  d id  n o t  g o  h a n d  in  
h a n d  w ith  it. W ith o u t  th e  o n e  th e  o th e r  h a s  n o  re a so n , n o  
s ig n if ic a n c e , th e re fo re  s e le c tio n  c o u ld  h a v e  b ro u g h t 
n e ith e r  to  its  p ro p e r  d e v e lo p m e n t in d e p e n d e n tly . T h e  
c o in c id e n t a p p e a ra n c e , h o w e v e r , o f  o rg a n  a n d  c e n tre  ca n  
b e  e x p la in e d  b y  th e  se le c tio n  th e o ry  o n ly  w h e n  th e re  is  
p o s tu la te d  a  d e f in ite  d e g re e  o f  c o m p le x ity  o f  th e  
fo r tu ito u s ly  a p p e a r in g  s lig h t v a r ia tio n s , th a t  is, w h e n  th is  
th e o ry  is  in  c o n d itio n  to  a s su m e  th a t  w h ic h  w o u ld  b e  a 
d e n ia l in  te rm s  th a t  v a r ia tio n s  a re  w h o lly  fo r tu ito u s . W o lf f  
g o e s  o n  to  g iv e  c e r ta in  e x a m p le s  o f  su c h  c o m p le x  
re la tio n s  w h ic h  in v o lv e  a  d e p e n d e n c e  o f  th e  u se  u p o n  an  
in s tin c t, as  th e  p e rfo rm a n c e  b y  th e  q u e e n  h o n e y -b e e  o f  h e r  
p a r t ic u la r  fu n c tio n s  in  th e  h iv e , etc.

"O u t o f  th is  d is c u ss io n ,"  sa y s  W o lff , " f in a lly  w e  
m u s t p o s tu la te  th a t  s tru c tu re s  w h ic h  a re  to  b e  e x p la in e d  b y  
th e  se le c tio n  th e o ry  m u s t  p o s s e s s  a t th e  le a s t tw o  c e r ta in  
c h a ra c te r is tic s . S u c h  a  s tru c tu re , n a m e ly , m u s t  o c c u r  b u t 
o n c e  in  an  o rg a n ism  [ th a t  is, m u s t  n o t b e  a  se r ia lly  o r  
b ila te ra l ly  re p e a te d  o rg a n , n o r  in d e e d  a p p e a r  in  an y  
c o n d itio n  o f  p lu ra l n u m b e r] ; fu r th e r , i t  m u s t  n o t  s ta n d  in  
a n y  n e c e s s a ry  re la tio n  to  a n y  o th e r  p a r t  o f  th e  sa m e  
o rg a n ism , th a t  is, in  a  r e la tio n  w h ic h  o n e  ca n  in te rp re t  as  a 
r e la tio n  n o t  e x is tin g  f ro m  th e  b e g in n in g , th e re fo re  o n e  
w h ic h  m u s t b e  lo o k e d  o n  as  an  a c q u ire d  re la tio n . B u t  i f  w e  
su rv e y  th e  w h o le  a n im a l k in g d o m  it  w ill b e  v e ry  d if f ic u lt  
fo r  u s  to  f in d  a n y  s tru c tu re s  w h ic h  sa tis fy  b o th  th e se  
re q u ire m e n ts . I t  m ig h t b e  p o s s ib le  to  f in d  so m e  w h ic h  
p e rh a p s  se e m  to  sa tis fy  th e  se c o n d  re q u ire m e n t, b u t  w ith  
re g a rd  to  th e  f ir s t  re q u ire m e n t I  m a y  d e c la re ,"  say s  W o lff ,
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" th a t th e re  is  s c a rc e ly  a  s in g le  s tru c tu re  w h ic h  fu lf i ls  it. 
S y m m e try  a lo n e , w h ic h  ru le s  a lm o s t a ll o rg a n ism s , m a k e s  
o rg a n s  w h ic h  a p p e a r  in  th e  s in g u la r  n u m b e r  ra r itie s , an d  
e v e n  su ch  as  th e  p a n c re a s , e tc ., a re  c o m p o s e d  o f  m a n y  
f in e r  s tru c tu re s , w h ic h  a re  h o m o d y n a m o u s  a m o n g  
th e m se lv e s . W h e n  w e  f in d  tw o  s im ila r  o rg a n s  in  d if fe re n t 
a n im a l g ro u p s  w e  se e k  fo r  a  c a u sa l e x p la n a tio n  o f  th is  
s im ila r ity  a n d  f in d  i t  in  c o m m o n  a n c e s try . I t is  a b su rd  to  
se e k  a  c a u sa l e x p la n a tio n  fo r  th e  o r ig in  o f  h o m o lo g o u s  
s tru c tu re s  a n d  y e t  p o s tu la te  a  p u re ly  c h a n c e  o r  fo r tu ito u s  
e x p la n a tio n  fo r  th e  o r ig in  o f  h o m o d y n a m o u s  s tru c tu re s ."

A n o th e r  o b je c tio n  w h ic h  th e  s tu d y  o f  th e  u t i l i ty  o f
27c o lo u r  a n d  p a tte rn  27 a lso  h a s  im p re s s e d  u p o n  m e  is  th a t  o f  

th e  c a rry in g  to o  fa r  o f  c e r ta in  lin e s  o f  m o d if ic a tio n . 
C la s s ic  e x a m p le s  a re  th e  fa ta l o v e r -d e v e lo p m e n t o f  th e  
a n tle rs  o f  th e  e x tin c t  I r ish  stag , th e  u n -w ie ld in e s s  o f  th e  
g ia n t  C re ta c e o u s  re p tile s , th e  in tim a te  id e n tity  o f  th e  
h a lv e s  o f  b i la te ra lly  sy m m e tr ic a l a n im a ls . L e t  m e  ca ll 
a tte n tio n  to  a n  o v e rd o n e  c a se  o f  "p ro te c tiv e  re se m b la n c e "  
a m o n g  th e  in se c ts . I t  is  th a t  o f  th e  fa m o u s  K a llim a s , th e  
d e a d - le a f  b u tte r f l ie s  o f  th e  M a la y a n  a n d  g e n e ra l so u th  
tro p ic a l re g io n s . T h e se  b u tte r f lie s  ( th e re  a re  sev e ra l 
s p e c ie s  w h ic h  s h o w  th e  m a rv e llo u s  im ita tio n )  h a v e  th e  
u n d e r  s id e s  o f  b o th  fo re  a n d  h in d  w in g s  so  c o lo u re d  a n d  
s tre a k e d  th a t  w h e n  a p p o se d  o v e r  th e  b a c k  in  th e  m a n n e r  
c o m m o n  to  b u tte r f l ie s  a t re s t, th e  fo u r  w in g s  c o m b in e  to  
re s e m b le  w ith  a b su rd  f id e li ty  a  d e a d  l e a f  s till a tta c h e d  b y  a 
sh o r t p e tio le  to  th e  tw ig  o r  b ra n c h . I  say  a b su rd , fo r  it  
s e e m s to  m e  th e  re s e m b la n c e  is  o v e r-re f in e d . H e re  fo r  
sa fe ty 's  sa k e  i t  is  n o  q u e s tio n  o f  m im ic k in g  so m e  o n e  
p a r t ic u la r  k in d  o f  o th e r  o rg a n ism  o r  in a n im a te  th in g  in  
N a tu re  w h ic h  b ird s  d o  n o t  m o le s t. I t is  s im p ly  to  p ro d u c e  
th e  e f fe c t o f  a  d e a d  lea f; a n y  d e a d  le a f ;a  b ro w n , w ith e r in g  
l e a f  o n  a  b ra n c h . L e a f -s h a p e  a n d  g e n e ra l d e a d - le a f  c o lo u r  
s c h e m e  a re  n e c e s s a ry  fo r  th is  illu s io n . B u t a re  th e s e  
fo llo w in g  th in g s  n e c e s s a ry ?  n a m e ly , an  e x tra o rd in a r ily
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fa ith fu l r e p re s e n ta tio n  o f  m id -r ib  a n d  la te ra l v e in s  e v e n  to  
fa in t  m ic ro sc o p ic a lly - ta p e r in g  v e in  tip s ; a  p e r fe c t  sh o rt 
p e tio le  p ro d u c e d  b y  th e  a p p o se d  " ta ils"  o f  th e  h in d  w in g s ; 
a  c o n c e a lm e n t o f  th e  h e a d  o f  th e  b u tte r f ly  so  th a t  i t  shall 
n o t  m a r  th e  o u tlin e s  o f  th e  la te ra l m a rg in  o f  th e  lea f; and , 
f in a lly , d e lic a te  l i tt le  f le c k s  o f  p u rp lis h  o r  y e llo w is h  
b ro w n  to  m im ic  sp o ts  o f  d e c a y  a n d  fu n g u s -a tta c k e d  sp o ts  
in  th e  l e a f  (!) an d , as c u lm in a tio n , a  t in y  c irc u la r  c le a r  sp o t 
in  th e  fo re  w in g s  ( te rm in a l p a r t  o f  th e  le a f )  w h ic h  shall 
re p re s e n t  a  w o rm -e a te n  h o le , o r  a  p ie rc in g  o f  th e  d ry  l e a f  
b y  f ly in g  sp lin te r , o r  th e  c o m p le te  d e c a y  o f  a  l i ttle  sp o t 
d u e  to  fu n g u s  g ro w th !  A  g e n e ra l a n d  su ff ic ie n t se e m in g  o f  
a  d e a d  lea f , o b je c t o f  n o  b ird 's  a c tiv e  in te re s t, y es , b u t  n o t 
a  d e a d  l e a f  m o d e lle d  w ith  th e  f id e lity  o f  th e  w a x -w o rk e rs  
in  th e  m o d e rn  n a tu ra l h is to ry  m u se u m s . W h e n  n a tu ra l 
s e le c tio n  h a d  g o t K a ll im a  a lo n g  to  th a t  h ig h ly  d e s ira b le  
s ta g e  w h e n  i t  w a s  so  lik e  a  d e a d  le a f  in  g e n e ra l s e e m in g  
th a t  e v e ry  b ird  sw e e p in g  b y  sa w  i t  o n ly  a s  a  b ro w n  le a f  
c lin g in g  p re c a r io u s ly  to  a  h a lf - s tr ip p e d  b ra n c h , it  w a s  
n a tu ra l se le c tio n 's  b o u n d e n  d u ty , in  c o n fo rm a n c e  w ith  its  
o b lig a tio n s  to  its  m a k e rs , to  s to p  th e  fu r th e r  m o d e llin g  o f  
K a ll im a  a n d  ju s t  h o ld  i t  u p  to  its  h a rd ly  w o n  a d v a n ta g e . 
B u t w h a t h a p p e n s ?  K a ll im a  c o n tin u e s  its  w ay , sp e c if ic a lly  
a n d  a b su rd ly , d e a d - le a fw a rd s , u n til  to -d a y  i t  is  a  m u c h  to o  
f ra g ile  th in g  to  b e  o th e rw ise  th a n  v e ry  g in g e r ly  h a n d le d  b y  
its  ra th e r  a n x io u s  fo s te r -p a re n ts , th e  n e o -D a rw in ia n  
se le c tio n is ts .

A n  o b je c tio n  w h ic h  w a s  lo n g  a g o  p o in te d  ou t, a n d  
w h ic h  h a s  b e e n  e m p h a s is e d  s tro n g ly  b y  so m e  b io lo g is ts  
a n d  a lm o s t  o v e r lo o k e d  b y  o th e rs , is  th a t  o f  th e  in c o m ­
p a tib il i ty  o f  th e  re su lts  c o n c e rn in g  th e  a g e  o f  life  o n  th is  
e a r th  a s  p ro p o u n d e d  b y  p h y s ic is ts  a n d  a s tro n o m e rs  w ith  
th e  d e m a n d  m a d e  b y  th e  th e o ry  o f  d e sc e n t. T h is  o b je c tio n  
o f  th e  la c k  o f  t im e  fo r  th e  p ro d u c tio n  o f  th e  h o s ts  o f  k in d s  
o f  p la n ts  a n d  a n im a ls  th ro u g h  th e  s lo w  w o rk in g s  o f  
n a tu ra l se le c tio n  w a s  b ro u g h t  fo rw a rd  a g a in s t D a rw in
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f ro m  th e  v e ry  b e g in n in g  a n d  h a s  n e v e r  b e e n  g iv e n  u p . D e  
V rie s ,28 fo r  e x a m p le , in  a  re c e n t  p a p e r, re fe rs  to  i t  as 
fo llo w s :

"T h e  d e d u c tio n s  m a d e  b y  L o rd  K e lv in  a n d  o th e rs  
f ro m  th e  c e n tra l h e a t  o f  th e  ea rth , f ro m  th e  ra te  o f  th e  
p ro d u c tio n  o f  th e  c a lc a re o u s  d e p o s its , f ro m  th e  in c re a s e  in  
th e  a m o u n t o f  s a lt  in  th e  w a te r  o f  th e  seas , a n d  fro m  
v a r io u s  o th e r  so u rc e s , in d ic a te  an  a g e  fo r  th e  in h a b ita b le  
su rfa c e  o f  th e  e a r th  o f  so m e  m illio n s  o f  y e a rs  o n ly . T h e  
m o s t p ro b a b le  e s tim a te s  l ie  b e tw e e n  tw e n ty  a n d  fo rty  
m ill io n s  o f  y ea rs . T h e  e v o lu tio n is ts  o f  th e  g ra d u a l lin e , 
h o w e v e r , h a v e  su p p o se d  m a n y  th o u s a n d s  o f  m illio n s  o f  
y e a rs  to  b e  th e  s m a lle s t  a m o u n t th a t  w o u ld  a c c o u n t fo r  th e  
w h o le  ra n g e  o f  e v o lu tio n , f ro m  th e  v e ry  b e g in n in g  u n til 
th e  a p p e a ra n c e  o f  m a n k in d . T h is  la rg e  d is c re p a n c y  h a s  
a lw a y s  b e e n  a  so u rc e  o f  d o u b t a n d  a  w e a p o n  in  th e  h a n d s  
o f  o p p o n e n ts  o f  th e  e v o lu tio n a ry  id ea , a n d  i t  is  e sp e c ia lly  
in  th is  c o u n try  th a t  m u c h  g o o d  w o rk  h a s  b e e n  d o n e  to  
o v e rc o m e  th is  d iff ic u lty . T h e  th e o ry  o f  d e s c e n t h a d  to  b e  
re m o u ld e d . O n  th is  p o in t  c o n v ic tio n  h a s  g ro w n  in  
A m e r ic a  d u r in g  th e  la s t  d e c a d e s  w ith  in c re a s in g  ra p id ity ."

H o w e v e r  (a c c o rd in g  to  a  n e w s p a p e r  c lip p in g ) ,
29P ro fe s s o r  L a n k e s te r ,29 a  p re s e n t-d a y  D a rw in ia n  c h a m p io n , 

in  th e  c o u rse  o f  an  in te re s t in g  o u tlin e  o f  th e  a d v a n c e m e n t 
o f  s c ie n c e  in  th e  p a s t  tw e n ty - f iv e  y e a rs  w h ic h  h e  g a v e  a t 
th e  o p e n in g  m e e tin g  o f  th e  B r i t is h  A sso c ia tio n  a t Y o rk  
re c e n tly  (S e p te m b e r , 1 9 0 6 ) a g a in  ra is e d  th e  q u e s tio n  o f  
th e  a g e  o f  th e  ea rth . R e fe r r in g  to  th e  d is c o v e ry  o f  ra d iu m  
as o n e  fa r  e x c e e d in g  in  im p o r ta n c e  a ll o th e r  m o d e rn  
s c ie n tif ic  d is c o v e r ie s  h e  sa id  th a t  i f  th e  su n  c o n ta in e d  a 
f ra c tio n  o f  o n e  p e r  cen t. o f  ra d iu m , th is  ra d iu m  w o u ld  
a c c o u n t fo r  a n d  m a k e  g o o d  th e  h e a t  th a t  is  a n n u a lly  lo s t 
b y  th e  sun . "T h is  is  a  t re m e n d o u s  fac t, u p s e t t in g  all 
c a lc u la tio n s  o f  p h y s ic is ts  as  to  d u ra tio n  in  p a s t  a n d  fu tu re  
o f  th e  su n 's  h e a t  a n d  th e  te m p e ra tu re  o f  th e  e a r th 's  su rface . 
T h e  g e o lo g is ts  a n d  th e  b io lo g is ts  h a v e  lo n g  c o n te n d e d  th a t
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so m e  th o u s a n d  m illio n  y e a rs  m u s t  h a v e  p a s se d  d u rin g  
w h ic h  th e  e a r th 's  su rfa c e  h a s  p re s e n te d  a p p ro x im a te ly  th e  
sa m e  c o n d itio n s  o f  te m p e ra tu re  as  a t p re se n t, in  o rd e r  to  
a llo w  tim e  fo r  th e  e v o lu tio n  o f  l iv in g  th in g s  a n d  th e  
fo rm a tio n  o f  a q u e o u s  d e p o s its  o f  th e  e a r th 's  c ru st. T h e  
p h y s ic is ts ,"  c o n te n d e d  P ro fe s s o r  L a n k e s te r , "n o ta b ly  
P ro fe s s o r  T a it  a n d  L o rd  K e lv in , re fu s e d  to  a llo w  m o re  
th a n  te n  m ill io n  y e a rs  (w h ic h  th e y  h a v e  su b se q u e n tly  
in c re a s e d  to  a  h u n d re d  m illio n , b a s in g  th e  e s tim a te  o n  th e  
ra te  o f  c o o lin g  o f  a  sp h e re  o f  th e  s ize  a n d  c o m p o s itio n  o f  
th e  ea rth ). T h e y  h a v e  a s su m e d  th a t  its  m a te r ia l  is  s e lf ­
c o o lin g . B u t as H u x le y  p o in te d  o u t, m a th e m a tic s  w ill n o t 
g iv e  a  tru e  r e s u lt  w h e n  a p p lie d  to  e r ro n e o u s  d a ta . I t  h a s  
n o w , w ith in  th e  la s t  f iv e  y e a rs , b e c o m e  e v id e n t th a t  th e  
e a r th 's  m a te r ia l  is  n o t  s e lf -c o o lin g , b u t  o n  th e  c o n tra ry  
se lf-h e a tin g , a n d  a w a y  g o  th e  r e s tr ic tio n s  im p o se d  b y  
p h y s ic is ts  o n  g e o lo g ic a l tim e . T h e y  a re  n o w  w ill in g  to  
g iv e  u s  n o t  m e re ly  a  th o u s a n d  m ill io n  y e a rs , b u t  as m a n y  
m o re  as  w e  w a n t ."

In  th is  c o n n e c tio n  sh o u ld  b e  m e n tio n e d
30th e  p o s itio n  ta k e n  b y  A m m o n  30 a n d  o th e rs  w h o  a rg u e  th a t 

th e  re a l e f fe c t o r  re s u lt  o f  n a tu ra l se le c tio n  is  to  p re se rv e  
th e  ty p e  a t th e  e x p e n s e  o f  th e  v a r ia n ts , w h ic h  w o u ld  m a k e  
i t  a  r e ta rd e r  ra th e r  th a n  a c c e le ra to r  o f  sp e c ie s -

31c h a n g e .B u m p u s 's  o b se rv a tio n s  on , a n d  c o n c lu s io n s  
c o n c e rn in g , h is  s to rm -b e a te n  E n g lis h  sp a rro w s  is  an  
e x a m p le  o f  w h a t A m m o n  c la im s  m u s t  b e  th e  re a l re s u lt  o f  
se le c tio n . B u m p u s , in  s ta tis tic a l s tu d ie s  o f  th e  v a r ia t io n  o f  
tw o  a n im a l sp e c ie s  in tro d u c e d  f ro m  E u ro p e  in to  th e  
U n ite d  S ta te s , v iz ., th e  E n g lis h  s p a rro w  a n d  th e  
p e r iw in k le , Littorina littorea, sh o w s  th a t  th e  eg g s  o f  th e  
sp a rro w  a n d  th e  p e r iw in k le s  th e m s e lv e s  a re  m u c h  m o re  
v a r ia b le  in  A m e ric a  tn a n  in  th e ir  n a tiv e  re g io n s , a n d  th e  
a u th o r  a ttr ib u te s  th is  in c re a s e d  v a r ia b il i ty  to  th e ir  
"p re su m a b le  e m a n c ip a tio n  f ro m  m a n y  o f  th e  re s tra in in g  
in f lu e n c e s  o f  n a tu ra l se le c tio n ."  In  th e  c a se  o f  th e  E n g lis h
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sp a rro w s , a lso , B u m p u s  b e lie v e s  h im s e lf  a b le  to  sh o w  on  
a  b a s is  o f  th e  e x a m in a tio n  o f  136 b ird s  b ro u g h t  in  
w o u n d e d  o r  s tu n n e d  a f te r  a  s e v e re  s to rm  o f  sn o w , ra in , 
a n d  s le e t (F eb . I, 1 898 ), th a t  th e  s ix ty -fo u r  b ird s  th a t  
p e r ish e d  (s e v e n ty - tw o  re v iv e d ) , "p e r ish e d  n o t  th ro u g h  
a c c id e n t, b u t  b e c a u s e  th e y  w e re  p h y s ic a lly  d isq u a lif ie d , 
a n d  th a t  th e  b ird s  w h ic h  su rv iv e d , su rv iv e d  b e c a u s e  th e y  
p o sse s se d  c e r ta in  p h y s ic a l c h a ra c te rs . T h e se  c h a ra c te rs  
e n a b le d  th e m  to  w ith s ta n d  th e  in te n s ity  o f  th is  p a r tic u la r  
p h a s e  o f  s e le c tiv e  im in a tio n  a n d  d is tin g u ish  th e m  fro m  
th e ir  m o re  u n fo r tu n a te  c o m p a n io n s ."  T h e  fo r tu n a te  
c h a ra c te rs  w e re  m a sc u lin ity , sh o r tn e s s  o f  b o d y , l ig h tn e ss , 
lo n g e r  h u m e ru s , lo n g e r  fe m u r, lo n g e r  t ib io - ta rsu s , lo n g e r  
s te rn u m , g re a te r  b ra in  c a p a c ity . B u t  m o re  im p o r ta n t  fo r  
su rv iv a l th a n  fa v o u ra b le  v a r ia t io n s  w a s  th e  fa c t  o f  
a p p ro a c h  to  th e  sp e c ie s  ty p e  o r  m o d e  o f  v a r ia b ility . T h e  
e x tre m e  v a r ia n ts  p e r ish e d . "T h e  p ro c e s s  o f  se le c tiv e  
e lim in a tio n  is  m o s t  se v e re  w ith  e x tre m e ly  v a r ia b le  
in d iv id u a ls , n o  m a tte r  in  w h a t d ire c tio n s  th e  v a r ia t io n s  
m a y  o ccu r. I t  is  q u ite  as d a n g e ro u s  to  b e  c o n sp ic u o u s ly  
a b o v e  a  c e r ta in  s ta n d a rd  o f  o rg a n ic  e x c e lle n c e  as i t  is  to  b e  
c o n sp ic u o u s ly  b e lo w  th e  s ta n d a rd . I t  is  th e  type th a t  n a tu re  
fa v o u rs ."

A P P E N D IX .

1 F o r  a  fa ir ly  c o m p le te  b ib lio g ra p h y , w ith  e x c e lle n t 
a b s tra c ts , o f  a ll im p o r ta n t  c ritic a l d is c u s s io n s  o f  
D a rw in is m  s in c e  1895 , see  LAnnee Biologique (ed . Y . 
D e la g e ) , 1 8 9 3 -1 9 0 3 ; fo r  g o o d  b ib lio g ra p h y  a lso  see  
Zoologischer Jahresbericht, is s u e d  a n n u a lly . S ee  a lso  
d is c u s s io n s  a n d  n o te s  in  su ch  jo u rn a ls  a s  Natural Science, 
Bio-logisches Centralblatt, Nature, Science, American 
Naturalist, e tc .
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see  K e llo g g ' "V a ria tio n  in  P a r th e n o g e n e tic  
In se c ts ,"  Science, N .S ., V o l. X X IV , p p , 6 9 5 -6 9 9 , I9 0 6 , in  
w h ic h  i t  is  sh o w n  th a t  th e  p a r th e n o g e n e tic a l ly  p ro d u c e d  
d ro n e  h o n e y -b e e s  v a ry  m u c h  m o re  th a n  d o  th e  w o rk e rs  
w h ic h  a re  o f  b i-s e x u a l p a re n ta g e , a n d  th a t  
p a r th e n o g e n e tic a lly  p ro -d u c e d  p la n t- lic e  (A p h id id s )  v a ry  
as  m a rk e d ly  as  in s e c ts  o f  b is e x u a l p a re n ta g e . S ee  a lso  
W a rre n , Proc. Roy. S o c .,V o l.L X V ,1 8 9 9  in  w h ic h  th e
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v a r ia t io n  in  p a r th e n o g e n e tic  v a r ia t io n s  o f  Daphnia magna 
is  sh o w n  to  b e  little , i f  an v , sm a lle r  th a n  in  s e x u a lly  
p ro d u c e d  g e n e ra tio n s ; a lso , Biometrika, V o l. I, pp . 1 2 9 ­
154, 1902 . in  w h ic h  W a rre n  sh o w s th e  v a r ia t io n  in  
p a r th e n o g e n e tic  se r ie s  o f  th e  p la n t- lo u se  Hyalopterus 
trirhodus to  b e  as la rg e  as th e  v a r ia b ili ty  e x h ib ite d  in  
se x u a l fo rm s.

S ee  a lso  H a y c ra f t , J. B ., "T h e  R o le  o f  S ex ,"  Nat. 
Science, V o l. V II, pp . 2 4 5 -2 5 0 , 3 4 2 -3 4 4 , 1895 , in  w h ic h  
p a p e r  is  p re s e n te d  an  in g e n io u s  a rg u m e n t to  sh o w  th a t  
se x u a l r e p ro d u c tio n  te n d s  n o t  m e re ly  n o t  to  in c re a se  
v a r ia t io n  b u t  to  d e c re a se  it: " th e  c o n v e rg e n c e  to  th e  m e a n  
is, th e n , a  r e s u lt  o f  se x u a l re p ro d u c tio n : i t  m a y  b e  te rm e d  
th e  ro le  o f  sex , a n d  o n e  in d e e d  o f  n o  s e c o n d a ry  o rd e r. T h e  
te n d e n c y  c o n s ta n tly  to  v a ry  is  a  p ro p e r ty  in h e re n t  in  
p ro to p la sm , y e t  o f te n  fo r  lo n g  p e r io d s  o f  t im e  th e  
e n v iro n m e n t m a y  b e  th e  sam e . In  o rd e r  th a t  a  sp e c ie s  m a y  
c o n tin u e  to  liv e  in  su c h  a  c o n s ta n t e n v iro n m e n t, th e  e ffe c ts  
o f  v a r ia t io n  m u s t  b e  c h e c k e d . S ex u a l m u ltip lic a tio n , a 
c o n se rv a tiv e  fu n c tio n , a n ta g o n ise s  th e  p ro g re s s iv e  
te n d e n c y  o f  v a r ia tio n ."

O th e r  n a tu ra lis ts  h a v e  a lso  h e ld  s tro n g ly  to  th is  
v ie w  o f  th e  ro le  o f  a m p h im ix is . S ee  B a ile y , L . H ., "T h e  
P la n t  In d iv id u a l in  th e  L ig h t  o f  E v o lu tio n ,"  a d d re s s  b e fo re  
th e  B io lo g ic a l S o c ie ty  o f  W a sh in g to n , Ja n u a ry  12, 1895 , 
Science, N . S., V o l. I, p. 2 8 1 . 1895 , in  w h ic h  p a p e r  th e  
a u th o r  p o in ts  o u t th e  im p o r ta n c e  o f  a  c le a r  re c o g n itio n  o f  
th e  tre m e n d o u s  p o s s ib il i t ie s  a n d  a c tu a lity  o f  a se x u a l 
v a r ia t io n  in  p lan ts .

In  a  p a p e r  b y  W in s lo w  a n d  R o g e rs  (Science. N . S., 
V o l. X X I., p. 4 8 6 , 1905), re fe r r in g  to  th e  c la s s if ic a tio n  o f  
b a c te r ia , th e re  is  th e  fo llo w in g  s ta te m e n t: "S in c e  th e  
sw a m p in g  o f  m in o r  d if fe re n c e s  b y  se x u a l r e p ro d u c tio n  is  
a b se n t f ro m  b a c te r ia , e v e ry  in h e r ita b le  v a r ia t io n  is  
m a in ta in e d , a n d  in s te a d  o f  tru e  sp e c ie s , w e  f in d  an  in f in ite  
se rie s  o f  m in u te ly  d if fe r in g  b u t  c o n s ta n t rac e s . T h e  o n ly
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p ra c tic a l m e th o d  o f  h a n d lin g  a n d  sy s te m a tis in g  th e se , is  to  
e s ta b lish  c e r ta in  fa ir ly  d is tin c t g ro u p s  a n d  ty p e s  a b o u t 
w h ic h  th e  in d iv id u a l v a r ia t io n s  m a y  b e  g ro u p e d ."

8 B y  u s in g  a  la rg e  se r ie s  o f  in d iv id u a ls , a n d  
c a re fu lly  ta b u la t in g  th e  n o te d  c o n d itio n s  o f  v a r ia t io n  o f  
o n e  o r  m o re  p a r ts , u s in g , p re fe ra b ly , a ttr ib u te s  w h o se  
v a r ia b ili ty  is  c a p a b le  o f  b e in g  m a th e m a tic a lly  e x p re sse d , 
su c h  as d im e n s io n s , n u m b e rs  o f  sp in es , o r  sp o ts , e tc ., 
m a n y  s tu d e n ts  h a v e  sh o w n  th a t  th e s e  v a r ia t io n s  se e m  to  
o c c u r  in  m o s t  c a se s  a c c o rd in g  to  th e  la w  o f  p ro b a b ili t ie s , 
a n d  th a t  a  c u rv e  p lo tte d  so  as to  e x p re s s  g ra p h ic a lly  th e  
ac tu a l c o n d itio n s  o f  v a r ia t io n  fo r  a  g iv e n  c h a ra c te r  w o u ld  
b e  n e a r ly  id e n tic a l w ith  th e  c u rv e  th a t  c o u ld  b e  p lo tte d  so  
as  to  e x p re s s  w h a t v a r ia tio n  w o u ld  e x is t  in  th e  g iv e n  c a se  
i f  th is  v a r ia t io n  o c c u rre d  e x a c tly  a c c o rd in g  to  th e  la w s  o f  
ch a n c e . T h is  m e a n s  th a t  in  a  th o u s a n d  in d iv id u a ls  
c o lle c te d  a t ra n d o m  a n d  e x a m in e d  fo r  v a r ia tio n  in  an y  
c h a ra c te r , sa y  to ta l le n g th  o f  b o d y , n o t  o n ly  w o u ld  th e re  
b e  fo u n d  a  la rg e r  n u m b e r  o f  in d iv id u a ls  o f  m e d iu m  le n g th  
th a n  o f  a n y  o th e r  le n g th  b e tw e e n  th e  tw o  e x tre m e s , 
re p re s e n te d  b y  th e  lo n g e s t  a n d  sh o r te s t  in d iv id u a ls , b u t  
th a t  th e  v a r io u s  le n g th s  b e tw e e n  th e  m e a n  a n d  th e  lo n g e s t 
a n d  b e tw e e n  th e  m e a n  a n d  th e  sh o rte s t, w o u ld  b e  
re p re s e n te d  b y  g ro u p s  o f  in d iv id u a ls  re g u la r ly  d e c re a s in g  
in  n u m b e r  as th e  le n g th  in c re a s e d  o r  d e c re a se d  o n  e ith e r  
s id e  o f  th e  m e a n , b u t  o f  e q u a l n u m b e r  i f  c o m p a re d  a t 
e q u a l a m o u n ts  o f  d if fe re n c e  a w a y  f ro m  th e  m ean .

T h e  c u rv e  e x p re s s in g  g ra p h ic a lly  th e  la w  o f  
p ro b a b ili t ie s  o r, b e tte r , th e  f re q u e n c y  o f  e rro r, is  
d e te rm in e d  b y  th e  fo rm u la  fo r  th is  f re q u e n c y  d e d u c e d  
o r ig in a lly  b y  G a u ss  a t th e  b e g in n in g  o f  th e  la s t  c e n tu ry . It 
w o u ld  le a d  u s  to o  fa r  a f ie ld  to  r e p ro d u c e  h e re  th e  
m a th e m a tic a l p r o o f  o f  th e  fo rm u la  o r  m e th o d  o f  its  
d e te rm in a tio n , b u t  V e rn o n 's  e x c e lle n t c o n c re te  il lu s tra tio n  
o f  h o w  su c h  a  fo rm u la  c o u ld  b e  d e d u c e d  d ire c tly  f ro m  a 
s tu d y  o f  b io lo g ic  v a r ia t io n  m a y  b e  q u o te d . "S u p p o s in g ,"
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say s  V e rn o n  in  "V a ria tio n  in  A n im a ls  a n d  P la n ts ,"  pp . n  
a n d  12, 1903 , "a  g ro u p  o f  d e v e lo p in g  o rg a n ism s  b e  ta k e n , 
o f  w h ic h  th e  g ro w th  ca n  b e  a f fe c te d  in  a  fa v o u ra b le  o r  an  
u n fa v o u ra b le  m a n n e r  b y  th e ir  su rro u n d in g s . L e t  u s  
su p p o se  th a t  th e re  a re  tw e n ty  d if fe re n t a g e n c ie s , e a c h  o f  
w h ic h  w o u ld  p ro d u c e  an  e q u a l, fa v o u ra b le  e f fe c t  on  
g ro w th , a n d  tw e n ty  w h ic h  w o u ld  p ro d u c e  ju s t  as  g re a t  an  
e f fe c t in  th e  o p p o s ite  d ire c tio n . S u p p o se , a lso , th a t  e a c h  
o rg a n ism  is  su b je c te d  to  o n ly  h a l f  o f  th e s e  fo r ty  d if fe re n t 
a g e n c ie s ; th e n  i t  w o u ld  fo llo w , a c c o rd in g  to  th e  la w s  o f  
c h a n c e , th a t  a  la rg e r  n u m b e r  o f  th e  o rg a n ism s  w o u ld  b e  
a c te d  u p o n  b y  10 fa v o u ra b le  a n d  10 u n fa v o u ra b le  
a g e n c ie s , th a n  b y  a n y  o th e r  c o m b in a tio n ; i.e., th e y  w o u ld , 
o n  o u r  h y p o th e s is , re m a in  a b so lu te ly  u n a f fe c te d  in  th e ir  
g ro w th . A  so m e w h a t s m a lle r  n u m b e r  w o u ld  b e  a c te d  u p o n  
b y  11 fa v o u ra b le  a n d  9 u n fa v o u ra b le  a g e n c ie s , o r  o n  th e  
w h o le , w o u ld  h a v e  th e ir  g ro w th  s lig h tly  in c re a se d . A  still 
sm a lle r  p ro p o r tio n  w o u ld  b e  a c te d  o n  b y  12 fa v o u ra b le  
a n d  8 u n fa v o u ra b le  a g e n c ie s , o r  w o u ld  h a v e  th e ir  g ro w th  
ra th e r  m o re  in c re a se d . F in a lly , th e  n u m b e r  o f  o rg a n ism s  
a c te d  o n  b y  2 0  fa v o u ra b le  a n d  0 u n fa v o u ra b le  a g e n c ie s  
w o u ld  b e  e x tra o rd in a r ily  sm a ll, b u t  in  th is  c a se  th e  e ffe c t 
o n  g ro w th  w o u ld  b e  e x tre m e ly  la rg e . S im ila r  
re la tio n sh ip s , o n ly  in  th e  r e v e rs e  d ire c tio n , w o u ld  o f  
c o u rse  b e  fo u n d  in  th o s e  c a se s  in  w h ic h  th e  n u m b e r  o f  
u n fa v o u ra b le  a g e n c ie s  e x c e e d e d  th e  n u m b e r  o f  
fa v o u ra b le . I f  d e s ire d , th e  p ro p o r tio n a l n u m b e rs  o f  
o rg a n ism s  a c te d  o n  b y  a ll th e  d if fe re n t c o m b in a tio n s  o f  
a g e n c ie s  m a y  b e  re a d ily  d e te rm in e d  b y  e x p a n d in g  th e  
b in o m ia l (1 /  2 +  1 /  2 )20. I t is  fo u n d , fo r  in s ta n c e , th a t  fo r  
e a c h  s in g le  t im e  th e  o rg a n is m s  a re  a c te d  o n  b y  th e  w h o le  
2 0  fa v o u ra b le  a g e n c ie s , th e y  a re  a c te d  o n  190 t im e s  b y  18 
fa v o u ra b le  a n d  2  u n fa v o u ra b le ; 1 5 .5 0 4  t im e s  b y  15 
fa v o u ra b le  a n d  5 u n fa v o u ra b le ;  a n d  n o  le s s  th a n  1 8 4 .7 5 6  
t im e s  b y  10 fa v o u ra b le  a n d  10 u n fa v o u ra b le . L e t  u s  
c o n s id e r  th a t  th e  o rg a n is m s  a c te d  o n  b y  2 0  fa v o u ra b le  a n d
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o  u n fa v o u ra b le  a g e n c ie s  h a v e  th e ir  s iz e  in c re a s e d  2 0  p e r  
cen t.; th o s e  a c te d  o n  b y  15 fa v o u ra b le  a n d  5 u n fa v o u ra b le  
b y  15 —  5 =  10 p e r  cen t.; a n d  so  on . I f  n o w  th e s e  
p e rc e n ta g e  in c re m e n ts  a n d  d e c re m e n ts  b e  p lo tte d  o u t a t 
e q u a l d is ta n c e s  o n  a  b a s e  lin e , a n d  o rd in a te s  
c o rre s p o n d in g  to  th e  th e o re tic a l f re q u e n c ie s  e re c te d  fro m  
each . th e n  b y  jo in in g  th e s e  o rd in a te s  w e  sh a ll o b ta in  a 
c u rv e  w h ic h  is  p ra c tic a lly  id e n tic a l in  fo rm  w ith  th e  
p ro b a b ili ty  c u rv e  o f  th e  la w  o f  f re q u e n c y  o f  e rro r . T h u s , 
b y  a  s im p le  a r ith m e tic a l m e th o d , w e  o b ta in  a  se rie s  
a p p ro x im a tin g  m o re  a n d  m o re  c lo se ly  to  th e  p ro b a b ili ty  
cu rv e , th e  g re a te r  th e  n u m b e r  o f  tim e s  th e  e x p re s s io n  (1 /  2 

+  1 /  2 ) is  e x p a n d e d . E x p a n d e d  2 0  tim e s , th e  a v e ra g e  e r ro r  
is  le s s  th a n  5 p e r  ce n t., a n d  fo r  a  g re a te r  n u m b e r  o f  t im e s  it  
b e c o m e s  ra p id ly  s m a lle r  a n d  sm a lle r ."

T h is  d is c o v e ry  a n d  fo rm u la tio n  o f  th e  la w  o f  
in d iv id u a l v a r ia tio n  —  n a m e ly , th a t  su c h  v a r ia t io n  o c c u rs  
a c c o rd in g  to  th e  la w  o f  p ro b a b ili t ie s  —  w a s  f irs t  m a d e  b y  
th e  B e lg ia n  a n th ro -p o lo g is t ,Q u e te le t  ("L e ttre s  su r  la  
th e o r ie  d e s  P ro b a -b ili te s ."  B ru s se ls . 1 8 46), o n  a  b a s is  o f  
th e  e x a m in a - tio n  o f  th e  h e ig h t  a n d  c h e s t m e a s u re m e n ts  o f  
so ld ie rs . I t  w a s  e la b o ra te ly  c o n f irm e d  b y  F ra n c is  G a lto n  
(n u m e ro u s  p a p e rs  a n d  th e  b o o k , "N a tu ra l In h e rita n c e ,"  
1 8 7 0 -1 8 9 0 ), b y  q u a n tita tiv e  d e te rm in a tio n s  o f  th e  h e ig h t, 
w e :g h t, sp a n  o f  a rm s , b re a th in g  c a p a c ity , s tre n g th  o f  p u ll, 
s tre n g th  o f  sq u e e z e , sw if tn e s s  o f  b lo w , a n d  k e e n n e s s  o f  
s ig h t in  m e n  a n d  w o m e n . I t  h a s  b e e n  m o s t i l lu m in a tin g ly  
d is c u s se d  b y  K a rl P e a rs o n  in  "T h e  C h a n c e s  o f  D e a th , a n d  
o th e r  S tu d ie s  in  E v o lu tio n ,"  2  v o ls .. 1897 . S in c e  th e n  th e  
re c o g n is e d  n e c e s s ity  o f  a  m o re  th o ro u g h  s tu d y  an d  
u n d e rs ta n d in g  o f  v a r ia tio n , a s  th e  in d isp e n sa b le  
fo u n d a tio n  o f  s p e c ie s - fo rm in g  h a s  le d  to  a  la rg e  
d e v e lo p m e n t o f  th e  s ta tis tic a l a n d  m a th e m a tic a l s tu d y  o f  
v a r ia tio n , u n d e r  th e  n a m e  o f  b io m e try , a  s tu d y  la rg e ly  d u e  
to  th e  in it ia tiv e  a n d  g e n iu s  o f  th e  E n g lis h  m a th e m a tic ia n  
a n d  n a tu ra l p h ilo so p h e r , K a r l P e a r s o n  ( 'n u m e ro u s  p a p e rs
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f ro m  1894  to  p re se n t) . M o s t  o f  th e  m e th o d s  a n d  fo rm u la e  
fo r  d e te rm in in g  p re c ise  m a th e m a tic a l e x p re s s io n  o f  
v a r ia t io n  c o n d itio n s  h a v e  b e e n  d e v ise d  b y  h im . T h e se  
m e th o d s  a n d  fo rm u la e  p e rm it  o f  an  a c tu a l m a th e m a tic a l 
c o m p a r iso n  o f  v a r ia t io n  a m o n g  v a r io u s  p a r ts  in  o n e  
sp e c ie s (  im m e n e ly  e n la rg in g  o u r  d e f in ite  k n o w le d g e  o f  
s tru c tu ra l c o rre la tio n s ) , o r  a m o n g  s im ila r  o r  w h o lly  
d if fe re n t p a r ts  in  v a r io u s  sp ec ie s . W ith  th e  s ta tis tic a l fa c ts  
o r  d a ta  o f  v a r ia t io n  th u s  p u t  in to  p re c ise  m a th e m a tic a l 
e x p re s s io n , th e s e  e x p re s s io n s  m a y  b e  su b m itte d  to  a  d ea l 
o f  in d e p e n d e n t m a th e m a tic a l tre a tm e n t; ra th e r  
b e w ild e r in g , i t  m u s t  b e  c o n fe sse d , to  m o s t b io lo g is ts , b u t  
p re s e n te d  b y  th e  b io m e tr ic ia n s  as th e  f ir s t  s tep  to w a rd  
m a k in g  b io lo g y , in  p a rt, a t  le a s t, an  e x a c t sc ie n c e . B u t 
th e re  is  n o  q u e s tio n  a t a ll th a t  th e  s ta tis tic a l an d  
q u a n tita tiv e  s tu d y  o f  v a r ia tio n , a n d  th e  u se  o f  
a u th o r ita tiv e ly  d e d u c e d  m a th e m a tic a l e x p re s s io n s  (a n d  th e  
g ra p h ic  r e p re s e n ta tio n  o f  th e s e  b y  p lo tte d  fre q u e n c y  
c u rv e s , p o ly g o n s , e tc .) , h a v e  im m e n s e ly  a d v a n c e d  o u r  
u n d e rs ta n d in g  o f  v a r ia t io n  c o n d itio n s , a n d  g iv e n  u s  
d e f in ite n e s s  a n d  c o n c re te n e s s  in  a  fu n d a m e n ta l f ie ld  o f  
e v o lu tio n  s tu d y , w h e re  b e fo re  w e re  a  m a ss  o f  
u n c o o rd in a te d  d a ta  a n d  a  h a z e  o f  lo o se  g e n e ra lis in g .

9 B a te so n , W m ., " M a te r ia ls  fo r  th e  S tu d y  o f  
V a ria tio n ,"  1894 . 10 S ee  K e llo g g  a n d  B e ll, "S tu d ie s  o f  
V a r ia tio n  in  In se c ts ,"  P ro c .

Wash. Acad. Sci., V o l. V I, pp . 2 0 3 -3 3 2 , 1904 , in  
w h ic h  a re  d is c u s s e d  (P P . 2 5 7 -2 7 3 )  v a r ia t io n  c o n d itio n s  
e x is tin g  in  th e  la d y b ird  b e e tle , Hippodomia converses. 
T h e  v a r ia tio n s  in  th e  n u m b e r  a n d  c h a ra c te r  o f  th e  c ly tra l 
p a tte rn  (sm a ll b la c k  sp o ts  o n  a  b ro w n  g ro u n d )  n o te d  in  a 
th o u s a n d  sp e c im e n s  e x a m in e d , w e re  su c h  th a t  e ig h ty - fo u r  
"a b e rra tio n s ."  o r  p a t- te rn -v a r ia te s , c o u ld  b e  d is tin g u ish e d  
a n d  d e sc r ib e d , a n d  y e t an  in te n s ity  o f  sc ru tin y  d e m a n d in g  
th e  u s e  o f  a  le n s  w a s  n e c e s s a ry  to  d is tin g u ish  p ro p e r ly  
th e s e  v a ry in g  ty p e s . S u ch  a  sc ru tin y , n e e d le s s  to  say , w ill

67



n e v e r  b e  g iv e n  th e s e  b e e tle s  b y  b ird  o r  liz a rd , th e  a c tiv e  
a g e n ts  re p re s e n tin g  n a tu ra l se le c tio n , as  fa r  as  p a tte rn  is  to  
b e  te s te d . N e v e r th e le s s , th e s e  p a tte rn  v a r ia tio n s , i f  n o t  so  
c o m p le te ly  c o n n e c te d  b y  g ra d a to ry  s tep s , w o u ld  b e  
e x a c tly  th e  c h a ra c te rs  o n  w h ic h  se v e ra l H ip p o d a m ia  
s p e c ie s  w o u ld  b e  b a se d , fo r  th e y  ra n g e  a ll th e  w a y  f ro m  n o  
sp o ts  to  e ig h te e n  sp o ts , a lth o u g h  tw e lv e  is  th e  sp e c ie s  
c h a ra c te r  o f  convergens.

11 R o m a n e s  d isc u s se s  th is  su b je c t o f  th e  
in d if fe re n c e , o r  tr iv ia lity . o f  m a n y  sp e c if ic  c h a ra c te rs  a t 
so m e  le n g th  in  ch ap . V II  o f  h is  "D a rw in  a n d  A f te r  
D a rw in ,"  II, "P o s t-D a rw in ia n  Q u e s tio n s ,"  "H e re d ity  an d  
U tility ,"  1895 .

12 C o n n , H . W ., "M e th o d  o f  E v o lu tio n ,"  pp . 7 8 -8 3 , 
1900 . 12 N a g e li , C a rl, " M e c h a n is c h -p h y s io lo g is c h e  
T h e o r ie  d c r  A b s ta m -m u n g s le h re ,"  1884 . N a g e li ,  an  
e m in e n t b o ta n is t , fo rm u la te d  m a n y  y e a rs  a g o  th e  
fo llo w in g  fa m o u s  se v e n  o b je c tio n s  to  th e  n a tu ra l s e le c tio n  
th e o ry  o f  s p e c ie s - fo rm in g  (p p -2 8 9 -2 9 0 )  : " Ich  h e b e  
fo lg e n d e  s ie b e n  G e s ic h tsp u n k te  h e rv o r , w e lc h e  u n s  d ie  
A b s ta m m u n g  d u rc h  Z u c h tw a h l u n a n n e h m b a r  m a c h e n  :

"I. B e z u g lic h  d e r  a llg e m e in e n  B e d e u tu n g  d e r 
S c le c tio n s th e o r ie  is t  d ie  u n b e s tim m te  W irk u n g  
u n b e s tim m te r  U rs a c h e n  u n d  d ie  d e m  Z u ta ll a llz u s e h r  
u b e r la s s e n e  E n ts c h e id u n g  d u rc h  d ie  n a tiir l ic h e  Z u c h tw a h l 
u n se re m  n a tu rw is s e n s c h a f tl ic h e n  B e w u s s ts e in  w e n ig e r  
z u sa g e n d . F e rn e r  s e tz t s ich  d ie  S e ie c tic n s th e o rie , w e lc h e  
ih re m  P r in c ip  g e m a ss  n u r  n a c h  d e m  e rre ic h te n  N u tz e n  
e in e r  E rs c h e in u n g  fra g t, u rn  d ie se lb e  z u  re c h tfe r tig e n , in  
W id e rs p ru c h  m it  d e r  w a h re n  u n d  e x a c te n  N a tu rfo rs c h u n g , 
w e lc h e  v o r  a lle m  d ie  b e w irk e n d e n  U rs a c h e n  d e r  D in g e  z u  
e rk e n n e n  su ch t.

"2. D ie  F o lg e ru n g  v o n  d e r  (k u n s tlic h e n )  
R a s s e n b ild u n g  a u f  d ie  (n a tü r l ic h e )  V a r ie ta te n b ild u n g , 
w e lc h e  d ie  G ru n d la g e  d e r  S e le c tio n s th e o r ie  a u sm a c h t, is t 
u n z u la s s ig , d a  b e id e  w e s e n tl ic h  v e rs c h ie -d e n  s in d  u n d
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n a m e n tlic h  s ich  r i ic k s ic h tlic h  d e r  K re u z u n g  u n g le ic h  
v e rh a lte n . D ie  V a r ie ta te n  n a m lic h  v e rm is c h e n  s ic h  se h r  
s c h w e r  m it  e in a n d e r  u n d  n e h m e n  k e in  f re m d e s  B lu t  in  
irg e n d  w irk s a m e r  M e n g e  au f, w e rd e n  so m it a u c h  d u rc h  
d ie  ih n e n  g e b o te n e  G e le g e n h e it  z u r  K re u z u n g  n ic h t 
v e ra n d e r t;  m it  d ie se n  E ig e n s c h a f te n  s tin im e n  ih re  
V o rk o m m e n s v e rh a ltn is s e  g e n a u  u b e re in .

"3. N ü tz l ic h e  V e ra n d e ru n g e n  k o n n e n  e rs t, w e n n  
s ie  e in e  b e m e rk -b a re  H o h e  e r re ic h t h a b e n  u n d  in  
z a h lre ic h e n  In d iv id u e n  v o rh a n d e n  sin d , e in e  a u sg ie b ig e  
V e rd ra n g u n g  d e r  M itb e w e rb e r  b e w irk e n . D a  sie  a b e r  im  
A n fa n g e  d u rc h  e in e  la n g e  R e ih e  v o n  G e n e ra tio n e n  j e d e n ­
fa lls  n o c h  se h r  u n b e d e u te n d  u n d  n a c h  d e r 
S e le c tio n s th e o r ie  a u c h  n u r  in  e in e r  k le in e n  Z a h l v o n  
In d iv id u e n  v e r tr e te n  sin d , so  b le ib t  d ie  V e rd ra n g u n g  au s  
u n d  e in e  n a tu r lic h e  Z u c h tw a h l k o m m t. d a  ih r  d e r  
w irk s a m e  H e b e l m a n g e lt, ü b e rh a u p t  n ic h t  z u  S tan d e .

"4. D ie  E rn a h ru n g s e in f lu s s e , w e lc h e  d ie  
S e le c tio n s th e o r ie  v o ra u s -se tz t , b e w irk e n  th a ts a c h lic h  
k e in e  e rb lic h e n  V e ra n d e ru n g e n , u n d  w e n n  sie  es th a te n , so 
k o n n te  e in e  S te ig e ru n g  d e r  b e g o n n e n e n  A b a n -d e ru n g  
n ic h t  e in tre te n , w e il d ie  u n v e rm e id lic h e  K re u z u n g  e in e  
n a tü r l ic h e  Z u c h tw a h l u n m o g lic h  m a c h e n  w u rd e . F e rn e r  
la s s t  s ic h  au s  d e n  u n b e s tim m te n , in  a lie n  d e n k b a re n  
R ic h tu n g e n  w irk e n d e n  E rn a h ru n g s e in n iis s e n  d e r  so  s te tig e  
p h y lo g e n e tis c h e  F o r ts c h r i t t  z u  e in e r  c o m p lic ir te re n  
O rg a n is a tio n  n ic h t  e rk la re n . E b e n s o  w e n ig  w e rd e n  d u rc h  
d ie se lb e n  d ie  E rs c h e in u n g e n  d e r  A n p a s s u n g  v e ru r-sa c h t: 
d ie s  e rg ib t s ich  e in e rse its  a u s  d e m  U m s ta n d e , d a ss  
G e b ra u c h  u n d  N ic h tg e b ra u c h  d ie  Z u -  u n d  A b n a h m e  d e r 
O rg a n e  b e d in g e n , d a  d ie se  U rs a c h e  fu r  s ich  v o llk o m m e n  
a u s re ic h t u n d  d a h e r  d ie  M it-w irk u n g  e in e r  z w e ite n  
a n d e rs a r tig e n  U rs a c h e  a u s sc h lie s s t, —  u n d  a n d re rse its  
d u rc h  d e n  fe rn e re n  U m s ta n d , d a ss  A n fa n g e  v o n  O rg a n e n  
b is  z u  d e r  G ro sse , w o  sie  in  G e b ra u c h  k o m m e n  u n d  ih re  
N u tz lic h -k e it  z u  e rp ro b e n  v e rm o g e n . m a n g e in , o b g le ic h
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sie  d u rc h  d ie  E rn a h ru n g s e in f lu s s e  in  M e n g e  
h e rv o rg e b ra c h t  w e rd e n  m u ss te n .

"5. D ie  E ig e n s c h a f te n  d e r  O rg a n ism e n  m u s s te n  in  
F o lg e  d e r  n a tu r lic h e n  Z u c h tw a h l u rn  so  c o n s ta n te r  se in , j e  
n u tz l ic h e r  sie  sin d , u n d  E in r ic h tu n g e n , d ie  k e in e n  V o rth e il 
g e w a h re n . k o n n te n  k e in e  B e s ta n d ig k e it  e r ia n g e n . Im  
W id e rs p ru c h e  h ie rm it  g e h o re n  g e w isse . re in  
m o rp h o lo g isc h e , m it  R u c k s ic h t  a u f  d e n  N u tz e n  
m d if fe re n te  M e rk m a le  z u  d e n  a lle rb e s ta n d ig s te n .

"6. A u s  d e r  S e le c tio n s th e o rie , n a c h  w e lc h e r  v o n  
d e n  e in tre te n d e n  r ic h tu n g s lo s e n  V e rä n d e ru n g e n  b lo s s  d ie  
n ü tz lic h e n  fe s tg e h a lte n  w ü rd e n , la s se n  s ic h  w e d e r  d ie  
D iv e rg e n z  d e r  R e ih e n  in  d e n  o rg a n isc h e n  R e ic h e n , n o c h  
d ie  b e s te h e n d e n  L ü c k e n  in  u n d  z w is c h e n  d e n  R e ih e n  
e rk lä re n , in d e m  v ie lm e h r  e in e  n e tz fö rm ig e  A n o rd n u n g  d e r 
S ip p e n  z u  S ta n d e  k o m m e n  m ü ss te .

"7. E b e n s o  w id e rs p re c h e n  je n e r  T h e o r ie  d a s  
N ic h tv o rh a n d e n s e in  d e r  v o n  ih r  b e h a u p te te n  g e g e n s e itig e n  
A n p a s s u n g  d e r  B e w o h n e r  e in e s  L a n d e s  u n d  d ie  
b e s te h e n d e n  N a tu ra l is a t io n e n  f re m d e r  E rz e u g n is se .

"D ie se  E in w ü rfe  g e g e n  d ie  S e le c tio n s th e o rie , d ie  
ic h  h ie r  b lo s s  g a n z  a llg e m e in  fo rm u lir t  h a b e , so lle n  im  
fo lg e n d e n  d es  N ä h e re n  b e g rü n d e t  w e rd e n ."

14 W o iff , G ., "B e iträ g e  z u r  K r it ik  d e r  D a rw in s c h e n  
L e h re ,"  1898 . F ro m  th is  c a u s tic  a tta c k  o n  th e  D a rw in ia n  
p o s itio n , I  q u o te  äs fo l- lo w s  (pp . 5 6 -5 7 )  :

"W e n n  w ir  sag en , d ie  S e le k tio n  sc h a ff t 
Z w e c k m ä s s ig e s  d a d u rc h , d a ss  e b e n  n u r  d a s  Z w e c k m ä s s ig e  
e rh a lte n  w ird , d a s  a n d re  z u  G ru n d e  g e h t, so  w ird  in  d ie se r  
F a s s u n g  d as  Z w e c k m ä s s ig e

n a tü r lic h  v o ra u s g e s e tz t ,  a b e r  n ic h t  se in  
Z u s ta n d e k o m m e n  e rk lä rt. D a ss  Z w e c k m ä s s ig e s  ü b e rh a u p t  
d a  w ar, ls t  lm  h ö c h s te n  G ra d e  u n w a h rs c h e in lic h  u n d  
u n v e rs tä n d lic h . M o c h te  a u c h  u n te r  d e n  v ie le n  V a r i ie ­
ru n g e n  m a n c h m a l e tw a s  Z w e c k m ä s s ig e s  z u fä llig  
v o rg e k o m m e n  se in , so  is t  d ie  W a h rs c h e in lic h k e it  e in e s
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so lc h e n  E in tre f fe n s  so  g e r in g , d a ss  ic h  n ic h t  d as  
R e c h t h a b e , d ie se n  F a k to r  a ls  e in e n  g e g e b e n e n  in  m e in e  
R e c h n u n g  e in z u se tz e n . D ie se  W a h rs c h e in lic h k e it  su c h t 
n u n  d e r  D a rw in is m u s  d a d u rc h  z u  v e rg rö s s e rn , d a ss  e r  a lle  
m ö g lic h e n  F ä lle  a n n im m t, u n te r  w e lc h e n  n a tü r lic h  au c h  
d a s  Z w e c k m ä s s ig e  a ls  S p e z ia lfa ll e n th a lte n  se in  m u ss . D e r  
D a rw in is m u s  su c h t a lso  d e n  T re f fe r  s ich  d a d u rc h  z u  
s ic h e rn , d a ss  e r  d e n  g a n z e n  G lü c k sh a fe n  m it  n a c h  H a u s e  
n im m t.

''U m  e in  B e isp ie l z u  n e h m e n : e s  sei v o n  V o rte il,
d a ss  d ie  S c h n a b e lfo rm  e n ts te h t, w ie  s ie  b e im
K re u z s c h n a b e l v o rh a n d e n  is t. D e r  D a rw in ism u s  n im m t an, 
d a ss  d u rc h  g lü c k lic h e  V a r iie ru n g  e in  b e z w . m e h re re  o d e r  
s o g a r  v ie le  g e k re u z te n  S c h n ä b e l a u f tra te n . S a g t n u n  d e r 
G e g n e r: d a s  sp o n ta n e  A u f tre te n  e in e r  S c h n a b e lk re u z u n g  
s c h e in t m ir  so  u n w a h rs c h e in lic h , d a ss  ic h  d ie se
V o ra u s s e tz u n g  e b e n  n ic h t  z u g e b e , so  a n tw o r te t  d e r 
D a rw in is t: u n te r  a lle n  m ö g lic h e n  S c h n a b e l-v a r iie ru n g e n  
is t  a u c h  d e r  g e k re u z te , d a r f  ic h  a lle , so  d a r f  ic h  a u c h  
d ie se n  v o ra u s se tz e n ; d a  a b e r  d ie  V a r iie ru n g , w ie  d ie  
B e o b a c h tu n g  le h r t, n a c h  a lle n  R ic h tu n g e n  b e lie b ig  w irk t, 
so  s in d  a lle  V a r iie ru n g e n  m ö g lic h , fo lg lic h  d a r f  ic h  a u c h  
je n e  sp e z ie lle  v o ra u s se tz e n .

"D e r G e g n e r  w ü rd e  j e tz t  v ie l le ic h t  so  e rw id e rn : 
G e w iss , m ö g lic h  s in d  a lle  V a r iie ru n g e n , a b e r  g e g e b e n  is t  
d e re n  d o c h  im m e r  n u r  e in e  b e g re n z te  A n z a h l. D ie  Z ah l 
a lle r  m ö g lic h e n  V a r iie ru n g e n  is t  =  °°, d ie  Z a h l d e r  
g e g e b e n e n  is t  e in e  e n d lic h e  G ro sse . D ie  
W a h rs c h e in lic h k e it  d e s  E in tre te n s  e in e r  sp e z ie lle n
z w e c k m ä s s ig e n  V a r iie ru n g  (in  u n se rm  B e isp ie l  d e r 
z w e c k m ä s s ig e n  S c h n a b e lk re u z u n g )  is t  E n d lic h e s  d iv id ie r t  
d u rc h  U n e n d lic h e s , d. h. e in e  Z a h l, w e lc h e  s ic h  d e r  N u ll 
o h n e  E n d e  n ä h e rt; m ith in  is t  d ie  W a h rs c h e in lic h k e it ,  d a ss  
u n te r  d e n  g e g e b e n e n  F ä lle n  s ic h  e in e  g ü n s tig e  V a r iie ru n g  
b e f in d e t, so  u n g e h e u e r  k le in , d a ss  n ic h t  d ie  g e r in g s te  
w is s e n s c h a f tl ic h e  B e re c h tig u n g  b e s te h t, d e n  b e tre f fe n d e n
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F a ll v o ra u sz u se tz e n . U n d  n u n  w ü rd e  a lle rd in g s  
d e m je n ig e n  D a rw in is te n , w e lc h e m  d ie  K ü h n h e it  fe h lte , 
d ie  Z a h l d e r  ih m  z u r  V e rfü g u n g  s te h e n d e n  V a r iie ru n g e n  
e in fa c h  = o o  z u  se tzen , w o h l k a u m  e tw a s  a n d re s  ü b r ig  
b le ib e n , a ls  s ich  d a ra u f  z u  b e ru fe n , d a ss  es e in e  S o rte  v o n  
V a r iie ru n g e n  g ie b t, b e i d e n e n  d ie  Z a h l d e r  g e g e b e n e n  
F ä lle  g ro ss  g e n u g  is t, u m  a lle  m ö g lic h e n  z u  e n th a lte n , 
g ro ss  g e n u g  a lso , u m  d ie  V o ra u s s e tz u n g  je d e s  e in z e ln e n  
w is s e n s c h a f t l ic h  z u  re c h tfe r tig e n , n ä m lic h  d ie je n ig e n  
V a r iie ru n g e n , w e lc h e  n u r  in  g ra d u e lle n  V e rä n d e ru n g e n  
b e s te h e n , b e i d e n e n  es s ic h  a lso  n u r  d a ru m  h a n d e lt, d a ss  
e in  V o rh a n d e n e s  g rö s s e r  o d e r  k le in e r  w ird . H ie r  is t  d ie  
Z a h l d e r  m ö g lic h e n  F ä lle  g le ic h  2 , d ie  d e r  g e g e b e n e n  
e b e n fa lls , d ie  W a h rs c h e in lic h k e it ,  s ich  u n te r  d en

g e g e b e n e n  z u  b e f in d e n , is t  a lso  fü r  j e d e n  d e r 
m ö g lic h e n  F ä lle  g le ic h  I."

15 K rö n ig , "D as  D a s e in  G o tte s  u n d  d a s  G lü c k  d es  
M e n sc h e n ,"  p. 109, 1874.

16 W e ism a n n , A u g ., "O n  G e rm in a l S e le c tio n  ä s  a 
S o u rc e  o f  D e f in ite  V a ria tio n ,"  tra n s . M c C o rm a c k , p , 3

17(p re fa c e ) , 1896 . fe ffe r , G eo rg . "D ie  U m w a n d lu n g  d e r 
A rte n ,"  1894 . 18 W o iff , G ., "D e r  g e g e n w ä r tig e  S tan d  d es  
D a rw in ism u s ,"  1 8 9 6 ;a lso , "B e iträ g e  z u r  K r i t ik  d e r  
D a rw in s c h e n  L e h re ,"  1898 . 19 M o rg a n , T. H .. "E v o lu tio n  
a n d  A d a p ta tio n ,"  1903 . 20 K e llo g g  a n d  B e ll. "S tu d ie s  o f  
V a r ia tio n  in  In se c ts ,"  Proc.

Wash. Acad. Sei., V o l. V I. pp . 2 0 3 -3 3 2 , 1904. T h e  
fo llo w in g  is  q u o te d  f ro m  pp . 3 3 0 -3 3 2 :

" In se c ts  a re  b ila te ra l ly  sy m m e tr ic a l a n d  m e ta m e r ic  
a n im a ls . T h e re  a re  th u s  r ig h t a n d  le f t  a n d  fo re  a n d  a ft 
s tru c tu ra l c o rre la tio n s . D o  th e  v a r ia tio n s . c o n tin u o u s  an d  
d isc o n tin u o u s , sh o w  s im ila r  b ila te ra l  a n d  m e ta m e r ic  
c o rre la tio n ?  E v id e n c e  re g a rd - th is  q u e s tio n  w ill b e  fo u n d  
o n  m a n y  p a g e s  in  th e  p re s e n t p a p e r. r ig h t  a n d  le f t  
c o rre la tio n . a t le a s t, h a v - in g  b e e n  c o n s id e re d  a n d  b r ie f ly  
d is c u s s e d  in  c o n n e c tio n  w ith  a lm o s t  a ll o f  th e  v a r io u s
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c a se s  s tu d ied . A n d  th e  e v id e n c e  is  c u r io u s ly  c o n flic tin g . 
F o r  e x a m p le . in  th e  m a le  b la c k  a n t in  w h ic h  w e re  s tu d ie d  
th e  v a r ia tio n s  o f  th e  v e n a tio n  a n d  n u m b e r  o f  h o o k s . a  d o se  
c o rre la tio n  in  th e  V a r ia tio n  c o n d itio n s  o f  r ig h t a n d  le f t  
w im g s  e x is ts . O n  th e  o th e r  h a n d , in  th e  h o n e y -b e e  th e  
b ila te ra l c o rre la tio n  o f  v a r ia t io n  se e m s  su rp r is in g ly  sm a ll 
(se e  pp . 2 1 4 -2 2 2 ) . In  th e  c a se  o f  v a r ia t io n s  in  p a tte rn , a lso , 
th e re  is  n o  u n ifo rm ity  a m o n g  th e  v a r io u s  c a se s  s tu d ied . In  
Hippodamia convergens (p . 2 5 7  et seq.) th e  tw o  e ly tra  
sh o w  p a tte rn -v a r ia tio n s  q u ite  in d e p e n d e n tly ;

in  Diabrotica soror (p . 2 7 4  et seq.), o n  th e  
c o n tra ry , th e re  se e m s  to  b e  a  m a rk e d  r ig h t  a n d  le f t  
c o rre la tio n  in  th e  e ly tra l p a tte rn -v a r ia tio n . In  th e  c a se s  o f  
th e  v a r ia tio n  in  n u m b e r  o f  tib ia l sp in e s  o n  th e  r ig h t  an d  
le f t  h in d  tib ia e  o f  lo c u s ts  (p. 3 0 1 )  a n d  c ic a d a s  (p. 3 0 6 ), w e  
h a v e  s im p ly  m a d e  a  b r i e f  s ta te m e n t, in  e a c h  ca se , o f  th e  
ac tu a l c o n d itio n s  o f  c o rre la tio n , le a v in g  th e  re a d e r  to  d ra w  
h is  o w n  c o n c lu s io n s . In  th e  c a se  o f  th e  v a r ia t io n  in  ac tu a l 
a n d  re la tiv e  le n g th  o f  th e  a n te n n a l s e g m e n ts  o f  th e  sca le  
in se c t, Ceroputo yucca (? )  (p . 3 1 0 ), th e re  is  a  su rp r is in g  
la c k  o f  c o rre la tio n  b e tw e e n  th e  r ig h t a n d  le f t  a n te n n a e .

"W e h a v e  n o t  a tte m p te d  to  d e te rm in e  th e  
m a th e m a tic a l e x p re s s io n  (c o e f f ic ie n t o f  c o rre la tio n )  fo r  
a n y  o f  th e  c a se s  s tu d ied . T h e  d a ta  p re se n te d , h o w e v e r , w ill 
e n a b le  a n y  b io m e tr ic ia n , w h o  see s  an  a d v a n ta g e  in  d o in g  
th is , to  d o  it. B u t  w ith o u t c h e c k in g  o u r  re su lts  b y  th e  u se  
o f  th a t  m e th o d  th e re  seem s, o n  th e  w h o le , to  b e  a 
su rp r is in g  la c k  o f  th a t  f in e  d e g re e  o f  c o rre la tio n  in  
v a r ia t io n  w h ic h  w e  sh o u ld  e x p e c t to  f in d  e x is tin g , i f  w e  
b e lie v e  th a t  th e  ac tu a l e x is tin g  c o n d itio n s  o f  s tru c tu re  an d  
p a tte rn  in  th e s e  b i la te ra lly  sy m m e tr ic a l a n im a ls  a re  an  
e x p re s s io n  o f  th e  re s u lt  o f  th e  a c tio n  o f  a  r ig o ro u s  n a tu ra l 
se le c tio n . I f  o n e  c o n d itio n  o f  p a tte rn  o r  s tru c tu re  is  th e  
m o s t a d v a n ta g e o u s  ( o f  th e  m a n y  c o n d itio n s  w h ic h  
se le c tio n  a m o n g  a  h o s t o f  f lu c tu a tin g  v a r ia t io n s  c o u ld  
h a v e  e s ta b lish e d ) , su re ly  th is  c o n d itio n  o u g h t to  b e  p re tty
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c lo se ly  s im ila r  o n  b o th  s id es  o f  th e  in sec t. T h a t as  m u c h  
b ila te ra l v a r ie ty  as a c tu a lly  e x is ts , in  m a n y  o f  th e  sp e c ie s  
e x a m in e d  b y  u s , sh o u ld  e x is t— a v a r ie ty  c o m p a ra b le  in  
c e r ta in  c a se s  e v e n  w ith  th e  d e g re e  o f  v a r ie ty  r e v e a le d  b y  
th e  c o m p a r iso n  o f  c o n s id e ra b le  se r ie s  o f  in d iv id u a ls — is  a 
s ta te  o f  a f fa irs  th a t  o n ly  c o n f irm s  u s  in  th e  b e l ie f  th a t  th e se  
in n u m e ra b le  sm a ll c o n tin u o u s  v a r ia tio n s , o n  w h ic h  fo r  so  
lo n g  th e  th o ro u g h g o in g  se le c tio n is ts  h a v e  p u t  th e ir  fa ith  as 
th e  su ff ic ie n t b a s e s  fo r  n a tu ra l se le c tio n 's  s p e c ie s - fo rm in g  
w o rk , a re  c le a r ly  n o t  c o m p e te n t to  se rv e  as su c h  b a se s . I f  
th e s e  'c o n tin u o u s ' v a r ia t io n s  a re  th e  fo u n d a tio n  s to n e s  o f  
n e w  sp e c ie s , so m e  o th e r  a g e n ts  th a n  se le c tio n  m u s t b e  
fo u n d  o r  in v o k e d  to  b u ild  se v e ra l c o u rse s  o n  th e m , to  
p ro d u c e  so m e  c u m u la tio n  o f  th e m , b e fo re  n a tu ra l se le c tio n  
f in d s  th e m  o f  th a t  l i fe -a n d -d e a th  w o r th  w h ic h  is  th e  
p re re q u is ite  fo r  h e r  p o te n t  in te rfe re n c e ."

21
H e n s lo w , th e  b o ta n is t , h a s  m a in ta in e d  a  c o n s ta n t 

a tt i tu d e  o f  a n ta g o n ism  to  n a tu ra l se le c tio n  o n  th e  b a s is  o f  
h is  b e l ie f  th a t  th e  c o m p le x  c o rre la tio n s  o f  f lo ra l s tru c tu re s  
c a n n o t p o s s ib ly  b e  a c c o u n te d  fo r  b y  th e  n a tu ra l se le c tio n  
o f  fo r tu ito u s  v a r ia tio n s . H e n s lo w 's  o b se rv a tio n s  a n d  id e a s  
a re  e x p lo ite d  in  d e ta il in  tw o  h o o k s  ca lle d , "T h e  O rig in  o f  
F lo ra l S tru c tu re s  th ro u g h  In s e c t a n d  O th e r  A g e n c ie s ,"  
1895 a n d  ''T h e  O rig in  o f  P la n t  S tru c tu re s  b y  S e lf­
A d a p ta tio n  to  th e  E n v iro n m e n t,"  1895.

22 W o lff , G ., "B e itra g e  z u r  K r i t ik  d e r  D a rw in 's c h e n
L e h re ,"  p. 6, 1898.

21 W o lff , G ., "B e itra g e  z u r  K r i t ik  d e r  D a rw in 's c h e n  
L e h re ,"  ig g g  I  q u o te  th e  fo llo w in g , pp . 6 -8 :

"S o lch e  E rsc h e in u n g e n , w e lc h e  d e r  E rk la ru n g  
d u rc h  d ie  S e ie k - tio n s th e o r ie  w id e rs tre b e n , w e il s ie  h ie r  
e in e  g e s e tz m a s s ig e  k o m p liz ie r te  V e ra n d e ru n g  d e r  F o rm e n  
v o ra u s s e tz e n  w iird e  s ta tt s ie  z u  e rk la re n , s in d  a b e r  n ic h t 
e tw a  n u r  v e re in z e lte  F a lle , so n d e rn  v o n  so lc h e n  w ird  d ie  
g a n z e  F o rm g e s ta l tu n g  b e h e rrs c h t, w ie  z. B . v o n
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s y m m e tr is c h e r  A n ia g e . A u c h  b ra u c h e n  w ir  u n s  b e i d ie se r  
B e tra c h tu n g  n ic h t  n u r  a u f  so lc h e  G e b ild e  z u  b e  sc h ra n k e n , 
d ie  in  g e r in g e r  M e h rh e it  v o rh a n d e n  sin d , so n d e rn  es  g le b t 
j a  G e b ild e , d ie  in  h u n d e rt- , j a  ta u s e n d fa c h e r  A n z a h l an  
e in e in  u n d  d e m se lb e n  O r. g a n ism u s  s ic h  f in d e n , w ie  
S c h u p p e n , H a a re , F e d e rn . B e tra c h te n  w ir  z. B . g e ra d e  d ie  
F e d e rn . W ie  v ie l M ill io n e n  V a r iie ru n g e n  m u s s te  e in e  
R e p ti l ie n s c h u p p e  d u rc h m a c h e n , b is  s ie  s ich  in  e in e  F e d e r  
v e rw a n d e lt  h a tte , v o lle n d s  n o c h  in  e in  so  k o m p liz ie r te s  
G e b ld e  w ie  z. B . d ie  S c h w a n z fe d e r  d e s  P fa u e s . A b e r  d ie s  
w a re  im m e r  n o c h  n a c h  d e r  S e le k tio n s th e o r ie  e rk la r lic h . 
N ic h t  e rk la r lic h  d a g e -g e n  w a re , d a ss  d ie  a n d e re n  
S c h w a n z fe d e rn  im m e r  g le ic h z e itig  d ie se lb e n  V a r iie ru n g e n  
d u rc h m a c h te n . E in  G e se tz , w e lc h e s  e in  e in h e itl ic h e s  
V a r iie re n  d ie se r  H a u tg e b ild e  v o rsc h re ib t, g ie b t e s  n ich t, 
d e n n  es v a r iie re n  j a  n ic h t  a lle  g le ic h . E s  e n ts te h  v ie le  
g le ic h e  F la u m fe d e rn , v ie le  g le ic h e  S c h w a n z fe d e rn  e tc ., an  
e in ig e n  S te lle n  b le ib e n  d ie  S c h u p p e n  so g a r  e rh a lte n , 
n a m lic h  an  d e n  h in te re n  E x tre m ita te n .

"W ir  k o n n e n  n o c h  w e ite r  g eh e n . E in e  M a s s e  v o n  
e in z e ln e n  Z e lle n  m u s s te  b e i d e n  v e rs c h ie d e n e n  
D if fc re n z ie ru n g e n , b e i E n ts te h u n g  d e s  D a rm s , d es  
N e rv e n sy s te m s . d e r  M u s k u la tu r  e tc . in  g a n z  g e n a u  d e r 
g le ic h e n  W e is e  v a r iie re n . W e n n  w ir  h ie r  d ie  
S e le k tio s th e o r ie  z u r  E rk la ru n g  h e rb e iz ie h e n  w o lle n , so  is t  
d ie  K o m p liz ie r th e it  d e s  e in z e ln e n  V a r iie ru n g s in k re m e n te s  
so  g ro ss , d a ss  d a m it d ie  g a n z e  w e ite re  E rk la ru n g  
u b e r f lu s s ig  w ird .

" In te re s sa n t s in d  fe rn e r  E o lc h e  h o m o d y n a m e n  
G e b ild e ,d ie  n ic h t  z u  g le ic h e r  Z e it  a u f tre te n , w ie  d e r  d r itte  
h a lb z irk e lfo rm ig e  K a n a l

75



CHAPTER IV. 
DARWINISM ATTACKED (CONTINUED): 
THE THEORY OF SEXUAL SELECTION.

H E d if fe re n c e s  b e tw e e n  m a le  a n d  fe m a le  
in d iv id u a ls  o f  a  s in g le  sp e c ie s  a re  o f te n  s tr ik in g ; re c a ll  th e  
g o rg e o u s  c o lo u rin g , th e  p lu m e s  a n d  tu f ts  a n d  ta il- fe a th e rs  
o f  m a n y  m a le  b ird s  c o m p a re d  w ith  th e  s o b e r  a n d  q u ie t 
p lu m a g e  o f  th e ir  m a te s ; th e  a n tle rs  o f  th e  s tag , th e  m a n e  o f  
th e  l io n  a n d  b is o n , th e  b e a rd  o f  th e  g o a t, m a n y  m o n k e y s , 
a n d  o f  m an . R e c a ll  th e  m a m m a e  o f  th e  fe m a le  
q u a d ru p e d s , th e  b ro o d  p o u c h e s  o f  th e  fe m a le  k a n g a ro o s  
a n d  o p o ssu m s , th e  sm a ll s ize , c o m p a re d  w ith  th e ir  m a te s , 
o f  m a n y  fe m a le  b ird s , th e  w in g le s s n e s s  o f  m a n y  fe m a le  
in se c ts . O th e r  le s s  f a m ilia r  k in d s  o f  a n im a ls  sh o w  sex u a l 
d im o rp h ism  o r  d ic h ro m a tism  in  e v e n  m o re  s tr ik in g  
d e g re e , w h ile  in  m a n y  o th e rs  th e  d if fe re n c e s  a re  le s s  
c o n sp ic u o u s  b u t  n e v e r th e le s s  p e r fe c tly  o b v io u s  i f  so m e  
a tte n tio n  is  g iv e n  to  lo o k in g  fo r  th e m . T h e se  d if fe re n c e s  in  
s ize , c o lo u r , g e n e ra l a p p e a ra n c e s , a n d  v a r io u s  sp e c if ic  
s tru c tu ra l d e ta ils  in  h e a d , tru n k , w in g s , fee t, p lu m a g e , e tc ., 
a re  o v e r  a n d  b e y o n d  th o s e  p r im a ry  ra d ic a l d if fe re n c e s  
e x is tin g  in  a ll sp e c ie s  in  w h ic h  th e  tw o  se x e s  a re  
d iffe re n tia te d . S o m e  o f  th e s e  d if fe re n c e s  m a y , h o w e v e r , 
h a v e  o b v io u s  re la tio n  to  th e  p r im a ry  d iffe re n c e s , in  th a t  
th e y  m a y  b e  c o n n e c te d  im m e d ia te ly  w ith  th e  a c t o f  p a ir in g  
o r  w ith  th e  w o rk  o f  re a r in g  th e  y o u n g . T h e  p re s e n c e  in  
m a le  in se c ts  o f  c o m p le x ly  d e v e lo p e d  h o ld in g  o rg a n s , an d  
in  fe m a le  m a m m a ls  o f  m ilk  g la n d s  e x e m p lif ie s  d if fe re n c e s  
o f  th is  c a te g o ry . A  g re a t  m a n y  se x u a l d iffe re n c es , 
h o w e v e r , h a v e  n o  su c h  o b v io u s  d ire c t r e la tio n  to  th e  
fu n c tio n  o f  p ro d u c in g  a n d  re a r in g  th e  y o u n g . S u ch  a re  th e  
m e ta ll ic  p u rp le  a n d  b ro n z e  c o lo u rs  o f  th e  m a le  g ra c k le s  
c o m p a re d  w ith  th e  d u ll b ro w n  o f  th e  fe m a le s ; th e  lo n g
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ta ils  a n d  b r i l l ia n t  c o lo ra tio n  o f  th e  m a le  p h e a sa n ts , th e  
g re a t, sp re a d in g , p a tte rn e d  ta il o f  th e  p e a c o c k , th e  la rg e r  
s iz e  o r  th e  w in g le s s n e s s  o f  m a n y  fe m a le  in se c ts , e tc . A ll 
th e s e  d if fe re n c e s  b e tw e e n  m a le  a n d  fe m a le  o f  th e  sa m e  
s p e c ie s  o f  a n im a l, b e y o n d  o r  in  a d d itio n  to  th e  d if fe re n c e s  
b e tw e e n  th e  ac tu a l p r im a ry  re p ro d u c tiv e  o rg a n s , a re  
k n o w n  a s  secondary sexual differences, o r  th e  c h a ra c te rs  
th e m se lv e s , w h ic h  m a y  b e  c h a ra c te r is tic s  o f  p h y s io lo g y  
a n d  h a b it  as  w e ll as  th e  m o re  fa m ilia r  o n e s  o f  s tru c tu re , 
a re  c a lle d  secondary sexual characters. T h e  la y m a n  m a y  
n o t  re a d ily  a p p re c ia te  th e  a b u n d a n c e  a n d  th e  g re a t  v a r ie ty  
o f  th e s e  c h a ra c te rs , b u t  i t  is  a  fa c t  th a t  a lm o s t a ll sp e c ie s  o f  
a n im a ls , e x c e p tin g  th o s e  in  th e  lo w e r  in v e r te b ra te  
b ra n c h e s , sh o w  th e m , a n d  i f  o n e  w ill try  to  re c a ll th e  
a s p e c t o f  th e  tw o  se x e s  in  o n e  a f te r  a n o th e r  o f  th e  sp e c ie s  
o f  a n im a ls  w ith  w h ic h  o n e  is  fa m ilia r , m a m m a ls , b ird s , 
in se c ts , e tc ., o n e  w ill b e g in  to  re a lis e  h o w  w id e s p re a d  an d  
s ig n if ic a n t a re  th e s e  s e c o n d a ry  se x u a l c h a ra c te rs .

V a r io u s  b io lo g is ts  h a v e  m a d e  u p  c la s s if ic a tio n s , 
f ro m  v a r io u s  p o in ts  o f  v ie w , o f  th e  d if fe re n t k in d s  o f  th e s e  
c h a ra c te rs ; o n e  c la ss if ic a tio n , lik e  th a t  o f  K ra m e r  1 fo r  th e  
s e c o n d a ry  se x u a l c h a ra c te rs  o f  in s e c ts ,m a y  b e  b a s e d  on  
th e  d if fe re n t p a r ts  o f  th e  b o d y  s h o w in g  th e  d if fe re n c e s  
b e tw e e n  m a le  a n d  fe m a le  in d iv id u a ls , as  h e a d , a n te n n a e , 
th o ra x , w in g s , le g s , a b d o m e n , e tc ., a n d  o n  th e  c h a ra c te r  o f  
th e  d if fe re n c e s  th e m se lv e s , as  w h e th e r  d if fe re n c e s  in  
s tru c tu re  o r  in  c o lo u r  a n d  p a tte rn . A n o th e r  ty p e  o f  
c la s s if ic a tio n , a n d  o n e  m o re  u se fu l fo r  o u r  p re s e n t 
d is c u ss io n , is  th a t  b a s e d  o n  th e  a p p a re n t s ig n if ic a n c e  o r  
ac tu a l u se  o f  th e  d if fe r in g  c h a ra c te rs . A n  e x c e lle n t 
c la s s if ic a tio n  o f  th is  ty p e  is  th a t  o f  P la te .2 T h e  fo llo w in g  
a re  th e  p r in c ip a l su b d iv is io n s  o f  th is  c la s s if ic a tio n  w ith  a 
fe w  e x a m p le s  i l lu s tra tin g  each :

C L A S S IF IC A T IO N  O F  T H E  E X T E R N A L  
S E C O N D A R Y  S E X U A L  C H A R A C T E R S .
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G ro u p  A . C h a ra c te rs  w h ic h  a re  u se fu l to  th e  
p o s se s so r , o r  to  its  y o u n g , o r  h a v e  an  in d ire c t  r e la tio n  to  
re p ro d u c tio n .

S u b -g ro u p  I. S p e c ia lis a tio n s  in  o rg a n s  w h ic h  a id  in  
th e  f in d in g  o f  in d iv id u a ls  o f  th e  o th e r  sex . E x a m p le s , th e  
e x tra -d e v e lo p m e n t o f  th e  a n te n n a e  in  m a n y  m a le  m o th s  
a n d  b e e tle s , th e  e n la rg e d  a n d  d iv id e d  e y e s  o f  c e r ta in  f lie s  
a n d  M a y -f lie s , th e  e n la rg e d  ta c t i le  fe e le rs  o f  m a le  
D a p h n ia s , th e  la rg e r  o r  b e tte r  w in g s  o f  m a n y  m a le  in se c ts , 
th e  sw im m in g  m e m b ra n e , in  th e  b re e d in g  se a so n , o n  th e  
h in d - le g s  o f  Molge paradoxa.

S u b -g ro u p  2. S p e c ia lis a tio n s  th a t  a id  in  m a tin g . 
E x a m p le s , th e  c la sp in g  o rg a n s  o f  m a n y  m a le  c ra b s , th e  
h e c to c o ty lu s  o f  o c to p u se s , th e  e x p a n d e d  ta rs i o f  m a n y  
m a le  in se c ts , a n d  in  g e n e ra l, th e  a c c e s so ry  c o p u la to ry  
o rg a n s  o f  in n u m e ra b le  v a r io u s  a n im a l sp ec ie s .

S u b -g ro u p  3. S p ec ia l s iz e  a n d  fo rm  o f  th e  fe m a le  
d u e  to  th e  e x tra -d e v e lo p m e n t o f  th e  o v a rie s . E x a m p le s , in  
P s y c h id  m o th s  a n d  p a ra s itic  C ru s ta c e a n s .

S u b -g ro u p  4. D if fe re n c e s  c o n n e c te d  w ith  c a re  o f  
th e  y o u n g . E x a m p le s , m a m m a s  o f  fe m a le  m a m m a ls , 
b ro o d -p o u c h  o f  m a rsu p ia ls , b ro o d -s a c s  o f  m a le  se a -h o rse s , 
a n d  b ro o d -c a v itie s  in  th e  b a c k  o f  m a le  Pipa (a  fro g ).

S u b -g ro u p  5. S p e c ia lis a tio n s  fo r  d e fe n c e  o r  
o ffe n c e . E x a m p le s , p ro te c tiv e  c o lo ra tio n  o f  fe m a le  b ird s  
a n d  in se c ts , m im ic ry  b y  fe m a le  b u tte r f l ie s , a n tle rs  o f  th e  
stag , s tro n g  c a n in e s  o f  m a n y  m a le  m a m m a ls  (w ild  b o a rs , 
e tc .) , s tin g  o f  th e  fe m a le  h o n e y -b e e , sp u rs  o f  th e  co ck , 
g re a te r  s iz e  a n d  s tre n g th  o f  m a n y  m a le  m a m m a ls  an d  
b ird s .

S u b -g ro u p  6. D if fe re n c e s  in  c o lo ra tio n  w h ic h  a id  
in  th e  re c o g n itio n  o f  th e  se x e s  (" re c o g n itio n  m a rk s"  o f  
W a lla c e ) .

S u b -g ro u p  7. D if fe re n c e s  c o n n e c te d  w ith  v a r io u s  
sp e c ia l h a b its  o f  life . E x a m p le s , th e  p o lle n -b a s k e ts  o f  th e  
w o rk e r  h o n e y -b e e s , th e  w in g le s s n e s s  o f  m a le  fig -
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c a p r ify in g  in se c ts  (B la s to p h a g a ) , th e  la rg e  d if fe re n c e s  
b e tw e e n  m a le s  a n d  fe m a le s  o f  c e r ta in  in s e c ts  w h e re  o n e  
sex  liv e s  p a ra s it ic a lly , th e  o th e r  in d e p e n d e n tly , as  th e  
sc a le  in se c ts , th e  S tre p s ip te ra , e tc ., th e  b e a k  d if fe re n c e s  in  
th e  N e w  Z e a la n d  b ird , Heteralocha acntiros-tris, w h o se  
m a le  c h ise ls  o u t th e  h a rd  w o o d  w ith  a  sh o rt, b ro a d  b e a k , 
w h ile  th e  fe m a le  e x tra c ts  in s e c t la rv a e  f ro m  d e c a y in g  
w o o d  b y  m e a n s  o f  a  lo n g . c u rv e d  b e a k .

G ro u p  B . E x c it in g  o rg an s . T h e se  a re  fo u n d  a lm o s t 
e x c lu s iv e ly  in  th e  m a le s  o n ly , a n d  se rv e  to  in d ic a te  th e  
se x u a l e x c ite m e n t o f  th e ir  p o s se s so rs , a n d  a t th e  sa m e  tim e  
to  s tim u la te  o r  e x c ite  th e  fe m a le s . T h e  e x c ita tio n  o f  th e  
m a le  is  m a n ife s t  to  th e  fe m a le  th ro u g h  h e r  s e n se s  o f  s ig h t, 
h e a r in g , a n d  sm e ll ( in  e a c h  c a se  th ro u g h  o n e  o r  m o re  o f  
th e se ) , a n d  th is  p e rc e p tio n  g iv e s  r is e  re f le x iv e ly  to  an  
e x c ita tio n  o n  th e  p a r t  o f  th e  fem a le .

S u b -g ro u p  I. T h e  m a le  c h a ra c te rs  m a y  a p p e a l to  
th e  s e n se  o f  s ig h t o f  th e  fe m a le : (a ) b y  c o lo u rs , as  in  th e  
b re e d in g  p lu m a g e , o r  c o lo ra tio n , o f  m a n y  b ird s , f ish es . 
a m p h ib ia n s , a n d  re p tile s , o r, as  in  th e  c o n s ta n t b r il l ia n c y  
o f  c o lo u r  a n d  p a tte rn  in  m a n y  b u tte r f l ie s , o th e r  in se c ts , 
a n d  sp id e rs ; o r  (b )  b y  s tr ik in g  fo rm , as th e  b e a rd  a n d  h a iry  
tu f ts  o f  m a n y  m o n k e y s  a n d  th e  e x tra o rd in a ry  "h o rn s"  an d  
p ro c e s s e s  o f  c e r ta in  la m e llic o rn  b e e tle s ; o r  (c ) b y  m o v a b le  
p ro c e s s e s  (o f te n  s tro n g ly  c o lo u re d ) , as th e  w a ttle s  an d  
m o v a b le  fe a th e rs  (ta il, e tc .)  o f  c e r ta in  b ird s , sw e llin g  
c h e e k  o r  n e c k  sacs  o f  tu rk e y s , e tc .; o r  (d )  b y  s tr ik in g  
m o v e m e n ts , as  th e  d a n c in g  o n  th e  g ro u n d  o r  tu m b lin g  an d  
w h ir lin g  in  f l ig h t  o f  c e r ta in  b ird s , th e  m a tin g - tim e  b a ttle s  
o f  m a m m a ls , b ird s , a n d  f ish e s , a n d  th e  " lo v e -d a n c e s"  o f  
sp id e rs .

S u b -g ro u p  2. T h e  m a le  c h a ra c te rs  a p p e a l to  th e  
s e n se  o f  h e a r in g  o f  th e  fe m a le s , as th e  so n g  o f  b ird s , th e  
c rie s  a n d  c a lls  o f  m a n y  m a m m a ls , fro g s , a n d  in se c ts .

S u b -g ro u p  3. T h e  m a le  c h a ra c te rs  a p p e a l to  th e  
s e n se  o f  sm e ll o f  th e  fe m a le s , as th e  o d o u rs  g iv e n  o f f  b y
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g o a ts , c h a m o is , m u sk -d e e r , b e a v e r , e tc ., a n d  f ro m  th e  
s c e n t-sc a le s  (a n d ro c o n ia )  o f  m a n y  m a le  b u tte rf lie s .

G ro u p  C. R e c ip ro c a l o rg an s; th a t  is , o rg a n s  w h ic h  
e x is t  in  fu n c tio n a l c o n d itio n  in  o n e  sex  b u t  a re  in h e r ite d  
b y  th e  o th e r  o n ly  in  ru d im e n ta ry  a n d  o f te n  n o n -fu n c tio n a l 
fo rm .

E x a m p le s ; th e  re d u c e d  m a m m a e  o f  m a le  
m a m m a ls , th e  b ro o d  p o u c h  o f  th e  m a le  T h y la c in u s : 
w in g le s s  fe m a le  b u tte r f l ie s  o f te n  h a v e  a  ru d im e n ta ry  
su c k in g  p ro b o sc is , w h ic h  in  so m e  c a se s  is  in h e r ite d  b y  th e  
m a le s  w ith o u t a n y  re d u c tio n  o f  th e  w in g s ; in  c a se s  o f  
m im ic ry  b y  fe m a le  b u tte r f lie s , th e  m a le s  o f te n  sh o w  so m e  
tra c e s  o f  th e  c h a n g e d  c o lo u r-p a tte rn  ; tra c e s  o f  sp u rs  in  
fe m a le  p h e a sa n ts , re d u c e d  h o rn s  o f  fe m a le  a n te lo p e s  an d  
g o a ts , sm a ll "h o rn s"  o n  fe m a le  la m e llic o rn  b e e tle s , 
u n d e v e lo p e d  s tr id u - la tin g  a p p a ra tu s  in  fe m a le  c ric k e ts , 
k a ty d id s , e tc . G ro u p  D. In d if fe re n t c h a ra c te rs , w ith o u t an y  
a p p a re n t u tility .

S u b -g ro u p  I. R u d im e n ta ry  o rg a n s , w h ic h  a re  
w h o lly  n o n -fu n c tio n a l in  o n e  sex . a lth o u g h  s till fu n c tio n a l 
in  th e  o th e r. E x a m p le s , th e  re d u c e d  w in g s  o f  m a n y  fe m a le  
in se c ts , th e  ru d im e n ta ry  a lim e n ta ry  can a l o f  m a le  
R o ta to r ia .

S u b -g ro u p  2. N e g a tiv e  c h a ra c te rs , th a t  is. th o se  
w h o lly  f a il in g  in  o n e  sex . a lth o u g h  p re s e n t  in  th e  o th e r. 
T h is  la c k  c a n  b e  a  p r im a ry  o n e , th a t  is, in d ic a te  an  o ld e r  
p h y le tic  c o n d itio n , a s  th e  a b se n c e  o f  a n tle rs  in  th e  fe m a le  
d ee r; o r  b e  a  s e c o n d a ry  o n e , th a t  is, g ra d u a lly  a c q u ire d  b y  
p ro g re s s iv e  re d u c tio n , as th e  lo s s  o f  w in g s  b y  m a n y  
fe m a le  in se c ts .

S u b -g ro u p  3. A ta v is tic  c h a ra c te rs , as  th e  m o re  
m a rk e d  h a ir in e s s  o n  th e  b re a s t  o f  m e n  as c o m p a re d  w ith  
w o m e n .

S u b -g ro u p  4. C o rre la te d  c h a ra c te rs , w h ic h  m a y  b e  
c a lle d  in to  e x is te n c e  b y  o th e r  o rg a n s  p re se n t; w ith  th e  
fe m a le  m o llu s c  A n o d o n ta , th e  sh e ll is  m o re  s tro n g ly
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b o w e d  in  a d a p tiv e  c o rre la tio n  w ith  th e  e x p a n d e d  b ro o d  
c h a m b e r  b e tw e e n  th e  g ills .

S u b -g ro u p  5. A  la rg e  n u m b e r  o f  s e c o n d a ry  sex u a l 
c h a ra c te rs  w h ic h  a re  in c a p a b le  o f  sp e c if ic  c la s s if ic a tio n , 
as  th e  m in u te  d if fe re n c e s  b e tw e e n  th e  se x e s  in  s iz e  an d  
h a b itu s ; s lig h t d if fe re n c e s  in  w in g  fo rm  in  h u m m in g -b ird s , 
d ra g o n -f lie s , a n d  b u tte r f l ie s ;  sm a ll d if fe re n c e s  in  c h a ra c te r  
a n d  n u m b e r  o f  ta rsa l a n d  a n te n n a l s e g m e n ts  o f  m a n y  
in se c ts .

A s  P la te  ju s t ly  re m a rk s  th e  fo re g o in g  c la s s if ic a tio n  
can , o f  c o u rse , m a k e  n o  p re te n s io n  to  c o m p le te n e ss . B u t it  
in d ic a te s  su ff ic ie n tly  c le a r ly  c e r ta in  im p o r ta n t  d if fe re n c e s  
a m o n g  th e  s e c o n d a ry  se x u a l c h a r-a c te rs ; d if fe re n c e s  
e sp e c ia lly  im p o r ta n t  in  c o n n e c tio n  w ith  a n y  a tte m p t to  g e t 
a t an  e x p la n a tio n  o f  th e  w h y  a n d  h o w  o f  th e s e  c h a ra c te rs . 
S u ch  a  c la s s if ic a tio n  sh o w s th a t  m a n y  o f  th e s e  c h a ra c te rs  
h a v e  u se s  w h ic h  a re  o f  a  k in d  d ire c tly  h e lp fu l in  th e  
s tru g g le  fo r  e x is te n c e , as  th e  s tro n g  a n tle rs  o f  th e  stag s , 
u se fu l in  d e fe n c e  a g a in s t a tta c k in g  e n e m ie s ; th e  b ro o d  
sac s  o f  th e  k a n g a ro o s  a n d  o p o ssu m , u se fu l in  c a r in g  fo r  
th e ir  h e lp le s s  y o u n g ; th e  m ilk -g la n d s  a n d  te a ts  o f  all 
fe m a le  m a m m a ls , th e  p o lle n -b a s k e ts  a n d  w a x -g la n d s  o f  
th e  h o n e y -b e e  w h ic h  m a k e  th e  w o rk e rs  m o re  e f fe c tiv e  
fo o d -g a th e re rs  a n d  fo o d -s to re rs , a n d  th e  p ro te c tiv e  c o lo u rs  
a n d  p a tte rn s  o f  m a n y  in se c ts  a n d  b ird s . B u t o th e rs , m a n y  
o th e rs , in d e e d , o f  th e s e  se c o n d a ry  se x u a l c h a ra c te rs . a re  
e ith e r  o f  a  k in d  a p p a re n tly  u s e le s s  in  th e  s tru g g le  fo r  life , 
o r  e v e n  o f  a  k in d  a c tu a lly  h a rm fu l. O f  a p p a re n t 
u s e le s s n e s s  a re  th e  re d u c e d  w in g s  o f  so m e  m a le  in se c ts , 
a n d  th e  h o s t  o f  s lig h t d if fe re n c e s  in  c o lo ra tio n , p a tte rn , 
s ize , o r  sh ap e , o f  d if fe re n t b o d y -p a r ts  o r  o f  th e  w h o le  
b o d y , th e  b e a rd s  a n d  h a ir - tu f ts  o f  m a n y  m a le  m a m m a ls  
a n d  th e  c o m b s  a n d  w a ttle s  o f  m a le  g a llin a c e o u s  b ird s . O f  
a p p a re n t h a rm -fu ln e s s  a re  th o s e  u ltra -d e v e lo p e d  
p ro th o ra c ic  a n d  h e a d  p ro c e sse s , "h o rn s ,"  o f  s ta g  a n d  o th e r  
la m e llic o rn  b e e tle s , th e  c o n sp ic u o u s  s ta r in g  c o lo u rs  o f
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m a n y  m a le  b ird s , th e  lo n g  d a n g lin g  p lu m e s , th e  w e ig h ty  
c re s ts , a n d  h e a v y  d ra g g in g  ta i ls  o f  o th e rs , a ll th e s e  p a r ts  
a lso  u s u a lly  b e in g  d a n g e ro u s ly  c o n s p ic u o u s ly  c o lo u re d . 
T h e  l iv e ly  lo u d  so n g  o f  m a n y  m a le  b ird s , a n d  th e  d a n c in g  
a n d  le a p in g  o f  n u m e ro u s  m a le  sp id e rs  a n d  so m e  m a le  
b ird s  m u s t  a lso  in v o lv e  so m e  d a n g e r  to  th e  p e rfo rm e rs  b y  
a ttra c tin g  th e  a tte n tio n  o f  th e ir  en e m ie s . In  fa c t  m o s t  o f  
th o s e  s e c o n d a ry  se x u a l c h a ra c te rs  th a t  a re  c la s s if ie d  u n d e r  
th e  g e n e ra l h e a d  o f  "e x c itin g  o rg a n s"  a re  a p p a re n tly  o f  a 
so r t th a t  sh o u ld  b e  a c tu a lly  d is a d v a n ta g e o u s  in  th e  
s tru g g le  fo r  e x is te n c e . T h e y  a re  o f  a  c h a ra c te r  te n d in g  to  
m a k e  th e ir  p o s se s so rs  c o n sp ic u o u s  a n d  th u s  re a d ily  
p e rc e iv e d  b y  th e ir  c a rn iv o ro u s  e n e m ie s . H o w  is  to  b e  
e x p la in e d  th e  e x is te n c e  o f  so  m a n y  a n d  su ch  h ig h ly  
d e v e lo p e d  s tru c tu ra l a n d  p h y s io lo g ic a l c h a ra c te rs  o f  th is  
k in d , a  c o n d itio n  th a t  se e m s  to  s ta n d  in  d ire c t o p p o s itio n  
to  th e  th e o ry  o f  n a tu ra l se le c tio n  ? D a rw in 's  a n s w e r  to  th is  
q u e s tio n  is  c o n ta in e d  in  h is  th e o ry  o f  se x u a l se le c tio n .

T h is  th e o ry , in  fe w  w o rd s , is  th a t  th e re  is  
p ra c tic a lly  a  c o m p e tit io n  o r  s tru g g le  fo r  m a tin g , a n d  th a t  
th o s e  m a le s  a re  su c c e s s fu l in  th is  s tru g g le  w h ic h  a re  th e  
s tro n g e s t a n d  b e s t  e q u ip p e d  fo r  b a ttie  a m o n g  th e m se lv e s , 
o r  w h ic h  a re  m o s t a c c e p ta b le , b y  re a so n  o f  o rn a m e n t o r  
o th e r  a ttra c liv e n e s s  to  th e  fe m a le s . In  th e - fo rm e r  c a se  
m a tin g  w ith  a  c e r ta in  fe m a le  d e p e n d s  u p o n  o v e rc o m in g  in  
f ig h t th e  o th e r  su ito rs  th e  fe m a le  b e in g  th e  p a s s iv e  re w a rd  
o f  th e  v ic to r : in  th e  se c o n d  c a se  th e  fe m a le  is  presumed to  
e x e rc is e  a  c h o ic e , th is  c h o ic e  d e p e n d in g  u p o n  th e  
a ttra c tiv e n e s s  o f  th e  m a le  (d u e  to  c o lo u r , p a tte rn , p lu m e-. 
p ro c e sse s , o d o u r, song , e tc .) . T h e  a c tu a l f ig h tin g  a m o n g  
m a le s  a n d  th e  w in n in g  o f  th e  fe m a le s  b y  th e  v ic to r , a re  
o b se rv e d  fa c ts  in  th e  life  o f  n u m e ro u s  a n im a l sp ec ie s . B u t 
a  sp ec ia l se x u a l se le c tio n  th e o ry  is  h a rd ly  n e c e s sa ry  to  
e x p la in  th e  d e v e lo p m e n t o f  th e  f ig h tin g  e q u ip m e n t, 
a n tle rs , sp u rs , c la w s , e tc . T h is  f ig h tin g  a rra y  o f  th e  m a le  is  
s im p ly  a  sp e c ia l p h a se  o f  th e  a lre a d y  re c o g n is e d  in f ra ­
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s p e c if ic  s tru g g le ; i t  is  n o t  a  f ig h t  fo r  ro o m  o r  fo o d , b u t  fo r  
th e  c h a n c e  to  m a te . B u t th is  c h a n c e  o f te n  d e p e n d s  o n  th e  
is su e  o f  a  l ife -a n d -d e a th  s tru g g le . N a tu ra l s e le c tio n  w o u ld  
th u s  a c c o u n t fo r  th e  d e v e lo p m e n t o f  th e  w e a p o n s  fo r  th is  
s tru g g le .

F o r  th e  d e v e lo p m e n t, h o w e v e r , o f  su c h  se c o n d a ry  
se x u a l c h a ra c te rs  a s  o rn a m e n t, w h e th e r  o f  sp ec ia l 
p lu m a g e , c o lo u r , p a tte rn , o r  p ro c e s se s , a n d  so n g , a n d  
sp e c ia l o d o u rs , a n d  " lo v e -d a n c in g ,"  th e  n a tu ra l se le c tio n  
th e o ry  c a n  in  n o  w a y  a c c o u n t; th e  th e o ry  o f  sex u a l 
se le c tio n  w a s  th e  lo g ic a l a n d  n e c e s s a ry  a u x ilia ry  th e o ry , 
a n d  w h e n  f irs t  p ro p o s e d  b y  D a rw in  3 m e t w ith  q u ic k  an d  
w id e  a c c e p ta n c e . W a lla c e  in  p a r tic u la r  to o k  u p  th e  th e o ry  
a n d  a p p lie d  i t  to  e x p la in  m a n y  c a se s  o f  re m a rk a b le  
p lu m a g e  a n d  p a tte rn  d e v e lo p m e n t a m o n g  b ird s . L a te r  as 
h e  a n a ly se d  m o re  c a re fu lly  h is  c a se s , a n d  th o s e  p ro p o se d  
b y  o th e rs , h e  b e c a m e  d o u b tfu l, a n d  f in a lly  w h o lly  
sc e p tic a l 4 o f  th e  th e o ry .

T h e  th e o ry  as p ro p o s e d  b y  D a rw in  w a s  b a s e d  on  
th e  fo llo w in g  g e n e ra l a s su m p tio n s , fo r  th e  p r o o f  o f  e a c h  o f  
w h ic h  a  fe w  to  m a n y  fa c ts  w e re  a d d u c e d . F irs t, m a n y  
se c o n d a ry  se x u a l c h a ra c te rs  a re  n o t  e x p lic a b le  b y  n a tu ra l 
se le c tio n ; th e y  a re  n o t  u se fu l in  th e  s tru g g le  fo r  life . 
S eco n d , th e  m a le s  se e k  th e  fe m a le s  fo r  th e  sak e  o f  p a ir in g . 
T h ird , th e  m a le s  a re  m o re  a b u n d a n t th a n  th e  fe m a le s . 
F o u rth , in  m a n y  c a se s  th e re  is  a  s tru g g le  a m o n g  th e  m a le s  
fo r  th e  p o s s e s s io n  o f  th e  fe m a le s . F if th , in  m a n y  o th e r  
c a se s  th e  fe m a le s  c h o o se , in  g e n e ra l, th o s e  m a le s  sp e c ia lly  
d is tin g u ish e d  b y  m o re  b r i l l ia n t  c o lo u rs , m o re  c o n sp ic u o u s  
o rn a m e n ts , o r  o th e r  a ttra c tiv e  c h a ra c te rs . S ix th , m a n y  
m a le s  sin g , o r  d an ce , o r  o th e rw ise  d ra w  to  th e m s e lv e s  th e  
a tte n tio n  o f  th e  fe m a le s . S e v e n th , th e  s e c o n d a ry  sex u a l 
c h a ra c te rs  a re  e sp e c ia lly  v a r ia b le . D a rw in  b e lie v e d  th a t  he  
h a d  o b se rv e d  c e r ta in  o th e r  c o n d itio n s  to  e x is t  w h ic h  
h e lp e d  m a k e  th e  s e x u a l s e le c tio n  th e o ry  p ro b a b le , b u t  th e  
c o n d itio n s  n o te d  a re  su ff ic ie n t i f  th e y  tru ly  ex ist.
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E x p o s e d  to  c a re fu l sc ru tin y  a n d  c r it ic ism  —  an  
a d m ira b le  a n d  c o n v in c in g  e x a m p le  o f  su c h  sc ie n tif ic  an d  
im p a rtia l c r it ic ism  is  K ra m e r 's  a n a ly s is  o f  th e  se c o n d a ry  
se x u a l c h a ra c te rs  o f  E u ro p e a n  in s e c ts  —  th e  th e o ry  o f  
se x u a l se le c tio n  h a s  b e e n  re l ie v e d  o f  a ll n e c e s s ity  o f  
e x p la in in g  a n y  b u t  tw o  c a te g o r ie s  o f  s e c o n d a ry  sex u a l 
c h a ra c te rs , n a m e ly  th e  sp e c ia l w e a p o n s  b o rn e  b y  m a le s , 
a n d  th e  sp e c ia l o rn a m e n ts  a n d  e x c ita to ry  o rg a n s  o f  th e  
m a le s  and females. F o r  e x a m in a tio n  h a s  d is c lo se d  th e  fa c t 
th a t  m a le s  a re  n o t  a lo n e  5 in  th e  p o s s e s s io n  o f  sp ec ia l 
c h a ra c te rs  o f  a ttra c tio n  o r  e x c ita tio n . R e g a rd in g  th e s e  tw o  
c a te g o r ie s  P la te ,6 in  h is  a b le  re c e n t  d e fe n c e  o f  D a rw in ism , 
says, " th e  f ir s t  p a r t  o f  th is  th e o ry , th e  o r ig in  o f  th e  sp ec ia l 
d e fe n s iv e  a n d  o ffe n s iv e  w e a p o n s  o f  m a le s  th ro u g h  sex u a l 
s e le c tio n  is  n e a r ly  u n iv e rs a lly  a c c e p ted . T h e  se c o n d  p a r t  
o f  th e  th e o ry , th e  o r ig in  o f  e x c itin g  o rg a n s  h a s  g iv e n  r ise  
to  m u c h  c o n tro v e rsy . U n d o u b te d ly  th e  p re s u m p tio n  th a t  
th e  fe m a le s  c o m p a re  th e  m a le s  a n d  th e n  c h o o se  o n ly  th o se  
w h ic h  h a v e  th e  m o s t  a ttra c tiv e  c o lo u rs , th e  f in e s t  so n g , o r  
th e  m o s t a g re e a b le  o d o u r, p re se n ts  g re a t d if f ic u ltie s , b u t  it  
is  d o u b tfu l i f  i t  is  p o s s ib le  to  re p la c e  th is  e x p la n a tio n  b y  a 
b e tte r ."  S o m e  o f  th e s e  d if f ic u ltie s  m a y  b e  b r ie f ly  
e n u m e ra te d .

T h e  th e o ry  ca n  b e  a p p lie d  o n ly  to  sp e c ie s  in  w h ic h  
th e  m a le s  a re  m a rk e d ly  m o re  n u m e ro u s  th a n  th e  fe m a le s , 
o r  in  w h ic h  th e  m a le s  a re  p o ly g a m o u s . In  o th e r  c a se s  th e re  
w ill b e  a  fe m a le  fo r  e a c h  m a le  w h e th e r  h e  b e  o rn a m e n te d  
o r  n o t; a n d  th e  u n o rn a m e n te d  m a le s  ca n  le a v e  as m a n y  
p ro g e n y  as th e  o rn a m e n te d  o n es , w h ic h  w o u ld  p re v e n t  a n y  
c u m u la tio n  o f  o rn a m e n ta l v a r ia t io n s  b y  se le c tio n . A s  a 
m a tte r  o f  fa c t  in  a  m a jo r ity  o f  a n im a l sp e c ie s , a t le a s t 
a m o n g  th e  v e r te b ra te s , m a le s  a n d  fe m a le s  e x is t  in  
a p p ro x im a te ly  e q u a l n u m b e rs .

O b se rv a tio n  sh o w s  th a t  in  m o s t sp e c ie s  th e  fe m a le  
is  w h o lly  p a s s iv e  in  th e  m a tte r  o f  p a ir in g , a c c e p tin g  th e
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f ir s t  m a le  th a t  o ffe rs . N o te  th e  c o c k  a n d  h e n s  in  th e  
b a rn y a rd .

O rn a m e n ta l c o lo u rs  a re  as o f te n  a  c h a ra c te r is tic  o f  
m a le s  o f  k in d s  o f  an im a ls  in  w h ic h  th e re  is  n o  re a l p a ir in g , 
as  a m o n g  th o s e  w h ic h  p a ir. H o w  e x p la in  b y  sex u a l 
se le c tio n  th e  r e m a rk a b le  c o lo u rs  in  th e  b re e d in g  se a so n  o f  
m a n y  f ish e s , in  w h ic h  th e  fe m a le  n e v e r , p e rh a p s , e v e n  
see s  th e  m a le  w h ic h  fe r ti l is e s  h e r  d ro p p e d  eg g s?

C h o ic e  o n  a  b a s is  o f  o rn a m e n t a n d  a ttra c tiv e n e s s  
im p lie s  a  h ig h  d e g re e  o f  a e s th e tic  d e v e lo p m e n t o n  th e  p a r t  
o f  th e  fe m a le s  o f  a n im a ls  fo r  w h o s e  d e v e lo p m e n t in  th is  
l in e  w e  h a v e  n o  (o th e r)  p ro o f . In d e e d  th is  c h o ic e  d e m a n d s  
a e s th e tic  re c o g n itio n  a m o n g  a n im a ls  to  w h ic h  w e  
d is tin c tly  d e n y  su ch  a  d e v e lo p m e n t, as  th e  b u tte r f l ie s  an d  
o th e r  in se c ts  in  w h ic h  s e c o n d a ry  se x u a l c h a ra c te rs  o f  
c o lo u r , e tc ., a re  a b u n d a n t a n d  c o n sp ic u o u s . S im ila r ly  w ith  
p ra c tic a lly  all in v e r te b ra te  a n im a ls . F u r th e r , in  th o se  
g ro u p s  o f  h ig h e r  a n im a ls  w h e re  a e s th e tic  c h o ic e  m a y  b e  
p re s u m e d  p o s s ib le  w e  h a v e  re p e a te d  e v id e n c e  th a t  
p re fe re n c e s  v a ry  w ith  in d iv id u a ls . C e r ta in ly  th e y  d o  w ith  
m a n , th e  a n im a l sp e c ie s  in  w h ic h  su c h  p re fe re n c e s  
c e r ta in ly  a n d  m o s t  c o n sp ic u o u s ly  ex is t. In  so m e  h u m a n  
ra c e s  h a ir  o n  th e  fa c e  is  th o u g h t b e a u tifu l;  in  o th e rs , u g ly . 
B e s id e s  e v e n  i f  w e  m a y  a ttr ib u te  fa ir ly  a  c e r ta in  a m o u n t o f  
e s th e tic  fe e lin g  to  su ch  a n im a ls  as m a m m a ls  a n d  b ird s , is  
th is  f e e lin g  to  b e  so  k e e n  as to  le a d  th e  fe m a le  to  m a k e  
c h o ic e  a m o n g  o n ly  s lig h tly  d if fe r in g  p a tte rn s  o f  so n g s  ? 
Y e t th is  a s s u m p tio n  is  n e c e s s a ry  i f  th e  d e v e lo p m e n t o f  
o rn a m e n t a n d  o th e r  a ttra c tin g  a n d  e x c itin g  o rg a n s  is  to  b e  
e x p la in e d  b y  th e  se le c tio n  a n d  g ra d u a l c u m u la tio n  th ro u g h  
g e n e ra tio n s  o f  s lig h t fo r tu ito u s ly  a p p e a r in g  f lu c tu a tin g  
v a r ia t io n s  in  th e  m a le s .

T h e re  a re  a c tu a lly  v e ry  fe w  re c o rd e d  c a se s  w h e re  
th e  o b s e rv e r  b e l ie v e s  th a t  h e  h a s  n o te d  an  a c tu a l c h o ic e  b y  
a  fe m a le . D a rw in  re c o rd s  e ig h t c a se s  a m o n g  b ird s . S in ce  
D a rw in  n o t  m o re  th a n  h a l f  a  d o z e n  o th e r  c a se s , a ll
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d o u b tfu l, h a v e  b e e n  re c o rd e d . A lso  a  fe w  in s ta n c e s , all 
m o re  i l lu s tra tiv e  o f  se x u a l e x c ita tio n  o f  fe m a le s  r e s u ltin g  
f ro m  th e  p e rc e p tio n  o f  o d o u r  o r  a c tio n s , th a n  a n y  d e g re e  
o f  c h o ic e  b y  fe m a le s , h a v e  b e e n  lis ted .

In  n u m e ro u s  c a se s  th e  so -c a lle d  a ttra c tiv e  
c h a ra c te rs  o f  th e  m a le s , d e s c r ib e d  u s u a lly  f ro m  p re se rv e d  
(m u se u m ) sp e c im e n s , h a v e  b e e n  fo u n d , in  a c tu a l life , to  b e  
o f  su c h  a  c h a ra c te r  th a t  th e y  c a n n o t b e  n o te d  b y  th e  
fem a le . F o r  e x a m p le , th e  b r i l l ia n t  c o lo u rs  a n d  th e  c u r io u s  
h o rn s  o f  th e  m a le s  o f  th e  d u n g  b e e tle s  a re , in  life , a lw a y s  
so  o b sc u re d  b y  d ir t a n d  f il th  th a t  th e re  c a n  b e  n o  q u e s tio n  
o f  d isp la y  to  th e  fe m a le  e y e s  a b o u t th e m . T h e  d a n c in g  
sw a rm s  o f  m a n y  k in d s  o f  in s e c ts  a re  fo u n d  to  b e  
c o m p o s e d  o f  m a le s  a lo n e  w ith  n o  fe m a le s  n e a r  e n o u g h  to  
see ; i t  is  n o  ca se  o f  an  e x c ita to ry  f l i t t in g  a n d  w h ir lin g  o f  
m a n y  m a le s  b e fo re  th e  e y e s  o f  th e  im p re s s io n a b le  
fe m a le s . O f  m a n y  m a le  k a ty d id s  s in g in g  in  th e  sh ru b b e ry  
w ill n o t  fo r  a n y  fe m a le  th a t  p a r t ic u la r  so n g  b e  th e  lo u d e s t 
a n d  th e  m o s t c o n v in c in g  th a t  p ro c e e d s  f ro m  th e  nearest 
m a le , n o t th e  m o s t  e x p e r t  o r  th e  s tro n g e s t s tr id u la to r?  
S im ila r ly  w ith  th e  f l i t t in g  m a le  f ire f lie s ; w ill n o t  th e  
s tro n g e s t g le a m  b e , fo r  a n y  fe m a le , th a t  f ro m  th e  m a le  
w h ic h  h a p p e n s  to  f ly  n e a re s t  h e r , a n d  n o t  f ro m  th e  d is ta n t 
m a le  w ith  e v e r  so  m u c h  b e tte r , s tro n g e r  lig h t?

S to iz m a n n  f in d s  i t  d if f ic u lt  to  u n d e rs ta n d , w h e n  
n e a r ly  re la te d  sp e c ie s  d if fe r  w id e ly  in  th e ir  o rn a m e n ta l 
p lu m a g e , th a t  th is  sh o u ld  b e  a ttr ib u te d  to  a  d if fe re n c e  in  
p re fe re n c e  a m o n g  th e  fe m a le s  o f  th e  re la te d  sp e c ie s . T h e  
h u m m in g -b ird , Schistes personatus, l iv e s  in  E c u a d o r  o n  
th e  w e s t s id e  o f  th e  A n d e s , in  a  re s tr ic te d  ra n g e  o f  fo u r  
d e g re e s  o f  la titu d e . I t  is  d is tin g u ish e d  f ro m  th e  n e a r ly  
re la te d  Schistes geoffroyi e sp e c ia lly  in  th e  p o s s e s s io n  b y  
its  m a le  o f  a  b r i l l ia n t  sp o t o v e r  e a c h  eye . Schistes 
geoffroyi l iv e s  o n  th e  e a s t s id e  o f  th e  A n d e s  f ro m  
C o lo m b ia  to  C e n tra l P e ru , w ith  a  ra n g e  c o v e r in g  o v e r  
tw e n ty  d e g re e s  o f  la titu d e , w h ic h  ra n g e  is  d iv id e d  in to  tw o
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c o m p le te ly  s e p a ra te d  re g io n s  b y  th e  M a ra n o n  v a lle y . N o w  
i f  is o la tio n  a lo n e  is  su ff ic ie n t to  p ro d u c e  a  c h a n g e  in  th e  
ta s te  o f  th e  fe m a le s , o n e  w o u ld  e x p e c t to  f in d  tw o  so rts  o f  
m a le s  (a s  fa r  as o rn a m e n ta l p a tte rn  g o e s )  in s id e  th is  o n e  
sp ec ie s . B u t th e re  is  b u t  o n e  k in d  o f  m a le  th ro u g h  th e  
w h o le  ra n g e . W h y  is  th e  ta s te  o f  th e  fe m a le  c o n s ta n t 
th ro u g h  tw e n ty  d e g re e s  o f  la titu d e , w h ile  i t  is  c h a n g e d  on  
th e  o th e r  s id e  o f  th e  A n d e s  in  a  l im ite d  ra n g e  o f  fo u r  
d e g re e s  o f  la titu d e ?  A n o th e r  c a se  p re s e n te d  b y  S to iz m a n n  
is  e v e n  m o re  s trik in g . T h e  C h ilia n  h u m m e r, Eustephanus 
galeritus, w h ic h  is  g re e n  in  b o th  sex es , h a s  m ig ra te d  f ro m  
th e  c o n tin e n t to  th e  J u a n  F e rn a n d e z  Is la n d s . O n  M a s a tie r ra  
Is la n d  it  h a s  c h a n g e d  to  Eust. fernandensis, m  M a s a fu e ra  
Is la n d  to  Eust. leyboldi. T h e se  tw o  sp e c ie s  a g re e  in  th e  
fe m a le s  w ith  th e  o r ig in a l c o n tin e n ta l fo rm  ( th a t  is , a re  
g re e n )  w h ile  th e  m a le s  h a v e  b e c o m e  red , b u t  in  d if fe re n t 
p a tte rn  in  th e  tw o  sp e c ie s . Eust. galeritus ( th e  C o n tin e n ta l 
fo rm )  a lso  o c c u rs  o n  M a s a tie r ra  Is la n d , in  th e  sa m e  fo rm  
as  o n  th e  c o n tin e n t, th a t  is , w ith  g re e n  m a le . N o w  o n e  
m u s t p re su m e  f ro m  th is  s ta te  o f  a f fa irs  th a t  th is  sp e c ie s  
(galeritus) h a s  b e e n  a b le  to  re a c h  M a s a tie r ra  tw ic e , o n c e  
lo n g  a g o  —  th e  d e s c e n d a n ts  o f  th e  in v a s io n  h a v in g  
c h a n g e d  to  Eust. fernandensis—  and o n c e  m o re  re c e n tly  —  
th e  d e sc e n d a n ts  o f  th e s e  la te r  m ig ra n ts  sh o w in g  as v e t  n o  
s ig n  o f  a  tra n s fo rm a tio n  o f  th e  m a le  c o lo u r. S h a ll o n e  in  
th is  c a se  a n d  o th e rs  l ik e  it, a sk s  S to iz m a n n , a s su m e  a 
c h a n g e  o f  b e a u ty - id e a l o n  th e  p a r t  o f  th e  fe m a le s  ? M u c h  
s im p le r  a n d  m u c h  m o re  re a so n a b le , a c c o rd in g  to  
S to iz m a n n , is  i t  to  see  in  th e  c h a n g e  o f  c o lo u r  o f  th e  m a le s  
o f  th e  e a r lie r  m ig ra n ts  th e  re su lts  o f  th e  d ire c t in f lu e n c e  o f  
th e  n e w  e n v iro n m e n t; th e  is la n d s  a re  d is tin c tly  m ild e r  an d  
w a rm e r  th a n  th e  c o n tin e n t.

E v e n  i f  th e  f e m a le s  d o  c h o o se  a m o n g  th e  m a le s  o n  
a  b a s is  o f  a ttra c tiv e n e s s , h o w  a re  th e  c h a ra c te rs  o f  th e  
m o re  a ttra c tiv e  m a le s  to  b e c o m e  e sp e c ia lly  fo s te re d  an d  
a c c u m u la te d  b y  se le c tio n ?  D o  su c h  m a le s  p ro d u c e  m o re
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o ffs p r in g  o r  m o re  v ig o ro u s  o n e s  th a n  th e  o th e r  m a le s , 
w h ic h , th o u g h  re je c te d  b y  th e  f ir s t  fe m a le s , f in d  th e ir  
m a te s  a m o n g  th e  fe m a le s  n o t  a lre a d y  m a te d  ? A re  w e  to  
a ttr ib u te  to  th e  m o re  o rn a m e n ta l m a le s  a  p a r t ic u la r  v ig o u r?  
I f  so, m a y  n o t  th a t  v e ry  v ig o u r  b e  th e  c a u se  o f  th e  e x tra ­
p ro d u c tio n  o f  c o lo u r  o r  p lu m a g e  o r  w a ttle s , e tc .?

D a rw in  a d m its , in  o rd e r  to  e x p la in  th e  b e g in n in g s  
o f  c o lo u r  a n d  o rn a m e n t d e v e lo p m e n t, a  c e r ta in  d e g re e  o f  
d if fe re n c e  b e tw e e n  th e  m a le  a n d  fe m a le  in  re g a rd  to  th e ir  
re a c tio n  to  e n v iro n m e n ta l in f lu e n c e s . I f  so , m a y  n o t  th e s e  
a d m itte d  d if fe re n c e s  b e  re a lly  su ff ic ie n t to  a c c o u n t fo r  
e v e n  a  p re tty  h ig h  d e g re e  o f  d if fe re n c e  in  d e v e lo p m e n t o f  
se c o n d a ry  se x u a l c h a ra c te rs  ?

T h e  sp e c ia l d isp la y  o f  c o lo u rs , tu f ts , p lu m e s ,
sp re a d in g  ta ils , a n d  o th e r  s e c o n d a ry  se x u a l c h a ra c te rs  b y  
th e  m a le s  a t m a tin g  tim e  is  an  o b se rv e d  fac t; th e  
"d a n c e s  " o f  c ra n e s  a n d  s to rk s , th e  se re n a d e s  o f  th e  s o n g ­
b ird s , th e  e v o lu tio n s  o f  th e  m a le  sp id e rs  a re  a ll fa m ilia r  
p h e n o m e n a  in  th e  m a tin g  se a so n  o f  th e s e  a n im a ls . A n d  
th e y  p ro b a b ly  d o  e x e rc is e  an  e x c itin g  e f fe c t o n  th e
fe m a le s , a n d  a re  p ro b a b ly  a c tu a lly  d isp la y e d  fo r  th is  
p u rp o se . B u t  d o e s  th is  in  a n y  w a y  p ro v e , o r  e v e n  g iv e  
b a s is  fo r  a  r e a s o n a b le  p re s u m p tio n  fo r  b e l ie f  in  a 
d is c r im in a tin g  a n d  d e f in itiv e  c h o ic e  a m o n g -  th e  m a le s  o n  
th e  p a r t  o f  th e  fe m a le  ? A n d  i t  is  th is  ac tu a l c h o o s in g  
w h ic h  is  th e  n e c e s s a ry  b a s is  fo r  th e  th e o ry  o f  sex u a l 
se lec tio n .

H o w  e x p la in  th e  w e ll-k n o w n  c a se s  o f  a  s im ila r  
e x tra -d e v e lo p m e n t o f  p lu m a g e  in  th e  n u p tia l se a so n  b y  
b o th  m a le s  a n d  fe m a le s , a s  in  c e r ta in  h e ro n s  a n d  o th e r
b ird s  ? A n d  w h a t o f  th o s e  o th e r  c a se s  in  w h ic h  i t  is  th e
fe m a le  th a t  is  th e  b r ig h te r -c o l o u re d  in d iv id u a l o f  th e  p a ir  
? T o  e x p la in  th e  la t te r  c a se  D a rw in  a s su m e s  th a t  in  th e se  
c a se s  th e  m a le s  h a v e  d o n e  th e  se le c tin g , b u t  e v e n  th is  
ra th e r  to o  e a sy  re v e rsa l o f  th e  s itu a tio n  p o s tu la te d  as a 
fu n d a m e n ta l g e n e ra lis a tio n  o f  th e  th e o ry  d o e s  n o t  e x p la in
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th e  f ir s t  o f  th e  q u e s tio n s  in  th is  p a ra g ra p h . D o  b o th  se x e s  
a m o n g -  th e  h e ro n s  d o  se le c tin g ?

M o rg a n  1 lis ts  tw e n ty  o b je c tio n s  to  th e  sex u a l 
se le c tio n  th e o ry , se v e ra l o f  w h ic h  a re  id e n tic a l w ith  th o se  
a lre a d y  m e n tio n e d  in  th e  fo re g o in g  p a ra g ra p h s , b u t  a m o n g  
w h ic h  a re  se v e ra l to  w h ic h  w e  h a v e  n o t  re fe rre d . O n e  o f  
th e s e  is  th a t  " so m e  o f  th e  o b je c tio n s  th a t  a p p ly  to  th e  
th e o ry  o f  n a tu ra l se le c tio n  a p p ly  a lso  w ith  e q u a l fo rc e  to  
th e  th e o ry  o f  se x u a l s e le c tio n  in  so  fa r  as th e  re su lts  in  
b o th  c a se s  a re  su p p o se d  to  b e  th e  o u tc o m e  o f  th e  se le c tio n  
o f  in d iv id u a l, o r  f lu c tu a tin g , v a r ia tio n s . I f  th e s e  v a r ia tio n s  
a p p e a r  in  o n ly  a  fe w  in d iv id u a ls , th e ir  p e rp e tu a tio n  is  n o t 
p o ss ib le , s in c e  th e y  w ill so o n  d is a p p e a r  th ro u g h  c ro ss in g . 
I t  w o u ld  b e , o f  c o u rse , p re p o s te ro u s  to  su p p o se  th a t  a t an y  
o n e  tim e  o n ly  th o s e  fe w  in d iv id u a ls  p a ir  a n d  le a v e  
d e sc e n d a n ts  th a t  h a v e  s e c o n d a ry  se x u a l c h a ra c te rs  
d e v e lo p e d  to  th e  h ig h e s t  p o in t, b u t  i f  so m e th in g  o f  th is  
so r t d o e s  n o t  o c c u r, th e  e x tre m e  o f  f lu c tu a tin g  v a r ia tio n s  
c a n n o t b e  m a in ta in e d . E v e n  i f  h a l f  o f  th e  in d iv id u a ls  are  
se le c te d  in  e a c h  g e n e ra tio n , th e  a c c u m u la tio n  o f  a 
v a r ia t io n  in  a  g iv e n  d ire c tio n  c o u ld  n o t  g o  v e ry  fa r. T h e  
a s su m p tio n , h o w e v e r , th a t  o n ly  h a l f  o f  a ll th e  in d iv id u a ls  
th a t  re a c h  m a tu r ity  b re e d , a n d  th a t  a ll o f  th e s e  a re  c h o se n  
o n  a c c o u n t o f  th e  sp e c ia l d e v e lo p m e n t o f  th e ir  s e c o n d a ry  
se x u a l c h a ra c te rs , se e m s  p re p o s te ro u s . F u r th e rm o re , i f  i t  is  
a s su m e d  th a t  th e  h ig h  d e v e lo p m e n t o f  th e  n e w  c h a ra c te r  
a p p e a rs  in  a  la rg e  n u m b e r  o f  in d iv id u a ls , th e n  i t  is  n o t 
im p ro b a b le  th a t  its  c o n tin u e d  a p p e a ra n c e  m ig h t  b e  
a c c o u n te d  fo r  w ith o u t b r in g in g  in , a t a ll, th e  h y p o th e s is  o f  
se x u a l se le c tio n ."

A g a in , M o rg a n  w e ll p o in ts  o u t th a t  " the  
d e v e lo p m e n t, o r  th e  p re se n c e , o f  th e  a e s th e tic  fe e lin g  in  
th e  se le c tin g  sex  is  n o t  a c c o u n te d  fo r  o n  th e  th e o ry . T h e re  
is  ju s t  as m u c h  n e e d  to  e x p la in  w h y  th e  fe m a le s  a re  g if te d  
w ith  an  a p p re c ia tio n  o f  th e  b e a u tifu l as  w h y  th e  b e a u tifu l 
c o lo u rs  d e v e lo p  in  th e  m a le s . S h a ll w e  a s su m e  th a t  s till
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a n o th e r  p ro c e s s  o f  se le c tio n  is  g o in g  on , as a  re s u lt  o f  
w h ic h  th o s e  fe m a le s  a re  se le c te d  b y  th e  m a le s  th a t  
a p p re c ia te  th e ir  u n u su a l b e a u ty , o r  th a t  th o s e  fe m a le s  
w h o s e  ta s te  h a s  so a re d  a  l i t t le  h ig h e r  th a n  th a t  o f  th e  
a v e ra g e  ( a  v a r ia t io n  o f  th is  so r t h a v in g  a p p e a re d )  se le c t 
m a le s  to  c o rre sp o n d , a n d  th u s  th e  tw o  c o n tin u e  h e a p in g  u p  
th e  o rn a m e n ts  o n  o n e  s id e  a n d  th e  a p p re c ia tio n  o f  th e se  
o rn a m e n ts  o n  th e  o th e r?  N o  d o u b t an  in te re s tin g  f ic tio n  
c o u ld  b e  b u i l t  u p  a lo n g  th e s e  lin e s , b u t  w o u ld  a n y  o n e  
b e lie v e  it. a n d  i f  h e  d id . c o u ld  h e  p ro v e  it?

"D a rw in  a s su m e s  th a t  th e  a p p re c ia tio n  o n  th e  p a r t  
o f  th e  fe m a le  is  a lw a y s  p re se n t, a n d  h e  th u s  s im p lif ie s , in  
a p p e a ra n c e , th e  p ro b le m , b u t  h e  le a v e s  h a l f  o f  it 
u n e x p la in e d .

"T h e re  is  a n o th e r  s id e  to  th e  q u e s tio n ,"  a lso  say s  
M o rg a n , " th e  im p o r ta n c e  o f  w h ic h  is  so  g re a t, th a t  i t  is. 
su rp r is in g  th a t  D a rw in  h a s  n o t  ta k e n  a n y  n o tic e  o f  it. If, in  
o rd e r  to  b r in g  a b o u t, o r  e v e n  m a in ta in , th e  re su lts  o f  
se x u a l se le c tio n , su c h  a  tre m e n d o u s  e lim in a tio n  o f  
in d iv id u a ls  m u s t ta k e  p la c e , i t  is  su rp r is in g  th a t  n a tu ra l 
se le c tio n  w o u ld  n o t  c o u n te ra c t  th is  b y  d e s tro y in g  th o s e  
sp e c ie s  in  w h ic h  a  p ro c e ss , so  u s e le s s  fo r  th e  w e lfa re  o f  
th e  sp e c ie s , is  g o in g  on . I t  is  c u r io u s  th a t  th is  h a s  n o t  b e e n  
re a lis e d  b y  th o s e  w h o  b e lie v e  in  b o th  o f  th e s e  tw o  
h y p o th e se s .

"W h a t h a s  j u s t  b e e n  sa id  a p p lie s  a lso  w ith  a lm o s t 
e q u a l fo rc e  to  th e  d e v e lo p m e n t o f  su c h  s tru c tu re s  as  th e  
h o rn s  o f  th e  d ee r, b iso n , a n te lo p e s , a n d  th e  b r i l l ia n t  
c o lo u rs  o f  m a n y  in se c ts  a n d  b ird s . I f  in  n a tu re , 
c o m p e tit io n  b e tw e e n  sp e c ie s  ta k e s  p la c e  o n  th e  sc a le  th a t  
th e  D a rw in ia n  th e o ry  o f  n a tu ra l se le c tio n  p o s tu la te s , su ch  
fo rm s , i f  th e y  a re  m u c h  e x p o se d , w o u ld  b e  n e e d le s s ly  
re d u c e d  in  n u m b e rs  in  th e  p ro c e s s  o f  a c q u ir in g  th e se  
s tru c tu re s . So m a n y  in d iv id u a ls  w o u ld  h a v e  b e e n  a t  su c h  a 
d is a d v a n ta g e  in  b re e d in g , th a t  i f  c o m p e tit io n  is  as  se v e re  
as  th e  th e o ry  o f  n a tu ra l se le c tio n  p o s tu la te s , th e s e  sp e c ie s
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c o u ld  h a rd ly  b e  e x p e c te d  to  c o m p e te  s u c c e s s fu lly  w ith  
o th e r  sp e c ie s  in  w h ic h  se x u a l se le c tio n  w a s  n o t  ta k in g  
p lace ."

F in a lly  to  m a k e  an  e n d  o f  m is c e lla n e o u s  o b je c tio n s  
a n d  c o m e  to  th a t  o n e  w h ic h  p ro m is e s  to  b e , i f  i t  is  n o t  
a lre a d y , th e  m o s t  se r io u s  o b s ta c le  in  th e  w a y  o f  th e  sex u a l 
se le c tio n  th e o ry , i t  is  a  fa c t th a t  a ll th e  e v id e n c e  ( th o u g h  it  
b e  l i ttle  as  y e t)  b a s e d  o n  ac tu a l e x p e r im e n t is  s tro n g ly  
o p p o se d  to  th e  v a lid i ty  o f  th e  a s su m p tio n  th a t  th e  fe m a le s  
m a k e  a  c h o ic e  a m o n g  m a le s  b a s e d  o n  th e  p re s e n c e  in  th e  
m a le s  o f  o rn a m e n t o r  a ttra c tiv e  c o lo u rs , p a tte rn , o r  sp ec ia l 
s tru c tu re s . I  m a y  m e n tio n  e sp e c ia lly  th e  s tr ik in g  
e x p e r im e n ts  o f  M a y e r  8 (w h ic h , p u b lis h e d  in  a  sm a ll 
e n to m o lo g ic a l jo u rn a l  o f  l im ite d  c irc u la tio n , h a v e  n o t 
re c e iv e d  th e  a tte n tio n  th a t  th e y  d e se rv e )  o n  th e  la rg e  
B o m b y c in e  m o th , Callosamia pro-methea. T h is  w e ll-  
k n o w n  A m e r ic a n  m o th  e x p a n d s  a b o u t th re e  a n d  o n e -h a lf  
in c h e s  a n d  sh o w s u n u s u a lly  p ro n o u n c e d  s e c o n d a ry  se x u a l 
d if fe re n c e s  as to  c o lo u r  a n d  p a tte rn . T h e  fe m a le s  a re  
r e d d is h -b ro w n  in  g ro u n d  c o lo u r , w h ile  th e  m a le s  a re  
b la c k is h  a n d  in  th e  tw o  se x e s  th e  p a tte rn  is  d is tin c tly  
d iffe re n t. I f  th e re  is  a n y  m o th  sp e c ie s  in  w h ic h  th e  c o lo u rs  
a n d  g e n e ra l p a tte rn  o f  th e  m a le  o u g h t to  b e  re a d ily  
o b v io u s  to  th e  fe m a le , a n d  in  w h ic h  se x u a l s e le c tio n  m ig h t 
b e  p re s u m e d  to  h a v e  b e e n  th e  in f lu e n c e  in  p ro d u c in g  a 
p ro n o u n c e d  m a le  ty p e  o f  p re fe r re d  p a tte rn , i t  is  th is  
sp ec ie s . M a y e r  s s im p le  a n d  c o n v in c in g  e x p e r im e n ts  w e re  
as  fo llo w s : M a y e r  to o k  fo u r  h u n d re d  a n d  fo r ty -n in e  p u p a e  
(in  c o c o o n s )  o f  th e  m o th  Callosamia promethea, w h ic h  
h a d  b e e n  c o lle c te d  in  M a s s a c h u s e tts  a n d  N e w  Je rse y , 
so u th  to  L o g g e rh e a d  K e y  in  th e  D ry  T o r tu g a s  Is la n d s  o f f  
F lo r id a . T h is  is la n d  is  s e p a ra te d  b y  m a n y  m ile s  o f  o c e a n  
f ro m  o th e r  la n d , a n d  is  h u n d re d s  o f  m ile s  so u th  o f  th e  
ra n g e  o f  th e  sp ec ie s . E v id e n tly  n o  in te r fe re n c e  w ith  
M a y e r 's  e x p e r im e n ts  c o u ld  c o m e  f ro m  o u ts id e  in d iv id u a ls  
o f  th is  sp ec ie s . T h e  m o th s  is s u e d  d u r in g  M a y  a n d  J u n e  in
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th e  p ro p o r tio n  o f  a b o u t tw o  m a le s  fo r  e a c h  fe m a le . T h e  
m a le s  o f  th is  sp e c ie s  se e k  o u t th e  fe m a le  fo r  p a ir in g  an d  
c a n  d o  th is  fo r  a  c o n s id e ra b le  d is ta n c e . A s  m a n y  as sev e ra l 
d o z e n  m a le s  w ill f in d  a  s in g le  fe m a le  a n d  h o v e r, 
f lu tte r in g , a b o u t h er. M a y e r 's  f ir s t  e x p e r im e n ts  w e re  
d ire c te d  to  th e  e n d  o f  d e te rm in in g  i f  th e  m a le s  fo u n d  th e  
fe m a le s  b y  s ig h t o r  b y  sm ell. B y  e n c lo s in g  fe m a le s  in  
n u m e ro u s  j a r s  v a r io u s ly  a r ra n g e d  a n d  c o v e re d  o r 
u n c o v e re d , i t  w a s  re a d ily  d e te rm in a b le  th a t  m a le s  n e v e r  
p a y  a n y  a tte n tio n  to  fe m a le s  e n c lo se d  in  tra n s p a re n t  ja r s  
so  c lo se d  as to  p re v e n t  th e  e sc a p e  o f  a n y  o d o u rs  f ro m  th e  
fe m a le , w h ile  to  fe m a le s  e n c lo se d  in  b o x e s  o r  w ra p p e d  in  
c o tto n  so  a s  to  b e  in v is ib le  b u t  y e t  c a p a b le  o f  g iv in g  o d o u r  
o f f  in to  th e  a ir  m a le s  c a m e  p ro m p tly  a n d  h o v e re d  ab o u t. 
T o  lo c a te  th e  o rg a n s  o f  sc e n t in  th e  fe m a le  M a y e r  c u t  o f f  
a b d o m e n s  f ro m  v a r io u s  fe m a le s  a n d  th e n  p la c e d  
a b d o m e n s  a n d  a b d o m e n le s s  fe m a le s  a t so m e  li ttle  d is ta n c e  
ap a rt. M a le s  c a m e  to  th e  a b d o m e n s  a n d  n o t to  th e  th o ra x  
p lu s  w in g s , leg s , a n d  h e a d  p a rts . F e m a le s  w e re  p ro v e d  to  
in c re a s e  in  a ttra c tiv e  p o w e r  w ith  ag e , a n d  v irg in s  a re  a 
little , b u t  o n ly  a  little , m o re  a ttra c tiv e  th a n  a lre a d y  
fe r ti l is e d  fe m a le s . I t  w a s  re a d ily  p ro v e d , b y  e x p e r im e n ts  
w ith  m a le s  w h o se  a n te n n a e  w e re  c o v e re d  w ith  sh e llac , 
p h o to g ra p h ic  p a s te , g lu e , p a ra ff in , e tc ., th a t  th e  se n se  o f  
sm e ll is  se a te d  in  th e  a n te n n a e . M a le s  w ith  a n te n n a e  
c o v e re d  w ith  p h o to g ra p h ic  p a s te  d id  n o t  f in d  fe m a le s , 
w h ile  th e  sa m e  m a le s  w ith  th is  p a s te  d is so lv e d  o f f  
d id .M a y e r  n o w  tr ie d  to  te s t  th e  s e le c tiv e  a c tio n  o f  th e  
fe m a le . T h e  m a le  promethea h a s  b la c k is h  w in g s  w h ile  th e  
fe m a le s  a re  re d d ish -b ro w n . In  a c c o rd a n c e  w ith  th e  th e o ry  
o f  se x u a l se le c tio n , th e  p e c u lia r  c o lo ra tio n  o f  th e  m a le  
sh o u ld  b e  d u e  to  th e  se le c tio n  o f  d a rk -c o lo u re d  m a le s , so 
th a t  u n d e r  th is  in f lu e n c e  th e  m a le s  w o u ld  b e c o m e , in  
s u c c e s s iv e  g e n e ra tio n s , d a rk e r  a n d  d a rk e r  u n til  th e  p re s e n t 
c o lo ra tio n  h a s  b e e n  a tta in e d . M a y e r 's  o w n  a c c o u n t o f  h is
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e x p e r im e n ts  a n d  c o n c lu s io n s  to  te s t  th e  p re fe re n c e s  an d  
se le c tiv e  a c tio n  o f  th e  fe m a le s  is  as fo llo w s:

"In  o rd e r  to  te s t  th is  h y p o th e s is  I  c u t o f f  th e  w in g s  
o f  a  n u m b e r  o f  fe m a le s , le a v in g  o n ly  sh o r t s tu m p s , f ro m  
w h ic h  a ll th e  sc a le s  w e re  c a re fu lly  b ru sh e d . M a le  w in g s  
w e re  th e n  n e a tly  g lu e d  to  th e  s tu m p s , a n d  th u s  th e  fe m a le  
p re s e n te d  th e  a p p e a ra n c e  o f  a  m a le . U n d e r  th e se  
c irc u m s ta n c e s  th e  m a le s  m a te d  w ith  th e  fe m a le  q u ite  as 
re a d ily  a s  th e y  w o u ld  h a v e  d o n e  u n d e r  n o rm a l c o n d itio n s .

"I th e n  tr ie d  th e  e x p e r im e n t o f  g lu in g  fe m a le  w in g s  
u p o n  th e  m a le . H e re  a g a in  th e  m a tin g  s e e m e d  to  o c c u r  
w ith  n o rm a l f re q u e n c y , a n d  I  w a s  u n a b le  to  d e te c t th a t  th e  
fe m a le s  d isp la y e d  a n y  u n u su a l a v e rs io n  to w a rd  th e ir  
e f fe m in a te - lo o k in g  co n so rts .

"It is  a lso  in te re s t in g  to  n o te  th a t  n o rm a l m a le s  p a y  
n o  a tte n tio n  to  m a le s  w ith  fe m a le  w in g s .

"In  a n o th e r  se r ie s  o f  e x p e r im e n ts  th e  w in g s  w e re  
c u t e n tire ly  o f f  o f  m a le s  a n d  fe m a le s  a n d  th e  sc a le s  
b ru s h e d  o f f  th e ir  b o d ie s ;  a n d  y e t  th e s e  sh a b b y  m a le s  w e re  
re a d ily  a c c e p te d  b y  n o rm a l fe m a le s , n o r  c o u ld  I  see  th a t  
n o rm a l m a le s  d isp la y e d  a n y  a v e rs io n  to  m a tin g  w ith  
w in g le s s  fe m a le s .

"W e  a re  th e re fo re  fo rc e d  to  c o n c lu d e  th a t  th e  
m e la n ic  c o lo ra tio n  o f  th e  m a le  h a s  n o t  b e e n  b ro u g h t a b o u t 
th ro u g h  th e  a g e n c y  o f  s e x u a l s e le c tio n  o n  th e  p a r t  o f  th e  
fe m a le ."

M o re  re c e n tly  M a y e r  (a n d  S o u le )  9 re p e a te d  th e s e  
e x p e r im e n ts  o n  a  m o re  e x te n s iv e  sc a le  a n d  w ith  so m e  
v a r ia tio n s  in  c h a ra c te r . F if te e n  h u n d re d  c o c o o n s  o f  
P ro m e th e a  w e re  c o lle c te d  in  th e  w in te r  o f  1 9 0 1 -0 2  an d  
h u n g  in  t re e s  so  th a t  th e  is su in g  m o th s  m ig h t f ly  a b o u t 
u n c o n f in e d . "A b o u t s ix  h u n d re d  m a le s  e m e rg e d  f ro m  th e  
c o c o o n s  a n d  th e  w in g s  o f  a b o u t o n e -h a lf  o f  th e m  w e re  
p a in te d  w ith  sc a r le t o r  g re e n  in k , w h ile  th e  o th e rs  w e re  
a llo w e d  to  re m a in  n o rm a l in  c o lo u r. I t  w a s  e v id e n t th a t  th e
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m a le s  w h o se  w in g s  w e re  sc a r le t a n d  g re e n  su c c e e d e d  fu lly  
as  w e ll in  th e ir  a tte m p ts  to  m a te  as d id  th e  n o rm a l m a le s ."

E x p e r im e n ts  w e re  a lso  tr ie d  w ith  th e  m o th  
Porthetria dispar, in  w h ic h  th e  m a le  is  b ro w n  a n d  th e  
fe m a le  w h ite . T h e  e x p e r im e n ts  sh o w e d  th a t  m a le s  w ith  
w in g s  p a in te d  sc a r le t o r  g re e n  w e re  a c c e p te d  as r e a d ily  as 
n o rm a l m a le s , b u t  th a t  m a le s  w ith  th e  w in g s  c u t o f f  w e re  
m o re  a p t to  m e e t w ith  re s is ta n c e  f ro m  th e  fe m a le s  th a n  
p e r fe c t  m a le s  w e re . F ro m  th e s e  e x p e r im e n ts  M a y e r  an d  
S o u le  c o n c lu d e  th a t  th e  m a tin g  in s t in c t  in  th e  m a le s  o f  C. 
promethea a n d  P. dispar is  a  p h e n o m e n o n  o f  c h e m o ta x is . 
S e x u a l s e le c tio n  o n  th e  g ro u n d  o f  c o lo u r  a lo n e  d o e s  n o t 
a f fe c t it, a n d  th e re  is  n o  a s so c ia tiv e  m e m o ry  c o n n e c te d  
w ith  it.

T o  th e s e  e x p e r im e n ts  m a y  b e  a d d e d  th e  
o b se rv a tio n s  o f  D o u g la s s ,10 w h o  fo u n d  th a t  fe m a le s  o f  th e  
w a ll- l iz a rd , Lacerta muralis, sh o w e d  n o  p re fe re n c e  
w h a te v e r  a m o n g  th e  v a r ia b le  p a tte rn s  e x h ib ite d  b y  m a le s  
in  b re e d in g -c o a t. D u r ig e n  11 o b s e rv e d  th a t  m a le  liz a rd s  
w ith o u t ta ils  a re  a c c e p te d  re a d ily  b y  fe m a le s .

F in a lly , a lso , o f  th e  n a tu re  o f  o b je c tio n s  to  th e  
se x u a l s e le c tio n  th e o ry  a re  th e  re p la c in g  o r  su b s tu tio n a ry  
e x p la n a tio n s  o f  s e c o n d a ry  se x u a l c h a ra c te rs  w h ic h  v a r io u s  
b io lo g is ts  h a v e  o ffe re d . T h e se  e x p la n a tio n s  w ill b e  
p re s e n te d  in  so m e  d e ta il in  c h a p te r  X I, w h ic h  is  d e v o te d  to  
an  e x p o s itio n  o f  th e  v a r io u s  a lte rn a tiv e  th e o r ie s  p ro p o se d  
to  re p la c e  o r  p a r tia lly  to  re p la c e  th e  D a rw in ia n  th e o rie s . It 
m u s t b e  su ff ic ie n t to  say  h e re  th a t  th e  th e o r ie s  p ro p o s e d  to  
a c c o u n t fo r  s e c o n d a ry  se x u a l c h a ra c te rs  m o s tly  re s t  o n  o n e  
o r  b o th  o f  tw o  p r in c ip a l b a s ic  a s s u m p tio n s ; f irs t, th a t  th e  
se c o n d a ry  se x u a l c h a ra c te rs  a re  p ro d u c e d  as th e  re s u lt  o f  
th e  im m e d ia te  s tim u lu s  (n a tu ra lly  d if fe re n t)  o f  th e  
se x u a lly  d if fe r in g  p r im a ry  re p ro d u c tiv e  o rg a n s , th is  
s tim u lu s  b e in g  u s u a lly  c o n s id e re d  to  re s u lt  f ro m  an  
in te rn a l s e c re tio n  o f  th e  g e n ita l o rg a n s  a c tin g  o n  c e r ta in  
t is s u e s  o f  th e  o rg a n is m ; an d , sec o n d , th a t  th e  m a le s  in
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m o s t sp e c ie s  p o s s e s s  an  e x c e s s  o f  e n e rg y  w h ic h  m a n ife s ts  
i t s e l f  in  e x tra -g ro w th s , e x tra -d e v e lo p m e n t o f  p ig m e n t, 
p lu m a g e , e tc ., a n d  th a t  d isp la y s  b y  th e  m a le s  o f  sp ec ia l 
m o v e m e n ts , so u n d -m a k in g , e tc ., a re  d ire c t e ffe c ts  o r  
m a n ife s ta tio n s  o f  se x u a l e x c ita tio n . T o  th e s e  e x p la n a tio n s  
sh o u ld  b e  a d d e d  th e  ra th e r  fa r - fe tc h e d  o n e  o f  E m e ry , w h o  
b e lie v e s  th a t  m a n y  c a se s  o f  s e c o n d a ry  se x u a l d if fe re n c e s  
a re  e x p la in e d  b y  th e  su d d e n  a p p e a ra n c e  (m u ta tio n )  o f  
a n o th e r  fo rm  o f  m a le  o r  fe m a le , th e  p e rs is te n c e  fo r  a  w h ile  
o f  th e  tw o  fo rm s  s id e  b y  s ide , as n o w  e x is ts  in  n u m e ro u s  
d im o rp h ic  sp e c ie s  (e s p e c ia lly  a m o n g  in se c ts ) , a n d  th e n  th e  
g ra d u a l d y in g  o u t (k ill in g  o u t b y  n a tu ra l se le c tio n )  o f  o n e  
o f  th e  tw o  o ld  o r ig in a l fo rm s  (th e  o n e  l ik e  th e  o th e r  sex ),
th u s  le a v in g  th e  o th e r, o r  a b e r ra n t  fo rm . T h e  id e a s  o f

12C u n n in g h a m , w h o  d o e s  n o t  b e lie v e  th a t  a n y  se le c tio n  o f  
fo r tu ito u s  v a r ia tio n  c a n  a c c o u n t fo r  s e c o n d a ry  sex u a l 
c h a ra c te rs , m a y  a lso  b e  re fe r re d  to . In  a  b o o k  o f  o v e r  th re e  
h u n d re d  p a g e s  th is  a u th o r  l is ts  a n d  d e sc r ib e s  —  a c c o rd in g  
to  p r in c ip a l a n im a l g ro u p s  —  a  h o s t o f  se c o n d a ry  se x u a l 
c h a ra c te rs , a n d  p ro p o se s  a  th e o ry  to  a c c o u n t fo r  th em . 
"T h e  d ire c t e ffe c ts ,"  w r ite s  C u n n in g h a m , " o f  re g u la r ly  
re c u r re n t  s tim u la tio n s  a re  so o n e r  o r  la te r  d e v e lo p e d  b y  
h e re d ity , b u t  o n ly  in  a s s o c ia tio n  w ith  th e  p h y s io lo g ic a l 
c o n d itio n s  u n d e r  w h ic h  th e y  w e re  o r ig in a lly  p ro d u c e d . 
T h is  is  th e  e x p la n a tio n  o f  th e  l im ita tio n s  o f  p a r tic u la r  
m o d if ic a tio n s  n o t  m e re ly  to  p a r t ic u la r  sp e c ie s  o r  k in sh ip s , 
b u t  to  p a r tic u la r  p e r io d s  in  th e  life  o f  th e  in d iv id u a l, to  a 
p a r tic u la r  sex  a n d  e v e n  to  a  p a r t ic u la r  se a so n  o f  th e  y e a r  in  
th a t  sex ."  T h e  a u th o r  b e lie v e s  th a t  an  e x a m in a tio n  o f  
se c o n d a ry  se x u a l c h a ra c te rs  sh o w s th a t  th e y  d e v e lo p  a t 
p la c e s  a n d  in  p a r ts  w h ic h  a re  a t th e  t im e  o f  sex u a l 
e x c ite m e n t u n u s u a lly  d ire c tly  s tim u la te d  b y  e x e r tio n  o r  
c o n ta c t o r  u se . T h e se  s e c o n d a ry  se x u a l c h a ra c te rs  a re  "in  
m a n y  c a se s  n o t  m e re ly  l im ite d  to  th e  p e r io d  o f  m a tu re  life  
b u t  a c tu a lly  to  th a t  p a r t  o f  th e  y e a r  in  w h ic h  th e
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re p ro d u c tiv e  o rg a n s  a re  ac tiv e , th a t  is  to  th e  b re e d in g  
sea so n ."

In  c lo s in g  th is  c h a p te r  g iv e n  u p  to  o b je c tio n s  to  th e  
D a rw in ia n  th e o r ie s  o f  n a tu ra l a n d  se x u a l se le c tio n ,

13a tte n tio n  m a y  b e  c a lle d  to  W o lff ’s o b je c tio n  to  n a tu ra l
s e le c tio n  b a s e d  u p o n  th e  d e p e n d e n c e  o f  th e  n a tu ra l 
s e le c tio n  th e o ry  o n  th e  se x u a l se le c tio n  th e o ry  fo r  
e x p la n a tio n  o f  th e  e x is te n c e  o f  o rn a m e n ta l c h a ra c te rs , an d  
o f  a ll th e s e  s e c o n d a ry  se x u a l c h a ra c te rs , w h ic h  a re  u s e le s s  
o r  e v e n  a p p a re n tly  d is a d v a n ta g e o u s  in  th e  l i fe -a n d -d e a th  
in te rsp e c if ic  s tru g g le  fo r  sp a c e  a n d  fo o d . A s  W o lf f  lo o k s  
o n  th e  se x u a l se le c tio n  th e o ry  as w h o lly  d is c re d ite d , h e  
f in d s  th is  n e c e s s a ry  d e p e n d e n c e  o n  i t  b y  b e lie v e rs  in  
n a tu ra l se le c tio n  fo r  th e  e x p la n a tio n  o f  th o s e  c h a ra c te rs  
ju s t  m e n tio n e d  s tro n g  e v id e n c e  fo r  th e  w e a k n e s s  o f  th e  
n a tu ra l se le c tio n  th e o ry .
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W e ib e s  n a c h  A u fh o re n  d e r  M e n s tru a tio n , V e r lu s t  d e r  
F lu g e l n a c h  d e r  B e g a ttu n g  b e i In se k te n . e tc .;, b ie te n  d e r 
S e le k tio n  d ie  g ro s s te n  S c h w ie r ig k e tte n , d e n n  w e n n  h ie r  
d ie  R ü c k b ild u n g  e in e n  V o r te il b o te , w e lc h e r  d ie  A u sw a h l 
d e r  In d iv id u e n , b e i w e lc h e n  d ie se  R u c k h ild n g  a u ftra t, 
h e rb e ifu h r te , so  k o n n te  d ie s e r  S e le k tio n sp ro z e s s  d o c h  e rs t 
n a c h  d e r  F o r tp f la n z u n g s -z e it  e in tre te n , a u f  d ie  
n a c lifo lg e n d e n  G e s c h le c h te r  d a h e r  v o n  k e in e m  E in f lu s s e  
m e h r  se in .

"D e r u n b e s tre it l ia re  Z u sa m m e n h a n g , w e le h e r  
z w is c h e n  d e r  G e s c h le c h ts th a tig k e i t  u n d  d e n  se k u n d a re n  
G e s c h le c h ts m e rk m a le n  b e s te h t, is t  n u n  a b e r  n ic h t  e tw a  
d u rc h  d as  W o r t  K o rre la t io n  e rk la rt. E s  is t  n a tü r l ic h  
r ic h tig . d a ss  e in e  A n d e ru n g  irg e n d  e in e  a n d e re  im  G e fo lg e  
h a b e n  k a n n , d a ss  e s  a ise  k o rre la tiv e  A b a n d e - ru n g e n  g ieb t, 
a b e r  is t  d e n n  d a m tt v ie le c h t  e rk la rt, d a ss  e in e  b e s tim m te  
z w e c k m a s s ig e  A b a n d e ru n g  n u n  a u c h  e in e  a n d e re  fu rd e n  
je w e i l ig  v o r l ie g e n d e n  g a n z  sp e z ie lle n  F a ll n u tz lic h e  
A b a n d e - ru n g  b e d in g t?  K o rre la tiv e  A b a n d e ru n g e n  
b e z ie h e n  s ic h  j a  in  d e n  m e is te n  F a lle n , w o  w ir  v o n  
so lc h e n  sp re c h e n , a u f  g a n z  b e s t im m te  V e rh a ltn is s e  d e r  
A u sse n w e lt. S ich  z u r  E rk la ru n g  so lc h e r  E rs c h e in -u n g e n  
m it  d e r  K o n s ta t ie ru n g  e in e s  G e se tz e s  d e r  K o rre la t io n  
z u f r ie d e n  g e b e n , h e is s t  e in fa c h  e in e  p ra e s ta b ilie r te  
H a rm o n ie  z w is c h e n  d e r  E n tw ic k lu n g  d e r  O rg a n ism e n  u n d  
d e n  V e rh a ltn is s e n  d e r  A u s s e n w e lt  a n n e h m e n . D as 
R a ts e lh a f te  is t  j a  z u n a c h s t  n ic h t  d e r  U m s ta n d , d a ss  es 
u b e rh a u p t  K o rre la t io n s e rs c h e in u n g e n  g le b t  (w e n n g le ic h  
w ir  n a tu r lic h  a u c h  h ie r fu r  e b e n so w e n ig , w ie  fu r  irg e n d  
e in e  a n d e re  L e b e n s e rs c h e in u n g  e in e  E rk la ru n g  h a b e n ), 
so n d e rn  d e r  U m s ta n d , d a ss  e in e  E ig e n tu m lic h k e it  e in e  
a n d e re  k o r re la t iv  im  G e fo lg e  h a t, d ie  e b e n  g e ra d e  fu r  
b e s o n d e re  a u s se re  Z w e c k e  v o r te i lh a f t  is t. H ie r  k a n n  d ie
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S e le k tio n s th e o r ie  n ic h ts  a u s r ic h te n , d e n n  d e r 
S e le k tio n sp ro z e s s  h a t d o c h  k e in e n  E in - f lu s s  a u f  d ie  
V a r iie ru n g sg e se tz e , z u  w e lc h e n  d ie  K o rre la tio n s g e -s e tz e  
g e h o re n ; d ie se  m u s s e n  v ie lm e h r  v o ra u s g e s e tz t  w e rd e n .

"E s g ie b t u b r ig e n s  T h a tsa c h e n , d ie  m ir  d a ra u f  
h in z u d e u te n  sc h e i-n e n , d a ss  d ie  k o r re la t iv e n  B e z ie h u n g e n  
n o c h  v ie l v e rw ic k e lte r  s in d , u n d  d a ss  k o rre la tiv e  
B e z ie h u n g e n  g a r  n ic h t  im m e r  a u f  d ie  E n t- s te h u n g  
k o r re la t iv e r  A b a n d e ru n g e n  z u ru c k z u f t ih re n  sin d , so n d e rn  
d ass , w a s  j a  n o c h  v ie l  ra ts e lh a f te r  is t, e in e  K o rre la t io n  e rs t 
s e k u n d a r  e rw o rb e n  w e rd e n  k a n n , w ie  fo lg e n d e s  B e isp ie l 
z e ig e n  d u rite .

"V o n  d e n  d re i v e rs c h ie d e n e n  In d iv id u e n  d es  
B ie n e n s ta a te s  h a t n u r  d ie  A rb e its b ie n e  an  d e r  In n e n f la c h e  
d e s  T a rsu s  r e g e lm a s s ig e  B o rs te n re ih e n , so g e n a n n te  
B iirs tc h e n . D a  d ie  A rb e its te ilu n g  im m e r  e in e  h o h e re  
D if fe re n z ie ru n g  is t, so  k a n n  es k e in e m  Z w e ife l  u n te r ­
lie g e n , d a ss  u rs p ru n g lic h  b e i a lie n  F o rm e n  d ie  B e in e  
g le ic h  w a re n . K a u m  z u  e n ts c h e id e n  d iir f te  w o h l d ie  F ra g e  
se in , ob  u r s p rü n g lic h  s ic h  d ie  B iir s tc h e n  so w o h l b e i 
m a n n lic h e n  a ls  a u c h  b e i w e ib lic h e n  In d iv id u e n  
d if fe re n z ie r te n , so d a ss  d a s  F e h le n  d e rse lb e n  b e i d en  
D ro h n e n  a ls  R u c k b ild u n g  b e tra c h te t  w e rd e n  m u ss te , o d e r  
ob  d ie  B u rs tc h e n  g le ic h  v o n  v o rn h e re in  a ls  s e k u n d a re s  
G e sc h le c h tsm e rk m a l d e r  W e ib c h e n  a u ftra te n . Im  e rs te rn  
F a ll w a re  a lso  d ie  B ild u n g  p n m a r  in  k e in e r le i  K o rre la tio n  
z u m  G e s c h le c h ts a p p a ra te  g e s ta n d e n , d ie se  m u ss te  
v ie lm e h r  e rs t  sp a te r  e rw o rb e n  w o rd e n  se in . Im  z w e ite n  
F a ll w a re n  d ie  B u rs tc h e n  a ls  z u m  G e s c h le c h ts a p p a ra te  
k o rre la tiv e  B ild u n g e n  e n ts ta n d e n , a b e r  in  b e id e n  F a lle n  
m u s s te  e in e  A n d e ru n g  d es  K o rre la t io n s v e rh a ltn is s e s  
e in g e tre te n  se in , d ie  K o rre la t io n  m u s s te  n a m lic h  e in e  
re z ip ro k e  w e rd e n : d ie  E n ts te h u n g  v o n  B u rs tc h e n  is t  z w a r  
an  d as  w e ib lic h e  G e s c h le c h t g e k n u p ft. je d o c h  in  d e r  
W e ise , d a ss  d ie  B iir s tc h e n  n u r  a u f tre te n , w e n n  d ie  
G e s c h le c h ts o rg a n e  n ic h t  z u r  A u s b ild u n g  k o m m e n ."
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CHAPTER V. DARWINISM DEFENDED.

IN ta k in g  u p  th e  d e fe n c e  o f  D a rw in is m  i t  sh o u ld  b e  
n o te d  in  th e  f ir s t  p la c e  th a t  th e  a n ti-D a rw in ia n s  a re  
w ith o u t th e  w a lls ; th a t  th e ir s  is  th e  b u rd e n  o f  a tta ck ; th a t  
a g a in s t th e m  is  th e  p re s u m p tio n  o f  r ig h t. T h e  D a rw in ia n s  
a re  in  th e  c a s tle , th e ir s  s im p ly  th e  n e c e s s ity  o f  
w ith s ta n d in g  o r  re p e llin g  re a lly  s ig n if ic a n t a n d  tru ly  
th re a te n in g  a ttack ; th e irs  th e  s tre n g th  o f  p o s s e s s io n  an d  
th e  p re s u m p tio n  o f  tru th . M u c h  a n ti-D a rw in ism  is  fu ti le  
a n d  e a s ily  a n sw e re d ; m u c h  w a s  a n sw e re d  b y  D a rw in  
h im s e lf  b e fo re  e v e r  th e  a n ti-D a rw in ia n s  fo rm u la te d  it; 
m u c h  o th e r  a n ti-D a rw in ism  is  d ire c te d  a g a in s t a  p o s it io n  
w h ic h  D a rw in ism , tru e  D a rw in is m , h a s  lo n g  seen  th e  
in a d v isa b ili ty , in d e e d  th e  im p o ss ib il i ty , o f  h o ld in g . W ith  
c e r ta in  c o n c e s s io n s  m a d e , w h a t  u s e  o f  fu r th e r  s tru g g le  
o v e r  th e m  ? T h u s  b y  a n s w e r in g  b r ie f ly  th e  in s ig n if ic a n t 
a n d  u n d a m a g in g  p a r t  o f  a n ti-D a rw in ia n  a tta c k , o r  b y  
re fe r r in g  to  D a rw in 's  o w n  a n sw e rs  o f  th is , a n d  b y  
in d ic a tin g  c le a r ly  a n d  d e f in ite ly  th e  c o n c e s s io n s  th a t  
D a rw in ism  is  re a d y  to  m a k e , h a s  m a d e , in d e e d  —  th e s e  
h u m ilia t in g  c o n c e s s io n s , i f  h u m ilia t io n  is  in  th e m , o n ly  
b e in g  m a d e  n e c e s s a ry  b e c a u s e  o f  th e  ill ju d g m e n t  a n d  ra sh  
e n th u s ia sm  o f  c e r ta in  to o  a rd e n t a n d  to o  c o n sp ic u o u s  
f r ie n d s  o f  D a rw in ism , th e  so -c a lle d  n e o -D a rw in ia n s  —  
w ith  th is  s a lu ta ry  re s tr ic tio n  o f  d if fu se n e s s  in  a c c o u n t, 
"D a rw in ism  D e fe n d e d "  m a y  b e  c o n f in e d  to  fe w e r  p a g e s  
th a n  h a v e  b e e n  d e v o te d  to  "D a rw in ism  A tta c k e d "  w ith o u t 
su g g e s tin g  b y  th is  b re v ity  a n y  n e c e s s a ry  w e a k n e s s  in  th e  
D a rw in ia n  p o s itio n .

L e t  u s  g iv e  o u r  f irs t  a tte n tio n  to  th e  D a rw in ia n  
c o n c e s s io n s— th o s e  c o n c e s s io n s  w h ic h  th e  b io lo g ic a l 
w o r ld  h a s  p ra c tic a lly  a g re e d  h a v e  b e e n  m a d e  n e c e s s a ry  b y  
th e  s te a d y  c r itic ism  o f  th e  e x a g g e ra tio n  a n d  m a g n if ic a tio n ,
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a lm o s t w h o lly  p o s t-D a rw in ia n  in  a p p e a ra n c e , o f  th e  
D a rw in ia n  fa c to rs  in  e v o lu tio n . I t  is  s tra n g e , b u t  w h o lly  
tru e , th a t  th e  m o d e rn  re a c t io n  a n d  re v o lt  a g a in s t 
D a rw in ism  is  c h ie f ly  d u e  to  th e  a c tiv ity  a n d  a ttitu d e  ta k e n  
b y  c e r ta in  o f  its  o v e r -a rd e n t  f r ie n d s . W e ism a n n , b y  
d e n y in g  v a lid i ty  to  a n y  o th e r  e v o lu tio n a ry  fa c to r  th a n  th e  
n a tu ra l se le c tio n  o f  p u re ly  c o n g e n ita l v a r ia tio n s , a n d  b y  
th e  d e v e lo p m e n t to  an  i llo g ic a l a n d  u n te n a b le  e x tre m e  o f  
h is  th e o ry  o f  th e  in d e p e n d e n c e  a n d  c o n tin u ity  o f  th e  g e rm - 
p la sm , p re c ip ita te d  th e  r e v o lt  a n d  fu rn is h e d  th e  e n e m y  
w ith  th e  v e ry  w e a p o n s  n e e d e d  to  o v e rc o m e  n e o -  
D a rw in ism . T h e  e v o lu tio n  c h a m p io n  H a e c k e l, a lth o u g h  
n o t  a t  a ll a  W e is m a n n ia n  D a rw in ia n , h a s  a lso  b y  h is  
d a r in g  a n d  re c k le s s  sp e c u la tiv e  d e v e lo p m e n t o f  c e r ta in  
p h a se s  o f  e v o lu tio n a ry  th o u g h t, e sp e c ia lly  in  its  re la tio n  to  
so c io lo g y  a n d  re lig io u s  p h ilo so p h y , a n d  b y  h is  o b s tin a te  
a d h e re n c e  to , a n d  re ite ra tio n  of, c e r ta in  lo n g  d isc re d ite d  
m o re  s tr ic tly  b io lo g ic a l d o g m a s  o f  e v o lu tio n a ry  sc ien ce , 
c o n tr ib u te d  to  p ro d u c e  an  ir r i ta tio n  a n d  a n ta g o n is tic  
a c tiv ity  a m o n g  b io lo g is ts , e sp e c ia lly  in  G e rm a n y , w h ic h  
h a s  h e lp e d  m a k e  m a n y  f r ie n d s  fo r  th e  a n ti-D a rw in ia n  
p a rty . "Der Haeckehsmus in der Zoologie," 1 as S e m p e r  
o r ig in a lly  p h ra se d  it, is  th e  o b je c t o f  a  c u r io u s ly  b i t te r  an d  
o f te n -e x p re s s e d  c o n te m p t in  G e rm a n  b io lo g ic a l c irc le s . I 
fa n c y  th a t  th is  fe e lin g  re a lly  d e p e n d s  n o t  so  m u c h  o n  
H a e c k e l 's  a ttitu d e  a n d  sp e c u la tiv e  w r itin g  in  z o o lo g y  a s  in  
h is  u n p a rd o n a b le  in tru s io n  in to  p o lit ic s  a n d  re lig io n ; th e  
S o c ia l-D e m o c ra ts  a n d  th e  F re e -T h in k e rs  h a v e  fo u n d  a 
h e lp fu l a n d  w il l in g  s c ie n tif ic  c h a m p io n  in  H a e c k e l. A n d  
th is  is  s in  su p e r la tiv e  in  r ig o ro u s  m in d s! A s  a  m a tte r  o f  
fac t, h o w e v e r , b io lo g is ts  g e n e ra lly  a re  a g re e d  th a t  
H a e c k e l 's  d a r in g  s p e c u la tio n s  a n d  re c k le s s  p ro g re s s  in  
a d v a n c e  o f  p o s it io n s  g ro u n d e d  o n  o b s e rv e d  fa c t  h a v e  
b e e n , in  a  w ay , a lw a y s  re p re h e n s ib le  a n d  d a n g e ro u s  to  th e  
fa ir  fa m e  o f  b io lo g ic a l sc ien ce . B u t, to  m y  m in d , 
b io lo g is ts  m a y  a lso  fa ir ly  a g re e  th a t  th is  v e ry  a c tiv ity  an d
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s p e c u la tiv e  d a r in g  o f  H a e c k e l h a v e  in s p ire d  m u c h  g e n u in e  
b io lo g ic a l in v e s tig a tio n  ( fo r  th e  sa k e  o f  d e n y in g  o r  
c o n f irm in g  h is  sp e c u la tio n s )  a n d  h a v e  le d  to  a  sa lu ta ry  
re a c tio n a ry  c ritic a l a tt i tu d e  to w a rd  o th e r  b io lo g ic a l 
sp e c u la tio n s  a n d  h y p o th e se s . I t  is  a  ra re  ism in  an y  
sc ie n c e  o r  p h ilo s o p h y  th a t  y ie ld s  n o th in g  g o o d .

W e is m a n n is m  is  w h o lly  d if fe re n t  f ro m  
H a e c k e lism . I t h a s  o n ly  in  c o m m o n  w ith  i t  th a t  i t  is , in  
p a rt, a lso  d a r in g ly  sp e c u la tiv e . B u t  th e  sp e c u la tio n s  
p r im a r ily  in te re s t  n e ith e r  F re e -T h in k e rs  n o r  S o c ia l-  
D e m o c ra ts . T h e y  h a v e  to  d o  w ith  th e  u l tim a te  s tru c tu re  
a n d  b e h a v io u r  o f  p ro to p la sm , e sp e c ia lly  g e rm in a l 
p ro to p la sm , a n d  w ith  th e  in tim a te  p ro c e s s e s  o f  h e re d ity  
a n d  v a r ia tio n .

W e is m a n n  f ir s t  a tte m p te d  to  f re e  D a rw in 's  g e n e ra l 
th e o ry  o f  m o d if ic a tio n  a n d  s p e c ie s - fo rm in g  f ro m  all ta in t  
o f  L a m a rc k ism ; an  a tte m p t w h ic h  re s u lte d  in  h is  
a p p a re n tly  su c c e ss fu l o v e r th ro w a l o f  th e  c o m m o n ly  
a c c e p te d  th e o ry  o f  th e  in h e r ita n c e  o f  a c q u ire d  c h a ra c te rs , 
a  th e o ry  o r  a s su m p tio n  w h ic h  is  a  fu n d a m e n ta l an d  
in d is p e n s a b le  p a r t  o f  th e  g e n e ra l L a m a rc k - ia n  th e o ry . 
(L a m a rc k ism  a n d  th e  in h e r ita n c e  o f  a c q u ire d  c h a ra c te rs  
a re  e x p la in e d  a n d  b r ie f ly  d is c u s se d  in  c h a p te r  X  o f  th is  
b o o k .)  O n  th e  s tre n g th  o f  th is  su c c e ss  W e is m a n n  p ro p o se d  
th e  d o c tr in e  o f  th e  Allmacht o f  n a tu ra l se le c tio n ; th a t  is, 
th a t  n a tu ra l s e le c tio n  a lo n e  is  c a p a b le  o f  e x p la in in g  a ll th e  
p h e n o m e n a  a n d  fa c ts  o f  s p e c ie s - fo rm in g  a n d  d e sc e n t. A t 
th e  sa m e  tim e  h e  d e v e lo p e d  a n d  a n n o u n c e d  th e  th e o ry  o f  
th e  c o n tin u ity  o f  th e  g e rm -p la sm , w h ic h , in  a  w o rd , is  th e  
th e o ry  o f  an  a b so lu te  se p a ra tio n  o f  th e  g e rm -p la s m  fro m  
th e  so m a -p la sm  a n d  c o n se q u e n tly  th e  th o ro u g h  
in d e p e n d e n c e  o f  th is  g e rm -p la sm  fro m  all in f lu e n c e  an d  
c o n tro l o f  th e  so m a -p la sm , i. e , a ll th a t  p a r t  o f  th e  b o d y  
o th e r  th a n  th e  g e rm  ce lls . T h is  c a rr ie d  w ith  i t  th e  
a s s u m p tio n  th a t  a ll th e  p h e n o m e n a  o f  h e re d ity  an d  
v a r ia t io n  d e p e n d e d  so le ly  o n  th e  g e rm -p la sm  a n d  th a t  th e
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g e rm -p la s m  o f  a n y  in d iv id u a l is  d e r iv e d , u n m o d if ie d  b y  
an y  so m a tic  in f lu e n c e s , d ire c tly  f ro m  th e  g e rm -p la s m  o f  
its  a n c e s to rs . T h is  a s s u m p tio n  in  tu rn  le d  to  th e  lo g ic a l b u t  
s ta r tl in g  c o n c lu s io n  th a t  a ll th e  c a p a c ity  o r  p o s s ib il i ty  o f  
v a r ia t io n  fo r  a ll t im e  w a s  p re s e n t  in  th a t  p r im itiv e  
a n c e s tra l g e rm -p la s m  fro m  w h ic h  th e  g e rm -p la s m  o f  all 
m a n y -c e lle d  a n im a ls  h a s  b e e n  d e riv e d . B u t  su ch  a  n e a r ly  
in f in ite  c a p a c ity  fo r  fu rn is h in g  v a r ia t io n s  d e m a n d e d  th e  
p o s tu la tio n  o f  an  e q u a lly  n e a r ly  in f in ite  c a p a c ity  fo r  ac tu a l 
p h y s ic a l o r  s tru c tu ra l c o m p le x ity  o n  th e  p a r t  o f  th e  g e rm - 
p la sm  itse lf , fo r  b io lo g is ts  in s is t  o n  a  p h y s ic a l m e c h a n ism  
fo r  a ll th e  p h y s io lo g ic a l p h e n o m e n a  th e y  f in d  in  life . So 
W e is -m a n n  a s su m e d  an  in te re s t in g  b u t  in v is ib le  an d  
a p p a re n tly  n o n - te s ta b le  c o m p o s itio n  o f  g e rm -p la s m  o u t o f  
l ife -u n its , c a lle d  b io p h o rs , g ro u p e d  in to  p a r tic le s  o f  a 
s e c o n d  o rd e r  c a lle d  d e te rm in a n ts . T h e  b io p h o rs  a re  ta k e n  
to  b e  m u c h  la rg e r  a n d  m o re  c o m p le x  u n its  th a n  c h e m ic a l 
a to m s, o r  e v e n  th a n  m o le c u le s . T h e y  a re  g ro u p s  o f  sev e ra l 
to  m a n y  m o le c u le s , e a c h  b io p h o r , h o w e v e r , s till u ltra -  
m ic ro sc o p ic , a n d  re p re s e n tin g  a  s in g le  c h a ra c te r is tic  o f  
c e ll- life . E a c h  b io p h o r  is  a s su m e d  to  p o s se s s  th e  e s se n tia l 
a ttr ib u te s  o f  l iv in g  su b s ta n c e , v iz ., th e  c a p a c ity  to  
a s s im ila te  fo o d , to  g ro w , a n d  to  r e p ro d u c e  itse lf . T h e  
g ro u p s  o f  b io p h o rs  c a lle d  d e te rm in a n ts  a re  la rg e r , o f  
c o u rse , b u t  y e t  in v is ib le  to  o u r  b e s t  m ic ro sc o p e s , a n d  ea c h  
re p re se n ts  a ll th e  c h a ra c te r is tic s  w h ic h  a  ce ll o f  an y  
p a r t ic u la r  s in g le  k in d  h as. T h u s  o n e  k in d  o f  d e te rm in a n t 
re p re se n ts  a ll th e  a ttr ib u te s  o f  th e  re d  b lo o d  c o rp u sc le s , 
a n o th e r  o f  th e  n e rv e -g a n g lio n  ce lls , a n o th e r  o f  a  c e r ta in  
ty p e  o f  e p ith e lia l c e lls , a n d  so  on . E a c h  d e te rm in a n t h a s  
a lso  th e  p o w e r  o f  a s s im ila tin g  fo o d , g ro w in g  an d  
re p ro d u c in g  i t s e l f  b y  d iv is io n . N o w  th e  p o s s ib ili ty  o f  
r e p re s e n tin g  in  th e  g e rm -p la s m  th e  n e a r ly  in f in ite  c a p a c ity  
to  v a ry  c h a ra c te r is tic  o f  th is  p la sm  h a s  fo r  its  p h y s ic a l o r  
m e c h a n ic a l b a s is  th e  m in u te  s iz e  o f  th e  b io p h o rs  an d  
d e te rm in a n ts  c o u p le d  w ith  th e  in c o n c e iv a b ly  m a n y
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c o m b in a tio n s  o f  d if fe re n t k in d s  o f  b io p h o rs  p o s s ib le  in  th e  
m a k e -u p  o f  th e  d e te rm in a n ts  w h ic h  a re , as a lre a d y  sa id , 
th e  ac tu a l s tru c tu ra l r e p re s e n ta tiv e s  of. o r  b e tte r , 
c o n tro lle rs  o r  p ro d u c e rs  o f, th e  v a r io u s  k in d s  o f  b o d y  
tis s u e  a n d  o rg an s .

T h e se  th re e  g e n e ra l a s su m p tio n s  o f  W e is m a n n ,3 
n a m e ly , (I) th e  c o m p o s itio n  o f  g e rm -p la sm  p u t o f  u lt im a te  
l ife -u n its  c a lle d  b io p h o rs  (g ro u p e d  in to  d e te rm in a n ts )  
w h ic h  d e te rm in e  a ll th e  p h y s ic a l c h a ra c te r is tic s  o f  th e  
in d iv id u a ls  in to  w h ic h  th e  g e rm -p la s m  d e v e lo p s ; (2 )  th e  
is o la tio n  (fro m  th e  so m a ) a n d  th e  c o n tin u ity  ( fro m  
g e n e ra tio n  to  g e n e ra tio n , f ro m  b e g in n in g  to  e n d ) o f  th e  
g e rm -p la sm ; a n d  (3 ) th e  Allmacht o f  n a tu ra l se le c tio n , 
w h ic h  in v o lv e s  th e  d is c a rd in g  o f  a ll o th e r  fa c to rs  o f  
m o d if ic a tio n  a n d  sp e c ie s - fo rm in g  th a n  th e  n a tu ra l 
se le c tio n  o f  th e  s lig h t f lu c tu a tin g  c o n g e n ita l v a r ia tio n s  
p ro d u c e d  ( in  an  u n k n o w n  m a n n e r)  b y  in f in ite s im a l 
c h a n g e s  in  th e  d e te rm in a n ts  o f  th e  g e rm -p la s m — th e s e  
th re e  fu n d a m e n ta l a n d  im p o r ta n t  W e is m a n n ia n  
a s su m p tio n s . a c c e p te d  m o re  o r  le s s  n e a r ly  c o m p le te ly  b y  
W a lla c e  a n d  a  n u m b e r  o f  o th e r  E n g lis h  b io lo g is ts , a n d  b y  
a  fe w  n a tu ra lis ts  o f  E u ro p e  a n d  A m e ric a , c o n -s ti tu te  th e  
e s se n tia l p o s itio n  o f  w h a t is  c a lle d  n e o -D a rw in ism . T h is  
n e o -D a rw in is m  im m e d ia te ly  fo u n d  m a n y  c a p a b le  
a n ta g o n is ts , a n d  as  m o s t  o f  th e  a n ta g o n is ts  w e re  b e lie v e rs  
in  so m e  p a r ts  o f  th e  g e n e ra l th e o ry  o f  a d a p ta tio n  an d  
sp e c ie s - fo rm in g  f ir s t  p ro p o s e d  b y  L a m a rc k , th e ir  p o s itio n  
c a m e  to  b e  k n o w n  a s  n e o -L a m a rc k ism . H e rb e r t  S p e n c e r  in  
E n g la n d , P a c k a rd , O sb o rn , a n d  o th e rs  in  A m e ric a , an d  
E im e r  in  G e rm a n y  w e re  p ro m in e n t e x p o n e n ts  o f  th e  a n ti-  
W e is m a n n ia n  v ie w s . T h e  d e b a te  w a s  sp ir ite d , a n d  
e n g a g e d  m a n y  b io lo g ic a l w rite rs , a n d  in te re s te d  th e  
g e n e ra l re a d in g  p u b lic  in  th e  la rg e r  p ro b le m s  o f  b io lo g y  
m o re  th a n  i t  h a s  b e e n  in te re s te d  a t a n y  o th e r  t im e  s in c e  th e  
g re a t  s tru g g le  im m e d ia te ly  fo llo w in g  th e  p u b lic a tio n  o f  
D a rw in 's  "O rig in  o f  S p ec ie s ."  T h e  b e s t  k n o w n  p a r t  o f  th e
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g e n e ra l d e b a te  w a s  th a t  c a r r ie d  o n  d ire c tly  b y  W e is m a n n  
a n d  S p e n c e r  in  th e  Contemporary Review (1 8 9 3  a n d  
1894).

T h e  g e n e ra l re s u lt  o f  th e  s tru g g le  b e tw e e n  n e o -  
D a rw in - is m  a n d  n e o -L a m a rc k is m  ca n  b e  fa ir ly  s ta te d  to  
b e , th a t  W e is m a n n 's  a s s a u lt  o n  th e  th e o ry  o f  th e  in ­
h e r ita n c e  o f  a c q u ire d  c h a ra c te rs  w a s  in  g e n e ra l su ccess fu l; 
w h ile , o n  th e  o th e r  h a n d , th e  a s s a u lt  o f  th e  a n ti-  
W e is m a n n ia n s  o n  th e  a s su m p tio n s  o f  th e  is o la tio n  an d  
c o n tin u ity  o f  th e  g e rm -p la sm  a n d  o f  th e  Allmacht o f  
n a tu ra l s e le c tio n  fo rc e d  f ro m  W e is m a n n  a n d  h is  fo llo w e rs , 
o n e  b y  o n e  a n d  s lo w ly , su ch  ra d ic a l c o n c e s s io n s  as to  
m a k e  th e  la t te r  d o c tr in e  u t te r ly  u n te n a b le , a n d  to  rob  th e  
o th e r  o f  m o s t  o f  its  s ig n if ic a n c e  in  th e  c o n s id e ra tio n  o f  
m o d if ic a tio n  a n d  sp e c ie s - fo rm in g . T h e  a s s u m p tio n  o f  th e  
c o m p o s itio n  o f  g e rm -p la sm  o u t o f  b io p h o rs  an d  
d e te rm in a n ts  is  o f  c o u rse  m e re ly  an  in te re s tin g  
sp e c u la tio n , o r  te n ta t iv e  h y p o th e s is , w h ic h , b e c a u s e  i t  is  
u n te s ta b le  b y  s c ie n tif ic  o b s e rv a tio n  o r  e x p e r im e n t, c a n n o t 
b e  d e b a te d  to  a n y  p a r t ic u la r  a d v a n ta g e . W e is m a n n  
h im se lf , in  1895 , d e f in ite ly  c o n c e d in g  th a t  n a tu ra l 
se le c tio n  is  r a d ic a lly  w e a k  a t its  b a se , b e in g  in c a p a b le  o f  
e x p la in in g  th e  b e g in n in g s  o f  u se fu l v a r ia t io n s  a n d  th e  
d e v e lo p m e n t (w h ic h  a c tu a lly  o c c u rs )  o f  in d if fe re n t  o n es, 
p ro p o s e d  a  n e w  a n d  ra d ic a lly  u n -D a rw in ia n  th e o ry  u n d e r  
th e  n a m e  o f  G e rm in a l S e le c tio n . T h is  th e o ry  (e x p la in e d  in  
c h a p te r  V II I  o f  th is  b o o k )  a lth o u g h  in c lu d in g  th e  w o rd  
se le c tio n  in  its  n a m e  is  fu n d a m e n ta lly  d if fe re n t f ro m  
n a tu ra l se le c tio n  in  th e  D a rw in ia n  sen se , a n d  is  in d e e d  an  
a d m is s io n  o f  th e  e x is te n c e  o f  v a r ia t io n s  m a in ta in e d  (not 
b y  m e a n s  o f  n a tu ra l s e le c tio n )  a lo n g  d e f in ite  lin e s , 
r e s u ltin g  in  a  rea l orthogenesis. I t a tte m p ts  to  o f fe r  a 
c a u so -m e c h a n ic a l e x p la n a tio n  o f  su c h  u n -D a rw in ia n  
d e v e lo p m e n t. B y  tl ie  th e o ry  o f  g e rm in a l se le c tio n , w h ic h  
is  b a s e d  a b so lu te ly  o n  th e  a s s u m p tio n  th a t  th e  p la sm  is  
c o m p o s e d  o f  b io p h o rs  a n d  d e te rm in a n ts  o r  a t  le a s t  o f
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p h y s ic a l l ife  u n its  o f  s im ila r  ty p e  a n d  fu n c tio n , W e is m a n n  
h o p e s  to  s tre n g th e n  fo u r  w e a k  p la c e s  in  t l ie  g e n e ra l 
p o s it io n  o f  n e o -D a rw in ism . T h e  th e o ry  e x p la in s  (I) h o w  in  
P a n m ix ia  ( a n o th e r  W e is m a n n ia n  c o n tr ib u tio n  to  n e o - 
D a rw in ism , fo r  a c c o u n t o f  w h ic h  see  c h a p te r  V III)  th e  
d e g e n e ra tio n  o f  u s e le s s  o rg a n s  is  b ro u g h t  a b o u t, (2 )  h o w  it 
is  th a t  fo r  th e  c o n tin u e d  d e v e lo p m e n t o f  a n y  c e r ta in  
c o m p le x  a d a p ta tio n  e x a c tly  th e  r ig h t  v a r ia t io n s  shall 
a p p e a r  a t th e  n e e d e d  tim e , (3 )  h o w  c o -a d a p ta tio n  c o m e s  to  
e x is t, a n d  f in a lly  (4 )  h o w  v a r ia t io n s  m a y  c o m e  to  b e  
d e v e lo p e d  a lo n g  f ix e d  lin e s  o r  in  d e f in ite  d ire c tio n s  
w ith o u t th e  a id  o f  p e rso n a l se le c tio n . W h e th e r  th e  th e o ry  
o f  g e rm in a l se le c tio n  e x p la in s  th e s e  fo u r  th in g s  o r  n o t, 
w h a t is  to  u s  fo r  th e  m o m e n t th e  c h ie f  in te re s t  o f  th e  
th e o ry  is  th a t  it  is  p u t  fo rw a rd  b y  W e ism a n n , w h o  is  
d is tin c tly  th e  fo re m o s t  n e o -D a rw in ia n , to  e x p la in  ju s t  
th e s e  th in g s . F o r  th a t  m a k e s  o f  th e s e  th in g s  c o n c e s s io n s  
th a t  th e  n e o -D a rw in ia n s , th e  u ltra -s e le c tio n is ts , fee l fo rc e d  
to  o ffe r. I t  sh o u ld  b e  n o te d , h o w e v e r , th a t  p e rh a p s  
W e is m a n n  d o e s  n o t  sp e a k  fo r  a ll u l tra -s e le c tio n is ts , fo r  
e x a m p le , L lo y d  M o rg a n , R a y  L a n k e s te r , a n d  o th e r  E n g lish  
4 D a rw in ia n s . C e r ta in ly  h is  th e o ry  o f  g e rm in a l se le c tio n  is  
a c c e p te d  b y  fe w  o f  th em .

O n  th e  w h o le , h o w e v e r , I  th in k  I sp e a k  p e rfe c tly  
fa ir ly  in  sa y in g  th a t  th e  b e l ie v e rs  a n d  d e fe n d e rs  o f  th e  
n a tu ra l se le c tio n  th e o ry  to -d a y  a d m it in  la rg e  m e a su re  th e  
v a lid ity  o f  th o s e  c r it ic ism s  w h ic h  a re  d ire c te d  a t th e  
in c a p a c ity  o f  D a rw in ism , in  its  lo n g  fa m ilia r  fo rm , to  
a c c o u n t fo r  th e  d e v e lo p m e n t o f  v a r ia t io n s  an d  
m o d if ic a tio n s  u p  to  th e  a d v a n ta g e o u s  o r  d isa d v a n ta g e o u s  
stag e . T h e y  a d m it a lso  th e  a c tu a l e x is te n c e , a n d  in  
a b u n d a n t m e a su re , o f  sp e c ie s  d if fe re n c e s  w h ic h  a re  o f  
in d if fe re n t  c h a ra c te r , th a t  is, o f  n o  e sp e c ia l u tility , an d  
m a k e  th e  c o n s e q u e n t a d m is s io n  th a t  su ch  sp e c ie s  
d if fe re n c e s  c a n n o t fo r  th e  m o s t  p a r t  b e  e x p la in e d  b y  
n a tu ra l se le c tio n . A n d  th e y  a lso  c o n c e d e , o r  a t le a s t  m o s t
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o f  th e m , in c lu d in g  W e ism a n n , do , th e  fo rc e  o f  th e  
c r it ic ism  th a t  th e  a s s u m p tio n  o f  th e  o c c u rre n c e  o f  th e  r ig h t 
v a r ia t io n s  a t th e  r ig h t  tim e  is  a  n e c e s s ity  f o r  th e  
d e v e lo p m e n t b y  se le c tio n  o f  m a n y  i f  n o t  m o s t 
sp e c ia lis a tio n s  o f  q u a lita tiv e  a n d  o f  c o a d a p tiv e  c h a ra c te r , 
w h ic h  a s su m p tio n  in  tu rn  d e m a n d s  an  e x p la n a tio n  o f  
c a u se s  a n te r io r  to  se le c tio n .

A n d  f in a lly  m o s t  s e le c tio n is ts  c o n c e d e  th a t  
s e le c tio n  c a n n o t m a k e  n e w  sp e c ie s  b y  re ly in g  o n  th e  
e x tre m e s  o f  se rie s  o f  f lu c tu a tin g  o r  D a rw in ia n  v a r ia tio n s  
b e c a u s e  o f  th e  in e v ita b le  e x tin g u is h in g  o r  s w a m p in g  o f  
th e s e  e x tre m e  v a r ia t io n s  b y  in te r -b re e d in g  w ith  th e  fa r  
m o re  a b u n d a n t a v e ra g e  o r  m o d a l in d iv id u a ls  o f  th e  
sp ec ie s . H e n c e  a ll th o s e  o b je c tio n s  re c o rd e d  in  th e  
c h a p te rs  o n  " D a rw in ism  A tta c k e d "  w h ic h  h a v e  to  do  
so le ly  w ith  th is  in c a p a c ity  o f  n a tu ra l se le c tio n  to  m a k e  u se  
o f  v a r ia t io n s  to o  sm all o r  to o  fe w  o r  p u re ly  fo r tu ito u s , o r  
w ith  th e  in c a p a c ity  o f  se le c tio n  to  e x p la in  h o s ts  o f  
in d iffe re n t, n o n -a d a p tiv e  sp e c ie s  d if fe re n c e s  w h ic h  
a c tu a lly  ex is t, a n d  h e n c e  w ith  th e  c e r ta in ty  o f  its  n o t  b e in g  
th e  o n ly  fa c to r , i f  in d e e d  a  p r in c ip a l fa c to r , in  th e  
fo rm a tio n  o f  sp e c ie s , n e e d  n o t  b e  re -d isc u s se d , a t le a s t  to  
an y  le n g th , in  th is  ch a p te r . W e  m a y  a lso  la rg e ly  n e g le c t 
th o s e  o b je c tio n s  w h ic h  a re  d ire c te d  a g a in s t th e  p u re ly  
h y p o th e tic a l a s su m p tio n s  a n d  th e  e x tre m e  p o s itio n s  o f  th e  
n e o -D a rw in ia n s . M a n y  o f  th e s e  a s su m p tio n s , su c h  as th a t  
o f  th e  a b so lu te  is o la tio n  a n d  in d e p e n d e n c e  f ro m  th e  so m a  
o f  th e  g e rm -p la sm , a re  n o t  a  p a r t  o f  D a rw m is m  p ro p e r , 
a n d  th e  e x tre m e  p o s itio n  o f  th e  b e lie v e rs  in  th e  Allmacht 
o f  s e le c tio n  w a s  c e r ta in ly  n e v e r  ta k e n  b y  D a rw in  h im se lf . 
In  fac t, m o s t  o f  n e o -D a rw in is m  h a s  b e e n  d e se r te d  b y  its  
o n e - tim e  fo llo w e rs , a n d  m o s t  c o n sp ic u o u s ly  a n d  p e rh a p s  
m o s t ra d ic a lly  b y  W e is m a n n  h im se lf .

T h u s , w ith  th e s e  tw o  c a te g o r ie s  o f  o b je c tio n s  l is te d  
in  th e  "D a rw in ism  A tta c k e d "  c h a p te r  p u t  to  o n e  side , fo r  
th e  m o m e n t a t le a s t, b y  a d m ittin g  th e  v a lid i ty  o f  o n e
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c a te g o ry  a n d  s h o w in g  th e  in a p p lic a b ili ty  o f  th e  o th e r  as 
re g a rd s  its  r e la tio n  to  tru e  D a rw in ism , w e  h a v e  le f t  to  u s  to  
c o n s id e r  th o s e  re m a in in g  o b je c tio n s  w h ic h  a re  m a d e  (I) 
a g a in s t th e  c a p a b ili ty  o f  s e le c tio n 's  m a k in g  a n y  u se  a t all 
o f  th e  fa m ilia r  a n d  a lw a y s  o c c u rr in g  f lu c tu a tin g  v a r ia tio n s  
c a lle d  D a rw in ia n , (2 )  a g a in s t its  c a p a c ity  to  e x p la in  
c o a d a p tiv e  a n d  h ig h ly  c o m p le x  a d a p ta tio n s , e sp e c ia lly  
th o s e  w h ic h  se e m  as  i f  th e y  c o u ld  b e  o f  a d v a n ta g e  to  th e  
o rg a n ism  o n ly  in  fu lly  d e v e lo p e d  o r  sp e c ia lis e d  s ta te , (3 ) 
a g a in s t its  in a b ili ty  to  a c c o u n t fo r  o v e rd e v e lo p e d  
sp e c ia lisa tio n s , (4 )  a g a in s t th e  p o s s ib il i ty  o f  se le c tio n 's  
e x p la in in g  q u a lita tiv e  d if fe re n c e s  in  sp e c ie s , a n d  m a n y - 
b ra n c h e d  d e s c e n t  (q u a n tita tiv e  d if fe re n c e s  a n d  lin e a r  
d e s c e n t s e e m in g  to  b e  th e  o n ly  k in d s  p o s s ib le  to  it) , (5 ) 
a g a in s t its  c a p a c ity  to  e x p la in  c o m p le te  o r  e x tre m e  
s tru c tu ra l d e g e n e ra tio n  o f  u s e le s s  o rg a n s  a n d  p a rts , (6 ) 
a g a in s t th e  re a li ty  a n d  e x tre m e  r ig o u r  o f  th e  s tru g g le  fo r  
e x is te n c e  a n d  p e rso n a l se le c tio n  (a n  e sse n tia l fo u n d a tio n  
o f  th e  s e le c tio n  th e o ry ) , (7 )  a g a in s t th e  se x u a l s e le c tio n  
th e o ry , p a r tic u la r ly  in  its  c a p a c ity  a s  a  su p p o r tin g  P ro p  o f  
th e  n a tu ra l se le c tio n  th e o ry , (8 )  a g a in s t th e  re lia n c e  b y  th e  
se le c tio n is ts  o n  th e  h o m o lo g y  o r  a n a lo g y  w h ic h  th e y  h o ld  
to  e x is t  b e tw e e n  n a tu ra l s e le c tio n  a n d  a r tif ic ia l se le c - tio n , 
a n d  f in a lly  to  c o n s id e r  th o s e  c u r io u s ly  p o s i t iv e  an d  
d e f in ite  d e c la ra tio n s  o f  su c h  ra d ic a l a n ti-D a rw in ia n s  as 
W o lff , K o rsc h in sk y , a n d  o th e rs  th a t  n a tu ra l se le c tio n  is  a 
v a g a ry , h a v in g  n o  c la im s  to  e x is te n c e  e ith e r  o n  a  b a s is  o f  
o b se rv a tio n  o r  lo g ic a l re a so n in g , o r  th a t  i f  i t  e x is ts  its  
w h o le  in f lu e n c e  is  d ire c tly  in im ic a l to  c h a n g e s  an d  
e v o lu tio n  ra th e r  th a n  o f  a  n a tu re  to  p ro d u c e  a n d  fo s te r  
th e m . T h e  m o s t  c o m p re h e n s iv e , fa ire s t, a n d  m o s t  e f fe c tiv e  
r e c e n t a tte m p t to  g a th e r  to g e th e r  a n d  m e e t seriatim th e  
o b je c tio n s  a n d  c r it ic ism s  o f  D a rw in is m  is  (a s  a lre a d y  
s ta te d  in  th e  c h a p te r  o n  "D a rw in ism  A tta c k e d " )  th a t  o f  
L u d w ig  P la te ,5 a n d  I  h a v e  th e re fo re  g iv e n  c o n s id e ra b le
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sp a c e  in  th is  c h a p te r  to  d ire c t q u o ta tio n s  f ro m  th e  a n sw e rs  
a n d  d isc u s s io n s  o f  th is  m o d e rn  D a rw in ia n  c h a m p io n .

T h e  o b je c tio n  m a d e  th a t  n a tu ra l se le c tio n  can  
m a k e  n o  u s e  a t a ll o f  th e  sm a ll f lu c tu a tin g  D a rw in ia n  
v a r ia tio n s  is  re a lly  a  w id e r  a p p lic a tio n  o f  th e  re a lly  v a lid  
o b je c tio n  th a t  su ch  v a r ia tio n s  c a n n o t, o r  c a n  o n ly  
ra re ly ,o f fe r  m a te r ia l  fo r  th e  p ro d u c tio n  b y  se le c tio n  o f  
n e w  o rg a n s  a n d  th a t  fo r  m a n y  a d a p ta tio n s  th e y  a re  to o  
s lig h t to  b e  o f  u s e  a n d  h e n c e  c a n n o t se rv e  as  h a n d le s  fo r  
se le c tio n . A s  a  m a tte r  o f  fac t, h o w e v e r , m a n y  a d a p tiv e  
m o d if ic a tio n s  a re  p u re ly  q u a n tita tiv e , n o t  n e c e s sa r ily  
in v o lv in g  a n y  q u a lita tiv e  c h a n g e  a t all. In c re a se  in  g e n e ra l 
s ize , o r  in  a n y  o n e  d im e n s io n  o f  a n  o rg a n  o r  p a rt, m e a n in g  
o f te n  an  in c re a s e  o f  s tre n g th  o n  th e  p a r t  o f  th e  a n im a l, in  
th e  c a p a c ity  fo r  a g g re s s io n  o r  d e fe n c e , in  sw if tn e ss , in  
f lig h t, ru n n in g  o r  sw im m in g , in  re a c h in g  o r  d ig g in g  o r  
c lim b in g  o r  le a p in g  —  su c h  an  a d a p tiv e  m o d if ic a tio n  
m ig h t w e ll b e  b ro u g h t  a b o u t b y  se le c tio n  o f  e v e n  v e ry  
in c o n s id e ra b le  e n la rg e m e n ts  o r  s tre n g th e n in g s  o f  o n e  o r 
m o re  o rg a n s  o r  p a rts . W h e re v e r  th e  m o d if ic a t io n  is  in  a 
d ire c tly  l in e a r  p a th , a n d  an  a d v a n ta g e  is  p o s s ib le  th ro u g h  
e v e n  s lig h t a d v a n c e s  o r  re g re s s io n s  a lo n g  th is  lin e , n a tu ra l 
se le c tio n  w ill f in d  in  th e  D a rw in ia n  v a r ia t io n s  a  m e a n s  o f  
fo s te r in g  a n d  p e r fe c tin g  th is  m o d if ic a tio n . T h e re  a re  ju s t  
tw o  re q u ire m e n ts  n e c e s s a ry  fo r  th e  D a rw in ia n  v a r ia tio n s  
to  m e e t  in  o rd e r  to  se rv e  as h a n d le s  fo r  n a tu ra l se lec tio n : 
th e y  m u s t  b e  v a r ia t io n s  a c tu a lly  su ff ic ie n tly  u se fu l a n d  
a d v a n ta g e o u s  to  tu rn  th e  sc a le  in  th e  in tra -o r  in te r -s p e c if ic  
s tru g g le  fo r  e x is te n c e  in  f a v o u r  o f  th e  in d iv id u a ls  
p o s s e s s in g  th e m , a n d  th e y  m u s t  o c c u r  in  su ff ic ie n tly  m a n y  
in d iv id u a ls  to  a v o id  b e in g  sw a m p e d  o r  e x tin g u ish e d  b y  
c ro s s -b re e d in g : th a t  is , th e y  m u s t  b e  u se fu l e n o u g h  to  b e  
se le c te d  a n d  n u m e ro u s  e n o u g h  to  p e rp e tu a te  th e m se lv e s . 
D o  D a rw in ia n  v a r ia t io n s  e v e r  m e e t th e s e  re q u ire m e n ts  ? 
U n fo r tu n a te ly  o u r  p r o o f  is  r a th e r  in d ire c t:o b s e rv a tio n  
re v e a ls  th e ir  a b u n d a n c e , b u t  d o e s  n o t  a c tu a lly  sh o w  th e ir
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u ti l i ty .6 T o  a n s w e r  th e  q u e s tio n  o u r  ju d g m e n t  a n d  re a so n , 
b a s e d  o n  o u r  k n o w le d g e  a n d  e x p e r ie n c e  o f  th e  e x is tin g  
c o n d itio n s  o f  a n im a l a n d  p la n t  life , w ill h a v e  to  b e  tru s te d  
fo r  an sw er. H o w  re a l is  th e  r ig o u r; h o w  k e e n  th e  s tru g g le ; 
h o w  c ro w d e d  th e  sq u a re  y a rd  o r  sq u a re  m ile ;h o w  g re a t  o r  
h o w  li ttle  m u s t  b e  th e  d if fe re n c e s  in  a  p a r t  to  g iv e  a  life -  
o r-d e a th  d e c is io n  in  th e  c o m p e tit io n ?  E a c h  n a tu ra l is t  m u s t 
a n s w e r  th is  fo r  h im se lf , a n d  th e  la y m a n  m u s t  ta k e  th e  
g e n e ra l c o n se n su s  o f  o p in io n  o f  th e  n a tu ra lis ts , i f  th e re  is  
o n e , fo r  h is  an sw er.

T h e  o b je c tio n  to  th e  l in e a r  a n d  q u a n tita tiv e  
c h a ra c te r  o f  th e  D a rw in ia n  v a r ia t io n s  h a s  b e e n  re c e n tly  
e sp e c ia lly  u rg e d  b y  d e  V rie s  in  c o n n e c tio n  w ith  h is  
e x p o s itio n  o f  th e  th e o ry  o f  sp e c ie s - fo rm in g  b y  m u ta tio n s .

T h e  se le c tio n  th e o ry  re c k o n s  w ith  l in e a r  h e n c e  
s tr ic tly  q u a n tita tiv e  v a r ia tio n s , say s  he , a n d  y e t

is  p re s u m e d  to  c re a te  n e w  fo rm s  fo r  w h ic h  in  
re a lity  q u a lita tiv e  v a r ia tio n s  a re  n e c e s s a ry  as a  b a s is , so 
th a t  in  fa c t  se le c tio n  c a n  o n ly  in c re a s e  o r  d im in ish , a d d  to  
o r  su b tra c t f ro m  c h a ra c te rs  a lre a d y  in  e x is te n c e  a n d  c a n n o t 
c re a te  a n y th in g  n ew , th is  a p p e a ra n c e  o f  n e w  
c h a ra c te r is tic s  b e in g , h o w e v e r , p re c is e ly  th e  p r in c ip a l 
p e c u lia r ity  o f  n e w  sp e c ie s , ta k e n  b y  a n d  la rg e . T h is  
p o s it io n  o f  d e  V rie s  h a s  b e e n  d isc u s se d  b y  P la te  7 as 
fo llo w s  :

"I ca ll a tte n tio n  in  a d v a n c e  to  th e  fa c t  th a t  d e  V rie s  
u n d e rs ta n d s  b y  'l in e a r  v a r ia tio n s ' w h a t a re  m o re  u su a lly  
k n o w n  as in d iv id u a l, f lu c tu a tin g  o r  c o n tin u o u s  v a r ia tio n s . 
H e  h a s  c h o se n  th is  n a m e  b e c a u s e  th e  s in g le  c h a ra c te r is tic  
c a n  c h a n g e  to w a rd  b u t  tw o  d ire c tio n s ; th a t  is , to w a rd  th e  
p lu s , o r  to w a rd  th e  m in u s  d ire c tio n . In  c o n tra s t  to  th is  k in d  
o f  v a r ia t io n  s ta n d  th e  su d d e n  a n d  d isc o n tin u o u s  le a p - lik e  
c h a n g e s  o r  m u ta tio n s  w h ic h  h a v e  b e e n  fo r  th e  f ir s t  tim e  
c a re fu lly  in v e s tig a te d  b y  th e  p ra is e w o r th y  la b o u r  o f  de  
V rie s , h ith e r to  h a v in g  b e e n  fa m ilia r  in d e e d  u n d e r  th e  
n a m e s  's in g le  v a r ia t io n s ' o r  'sp o rts ,' b u t  l i t t le  s tu d ied .
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C o n c e rn in g  th e s e  l in e a r  v a r ia t io n s  d e  V rie s  w rite s : 'T h e  
s ta tis tic a l m e th o d  o f  th e  s tu d y  o f  v a r ia t io n  h a s  n o w  b e e n  
so  g e n e ra lly  fo llo w e d  as  to  m a k e  its  p r in c ip le s  fa m ilia r  
w ith o u t fu r th e r  d is c u ss io n , a n d  th e y  m a y  b e  c o n s id e re d  as  
a c c e p ted . T h e  c h ie f  p r in c ip le  in d ic a te d  b y  th e  u s e  o f  th e  
f re q u e n c y  c u rv e s  is  th a t  th e  c h a ra c te r is tic s  v a ry  in  b u t  tw o  
d ire c tio n s , th a t  is  to w a rd  p lu s  o r  to w a rd  m in u s . T h e  o ld  
v a g u e  c o n c e p tio n  o f  a n  a ll-s id e d  v a r ia tio n  o f  th e  s in g le  
c h a ra c te rs  h a s  d is a p p e a re d  o f  its  o w n  se lf.'

"A s h ig h ly  as I  a p p re c ia te  th e  g re a t se rv ic e  o f  de  
V rie s  in  re la tio n  to  o u r  k n o w le d g e  o f  th e  su d d e n ly  
a p p e a r in g  c h a n g e s , h e r ita b le  in  h ig h  d e g re e , I  m u s t 
n e v e r th e le s s  o p p o se  h im  in  h is  c o n c lu s io n s  to u c h in g  th e  
se le c tio n  th e o ry , In  th e  f ir s t  p la c e  th is  th e o ry  d o e s  n o t 
re c k o n  a lo n e  w ith  l in e a r  v a r ia tio n s , b u t  a lso  w ith  
m u ta tio n s , i f  th e y  a p p e a r, fo r  i t  ta k e s  th e  c h a n g e s  as g iv e n  
m a te r ia l w ith o u t tro u b lin g  i t s e l f  a b o u t d if fe re n c e s  in  th e ir  
m o d e  o f  o rig in . In  th e  s e c o n d  p la c e  i t  is  n o t  c o r re c t th a t  a 
c h a ra c te r  c a n n o t so  c h a n g e  i t s e l f  th ro u g h  s im p le  a d d itio n  
o r  re d u c tio n  th a t  i t  m a y  n o t  b e , in  th e  c u s to m a ry  
c la s s if ic a to ry  lim its , lo o k e d  o n  as a  n e w  c h a ra c te r . A  
sm o o th  le a f , a  l e a f  w ith  fe w  sm a ll h a irs , a n d  o n e  w ith  a 
th ic k  w o o l sh o w  o n ly  l in e a r  v a r ia tio n s , b u t  in  sp ite  o f  th a t  
th e y  m a y  v e ry  w e ll se rv e  as c h a ra c te r is tic  o f  d if fe re n t 
sp ec ie s . N e a r ly  re la te d  b u tte r f l ie s  —  re c a ll th e  V a n e ssa s  
a n d  L y c a e n a s  —  o f te n  sh o w  th e  sa m e  fu n d a m e n ta l 
c h a ra c te rs  o f  p a tte rn  a n d  fo rm , so  th a t  th e y  a re  
d is la n g u ish e d  o n ly  b y  p lu s  o r  m in u s  v a r ia tio n s . In d e e d  
o n e  m a y  c o n s id e r  th e  w h o le  e n d le s s  m a n ifo ld n e s s  o f  
o rg a n ic  c o m b in a tio n s  as  o n ly  re p re s e n tin g  g re a te r  o r  
le s s e r  n u m b e rs  o f  a to m s  o f  th e  sa m e  fe w  e le m e n ts  w h ic h  
a re  b o u n d  to g e th e r  in  o n e  m o le c u le . In  th e  th ird  p la c e  th e  
s ta tis tic a l s tu d ie s  o f  v a r ia tio n  h a v e  n o t  sh a tte re d  in  an y  
re s p e c t th e  c o n c e p tio n  o f  an  a ll-s id e d  v a r ia t io n  o f  th e  
s in g le  c h a ra c te rs , b u t  in d e e d  o n  th e  c o n tra ry  h a v e  ra th e r  
sh o w n  th a t  a ll th e  p a r ts  a n d  a ttr ib u te s  o f  o rg a n ism s  th a t
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a re  a c c e s s ib le  to  o b se rv a tio n  a p p e a r  to  u s  m o re  o r  le s s  
d if fe re n t in  d if fe re n t in d iv id u a ls . T h is  a ll-s id e d  v a r ia b ili ty  
h a s  n o th in g  to  d o  w ith  th e  s ta te m e n t th a t  e a c h  s in g le  
v a r ia b le  e le m e n t c a n  v a ry  a lw a y s  o n ly  to w a rd  p lu s  o r  
to w a rd  m in u s . B lu e  f lo w e r  p e ta ls  c a n  a p p e a r  m o re  o r  le s s  
b lu e  a n d  a t th e  sa m e  tim e  re v e a l th e ir  in d e te rm in a te , 
fo r tu ito u s , o r  a ll-s id e d  v a r ia b il i ty  in  d if fe re n c e s  o f  fo rm , 
h a ir in e ss , th ic k n e s s , s tru c tu re , e tc . T h e  sam e  
in d e te rm in a te n e s s  w h ic h  d e  V r ie s  c la im s  fo r  h is  m u ta tio n s  
is  c h a ra c te r is tic  a lso  o f  l in e a r  v a r ia tio n s ."о

T a y le r , a  D a rw in ia n  d e fe n d e r , h a s  d is c u s se d  th is  
o b je c tio n  as fo llo w s  : "T h is  o b je c tio n  a p p e a rs  to  m e  to  b e  
o n e  o f  th e  m o s t  w e ig h ty  o f  a ll th e  o b je c tio n s  w h ic h  h a v e  
b e e n  ra is e d  to  th e  se le c tio n a l h y p o th e s is , a n d  i t  is  fu r th e r  
an  e x tre m e ly  d if f ic u lt  o b je c tio n  to  s a tis fa c to r ily  re p ly  to ; 
f irs t, b e c a u s e  i t  is  a lm o s t im p o s s ib le  to  say  in  w h a t fo rm  
o f  o rg a n ism  th e  e a r lie s t  v a r ia tio n s  a p p e a re d , a n d  w ith o u t 
th is  n o  ju d g m e n t  o n  th e  v a lu e  o f  a n y  sm all v a r ia t io n  can  
b e  o f  u se ; se c o n d ly , i t  is  e q u a lly  e s se n tia l to  k n o w  th e  k in d  
o f  e n v iro n m e n t w h ic h  su c h  an  o rg a n ism  w a s  liv in g  in ; an d  
la s tly , i f  w e  w e re  fu lly  a c q u a in te d  w ith  th e  c h a ra c te r  o f  
th e  o rg a n ism  a n d  its  e n v iro n m e n t i t  w o u ld  s till b e  d if f ic u lt  
to  fo rm  a n y  a d e q u a te  o p in io n  o n  th e  v a lu e  o f  su c h  a 
v a r ia tio n , o w in g  to  th e  fa c t  th a t  th is  a p p a re n tly  s im p le  
o rg a n ism  w o u ld  d if fe r  so  w id e ly  f ro m  o u r  o w n  fu n c tio n a l 
a c tiv ity  a n d  life  th a t  a n y  c o n c lu s io n s  fo rm e d  o n  
c o m p a ra tiv e  m e th o d s  o f  te s t in g  its  p o w e rs , e tc ., w o u ld  b e  
e x tre m e ly  l ik e ly  to  b e  fa lla c io u s . If, h o w e v e r , w e  k e e p  in  
m in d  th e  fa c ts  th a t  (I) th e  w h o le  a n d  n o t  m e re ly  a  p a r t  o f  
th e  o rg a n ism  is  se le c te d , a n d  th a t, th e re fo re , e a c h  v a r ia tio n  
d o e s  n o t  r e q u ire  to  b e  o f  th e  sa m e  v a lu e  as  i f  se le c tio n  
d e p e n d e d  o n  i t  a lo n e ; (2 )  sp e c ia lis a tio n s  a re  la rg e ly  
q u a n tita tiv e , b e tw e e n  m a n  a t o n e  e x tre m e  o f  d e v e lo p m e n t 
a n d  a  s im p le  u n ic e l lu la r  o rg a n ism  a t th e  o th e r, th e  
d if fe re n c e , th o u g h  v e ry  g re a t, is  m a in ly  d u e  to  th e  fa c t  th a t  
m a n  is  a  h u g e  m u lt ic e l lu la r  c o lo n y ; th is  d if f ic u lty  w ill b e
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m u c h  s im p lif ie d . T o  e s tim a te  th e  q u a n tita tiv e  d if fe re n c e  it  
is  n e c e s s a ry  to  e n d e a v o u r  to  d e te rm in e  th e  sp e c ia lis a tio n  
o f  an  in d iv id u a l ce ll in  o n e  o f  th o s e  c o lle c tiv e  
s p e c ia lis a tio n s  o r  o rg an s: th e  d if fe re n c e  b e tw e e n  a  ce ll in , 
fo r  in s ta n c e , th e  c e re b ra l c o r te x  o f  m a n  a n d  th e  c h a ra c te r  
o f  an  a m o e b a  is  n o  d o u b t g re a t, b u t  th e  a m c e b a  re a c ts  to  
s tim u li, th o u g h  in  a  le s s  s p e c ia lis e d  fo rm , ju s t  a s  th e  
c o r te x  ce ll d o es; in  th e  sa m e  w a y  th e  re a c tio n  to  l ig h t  in  
th e  m a m m a lia n  e y e  is  n o t  a  n e w  d e v e lo p m e n t —  it  h a s  its  
b e g in n in g s  in  th e  p re fe re n c e  fo r  l ig h t  o r  d a rk n e s s  sh o w n  
b y  m a n y  u n ic e llu la r  o rg a n ism s . T h e se  tw o  p o in ts , th a t  
s e le c tio n  is  o rg a n ism a l a n d  th a t  s p e c ia lis a tio n s  a re  as, o r  
m o re , la rg e ly  q u a n tita tiv e  th a n  q u a lita tiv e , w e a k e n  i f  th e y  
d o  n o t  a b o lish  all th o s e  d if f ic u ltie s  to  n a tu ra l s e le c tio n  th a t  
a re  fo u n d e d  o n  th is  o b je c tio n , a n d  i t  is  fu r th e r  n e c e s s a ry  to  
re c o lle c t  th a t  n o  sp e c ia lis a tio n  h a s  y e t  b e e n  fo u n d  w h ic h  
h a s  n o t  a  p r im itiv e  c o u n te rp a r t  in  th e  e a r lie s t  k n o w n  fo rm s  
o f  life ."

W ith  re g a rd  to  th e  o b je c tio n  th a t  b e c a u s e  n a tu ra l 
se le c tio n  w o rk in g  w ith  f lu c tu a tin g  D a rw in ia n  v a r ia t io n s  is  
w o rk in g  o n ly  w ith  l in e a r  o r  q u a n tita tiv e  v a r ia t io n s  an d  
th e re fo re  c a n n o t p ro d u c e  m a n y -b ra n c h e d  d e s c e n t (w h ic h  
is  c e r ta in ly  th e  k in d  o f  d e s c e n t th a t  e x is ts )  b u t  o n ly  
s tra ig h t- l in e  o r  m o n o - ty p ic  d e sc e n t, it  is  o b v io u s  th a t  th e  
D a rw in ia n  a n s w e r  to  th is  is  p a r tly  th a t  o f  th e  a n s w e r  to  th e  
o b je c tio n  d is c u s se d  in  th e  la s t  p a ra g ra p h . In  a d d itio n  i t  is  
p a r tly  th a t  o f  th e  a n s w e r  to  th e  o b je c tio n  to  b e  m e n tio n e d  
in  th e  n e x t  se n te n c e . T h is  re la te d  o b je c tio n  is  th a t  w h ile  
n a tu ra l se le c tio n  m a y  p ro d u c e  c o n tin u o u s  g ra d a to ry  
a d a p tiv e  c h a n g e  o r  e v o lu tio n  i t  c a n n o t p ro d u c e  
d is c o n tin u ity  in  th e  se rie s , i. e , c a n n o t p ro d u c e  se p a ra te d  
d is tin c t sp ec ie s . T h is  o b je c tio n  re c e iv e s  a n  a n s w e r  w h ic h  
is  o f  th e  n a tu re  o f  an  a d m is s io n  th a t  n a tu ra l se le c tio n  
w h o lly  u n a id e d  re a lly  c a n n o t d if fe re n tia te  sp ec ie s . I t  m u s t 
ca ll to  its  a id  so m e  is o la tio n  o r  s e g re g a tio n  fa c to r , a n d  as 
is o la tio n  is  c e r ta in ly  m o s t  c o m m o n ly  e f fe c te d  th ro u g h
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m ig ra tio n  a n d  g e o g ra p h ic  m e a n s , i t  is  u s u a lly  th is  fa c to r  o f  
g e o g ra p h ic  is o la tio n  th a t  n a tu ra l se le c tio n  m u s t  b e  
a c c o m p a n ie d  b y  to  fo rm  n e w  sp e c ie s . A s  P la te  says: "A n y  
p a r t ic u la r  p h a s e  o f  th e  s tru g g le  fo r  e x is te n c e  e x tin g u ish e s  
a ll th o s e  in d iv id u a ls  w h ic h  d o  n o t  p o s se s s  c e r ta in  
a b so lu te ly  n e c e s s a ry  c h a ra c te r is tic s . B y  th is  m e a n s  th e re  is  
p ro d u c e d  a  c o m m o n  ty p e . A n d  o n ly  w h e n  so m e  m e a n s  o f  
is o la tio n  is  a d d e d  c a n  th e  sp lit t in g  o f  th e  sp e c ie s  in to  tw o  
o r  m o re  fo rm s  re su lt. N a tu ra l se le c tio n  c a n  o n ly  tra n s fo rm  
a  sp e c ie s  g ra d u a lly  a n d  d e v e lo p  i t  in  a  c o n tin u o u s  
fo r th r ig h t lin e ; a lo n e  i t  c a n n o t p ro d u c e  a  d iv e rg e n t, t r e e ­
lik e  e v o lu tio n . T h is  re su lts  f ro m  g e o g ra p h ic , b io lo g ic , o r  
se x u a l iso la tio n , w h ic h  is  in  m o s t  c a se s  a  fo rm  o f  th e  
e x te n s iv e  m a n n e r  o f  w o rk in g  o f  th e  s tru g g le  fo r  e x is te n c e . 
B u t se le c tio n  c a n  a id  in  th e  d if fe re n tia tio n  o f  a  sp e c ie s  in to  
tw o  o r  m o re  fo rm s , as  th e  fo llo w in g  e x a m p le s  show . 
W h e n  a ll a v e ra g e  o r  m e d ia n -s iz e d  in d iv id u a ls  o f  a  sp e c ie s  
a re  k il le d  o u t th e re  re m a in  o n ly  th e  sm a lle s t  a n d  th e  
la rg e s t, b y  w h ic h  w e  m a y  a s su m e  th a t  th e  f irs t  a re  sa v e d  
b e c a u s e  th e y  c a n  m o s t re a d ily  c o n c e a l th e m se lv e s , w h ile  
th e  la tte r  f in d  in  th e ir  g re a t  s iz e  a  su ff ic ie n t P ro te c tio n . O n  
th e  g ro u n d  o f  th is  d if fe re n c e  in  s iz e  p e rh a p s  b o th  fo rm s  
w ill b e  in c lin e d  to  k e e p  a p a r t  f ro m  e a c h  o th e r  a n d  i f  to  th is  
is  a d d e d  a  so m e w h a t d if fe r in g  h a b it  o f  life , tw o  ra c e s  can  
a r ise  w h ic h  in  c o u rse  o f  t im e  w ill b e c o m e  d is tin c t sp ec ies . 
F ro m  a  b u tte r f ly  k in d  o f  v e ry  v a r ia b le  c o lo u r- to n e  all 
b ro w n  in d iv id u a ls  m ig h t d is a p p e a r  fo r  so m e  sp ec ia l 
re a so n  w h ile  b o th  th e  l ig h te r  a n d  d a rk e r  in d iv id u a ls  m ig h t 
p e rs is t. N o w  i f  in  c o n se q u e n c e  o f  th is  c o n tra s t  a  ra c ia l 
fe e lin g  sh o u ld  d e v e lo p  b e tw e e n  th e  l ig l i t  in d iv id u a ls  on  
th e  o n e  h a n d  a n d  th e  d a rk  o n e s  o n  th e  o th e r, th e  
d if fe re n tia tio n  in to  tw o  sp e c ie s  is  a lre a d y  b e g u n . I f  a  snail 
s p e c ie s  l iv in g  in  f re s h  w a te r  is  so  h a ra s se d  th a t  i t  c a n  o n ly  
m a in ta in  i t s e l f  w h e n  its  in d iv id u a ls  m o v e  e ith e r  in to  th e  
re g io n  b e tw e e n  t id e - lin e s  o r  in to  th e  d e e p e r  w a te r , th is
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w o u ld  le a d  to  m o rp h o lo g ic a l d if fe re n tia tio n , as w e  can  
in d e e d  a c tu a lly  n o te  in  th e  c a se  o f  th e  c h ito n s ."

T h e  o b je c tio n  th a t  th e  e x is te n c e  o f  c o a d a p tiv e  an d  
h ig h ly  c o m p le x  a d a p ta tio n s , e sp e c ia lly  th o s e  w h ic h  seem  
as i f  th e y  c o u ld  b e  o f  n o  p o s s ib le  a d v a n ta g e  to  th e ir  
p o s se s so rs  e x c e p t in  th e ir  p re s e n t  fu lly  d e v e lo p e d  o r 
sp e c ia lis e d  s ta te , is  o n e  w h ic h  u n fo r tu n a te ly  c a n n o t b e  
d e f in ite ly  re fu te d  o r  p ro v e d  b y  e v e r  so  m u c h  in g e n io u s  
e x p la in in g  o r  d is c u s s io n  in  th e  fa c e  o f  th e  la c k  o f  w h a t  w e  
c e r ta in ly  d o  n o t  n o w  p o sse ss , n a m e ly , d ire c t o b se rv a tio n a l 
o r  e x p e r im e n ta l e v id e n c e . F o r  su ch  s p e c ia lis a tio n s  as 
e la b o ra te  m im ic k ry , o r  th e  e le c tr ic  o rg a n  o f  th e  to rp e d o , 
e tc ., w h ic h  a re  o f  a p p a re n t a d v a n ta g e  o n ly  in  p e rfe c te d  
sta te , th e  s e le c tio n is t  is  fo rc e d  to  a d m it th a t  th e  o b je c to r  
h a s  a p p a re n tly  a  g o o d  ca se , b u t  fo r  th e  g ra d u a l 
sp e c ia lis a tio n  o f  m a n y  h ig h ly  c o m p le x  s tru c tu re s  a n d  
sp e c ia lis a tio n s  th ro u g h  th e  lo n g -c o n tin u e d  se le c tio n  o f  
s lig h t a d v a n ta g e o u s  v a r ia tio n s , D a rw in  a n d  h is  fo llo w e rs  
h a v e  o ffe re d  in g e n io u s  a n d  p la u s ib le  e x p la n a tio n s . F o r  th e  
c a se  o f  so  c o m p le x  a n d  c o a d a p tiv e  a  sp e c ia lis a tio n  a s  th e  
ey e  a n d  its  fu n c tio n  in  th e  v e r te b ra te s  o r  in  th e  in se c ts  an d  
c ru s ta c e a n s , th e  p o s s ib le  e v o lu tio n , b y  s lig h t a d d itio n s  an d  
m o d if ic a tio n s , f ro m  s im p le  p ig m e n t f le c k  to  th e  p re s e n t 
m a rv e llo u s  v isu a l o rg an , a  lo g ic a lly  ir re fu ta b le  D a rw in ia n  
a rg u m e n t c a n  b e  m a d e  o u t o n  th e  b a s is  o f  th e  re a l an d  
c o n s ta n t u t i l i ty  a n d  a d v a n ta g e  o f  e v e n  v e ry  s lig h t s tep s  
fo rw a rd . A n d  so  w ith  m a n y  o th e r  c o m p le x  sp e c ia lisa tio n s , 
a lth o u g h  in  a lm o s t  a ll th e s e  c a se s  i t  is  n e c e s sa ry , as 
D a rw in  say s, to  le t  th e  re a so n  c o n q u e r  th e  im a g in a tio n . 
T h a t is , th e  re a s o n e d  e x p la n a tio n  e x p la in s , a lth o u g h  o n e  
re c o ils  c o n s ta n tly  b e fo re  th e  a lm o s t in c o n c e iv a b le  
a c tu a lity  o f  th e  p h e n o m e n o n .

P la te  h a s  re c o g n is e d  th is  o b je c tio n  as o n e  o f  th e  
re a lly  w e ig h ty  o n e s  a n d  h a s  g iv e n  m u c h  a tte n tio n  to  its  
c o n s id e ra tio n . H is  c o n c lu s io n  is  th a t  it  is  n e c e s s a ry  to  re ly  
to  a  g re a te r  o r  le s s  e x te n t o n  th e  L a m a rc k ia n  fa c to r  o f  th e
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in h e r ita n c e  o f  so m a to g e n ic  c h a ra c te rs  a c q u ire d  in  th e  
life tim e  o f  th e  in d iv id u a l th ro u g h  th e  e ffe c ts  o f  u se , o r  
d isu se , o r  o th e r  fu n c tio n a l s tim u li. T h is  is , o f  c o u rse , 
d ire c t a b a n d o n m e n t o f  th e  p o s itio n  m a in ta in e d  b y  su ch  
s tr ic t s e le c tio n is ts  as  W e is m a n n  a n d  W a lla c e , a lth o u g h  
W e is m a n n  h im se lf , in  o rd e r  to  a n s w e r  th e  o b je c tio n  
w ith o u t h a v in g  re c o u rs e  to  re lia n c e  o n  L a m a rc k ia n  
fa c to rs , in tro d u c e s  h is  n e w  th e o ry  o r  h y p o th e s is  o f  
g e rm in a l s e le c tio n  to  a id  n a tu ra l se le c tio n  in  th e  d if f ic u lty  
p re s e n te d  b y  th e  o b je c tio n . L lo y d  M o rg a n 's  9 a n s w e r  to  
th is  o b je c tio n  c o n s is ts  c h ie f ly  o f  th e  fo rm u la tio n  o f  th e  
th e o ry  o f  o r th o p la sy  (e x p la in e d  in  c h a p te r  V II I  o f  th is  
b o o k ) . I t  is , b r ie f ly , th a t  e v e ry  o rg a n ism , f ro m  its  so m a tic  
a n d  g e rm in a l a sp e c ts , e x h ib its  tw o  te n d e n c ie s  o f  
v a r ia b ility . T h e  so m a tic  v a r ia b ili ty  is  d e te rm in e d  la rg e ly  
o r  a t  le a s t  m o d if ie d  la rg e ly  b y  e n v iro n m e n ta l 
in f lu e n c e s ; th e re fo re  th o s e  o rg a n ism s  w h o s e  so m a tic  
te n d e n c y  is  p re d o m in a n tly  p la s tic  w ill su rv iv e  u n d e r  
a lte re d  c o n d itio n s  o f  e n v iro n m e n t, w h e re  th o s e  o rg a n ism s  
o f  a  le s s  e a s ily  m o d if ia b le  te n d e n c y  w ill b e  e lim in a te d . 
N o w  i f  so m a tic  c h a n g e s  ra re ly  o r  n e v e r  b e c o m e  g e rm in a l, 
i.e., a re  in h e r ite d , th e  m o d if ic a tio n s  o f  th e  p a re n ta l 
o rg a n ism s  c a n n o t b e  tra n s m itte d  to  th e ir  o ffsp r in g , b u t  
th o s e  o f fs p r in g  th a t  h a p p e n  to  b e  e n d o w e d  w ith  g e rm in a l 
v a r ia tio n s  in  th e  sa m e  d ire c tio n  as th e  a c q u ire d  b u t  n o t 
t ra n s m itte d  m o d if ic a tio n s  w o u ld  s ta r t th e ir  life  w ith  a 
p re d is p o s itio n  fa v o u ra b le  to  th e ir  e n v iro n m e n t a n d  
th e re fo re  fa v o u ra b le  to  m o re  c o m p le te  m o d if ic a tio n  o f  th e  
s o m a tic  s id e  o f  th e  o rg a n ism ; th is  te n d e n c y  b e in g  
a c c u m u la tiv e  u n d e r  c o n s ta n t c o n d itio n s , c o in c id e n t 
v a r ia b ili ty  w o u ld  a r ise  b y  th e  p ro c e s s  o f  se le c tiv e  
e lim in a tio n  a n d  p re se rv a tio n , w ith o u t th e  n e e d  o f  th e  
a s s u m p tio n  o f  u s e - in h e r ita n c e , w h ic h  a s s u m p tio n  fa c ts  
a p p e a r  to  n e g a tiv e .

A g a in s t  th e  c r itic ism  th a t  n a tu ra l s e le c tio n  c a n n o t 
e x p la in  o v e r-d e v e lo p m e n ts  o f  sp e c ia lisa tio n , th a t  is , th e

117



c a rry in g  u n n e c e s s a r i ly  fa r  o f  a d v a n ta g e o u s  s tru c tu ra l an d  
fu n c tio n a l d e v e lo p m e n t, as i l lu s tra te d  b y  th e  g re a t  a n tle rs  
o f  s tag s  a n d  m o o se , th e  m ic ro s c o p ic  f id e lity  o f  s im u la tio n  
a n d  m im ic ry , a n d  th e  n e a r ly  id e n tic a l e q u iv a le n c e  o f  th e  
r ig h t a n d  le f t  h a lv e s  o f  b i la te ra l ly  sy m m e tr ic a l a n im a ls , 
th e  s e le c tio n is t  h a s  l i ttle  to  o f fe r  e x c e p t th e  a lw a y s  
p e r t in e n t  q u e s tio n s : A re  w e  su re  th a t  th e  c a se  in  p o in t  is  
o n e  o f  o v e r-d e v e lo p m e n t, o f  u n n e c e s s a ry  sp e c ia lis a tio n ?  
A n d  a lth o u g h  th e  p a ls e o -z o o lo g is ts  m a y  b e  p re tty  
e m p h a tic  in  th e ir  d e c la ra tio n s  th a t  th e  e x tin c tio n  o f  th e  
Ir ish  s ta g  a n d  o f  th e  u n w ie ld y  c re ta c e o u s  re p tile s  w a s  
d ire c tly  d u e  to  o v e r-sp e c ia lis a tio n , th e y  c a n n o t p ro v e  it. 
A n d  th e re  y o u  a re , say s  th e  D a rw in is t.

T h e  d if f ic u lty  th a t  n a tu ra l se le c tio n  h a s  w ith  
s tru c tu ra l d e g e n e ra tio n  is  a d m itte d ly  a  rea l one . T h e  s tr ic t 
D a rw in ia n  a n s w e r  h a s  to  b e  th a t  r e tro g re s s io n  is  p ro d u c e d  
e ith e r  b y  re v e rs e d  se le c tio n , th a t  is , th a t  w h e n  b y  a  c h a n g e  
in  th e  life  h a b its  o r  e x te rn a l c o n d itio n s  a  c e r ta in  fu n c tio n  
o r  o rg a n  b e c o m e s  in ju r io u s , a s  in  th e  c a se  o f  in s e c ts  o n  
sm a ll e x p o se d  is la n d s  w h e re  th e  w in d  m ig h t c a r ry  th e  
f ly in g  o n e s  o f f  in to  th e  o cean , se le c tio n , o n  th e  b a s is  o f  
a d v a n ta g e , w o u ld  te n d  to  p re s e rv e  th e  o n e s  m o s t p o o r ly  
e q u ip p e d  fo r  f lig h t; o r  i t  h a s  to  b e  th a t  w h e n  th e  fu n c tio n  
o f  an  o rg a n  is, b e c a u s e  o f  c h a n g e  in  h a b it  o r  c o n d itio n s , 
o n c e  n e g le c te d  o r  d is c o n tin u e d , th a t  is , th e  o rg a n  is  n o  
lo n g e r  u se d , a n y  s lig h t v a r ia t io n  to w a rd  re d u c tio n  o f  th e  
o rg a n  w o u ld  b e  o f  a d v a n ta g e  b e c a u s e  o f  th e  sa v in g  in  fo o d  
w h ic h  w o u ld  b e  e ffec ted ! B u t th is  is  s im p ly  c a rry in g  th e  
lo g ic  o f  th e  p r in c ip le  o f  a d v a n ta g e  to  an  illo g ic a l e x tre m e , 
an  e x tre m e  im p o s s ib le  to  accep t. S o  W e is m a n n  d e v ise d  
th e  in g e n io u s  e x p la n a tio n  o f  p a n m ix ia  o r  c e s sa tio n  o f  
se le c tio n  to  a c c o u n t fo r  d e g e n e ra tio n . T h a t is , a  r ig - id  an d  
p e rs is te n t  se le c tiv e  a c tiv ity  is  as n e c e s s a ry  to  m a in ta in  a 
sp e c ia lis a tio n  as it  w a s  to  p ro d u c e  it. B u t e v e n  W e is m a n n  
h a s  fo u n d  th is  e x p la n a tio n  in a d e q u a te  a n d  h as , th e re fo re , 
fo u n d  a  f in a l a n d  su ff ic ie n t e x p la n a tio n  in  h is  n e w  th e o ry
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o f  g e rm in a l se le c tio n . T h is  la s t  th e o ry , a  re f in e m e n t o f  
R o u x 's  th e o ry  o f  th e  b a tt le  o f  th e  p a r ts , is  in g e n io u s , 
su g g e s tiv e , a n d  th o ro u g h ly  in te re s tin g , b u t  u n fo r tu n a te ly  it  
is  fo u n d e d  o n  c e r ta in  a s su m p tio n s  c o n c e rn in g  th e  u lt im a te  
m a k e -u p  o f  th e  g e rm -p la s m  a n d  th e  b e h a v io u r  o f  th e  u n it  
p a r ts  o f  it, th e  tru th  o f  w h ic h  s im p ly  c a n n o t b e  te s te d . A  
s tr ic tly  n e o -D a rw in ia n  a n sw e r, th a t  is , o n e  b a s e d  so le ly  on  
se le c tio n , is  th e re fo re  h a rd  to  g iv e . P la te ,10 a f te r  an  
e ffe c tiv e  a d v e rse  c r itic ism  o f  th e  in f lu e n c e  o f  th e  
W e is m a n n ia n  p a n m ix ia  as  an  e x p la n a tio n  o f  th e  s tru c tu ra l 
re d u c tio n  o r  a tro p h y  o f  p a rts , c o n c lu d e s  th a t  su c h  re d u c e d  
o r  ru d im e n ta ry  o rg a n s  a re  to  b e  e x p la in e d  " th ro u g h  th e  
in h e r ite d  e ffe c ts  o f  d isu se , th e  in h e r ite d  e f fe c ts  o f  th e  
in f lu e n c e s  o f  e x te rn a l fa c to rs , th e  in h e r ite d  e ffe c ts  o f  th e  
in f lu e n c e  o f  e c o n o m y  in  n u tr itio n , an d , in  a  fe w  c ase s , 
th ro u g h  re v e rs e d  se le c tio n . T h e  f ir s t  th re e  p r in c ip le s  a re  
o n ly  a d m is s ib le  u n d e r  th e  a s s u m p tio n  o f  th e  a c tu a lity  o f  
th e  in h e r ita n c e  o f  in d iv id u a lly  a c q u ire d  c h a ra c te rs , a n d  th e  
fo u r th  p r in c ip le  h a s  o n ly  a  v e ry  s u b o rd in a te  im p o rta n c e ."  
T h is  is  e q u iv a le n t to  sa y in g  th a t  th e  s tr ic t s e le c tio n is t  h a s  
n o  su ff ic ie n t a n s w e r  to  th e  o b je c tio n  u n d e r  p re se n t 
c o n s id e ra tio n . O n e  se e m s  fo rc e d  to  re ly  o n  L a m a rc k ia n  
fa c to rs  fo r  a n y th in g  lik e  a  s a tis fa c to ry  e x p la n a tio n  o f  
ac tu a l s tru c tu ra l re d u c tio n  o f  u s e le s s  o rg an s . T a y le r ,11 
h o w e v e r , o f fe rs  a n  e x p la n a tio n  fo r  b o th  o n to g e n ic  an d  
p h y le tic  d e g e n e ra tio n , b a s e d  o n  th e  "k n o w n  fa c ts  o f  
n u tr itio n ."  T h e  in te re s te d  re a d e r  m a y  f in d  th is  e x p la n a tio n  
in  th e  a p p e n d ix  to  th is  ch ap te r .

D o u b t is  e x p re s s e d  b y  so m e  b io lo g is ts  o f  th e  
re a lity  a n d  f ie rc e n e s s  o f  th e  s tru g g le  fo r  e x is te n c e  w h ic h  is  
an  e sse n tia l p a r t  o f  th e  se le c tio n  th e o ry . D e  V rie s  e x ­
p re s se s  th e  b e l ie f  th a t  th e  in tra -s p e c if ic  s tru g g le  th a t  is , th e  
s tru g g le  a n d  c o m p e tit io n  a m o n g  in d iv id u a ls  o f  th e  sa m e  
sp e c ie s , h a s  b e e n  m u c h  o v e rra te d . A n d  a  fe w  o b se rv a tio n s  
1 h a v e  a c tu a lly  b e e n  m a d e  w h ic h  in d ic a te  th a t  fo r  c e r ta in  
s p e c ie s  th is  s tru g g le  is  a t le a s t  n o t  r ig o ro u s  e n o u g h  to  g iv e

119



to  th e  s lig h t D a rw in ia n  v a r ia tio n s  a  d e te rm in in g  v a lu e  as 
to  th e  c h a ra c te r  o f  th e  su rv iv in g  in d iv id u a ls . H e re  a g a in  
th e  p r o o f  fo r  th e  D a rw in ia n  p o in t  o f  v ie w  is  n o t  o n e  so 
m u c h  o f  o b se rv a tio n  — lth o u g h  ac tu a l l i fe -a n d -d e a th  
c o m b a ts  b e tw e e n  in d iv id u a ls  o f  a  s in g le  sp e c ie s , a n d  
in n u m e ra b le  e x a m p le s  o f  th e  p re y in g  o f  o n e  sp e c ie s  on  
a n o th e r  a re  fa m il ia r  —  as i t  is  a  p r o o f  o f  re a so n in g . T h e  
fa c t  o f  a n  o v e r-p ro d u c tio n  o f  e g g s  a n d  e m b ry o s , th a t  is, o f  
r e p ro d u c tio n  b y  m u lt ip l ic a t io n  is  u n d e n ia b le . T h e  la c k  o f  
e x is tin g  sp a c e  a n d  fo o d  fo r  a ll in d iv id u a ls , i f  a ll sh o u ld  
l iv e  th e  o rd in a ry  sp a n  o f  life  p e c u lia r  to  th e  sp e c ie s , is  
d e m o n s tra b le  b y  m a th e m a tic s . T h e  c o n s e q u e n t c o n c lu s io n  
o f  th e s e  tw o  e s ta b lish e d  p re m ise s  is  a  s tru g g le  fo r  
e x is te n c e . T h a t is  th e  so u n d  D a rw in ia n  p o s itio n .

T h e  p r in c ip a l a n s w e r  o f  th e  D a rw in ia n s  to  th e  
c r it ic ism s  le v e lle d  a t th e  th e o ry  o f  se x u a l se le c tio n  is , th a t  
h o w e v e r  in e f fe c tiv e  th e  th e o ry  is  to  e x p la in  m a n y  o f  th e  
p h e n o m e n a  i t  is  c a lle d  o n  to  co v e r, i t  is  a t le a s t  so  m u c h  
m o re  re a s o n a b le  a n d  sa tis fy in g  as  an  e x p la n a tio n  o f  so m e  
o f  th e  p h e n o m e n a , th a t  is, so m e  o f  th e  c a te g o r ie s  o f  
se c o n d a ry  se x u a l c h a ra c te rs , su ch  as th e  o rn a m e n ta l 
p lu m e s  a n d  c o lo u r -p a tte rn s  o f  b ird s , th e  s o u n d -m a k in g  
o rg a n s  o f  in se c ts , e tc ., th a n  a n y  a lte rn a tiv e  e x p la n a tio n  
th a t  h a s  b e e n  o ffe re d , th a t  u n til  a  b e t te r  e x p la n a tio n  b e  
p re s e n te d  th e  th e o ry  o f  se x u a l se le c tio n  sh o u ld  n o t  b e  
d isc a rd e d . T h a t n o  o th e r  e x p la n a tio n  o f  m a n y , i f  n o t  m o st, 
o f  th e  p h e n o m e n a  in  q u e s tio n  h a s  a n y th in g  a t all 
c o n v in c in g  o r  sa tis fa c to ry  a b o u t it, o r  h a s  m e t w ith  an y  
g e n e ra l a c c e p ta n c e  o n  th e  p a r t  o f  n a tu ra lis ts , is  th e  p la in  
tru th . I f  w e  fee l i t  im p e ra tiv e  to  g iv e  o u r  a d h e re n c e , w ith  
c e r ta in  re se rv a tio n s , to  a n y  e x p la n a to ry  h y p o th e s is  o f  
se c o n d a ry  se x u a l c h a ra c te rs . D a rw in 's  th e o ry  is  th e  o n e  to  
h a v e  f ir s t  c la im  o n  us. A s  a  m a tte r  o f  p e rso n a l o p in io n  I 
fee l n o  n e c e s s ity  fo r  a n y  su c h  a ttitu d e  a n d  am  w ill in g  to  
lo o k  o n  m o s t  o f  th e  p h e n o m e n a  c o n n e c te d  w ith  th e  
g e n e ra l p ro b le m  o f  s e c o n d a ry  se x u a l c h a ra c te rs  a s  q u ite
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in e x p lic a b le  o n  th e  b a s is  o f  o u r  p re s e n t  k n o w le d g e  o f  
b io n o m ic s .

13T h e  sp e c if ic  a n s w e r  o f  L lo y d  M o rg a n  a n d  o th e r  
D a rw in ia n s  to  th e  o b je c tio n  th a t  c h o ic e  o n  th e  p a r t  o f  th e  
fe m a le  a s su m e s  an  a e s th e tic  re c o g n itio n  a n d  p re fe re n c e  
w h ic h  i t  is  d o in g  v io le n c e  to  o u r  k n o w le d g e  o f  an im a l 
p s y c h o lo g y  to  a ssu m e , sh o u ld  n o t  b e  o v e r lo o k e d . T h is  
a n s w e r  is , p u t  su m m a rily , th a t  th is  so -c a lle d  c h o ic e  is  o n e  
o f  im p u lse , n o t  d e lib e ra tio n : i t  is  an  im p e ra tiv e  re a c tio n  to  
a  su ff ic ie n t s tim u lu s : a n d  w h a t d e te rm in e s  th a t  th e  
s tim u lu s  f ro m  o n e  m a le  sh a ll b e  su ff ic ie n t w h ile  th a t  f ro m  
a n o th e r  is  n o t, is  th e  d e g re e  o f  p ro n o u n c e d n e s s  o r  
e f fe c tiv e n e s s  o f  th e  o rn a m e n t, o r  ca ll, o r  b e h a v io u r . I t  is  a 
c h o ic e  "w h ic h  is  d e te rm in e d  b y  th e  e m o tio n a l m e a n in g  o f  
th e  c o n sc io u s  m e a n -in g . A n d  i t  is  th e  r e ite ra te d  re v iv a l o f  
th e  a s so c ia te d  e m o tio n a l e le m e n ts  w h ic h  g e n e ra te s  an  
im p u lse  su ff ic ie n tly  s tro n g  to  o v e rc o m e  h e r  in s tin c tiv e  
c o y n e ss  a n d  re lu c ta n c e .

I t is  a  p e rc e p tu a l c h o ic e  a r is in g  f ro m  im p u lse  
ra th e r  th a n  an  id e a tio n a l c h o ic e  d u e  to  m o tiv e  an d  
v o litio n ."

R e g a rd in g  W o lf f 's  a rg u m e n t th a t  an  e x p la n a tio n  o f  
th e s e  c h a ra c te rs  is  v e ry  n e c e s s a ry  to  th e  a c c e p ta n c e  o f  th e  
th e o ry  o f  n a tu ra l se le c tio n  th e re  is  l i t t le  to  say  in  re b u tta l. 
N a tu ra l se le c tio n  c o n fe s se s  i t s e l f  in a d e q u a te  to  e x p la in  
th o s e  e x tra o rd in a ry  c h a ra c te rs  a n d  c o n d itio n s  b y  w h ic h  
th e  m a le s  o f  m a n y  sp e c ie s  o f  m a m m a ls , b ird s , in se c ts , 
sp id e rs , e tc ., d if fe r  f ro m  th e  fe m a le s . A n d  i f  sex u a l 
se le c tio n  d o e s  n o t  e x p la in  th e m  th e n  so m e  o th e r  
e x p la n a tio n  is  n e c e ssa ry . B u t  th e  la c k  o f  th is  e x p la n a tio n  
d o e s  n o t  in v a lid a te  th e  g e n e ra l th e o ry  o f  n a tu ra l s e le c tio n  
as  o n e  o f  th e  fa c to rs  in  o rg a n ic  e v o lu tio n  a n d  in d e e d  o n e  
o f  th e  m o s t  im p o r ta n t  a n d  fa r - re a c h in g  ones.

T h e  d if f ic u lty  o f  a  s a tis fa c to ry  d is c u s s io n  o f  th e  
o b je c tio n  th a t  n a tu ra l se le c tio n  re s ts  to o  la rg e ly  o n  an  
a s su m e d  l ik e n e s s  to  a r tif ic ia l se le c tio n , w h ile  th e
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d if fe re n c e s  in  th e  tw o  p ro c e sse s , e sp e c ia lly  in  th e ir  re su lts , 
a re  to o  ra d ic a l to  a llo w  u s  to  re s t  a n y  c o n f id e n c e  o n  th is  
a p p a re n t h o m o lo g y , is , th a t  d e sp ite  th e  se v e ra l th o u s a n d  
y e a rs  th ro u g h  w h ic h  a rtif ic ia l se le c tio n  h a s  b e e n  fo llo w e d  
a n d  s tu d ie d  w e  s till k n o w  to o  l i t t le  o f  th e  rea l c h a ra c te r  o f  
it, e sp e c ia lly  o f  its  re su lts . M o s t  se le c tio n is ts  n o w  a d m it 
th a t  th e  a rg u m e n t fo r  n a tu ra l s e le c tio n  o n  th e  b a s is  o f  its  
s im ila r ity  to  a r tif ic ia l se le c tio n  h a s  b e e n  g iv e n  to o  g re a t 
p ro m in e n c e  a n d  re lie d  o n  to o  s tro n g ly , b u t  th a t  th e  
o b se rv e d  p ro c e s s e s  o f  th e  o n e  d o  te a c h  u s  m u c h  o f  tru th  
a b o u t th e  u n o b s e rv a b le  p ro c e s s e s  o f  th e  o th e r  th e  
D a rw in ia n s  f irm ly  m a in ta in . A s  P la te  say s, "T h e  g re a t 
v a lu e  o f  a r tif ic ia l s e le c tio n  c o n s is ts  in  th is , th a t  i t  sh o w s  
f irs t, th a t  a  g ra d u a l c u m u la tio n  o f  c h a ra c te r is tic s  in  
d e f in ite  d ire c tio n s  is a c tu a lly  p o s s ib le  th ro u g h  su c c e s s iv e  
se le c tio n s , a n d  sec o n d , th a t  i t  h a s  a f fo rd e d  u s  a  r ic h  m a ss  
o f  d a ta  c o n c e rn in g  v a r ia tio n , in h e r ita n c e , a n d  th e  
in f lu e n c e  o f  c h a n g in g  in tr in s ic  c o n d itio n s  o r  in f lu e n c e s . 
W h e n  D a rw in  sh o w e d  w h a t a  h ig h  p la s tic ity  th e  d o m e s tic  
a n im a ls  p o s s e s s  h e  b u i l t  fo r  h is  th e o re tic a l e x p la n a tio n  o f  
d e s c e n t an  in d u b ita b le  n e c e s s a ry  fo u n d a tio n , fo r  th e  
c h a n g e s  w h ic h  a  d o m e s tic  a n im a l p a s se s  th ro u g h  in  th e  
h a n d s  o f  m a n  m u s t  o f  n e c e s s ity  b e  a b le  to  b e  c a lle d  fo r th  
in  s im ila r  m a n n e r  in  th e  fe ra l a n im a ls  b y  th e  c re a tiv e  fo rc e  
o f  n a tu re , fo r  th e  d o m e s tic  a n im a ls  c e r ta in ly  h a v e  c o m e  
f ro m  th e  w ild  o n es. I t  is  a lso  tru e  th a t  m a n  h a s  m a d e  u se  
o f  o n ly  n a tu ra l fa c to rs , a n d  w h o e v e r  w ill c o m p a re  th e  
e x tra o rd in a ry  c re a tu re s  o f  th e  d e e p  se a  w ith  e v e n  th e  m o s t 
b iz a r re  o f  o u r  c u ltiv a te d  ra c e s , w ill  see  th a t  th e  f lu x in g  
l ife -c o n d itio n s  o f  f re e  n a tu re  c a n  m o d ify  o r  re fo rm  th e  
a n im a l w o r ld  in  n o  le s s  d e g re e  th a n  th e  in te ll ig e n c e  o f  
m a n  ca n  d o  it.

"R e c e n tly  d e  V r ie s ,14 in  h is  b o o k  o n  'M u ta tio n s ,' 
h a s  tr ie d  to  d e n y  th e  w o r th  o f  th e  s e le c tio n  p r in c ip le , an d  
a lth o u g h  I  fu lly  re c o g n is e  th e  h ig h  w o r th  o f  h is  
c o n tr ib u tio n  to  s c ie n c e  b a s e d  o n  su ch  e x te n s iv e  se rie s  o f
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e x p e r im e n ts , y e t  I  m u s t  o p p o se  h im  in  th is  p o s itio n . In  
v a r io u s  p la c e s  in  th e  b o o k  h e  w rite s  th a t  n o th in g  f ix e d  can  
b e  p ro d u c e d  b y  se le c tio n , a n d  th a t  th e re fo re  i t  c a n  h a v e  n o  
im p o r ta n c e  as a  w o rk in g  fa c to r  in  d e sc e n t. F o r  e x a m p le , in  
th e  in tro d u c tio n  (p. 6 ) h e  says: 'A rtif ic ia l se le c tio n  n e v e r, 
as  fa r  as e x p e r ie n c e  re a c h e s , le a d s  to  th e  o r ig in  o f  n e w  
c o m p le te  ty p e s . ' T h e  re v e rs io n  o f  m o d if ie d  d o m e s tic a te d  
ra c e s  is  in d u b ita b le , a n d  d e  V rie s  h im s e lf  h a s  b ro u g h t 
fo rw a rd  n e w  i l lu s tra tio n s  o f  th is  fa c t  w h ic h  h a s  b e e n  so 
lo n g  k n o w n . B u t  c o n v in c in g  p r o o f  th a t  n a tu ra l s e le c tio n  
c a n n o t le a d  to  c o n s ta n t fo rm s  c a n n o t b e  d e d u c e d  fro m  
th e s e  o b se rv a tio n s , b e c a u s e  th e y  re fe r  in  a ll c a se s  to  fo rm s  
w h ic h  h a v e  b e e n  h ig h ly  m o d if ie d  in  th e  c o u rse  o f  a  fe w  
y e a rs  o r  d e c a d e s , so  th a t  th e  p re s u m p tio n  lie s  c lo se  a t 
h a n d  th a t  th e re  h a s  n o t  b e e n  su ff ic ie n t t im e  re a lly  an d  
la s tin g ly  to  m o d ify  th e  o r ig in a l h e re d ity  e s ta b lish e d  b y  
c e n tu r ie s . M a n y  fa c ts  in d ic a te  th a t  th e  in te n s ity  o f  h e re d ity  
d e p e n d s  u p o n  th e  n u m b e r  o f  g e n e ra tio n s , th a t  is, u p o n  
tim e . L o n g - in h e r ite d  c h a ra c te rs  a re  d if f ic u lt  to  e ra d ic a te ; 
r e c e n t o n e s  easy . W e  can , th e re fo re , n o t  e x p e c t to  m e e t 
su c h  a  c o n s ta n c y  in  th e  p ro d u c ts  o f  a  c e n tu ry  a s  w e  f in d  in  
N a tu re . M a n y  g ra d u a lly  se le c te d  ra c e s  o f  d o v e s  a re  n o w  
a lm o s t e n tire ly  c o n s ta n t, th a t  is , n o  lo n g e r  r e v e r t  to  th e  
p r im itiv e  ra c e  w h e n  th e y  a re  in te r-b re d . T h e  w a y  in  w h ic h  
th e  re v e rs io n s  a p p e a r  sh o w s  th a t  th e  d u ra tio n  o f  t im e  p la y s  
an  im p o r ta n t  ro le  in  in h e r ita n c e  (h e re d ity ) . S c h u b e le r  
fo u n d  in  h is  s tu d ie s  o f  th e  tra n s la t io n  o f  th e  n o r th e rn  
b o u n d a ry  o f  th e  g ra in  c u ltu re  th a t  th e  c h a ra c te rs  n e w ly  
a c q u ire d  (h e a v ie r  a n d  e a r lie r  r ip e n in g  se e d s)  p e rs is te d  fo r  
sev e ra l g e n e ra tio n s  w h e n  th e  fo rm s  w e re  re p la n te d  in  th e  
o rig in a l [m o re  so u th e r ly ]  h a b ita t. D e  V rie s  in  s ix  y e a rs  
se le c te d  c o rn  w h ic h  h a d  an  a v e ra g e  o f  2 0  ro w s  o f  k e rn e ls  
in s te a d  o f  th e  o r ig in a l 12 to  14, a n d  h e ld  th e  p la n ts  a t th is  
h e ig h t o f  p ro d u c tio n  th ro u g h  f iv e  y e a rs . W h e n  h e  th e n  
p la n te d  se e d  f ro m  a  1 6 -ro w e d  ea r, th e  a v e ra g e  o f  th e  ea rs  
g a th e re d  f ro m  th is  p la n tin g  w a s  in  th e  f irs t  g e n e ra tio n  s till
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a t 2 0  ro w s , a n d  sa n k  o n ly  in  th e  n e x t  tw o  y e a rs  a g a in  to  14 
to  16. I f  h e  h a d  c o n tin u e d  h is  se le c tio n  lo n g e r  h e  w o u ld  
h a v e  a rr iv e d  a t a  m o re  n e a r ly  c o n s ta n t fo rm . D e  V rie s  
h im s e lf  says: 'W h e n  th e  se le c tio n  c e a se s , th e  se le c te d  
c h a ra c te r is tic s  d ro p  a w a y  a n d  in  p ra c tic a lly  th e  sam e  
le n g th  o f  t im e  w h ic h  w a s  n e c e s s a ry  fo r  th e  p ro d u c tio n  o f  
th e  n e w  race , th a t  is  w ith in  a  fe w  g e n e ra tio n s . ' F ro m  th is  it  
fo llo w s  th a t  a  d o m e s tic  ra c e  p ro d u c e d  b y  s lo w  p e rs is te n t 
se le c tio n  th ro u g h  m a n y  th o u s a n d s  o f  g e n e ra tio n s  w o u ld  
sh o w  th e  sa m e  re la tiv e  c o n s ta n c y  o r  f ix i ty  as n a tu ra l 
sp e c ie s , th e  m a jo r ity  o f  w h ic h  a lso  m u s t h a v e  o r ig in a te d  
s lo w ly , fo r  o th e rw ise  th e  a p p e a ra n c e  o f  n e w  sp e c ie s  
w o u ld  b e  o f te n  o b se rv e d . I f  o n e  w is h e s  to  b e  v e ry  
c o n se rv a tiv e  in  th is  m a tte r  o n e  m a y  d e c la re : in  th e  l ig h t  o f  
o u r  p re s e n t k n o w le d g e  w e  c a n n o t say  th a t  a r tif ic ia l 
se le c tio n  g iv e s  u s  a n y  sa fe  m e a n s  o f  ju d g in g  ju s t  w h a t 
d e g re e  o f  c o n s ta n c y  [fix ity ] c a n  b e  a tta in e d  b y  its  m e a n s ; 
b u t  i t  is  n o t  fa ir  to  say  th a t  b e c a u s e  u p  to  th e  p re s e n t  o n ly  a 
p a r tia l c o n s ta n c y  h a s  b e e n  re a c h e d  th ro u g h  a rtif ic ia l 
se le c tio n , n a tu ra l se le c tio n  c a n n o t h a v e  le d  to  th e  
p ro d u c tio n  o f  c o n s ta n t sp e c ie s . A ll c u ltiv a te d  ra c e s  h a v e  
b e e n  re la tiv e ly  q u ic k ly , so m e  in d e e d  v e ry  q u ic k ly , 
se le c te d  15 an d , th e re fo re , th e y  s tr ik e  b a c k  v e ry  q u ick ly . 
T h is , h o w e v e r , n e e d  n o t  b e  a s s u m e d  fo r  th e  s lo w ly  a rise n  
p ro d u c ts  o f  n a tu ra l se le c tio n ."

T a y le r ,16 m a k in g  a  g e n e ra l d e fe n c e  o f  th e  n a tu ra l 
s e le c tio n  th e o ry , says: "T o  re a lis e  h o w  fa r  th e  th e o ry  o f  
s e le c tio n  is  c a p a b le  o f  e x p la in in g  th e  fa c ts  o f  o rg a n ic  
e v o lu tio n , i t  is  n e c e s s a ry  to  b e a r  in  m in d  th e  p o s tu la te s  o n  
w h ic h  th e  th e o ry  is  fo u n d e d .

"I. I t  is  o b v io u s  th a t  n a tu ra l se le c tio n  ca n  o n ly  a c t 
b y  p re s e rv in g  o r  e lim in a tin g  th e  c o m p le te  o rg a n ism . 
S e le c tio n  m u s t  th e re fo re  b e  o rg a n ism a l. T h is  D a rw in  an d  
o th e r  s e le c tio n is ts  h a v e  c le a r ly  re c o g n ise d .

"2. A s  th e  w h o le  o rg a n ism  m u s t su rv iv e , i f  th e  
f a v o u ra b le  v a r ia t io n  o r  v a r ia t io n s  a re  to  b e  p re se rv e d , it
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fo llo w s  th a t  c e r ta in  m in o r  u n fa v o u ra b le  v a r ia t io n s  m a y  
a lso  b e  p re s e rv e d  i f  th e y  h a p p e n  to  e x is t  in  an  in d iv id u a l 
w h ic h  su rv iv e s  o n  a c c o u n t o f  its  m a jo r  fa v o u ra b le  
v a r ia tio n s . A n d  s in c e  n o  in d iv id u a l is  c o m p le te ly  a d a p te d  
to  its  e n v iro n m e n t, i t  fo llo w s  th a t  th e re  m u s t  b e  a lw a y s  a 
v a r ia b le  a m o u n t o f  re s id u a l u n fa v o u ra b le  v a r ia b ili ty  in  
e v e ry  o rg a n ism .

"3. T h is  re s id u a l u n fa v o u ra b le  v a r ia b ili ty  m a y  b e  
o f  c o n s id e ra b le  u ti l i ty  u n d e r  c h a n g e d  c o n d itio n s .

"4. C o m p le m e n ta ry  sp e c ia lis a tio n  o f  p a rts , as 
S p e n c e r  h a s  sh o w n , is  fa v o u ra b le  to  su c c e ss fu l 
c o m p e tit io n , a n d  as i t  is  th e  w h o le  o rg a n ism  th a t  is  
se le c te d  o r  e lim in a te d , i t  fo llo w s  th a t  an y  w e a k n e s s  o f  o n e  
sp e c ia lis e d  p a rt, s in c e  i t  w o u ld  d is tu rb  th e  b a la n c e  o f  all, 
w o u ld  b e  d e tr im e n ta l. T h e  m o re  c o m p le x  th e  o rg a n ism , 
th e  m o re  sp e c ia lis e d  th e  s tru c tu re s , th e  m o re  d e p e n d e n t 
o n e  p a r t  w ill b e  o n  th e  o th e rs  fo r  its  e x is te n c e , h e n c e  a 
c o m p le m e n ta ry  s p e c ia lis in g  te n d e n c y  w ill b e  fa v o u re d  b y  
se le c tio n , a n d  th e re fo re  a ll s tru g g le s  o f  o n e  p a r t  o f  an  
o rg a n ism  w ith  a n o th e r  w ill b e  re d u c e d  to  a  m in im u m .

"It is  c le a r  th a t  th e re  m u s t  b e  so m e  u n d e r ly in g  
c r ite r io n  w h ic h  d e te rm in e s  w h e th e r  a n y  g iv e n  o rg a n ism  
sh a ll b e  se le c te d  o r  n o t, a n d  th a t  c r ite r io n  m u s t  b e  th e  n e t  
re s u lt  o f  its  a d a p ta b ili ty  to  its  e n v iro n m e n t. O n e  o rg a n ism  
m a y  c o n c e iv a b ly  su rv iv e , b y  its  p o s s e s s io n  o f  a  la rg e  
n u m b e r  o f  sm a ll fa v o u ra b le  v a r ia tio n s , w h ile  a n o th e r  m a y  
su rv iv e  in  v ir tu e  o f  a  s in g le  v a lu a b le  o n e , b u t  in  e a c h  c a se  
i t  w o u ld  b e  th e  whole value o f  th a t  o rg a n ism  w h ic h  
d e te rm in e d  its  su rv iv a l. T h is  fa c t is  c o n tin u a lly  
d is re g a rd e d  b y  o p p o n e n ts  o f  th e  n e o -D a rw in ia n  p o s itio n , 
y e t  th is  se le c tio n  o f  th e  o rg a n ism  as a  w h o le  is  th e  
fu n d a m e n ta l p o s tu la te  f ro m  w h ic h  th e  th e o ry  o f  s e le c tio n  
s ta rts . T h u s  i t  is  n o t  u n c o m m o n  to  re a d  c r it ic ism s  b e a r in g  
o n  th e  e a r ly  d e v e lo p m e n t o f  so m e  o rg a n , in  w h ic h  th e  
in a d e q u a c y  o f  se le c tio n  is  su p p o se d  to  b e  p ro v e d  b y  th e  
w r ite r  d e m o n s tra tin g , o r  b e lie v in g  h e  h a s  d e m o n s tra te d ,
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th e  fa c t  th a t  th e  p a r t ic u la r  v a r ia t io n  in  q u e s tio n  m u s t  h a v e  
b e e n  to o  sm all to  b e  b y  i t s e l f  o f  se le c tio n  v a lu e . In  m a n y  
c a se s  th e  p a r t ic u la r  v a r ia tio n  w o u ld , n o  d o u b t, i f  ta k e n  
a lo n e  b e , as th e  o b je c to r  a s se r ts , to o  u n im p o r ta n t  to  b e  
s e le c te d , b u t  as  i t  is  th e  w h o le  o rg a n ism  th a t  is  se le c te d , it  
is  n o t  lo g ic a l to  m a k e  an  a r tif ic ia l se p a ra tio n  a n d  s tu d y  th e  
d e v e lo p m e n t o f  o n e  o rg a n  o r  s tru c tu re  ir re s p e c tiv e  o f  th e  
o th e r  o rg a n s  w ith  w h ic h  i t  is  in  n a tu re  a sso c ia te d . Every 
organ in its evolution must be considered in relation to the 
whole o f the particular organism in which that particular 
stage o f development o f that organ is found. S ta rtin g , 
th e re fo re , w ith  th is  fa c t  th a t  th e  n e t  v a lu e  o f  a d a p ta b ili ty  
o f  th e  w h o le  o rg a n ism  to  its  e n v iro n m e n t m u s t  b e  th e  
b a s is  w h ic h  d e te rm in e s  se le c tio n  o r  e lim in a tio n , i t  w ill 
fo l lo w  th a t  c e r ta in  lin e s  o f  d e v e lo p m e n t w ill re s u lt  f ro m  
th e  a p p lic a tio n  o f  th is  c r ite rio n . In  a  se r ie s  o f  o rg a n ism s  
p la c e d  u n d e r  n e w  c o n d itio n s , e lim in a tio n  w ill p ro c e e d  
a lo n g  lin e s  e s se n tia l to  b r in g  a b o u t a  p ro p e r  a d ju s tm e n t to  
th e  n e w  c o n d itio n s . I f  th e  o ffs p r in g  o f  th e s e  a d ju s te d  
o rg a n ism s  m e re ly  r e p e a te d  in  th e ir  g e n e ra tio n  th e  
c h a ra c te rs  o f  th e  e x te rm in a te d  as w e ll as  o f  th e  su rv iv in g  
o rg a n ism s , th a t  te m p o ra ry  a d ju s tm e n t w o u ld  b e  p e rm a n e n t 
as  lo n g  as th e  c o n d itio n s  w e re  u n c h a n g e d . B u t  s in c e  th e  
o f fs p r in g  a re  p ro d u c e d  o n ly  b y  th e  su rv iv in g  o rg a n ism s , 
s e le c tio n  is  c o n tin u a lly  ra is e d  to  h ig h e r  a n d  h ig h e r  p la n e s  
o f  a d a p ta tio n .

an d , th e re fo re , as  lo n g  as c o n d itio n s  re m a in  
c o n s ta n t, th e  te n d e n c y  o f  se le c tio n  m u s t  b e , as D a rw in  
c le a r ly  saw , c u m u la tiv e . H e  d id  n o t, h o w e v e r , a p p a re n tly  
see  th a t  f ro m  th is  c u m u la tiv e  te n d e n c y  d e f in ite  v a r ia b ili ty  
m u s t a r ise  o u t o f  in d e f in ite .

"S e le c tio n  in  d ire c t r e la tio n  to  c lim a tic  c o n d itio n s  
is, th e re fo re , o f  v e ry  m in o r  im p o r ta n c e , w h ile  s e le c tio n  
a m o n g  th e  m e m b e rs  o f  a  sp e c ie s  a n d  a ll fo rm s  o f  in te r-  
o rg a n ism a l s e le c tio n  is  o f  in f in ite ly  m o re  im p o rta n c e , 
s in c e  i t  is  th is  in te ra c tio n , p ro d u c e d  b y  th e  o ffsp r in g  in
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d if fe re n t d e g re e s  in h e r i t in g  th e  a d v a n ta g e s  o f  b o th  p a re n ts  
(b o th  o f  w h o m  h a v e  su rv iv e d  o n  a c c o u n t o f  c e r ta in  
a d v a n ta g e s ) , th a t  le a d s  to  th e  c u m u la tiv e  d e v e lo p m e n t an d  
n e v e r -e n d in g  s tru g g le  fo r  su rv iv a l. D a rw in  c a m e  v e ry  n e a r  
to  th is  c o n c e p tio n  o f  d e f in ite  v a r ia b il i ty  w h e n  h e  p o in te d  
o u t th a t  'i f  a  c o u n try  w e re  c h a n g in g  th e  a lte re d  c o n d itio n s  
w o u ld  te n d  to  c a u se  v a r ia tio n , n o t  b u t  w h a t  I  b e l ie v e  m o s t 
b e in g s  v a ry  a t a ll t im e s  e n o u g h  fo r  se le c tio n  to  a c t o n .' 
E x te rm in a tio n  w o u ld  e x p o se  th e  re m a in d e r  to  'th e  m u tu a l 
a c tio n  o f  a  d if fe re n t  se t o f  in h a b ita n ts , w h ic h  I  b e lie v e  to  
b e  m o re  im p o r ta n t  to  th e  l ife  o f  e a c h  b e in g  th a n  m e re  
c lim a te , a n d  as 'th e  sa m e  sp o t w ill s u p p o r t m o re  l ife  i f  
o c c u p ie d  b y  v e ry  d iv e rse  fo rm s ,' i t  is  e v id e n t th a t  se le c tio n  
w ill f a v o u r  v e ry  g re a t  d iv e rs ity  o f  s tru c tu re .

"B e a rin g  in  m in d  th is  c u m u la tiv e  a c tio n  o f  
s e le c tio n  it  w ill fo llo w  th a t  u n d e r  c o n s ta n t o r  re la tiv e ly  
c o n s ta n t c o n d itio n s  th e  s tru g g le  fo r  su c c e ss fu l l iv in g  w ill 
b e c o m e  m o re  a n d  m o re  se le c tiv e  in  c h a ra c te r , e v e n  i f  th e  
ac tu a l n u m b e r  o f  in h a b ita n ts  re m a in  m o re  o r  le s s  th e  sa m e  
as  w h e n  th e  s tru g g le  f ir s t  c o m m e n c e d . T h e  se le c tio n  o f  
v a r ia t io n s  w ill t h u s  te n d  to  p a s s  th ro u g h  c e r ta in  m o re  o r  
le s s  ill-d e f in e d , b u t  n e v e r th e le s s , rea l s tag es . In  p ro p o r tio n  
as  th e  s tru g g le  b e c o m e s  in te n se , e ith e r  f ro m  th e  n u m b e r  o r  
f ro m  th e  in  c re a s in g  a d a p ta b ili ty  o f  th e  o rg a n ism s , o r  b o th , 
c e r ta in  m a jo r  e s se n tia l a d a p ta tio n s , w h ic h  w e re  n e c e s s a ry  
fo r  th e  c lim a tic  a n d  o th e r  m o re  o r  le s s  c o m p a ra tiv e ly  
s im p le  c o n d itio n s , w ill b e  su p p le m e n te d  b y  m in o r  
a u x ilia ry  v a r ia t io n s  w h ic h  in  th e  e a r lie r  s ta g e s  w o u ld  n o t 
h a v e  a p p e a re d . A n d  s till la te r , as  m o re  a n d  m o re  r ig o ro u s  
c o n d itio n s  o f  life  w e re  im p o se d , th e  a d v a n ta g e  w o u ld  te n d  
to  re s t  w ith  th o s e  o rg a n ism s  w h ic h  p o s s e s s e d  h ig h ly  
c o o rd in a te d  a d a p ta tio n s , s in c e  th is  w o u ld  e n ta il m o re  
ra p id  re s p o n s iv e n e s s  to  e n v iro n m e n t. "A s e v o lu tio n  
a d v a n c e s  f ro m  th e  u n s p e c ia l is e d  to  th e  sp e c ia lise d , an d  
h ig h e r  a n d  h ig h e r  fo rm s  o f  life  c o m e  in to  b e in g , w ith  
in c re a s in g  c o m p le x ity  a n d  sp e c ia lis a tio n  o f  p a r ts  e n ta ilin g
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an  in c re a s in g ly  d e lic a te  a d ju s tm e n t o f  th o s e  p a r ts  to  ea c h  
o th e r 's  n e e d s , th e  re la tio n  o f  e a c h  p a r t  to  th e  w h o le  
o rg a n ism  b e c o m e s  o f  m o re  a n d  m o re  im p o r ta n c e , a n d  it  
fo llo w s  th a t  s e le c tio n  m u s t  b e c o m e  m o re  a n d  m o re  
g e n e ra lis e d  in  its  a c tio n . N o  s in g le  v a r ia t io n  c o u ld  b e  o f  
se rv ic e  to  a n y  o f  th e  h ig h e r  fo rm s  o f  life  u n le s s  i t  w a s  in  
m o re  o r  le s s  c o m p le te  h a rm o n y  w ith  th e  w h o le  te n d e n c y  
o f  th e  in d iv id u a l. T h e  a d ju s tm e n t o f  p a r ts  a n d  th e ir  m u tu a l 
in te rd e p e n d e n c e  m a k e  i t  e s se n tia l fo r  a d a p ta tio n  th a t  th e  
re la tio n  o f  p a r ts  b e  p re se rv e d ; c o n se q u e n tly , c o rre la te d  
m in u te  fa v o u ra b le  v a r ia t io n s  w ill te n d  to  b e  m o re  a n d  
m o re  se le c te d  as  e v o lu tio n  p a s se s  f ro m  th e  u n s p e c ia lis e d  
to  th e  sp e c ia lis e d  fo rm s  o f  life . T h is  re s p o n s e  o f  th e  w h o le  
o rg a n ism  sh o u ld  b e  s till m o re  d e lic a te  in  th o s e  fo rm s  o f  
l ife  th a t  a re  c o n tin u a lly  s u b je c tin g  th e m s e lv e s  to  c h a n g e d  
c o n d itio n s ; h e n c e  th is  d e lic a c y  o f  a d ju s tm e n t is  fa r  m o re  
n e c e s s a ry  in  th e  h ig h e r  fo rm s  o f  a n im a l l ife  th a n  in  th e  
m o re  s ta tio n a ry  p la n t  o rg a n ism s , a n d  in  th e  d e v e lo p in g  
n e rv o u s  sy s te m  o f  a n im a ls  w e  h a v e  ju s t  th e  ce n tra l 
a d ju s tin g  sy s te m  th a t  is  re q u ire d  fo r  th e s e  c o n d itio n s . With 
evolution o f type there will thus be an increasingly definite 
tendency given to organic, especially the animal, forms o f 
life, i f  the acting principle o f evolution has been 
selectional. S e le c tio n  is, th e re fo re , a b le  to  a c c o u n t fo r  th e  
s te a d ily  p ro g re s s iv e  te n d e n c y  o f  life  as a  w h o le  w ith o u t 
c a ll in g  to  its  a id  a n y  u n k n o w n  a n d  d o u b tfu l p e rfe c tin g  
p r in c ip le .

"T o  su m m a rise : —  N a tu ra l se le c tio n , a c tin g  o n  th e  
w h o le  o rg a n ism , te n d s  to  p ro d u c e  m o re  a n d  m o re  d e f in ite  
te n d e n c ie s  in  a ll su rv iv in g  fo rm s  o f  life , w h ic h  te n d e n c ie s  
a re  p ro g re s s iv e  a n d  c o n tin u o u s  in  c h a ra c te r . V a r ia b le  
c o n d itio n s , b y  p a r tia lly  a lte r in g  th e  l in e  o f  se le c tio n , 
in d u c e  a  te m p o ra ry  in d e f in ite n e s s . A n d  la s tly , th e  p ro c e s s  
o f  se le c tio n  b e in g  i t s e l f  a b le  to  b e  th e  in d ire c t, th o u g h  n o t 
th e  d ire c t, c a u se  o f  th o s e  fa v o u ra b le  v a r ia tio n s , w h ic h  it  
su b se q u e n tly  se le c ts  fro m , is  a b le  to  d is p e n s e  w ith  an y
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su b s id ia ry  fa c to rs , p ro v id e d  i t  h a s  a  c e r ta in  n u m b e r  o f  
e le m e n ta ry  p ro p e r tie s  o f  l ife  w h ic h  a ffo rd  su ff ic ie n t 
m a te r ia l to  w o rk  w ith ."

A P P E N D IX .

1 S e m p e r, C a rl, "D e r H a e c k e lis m u s  in  d e r  
Z o o lo g ie ,"  1876.

In  1876 , G u s ta v  J a e g e r  a n tic ip a te d  W e ism a n n 's  
la te r  m u c h -h e ra ld e d  th e o ry  o f  th e  c o n tin u ity  o f  th e  g e rm - 
p la sm  in  h is  "Z o o lo g isc h e  B r ie fe n ."

F o r  an  e x c e lle n t d e ta ile d  c ritic a l a c c o u n t o f  th e se  
g e n e ra l, as  w e ll a s  th e  se v e ra l a c c e s so ry  th e o r ie s  
(a m p h im ix is , p o la r  b o d ie s , etc.) o f  W e ism a n n , see  
R o m a n e s 's  "A n  E x a m in a tio n  o f  W e is m a n n - is m ,"  1893.

4 I t is  o f  in te re s t  to  n o te  th a t  th e  s tro n g e s t 
d e fe n d e rs  o f  n e o -D a rw in is m  to -d a y  a re  th e  E n g lis h  
n a tu ra lis ts . A m e ric a n s  m o s tly  le a n  to w a rd  n e o ­
L a m a rc k ism ; th e  G e rm a n s  a re  d iv id ed .

5 P la te , L u d w ig , "U b e r  d ie  B e d e u tu n g  d es  
D a rw in 's c h e n  S e le c - tio n sp r in z ip  u n d  P ro b le m e  d e r 
A rtb ild u n g ,"  2 d  ed .. 1903.

6 P ro f . W e ld o n , an  E n g lis h  D a rw in ia n , h a s  
re c o rd e d  (Nature, Sep t. 2 2 , 1 8 9 8 ) an  e x tre m e ly  in te re s tin g  
a n d  m u c h  d is c u s s e d  s ta tis tic a l a n d  e x p e r im e n ta l s tu d y  o f  
th e  p re s u m a b le  a c tio n  o f  n a tu ra l se le c tio n  w o rk in g  on  
s lig h t f lu c tu a tin g  q u a n tita tiv e  v a r ia tio n s . "I c a n  o n ly  
a tte m p t to  d isc u ss ,"  sa y s  P ro f. W e ld o n , " th e  im p o r ta n c e  o f  
sm a ll v a r ia tio n s , a n d  th e  ra te  o f  o rg a n ic  c h a n g e , in  th e  o n e  
c a se  w h ic h  I h a p p e n  to  k n o w . T h e  p a r t ic u la r  c a se  I  h a v e  
m y s e l f  s tu d ie d  is  th e  v a r ia t io n  in  th e  fro n ta l  b re a d th  o f  
Carcinus moenas [a  sm a ll sh o re -c ra b ].

"D u rin g  th e  la s t  s ix  y e a rs  m y  f r ie n d , M r. H e rb e r t  
T h o m p so n , a n d  I  h a v e  s tu d ie d  in  so m e  d e ta il th e  s ta te  o f  
th is  c h a ra c te r  in  th e  sm all sh o re -c ra b s  w h ic h  sw a rm  o n  th e
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b e a c h  b e lo w  th e  la b o ra to ry  o f  th e  M a r in e  B io lo g ic a l 
A sso c ia tio n , a t P ly m o u th .

"I w ill s h o w  y o u  th a t  in  th o s e  c ra b s  sm all c h a n g e s  
in  th e  s iz e  o f  th e  f ro n ta l b re a d th  do, u n d e r  c e r ta in  
c irc u m s ta n c e s , a f fe c t th e  d e a th -ra te , a n d  th a t  th e  m e a n  
fro n ta l b re a d th  a m o n g  th is  r a c e  o f  c ra b s  is, in  fac t, 
c h a n g in g  a t a  ra te  su ff ic ie n tly  ra p id  fo r  a ll th e  
re q u ire m e n ts  o f  a  th e o ry  o f  e v o lu tio n .

"In  T a b le  IV  [o m itte d ], y o u  see  th re e  
d e te rm in a tio n s  o f  th e  m e a n  fro n ta l b re a d th  o f  th e s e  c rab s , 
e x p re s se d  in  te rm s  o f  th e  c a ra p a c e - le n g th , ta k e n  as 1 ,000. 
Y o u - see  th a t  th e  m e a n  b re a d th  v a r ie s  v e ry  ra p id ly  w ith  
th e  le n g th  o f  th e  c rab , so  th a t  i t  w a s  n e c e s s a ry  to  
d e te rm in e  it  s e p a ra te ly  in  sm a ll g ro u p s  o f  c rab s , su c h  th a t  
th e  le n g th  o f  n o  tw o  c ra b s  in  a  g ro u p  d if fe re d  b y  m o re  
th a n  a  f if th  o f  a  m illim e tre . T h e  f irs t  c o lu m n  o f  th e  ta b le  
sh o w s y o u  th e  m e a n  fro n ta l b re a d th  o f  tw e n ty - f iv e  su ch  
g ro u p s , b e tw e e n  10 a n d  15 m ill im e tre s  lo n g , c o lle c te d  in  
1893 . T h e se  c ra b s  w e re  m e a s u re d  b y  M r. T h o m p so n . T h e  
se c o n d  c o lu m n  sh o w s y o u  th e  m e a n  fro n ta l b re a d th  in  
tw e n ty - f iv e  s im ila r  g ro u p s  o f  c rab s , c o lle c te d  in  1895 , an d  
a lso  m e a s u re d  b y  M r. T h o m p so n . Y o u  see  th a t  in  e v e ry  
c a se  th e  m e a n  b re a d th  in  a  g ro u p  o f  c ra b s  c o lle c te d  in  
1895 is  le s s  th a n  i t  w a s  in  c ra b s  o f  th e  sa m e  s iz e  c o lle c te d  
in  1893 . T h e  th ird  c o lu m n  c o n ta in s  th e  re su lt, so  fa r  as  i t  is  
y e t  o b ta in e d , o f  m y  o w n  m e a s u re m e n t o f  c ra b s  c o lle c te d  
th is  y ea r. I t  is  v e ry  in c o m p le te , b e c a u s e  th e  1895 c ra b s  
w e re  c o lle c te d  in  A u g u s t  a n d  S e p te m b e r , a n d  I  w a s  
a n x io u s  to  c o m p a re  th e m  w ith  c ra b s  c o lle c te d  th is  y e a r  a t 
th e  sa m e  sea so n , so  th a t  th e re  h a s  n o t  y e t  b e e n  tim e  to  
m e a su re  th e  w h o le  se ries . T h e  m e a s u re m e n ts  a re  
su ffic ie n t, h o w e v e r , to  sh o w  th a t  th e  sa m e  k in d  o f  c h a n g e  
h a s  ta k e n  p la c e  d u r in g  th e  la s t  th re e  y e a rs  a s  th a t  o b se rv e d  
b y  M r. T h o m p so n  in  th e  in te rv a l b e tw e e n  1893 a n d  1895. 
M a k in g  e v e ry  a llo w a n c e  fo r  th e  sm a lln e s s  o f  th e  n u m b e rs  
so  fa r  m e a s u re d  th is  y e a r, th e re  is  n o  d o u b t w h a te v e r  th a t
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th e  m e a n  fro n ta l b re a d th  o f  c ra b s  f ro m  th is  p ie c e  o f  sh o re  
is  c o n s id e ra b ly  le s s  n o w  th e n  i t  w a s  in  1895 a m o n g  c ra b s  
o f  th e  sa m e  size.

"T h e se  re su lts  a ll re la te  to  male c rab s. T h e  c h a n g e  
in  fe m a le  c ra b s  d u r in g  th is  t im e  h a s  b e e n  le s s  th a n  th e  
c h a n g e  in  m a le  c rab s. b u t  i t  is, so  fa r  as  m y  m e a s u re m e n ts  
a t p re s e n t p e rm it  m e  to  sp eak , g o in g  o n  in  th e  sa m e  
d ire c tio n  as  th e  c h a n g e  in  m a le  c rab s.

"I th in k  th e re  c a n  b e  n o  d o u b t, th e re fo re , th a t  th e  
fro n ta l b re a d th  o f  th e s e  c ra b s  is  d im in is h in g  y e a r  b y  y e a r  
a t a  ra te  w h ic h  is  v e ry  ra p id , c o m p a re d  w ith  th e  ra te  a t 
w h ic h  a n im a l e v o lu tio n  is  c o m m o n ly  su p p o se d  to  
p ro g re ss .

"I w ill a sk  y o u r  p a tie n c e  fo r  a  l i tt le  w h ile  lo n g e r, 
th a t  I  m a y  te ll  y o u  w h y  1 fe e l c o n f id e n t th a t  th is  c h a n g e  is  
d u e  to  a  s e le c tiv e  d e s tru c tio n , c a u se d  b y  c e r ta in  ra p id ly  
c h a n g in g  c o n d itio n s  o f  P ly m o u th  S o u n d .

"O n  e ith e r  s id e  o f  P ly m o u th  i t s e l f  a  c o n s id e ra b le  
e s tu a ry  o p e n s  in to  th e  S o u n d , a n d  e a c h  o f  th e s e  e s tu a r ie s  
b r in g s  d o w n  w a te r  f ro m  th e  h ig h  g ra n ite  m o o r la n d s , 
w h e re  th e re  a re  r ic h  d e p o s its  o f  c h in a  c lay . T h o se  o f  y o u  
w h o  k n o w  D a r tm o o r  w ill  re m e m b e r  th a t  in  ra in y  w e a th e r  
a  g re a t  d ea l o f  c h in a  c la y  is  w a s h e d  in to  th e  b ro o k s  an d  
r iv e rs , so  th a t  th e  w a te r  f re q u e n tly  lo o k s  w h ite  an d  
o p a q u e , lik e  m ilk . M u c h  o f  th is  f in e ly  d iv id e d  c h in a  c la y  
is  c a rr ie d  d o w n  to  th e  sea ; a n d  o n e  e f fe c t o f  th e  
b re a k w a te r  h a s  b e e n  to  in c re a s e  th e  q u a n tity  o f  th is  f in e  
s ilt w h ic h  se ttle s  in  th e  S o u n d  itse lf , in s te a d  o f  b e in g  
sw e p t o u t b y  th e  s c o u r  o f  th e  t id e  a n d  th e  w a v e s  o f  se v e re  
sto rm s.

"S o  th a t  th e  q u a n tity  o f  f in e  m u d  o n  th e  sh o re s  an d  
o n  th e  b o tto m  o f  th e  S o u n d  is  g re a te r  th a n  i t  u s e d  to  b e , 
a n d  is  c o n s ta n tly  in c re a s in g .

"B u t th is  is  n o t  all. D u r in g  th e  fo r ty  o r  f if ty  y e a rs  
w h ic h  h a v e  g o n e  b y  s in c e  th e  b re a k w a te r  w a s  c o m p le te d , 
th e  to w n s  o n  th e  sh o re s  h a v e  la rg e ly  in c re a s e d  th e ir
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p o p u la tio n ; th e  g re a t  d o c k y a rd  a t D e v o n p o r t h a s  in c re a se d  
in  s iz e  a n d  a c tiv ity ; a n d  th e  sh ip s , w h ic h  v is i t  th e  S o u n d  
a re  la rg e r  a n d  m o re  n u m e ro u s  th a n  th e y  w e re . N o w  th e  
s e w a g e  a n d  o th e r  re fu se  f ro m  th e s e  g re a t  a n d  g ro w in g  
to w n s  a n d  d o c k y a rd s , a n d  f ro m  all th e s e  sh ip s , is  th ro w n  
in to  th e  S o u n d ; so  th a t  w h ile  i t  is  m o re  d if f ic u lt  th a n  it  
u s e d  to  b e  fo r  f in e  s ilt  to  b e  w a s h e d  o u t o f  th e  S o u n d , th e  
q u a n tity  th ro w n  in to  i t  is  m u c h  g re a te r  th a n  i t  w a s , a n d  is  
b e c o m in g  g re a te r  e v e ry  day .

"It is  w e ll k n o w n  th a t  th e s e  c h a n g e s  in  th e  p h y s ic a l 
c o n d itio n s  o f  th e  S o u n d  h a v e  b e e n  a c c o m p a n ie d  b y  th e  
d is a p p e a ra n c e  o f  a n im a ls  w h ic h  u s e d  to  l iv e  in  it, b u t  
w h ic h  a re  n o w  fo u n d  o n ly  o u ts id e  th e  a re a  a f fe c te d  b y  th e  
b re a k w a te r .

"T h e se  c o n s id e ra tio n s  in d u c e d  m e  to  try  th e  
e x p e r im e n t o f  k e e p in g  c ra b s  in  w a te r  c o n ta in in g  f in e  m u d  
in  su sp e n s io n , in  o rd e r  to  see  w h e th e r  a  se le c tiv e  
d e s tru c tio n  o c c u rre d  u n d e r  th e s e  c irc u m s ta n c e s  o r  n o t. F o r  
th is  p u rp o se , c ra b s  w e re  c o lle c te d  a n d  p la c e d  in  a  la rg e  
v e s se l o f  se a -w a te r , in  w h ic h  a  c o n s id e ra b le  q u a n tity  o f  
v e ry  f in e  c h in a  c la y  w a s  su sp e n d e d . T h e  c la y  w a s  
p re v e n te d  f ro m  se ttlin g  b y  a  s lo w ly  m o v in g  a u to m a tic  
a g ita to r; a n d  th e  c ra b s  w e re  k e p t  u n d e r  th e s e  c o n d itio n s  
fo r  v a r io u s  p e r io d s  o f  tim e . A t  th e  e n d  o f  e a c h  e x p e r im e n t 
th e  d e a d  w e re  s e p a ra te d  f ro m  th e  liv in g , a n d  b o th  w e re  
m e a su re d .

"In  e v e ry  ca se  in  w h ic h  th is  e x p e r im e n t w a s  
p e rfo rm e d  w ith  c h in a  c lay  a s  f in e  as th a t  b ro u g h t  d o w n  b y  
th e  r iv e rs , o r  n e a r ly  so, th e  c ra b s  w h ic h  d ie d  w e re  o n  th e  
w h o le  d is tin c tly  b ro a d e r  th a n  th e  c ra b s  w h ic h  liv e d  
th ro u g h  th e  e x p e rim e n t, so  th a t  a  c ra b 's  c h a n c e  o f  su rv iv a l 
c o u ld  b e  m e a s u re d  b y  its  f ro n ta l b re a d th .

"W h e n  th e  e x p e r im e n t w a s  p e r fo rm e d  w ith  c o a rse r  
c la y  th a n  th is , th e  d e a th -ra te  w a s  sm a lle r , a n d  w a s  n o t 
se lec tiv e .
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"I w ill r a p id ly  sh o w  y o u  th e  re su lts  o f  o n e  o r  tw o  
e x p e rim e n ts . T h e  d ia g ra m  [o m itte d ] sh o w s th e  d is tr ib u tio n  
o f  f ro n ta l b re a d th s , a b o u t th e  a v e ra g e  p ro p e r  to  th e ir  
le n g th , in  2 4 8  m a le  c ra b s  tre a te d  in  o n e  e x p e rim e n t. O f  
th e s e  c ra b s , 154 d ie d  d u r in g  th e  e x p e r im e n t, a n d  94  
su rv iv e d . T h e  d is tr ib u tio n  o f  f ro n ta l  b re a d th s  in  th e  
su rv iv o rs  is  sh o w n  b y  th e  lo w e r  c u rv e  in  th e  d ia g ra m , an d  
y o u  see  th a t  th e  m e a n  o f  th e  su rv iv o rs  is  c le a r ly  b e lo w  th e  
m e a n  o f  th e  o r ig in a l se rie s , th e  m e a n  o f  th e  d e a d  b e in g  
a b o v e  th e  o r ig in a l m ean .

"T w o  o th e r  c a se s , w h ic h  a re  o n ly  e x a m p le s  o f  a 
s e rie s  in  m y  p o sse s s io n , sh o w  p re c ise ly  th e  sa m e  th in g .

"T h e se  e x p e r im e n ts  se e m e d  to  m e  to  sh o w  th a t  
v e ry  f in e ly  d iv id e d  c h in a  c la y  d o e s  k ill c ra b s  in  su c h  a 
w a y  th a t  th o s e  in  w h ic h  th e  fro n ta l b re a d th  is  g re a te s t  d ie  
f irs t, th o s e  in  w h ic h  i t  is  le s s  l iv e  lo n g e r. T h e  d e s tru c tio n  
is  se le c tiv e , a n d  te n d s  to  lo w e r  th e  m e a n  fro n ta l b re a d th  o f  
th e  c ra b s  su b je c te d  to  its  a c tio n . I t  s e e m e d  to  m e  th a t  th e  
f in e r  th e  p a r tic le s  u s e d  in  th e  e x p e r im e n ts , th a t  is  to  say , 
th e  m o re  n e a r ly  th e y  a p p ro a c h e d  th e  f in e n e s s  o f  th e  ac tu a l 
s ilt o n  th e  b e a c h , th e  m o re  se le c tiv e  th e ir  a c tio n  w as.

"I, th e re fo re , w e n t d o w n  to  th e  b e a c h , w h e re  th e  
c ra b s  liv e , a n d  lo o k e d  a t th e  s ilt th e re . T h is  b e a c h  is  m a d e  
o f  m o d e ra te ly  sm a ll p ie c e s  o f  m o u n ta in  lim e s to n e , w h ic h  
a re  a n g u la r  a n d  l i t t le  w o rn  b y  w a te r . T h e  p ie c e s  o f  
l im e s to n e  a re  c o v e re d  a t lo w  tid e  w ith  a  th in  la y e r  o f  v e ry  
f in e  m u d , w h ic h  is  m u c h  f in e r  th a n  th e  c h in a  c la y  I  h a d  
u s e d  in  m y  e x p e rim e n ts , a n d  re m a in s  su sp e n d e d  in  s till 
w a te r  fo r  so m e  tim e . U n d e r  th e s e  s to n e s  th e  c ra b s  liv e , 
a n d  th e  le a s t  d is tu rb a n c e  o f  th e s e  s to n e s  ra is e s  a  c lo u d  o f  
v e ry  f in e  m u d  in  th e  p o o ls  o f  w a te r  u n d e r  th e m . B y  
w a s h in g  th e  s to n e s  o f  th e  b e a c h  in  a  b u c k e t  o f  se a -w a te r , I 
c o lle c te d  a  q u a n tity  o f  th is  v e ry  f in e  m u d , a n d  u s e d  i t  in  a 
f re sh  se rie s  o f  e x p e r im e n ts , p re c is e ly  as I  h a d  b e fo re  u se d  
c h in a  c lay , a n d  I  o b ta in e d  th e  sa m e  re su lt. T h e  m e a n
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f ro n ta l b re a d th  o f  th e  su rv iv o rs  w a s  a lw a y s  s m a lle r  th a n  
th e  m e a n  fro n ta l  b re a d th  o f  th e  dead .

"I th in k , th e re fo re , th a t  M r. T h o m p so n 's  w o rk , a n d  
m y  o w n , h a v e  d e m o n s tra te d  tw o  fa c ts  a b o u t th e s e  c rab s; 
th e  f ir s t  is  th a t  th e ir  m e a n  fro n ta l  b re a d th  is  d im in ish in g  
y e a r  b y  y e a r  a t a  m e a s u ra b le  ra te , w h ic h  is  m o re  ra p id  in  
m a le s  th a n  in  fe m a le s ; th e  se c o n d  is  th a t  th is  d im in u tio n  in  
th e  fro n ta l b re a d th  o c c u rs  in  th e  p re s e n c e  o f  a  m a te r ia l, 
n a m e ly , f in e  m u d . w h ic h  is  in c re a s in g  in  a m o u n t, an d  
w h ic h  ca n  b e  sh o w n  e x p e r im e n ta lly  to  d e s tro y  b ro a d -  
f ro n te d  c ra b s  a t a  g re a te r  ra te  th a n  c ra b s  w ith  n a r ro w e r  
fro n ta l m a rg in s .

"I see  n o  s h a d o w  o f  r e a s o n  fo r  re fu s in g  to  b e lie v e  
th a t  th e  a c tio n  o f  m u d  u p o n  th e  b e a c h  is  th e  sa m e  as th a t  
in  a n  e x p e r im e n ta l a q u a r iu m ; a n d  i f  w e  b e lie v e  th is , I  see  
n o  e sc a p e  f ro m  th e  c o n c lu s io n  th a t  w e  h a v e  h e re  a  c a se  o f  
N a tu ra l S e le c tio n  a c tin g  w ith  g re a t  ra p id ity , b e c a u s e  o f  th e  
ra p id ity  w ith  w h ic h  th e  c o n d itio n s  o f  l ife  a re  c h a n g in g ."

T h e se  o b s e rv a tio n s  a n d  c o n c lu s io n s  o f  P ro fe s s o r  
W e ld o n  h a v e  b e e n  th e  su b je c t o f  m u c h  d isc u ss io n . T h e  
a d v e rse  c r itic ism  h as , o n  th e  w h o le , se e m e d  to  b e  
su c c e ss fu l in  d is c re d itin g  th e  c a se  as an  e x a m p le  o f  an y  
su c h  c le a r -c u t a c tio n  o f  n a tu ra l se le c tio n , as W e ld o n  
se e m s  to  h o ld  i t  to  b e . J. T . C u n n in g h a m  (Natural Science, 
V o l. X IV , pp . 3 8 -4 5 , 1 8 9 9 ) c o n c lu d e s , a f te r  a  c ritic a l 
a n a ly s is  o f  th e  w o rk , th a t  "W e ld o n 's  o b se rv a tio n s  m a y  b e  
c o m p le te ly  e x p la in e d  b y  v a r ia t io n s  in  th e  a m o u n t o r  ra te  
o f  g ro w th . T h e  d if fe re n c e  in  d if fe re n t  y e a rs  w o u ld  b e  a t 
o n c e  e x p la in e d  i f  th e  a m o u n t o f  c h a n g e  in  f ro n ta l b re a d th  
w a s  c o n s ta n t fo r  e a c h  m o u lt, w h ile  th e  a m o u n t o f  g ro w th  
w a s  v a r ia b le . T h e  fa c t  is , th a t  in  1893 c ra b s  o f  a  g iv e n  
fro n ta l b re a d th  w e re  la rg e r  th a n  in  1895 a n d  1898 ; a n d  I 
h a v e  sh o w n  th a t  th e  s u m m e r  o f  1893 w a s  e x c e p tio n a lly  
f in e  a n d  w a rm . E ith e r  th e  w a rm th  a lo n e , o r  w a rm th  an d  
fo o d  to g e th e r , v e ry  p ro b a b ly  m a d e  th e  c ra b s  g ro w  m o re  in  
th a t  y e a r  f o r  th e  sa m e  n u m b e r  o f  m o u lts . O n  th is  v ie w  th e
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b ro a d - f ro n te d  c ra b s  d ie d  in  th e  e x p e r im e n ts  w ith  c la y  an d  
m u d  b e c a u s e  th e y  w e re  y o u n g e r  a n d  w e a k e r . In  th e  sa m e  
w a y  th e  c ra b s  th a t  m o u lte d  in  th e  b o ttle s  p o s s ib ly  g re w  
m o re  th a n  th o s e  in  th e  sea. b e c a u s e  th e y  w e re  k e p t  in  
w a rm e r  w a te r  a n d  su p p lie d  w ith  m o re  fo o d . T h e re fo re  
th e y  w e re , a f te r  th e  m o u lt, la rg e r  th a n  th o s e  in  th e  se a  o f  
th e  sa m e  re la tiv e  fro n ta l b re a d th .

''T h e  c h a n g e  d e s c r ib e d  is  n o t, i f  te rm s  a re  u se d  
c o rre c tly , a  c h a n g e  in  th e  c h a ra c te r  o f  th e  sp e c ie s , b u t  
m e re ly  a  c h a n g e  in  th e  ra te  o f  d e v e lo p m e n t. T h e  v a r ia tio n s  
in v e s tig a te d  a re  n o t  in d iv id u a l d iffe re n c e s , s in c e  e a c h  
in d iv id u a l in  th e  c o u rse  o f  its  g ro w th  p a s se s  th ro u g h  e a c h  
o n e  o f  th e  v a r ia t io n s  in  its  o w n  p e rso n . I t  h a s  n o t  b e e n  
sh o w n  th a t  th e  c h a n g e  h a s  g o n e  o n  c o n tin u o u s ly  fo r  f iv e  
y e a rs , o r  th a t  i t  h a s  ta k e n  p la c e  o n ly  in  w a te rs  w h e re  th e re  
is  m u c h  m u d . I f  ta d p o le s  o f  th e  sa m e  s iz e  w e re  fo u n d  to  
h a v e  sh o r te r  ta ils  in  o n e  y e a r  th a n  in  a n o th e r , fe w  
b io lo g is ts  w o u ld  d ra w  th e  c o n c lu s io n  th a t  th e  re s u lt  w a s  
d u e  to  th e  s e le c tiv e  d e s tru c tio n  o f  th o s e  w ith  th e  lo n g e s t 
ta ils . T h e  m o re  p ro b a b le  e x p la n a tio n  w o u ld  b e  th a t  th o se  
w ith  th e  sh o r te r  ta i ls  w e re  in  a  m o re  a d v a n c e d  s ta g e  o f  
th e ir  m e ta m o rp h o s is ."

7 P la te , L ., "U b e r  d ie  B e d e u tu n g ."  e tc .. pp . 3 1 -3 2 , 
1903 . 8 T a y le r , J. L ., "T h e  S c o p e  o f  N a tu ra l S e le c tio n ,"  
Nat. Science, V o l. X V , pp . 1 1 4 -1 2 9 , 1899.

9 M o rg a n , C . L lo y d , "F a c to rs  in  th e  E v o lu tio n  o f  
th e  M a m m a lia ,"  Nat. Science, pp . 9 7 -1 0 1 , 1892.

10 P la te , L ., "U b e r  d ie  B e d e u tu n g ,"  e tc ., pp . 1 5 9 ­
160, 1903 . 11 T a y le r , J. L ., "T h e  S c o p e  o f  N a tu ra l 
S e le c tio n ,"  Nat. Science, V o l. X V , pp . 1 1 4 -1 2 9 , 1899 . I 
q u o te  as fo llo w s : "In  th e  d e v e lo p m e n t o f  th e  in d iv id u a l w e  
see  a  d is a p p e a ra n c e  o f  s tru c tu re s , w h ic h  a p p e a r  to  
b e c o m e , w ith  a d v a n c in g  d e v e lo p m e n t, u se le ss , a lm o s t 
p a ra lle l to  th e  g ra d u a l d is a p p e a ra n c e  o f  ru d im e n ts ,e tc .,in  
th e  h is to ry  o f  th e  sp e c ie s  e v o lu tio n .
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A n d  a  c o m m o n  e x p la n a tio n  fo r  b o th  o f  th e s e  se rie s  
o f  p h e n o m e n a  can , I  b e lie v e , b e  s a tis fa c to r ily  fo u n d  in  th e  
k n o w n  fa c ts  o f  n u tr itio n . G ro w th  o f  an y  tis s u e  w o u ld  seem  
to  d e p e n d  o n  th re e  c o n d itio n s , a  s tim u lu s  o f  th e  p a r t 
a d e q u a te  to  p ro m o te  fu n c tio n a l a c tiv ity , a  p ro p e r  fo o d  
su p p ly , a n d  e f f ic ie n t re m o v a l o f  p ro d u c ts  p ro d u c e d  b y  th a t  
p a r t ic u la r  tis s u e 's  a c tiv ity . T h e re  is  a b u n d a n t e v id e n c e  to  
p ro v e  th a t  a  t is s u e  te n d s  to  d e g e n e ra te  i f  its  o w n  e x c re to ry  
p ro d u c ts  a re  n o t  re m o v e d ; th e  ev il e ffe c ts  p ro d u c e d  b y  
fa tig u e  p ro d u c ts  in  m u sc le  a n d  o th e r  t is s u e s  o n  th e  a c tiv ity  
o f  th e  tis s u e  itse lf , p ro v e  th a t  th is  f a c to r  m u s t  b e  o f  g re a t 
im p o r ta n c e  w h e re e v e r  i t  is  fo u n d  to  o ccu r. J u s t  as  th e  
g ro w th  an d  d e v e lo p m e n t o f  b a c te r ia  a re  in te r fe re d  w ith , 
a n d  f in a lly  a l to g e th e r  c h e c k e d  b y  th e  a c c u m u la tio n  o f  
p ro d u c ts  o f  th e ir  o w n  a c tiv ity , so  a  tis s u e  in  th e  h ig h e r  
o rg a n ism s  h a s  its  a c tiv ity  im p a ire d  a n d  its  p o w e r  le s se n e d  
w h e n  fo r  so m e  re a so n  d im in ish e d  e lim in a tio n  o f  its  o w n  
m e ta b o lic  p ro d u c ts  o c c u rs . N o w  b o th  in  th e  d e v e lo p m e n t 
o f  th e  in d iv id u a l a n d  th e  ra c e  w e  see  an  a lte ra tio n  o f  
s tru c tu re , a  g ra d u a l tra n s i t io n  f ro m  th e  le s s  to  th e  m o re  
sp e c ia lise d , a n d  in  th is  g ra d u a l tr a n s itio n  th e re  m u s t  b e , as 
I  e n d e a v o u re d  to  p ro v e  in  m y  a n s w e r  to  th e  la s t  o b je c tio n , 
an  a lte ra tio n  in  th e  l in e  o f  fu n c tio n a l a c tiv ity  o f  th e  p a rts , 
a n d  th a t, o w in g  to  th is  fac t, a  t is s u e  th a t  w a s  n e c e s s a ry  in  
th e  e a r lie r  s ta g e s  b e c a m e  le s s  a n d  le ss  so  as sp e c ia lis a tio n  
a d v a n c e d , th e  w h o le  te n d e n c y  o f  th e  s p e c ia lis in g  o rg a n ism  
b e in g  c o n tin u a lly  a n d  in c re a s in g ly  a g a in s t th e  e a r lie r , le s s  
sp e c ia lise d , s tag es . I t  w ill th u s  h a p p e n  th a t  e v e ry  s tru c tu re  
w h ic h  is  b e c o m in g  u se le s s , o w in g  to  its  d e f ic ie n t 
sp e c ia lisa tio n , w h e th e r  in  th e  h is to ry  o f  th e  ra c e  o r  th e  
in d iv id u a l, w ill h a v e  tw o  a d v e rse  se ts  o f  c o n d itio n s  to  
c o n te n d  w ith  —  o n e , d e fe c tiv e  e lim in a tio n  o f  its  o w n  
t is s u e  p ro d u c ts , o w in g  to  its  b e c o m in g  in c re a s in g ly  
re m o v e d  f ro m  th e  g ro w in g  o rg a n ism a l sp e c ia lis a tio n  o f  
fo o d  p ro d u c ts , w h ile  se c o n d ly , fo r  th is  sa m e  re a so n , its  
o w n  fo o d  su p p ly  w ill b e c o m e  le s s  a n d  le ss  su ita b le . T h is
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th e o ry  w o u ld  a p p ly  e q u a lly  to  g e rm in a l a n d  so m a tic  
d e v e lo p m e n t a n d  a tro p h y  o f  s tru c tu re ; th e re  w o u ld  th u s , 
th ro u g h  th e  a lte ra tio n  o f  fu n c tio n a l a c tiv ity  o f  th e  w h o le  
o rg a n ism , b e  b ro u g h t a b o u t e lim in a tio n  o f  a ll s tru c tu re s  
n o t  in  th e  lin e  o f  e v o lu tio n ; and . th e re fo re , o rg a n ism a l 
s e le c tio n  a lo n e , i f  th is  th e o ry  is  so u n d , w o u ld  b e  a b le  to  
e x p la in  th e  c o m p le te  d is a p p e a ra n c e  o f  ru d im e n ts , th e  
v a r io u s  fo rm s  o f  d e v e lo p m e n t a n d  a tro p h y , w ith o u t c a llin g  
to  its  a id  c lim a tic  in h e r ita n c e , p a n m ix ia , a n d  g e rm in a l o r
a n y  o th e r  fo rm  o f  p a r t ic u la r  se le c tio n ."

12 S ee  th e  a c c o u n t o f  th e  o b se rv a tio n s  o f  K e llo g g  
a n d  B e ll in  th e  a p p e n d ix  o f  ch ap . IV .

13 M o rg a n , C . L lo y d . "A n im a l B e h a v io u r ,"  p. 2 69 . 
14 D e  V rie s , H ., "D ie  M u ta tio n s th e o r ie ."  2  v o ls ., 1901 , 
1903 . 15 P la te , in  a  la te r  b r ie fe r  t re a tm e n t ( " D a rw in ism u s  
k o n tra  M u ta - tio n s th e o r ie ,"  Archiv f. Rassen- und 
Gcscllschaft-Biologie, V o l. I ll ,p p .1 8 3 -2 0 0 , 1 9 0 6 ) o f  so m e  
o f  th e  o ffe re d  o b je c tio n s  to  n a tu ra l se le c tio n  re fe rs  to  th is  
m a tte r  f ro m  a  s lig h tly  d if fe re n t an g le . "S o  se h r  d e r  
Z iic h te r  d a n a c h  s tre b e n  m u ss , e rb lic h  k o n s ta n te  F o rm e n  
z u  e rh a lte n . u m  d e r  M u h e  d e r  b e s ta n d ig e n  A u s le se  
e n th o b e n  z u  se in , so  w e n ig  sp ie lt  d ie s e r  P u n k t in  d e r  
f re ie n  N a tu r  e in e  R o lle . H ie r  f in d e t  e in e  n ie  n a c h la s -s e n d e  
Z u c h tw a h l sta tt, w o d u rc h  d e r  b e tre f fe n d e  C h a ra k te r  a u f  
e in e r  g e w is se n  H o h e  e rh a lte n  u n d  v o r  R u c k s c h la g  b e w a h r t  
w ird . W e lc h e r  G ra d  v o n  K o n s ta n z  n u n  a u f  d ie se m  W e g e  
im  L a u fe  v o n  T a u -se n d e n  v o n  G e n e ra tio n e n  e rz ie lt  
w e rd e n  k a n n , is t  e in e  z u rz e it  n o c h  u n g e lo s te  F ra g e , d ie  
ih re r  N a tu r  n a c h  w o h l k a u m  m it  S ic h e r-h e it  b e a n tw o r te t  
w e rd e n  k an n . J e d o c h  le h r t  d ie  T ie r-  u n d  P fla n z e n -z u c h t, 
d a ss  d e r  R u c k s c h la g  n a c h  d e m  A u fh o re n  d e r  S e le k tio n  u m  
so  s p a te r  u n d  u m  so  s e lte n e r  e in tr itt, j e  la n g e r  u n d  je  
in te n s iv e r  d e r  Z iic h tu n g s p ro z e s s  v o rh e r  b e tr ie b e n  w o rd e n  
ist. D a ra u s  is t  z u  sc h lie sse n , d a ss  d ie  la n g a n d a u e rn d e  
Z u c h tw a h l, w e lc h e  d ie  N a tu r  a u s iib t, j e n e n  re la tiv  h o h e n  
G ra d  v o n  E rb lic h k e it  z u  e rz e u g e n  v e rm a g , w e lc h e r  d en
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S p e z ie s -C h a ra k te re n  im  a llg e m e in e n  z u k o m m t, d e n n  
v o ll ig  k o n s ta n t s in d  d ie se  b e k a n n tl ic h  a u c h  n ic h t."

16 T a y le r , J. L ., "T h e  S c o p e  o f  N a tu ra l S e le c tio n ,"  
Nat. Science, V o l. X V , p. 119 ff., 1899.
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CHAPTER VI.
DARWINISM DEFENDED (CONTINUED) : 

PLATE’S CONCILIATORY DEFENCE.

THE fo re g o in g  c o n s id e ra tio n  o f  th e  a n sw e rs  o f  th e  
D a rw in ia n s  to  th e  o b je c tio n s  u rg e d  a g a in s t th e  
e f fe c tiv e n e s s  o f  th e  se le c tio n  th e o ry  as an  e x p la n a tio n  o f  
e v o lu tio n  m a k e s  n o  p re te n c e  o f  h a v in g  in c lu d e d , o r  e v e n  
re fe r re d  to , a ll th e  a rg u m e n ts  o f fe re d  b y  th e  d e fe n d e rs , an d  
i t  is  o n ly  fa ir  to  n o te  th a t  b y  n o  m e a n s  a ll D a rw in ia n s  an d  
n e o -D a rw in ia n s  a g re e  to  m a k in g  th e  c o n c e s s io n s  l is te d  in  
th e  e a r ly  p a r t  o f  th e  ch a p te r . S o m e  re fu se  a  c e r ta in  o n e  o r  
tw o  o f  th e s e  c o n c e s s io n s , so m e  a n o th e r  o r  o th e rs , so m e  
in d e e d  w ill m a k e  n o  a d m is s io n s  a t all. W ith  th e s e  la s t  w e  
a re  p a s t a rg u in g . T h e  d isc u s s io n  a s su m e s  to o  m u c h  a n  "it 
is, i t  isn 't"  c h a ra c te r  to  b e  p a r t ic u la r ly  i l lu m in a tin g  o r 
p ro g re ss iv e . B u t b e c a u s e  o f  th o s e  w h o  c o n c e d e  in  
c o n s id e ra b le  m e a su re , a n d  d e n y  in  so m e  m e a su re , th e  
v a lid ity  o f  th o s e  c h ie f  o b je c tio n s  to  th e  s p e c ie s - fo rm in g  
c a p a c ity  o f  n a tu ra l se le c tio n , th e  g e n e ra l c h a ra c te r  o f  th e  
g ro u n d  o n  w h ic h  th is  la s t  s ta n d  fo r  th e  o ld  f la g  is  b e in g  
m a d e  sh o u ld  a t le a s t b e  in d ic a te d .

T h is  h a lf - s u r re n d e re d  b u t  s till n o t  q u ite  d e se r te d  
p o s it io n  is  p e rh a p s  m o s t  c le a r ly  to  b e  se e n  th ro u g h  th e  
sm o k e  o f  b a tt le  b y  f ix in g  o n e 's  e y e s  o n  th e  re p re s e n ta tiv e  
f ig u re  o f  L u d w ig  P la te , a  s tro n g  D a rw in ia n , b u t  o n e  n o t 
b l in d e d  b y  p re ju d ic e  o r  w ith  e a rs  w ilfu lly  c lo se d  to  th e  
c a lls  o f  re a so n . In  h is  r e c e n t  e la b o ra te  d is c u s s io n  1 o f  
D a rw in ism , so  o f te n  a lre a d y  re fe r re d  to  a n d  q u o te d  fro m  
in  th e s e  p re s e n t c h a p te rs , h e  g ro u p s  u n d e r  th e  h e a d  o f  
wescntliche Einwdnde ( im p o r ta n t o b je c tio n s )  th e  a tta c k s  
o n  th e  sp e c ie s - fo rm in g  c a p a c ity  o f  n a tu ra l se le c tio n , 
w h ic h  a re  b a s e d  o n  (I) th e  s lig h tn e s s  a n d  in u til i ty  o f  th e  
f lu c tu a tin g  D a rw in ia n  v a r ia tio n s , a n d  (2 ) th e  im p ro b a b ili ty

139



o f  th e  r ig h t v a r ia t io n s  a p p e a r in g  a t th e  r ig h t t im e  to  m a k e  
p o s s ib le  th e  d e v e lo p m e n t o f  s p e c ia lis a tio n s  o f  q u a lita tiv e  
a n d  c o a d a p tiv e  c h a ra c te r . In  a  d is c u s s io n  o f  so m e  le n g th  
(p p . 3 2 -7 7 ) , m o s tly  q u ite  fa ir  a n d  u n p re ju d ic e d , h e  b r in g s  
o u t th e  b e s t  a n d  s tro n g e s t a rg u m e n ts  th a t  th e  fa ith fu l 
D a rw in ia n s  h a v e  to  o ffe r  to  re d u c e  th e  fo rc e  o f  a t le a s t, i f  
n o t  to  a n sw e r  s a tis fa c to r ily , e v e n  fo r  th e m se lv e s , th e  m o s t 
e ffe c tiv e  a tta c k s  o n  th e  c a p a c ity  o f  se le c tio n . In  v e ry  
c o n d e n se d  fo rm  I  p re s e n t  in  th e  fo llo w in g  p a ra g ra p h s  th e  
e s se n tia l p o in ts  in  th e s e  d e fe n s iv e  a rg u m e n ts .

In  re g a rd  to  th e  f ir s t  o b je c tio n , n a m e ly , th a t  th e  
v e ry  s lig h t o r  sm all d if fe re n c e s  in  o rg a n s  a n d  fu n c tio n s  
w h ic h  re s u lt  f ro m  th e  f lu c tu a tin g  o r  D a rw in ia n  v a r ia - tio n s  
c a n n o t b e  su ff ic ie n tly  a d v a n ta g e o u s  o r  d isa d v a n ta g e o u s  
e n o u g h  to  a f fo rd  "h a n d le s"  fo r  n a tu ra l se le c tio n , th a t  is, 
c a n n o t b e  o f  l ife -a n d -d e a th -d e te rm in in g  v a lu e , D a rw in  
d e v o te d , in  h is  "O rig in  o f  S p ec ie s ,"  a  w h o le  c h a p te r  o f  
d is c u s s io n  a n d  a rg u m e n t to  s h o w  th a t  in  m a n y  c a se s  ev e n  
th e  s lig h te s t o f  d if fe re n c e s  m a y  c o n c e iv a b ly  ( i t  is  o f  
c o u rse  a  m a tte r  p ra c tic a lly  in c a p a b le  o f  p r o o f  b y  
o b se rv a tio n  o r  e x p e r im e n t)  b e  su ff ic ie n t to  tu rn  th e  sca le , 
in  a  r ig o ro u s  c o m p e titio n , o n e  w a y  o r  th e  o th e r. In  m a n y  
o th e r  c a se s  su c h  d if fe re n c e s  c o u ld  n o t, e v e n  to  D a rw in , 
a p p e a r  su ff ic ie n t to  b e  o f  a  l i fe -a n d -d e a th  a d v a n ta g e  o r  
d isa d v a n ta g e . B u t D a rw in  to o  o fte n , P la te  ad m its , 
c o n fo u n d e d  m e re  u s e fu ln e s s  2 w ith  l i fe -a n d -d e a th -  
d e c id in g  u s e fu ln e s s  (o r  n o n -u se fu ln e s s ) .

H o w e v e r , fo r  m a n y  c a se s  P la te  m a in ta in s  th a t  th e  
s lig h t D a rw in ia n  v a r ia t io n s  c a n  s e rv e  as h a n d le s  fo r  
se le c tio n . p a r tic u la r ly  in  p e r io d s  o f  u n u su a l r ig o u r  o f  
c o m p e tit io n  o r  f ie rc e n e s s  o f  s tru g g le  (e ith e r  a c tiv e  o r  
p a s s iv e )  : e x a m p le s  a re , s lig h t d if fe re n c e s  in  th e  sp e e d  o f  
p re y e d -o n  a n im a ls  w h e n  p u rsu e d  b y  an  e n e m y , o r  s lig h t 
d if fe re n c e s  in  th e  le n g th  o f  n e c k  o f  th e  g ira f fe  in  t im e  o f  
sc a rc ity  o f  fo lia g e , o r  s lig h t d if fe re n c e s  in  th e  
e f fe c tiv e n e s s  o f  th e  o rg a n s  o f  s e n se  a t t im e s  o f
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a p p ro a c h in g  d a n g e r , o r  in  e n d u ra n c e  o f  co ld , h ea t, h u n g e r, 
d ry n e ss , e tc ., o r  in  th e  c lo th in g  o f  h a irs  o r  fe a th e rs , th e  
n u m b e r  o f  c a p illa r ie s  in  th e  sk in , o r  r ic h n e s s  o f  g la n d u la r  
se c re tio n , a n d  th e  lik e , in  t im e s  o f  sp e c ia l s tre s s  o f  
w e a th e r . "D o d e l-P o r t  h a s  sh o w n  th a t  m ic ro s c o p ic a lly  
f in e  h a irs  a re  c a p a b le  o f  k e e p in g  p la n t- lic e  a w a y  fro m  
le a v e s  o r  b u d s , a n d  th a t  v e ry  s lig h t d if fe re n c e s  in  th e  
sp e c if ic  g ra v ity  o f  th e  seed s  o f  w a te r -p la n ts  m a y  
d e te rm in e  w h e th e r  th e s e  se e d s  s in k  to  th e  b o tto m  an d  
c o n s e q u e n tly  g e rm in a te  o r  n o t. F o r  th e  lo n g  f lig h ts  o f  
m ig ra to ry  b ird s  o r  fo r  b ird s  l ik e  o u r  h o u s e -d o v e s  w h ic h  
p ro te c t  th e m s e lv e s  f ro m  b ird s  o f  p re y  b y  sw if t  f l ig h ts  
u p w a rd  to  g re a t h e ig h ts , e v e ry  s m a lle s t  a m o u n t o f  
a d v a n ta g e  in  th e  p n e u m a tic ity  o f  th e  b o n e s  w ill b e  o f  
w o r th  a n d  f in a lly  o f  v ita l a d v a n ta g e , j u s t  as  e v e ry  ra c in g  
b ic y c lis t  k n o w s  b y  e x p e r ie n c e  th a t  fo r  h is  re c o rd -b re a k in g  
a tte m p ts  h e  m u s t h a v e  a  m a c h in e  in  w h ic h  e v e ry  p a r t  is  
m a d e  as l ig h t as  p o ss ib le , fo r  th e  e ffe c ts  o f  w e ig h t  a re  
c u m u la tiv e  in  c o u rse  o f  tim e ."  A n d  P la te  f ills  a  c o u p le  o f  
p a g e s  w ith  o th e r  s im ila r  c ases . "W h o e v e r  s c ru tin is e s  th e  
life  o f  n a tu re  a n d  o f  m a n  w ith  b io lo g ic a lly  tra in e d  e y e  sees  
o v e r  a n d  o v e r  a g a in  th e  c o m in g  o f  g re a t  e ffe c ts  f ro m  s lig h t 
c a u ses . T h e  a v e ra g e  o f  a c c id e n ts  in  fa c to r ie s  in c re a s e s  in  
p ro p o r tio n  to  th e  a g e  o f  th e  w o rk e rs , b e c a u s e  m u s c u la r  
s tre n g th  a n d  k e e n n e s s  o f  th e  s e n se  o rg a n s  d e c re a se  w ith  
in c re a s in g  age . In  e a c h  a g e -c la s s  th e  d if fe re n c e  is  b u t  
s lig h t, b u t  in  sp ite  o f  th a t  i t  d e m a n d s  its  sac rific e . N a g e li, 
in  a  p a p e r  c o n c e rn in g  th e  a b u n d a n c e  o f  tu b e rc u lo s is , 
sh o w e d  th a t  a m o n g  5 0 0  d e a d  h u m a n  b o d ie s  e x a m in e d  97 
p e r  c e n t sh o w e d  tra c e s , a t le a s t, o f  tu b e rc u lo s is . T h a t is, 
p ra c tic a lly  e v e ry  a d u lt  h u m a n  is  ta in te d  b y  th is  d isea se . 
N o w  h o w  o f te n  m u s t  s lig h t d if fe re n c e s  in  b o d y  s tru c tu re , 
l ife  h a b its , h y g ie n ic  c o n d itio n s , y e s , e v e n  in  te m p e ra m e n t, 
d e te rm in e  w h e th e r  th e re  sh a ll b e  h e a lin g  o r  d e a th ?  T h e  
ir id e s c e n t  c o lo u rs  o f  m a n y  m a le  b ird s , b u tte r f lie s , an d  
c e r ta in  p a ra s it ic  c o p e p o d s  (Sappharina), a re  c e r ta in ly  o f  a
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n a tu re  to  p ro d u c e  a  g re a t  e f fe c t o n  th e  ey e , b u t  th e se  
c o lo u r  e ffe c ts  a re  n o t  th e  re s u lt  o f  sp ec ia l p ig m e n ts  b u t  o f  
m ic ro s c o p ic a lly  m in u te  s tru c tu ra l c o n d itio n s . In  A fr ic a  th e  
ts e ts e - f ly  4 e x te n d s  o v e r  la rg e  re g io n s , a n d  o n ly  th o se  
c a ttle  w ith  a  sk in  o f  a  c e r ta in  th ic k n e s s , so  th a t  th e  tin y  
p ro b o s c is  o f  th e  f ly  c a n n o t p e n e tra te  it, c a n  l iv e  in  th e s e  
re g io n s  im m u n e  f ro m  th e  fa ta l a tta c k s  o f  th e  p est. M a n y  
p o is o n s  w o rk  in  a lm o s t in f in ite ly  w e a k  d ilu tio n  —  a  1­
2 0 0 ,0 0 0  so lu tio n  o f  r ic in , fo r  e x a m p le , is  a b le  to  k ill 
m ice ."

P la te  p re se n ts  a  se c o n d  ty p e  o f  a n s w e r  to  th e  
o b je c tio n  b y  c a ll in g  o n  c e r ta in  a id s  o r  a u x ilia ry  p r in c ip le s  
b y  w h o s e  in f lu e n c e  a  d if fe re n c e  a t f ir s t  u n im p o r ta n tly  
sm a ll g ra d u a lly  c o m e s  to  b e  tra n s fo rm e d  in to  o n e  o f  
se le c tiv e  v a lu e , o r  m a y  re a c h  th is  s ta g e  s u d d e n ly  b y  m e a n s  
o f  a  c h a n g e  in  life  h a b its .T h is  m a y  c o m e  a b o u t " th ro u g h  
c o r re la t io n ,5 th a t  is, th ro u g h  th a t  u n k n o w n  la w  o f  g ro w th  
b y  w h ic h  an  in d if fe re n t  o rg a n  m a y  b e  so  b o u n d  u p  w ith  o r  
re la te d  to  a  u se fu l o rg a n  6 th a t  it, th e  in d if fe re n t  o rg a n , is  
p e r fe c te d  a lo n g  w ith  th e  u se fu l o rg a n  as  th is  la t te r  is  
d e v e lo p e d  o r  s p e c ia lis e d  th ro u g h  se le c tio n . A ll o rg a n s  o f  
an  a n im a l a re  in tim a te ly  re la te d  to  a n d  in f lu e n c e d  b y  o n e  
a n o th e r: e a c h  is  in  re la tio n  to  th e  o th e r  ju s t  as to  th e  o u te r  
w o rld . H o w  c lo se  th is  in te r -d e p e n d e n c e  is , is  m o s t  e a s ily  
a p p re c ia te d  b y  o n e  in  h is  o w n  c a se  w h e n  sick : a 
c o n s tip a tio n  c a u se s  h e a d a c h e , a  s lig h t d ia r rh o e a  a f fe c ts  th e  
c o m p o s itio n  o f  th e  u r in e , e tc . T h e  c o rre la tio n  c a n  b e  so 
in tim a te  a n d  im p o r ta n t, a s  th e  c a se  o f  th e  se c o n d a ry  se x u a l 
c h a ra c te rs  sh o w s, th a t  its  o rig in  a n d  d e v e lo p m e n t d e p e n d s  
d ire c tly  o n  p a r t ic u la r  d e f in ite  s ta g e s  o f  th e  re la te d  o rg an s ."  
In  th e  c a se  o f  m a n y  a n im a ls  th e  a p p e a ra n c e  o f  v a r io u s  
c u r io u s  a n d  la rg e  m o d if ic a tio n s  o f  le g s , w in g s , sk in , 
fe a th e rs , h a ir , e tc ., e tc ., d e p e n d s  o n  th e  v a r io u s  s ta g e s  o f  
d e v e lo p m e n t re a d ie d  b y  th e  re p ro d u c tiv e  o rg a n s . N o w  
th e s e  s e c o n d a ry  o rg a n s  o r  m o d if ic a tio n s  th u s  p ro d u c e d  
th ro u g h  th e  in f lu e n c e  o f  o th e r  o rg a n s  m a y  b e  fo r  a  w h ile
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s lig h t a n d  in d if fe re n t  in  c h a ra c te r , b u t  y e t  sa fe ly  
m a in ta in e d . W h e n  th e y  re a c h  a  s ta g e  o f  u t i l i ty  o r  o f  
p o s it iv e  d is a d v a n ta g e  th e y  w ill th e n  b e  fu r th e r  p e rfe c te d , 
o r  o n  th e  o th e r  h a n d  b e  e x tin g u ish e d , b y  se le c tio n .

T h e  p r in c ip le  o f  th e  c h a n g e  o f  fu n c tio n  
(Functions-wechsel) f i r s t  e la b o ra te d  b y  D o h rn ,7 is  a lso  
c a lle d  o n  b y  P la te  to  p la y  an  im p o r ta n t  p a r t  in  e x p la in in g  
h o w  an  o rg a n  o f  c o n s id e ra b le  s p e c ia lis a tio n  c a n  b e  sh o w n  
to  h a v e  b e e n  d e v e lo p e d  b y  se le c tio n , a lth o u g h  th e  fu n c tio n  
i t  is  n o w  p e rfo rm in g  se e m s  to  b e  o n e  th a t  c o u ld  h a v e  b e e n  
u se fu l o n ly  in  a  p e r fe c te d  s ta te  a n d  h e n c e  c o u ld  n o t  h a v e  
m a d e  th e  o rg a n  so  c o n s ta n tly  a d v a n ta g e o u s  in  a ll th e  s lo w  
a n d  g ra d u a l s ta g e s  o f  its  e v o lu tio n  as to  b e  o f  s e le c tiv e  
v a lu e  in  its  b e g in n in g  s tag es . D o h rn 's  p r in c ip le  is  s ta te d  as 
fo llo w s : "A n  o rg a n  can , in  its  se rv ic e  o f  a  c e r ta in  d e f in ite  
u se fu l fu n c tio n , b e  d e v e lo p e d  b y  n a tu ra l se le c tio n  to  a 
c e r ta in  s tag e . S im u lta n e o u s ly  a  se c o n d  fu n c tio n  
(Functionserweiterung) c a n  h a v e  d e v e lo p e d , d u e  to  so m e  
sp e c ia l p e c u lia r ity  o r  c o n d itio n  o f  th e  p o s itio n , s tru c tu re , 
o r  c a p a c ity  fo r  m o v e m e n t, w h ic h  m a y  h a v e  a  v a lu e  in  
a n o th e r  d ire c tio n  f ro m  th a t  o f  th e  f ir s t  fu n c tio n . T h u s  th e  
a p p e n d a g e s  o f  c ra b s  se rv e  o f te n  sp e c ia l fu n c tio n s  in  
re la tio n  to  re sp ira tio n , c o p u la tio n , a n d  c a re  o f  th e  e g g s  o r  
y o u n g , w h ile  th e ir  o r ig in a l lo c o m o to ry  fu n c tio n  m a y  still 
b e  m a in ta in e d  o r  m a y  b e  m o re  a n d  m o re  s u rre n d e re d  in  
f a v o u r  o f  th e  n e w  fu n c tio n s ."  N u m e ro u s  o th e r  sp e c if ic  
e x a m p le s  a re  o b v io u s  e n o u g h  to  a n y  s tu d e n t o f  b io lo g y . 
N o w  th e  n e w  fu n c tio n s  in  m a n y  c a se s  b e c o m e  th e  m o re  
im p o r ta n t  so  th a t  th e re  in  t im e  re s u lts  a  c o m p le te  c h a n g e  
o f  fu n c tio n  w h ic h  w h o lly  a lte rs  th e  p h y s io lo g ic a l 
c h a ra c te r  o f  th e  o rg a n , a n d  in  m a n y  c a se s  i t  is  d if f ic u lt  to  
see  ( i f  o n e  d o e s  n o t  k n o w  th e  p h y le tic  h is to ry  o f  th e  o rg a n  
a n d  th e  fu n c tio n )  ju s t  h o w  se le c tio n  c o u ld  h a v e  d e v e lo p e d  
su c h  an  o rg a n  b y  s lo w  d e g re e s  f ro m  s lig h t b e g in n in g s . B u t 
th e  s e c re t o f  th e  e x p la n a tio n , w h ic h  is  a  p e rfe c tly
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c o n s is te n t D a rw in ia n  e x p la n a tio n , lie s  in  th e  
Functionswechsel p h e n o m e n o n .

" In d if fe re n t c h a ra c te rs  ca n  s u d d e n ly  b e c o m e  o f  
s e le c tiv e  v a lu e  th ro u g h  c h a n g e  o f  e n v iro n m e n ta l 
c o n d itio n s  o r  o f  life -h a b its . T h e  c ra n ia l su tu re s  a re  
c e r ta in ly  o f  n o  v ita l im p o r ta n c e  w ith  th e  re p tile s  a n d  b ird s , 
b u t  th e y  c a n  b e  o f  v e ry  g re a t  im p o r ta n c e  to  th e  v iv ip a ro u s  
m a m m a ls  as a d a p ta tio n s  fo r  p a s s in g  th e  p e lv is  d u rin g  
b ir th . Lacerta vivipara h a s , p e rh a p s , n o  a d v a n ta g e  th ro u g h  
its  v iv ip a ro u s n e s s  o v e r  its  n e a r ly  re la te d  sp e c ie s  in  o u r  
c o u n try , b u t  in  S c a n d in a v ia  i t  h a s  to  th a n k  th is  p e c u lia r ity  
a lo n e  fo r  its  su c c e ss  in  life , b e c a u s e  th e  d e v e lo p m e n t o f  its  
y o u n g  is  re n d e re d  in d e p e n d e n t o f  th e  su n  b y  it. T h e  
n e c ta r ie s  w e re  p ro b a b ly  a t f ir s t  u s e le s s  to  th e  f lo w e rs ; 
f ro m  th a t  m o m e n t, h o w e v e r , w h e n  th e  in s e c ts  le a rn e d  to  
k n o w  th e m  as fo o d  re s e rv o irs  a n d  u n w itt in g ly  in su re d  
c ro s s -p o llin a tio n  b y  th e ir  v is its  to  th e m , th e y  b e c a m e  o f  
th e  g re a te s t  im p o r ta n c e  a n d  th e  in d ire c t c a u se  o f  th e  o rig in  
o f  th e  c o lo u r  b r il l ia n c e  o f  th e  f lo w e rs .

"T h e re  a re  o rg a n s  o f  u n iv e rs a l c h a ra c te r  w h ic h  can  
b e c o m e  m o d if ie d  in  m o s t  w id e ly  d if fe r in g  d ire c tio n s . 
T h u s  th e  ta il  o f  th e  m a m m a ls , o r ig in a lly  a  lo n g , e v e n ly -  
h a ire d  o rg a n , c an , w ith o u t g o in g  th ro u g h  a n y  v e ry  
e la b o ra te  c h a n g e s , b e  m o d if ie d  in to  a  b u s h y  s te e r in g -  
ru d d e r  o f  sp e c ia l u se  in  c lim b in g  f ro m  b ra n c h  to  b ra n c h  ; 
o r  b y  th e  o u tg ro w th  o f  a  te rm in a l tu f t  b e  c h a n g e d  in to  a 
f ly in g  fan ; o r  b y  th e  p a r tia l lo s s  o f  th e  h a ir  b e c o m e  a 
g ra s p in g  o rg a n , o r  a  b a la n c in g  o rg a n , o r  an  a id  in  le a p in g , 
a  ru d d e r  in  sw im m in g , o r  a  c o v e r  a g a in s t ra in  a n d  c o ld  
(Myrmecophaga jubata). T h e  a p p e n d a g e s  o f  c rab s , th e  
c irri o f  th e  a n n e lid s , a n d  th e  te e th  o f  m a m m a ls  a re  fu r th e r  
e x a m p le s  o f  a  s im ila r  p la s tic ity  a n d  c a p a c ity  fo r  
m o d if ic a tio n  in  th e  m o s t  m a n ifo ld  w a y s , in  w h ic h  th e  f irs t 
s ta g e s  a re  o f te n  o f  im m e d ia te  u se ."

F o llo w in g  th e s e  s u g g e s tio n s  as  to  th e  a id  th a t  
se le c tio n  m a y  h a v e  f ro m  v a r io u s  h e lp in g  c o n d itio n s  to
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m a k e  its  s ta rts , P la te  d is c u s se s  as fu r th e r  s im ila r ly  h e lp fu l 
c o n d itio n s  o r  a u x ilia ry  p r in c ip le s  th re e  m o s t im p o r ta n t  
m a tte rs , n a m e ly , th e  e ffe c ts  o f  c o n - tin u e d  u s e  o n  p a rts , th e  
p r in c ip le  o f  o r th o g e n e s is , a n d  th e  fa c ts  o f  su d d e n  
d isc o n tin u o u s  v a r ia tio n . B u t  a s  th e s e  th re e  c a te g o r ie s  o f  
b io lo g ic a l p h e n o m e n a  a n d  p r in c ip le s  a re  e x a c tly  th o se , 
a m o n g  o th e rs , w h ic h  a n ti-D a rw in ia n s  h o ld  to  b e  n o t  a id s  
to  th e  s e le c tio n  th e o r ie s , b u t  to  b e  th e  b a s is  i f  n o t  o f  
a c tu a lly  re p la c in g  o r  su b s ti tu tio n a ry  th e o r ie s , a t le a s t  o f  
p re c is e ly  th o s e  o b je c tio n s  to  th e  sp e c ie s - fo rm in g  c a p a c ity  
o f  th e  s tr ic t D a rw in ia n  fa c to rs  w h ic h  h a v e  n e c e s s ita te d  
so m e  o f  th e  p r in c ip a l c o n c e s s io n s  m a d e  b y  th e  D a rw in is ts , 
i t  is  o b v io u s  th a t  P la te 's  d is c u s s io n  o f  th e m  is  in  i t s e l f  
s im p ly  th e  ac tu a l m a k in g  o f  th e  c o n c e s s io n s  a lre a d y  n o te d  
as  h a v in g  b e e n  a d m itte d  b y  m o s t  D a rw in ia n s . E a c h  o f  
th e s e  c a te g o r ie s  o f  p h e n o m e n a  a n d  p r in c ip le s  is  o f  c o u rse  
o f  m u c h  im p o rta n c e  a n d  in te re s t, a n d  th e y  w ill a ll b e  
fo u n d  to  b e  fa ir ly  fu lly  se t o u t in  th e  c h a p te rs  fo llo w in g  
th is  one.

P la te 's  a n sw e rs  to  th e  se c o n d  im p o r ta n t  o b je c tio n , 
n a m e ly , th a t  s e le c tio n  re lie s  to o  m u c h  o n  c h a n c e  a n d  is  
th e re fo re  im p ro b a b le  a n d  in e x a c t, m a y  n o w  b e  n o te d . H e  
d is tin g u ish e s  tw o  p h a se s  o f  th is  o b je c tio n . T h e  f ir s t  h e  
e x p re s se s  as fo llo w s : "It is  h ig h ly  im p ro b a b le  th a t  fo r  th e  
p ro g re s s iv e  d e v e lo p m e n t o r  p e r fe c tin g  o f  a n  o rg a n  th e re  
w ill a lw a y s  a p p e a r  j u s t  a t th e  n e e d e d  t im e  th e  v a r ia tio n  
n e c e s s a ry  fo r  se le c tio n , th a t  is, th e  e x a c tly  n e e d e d  
a d a p tiv e  m o d if ic a tio n ."  T h e  se c o n d  p h a s e  is: "It is  h ig h ly  
im p ro b a b le  th a t  in  th e  d e v e lo p m e n t o f  a  c o m p lic a te d  
o rg a n , o r  b o d y -p a r t , o r  in  th e  p e r fe c tin g  o f  a  c h a n g in g  
a d a p ta tio n  th e  n u m e ro u s  in d is p e n s a b le  m o d if ic a tio n s  w ill 
a p p e a r  in  su c h  a  se r ie s  th a t  a  h a rm o n io u s  c o rre la tio n  o f  th e  
s in g le  v a r ia t io n s  w ill b e  p o ss ib le ."

R e fe r r in g  e sp e c ia lly  to  th e  f ir s t  p h a s e  o f  th e  
g e n e ra l o b je c tio n  h e  says:
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"T h u s  th is  d o u b tin g  q u e ry  is, w h y  d o  th e re  a lw a y s  
a p p e a r  ju s t  th e  r ig h t  v a r ia t io n s  a t th e  r ig h t tim e ?  O r,о
s o m e w h a t d if fe re n tly  e x p re sse d , in  th e  w o rd s  o f  C o p e , 
s in c e  th e  n u m b e r  o f  v a r ia t io n s  p o s s ib le  to  th e  o rg a n ism  is  
v e ry  g re a t, th e  p ro b a b ili ty  o f  th e  a d m ira b ly  a d a p tiv e  
s tru c tu re s  w h ic h  c h a ra c te r is e  th e  la t te r  h a v in g  a r is e n  b y  
c h a n c e  is  e x tre m e ly  sm a ll. '

" W h o e v e r  e x p re s se s  su c h  d o u b ts  u n w ittin g ly  
h itc h e s  th e  w a g o n  b e fo re  th e  h o rse . S e le c tio n  d ire c ts  i t s e l f  
a c c o rd in g  to  th e  v a r ia tio n , n o t  v a r ia t io n  a c c o rd in g  to  
se le c tio n . I f  th e  v a r ia b ili ty  is  la rg e , se le c tio n  h a s  a  la rg e  
ch o ic e ; i f  th e  v a r ia b ili ty  is  sm a ll ,th e n  th e re  a re  b u t  fe w  
lin e s  o f  e v o lu tio n  o p en . E x p e r ie n c e  te a c h e s  th a t  in  
g e n e ra l, th e  v a r ia b il i ty  o f  o rg a n ism s  is  v e ry  la rg e , th a t  it  
o c c u rs  b o th  q u a n tita tiv e ly  a n d  q u a lita tiv e ly  in  su ch  
p ro n o u n c e d  m a n n e r  in  a ll in d iv id u a ls  o f  a  sp e c ie s  th a t  it  
c a n  b e  re a d ily  re c o g n is e d  w ith o u t  re c o u rs e  to  c o m p le x  
m e th o d s  o f  in v e s tig a tio n , a n d  th a t  n o  c h a ra c te r is tic  (s ize , 
fo rm , c o lo u r, n u m e ric a l re la tio n , c o n s titu tio n a l v ig o u r , 
in s tin c t, life -h a b it)  is  f re e  f ro m  it  in  a n y  life  s ta g e  f ro m  
e g g  to  la s t  d ra w in g  o f  th e  b re a th . I t  is  p re c is e ly  to  th is  
v a r ia b ili ty  e x p re s s in g  i t s e l f  in  th e  m o s t  m a n ifo ld  w a y s  an d  
c o m b in a tio n s  th a t  is  to  b e  a sc r ib e d  th e  c o n d itio n  th a t  an y  
in d iv id u a l as  su c h  is , u su a lly , re a d ily  to  b e  d is tin g u ish e d  
f ro m  o th e r  in d iv id u a ls  o f  th e  sa m e  sp e c ie s . I t  re su lts  f ro m  
th is  th a t  th e  in d iv id u a l v a r ia tio n  is  in d e te rm in a te  an d  
u n d ire c te d , o r  b e t te r  e x p re s se d , u n iv e rs a l a n d  a ll s id ed , 
a n d  th a t  a t a n y  g iv e n  m o m e n t th e  e x a c tly  n e e d e d  
m o d if ic a tio n  w ill a lw a y s  a p p e a r  in  a  n u m b e r  o f  
in d iv id u a ls  o f  an y  sp e c ie s  r ic h  in  in d iv id u a ls , p ro v id e d  
th a t  th e  n e e d e d  v a r ia t io n  c a n  b e  p ro d u c e d  th ro u g h  a  s lig h t 
a d v a n c e  o r  p ro g re s s iv e  c h a n g e . N a tu ra l ly  i t  is  n o t 
su ff ic ie n t i f  th e  v a r ia t io n  a p p e a rs  in  o n ly  a  fe w  iso la te d  
in d iv id u a ls . b u t  it  is  n e c e s sa ry , fo r  th e  m o d if ic a t io n  o f  th e  
sp e c ie s , th a t  th is  v a r ia tio n  o c c u r  in  so  m a n y  in d iv id u a ls  
th a t  i t  w ill n o t  b e  e x tin g u ish e d  th ro u g h  in te rb re e d in g  b u t
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o n  th e  c o n tra ry  w ill b e  p e rp e tu a te d . In  o th e r  w o rd s  
se le c tio n  w o rk s , e x c e p t in  sc a tte re d  c a se s  w h e re  s in g le  o r  
ra re  v a r ia - t io n s  a re  sp e c ia lly  fa v o u re d  b y  a c c id e n ta l  is o ­
la tio n , n o t  w ith  s in g le  b u t  w ith  p lu ra l v a r ia t io n s  o r  
v a r ie tie s . T h ro u g h  th is  th e  h o s t o f  v a r ia t io n s  is  im m e n se ly  
re d u c e d  as fa r  as th e y  c o m e  in to  c o n s id e ra tio n  as h a n d le s  
fo r  se le c tio n , a n d  o f  c o u rse  o n ly  in  th is  se n se  is  th e re  an y  
re a so n  a t a ll fo r  th e  q u e ry  as to  w h e th e r  w e  can . a s su m e  
th a t  th e  r ig h t v a r ia t io n  w ill a lw a y s  b e  p re s e n t  a t th e  r ig h t 
tim e . T h e  a n s w e r  c a n  o n ly  b e , c e r ta in ly  n o t  a lw a y s : m a n y  
p ro m is in g  b e g in n in g s  m u s t  a lw a y s  b e  c h e c k e d  in  th e  g e rm  
o r  a t h a lf-w a y , b u t  in  in f in ite ly  m a n y  c a se s  th e  n e e d e d  
p lu ra l v a r ia tio n  w ill a p p e a r, b e c a u s e  th e  sa m e  e x te rn a l 
fa c to rs  c h a n g e  a  w h o le  g ro u p  o f  a n im a ls  s im u lta n e o u s ly  
so  th a t  p ro g re s s  is  p o ss ib le . B u t, i t  g o e s  w ith o u t say in g , 
o n ly  a  s lo w  a d v a n c e  is  c o n c e iv a b le  o n  th is  b a s is .

"O n e  m u s t n o t, fo r  th e  re s t, fo rg e t th a t  th e  sam e  
c o n d itio n  o f  s e le c tiv e  w o r th  m a y  b e  re a c h e d  
s im u lta n e o u s ly  th ro u g h  c o m b in a tio n s  o f  d if fe re n t 
p e c u lia r it ie s , a n d  th a t  th e  sa m e  e f fe c t m a y  b e  a tta in e d  b y  
v a r io u s  m e a n s , b o th  o f  w h ic h  fa c ts  re n d e r  i t  im p o r ta n tly  
e a s ie r  to  g e t th is  s e le c tiv e  w o rth . W h e n  p u rsu e d  b y  an  
e n e m y  o n e  in d iv id u a l o f  th e  h a ra s s e d  sp e c ie s  m a y  sav e  
i t s e l f  b y  a  q u ic k  leap , a  se c o n d  th ro u g h  sh a rp  ea rs , a  th ird  
b y  sh a rp  eyes. W a lla c e  r ig h tly  e x p la in s  th a t  th e  n e c e s s ity  
fo r  a  g ira f fe  in  t im e s  o f  fa m in e  is  o n ly  to  re a c h  as  h ig h  as 
p o s s ib le  in  th e  tre e s , a n d  th a t  d if fe re n t m e a n s  m a y  av a il 
fo r  th is , as  a  lo n g e r  n e c k , lo n g  le g s , o r  a  lo n g  to n g u e , all 
o f  w h ic h  m a y  e v e n tu a lly  c o m e  to  b e  c o rre la tiv e ly  
in c re a se d . T h e  in d iv id u a ls  w h ic h  su rv iv e  b y  th e s e  a id s  
m a y  th e n  la te r , th ro u g h  in te r -c ro s s in g , e x c h a n g e  th e ir  
a d v a n ta g e s  a n d  so  le a d  to  th e  p ro d u c tio n  o f  a  m e a n  ty p e  
th a t  sh o w s  a  s lig h t a d v a n c e  o v e r  e a r lie r  c o n d itio n s  in  all 
th re e  o rg an s . M a m m a ls  c a n  p ro te c t  th e m s e lv e s  f ro m  f lie s  
in  v a r io u s  w a y s , e ith e r  b y  a  th ic k  fu r  (b e a rs ) , b y  re f le x iv e  
tw itc h in g s  o f  th e  sk in  m u s c le s  (h o rse ) , b y  ta ils  w ith  tu f te d
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e n d s  (m a n y  h o o fe d  a n im a ls ) , b y  a  lo n g  n e c k  w h ic h  can  
b e n d  s id e w a y s  so  th a t  th e  a n im a l c a n  re a c h  a n y  p a r t  o f  its  
b o d y  as fa r  as  th e  h ip s  (g u a n a c o , s ta g ) o r  f in a lly  b y  e y e lid s  
a n d  lo n g  m o v a b le  e a rs , w h ic h  re s tra in  th e  f l ie s  f ro m  th e  
e a s ily  in ju re d  ey es. T lie se  m e a n s  o f  p ro te c tio n  f ro m  
in s e c ts  p la y  an  im p o r ta n t  ro le  in  d e te rm in in g  th e  h a b itu s  
o f  m a n y  m a m m a ls , a n d  p e rm it th e  c o n c lu s io n  th a t  
se le c tio n  h a s  b e e n  in s tru m e n ta l in  p ro d u c in g  th is  h a b itu s . 
M e re , a lso , i t  is  p o s s ib le  fo r  sev e ra l o f  th e s e  m e a n s  to  b e  
p o sse s se d  a t o n c e  b y  th e  sa m e  a n im a l, as in  th e  ca se  o f  th e  
g u a n a c o  w ith  its  lo n g  h a ir  a n d  e lo n g a te  n eck . I t  is  
a b so lu te ly  n e c e s s a ry  fo r  m o llu sc s  th a t  l iv e  b e tw e e n  tid e -  
lin e s  to  h a v e  so m e  m e a n s  o f  r e s is tin g  th e  fo rc e  o f  th e  surf. 
M a n y  sp e c ie s  p o s s e s s  th is  m e a n s  in  th e ir  sm a ll s iz e  w h ic h  
a llo w s  th e m  to  c ra w l in to  c re v ic e s  a n d  c ra c k s  in  th e  ro ck s , 
b u t  m o s t o f  th e m  h a v e  d e v e lo p e d  a  s tro n g  p e d a l su c k e r  
a n d  a  lo w  ro o f - lik e  u n c o ile d  sh e ll w h ic h  p re s se s  c lo se  to  
th e  ro c k  su rfa c e  a n d  o v e r  w h ic h  th e  w a te r  f lo w s  w ith o u t 
e x e r tin g  a n y  s tro n g  la te ra l p re ssu re . T h is  is  th e  case , fo r  
e x a m p le , w ith  P a te lla , F is su re lla , C h ito n , C o n c h o le p a s , 
S ip h o n a ria , G a d in ia , C a ly p tra , a n d  o th e rs . A ll th re e  o f  
th e s e  m e a n s  o f  sa fe ty  ca n  c o m e  in to  p la y  s im u lta n e o u s ly  
in  se le c tio n , b u t  i t  su ff ic e s  w h e n  a n y  g iv e n  in d iv id u a l 
p o s s e s s e s  a n y  o n e  o f  th e s e  m e a n s  in  su ff ic ie n t d e g re e  o f  
d e v e lo p m e n t.

"I sh a ll n o te  h e re  se v e ra l o th e r  e x a m p le s  w h ic h  
s h o w  h o w  re la te d  sp e c ie s  re a c h  th e  sa m e  a d v a n ta g e  in  th e  
s tru g g le  th ro u g h  d if fe re n t m e a n s , fo r  w e  ca n  a s su m e  fro m  
th e s e  fa c ts  th a t  a lso  th e  in d iv id u a ls  o f  th e  sa m e  sp e c ie s  
o f te n  e sc a p e  th e  sa m e  d a n g e rs  in  th e  s tru g g le  fo r  e x is te n c e  
b y  m e a n s  o f  d if fe re n t m e a n s . A n d  b y  th is  th e  p ro b a b ili ty  
is  m a d e  g re a te r  th a t  th e  'n e e d e d  v a r ia tio n ' a p p e a rs  a t th e  
r ig h t tim e . T h e  d if fe r in g  c h a ra c te r is tic s  o f  th is  so r t w ill 
la te r  lead , th ro u g h  c ro ss in g , to  th e  fo rm a tio n  o f  a  m ix e d  
ty p e , o r, i f  th e  c o m p e tit io n  g ro w s  e v e r  sh a rp e r  w ith  th e  
c o u rse  o f  tim e , th e y  w ill p ro d u c e  a  se p a ra tio n  o f  th e
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s p e c ie s  in to  v a r ie t ie s  (e v e n tu a lly  sp e c ie s )  w ith  d if fe r in g  
h a b its  o f  life , o r  f in a lly  th e y  m a y  m e e t in  d ire c t 
c o m p e tit io n  o r s tru g g le  w ith  o n e  a n o th e r. T h e  g o o d  f ly e rs  
a m o n g  th e  b ird s  a ll h a v e  lo n g  w in g s , b u t  in  so m e  i t  is  th e  
fo re  a rm  w h ic h  is  sp e c ia lly  le n g th e n e d  (c u c k o o , g o a t­
su ck e r, p ig e o n ) , in  o th e rs  th e  h a n d  ( te rn s , h u m m in g -b ird s , 
e a v e  sw a llo w s) , a n d  in  s till o th e rs  th e  u p p e r  a rm  
(sw a n ) .— W h ile  Tapirus americanus, l ik e  m o s t  m a m m a ls , 
d r iv e s  th e  f lie s  a w a y  f ro m  its  e y e s  b y  th ro w in g  d o w n  th e  
e y e lid s , Tapirus indicus a c c o m p lis h e s  th e  sa m e  th in g  b y  a 
s tro n g  ro ta tio n  o f  th e  b u lb  o f  th e  ey e . Elephas africanus 
se iz e s  v e ry  sm a ll o b je c ts  w ith  its  p ro b o sc is - f in g e rs , w h ile  
th e  In d ia n  e le p h a n t la y s  th e  f ro n t  e n d  o f  th e  tru n k  la te ra lly  
o n  th e  g ro u n d , g ra sp s  th e  o b je c t b e tw e e n  th e  sk in -fo ld s , 
lif ts  i t  u p  h ig h  in  th is  w ay , a n d  o n ly  th e n  a llo w s  i t  to  fa ll 
in to  th e  t ip  o f  th e  p ro b o s c is .—  P o u lto n  h a s  sh o w n  b y  
sev e ra l e x a m p le s  th a t  in  c a se s  o f  m im ic ry  th e  sa m e  e ffe c ts  
m a y  b e  g o t  in  v e ry  d if fe re n t w a y s . T h e  g la s s - lik e  
t ra n s p a re n c y  o f  th e  w in g s , fo r  e x a m p le , is  g o t in  th e  
H e lic o n id  g e n u s  Menthona b y  a  c o n s id e ra b le  d im in u tio n  
in  s iz e  o f  th e  sca le s , in  th e  D a n a id  Ituna iliona th ro u g h  th e  
a b se n c e  o f  m o s t  o f  th e  sca le s , in  Castnia linus v a r. heli- 
conoides, th ro u g h  th e  a b se n c e  o f  p ig m e n t in  th e  sca les , 
w h ic h  a re  as la rg e  a n d  n u m e ro u s  as u su a l, in  th e  P ie r id  
Dismorphia crise th ro u g h  th e  sm a lln e s s  o f  th e  sca le s , an d  
f in a lly  in  th e  n ig h t  m o th  Hyelosia heliconoides b y  th e  
a b se n c e  o f  p ig m e n t a n d  le s s e n e d  n u m b e r  o f  th e  sca le s ."

P la te  n e x t  o ffe rs  a  d e ta ile d  e x p la n a tio n  o n  s tr ic t 
D a rw in ia n  g ro u n d s  o f  h o w  su c h  an  e x tra o rd in a ry  
c o n d itio n  o f  m im ic ry  c a n  b e  b ro u g h t a b o u t as  th e  fa m o u s  
c a se  o f  K a l- lim a , th e  b u tte r f ly  th a t  s im u la te s  in  c o lo u r, 
sh ap e , a n d  in tim a te  d e ta ils  o f  p a tte rn  su c h  as v e in s , f le c k s , 
fu n g u s  sp o ts , e tc ., a  d e a d  l e a f  w ith  su ch  f id e li ty  as to  m a k e  
i t  th e  w o n d e r  o f  e v e ry  o n e  w h o  see s  i t  a n d  th e  c la s s ic  
e x a m p le  o f  th e  p o s s ib ili t ie s  o f  su c h  p ro te c tiv e  
re se m b la n c e . A n d  h e  sh o w s  w e ll th a t  w h a te v e r  d if f ic u ltie s
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se le c tio n  m a y  h a v e  in  its  n e c e s s a ry  d e p e n d e n c e  o n  th e  
c h a n c e  o c c u rre n c e  o f  th e  p ro p e r  n u m e ro u s  a n d  n e c e s sa r ily  
s im u lta n e o u s ly  a p p e a r in g  v a r ia t io n s  to  e x p la in  th e  g ra d u a l 
d e v e lo p m e n t o f  su c h  a  sp e c ia lisa tio n , th e  o n ly  o th e r  
e x p la n a tio n s  so  fa r  o f fe re d  a re  e v e n  m o re  lu d ic ro u s ly  
d e p e n d e n t o n  " lu ck ."  P ie p e rs ,9 th e  m o s t a c tiv e  an d  
p o le m ic a lly  v ig o ro u s  o f  a ll sp e c ia l o p p o n e n ts  o f  th e  
D a rw in ia n  e x p la n a tio n  o f  p ro te c tiv e  r e s e m b la n c e  an d  
m im ic ry , says:

"C h a n c e  a lo n e  c a n  b r in g  a b o u t su c h  a  c o rre la tio n ."  
A s  P la te  w e ll say s, " It is  n o t  w ith o u t its  c o m ic  a s p e c t th a t  
a  v io le n t  a n ta g o n is t  o f  th e  se le c tio n  th e o ry  sh o u ld  b e  
fo u n d  c lin g in g  to  th e  sa m e  s a fe ty -a n c h o r  'c h a n c e ,' th a t. 
u s u a lly  is  th e  c o n s ta n t re p ro a c h  o f  th e  D a rw in ia n . ... It 
w o u ld  n o t  b e  d iff ic u lt,"  c o n tin u e s  P la te , "to  re fe r  to  still 
o th e r  e x a m p le s  to  sh o w  th a t  a  n e e d e d  se le c tiv e  v a lu e  can  
o f te n  b e  a tta in e d  a t th e  sa m e  tim e  b y  th e  in d iv id u a ls  o f  a 
sp e c ie s  th ro u g h  v a r io u s  m e a n s , b y  w h ic h  th e  p ro b a b ili ty  
th a t  th is  ty p e  o f  a d a p ta tio n s  c a n  a r ise  is  c o rre sp o n d in g ly  
in c re a se d . B u t o n e  p o in t  sh o u ld  n e v e r  b e  fo rg o tte n  an d  
th a t  is  i t  is  a lw a y s  f irs t  th e  v a r ia b ili ty , a n d  s e c o n d  th e  
se le c tio n . I f  n o  v a r ia t io n s  a p p e a r  th e re  c a n  b e  n o  p ro g re ss , 
a n d  i f  th e  s tru g g le  fo r  e x is te n c e  w e re  to o  s e v e re  th e  [n o n ­
v a ry in g ]  sp e c ie s  w o u ld  d ie  ou t. S tr ic tly  sp e a k in g , th e  
q u e s tio n , h o w  is  i t  p o s s ib le  th a t  th e  r ig h t v a r ia tio n s  c a n  b e  
re lie d  o n  to  a p p e a r  a t th e  r ig h t  tim e ?  is  re a lly  in v e r te d  an d  
th e re fo re  in c a p a b le  o f  r e c e iv in g  a  c o r re c t an sw er. O n e  can  
o n ly  say: I f  a  c o m p le x  a d a p ta tio n  h a s  a r ise n  th ro u g h  
se le c tio n , th e n  i t  is  c e r ta in  th a t  th e  n e c e s s a ry  
m o d if ic a tio n s  n e e d e d  f o r  su c c e ss  in  th e  s tru g g le  fo r  
e x is te n c e  w e re  n o t  w a n tin g ."

W e  c o m e  n o w  to  th e  se c o n d  p h a s e  o f  th e  g e n e ra l 
o b je c tio n , as a n a ly se d  b y  P la te ; v iz ., th e  a s su m e d  
im p ro b a b ili ty  th a t  d u r in g  th e  c o u rse  o f  th e  d e v e lo p m e n t 
(e v o lu tio n )  o f  a  c o m p lic a te d  o rg a n  o r  w h o le  b o d y -p a r t , o r  
d u r in g  th e  p e r fe c tin g  o f  a  c h a n g in g  a d a p ta tio n , th e
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n u m e ro u s  n e c e s s a ry  v a r ia t io n s  w ill o c c u r  in  su c h  a 
s u c c e s s iv e  se rie s  as to  m a k e  p o s s ib le  an  h a rm o n io u s  
c o rre la tio n  o f  th e  v a r io u s  s in g le  v a r ia tio n s . P la te  w r ite s  as 
fo llo w s : "T h is  o b je c tio n  h a s  b e e n , as is  th e  ca se  w ith  th e  
o b je c tio n  ju s t  d isc u sse d , ra is e d  b y  m a n y  s tu d e n ts  o f  
e v o lu tio n  as  S p e n c e r, W ig a n d , N a g e li , a n d  is  in  p r in c ip le  
n o t  d if fe re n t f ro m  th e  p re v io u s  o b je c tio n , b u t  o n ly  
p re se n ts  an  e la b o ra tio n  o f  it. I t  c o n c e rn s , f irs t, th e  
n u m e ro u s  s in g le  v a r ia t io n s  w h ic h  a re  n e c e s s a ry  i f  a  s in g le  
c o m p le x  o rg a n  (a s  an  ey e ) o r  a  w h o le  b o d y -p a r t  w ith  its  
v a r io u s  o rg a n s  a n d  t is s u e s  ( fo r  e x a m p le , th e  n e c k  o f  th e  
g ira ffe , th e  fo re  b o d y  o f  th e  e lk )  o f  a  s in g le  in d iv id u a l is  to  
b e  ra is e d  to  a  h ig h e r  s ta g e  o f  a d a p tiv e n e ss ; an d , seco n d , 
th e  p e r fe c tin g  o f  in te rd e p e n d e n t a d a p ta tio n s  in  d if fe re n t 
in d iv id u a ls . A s  e x a m p le  o f  th e  la t te r  c a te g o ry  I  m a y  
m e n tio n  th e  c o ro lla  o f  f lo w e rs  a n d  th e  p ro b o s c is  o f  in se c ts  
w h ic h  c ro s s -p o llin a te  th e s e  f lo w e rs , th e  m a le  a n d  fe m a le  
c o p u la tin g  o rg a n s  o f  m a n y  a n im a ls , as th o s e  o f  th e  
P a p ilio n id a e , th e  a d a p ta tio n s  o f  m y rm e c o p h ilo u s  an d  
te rm ito p h ilo u s  a n im a ls  in  r e la tio n  to  th e ir  h o s ts , a lso  th o se  
o f  sy m b io tic  (p a ra s it ic  o r  m u tu a lis tic )  sp e c ie s  re la tiv e  to  
th e ir  c o m p a n io n s , an d , in  c a se s  o f  m im ic ry , o f  th e  
m im ic k in g  sp e c ie s  re la tiv e  to  th e  p ro te c te d  sp ec ie s . W h e n  
o n e  o f  th e  sp e c ie s , p a r ty  to  su c h  a  m u tu a l a d a p ta tio n , 
c h a n g e s , th e  o th e r  as a  ru le  m u s t  a lso . T h e re  a r ise s  f ro m  
th is  th e  qu ery : h o w , in  su c h  c a se s , is  th e re  p o s s ib le  th e  
n e c e s s a ry  c o a d a p ta tio n  (c o o rd in a tio n ) , th a t  is , th e  
h a rm o n io u s  c h a n g e  o f  th e  p a r ts  w h ic h  p ro d u c e  th e  
in te rd e p e n d e n t  p h y s io lo g ic a l o r  b io lo g ic a l p h e n o m e n a , 
w h e th e r  th e s e  e x is t  in  a  s in g le  in d iv id u a l o r  in  tw o ?  H o w  
d o e s  i t  c o m e  th a t  w h e n  th e  a n tle rs  o f  th e  g ia n t  s tag  
b e c o m e  la rg e r  a n d  la rg e r , th e  sk u ll b o n e s  b e c o m e  th ic k e r  
a n d  th e  n e c k  te n d o n s  a n d  th e  fo re  le g s  s tro n g e r  (S p e n c e r)  
? W ith  th e  g ra d u a l le n g th e n in g  o f  th e  g ira f fe 's  n e c k  th e  
sk e le ta l sy s te m  a n d  w ith  i t  n u m e ro u s  o th e r  c lo s e ly -re la te d  
in te rn a l o rg a n s  h a v e  to  b e c o m e  la rg e r  s im u lta n e o u s ly .
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H u n d re d s  o f  sm a ll m o d if ic a tio n s  a re  n e c e s sa ry . H o w  d o e s  
i t  h a p p e n  th a t  a ll c o m e  o f f  e x a c tly  as is  n e c e s sa ry ?  W h e n  
th e  f lo w e rs ' c u p s  fo r  a n y  re a s o n  b e c o m e  d e e p e r  th e  in se c ts  
m u s t d e v e lo p  lo n g e r  p ro b o s c id e s  in  o rd e r  to  r e a c h  th e  
n e c ta r ie s  in  th e  b o tto m  o f  th e  cup . S im u lta n e o u s ly  th e  
s u c k in g  a p p a ra tu s  o f  th e  o e so p h a g u s  m u s t  c h an g e . H o w  
d o e s  i t  h a p p e n  th a t  th e s e  m o d if ic a tio n s  in  tw o  d if fe re n t 
o rg a n ism s , in  an  a n im a l a n d  a  p la n t, o c c u r  pari passu?

"In  o rd e r  to  sa tis fy  th e s e  q u e s tio n s  o f  d o u b t 
D a rw in  a n d  W a lla c e  h a v e  re fe r re d  to  th e  d o m e s tic a te d  
a n im a ls  as th e  b e s t  p ro o fs  th a t  su ch  c o a d a p ta tio n s  are  
p o ss ib le . A  g re y h o u n d , a  b u lld o g , a  d a c h sh u n d , a  tu m b le r  
p ig e o n , a  ra c e h o rse , h a v e  h a d  to  p a s s  th ro u g h  a  lo n g  se rie s  
o f  n u m e ro u s  c h a n g e s  in  th e  m o s t v a r io u s  o rg a n s , in  o rd e r  
to  re a c h  th e ir  p re s e n t  fo rm , a n d  y e t  a ll th e s e  v a r ia tio n s  
h a v e  a p p e a re d  o n e  a f te r  th e  o th e r  in  su c h  a  w a y  as n e v e r  
to  e n d a n g e r  th e  v ita l v ig o u r , fo r  m a n  w o u ld  n e v e r  h a v e  
c h o se n  w e a k ly  a n im a ls  fo r  b re e d in g  p u rp o se s . In  a r tif ic ia l 
se le c tio n , th e re fo re , c o a d a p ta tio n s  a re  p o s s ib le  in  a lm o s t 
in f in ite  v a r ie ty , a n d  i t  c a n  fa ir ly  b e  a sk e d  i f  su ch  
fa v o u ra b le  c o n d itio n s  a re  n o t  a lso  p o ss ib le  in  n a tu re . T h is  
q u e ry  m u s t, a priori, b e  a n sw e re d  in  th e  a ff irm a tiv e , fo r  
m a n  is  n o t  a b le  e ith e r  to  m a k e  m o re  e a sy  o r  to  h a s te n  th e  
a p p e a ra n c e  o f  c o a d a p ta tio n s  : h e  ca n  o n ly  h o ld  o n  to  th o se  
w h ic h  o n c e  a p p e a r, a n d  th is  ca n  a lso  b e  d o n e  b y  th e  
s tru g g le  fo r  e x is te n c e  in  th o s e  c a se s  in  w h ic h  th e  
c o a d a p tiv e  v a r ia t io n s  a re  o f  v ita l im p o rta n c e . T h e  rea l 
d if fe re n c e  lie s , th e re fo re , in  th e  fa c t  th a t  m a n  c a n  m a k e  a 
b e g in n in g  w ith  e v e r  so  s lig h t an  a d v a n c e  ; n a tu re  o n ly  
w ith  su c h  s im u lta n e o u s  c h a n g e s  a s  a re  o f  su ff ic ie n t g ra d e  
o r  d e g re e  to  b e  o f  se le c tiv e  v a lu e . A n d  so  fa r  in  th is  
d is c u s s io n  n o th in g  h a s  b e e n  o ffe re d  to  sh o w  h o w  th is  
c o n d itio n  is  to  b e  re a c h e d ."

T o  a tte m p t to  g e t a t an  e x p la n a tio n  o f  th e  ac tu a l 
m e a n s  b y  w h ic h  th is  n e c e s s a ry  c o n d itio n  is  a tta in e d , P la te  
b e lie v e s  it  n e c e s s a ry  th a t  o n e  sh o u ld  m a k e  c le a r  ju s t  w h a t
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s ta n d p o in t h e  ta k e s  o n  th e  v e x e d  p ro b le m  o f  th e  
in h e r ita n c e  o f  a c q u ire d  c h a ra c te rs . W ith o u t  g o in g  in to  
P la te 's  lo n g  d isc u s s io n  o f  th is  o ld  su b je c t, i t  is  su ff ic ie n t to  
say  th a t  h e  re a c h e s  th e  c o n c lu s io n  th a t  th e  in h e r ita n c e  o f  
a c q u ire d  c h a ra c te rs  is  n o t  p ro v e d  n o t  to  b e  p o ss ib le , an d  
h e n c e  th a t  i t  m a y  o c c u r. A n d , fo r  h im se lf , h e  e x p re s se s  th e  
b e l ie f  th a t  a c q u ire d  so m a tic  c h a ra c te rs  ca n  b e  a n d  a re  
in h e r ite d . F ro m  th is  p o in t  o f  v ie w , h e , c o n s is te n tly  w ith  
D a rw in 's  o w n  p o s itio n , f in d s  an  a n s w e r  to  th e  o b je c tio n  
to u c h in g  th e  n e c e s s i ty  o f  a  r e p e tit iv e  c u m u la tin g  
a p p e a ra n c e  o f  c e r ta in  d e f in ite  k in d s  o f  v a r ia tio n  fo r  th e  
b a s is  o f  th e  d e v e lo p m e n t o f  c o a d a p ta tio n , b y  in v o k in g  th e  
L a m a rc k ia n  fa c to r  o f  th e  in h e r ita n c e  o f  th e  e ffe c ts  o f  u se  
a n d  fu n c tio n a l s tim u li. W h ic h  re fu g e  is o f  c o u rse  n o t  o p e n  
to  th e  m o d e rn  s tr ic t s e le c tio n is ts , th e  n e o -D a rw in ia n s .

N o w , as  m a y  b e  im a g in e d , w h e n  th e  D a rw in ia n s  
th e m s e lv e s  a re  o f  v a r io u s  m in d s  a b o u t th e  v a lu e  o f  th e  
a n sw e rs  to  th is  o b je c tio n , w h e n  th e s e  a n sw e rs  a re  b a s e d  
o n  a  s tr ic t se le c tio n  b a s is , th e y  a re  n o t  v e ry  c o n v in c in g  to  
a n ti-D a rw in ia n s . In  g e n e ra l th e y  re s t  o n  v a r io u s  o b se rv e d  
fa c ts  a n d  d e d u c e d  a s su m p tio n s  w h ic h  m a y  b e  ro u g h ly  
c la s s if ie d  in to  se v e ra l g ro u p s . F irs t, th e  fa c ts  o f  
s im u lta n e o u s  c o rre la tiv e  v a r ia tio n , o r  th e  fa c t  th a t  o rg a n s  
o r  p a r ts  w h ic h  fu n c tio n  to g e th e r , v e ry  o f te n  v a ry  in  th e  
sa m e  g e n e ra l d ire c tio n . F o r  e x a m p le , i f  tw o  le g  o r  a rm  
b o n e s  b e c o m e  lo n g e r  th e  m u s c le s  a tta c h in g  to  th e s e  b o n e s  
a lso  b e c o m e  lo n g e r  (s in c e  th e  a tta c h m e n ts  a re  n o t 
c h a n g e d ) . T h e  su p p ly in g  b lo o d -v e s s e ls  a n d  n e rv e s  a lso  
le n g th e n . N u m e ro u s  o b se rv a tio n s  b y  b re e d e rs  sh o w  th a t  in  
e a c h  o rg a n ism  th e re  re s id e s  a  c a p a c ity  o f  s e lf- re g u la tio n , 
u p  to  a  c e r ta in  d e g re e , w h ic h  p ro d u c e s  a  h a rm o n io u s  
g ro w th  a n d  v a r ia t io n  o f  in te r -d e p e n d e n t  p a rts . I f  a  p la n t  is  
re m o v e d  to  r ic h ly  fe r ti l is e d  so il i t  w ill g ro w  to  g re a t  size , 
in  th e  c o u rse  o f  w h ic h  g ro w th  all p a r ts  a re  p ro p o r tio n a lly  
c h a n g e d  so  th a t  th e  g e n e ra l h a b itu s  o f  th e  p la n t  re m a in s  
th e  sam e . I f  o n e  a llo w s  in s e c t la rv a e  to  l iv e  o n  v e ry  sh o rt
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fo o d  ra tio n s , th e  a d u lt  in s e c ts  w ill b e  u n u s u a lly  sm a ll b u t  
w ith  a ll th e  o rg a n s  o f  th e ir  u su a l r e la tio n  to  e a c h  o th e r  as  
to  p ro p o r tio n a l s ize . T h u s  i t  s e e m s  th a t  th e  s in g le  o rg a n s  
a re  d e f in ite ly  c o rre la te d  w ith  o n e  a n o th e r  so  th a t  in  th e ir  
g ro w th  th e y  m a in ta in  th e ir  r e la tiv e  c h a ra c te r is tic s . "I 
h a v e ,"  sa y s  P la te , " c a lle d  th is  fo rm  o f  o rg a n ic  
Zweckmassig-keit th e  u n ity  o f  o rg a n isa tio n ."  I f  th is  q u a lity  
o r  c a p a c ity  is  la c k in g  in  an  in d iv id u a l th e n  i t  d e v e lo p s  in to  
a  c r ip p le , a  m o n s te r , a n d  is  k il le d  o u t b y  se le c tio n . 
T h e re fo re , i f  th e  n e c k  o f  th e  g ira f fe  v a r ie s  so  as to  b e  
lo n g e r, o n e  m a y  fa ir ly  a s su m e  th a t, in  th e  c a se  o f  m a n y  
in d iv id u a ls , a t le a s t, a ll p a r ts  o f  th e  n e c k  w ill sh a re  in  th is  
v a r ia tio n , a lth o u g h  th e re  w ill n a tu ra lly  b e  s lig h t in d iv id u a l 
v a ry in g s  in s id e  o f  th is  g e n e ra l v a r ia tio n . A n d  i f  th e  a n tle rs  
o f  th e  s ta g  v a ry  to w a rd s  a  la rg e r  s iz e  th e re  w ill 
s im u lta n e o u s ly  a p p e a r  th e  n e c e s s a ry  in c re a se  in  
c a lc a re o u s  m a te r ia ls  fo r  a ll p a r ts  o f  th e  sk u ll, so  th a t  th e  
w h o le  sk u ll w ill b e  c o r re s p o n d in g ly  h e a v ie r  a n d  s tro n g e r.

"T h e  p ro c e s s  o f  e v o lu tio n  m a y  b e  a s su m e d  to  b e , 
as  i t  w a s  b y  D arw in , v e ry  s lo w , so  th a t  p le n ty  o f  t im e  is  
a llo w e d  to  se le c tio n  to  p ro d u c e  th e  n e c e s sa ry  
c o a d a p ta tio n s  w h ic h  m a y  b e  w a n tin g  in  th e  e a r lie r  s ta g e s  
o f  th e  d e v e lo p m e n t. In  th e  c a se  o f  th e  e n la rg in g  o f  th e  
s ta g 's  a n tle rs  th e re  m a y  h a v e  b e e n  w a n tin g  a t f ir s t  th e  
n e c e s s a ry  c o n g e n ita l s tre n g th e n in g  o f  th e  n e c k  m u sc le s  
b u t  th is  w o u ld  c o m e  to  e x is t  th ro u g h  u se . T h e  e ffe c ts  o f  
u se  w o u ld  in c re a se , h o w e v e r , o n ly  to  a  c e r ta in  p o in t, an d  
th e re  w o u ld  f in a lly  c o m e  a  tim e  w h e n  th e  h e a v y  a n tle rs  
c o u ld  b e  su p p o r te d  o n ly  b y  th o s e  in d iv id u a ls  w h ic h  h a d  
re c e iv e d  a  s tre n g th e n in g  o f  th e  n e c k  m u s c le s  th ro u g h  
c o n g e n ita l v a r ia tio n . A ll o th e rs  w o u ld  b e  k il le d  ou t.

"T h e  a lre a d y  d is c u s s e d  p r in c ip le  o f  th e  a tta in m e n t 
o f  s e le c tiv e  v a lu e  fo r  a  c e r ta in  a d v a n ta g e  b y  v a r io u s  
m e a n s , c o m e s  a lso  in to  p la y  in  th is  c o n n e c tio n . In  t im e  o f  
d ro u th  i t  is  im p o r ta n t  to  th e  g ira f fe  o n ly  th a t  i t  c a n  re a c h  a 
c e r ta in  h e ig h t  o n  th e  tre e s ; w h e th e r  th is  h e ig h t  b e  re a c h e d
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b y  th e  a id  o f  a  lo n g e r  n e c k  o r  h ig h e r  sh o u ld e rs  o r  a 
s p e c ia lly  e lo n g a te  to n g u e  is  in d iffe re n t. T h ro u g h  in te r ­
b re e d in g  th e s e  v a r io u s  a d v a n ta g e s  m a y  b e  la te r  u n ite d . 
T h e re  is  a lw a y s  re su ltin g , a s  W a lla c e  " h a s  sa id , 'S e le c tio n  
o f  th e  c a p a c itie s  o r  q u a lit ie s  re s u lt in g  f ro m  th e  in f in ite ly  
v a r ie d  c o m b in a tio n  o f  v a r ia t io n s  th a t  a re  a lw a y s  
o c c u rr in g .'

"R e c e n tly  W e is m a n n  11 h a s  p re s e n te d  th e  p r in c ip le  
o f  g e rm in a l se le c tio n  a s  e x p la in in g  c o a d a p tiv e  
sp e c ia lis a tio n s ,so  th a t  h e  is  e v id e n tly  n o t  s a tis f ie d  w ith  th e  
su ff ic ie n c y  o f  th e  th re e  a id in g  e x p la n a tio n s  a lre a d y  g iv e n . 
I  h o ld  th is  g e rm in a l s e le c tio n ,s a y s  P la te , "to  b e  a  fa lse  
c o n c e p tio n , a n d  th e re fo re  d o  n o t  h e re  r e fe r  to  i t  fu rth e r . I t 
w ill b e  d is c u s se d  in  d e ta il la te r ."  (T h is  la te r  d is c u s s io n  o f  
P la te 's  is  a  d e ta ile d  a n d  e f fe c tiv e  d e s tru c tiv e  c r itic ism  o f  
th e  th e o ry .)

"W e ism a n n , in  h is  'L e c tu re s  o n  th e  T h e o ry  o f  
12

D e sc e n t,' o u tlin e s  in  d e ta il h is  th e o ry , p ro p o s e d  sev e ra l 
y e a rs  b e fo re , th a t  a m p h im ix is  (b ise x u a l p a re n ta g e )  is  so 
w id e ly  p re v a le n t  in  b o th  th e  p la n t  a n d  a n im a l k in g d o m s , 
b e c a u s e  i t  s e rv e s  as  th e  sp r in g  o f  in d iv id u a l v a r ia tio n s . A  
c o n s id e ra b le  p a r t  o f  th e  c h ro m o so m e s  o f  th e  e g g -c e ll is  
re m o v e d  b y  th e  d is c h a rg e  o f  th e  p o la r  b o d ie s , a n d  th e  
sa m e  re su lts  f ro m  th e  re d u c tio n  d iv is io n s  o f  th e  sp e rm - 
ce lls . B y  th is  th e  p o s s ib il i ty  is  c re a te d  o f  p ro d u c in g , 
th ro u g h  th e  fu s io n  o f  th e  g e rm -c e lls , v e ry  v a r io u s  
c o m b in a tio n s  o f  th e  h e re d ita ry  te n d e n c ie s  an d , th e re fo re , 
an  a c tu a l h ig h  d e g re e  o f  v a r ia b il i ty  in  th e  o ffsp rin g .

'B e c a u se  in  e a c h  re d u c in g  d iv is io n  o f  th e  g e rm - 
c e lls  th e ir  id s  a re  le s s e n e d  b y  o n e -h a lf , th e  p o s s ib il i ty  
e x is ts  o f  g ra d u a lly  re m o v in g  f ro m  th e  g e rm -p la s m  o f  th e  
sp e c ie s  th e  id s  o f  th e  d is a d v a n ta g e o u s  v a r ia tio n s , fo r  in  
e a c h  g e n e ra tio n  th e  o f fs p r in g  o f  th e  d is a d v a n ta g e o u s  id  
c o m b in a tio n s  a re  e x tin g u is h e d  [by  se le c tio n ] , so  th a t  f ro m  
g e n e ra tio n  to  g e n e ra tio n  th e  g e rm -p la s m  g ra d u a lly  
b e c o m e s  p u r if ie d  o f  th e  d is a d v a n ta g e o u s  id s , w h ile  th e
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f a v o u ra b le  c o m b in a tio n s  w h ic h  a m p h im ix is  p ro d u c e s  a re  
re ta in e d , a n d  th e re  f in a lly  re m a in  o n ly  th e  a d v a n ta g e o u s ly  
v a ry in g  c o m b in a tio n s  or, a t a n y  ra te , th o s e  in  w h ic h  th e  
a d v a n ta g e o u s ly  v a ry in g  d e te rm in a n ts  a re  in  th e  m a jo r ity  
a n d  th e re fo re  h a v e  th e  m o s t in f lu e n c e ' (V o l. II, p. 2 2 2 ). 
T h is  c o n c e p tio n  o f  th e  s ig n if ic a n c e  o f  th e  r e d u c tio n  
d iv is io n s  o f  th e  m a tu r in g  g e rm -c e lls  a n d  th e ir  fu s io n  is  
v e ry  su g g e s tiv e , an d , th e o re tic a lly , th e re  is  l i t tle  to  b e  
o b je c te d  to  in  th e  id e a  th a t  th e  d if fe re n c e s  th u s  c re a te d  can  
b e  u s e d  b y  p e rso n a l se le c tio n  fo r  th e  p ro d u c tio n  o f  
h a rm o n io u s  c o a d a p ta tio n s . In d e e d , w ith  th is  e x p la n a tio n  
in  h a n d , it  is  o b v io u s  th a t  th e  th e o ry  o f  g e rm in a l se le c tio n  
is  s u p e rf lu o u s  fo r  th e  e x p la n a tio n  o f  c o a d a p ta tio n s  i f  w e  
m a y  a s su m e  th a t  th e re  is  a lw a y s  a  g re a t  m a ss  o f  m a te r ia l 
in  th e  in d iv id u a l v a r ia tio n s , fo r  th e  p o s s ib il i ty  o f  v a ry in g  
c o m b in a tio n s  o f  th e s e  re q u ire s  n o  fu r th e r  e x p la n a tio n ."

F o r  th e  m o s t  p a r t  i t  is  o b v io u s  th a t  P la te , a n d  w ith  
h im  o th e r  f a ir -m in d e d  D a rw in ia n s , re c o g n is e  fu lly  th e  
c o g e n c y  o f  th e  o b je c tio n s  a g a in s t D a rw in is m  b a s e d  o n  th e  
in u til i ty  o f  s l ig h t v a r ia tio n s , o n

th e  o c c u rre n c e  a n d  p e rs is te n c e  o f  h o s ts  o f  tr iv ia l  o r  
in d if fe re n t  sp e c ie s  d iffe re n c e s , a n d  o n  th e  d iff ic u ltie s  
p re s e n te d  b y  th e  d e m a n d s  o f  a  c o n tro lle d  a p p e a ra n c e  o f  
v a r ia tio n s  n e c e s s a ry  to  th e  d e v e lo p m e n t o f  fo a d a p tiv e  
s tru c tu re s  a n d  fu n c tio n s , so  th a t  th e y  a re  in c lin e d  to  m a k e  
th e  c o n c e s s io n s  w h ic h  I  h a v e  re fe r re d  to  in  th e  b e g in n in g  
(c h a p te r  V I)  o f  th is  p re s e n ta tio n  o f  "D a rw in ism  
D e fe n d e d ."  W ith  th e s e  c o n c e s s io n s  m a d e  i t  is  n e c e s s a ry  to  
ca ll to  th e  a id  o f  th e  se le c tio n  th e o ry , i f  it  is  s till to  b e  
c o n s id e re d  an  im p o r ta n t  f a c to r  in  s p e c ie s - fo rm in g  —  th e s e  
c o n c e s s io n s  d o  n o t, o f  c o u rse , in v a lid a te  th e  c la im s  o f  
se le c tio n  to  b e  th e  a l l- im p o r ta n t f in a l fa c to r  in  d e te rm in in g  
th e  g e n e ra l c o u rse  o f  e v o lu tio n , b y  e n c o u ra g in g  o r  
r e s tra in in g  th e  v a r io u s  g e n e ra l lin e s  o f  d e sc e n t— c e rta in  
a u x ilia ry  a n d  a id in g  th e o r ie s  o r  e x p la n a tio n s . S u ch  h e lp s  
to  se le c tio n  a re  to  b e  fo u n d  e sp e c ia lly  in  iso la tio n , o rg a n ic
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se le c tio n , a n d  th e  W e is m a n n ia n  th e o r ie s  o f  p a n m ix ia  an d  
g e rm in a l se le c tio n . T h e  o u tlin in g  o f  th e s e  th e o r ie s  w ill 
fo rm  th e  c o n te n ts  o f  o u r  n e x t  ch ap te r .

A P P E N D IX .

1 P la te , L u d w ig , "U b e r  d ie  B e d e u tu n g  d e r 
D a rw in 's c h e n  S e le c - tio n sp rin z ip ,"  1903.

2 T h e  q u e s tio n , w h a t  is  m e a n t b y  "se le c tiv e  v a lu e ,"  
h a s  b e e n  d is c u s s e d  b y  C o n n  (" M e th o d  o f  E v o lu tio n ,"  pp. 
8 3 -8 6 , 1900), as  fo llo w s : "H o w  u se fu l m u s t  a  c h a ra c te r  b e  
to  b e  o f  se le c tiv e  v a lu e ?  S u ch  a  q u e s tio n  i t  is , o f  co u rse , 
im -p o s s ib le  to  an sw er. T h e  p re s e rv a tio n  o f  a n y  p a r tic u la r  
c h a ra c te r  is  n o t  an  is o la te d  m a tte r . I t  is  n o t  s in g le  
c h a ra c te rs  th a t  a re  p re se rv e d , b u t  a  c o m b in a tio n  o f  m a n y  
c h a ra c te rs  to g e th e r . T h e  su rv iv o r  is  th e  a n im a l sh o w in g  
th e  b e s t  c o m b in a tio n  o f  c h a ra c te rs . I t  m a y  e v e n  h a v e  so m e  
h a rm fu l o n es , p ro v id e d  th e  u se fu l o n e s  p re d o m in a te . T h e  
ra ttle  o f  th e  ra tt le s n a k e  h a s  a t t im e s  d o u b tle s s  b e e n  o f  a 
d is a d v a n ta g e  to  its  p o sse sso r , a n d  h a s  c a u s e d  th e  d e a th  o f  
h u n d re d s  o f  th o u s a n d s  o f  in d iv id u a ls . I t  is  d o u b tle s s  
p o s s ib le  to  sh o w , as D a rw in  d id , th a t  it  h a s  a lso  b e e n  o f  
v a lu e  to  th e  a n im a ls . B u t  h o w  a re  w e  to  d e c id e  w h e th e r  its  
u se  o r  d is a d v a n ta g e  is  th e  g re a te r , e x c e p t b y  th e  
th e o re tic a l c o n c lu s io n  th a t  i t  m u s t  o n  th e  w h o le  b e  u se fu l 
o r  i t  w o u ld  h a v e  b e e n  e lim in a te d ?  T h e  w h o le  s tu d y  o f  
u ti l i ty  is  su re  to  re s u lt  in  an  u n s a tis fa c to ry  c irc u la r  lo g ic , 
so m e th in g  as fo llo w s : T h e  su rv iv a l o f  th e  f i t te s t  is  a  law . 
I f  a n  o rg a n  b e  n o t  u se fu l i t  c o u ld  n o t  h a v e  b e e n  d e v e lo p e d  
b y  n a tu ra l se le c tio n . T h e re fo re , a ll o rg a n s  a n d  all 
c h a ra c te rs  m u s t  b e  u se fu l. S in c e  in  su ch  a  p ro b le m  n o  o n e  
c a n  p ro v e  a  n e g a tiv e ,th is  p o s it io n  c a n n o t b e  d isp ro v e d ; b u t  
i t  is  c e r ta in ly  n o t  v e ry  sa tis fa c to ry .

"B u t w ith  all th is  c r itic ism  o f  u t i l i ty  i t  m u s t  b e  
re c o g n is e d  th a t  th e  a g e n c y  o f  u t i l i ty  as  d e te rm in in g
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su rv iv a l is  b e c o m in g  m o re  s ig n if ic a n t as  d is c u s s io n  
p ro c e e d s . W e  h a v e  se e n  th a t  i t  m u s t  b e  a d m itte d  th a t  all 
c h a ra c te rs  to  b e  a ffe c te d  b y  th e  p r in c ip le  o f  su rv iv a l, m u s t 
h a v e  se le c tiv e  v a lu e : i. e., m u s t  a f fe c t th e  m a tte r  o f  life  
a n d  d ea th . B u t  th is  d e m a n d  d o e s  n o t. p ro v e  to  b e  so  
se r io u s  w h e n  w e  re c o g n is e  th a t  n a tu ra l se le c tio n  w o rk s  
u p o n  g e n e ra l a v e ra g e s  r a th e r  th a n  in d iv id u a ls . T h o se  w h o  
f in d  th e  se le c tio n  p r in c ip le  su ch  a  g re a t  f a c to r  in s is t  th a t  
a ll c h a ra c te rs  h a v e  s e le c tiv e  v a lu e  i f  th e y  h a v e  any value 
at all. I f  a  c h a ra c te r  h a s  th e  v a lu e  o f  e v e n  re n d e r in g  its  
p o s s e s s o r  a  l i ttle  m o re  c o m fo r ta b le , th e y  te ll u s  i t  w ill 
e v e n tu a lly  b e  su b je c t to  th e  p r in c ip le  o f  su rv iv a l a t th e  
e x p e n se  o f  n o n - fa v o u re d  a n im a ls . T h e  su b s titu tio n  o f  o ld  
ty p e s  b y  n e w  o n e s  is  n o t  a  m a tte r  o f  a  s in g le  g e n e ra tio n , 
b u t  m a n y  g e n e ra tio n s . In  su c h  a  lo n g  h is to ry  th e re  m u s t b e  
in n u m e ra b le  c o n d itio n s  w h e re  a n y  c h a ra c te r , e v e n  th e  
s lig h te s t, m a y  h a v e  b e e n  o f  u s e  e n o u g h  to  g iv e  its  
p o s se s so rs  an  a d v a n ta g e  o v e r  o th e rs . I t  is  n o t n e c e s s a ry  to  
b e lie v e  th a t  a  c h a ra c te r  sh o u ld  p re se rv e  its  p o sse sso r , 
w h ile  a ll n o n - fa v o u re d  in d iv id u a ls  p e r ish , in  o rd e r  to  
c o n s id e r  th a t  th e  c h a ra c te r  h a s  s e le c tiv e  v a lu e . 
C o n s id e r in g  th a t  th e  o r ig in  o f  sp e c ie s  is  a  m a tte r  
e x te n d in g  o v e r  h u n d re d s  o f  y e a rs  a n d  m a n y  g e n e ra tio n s , 
e v e n  li ttle  th in g s  w ill c o u n t in  th e  lo n g  run . I f  a n  an im a l 
h a s  a  s lig h t a d v a n ta g e  o v e r  a n o th e r , w h ic h  s im p ly  g iv e s  it 
m o re  c o m fo r t a n d  e n a b le s  it  to  o b ta in  its  fo o d  w ith  a  l i ttle  
le s s  e x e r tio n , th is  m a y  te ll p e rm a n e n tly  in  th e  s tru g g le , 
s in c e  su ch  an  in d iv id u a l w ill h a v e  m o re  e n e rg y  to  p u t  in to  
re p ro d u c tio n , a n d  h e n c e  m a y  le a v e  a  la rg e r  n u m b e r  o f  
o ffsp r in g . T h e  o th e r  n o n - fa v o u re d  in d iv id u a ls  m a y  n o t, 
in d e e d , b e  e x te rm in a te d  w ith o u t o ffsp r in g , b u t  m a y  s im p ly  
p ro d u c e  le s s  o ffsp r in g . In  th is  s tru g g le  fo r  p e rm a n e n c y , 
th e  in d iv id u a ls  w h ic h  h a v e  th e  la rg e s t  n u m b e r  o f  
o ffsp r in g , o th e r  th in g s  b e in g  e q u a l, w ill in e v ita b ly  c o m e  
o u t a h e a d , a n d  th e  o th e rs  in  t im e  d isa p p e a r .
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"A n  e x a m p le  w ill m a k e  th is  c le a re r. A  d if fe re n c e  
o f  an  in c h  o r  tw o  in  th e  le n g th  o f  a  c o w 's  ta il  se e m s  a 
m a tte r  d e c id e d ly  to o  sm all to  b a s e  th e  se le c tio n  p r in c ip le  
u p o n . C a n  i t  b e  im a g in e d  th a t  th e  le n g th e n in g  o f  th e  ta il 
b y  a  c o u p le  o f  in c h e s  c a n  b e  o f  s e le c tiv e  v a lu e ?  C a n  w e  
h o n e s tly  b e l ie v e  th a t  th e s e  tw o  in c h e s  w ill d e te rm in e  th a t  
th e  lo n g e r - ta ile d  c o w  w ill l iv e  a n d  p ro d u c e  o ffsp r in g , 
w h ile  th e  sh o r te r - ta ile d  in d iv id u a ls  w ill d ie?  O n ly  th u s , 
h o w e v e r , c a n  w e  a s su m e  th a t  th e  ta il  h a s  b e e n  d e v e lo p e d  
b y  n a tu ra l se le c tio n . N o w  th is  e x a m p le , w h ic h  se e m s to  b e  
an  e x tre m e  c a se  o f  s lig h t u ti l i ty , m a y  sh o w  u s  h o w  it  is  
p o ss ib le , u p o n  th e  p r in c ip le  o f  th e  se le c tio n  o f  a v e ra g e s , to  
c o n c e iv e  th a t  c h a ra c te rs  o f  s lig h t u se  may b e  p re s e rv e d  b y  
n a tu ra l se le c tio n . It is  n o t  n e c e s s a ry  to  su p p o se  th a t  th e  
lo n g - ta ile d  in d iv id u a ls  a re  p re s e rv e d  b y  th is  e x tra  c o u p le  
o f  in c h e s  a t th e  e x p e n se  o f  th e  sh o r te r - ta ile d  in d iv id u a ls  in  
o rd e r  th a t  th e  c h a ra c te r  m a y  b e  w ith in  th e  re a c h  o f  n a tu ra l 
se le c tio n . I f  th e  a n im a ls  a re  tro u b le d  b y  in s e c t  p e s ts , i t  is  
c e r ta in ly  a  m a tte r  o f  c o n v e n ie n c e  to  th e m  to  h a v e  a  ta il 
lo n g  e n o u g h  to  b ru s h  o f f  th e  f lie s , a n d  th e  lo n g e r  ta il, 
w ith in  c e r ta in  l im its , w ill b e  m o re  u se fu l th a n  a  sh o r te r  
one . I t  is  n o t  l ik e ly  th a t  th is  w ill p re s e rv e  th e  life  o f  a 
s in g le  in d iv id u a l, b u t  it  w ill fo l lo w  th a t  th e  a n im a ls  w ith  
lo n g e r  ta ils  w ill b e  le s s  ir r i ta te d  b y  in se c ts  th a n  th o s e  w ith  
sh o r te r  ta ils . N o w , a lth o u g h  th is  w o u ld  n o t  a f fe c t  th e  
m a tte r  o f  life  a n d  d ea th , a  n e rv o u s  ir r i ta tio n  w o u ld  p re tty  
su re ly  in te r fe re  w ith  th e  re p ro d u c tiv e  e ff ic ie n c y . A n  
a n im a l th a t  is  c o n s ta n tly  b o th e re d  b y  in s e c ts  w ill h a v e  le s s  
n e rv o u s  e n e rg y  to  d e v o te  to  re p ro d u c tio n , an d , th e re fo re , 
su c h  a  c o n s ta n tly  ir r i ta te d  a n im a l w o u ld  b e  lik e ly  to  b e  
so m e w h a t le s s  p ro lif ic  th a n  o n e  le s s  irr ita te d . F ro m  th is  it  
w o u ld  fo llo w  th a t  th e  h a l f  o f  th e  a n im a ls  w ith  ta ils  a  l i ttle  
lo n g e r  th a n  th e  a v e ra g e , w o u ld  b e  p re tty  su re  to  le a v e  a 
so m e w h a t la rg e r  n u m b e r  o f  o f fs p r in g  th a n  th e  h a l f  w h o se  
ta ils  w e re  b e lo w  th e  av e ra g e . B u t a  s lig h tly  in c re a se d  
fe r ti l i ty  o f  th is  so r t w o u ld , in  th e  c o u rse  o f  a  fe w
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g e n e ra tio n s , see  th e  lo n g - ta ile d  a n im a ls  b e c o m in g  m o re  
a n d  m o re  n u m e ro u s , u n til  th e y  w o u ld  e v e n tu a lly  re p la c e  
th e  o th e rs ."

D o d e l-P o r t , A ., "W e se n  u n d  B e g ru n d u n g  d e r 
A b s ta m m u n g s u n d  Z u c h tw a h l-T h e o r ie  in  zw e i 
g e m e in v e rs ta n d lic h e n  V o r tra g e n ,"  1877.

4 T h e  ts e ts e - f ly  (Glossina sp ), lo n g  n o to r io u s  as a 
te r r ib le  p e s t  o f  c a ttle  in  A fr ic a , p ro d u c e s  its  ra v a g e s  b y  
d is s e m in a tin g  ( th ro u g h  b itin g , ;i e, p u n c tu r in g  th e  sk in ) 
th e  sp e c if ic  c a u se s  (c e r ta in  m in u te  b lo o d - in h a b it in g  
p a ra s itic  o n e -c e lle d  a n im a ls  k n o w n  as try p a n o s o m e s )  o f  
th e  p la g u e  c a lle d  N a g a n a  (f ly  d ise a se ) .

5 F o r  an  e la b o ra te  d is c u s s io n  o f  th e  p r in c ip le  o f  
c o rre la tio n  (n o t b e a r in g  p e rh a p s  e x c e p t in  a  g e n e ra l w a y  
o n  th e  p o in t  j u s t  a t is su e , b u t  o f  m u c h  g e n e ra l in te re s t)  see  
R a d l, E m ., "U b e r  d ie  B e d e u tu n g  d es  P r in z ip s  v o n  d e r 
K o rre la t io n  in  d e r  B io lo g ie ,"  Biol. Centralbl., V o l X X I  pp. 
4 0 1 -4 1 6 , 4 9 0 -4 9 6 . 5 5 0 -5 6 0 , 6 0 5 -6 2 1 , i90 i. S ee  a lso  
W e b b e r  H  J ., "C o rre la tio n  o f  C h a ra c te rs  in  P la n t-  
B re e d in g ,"  Proc. Amer. Breeders' Assoc, V o l. II, pp . 
7 3 .8 3 , 1906.

6 F o r  e x a m p le s  see  R . M e ld o la , "T h e  U til i ty  o f  
S p e c if ic  C h a r-a c te rs  a n d  P h y s io lo g ic a l C o rre la tio n ,"  Proc. 
Ent. Soc, L o n d o n , p p .6 2 -9 2 ,1 8 9 6 ;a ls o  A .R .W a lla c e ," T h e  
P ro b le m  o f  U tility ; a re  V o l. X X V , pp . 4 8 1 -4 9 6 , 1894.

7 D o h rn . A n to n , "D e r U rs p ru n g  d e r  W irb e ltie re  
u n d  d a s  P r in c ip  d e s  F u n c tio n s w e c h s e l."  1875.

8 C o p e , E . D ., "T h e  E n e rg y  o f  E v o lu tio n ,"  Amcr. 
Nat., V o l. X X V III , p. 2 0 5 , 1894 . I  q u o te  th e  fo llo w in g : "In  
c o n s id e r in g  th e  d y n a m ic s  o f  o rg a n ic  e v o lu tio n , i t  w ill b e  
c o n v e n ie n t to  c o m m e n c e  b y  c o n s id e r in g  th e  c la im s  o f  
n a tu ra l se le c tio n  to  in c lu d e  th e  e n e rg y  w h ic h  u n d e r l ie s  th e  
p ro c e ss . T h a t n a tu ra l s e le c tio n  c a n n o t b e  th e  c a u se  o f  th e  
o r ig in  o f  n e w  c h a ra c te rs , o r  v a r ia tio n , w a s  a s se r te d  b y  
D arw in , a n d  th is  o p in io n  is  su p p o r te d  b y  th e  fo llo w in g  
w e ig h ty  c o n s id e ra tio n s .
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"(I) A  se le c tio n  c a n n o t b e  th e  c a u se  o f  th o s e  
a lte rn a tiv e s  f ro m  w h ic h  i t  se lec ts . T h e  a lte rn a tiv e s  m u s t  b e  
p re s e n te d  b e fo re  th e  se le c tio n  ca n  c o m m e n c e .

"(2 ) S in c e  th e  n u m b e r  o f  v a r ia t io n s  p o s s ib le  to  
o rg a n ism s  is  v e ry  g re a t, th e  p ro b a b il i ty  o f  th e  a d m ira b ly  
a d a p tiv e  s tru c tu re s  w h ic h  c h a ra c te r is e  th e  la t te r  h a v in g  
a r ise n  b y  c h a n c e  is  e x tre m e ly  sm all.

(3 ) In  o rd e r  th a t  a  v a r ia t io n  o f  s tru c tu re  shall 
su rv iv e , i t  is  n e c e s s a ry  th a t  i t  sh a ll a p p e a r  s im u lta n e o u s ly  
in  tw o  in d iv id u a ls  o f  o p p o s ite  sex . B u t  i f  th e  c h a n c e  o f  its  
a p p e a r in g  in  o n e  in d iv id u a l is  v e ry  sm a ll, th e  c h a n c e  o f  its  
a p p e a r in g  in  tw o  in d iv id u a ls  is  v e ry  m u c h  sm a lle r . B u t 
e v e n  th is  c o n c u r re n c e  o f  c h a n c e s  w o u ld  n o t b e  su ff ic ie n t 
to  s e c u re  its  su rv iv a l, s in c e  i t  w o u ld  b e  im m e d ia te ly  b re d  
o u t b y  th e  im m e n s e ly  p re p o n d e ra n t  n u m b e r  o f  in d iv id u a ls  
w h ic h  sh o u ld  n o t  p o s se s s  th e  v a r ia tio n .

"(4 ) F in a lly , th e  c h a ra c te rs  w h ic h  d e f in e  th e  
o rg a n ic  ty p e s , so  fa r  a s  th e y  a re  d is c lo se d  b y  
p a la e o n to lo g y , h a v e  c o m m e n c e d  as m in u te  b u d s  o r 
ru d im e n ts , o f  n o  v a lu e  w h a ts o e v e r  in  th e  s tru g g le  fo r  
e x is te n c e . N a tu ra l se le c tio n  ca n  o n ly  e f fe c t th e  su rv iv a l o f  
c h a ra c te rs  w h e n  th e y  h a v e  a tta in e d  so m e  fu n c tio n a l v a lu e .

"In  o rd e r  to  s e c u re  th e  su rv iv a l o f  a  n e w  c h a ra c te r , 
th a t  is. o f  a  n e w  ty p e  o f  o rg a n ism , i t  is  n e c e s s a ry  th a t  th e  
v a r ia t io n  sh o u ld  a p p e a r  in  a  la rg e  n u m b e r  o f  in d iv id u a ls  
c o in c id e n ta lly  a n d  su c c e ss iv e ly . I t  is  e x c e e d in g ly  p ro b a b le  
th a t  th a t  is  w h a t  h a s  o c c u rre d  in  p a s t g e o lo g ic  ages. W e  
a re  th u s  le d  to  lo o k  fo r  a  c a u se  w h ic h  a f fe c ts  e q u a lly  m a n y  
in d iv id u a ls  a t th e  sa m e  tim e , a n d  c o n tin u o u s ly . S u ch  
c a u se s  a re  fo u n d  in  th e  c h a n g in g  p h y s ic a l c o n d itio n s  th a t  
h a v e  s u c c e e d e d  e a c h  o th e r  in  th e  p a s t  h is to ry  o f  o u r 
p la n e t, a n d  th e  c h a n g e s  o f  o rg a n ic  fu n c tio n  n e c e s sa r ily  
p ro d u c e d  th e re b y ."

9 P ie p e rs , M . C ., "T h e se n  u b e r  M im ik ry ,"  Verh. 
Internal. Zool.Cong, p. 3 5 0 , 1902.
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10 W a lla c e , A . R ., "A re  In d iv id u a lly  A c q u ire d  
C h a ra c te rs  In h e rite d ? "  Fortnightly Review, V o l. L III, pp . 
4 9 0 -4 9 8 , 1893.

11 W e ism a n n , A ., "U b e r  G e rm in a l-S e le c tio n ,"
Verh. Internat. Zool. Cong., 1896.

12 W e ism a n n , A ., "V o rtra g e  l ib e r  
D e s c e n d e n z th e o r ie ,"  2  v o ls ., 1902.
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CHAPTER VII. 
OTHER THEORIES OF SPECIES- 

FORM ING AND DESCENT: THEORIES 
AUXILIARY TO SELECTION.

T o  b e  c o n s id e re d  n o w  a re  tw o  c a te g o r ie s  o f  
(m o s tly )  p o s t-D a rw in ia n  th e o r ie s , v iz ., th o s e  w h ic h  h a v e  
b e e n  o ffe re d  a s  a l te rn a tiv e  th e o r ie s  in te n d e d  to  re p la c e  
m o re  o r  le s s  n e a r ly  e n tire ly  th e  s e le c tio n  th e o r ie s , an d  
th o s e  o th e r  th e o r ie s  in te n d e d  to  se rv e  as a u x ilia ry  an d  
su p p o r tin g  th e o r ie s  fo r  D a rw in ism . O b v io u s ly  th e s e  tw o  
k in d s  o f  th e o r ie s  1 e m a n a te  f ro m  th e  tw o  o p p o s in g  
b io lo g ic a l ca m p s . S ev e ra l o f  th e s e  a lte rn a tiv e  an d  
a u x ilia ry  th e o r ie s  o f  s p e c ie s - fo rm in g  h a v e  b e e n  re fe r re d  to  
in c id e n ta lly  in  th e  p re c e d in g  tw o  c h a p te rs , fo r  th e  
r e p la c in g  th e o r ie s  c o n s titu te  p a r t  o f  th e  s tre n g th  o f  th e  
a n ti-D a rw in ia n s , w h ile  th e  s u p p o r tin g  th e o r ie s  a re  
d is tin c tly  re lie d  o n  to  h e lp  m a in ta in  th e  D a rw in ia n  fro n t. 
T h e  p re s e n t c h a p te r , th e n , is  m o s tly  a  c o n tin u a tio n  o f  th e  
p re s e n ta tio n  o f  "D a rw in ism  A tta c k e d "  a n d  "D a rw in ism  
D e fe n d e d ,"  w h ic h  is  g iv e n  a  se p a ra te  p la c e  b e c a u s e  o f  th e  
sp e c ia l c h a ra c te r  o f  th e  a rg u m e n t w ith  w h ic h  i t  h a s  
d ire c tly  to  do , n a m e ly , th e  sy n th e tic  o r  th e o ry -b u ild in g  
side , in s te a d  o f  th e  a n a ly tic  o r  th e o ry -d e s tro y in g  side , an d  
b e c a u s e  o f  th e  p ro b a b le  a d v a n ta g e  to  th e  s tu d e n t an d  
g e n e ra l re a d e r  w is h in g  to  u n d e rs ta n d  a n d  c o m p a re  th e  
g e n e ra l c h a ra c te r  a n d  s ig n if ic a n c e  o f  th e  v a r io u s  n e w  
th e o r ie s  o f  sp e c ie s - fo rm in g  w ith  w h o s e  n a m e s , su c h  as 
h e te ro g e n e s is , o r th o g e n e s is , m e ta k in e s is , g e o g ra p h ic  
iso la tio n , b io lo g ic  iso la tio n , o rg a n ic  se le c tio n , o r  
o r th o p la sy , h e  o c c a s io n a lly  m e e ts  in  h is  g e n e ra l read in g . 
A s  d ire c tly  c o n tin u in g  th e  la s t  c h a p te r  w e  m a y  c o n s id e r  
f ir s t  th o s e  th e o r ie s  p u t  fo rw a rd , c h ie f ly  b y  D a rw in ia n s , as
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a u x ilia r ie s  o r  su p p o rts  o f  th e  s e le c tio n  th e o ry . T h e n  w e  
m a y  b r ie f ly  ta k e  u p  th o s e  th e o r ie s  th a t  h a v e  b e e n  
a d v a n c e d , m o s tly  in  r e c e n t  y e a rs , as  m o re  o r  le s s  n e a r ly  
c o m p le te ly  p re p a re d  to  re p la c e  D a rw in ism  as  a  su ff ic ie n t 
sc ie n tif ic  c a u so -m e c h a n ic a l e x p la n a tio n  o f  sp e c ie s -  
fo rm in g  a n d  d escen t.

The Weismannian Theories o f Panmixia and 
Germinal Selection. —  W e is m a n n  h a s  fo r  y e a rs  b e e n  th e  
m o s t c o n -sp ic u o u s  o f  th e  n e o -D a rw in ia n s , th a t  is , o f  th o se  
w h o  w o u ld  f re e  D a rw in is m  f ro m  all ta in t  o f  L a m a rc k ism  
—  it  sh o u ld  a lw a y s  b e  re m e m b e re d  th a t  D a rw in  w a s  
in c lin e d  to  a ttr ib u te  so m e  d e g re e  o f  in f lu e n c e  in  sp e c ie s -  
fo rm in g  to  th e  L a m a rc k ia n  fa c to r  o f  th e  in h e r ita n c e  o f  
in d iv id u a lly  a c q u ire d  a d a p tiv e  c h a ra c te rs  —  a n d  to  m a k e  
se le c tio n  th e  a ll- s u f f ic ie n t  an d , in d e e d , so le  f a c to r  in  
sp e c ie s -fo rm in g . H is  g re a t  se rv ic e s  to  b io lo g y  in  g e n e ra l 
a n d  to  th e  c le a re r  u n d e rs ta n d in g  o f  th e  p ro b le m s  o f  
h e re d ity  a n d  d e s c e n t in  p a r tic u la r , a re  u n q u e s t io n e d  an d  
u n q u e s tio n a b le . H is  c a re fu l in v e s tig a tio n  a n d  i l lu m in a tio n  
o f  th e  v e x e d  q u e s tio n  o f  th e  in h e r ita n c e  o f  a c q u ire d  
c h a ra c te rs , h is  d e f in itiv e  e x p o s itio n  o f  th a t  p o in t  o f  v ie w  
w h ic h  d is tin g u ish e s  sh a rp ly  in  th e  in d iv id u a l b e tw e e n  th e  
g e rm -p la s m  ( th a t p a r t ic u la r  p ro to p la sm  in  th e  b o d y  f ro m  
w h ic h  th e  g e rm -c e lls , e v e n tu a lly  n e w  in d iv id u a ls , a r ise )  
a n d  th e  so m a -p la sm  ( th a t w h ic h  d e v e lo p s  in to , o r  g iv e s  
r is e  to , th e  r e s t  o f  th e  b o d y ) , h is  d e v e lo p m e n t o f  th e  
in te re s tin g  a n d  s u g g e s tiv e  c o m b in a tio n s  o f  fa c t  a n d  th e o ry  
d e s ig n a te d  b y  th e  p h ra s e  n a m e s  " c o n tin u ity  o f  th e  g e rm - 
p la sm "  a n d  " im m o rta lity  o f  th e  In fu so ria ,"  —  th e s e  
p ro d u c ts  o f  h is  in v e s tig a tin g  a n d  p h ilo s o p h is in g  m in d  
p ro v e  h im  o n e  o f  th e  a b le s t  o f  m o d e rn  b io lo g ic a l sch o la rs . 
T h e y  a lso  m a k e  h im  th e  p r in c ip a l p re s e n t-d a y  c h a m p io n  
o f  th e  s e le c tio n  th e o ry . F o r  a ll th e s e  e x p o s itio n s  o f  fa c t 
a n d  th e o ry  a re  o f  a  n a tu re  to  e n h a n c e  th e  c re d it  o f  
se le c tio n  a n d  to  d is c re d it  c e r ta in  o th e r  sp e c ie s - fo rm in g  
th e o r ie s , in  p a r t ic u la r  th e  o n ly  o n e , n a m e ly ,
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L a m a rc k ism , w h ic h , u n til  re c e n tly , h a s  b e e n  in  an y  
rea l se n se  a  r iv a l o f  D a rw in ism . A g a in s t

W e is m a n n  th e n  a n d  a g a in s t W e ism a n n 's  
r e m o d e lle d  k in d  o f  D a rw in ism , a g a in s t h is  p ro p a g a n d a  o f  
th e  Allmacht o f  se le c tio n , th e  a d h e re n ts  o f  L a m a rc k is m  
a n d  th e  c r itic s  o f  se le c tio n  h a v e  tu rn e d  th e ir  sh a rp e s t 
w e a p o n s . T h e  re s u lt  o f  th e  s tru g g le  h a s  b e e n  to  c o m p e l 
W e is m a n n  h im s e lf  to  say: "A lth o u g h  th e  p r in c ip le  o f  
se le c tio n  a p p e a rs  to  so lv e  in  s im p le s t m a n n e r  th e  r id d le  o f  
th e  f i tn e s s  (Zweckmassig-keit) o f  a ll a r is in g  o rg a n ism s  
(alles Entstehenden), y e t  i t  a p p e a rs  e v e r  m o re  c le a r ly  in  
th e  c o u rse  o f  th e  fu r th e r  in v e s tig a tio n  o f  th e  p ro b le m , th a t  
o n e  c a n n o t e x p la in  a ll w ith  it, a t le a s t in  its  o rig in a l 
l im ita tio n s  (dass man mit ihm, in sciner nrsprungliche 
Beschrankung, wenigstens, nicht ausreicht)."

T o  s u p p o r t th e  se le c tio n  th e o ry  in  tw o  o f  its  
w e a k e s t  a n d  m o s t c r it ic is e d  p la c e s , W e is m a n n  h a s  
p ro p o s e d  tw o  s tr ik in g  a u x ilia ry  th e o r ie s , n a m e ly , th e  
T h e o ry  o f  P a n m ix ia , to  e x p la in  th e  d e g e n e ra tio n  o f  
fu n c tio n s  a n d  o rg a n s , a n d  th e  m o re  r e c e n t  T h e o ry  o f  
G e rm in a l S e le c tio n , to  a c c o u n t fo r  th e  n o w  p ra c tic a lly  
g e n e ra lly  a d m itte d  e x is te n c e  o f  o r th o g e n e s is  o r  
d e te rm in a te  v a r ia t io n  a n d  e v o lu tio n a ry  p ro g re s s  a lo n g  
f ix e d  lin e s  e v e n  to  th e  p o s s ib le  f in a l d is a d v a n ta g e  o f  th e  
o rg a n ism s  in v o lv e d , a n d  to  a c c o u n t fo r  th e  b e g in n in g s  o f  
v a r ia tio n  a n d  th e ir  m a in te n a n c e  u n til  su ff ic ie n tly  
d e v e lo p e d  to  se rv e  a s  h a n d le s  fo r  se le c tio n . T h e  p ro p o sa l 
b y  W e is m a n n  o f  th e  se c o n d  th e o ry , th a t  o f  g e rm in a l 
se le c tio n , w a s  th e  p ra c tic a l a d m is s io n  o n  h is  p a r t  o f  th e  
im p o te n c e  o f  se le c tio n  to  in it ia te  n e w  lin e s  o f  
d e v e lo p m e n t o r  d e sc e n t. I t  w a s  a  c o n c e s s io n  on  
W e is m a n n 's  p a r t  o f  th e  ju s tn e s s  o f  th e  d e m a n d  fo r  an  
e v o lu tio n a ry  fa c to r  to  e x p la in  th e  b e g in n in g s  o f  lin e s  o f  
d e v e lo p m e n t, w h e th e r  o f  n e w  o rg a n s  o r  n e w  sp ec ie s . A n d  
th e re  is  n o  d o u b t th a t  it  is  th e  m o s t  in g e n io u s  m e c h a n ic a l 
e x p la n a tio n  y e t  o f fe re d  o f  th e  w o rk in g s  o f  su c h  a  fac to r .
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In d e e d , W e ism a n n , w ith  c h a ra c te r is tic  in g e n u ity  an d  
c a p a c ity , h a s  o f fe re d  th e  b e lie v e r s  in  o r th o g e n e s is  th a t  
w h ic h  th e y  so  fa r  h a d  n o t  b e e n  a b le  to  g e t fo r  th e m se lv e s , 
n a m e ly , a  p o s s ib le  c a u so -m e c h a n ic a l e x p la n a tio n  o f  it. It 
sh o u ld  b e  n o te d  th a t  R o u x 's  th e o ry  o f  th e  b a tt le  o f  th e  
p a r ts  (e x p la in e d  la te r)  w a s  a  fo re ru n n e r  o f, an d  
u n d o u b te d ly  th e  s u g g e s tio n  fo r , th e  th e o ry  o f  g e rm in a l 
se lec tio n .

F a m ilia r  to  a ll s tu d e n ts  o f  b io lo g y , a n d  c e r ta in ly  
n o t  w h o lly  u n fa m ilia r  to  la y m e n , a re  th o s e  s tru c tu re s  o r  
p a r ts  in  th e  b o d y  k n o w n  v a r io u s ly  as v e s tig ia l  s t ru c tures, 
ru d im e n ta ry  o r  d e g e n e ra te  o rg a n s . T h e  v e rm ifo rm  
a p p e n d ix  in  m a n  is  on e ; th e  ey e  o f  th e  m o le  is  a n o th e r ; th e  
fu n c tio n le s s  w in g  o t th e  o s tr ic h , th e  u s e le s s  fo re - fe e t  o f  a 
m ilk -w e e d  b u tte r f ly , a n d  th e  sp lin t b o n e s  o f  th e  h o rse , a re  
o th e rs . A lm o s t  e v e ry  a n im a l k in d  p o ss e s s e s  v e s tig ia l  
o rg a n s , a n d  so m e  k in d s  p o s s e s s  v e ry  m a n y . T h o se  in  th e  
h u m a n  b o d y  m a k e  an  a m a z in g ly  lo n g  lis t. A ll th e s e  a re  
o rg a n s , w h ic h  h a v e  o n c e  —  th a t  is , in  a n c e s to rs  o f  th e  
p re s e n t p a r t ic u la r  o rg a n ism  —  b e e n  w e ll-d e v e lo p e d  a n d  
p ro b a b ly  u se fu l. B u t th e s e  o rg a n s  n o w  a re  u s e le s s  o r  ev e n  
h a rm fu l. T h e  h u m a n  a p p e n d ix  v e rm ifo rm is  is  h a rm fu l; th e  
tin y  fo re - fe e t  o f  th e  m ilk -w e e d  b u tte r f ly  a re  u se le ss . W h y  
d o  a n im a ls  h a v e  su ch  v e s tig ia l  o rg a n s  ? B e c a u s e  th e y  
d e r iv e  th e m  b y  h e re d ity  f ro m  a n c e s to rs . B u t  in  th e se  
a n c e s to rs  th e  o rg a n s  w e re  w e ll  d e v e lo p e d  a n d  u se fu l. H o w  
is  i t  th a t  th e  p re s e n t o rg a n ism s  d o  n o t  n e e d  th e  sam e  
o rg a n s  ? T h e y  h a v e  a d o p te d  n e w  h a b its , o r  liv e  in  a  n e w  
e n v iro n m e n t, o r  h a v e  d e v e lo p e d  o th e r  m e a n s  o f  su p p ly in g  
th e  o ld  w a n t; in  a  w o rd  th e  o rg a n s  a re  su p e rf lu o u s . H o w  is  
i t  th a t  th e  o rg a n s  h a v e  b e c o m e  th u s  d e g e n e ra te  o r  
v e s tig ia l?  T h is  is  th e  q u e s tio n  th a t  s e le c tio n  h a s  d iff ic u lty  
in  a n s w e r in g  sa tis fa c to r ily . S e le c tio n  ca n  d e v e lo p  an d  
sp e c ia lis e  o rg a n s  o f  u se  a n d  a d v a n ta g e ; b u t  h o w  c a n  it 
c a u se  o rg a n s  n o  lo n g e r  u se fu l a n d  a d v a n ta g e o u s  to  
d e g e n e ra te ?
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I t is  p o ss ib le , p e rh a p s , to  e x p la in  th e  e ra d ic a tio n  o f  
p o s it iv e ly  h a rm fu l o rg a n s  b y  a  p ro c e s s  o f  n e g a tiv e  o r  
re v e rs e d  se le c tio n . I f  an  o rg a n  b e c o m e s  a c tu a lly  h a rm fu l 
b e c a u s e  o f  a  c h a n g e  in  life  c o n d itio n s , in d iv id u a ls  w ith  th e  
o rg a n  in  p o o re s t, le a s t  e n e rg e tic a lly  fu n c tio n in g  c o n d itio n  
m ig h t b e  c o n c e iv e d  to  h a v e  an  a d v a n ta g e  a n d  b e  p re s e rv e d  
b y  se le c tio n  to  p a s s  o n  to  th e ir  o f fs p r in g  th is  le ss  
d e v e lo p e d , i. e, ru d im e n ta ry  o r  v e s tig ia l , c h a ra c te r  o f  th e  
p a r t ic u la r  o rg a n  in  q u e s tio n . B u t  w h e n  th e  o rg a n  is  s im p ly  
o n ly  re n d e re d  u se le s s  b y  th e  c h a n g e  in  l ife  c o n d itio n s , as 
w h e n  a  sp e c ie s  o f  f ish  o r  in s e c t  g ra d u a lly  c o m e s  to  in h a b it  
d e e p  d a rk  c a v e s  a n d  th u s  h a s  n o  m o re  u s e  fo r  its  ey es , 
h o w  d o e s  se le c tio n  e x p la in  th e  d e g e n e ra tio n  ? I t  re a lly  
d o e sn 't , s a tis fa c to r ily . S o  W e is m a n n  o ffe rs  th e  th e o ry  o f  
p a n m ix ia  to  a c c o u n t fo r  it. T h is  is, s im p ly , th a t  o w in g  to  
th e  cessation o f selection in  re g a rd  to  th e  p a r t ic u la r  o rg a n  
w h o se  fu n c tio n  is  re n d e re d  n o  lo n g e r  a d v a n ta g e o u s  o r 
n e c e s s a ry  u n d e r  th e  n e w  life  c o n d itio n s  —  th a t  th is  
c e s sa tio n  o f  se le c tio n  is  an  o b v io u s  re s u lt  o f  su ch  a  s ta te  
o f  a f fa irs  w a s  re c o g n is e d  b y  D a rw in  h im se lf , a n d  b y  o th e r  
b io lo g is ts  —  in d iv id u a ls  b o rn  w ith  th is  o rg a n  d e fe c tiv e  o r  
in  a  c o n d itio n  b e lo w  th e  a v e ra g e , w o u ld  n o t  b e  n e c e s sa r ily  
k ille d  b y  th e  r ig o u rs  o f  th e  in f ra -s p e c if ic  s tru g g le , an d  
w o u ld  th e re fo re  b e  as l ik e ly  to  m a te  a n d  k e e p  o n
p ro d u c in g  o ffsp r in g  as th e  o n e s  w ith  th e  o rg a n  in  a v e ra g e  
o r  a b o v e  a v e ra g e  c o n d itio n s . T h is  g e n e ra l p a r tic ip a tio n  o f  
a ll k in d s  o f  in d iv id u a ls  (a ll k in d s , th a t  is , as  re g a rd s  th e  
s ta te  o f  th e  p a r t ic u la r  o rg a n )  in  p ro d u c in g  th e  n e x t
g e n e ra tio n , a n d  th e  c o n tin u e d  re p e tit io n  o f  th is  g e n e ra l 
m ix in g , p a n m ix ia , w o u ld  o b v io u s ly  le a d  to  a  re d u c tio n  o f  
th e  e a r l ie r  h ig h  c o n d itio n  o f  d e v e lo p m e n t o f  th e  o rg an . 
W e is m a n n  th in k s , o r  th o u g h t, i t  w o u ld  le a d  to  a  s te a d y  
d e g e n e ra tio n  o f  th e  o rg an . B u t  fe w  o th e r  b io lo g is ts , ev e n  
th o s e  a rd e n t se le c tio n is ts  a n x io u s  to  f in d  in  p a n m ix ia  an  
e x p la n a tio n  n o t  in v o lv in g  th e  a d m is s io n  o f  a n y  n e w
o rg a n -m o d ify in g  fa c to r , h a v e  b e e n  a b le  to  see  h o w
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p a n m ix ia  ca n  d o  m o re  th a n  s im p ly  re d u c e  th e  o rg a n  to  a 
c e r ta in  s ta g e  b e lo w  th e  o rig in a l s ta te  o f  g re a te s t  
e ffe c tiv e n e s s . B y  re s o r tin g  to  m a th e m a tic s  sev e ra l w r ite rs  
h a v e  d e te rm in e d  th e  e x a c t —  u n fo r tu n a te ly  fo r  th e ir  
c o n v in c in g  c h a ra c te r  —  several d e g re e s  o f  re d u c tio n  o r  
d e g e n e ra tio n  th a t  w ill re s u lt  f ro m  p a n m ix ia . T h e  d iff ic u lty  
o f  e x p la in in g  . d e g e n e ra tio n  ( to  th e  d e g re e  in  w h ic h  i t  is  
m a n ife s t  in  th o u s a n d s  o f  k n o w n  c a se s )  o n  th e  b a s is  o f  
p a n m ix ia  a lo n e , is  th a t  th e re  is  in c lu d e d  n o  fa c to r  o r  
in f lu e n c e  th a t  w o u ld  su m  u p  o r  c u m u la te  v a r ia tio n s  in  a 
re tro g re s s iv e  d ire c tio n  an y  m o re  th a n  in  a n y  o th e r. T h e  
D a rw in ia n  v a r ia t io n s  o f  th e  u s e le s s  o rg a n  w o u ld , b y  th e  
la w  o f  e rro r , s im p ly  k e e p  th e  o rg a n , th u s  a b a n d o n e d  b y  
se le c tio n , sw in g in g  a b o u t a  m e a n  b u t  l i ttle  b e lo w  th e  
c o n d itio n  p o s s e s s e d  b y  th e  o rg a n  a t th e  tim e  o f  its  
a b a n d o n m e n t. I f  th e  o rg a n  w e re  la rg e  e n o u g h , o r  o f  a 
c h a ra c te r  w h e re b y  i t  w o u ld  e n ta il a  c o n s ta n t c o n s id e ra b le  
d isa d v a n ta g e o u s  e x p e n se  o f  fo o d  m a te r ia l  to  m a in ta in  it, 
th e n  se le c tio n  m ig h t, o n  a  b a s is  o f  an  a d v a n ta g e o u s  
e c o n o m y  o f  liv in g , te n d  to  re d u c e  i t  to  a  n o n -  
d isa d v a n ta g e o u s  s iz e  o r  c h a ra c te r . B u t  th is  d isa d v a n ta g e , 
a lth o u g h  e a s ily  p re s u m e d  b y  c a rry in g  o u t th e  r ig o u r  o f  th e  
s tru g g le  to  a  lo g ic a l e x tre m e , c a n n o t, in  fa c t,—  a n d  
b io lo g is ts  o n  th e  w h o le  a d m it th is  —  in  c o m m o n  se n se  b e  
a ssu m e d .

L a m a rc k is m  o ffe rs  a  p e r fe c tly  s im p le  a n d  p e rfe c tly  
e ffe c tiv e  a n d  s a tis fa c to ry  e x p la n a tio n  o f  v e s tig ia l  o rg a n s  
a n d  th e  modus o f  th e ir  d e g e n e ra tio n . B u t to  a c c e p t th is  to  
a c c e p t th e  b a s ic  p r in c ip le  o f  L a m a rc k is m ,n a m e ly , th e  
in h e r ita n c e  o f  a c q u ire d  c h a ra c te rs . A n d  it  is  o n e  o f  
W e is m a n n 's  m o s t c o n sp ic u o u s  p o s it iv e  a c h ie v e m e n ts  th a t  
h e  h a s  d e m o n s tra te d  th e  u n p ro v e d  c h a ra c te r  o f  th is  th e o ry . 
L a m a rc k is m  sa y s  th a t  th e  f ir s t  f ish e s  to  g o  in to  th e  d a rk  
c a v e  su ffe re d  a  p a r tia l in d iv id u a l d e g e n e ra tio n  o f  th e ir  
e y e s  th ro u g h  d isu se  a n d  th a t  th is  e y e  d e g e n e ra tio n  w a s  
in h e r ite d  b y  th e ir  y o u n g , w h o se  ey es , a lre a d y  b a d ,
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su ffe re d  fu r th e r  d e g e n e ra tio n  in  th e ir  l i fe - tim e  th ro u g h  
d isu se , a n d  th a t  a f te r  c o m p a ra tiv e ly  fe w  g e n e ra tio n s  th is  
c u m u la tiv e  ac tu a l m o rp h o lo g ic  d e g e n e ra tio n  th ro u g h  
d isu se  —  a n d  w e  k n o w  th a t  u n u s e d  a c tiv e  o rg a n s , as 
m u sc le s , s t im u lu s -p e rc e iv in g  p a rts , e tc ., d o  a c tu a lly  
d e g e n e ra te  in  an  in d iv id u a l 's  l i fe - tim e  th ro u g h  d isu se  —  
w o u ld  re d u c e  th e  e y e s  to  a  v e ry  d e g e n e ra te  c o n d itio n . 
O th e r  c a se s  o f  d e g e n e ra tio n , e sp e c ia lly  o f  p a s s iv e  o rg a n s  
(i. e,  w h e re  th e  o rg a n 's  c o n d itio n  w a s  n o t  so  w h o lly  a 
fu n c tio n  o f  u se  o r  d isu se , b u t  o f  th e  d ire c t m o u ld in g  
in f lu e n c e  o f  e x tr in s ic  in f lu e n c e s ) , a re  e x p la in e d  b y  
L a m a rc k is m  o n  th e  b a s is  o f  th e  in h e r ita n c e  o f  th e  re su lts  
o f  th e  d ire c t a c tio n  o r  in f lu e n c e  o f  e n v iro n m e n t o n  th e  
o rg an . F o r  e x a m p le , th e  g ra d u a l d is a p p e a ra n c e  o f  p ig m e n t 
(b la n c h in g )  c h a ra c te r is tic  o f  m a n y  c a v e  a n im a ls , w o u ld  b e  
e x p la in e d  b y  th e  a b se n c e  o f  th e  e x tr in s ic  fa c to r , lig h t, 
w h ic h  is  n e c e s s a ry  to  s tim u la te  p ig m e n t p ro d u c tio n .

In  n e c e s s a r i ly  c lo s in g  th is  a ll to o  b r i e f  re fe re n c e  2 
to  p a n m ix ia , i t  m a y  b e  sa id  th a t  W e is m a n n  h im s e lf  h a s  in  
r e c e n t y e a rs  re c o g n is e d  its  u n c o n v in c in g  c h a ra c te r ; a n d  
th a t  P la te , a  s tro n g  u p h o ld e r  o f  se le c tio n , in  a  m o s t  c a re fu l 
w e ig h in g  o f  p a n m ix ia , f in d s  i t  c a p a b le  o f  e x p la in in g  
fu n c tio n a l d e g e n e ra tio n  b u t  n o t  a n y  ac tu a l c o n s id e ra b le  
m o rp h o lo g ic a l ru d im e n ta tio n .

T h e  Theory o f Germinal Selection w a s  p ro p o s e d  
b y  W e is -m a n n  in  1895 , m o re  d e f in it iv e ly  in  1896 . P la te  
in tro d u c e s  h is  d is c u s s io n  o f  th is  th e o ry  as  fo llo w s : "Its 
a im  is  th e  re h a b il i ta t io n  o f  th e  se le c tio n  p r in c ip le .I t  shall 
o v e rc o m e  a ll o b je c tio n s  a n d  d o u b ts  w h ic h  h a v e  b e e n  
ra is e d  a g a in s t th e  s e le c tio n  th e o ry  a n d  sh a ll a c t as  th e  
m a g ic ia n 's  w a n d  to  c le a r  a ll d if f ic u ltie s  f ro m  its  w ay . Its  
s tre n g th  sh a ll av a il in  fo u r  d ire c tio n s . F irs t, i t  sh a ll e x p la in  
h o w  n o t o n ly  d e g e n e ra tio n  (p h y s io lo g ic a l)  b u t  
ru d im e n ta tio n  (m o rp h o lo g ic a l)  o c c u rs  in  p a n m ix ia ; 
seco n d , w h y  e x a c tly  th o s e  v a r ia t io n s  n e e d e d  fo r  th e  
d e v e lo p m e n t o f  a  c e r ta in  a d a p ta tio n  a p p e a r  a t th e  r ig h t
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tim e ; th ird , h o w  c o rre la tio n  o f  a d a p ta tio n  c o m e s  to  ex is t; 
a n d  fo u rth , h o w  v a r ia t io n s  a re  a b le  to  d e v e lo p  
o r th o g e n e tic a lly  a lo n g  a  d e f in ite  lin e , w ith o u t d e p e n d in g  
o n  th e  n e c e s s ity  o f  a  p e rso n a l se le c tio n  ra is in g  th e m  step  
b y  step ."  W e is m a n n  h im s e l f  re fe rs  to  th e  th e o ry  as "a. 
s p rin g  o f  d e f in it iv e ly  d e te rm in e d  v a r ia tio n ."  In  1902 , 
W e is m a n n  fu r th e r  a p p lie d  th e  th e o ry  to  th e  e x p la n a tio n  o f  
m o n s te rs , a n d  o th e r  c a se s  o f  te ra to -g e n e s is , o f  "sp o rts"  
( su d d e n  o r  la rg e  d is c o n tin u o u s  v a r ia tio n s ) , o f  su d d e n ly  
a p p e a r in g  se x -c h a ra c te rs , o f  sp e c if ic  ta le n ts , a n d  s till o th e r  
h e re to fo re  u n s a tis fa c to r ily  e x p la in e d  p h e n o m e n a .

In  d e f in in g  th e  th e o ry  o f  g e rm in a l se le c tio n  w e  
c o m e  a t  th e  v e ry  s ta r t to  a  d if f ic u lty  b a s e d  o n  th e  fa c t  th a t  
l i t t le  o r  n o  re fe re n c e  h a s  h e re to fo re  b e e n  m a d e  in  th is  
b o o k  to  c e r ta in  v a r io u s  th e o r ie s  o r  s p e c u la tio n s  as to  th e  
u lt im a te  s tru c tu re  o f  p ro to p la sm , e sp e c ia lly  th e  
p ro to p la sm  o f  th e  g e rm -c e lls . In  r e c o g n is in g  p ro to p la sm  
as th e  "p h y s ica l b a s is  o f  life "  (H u x le y 's  p h ra se ) , b io lo g is ts  
h a v e  n a tu ra lly  tr ie d  to  f in d  in  its  ac tu a l p h y s ic a l m a k e -u p  
s o m e  c lu e  to  its  m a rv e llo u s  c a p a c itie s . T h e  h ig h e s t  p o w e rs  
o f  o u r  b e s t  m ic ro sc o p e s , h o w e v e r , re v e a l l i t t le  m o re  o f  
th is  in tim a te  p h y s ic a l s tru c tu re  th a n  d o e s  o u r  u n a id e d  eye. 
P ro b a b ly  th e  c o llo id a l c h a ra c te r  o f  p ro to p la sm , th a t  is , its  
a m o rp h o u s , n o n -c ry s ta ll in e , v is c o u s  c o n d itio n , is  th e  m o s t 
im p o r ta n t  p h y s ic a l fa c t  a b o u t i t  re v e a le d  b y  o u r  c lo se s t 
e x a m in a tio n . B u t  th is  a p p a re n t s im p lic ity  o f  p h y s ic a l 
s tru c tu re  is  v e ry  u n s a tis fy in g  to  m o s t  b io lo g is ts , a n d  th e y  
d e m a n d  th e  a s s u m p tio n  o f  an  e x tre m e ly  c o m p le x  
s tru c tu re ; a  su b d iv is io n  o f  g e rm in a l p ro to p la sm  in to  
s tru c tu ra l u n its  a n d  g ro u p s  o f  u n its , j u s t  as  th e  c h e m is t 
a s su m e s , in  h is  a to m ic  th e o ry , a  su b d iv is io n  o f  su b s ta n c e s  
in to  m o le c u le s  a n d  a to m s. T h e se  p ro to p la s m ic  u n its  a re , o f  
c o u rse , in v is ib le ; lik e  th e  a to m s, th e y  a re  b e y o n d  th e  
s e e in g  o f  o u r  m ic ro sc o p e s .

T h is  n e a r ly  u n a n im o u s  d e m a n d  on  th e  p a r t  o f  
b io lo g is ts  fo r  a  c o m p le x  p h y s ic a l s tru c tu re  o f  p ro to p la sm ,
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d e p e n d s  la rg e ly  o n  th e  fa c t  th a t  o u r  p re s e n t  k n o w le d g e  o f  
th e  c h e m ic a l c o n s titu tio n  o f  p ro to p la sm  o ffe rs  a b so lu te ly  
n o  e x p la n a tio n  o f  its  c a p a c itie s . W e  k n o w  th a t  p ro to p la sm  
is  c o m p o s e d  o f  c e r ta in  fa m ilia r  e le m e n ts , p re s e n t  in  
c e r ta in  p ro p o r tio n s . B u t b e y o n d  th a t  n o th in g ; th e  ac tu a l 
c h e m ic a l re la tio n s  o f  th e s e  c o m p o n e n t e le m e n ts  a re  to o  
c o m p le x  fo r  an a ly s is . B e s id e s , c e r ta in  o b se rv a tio n s  o f  th e  
p ro c e s s e s  o f  p ro to p la s m ic  b e h a v io u r  s u g g e s t s tro n g ly  th e  
w o rk in g s  o f  a  m a c h in e  w h o s e  e f fe c tiv e n e s s  l ie s  in  its  
p h y s ic a l m a k e -u p . F in a lly , th e  p h e n o m e n a  o f  h e re d ity  
seem  to  a d m it o f  n o  o th e r  e x p la n a tio n  th a n  th e  a s su m p tio n  
o f  a  c o m p o s itio n  o f  th e  g e rm in a l p ro to p la sm  o u t o f  
m y r ia d s  o f  s tru c tu ra l u n its  a c tu a lly  r e p re s e n tin g  th e  
m y ria d s  o f  ce lls , o r  g ro u p s  o f  ce lls , o f  th e  fu lly  d e v e lo p e d  
b o d y .

E v e r  s in c e  p ro to p la s m  h a s  b e e n  re c o g n is e d  as th e  
p h y s ic a l b a s is  o f  life , th e re fo re , a n d  e v e r  s in c e  th e  g e rm - 
c e lls  h a v e  b e e n  re c o g n is e d  n o t  to  b e  m in ia tu re  m e n  an d  
w o m e n , b u t, as  fa r  as  th e  ey e  a n d  m ic ro s c o p e  g o , m a sse s  
o f  p r im it iv e  p ro to p la s m  d if fe re n tia te d  o n ly  in to  c e ll-  
p la sm , n u c le u s , a n d  n u c le a r  p a r ts  (c h ro m o so m e s , 
c e n tro so m e s , n u c le o li, e tc .) , th e re  h a v e  b e e n  "a to m ic"  
th e o r ie s  o f  p ro to p la s m ic  s tru c tu re . U n fo r tu n a te ly  fo r  th e  
s ta n d in g  o f  a n y  o n e  o f  th e s e  th e o r ie s , e a c h  w o rk in g  
b io lo g is t  se e m s  to  h a v e  m a d e  o n e  fo r  h im se lf , so  th a t  
in s te a d  o f  o n e  u n iv e rs a lly  a c c e p te d , h e n c e  u s a b le  an d  
u se fu l, a to m ic  o r  u n it  th e o ry  su c h  as th e  c h e m is ts  h a v e  —  
a n d  th e  m o d e rn  p h y s ic a l c h e m is ts  seem  to  b e  re b e llin g  
e v e n  a g a in s t th a t, —  b io lo g y  h a s  h a d  a  h o s t  o f  
p ro to p la s m ic  u n it  th e o r ie s  o f  w h ic h  th e  o n e  w e  h a v e  h e re  
sp e c ia lly  to  r e fe r  to  is  k n o w n  a s  W e is m a n n 's  th e o ry  o f  
b io p h o rs  a n d  d e te rm in a n ts . S ev e ra l o f  th e  b e t te r  k n o w n  o r  
m o re  in g e n io u s  o f  th e s e  th e o r ie s  a re  o u tlin e d  in  v e ry  
su m m a ry  fa s h io n  in  th e  a p p e n d ix  4 o f  th is  ch ap te r . W h a t 
w e  n e e d  n o w  to  k n o w  o f  b io p h o rs  a n d  d e te rm in a n ts  in  
o rd e r  to  u n d e rs ta n d  th e  th e o ry  o f  g e rm in a l s e le c tio n , is
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th is : W e is m a n n  c o n c e iv e s  th e  p ro to p la sm  o f  th e  ce ll 
n u c le u s  to  b e  c o m p o s e d  o f  u n its  c a lle d  b io p h o rs  —  th e s e  
b io p h o rs  c a n  a lso  m ig ra te  o u t in to  th e  c y to p la sm  
s u rro u n d in g  th e  n u c le u s  —  w h ic h  a re  th e  b e a re rs  o f  th e  
in d iv id u a l c h a ra c te rs  o f  th e  ce ll. T h e  to ta l c h a ra c te r  o f  an y  
ce ll, i ts  fo rm , m a k e -u p , a n d  sp e c ia l p ro p e r tie s , is  
d e te rm in e d  b y  th e  to ta li ty  o f  its  b io p h o rs . T h e se  b io p h o rs  
a re  n o t, h o w e v e r , su c h  s im p le  s tru c tu re s  as  th e  a to m s  o f  
th e  c h e m is t; in d e e d , th e y  a re  to  b e  lo o k e d  o n  as s u p e r­
m o le c u le s , as  c o m p le x  g ro u p s  o f  c h e m ic a l m o le c u le s , o f  
d e te rm in e d  c h a ra c te r  a n d  a rra n g e m e n t. M o re o v e r , a s  th e se  
b io p h o rs  a re  l ife -u n its , th e y  p o s s e s s  th e  e s se n tia l 
c h a ra c te r is tic s  o f  life , th a t  is , th e  c a p a c ity  to  a s s im ila te  
fo o d , to  g ro w , a n d  to  r e p ro d u c e  th e m s e lv e s  b y  d iv is io n . 
T h e  n u m b e r  o f  d if fe re n t  b io p h o rs  is  a lm o s t in c o n c e iv a b ly  
e n o rm o u s ; fo r  it  m u s t  e q u a l th e  p o s s ib il i t ie s  o f  v a r ie ty  in  
c h a ra c te r  e x h ib ite d  b y , o r  c a p a b le  o f  b e in g  e x h ib ite d  b y , 
a ll th e  c e lls  o f  th e  b o d y . B u t as  e a c h  b io p h o r  is  m a d e  o f  
m a n y  c o m p le x  m o le c u le s  w h ic h  m a y  v a ry  a m o n g  
th e m se lv e s , a n d  a lso  v a ry  in  th e ir  s tru c tu ra l re la tio n  to  
e a c h  o th e r  in s id e  th e  b io p h o r , i t  is  n o t  d iff ic u lt, p e rh a p s , to  
im a g in e  th e  p o s s ib le  v a r ie ty  o f  b io p h o rs  to  b e  e q u a l to  th e  
p o s s ib le  v a r ie ty  o f  ce ll c h a ra c te rs . T h e se  b io p h o rs  a re  
c o n c e iv e d  to  b e  u n ite d  in to  f ix e d , in d is s o lu b le  g ro u p s  
c a lle d  d e te rm in a n ts , e a c h  d e te rm in a n t c o n ta in in g  all th e  
b io p h o rs  n e c e s s a ry  to  d e te rm in e  th e  w h o le  c h a ra c te r  o f  
a n y  o n e  k in d  o f  ce ll. L ik e  th e  b io p h o rs  th e  d e te rm in a n ts  
c a n  a s s im ila te  fo o d , g ro w  a n d  m u ltip ly  b y  d iv is io n . W h ile  
in  e a c h  sp e c ia lis e d  b o d y c e ll  th e re  n e e d s  to  b e  b u t  a  s in g le  
d e te rm in a n t, n a m e ly , o n e  o f  th e  sp e c ia l k in d  c o n fo rm in g  
to  th e  sp e c ia l k in d  o f  ce ll, in  th e  g e rm -c e lls  th e re  m u s t  b e  
c o -n c e iv e d  to  b e  e v e ry  k in d  o f  d e te rm in a n t w h ic h  m a y  b e  
fo u n d  in  a ll th e  b o d y -c e lls  ta k e n  to g e th e r . B u t, fo r tu n a te ly , 
b y  v ir tu e  o f  th e  d e te rm in a n ts ' c a p a c ity  fo r  m u lt ip l ic a t io n  it  
is  n o t  n e c e s s a ry  to  a s su m e  th a t  th e re  e x is ts  in  th e  g e rm  a 
d e te rm in a n t fo r  e v e ry  ce ll th a t  is  to  d e v e lo p  in  th e  b o d y ,
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b u t  o n ly  o n e  fo r  e v e ry  d if fe re n t k in d  o f  ce ll; a ll c e lls  
e x a c tly  a lik e  ca n  b e  su p p lie d  w ith  s im ila r  d e te rm in a n ts  b y  
th e  m u ltip lic a tio n  o f  th e  p ro p e r  k in d . N o w  W e is m a n n 's  
th e o ry  o f  g e rm in a l se le c tio n  re s ts  u p o n  th e  a s su m p tio n  o f  
a  c o m p e tit io n  o r  " s tru g g le "  o f  th e  d e te rm in a n ts  in  th e  
g e rm -p la sm  fo r  fo o d  a n d  h e n c e  fo r  o p p o r tu n ity  to  g ro w , to  
b e  v ig o ro u s , a n d  to  m u ltip ly . T h e  g e rm -c e lls  d e r iv e  th e ir  
fo o d , a s  d o  th e  o th e r  c e lls  a n d  tis su e s  o f  th e  b o d y , f ro m  
th e  g e n e ra l fo o d  s tre a m s  c irc u la tin g  a ro u n d  a n d  th ro u g h  
th e  ce lls . W e ism a n n , re c o g n is in g  th e  a b so lu te  p r in c ip le  o f  
s lig h t v a r ia t io n  e v e ry w h e re  in  N a tu re ,—  it  is  p ra c tic a lly  
im p o s s ib le  to  c o n c e iv e  o f  id e n tity ,—  b e lie v e s  th a t  th e  
in it ia lly  s lig h tly  s tro n g e r  o r  m o re  c a p a b le  d e te rm in a n ts  
w ill b e  a b le  to  ta k e  u p  la rg e r  su p p lie s  o f  fo o d , e v e n  to  th e  
e x te n t  o f  le s se n in g  th e  su p p ly  fo r  n e ig h b o u r in g  
d e te rm in a n ts , p e rh a p s  to  th e  d e g re e  o f  s ta rv a tio n . In d e e d  
h e  su g g e s ts  a  re a so n  fo r  th e  in itia l s lig h t v a r ia t io n s  in  
v ig o u r  o f  th e  d e te rm in a n ts  in  th e  p ro b a b il i ty  th a t  th e  fo o d  
w ill re a c h  th e  v a r io u s  d e te rm in a n ts  in  s lig h tly , p u re ly  
fo r tu ito u s ly , v a r ia b le  q u a n tity , so  th a t  th e  f irs t  in e q u a lity  
in  v ig o u r  o f  th e  d e te rm in a n ts  w ill d e p e n d  o n  th e  fo r tu ito u s  
v a r ia b ili ty  o f  fo o d  su p p ly , w h ile  th e re a f te r  th e  v a r ia b ili ty  
in  th e  d e te rm in a n ts  th u s  p ro d u c e d  w ill e n a b le  th e  s tro n g e r  
o n e s  to  d ra w  to  th e m s e lv e s  o r  ta k e  u p  m o re  fo o d  a n d  th u s  
a c c u m u la te  d e te rm in a te ly  th e  in itia l fo r tu ito u s  in e q u a lity .

T h u s  w h e n  th e  g e rm -c e ll b e g in s  its  d e v e lo p m e n t 
in to  a  n e w  in d iv id u a l th o s e  k in d s  o f  ce lls , t is su e s , an d  
o rg a n s  w ill b e  b e s t  d e v e lo p e d  w h o s e  d e te rm in a n ts  w e re  
m o s t su c c e ss fu l in  th e  s tru g g le  fo r  fo o d , w h ile  o th e r  p a r ts  
o f  th e  b o d y  m a y  b e  m a d e  sm a lle r  o r  e v e n  m a y  n o t a p p e a r  
a t a ll b e c a u s e  o f  th e  s ta rv a tio n  o f  th e  d e te rm in a n ts  
re s p o n s ib le  fo r  th e  c e lls  w h ic h  sh o u ld  c o m p o se  th em . 
A lso  th e s e  b e tte r -d e v e lo p e d , la rg e r , m o re  v ig o ro u s  
d e te rm in a n ts  o f  o n e  g e n e ra tio n  w ill h a n d  o n  to  th e  g e rm - 
p la sm  o f  th e  n e x t  g e n e ra tio n  s tro n g  a n d  e x tra -v ig o ro u s  
d a u g h te r  d e te rm in a n ts . F o r  a n y  d e te rm in a n t in  th e  g e rm -
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p la sm  o f  a  f e r ti l is e d  e g g -c e ll h a s  n o t  a lo n e  to  fu rn ish  
d e te rm in a n ts  w h ic h  sh a ll c o n tro l th e  d e v e lo p m e n t o f  
b o d y - t is s u e s  a n d  o rg a n s  o f  th e  in d iv id u a l w h ic h  d e v e lo p s  
f ro m  th is  ce ll, b u t  a lso  to  fu rn is h  d a u g h te r  d e te rm in a n ts  
fo r  th e  n e w  g e rm -p la sm  o f  th is  in d iv id u a l. T h is  w ill re su lt  
in  a  re p e tit io n  o f  th e  e x tra -d e v e lo p m e n t in  th e  n e x t 
g e n e ra tio n  o f  th e  sa m e  o rg a n s  a s  w e re  s tro n g ly  d e v e lo p e d  
in  th e  f ir s t  g e n e ra tio n , a n d  th e  u n d e r -d e v e lo p m e n t o f  th e  
sa m e  o rg a n s  as w e re  w e a k  o r  w a n tin g  in  th e  f irs t  
g e n e ra tio n . W h ic h  p ro c e s s  c o n tin u e d  is  s im p ly  
d e te rm in a te  v a r ia tio n , th a t  is , v a r ia tio n  a lo n g  f ix e d  lin e s  
w ith o u t re fe re n c e  to  p e rso n a l s e le c le c tio n  N o w  w h e n  th is  
v a r ia t io n  b e c o m e s  so  m a rk e d  th a t  i t  is  o f  l ife -a n d -d e a th  
a d v a n ta g e  o r  d is a d v a n ta g e  in  th e  life  o f  th e  in d iv id u a l, it  
w ill im m e d ia te ly  b e c o m e  su b je c t to  th e  c o n tro l o f  p e rso n a l 
n a tu ra l se le c tio n , a n d  u n d e r  th e  in f lu e n c e  o f  th is  d o m in a n t 
fa c to r  in  d e te rm in in g  a d a p ta tio n , e ith e r  b e  fu r th e r  fo s te re d  
a n d  f ix e d  o r  b e  e x tin g u ish e d . I f  th e  in c re a s in g  o rg a n  o r  
p a r t  d u e  to  g e rm in a l se le c tio n  b e  o n e  w h o se  in c re a se  is  
a d v a n ta g e o u s  to  th e  in d iv id u a ls  p o s s e s s in g  it, th e n  n a tu ra l 
s e le c tio n  w ill p re s e rv e  th o s e  in d iv id u a ls  a n d  th e  g e rm in a l 
a d v a n ta g e  o f  th e  d e te rm in a n ts  o f  th is  p a r t  w ill b e  s te a d ily  
in c re a se d , as  th e  s iz e  a n d  p o w e r  o f  a s s im ila tio n  o f  th e  
d e te rm in a n ts  c o r re s p o n d  to  th e  s iz e  a n d  v ig o u r  o f  th e  p art.

B y  th is  th e o ry  W e is m a n n  b e lie v e s  th a t  h e  h a s  
e x p la in e d  a w a y  o n e  o f  th e  m o s t  p o te n t  o b je c tio n s  to  
n a tu ra l se le c tio n , v iz ., th a t  it  is  n e c e s sa ry  to  a s su m e , fo r  
th e  e ffe c tiv e  w o rk  o f  se le c tio n ; th e  t im e ly  a p p e a ra n c e  o f  
th e  p ro p e r  v a r ia tio n s  n e c e s s a ry  fo r  th e  c o n tin u e d  
a d v a n ta g e o u s  m o d if ic a t io n  o f  a  p a rt. "K n o w in g  th is  fac to r, 
w e  re m o v e , i t  se e m s  to  m e ,"  w r ite s  W e is m a n n ,5 "the  
p a te n t c o n tra d ic tio n  o f  th e  a s s u m p tio n  th a t  th e  g e n e ra l 
f i tn e s s  o f  o rg a n ism s  o r  th e  a d a p ta tio n s  necessary to  th e ir  
e x is te n c e , a re  p ro d u c e d  b y  a c c id e n ta l  v a r ia t io n s  —  a 
c o n tra d ic tio n  w h ic h  fo rm e d  a  se r io u s  s tu m b lin g -b lo c k  to  
th e  th e o ry  o f  se le c tio n . T h o u g h  s till a s su m in g  th a t  primary
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v a r ia tio n s  a re  'a c c id e n ta l, ' I  y e t  h o p e  to  h a v e  d e m o n s tra te d  
th a t  an  in te r io r  m e c h a n is m  e x is ts  w h ic h  c o m p e ls  th e m  to  
g o  o n  in c re a s in g  in  a  d e f in ite  d ire c tio n , th e  m o m e n t 
s e le c tio n  in te rv e n e s . Definitely directed variation exists, 
b u t  n o t  p re d e s t in e d  v a r ia tio n  ru n n in g  o n  in d e p e n d e n tly  o f  
th e  l ife  c o n d itio n s  o f  th e  o rg a n ism  as N a g e li ,  to  m e n tio n  
th e  p o s itio n  th a t  th e  m o s t  e x tre m e  a d v o c a te  o f  th is  
d o c tr in e  h a s  a ssu m e d : o n  th e  c o n tra ry , th e  v a r ia t io n  is  
su c h  as  is  e lic ite d  a n d  c o n tro lle d  b y  th o s e  c o n d itio n s  
th e m se lv e s , th o u g h  in d ire c tly ."

O b v io u s ly  W e is m a n n  in  h is  th e o ry  o f  g e rm in a l 
s e le c tio n  h a s  p re s e rv e d  th e  a c tu a lity  o f  a  s tru g g le  a n d  a 
se le c tio n , b u t  w ith  a  " re h a b ilita tio n "  o f  n a tu ra l se le c tio n  in  
th e  re a l D a rw in ia n  m e a n in g  a n d  o n ly  fa ir  a p p lic a tio n  o f  
th e  p h ra s e  th e  n e w  th e o ry  h a s  n o th in g  to  do . I t  is , m u c h  
m o re , a  d is tin c t a d m is s io n  o f  th e  in a d e q u a c y  o f  n a tu ra l 
s e le c tio n  to  d o  w h a t h a s  lo n g  b e e n  c la im e d  fo r  it. I t is  th e  
f irs t  se r io u s  a tte m p t a t a  c a u so -m e c h a n ic a l e x p la n a tio n  o f  
a  th e o ry  o f  o r th o g e n e s is , th a t  is, v a r ia t io n  a lo n g  
d e te rm in e d  lin e s .

A s  to  o u r  a c c e p ta n c e  o r  n o n -a c c e p ta n c e  o f  su c h  a 
th e o ry  w e  n e e d  say  little . I t  c o n s is ts  o f  tw o  p u re ly  
s p e c u la tiv e  b a s ic  a s su m p tio n s : F ir s t ,W e is m a n n 's  p a r tic u la r  
th e o ry  o f  th e  u lt im a te  s tru c tu re  o f  th e  g e rm -p la sm , 
n a m e ly , th e  th e o ry  o f  b io p h o rs  a n d  d e te rm in a n ts ;  an d  
se c o n d ly , th e  a s s u m p tio n  th a t  th e re  is  a  s tru g g le  fo r  fo o d  
a m o n g  th e  d e te rm in a n ts . T h e re  is  n o  p r o o f  o f  p u re  
o b se rv a tio n  o r  e x p e r im e n t fo r  th e  th e o ry , a n d  th e re  is  
so m e  p r o o f  d ire c tly  a g a in s t it. A n d  y e t  th e  g re a t n e e d  o f  a 
w o rk in g  h y p o th e s is  fo r  th e  c a u so -m e c h a n ic a l e x p la n a tio n  
o f  d e te rm in a te  v a r ia t io n  m a k e s  u s  g iv e  su c h  a  p u re  
sp e c u la tio n  m o re  a tte n tio n  th a n  i t  m ig h t o th e rw is e  get. 
U n fo r tu n a te ly  th e  a tte n tio n  th u s  g iv e n  to  th is  p a r tic u la r  
th e o ry  se e m s  to  h a v e  re s u lte d  in  th e  b r in g in g  fo rw a rd  o f  
so m e  ra th e r  se r io u s  o b je c tio n s  to  th e  p o s s ib il i ty  o f  th e
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tru th  o f  th e  th e o ry . A  fe w  o f  th e s e  o b je c tio n s  4 m a y  b e  
b r ie f ly  s ta ted .

A c c o rd in g  to  th e  th e o ry  th e re  sh o u ld  b e  p la in ly  
e x h ib ite d  in  th e  v a r ia tio n  o f  a n y  sp e c ie s , d e c id e d  
te n d e n c ie s  in  c e r ta in  sp e c if ic  d ire c tio n s . In  a ll sp e c ie s , in  
a ll in d iv id u a ls , th e  s tru g g le  o f  th e  d e te rm in a n ts  m u s t  re su lt  
in  th e  s u p p re s s io n  o r  r e d u c tio n  o f  so m e ,th e  e x tra ­
d e v e lo p m e n t o f  o th e rs . T h u s  v a r ia t io n  sh o u ld  n o t  re v e a l 
i t s e l f  a c c o rd in g  to  th e  la w  o f  e rro r , th a t  is, sh o u ld  n o t  b e  
d is tr ib u te d  n o rm a lly  a b o u t a  m e a n  o r  m o d e . B u t  th a t  is  
e x a c tly  th e  c o n d itio n  o f  v a r ia tio n  in  a  m a jo r ity  o f  th o se  
c a se s  in  w h ic h  th e  v a r ia t io n  o f  o n e  o r  m o re  o rg a n s  in  an y  
s p e c ie s  h a s  b e e n  s ta tis t ic a lly  s tu d ie d . T h e  p lo tte d  c u rv e  o f  
an y  p a r t ic u la r  v a r ia t io n  o f  th is  ty p e  is  a  sy m m e tr ic a l c u rv e  
n e a r ly  c o in c id e n t  w ith  th e  th e o re tic a l o n e  e x p re s s in g  th e  
la w  o f  e r ro r  fo r  th e  sa m e  case .

T h e  c o n s ta n c y  o f  sp e c ie s  is  j u s t  as  m a rk e d  an d  
ac tu a l a  c o n d itio n  as  th e  c o n d itio n  o f  s lig h t f lu c tu a tin g  
v a r ia t io n s  in s id e  th e  sp e c ie s . T h is  c o n s ta n c y  is  s te a d fa s t 
fo r  c o n s id e ra b le  t im e -p e r io d s . B u t w ith  su c h  an  a c tiv e  
o r th o g e n e s is  a s  th e  th e o ry  o f  g e rm in a l se le c tio n  p ro v id e s , 
th e re  c o u ld  b e  n o  su c h  s te a d fa s t  c o n s ta n c y . W e is m a n n  
h im s e lf  re c o g n is e d  th e  w e ig h t  o f  th is  o b je c tio n  to  th e  
th e o ry , a n d  sp e a k s  o f  an  a ttr ib u te  o f  " se lf-c o rre c tio n "  
p e r ta in in g  to  th e  g e rm -p la sm , w h ic h  sh a ll re g u la te  o r  
c h e c k  to o  ra p id  an  o r th o g e n e tic  d e v e lo p m e n t.

T h e  ac tu a l c h a n g e  o f  th e  c o m p e tit iv e  d e te rm in a n ts  
d u e  to  th e ir  o b ta in in g  an  o v e r  o r  u n d e r  su p p ly  o f  fo o d  
sh o u ld  b e  o n e  s im p ly  q u a n tita tiv e  in  d e g re e ; su c h  
g e rm in a l se le c tio n  c o u ld  th u s  le a d  to  th e  c h a n g e  in  s ize  
a n d  s tre n g th  o f  o rg a n s  a lre a d y  p re s e n t in  th e  sp e c ie s , b u t  
c o u ld  o f fe r  n o  e x p la n a tio n  o f  q u a lita tiv e  c h a n g e s , i. e , th e  
a p p e a ra n c e  o f  n e w  k in d s  o f  s tru c tu re s . M o re o v e r , e v e n  in  
c a se s  o f  p u re ly  q u a n tita tiv e  c h a n g e , su c h  fa m ilia r  c a se s  as 
th e  p e rs is te n c e  th ro u g h  lo n g  t im e -p e r io d s  o f  sm all, 
ru d im e n ta ry  o rg a n s ,w ith o u t  an y  in d ic a tio n  o f  fu r th e r
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re d u c tio n , in d ic a te  a  p e c u lia r  c e s sa tio n  in  th e  fo r th r ig h t 
w o rk in g  o f  g e rm in a l se le c tio n . W h y  sh o u ld  n o t  th e  w e a k  
d e te rm in a n ts  o f  th e s e  w e a k  o rg a n s  g o  c o m p le te ly  to  
g ro u n d  in  th e  s tru g g le  ?

A c tu a l e x p e r im e n ta tio n  o n  th e  in f lu e n c e  o f  fo o d -  
su p p ly  in  d e v e lo p m e n t d o e s  n o t  b e a r  o u t th e  a s su m p tio n  
o n  w h ic h  th e  th e o ry  o f  g e rm in a l se le c tio n  res ts . W e is m a n n  
h im s e lf  g a v e  th e  la rv a e  o f  f lie s , a n d  I  h a v e  g iv e n  th e  
la rv a e  o f  s ilk w o rm s  th ro u g h  th e ir  w h o le  l ife - tim e , an  
a b n o rm a lly  sm a ll fo o d  su p p ly  (in  th e  c a se  o f  th e  
s ilk w o rm s  th is  su p p ly  w a s  f ro m  o n e -fo u r th  to  o n e -e ig h th  
th e  a m o u n t n o rm a lly  e a te n  b y  fu ll- fe d  la rv a e ) , w ith  th e  
o n ly  re s u lt  th a t  th e  m a tu re  in d iv id u a ls  w e re  d w a rfe d ; th a t  
a ll th e ir  p a r ts  w e re  re d u c e d  in  s ize , b u t  th e  ac tu a l s ize  
p ro p o r tio n s  o f  th e  v a r io u s  o rg a n s  a n d  p a rts , a n d  th e ir  
re la tio n s  to  e a c h  o th e r, w e re  u n c h a n g e d . T h e  d e te rm in a n ts  
s e e m e d  to  sh a re  e q u a lly  th e  h a rd s h ip s  o f  sh o r t ra tio n s  
ra th e r  th a n  a  fe w  o f  th e  s tro n g e r  g e ttin g  th e  b e t te r  o f  th e  
w e a k e r . F ro m  th e  e g g s  o f  b ird s  c o n s id e ra b le  q u a n tit ie s  o f  
y o lk  h a v e  b e e n  w ith d ra w n  w ith o u t m o d ify in g  a p p re c ia b ly  
th e  in d iv id u a ls  d e v e lo p e d  f ro m  th e  eg g s.

I f  th e  s tru g g le  o f  th e  d e te rm in a n ts  is  re a lly  an  
ac tu a l a n d  se v e re  o n e  th e n  o n ly  th o s e  o f  th e  la rg e  s tro n g  
o rg a n s  sh o u ld  su rv iv e , a ll th e  o th e rs  b e in g  s ta rv e d  out. 
S u ch  a  c o n d itio n  w o u ld  re s u lt  in  th e  e x c lu s iv e  
d e v e lo p m e n t o f  m o n s te rs , i. e, in d iv id u a ls  la c k in g  
n u m e ro u s  o rg a n s  ( th e  sm a ll o n es) , a n d  w ith  th e  la rg e  o n e s  
a ll o v e r-d e v e lo p e d .

Rou.v's Theory o f Infra-selection or the Battle o f 
the Parts . —  D is t in c tly  m o re  lik e ly  to  ap p e a l to  o u r  
re a so n  is  th e  th e o ry  o f  R o u x , p ro p o s e d  in  1881 , to  e x p la in  
h o w  o n e  o r  m o re  o rg a n s  m a y  e x h ib it  a  p ro g re s s iv e  
d e v e lo p m e n t o r  in c re a s e  in  s iz e  a n d  c a p a c ity  w ith o u t 
re fe re n c e  to  n a tu ra l s e le c tio n  a n d  a lso  to  a c c o u n t fo r  th e  
m a n y  re m a rk a b le  a d a p ta tio n s  o f  s lig h t a n d  d e lic a te  b u t  
e x tre m e ly  p re c is e  c h a ra c te r  e x h ib ite d  b y  v a r io u s  in te rn a l
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o rg an s . R o u x  m a d e , h o w e v e r , a  to o  ra d ic a l d is tin c tio n  
b e tw e e n  e x te rn a l o r  su p e rf ic ia l a d a p ta tio n s  o n  th e  o n e  
h a n d , a ttr ib u tin g  th e s e  to  th e  in f lu e n c e  o f  n a tu ra l se le c tio n , 
a n d  th e  a d a p ta tio n s  o f  in te rn a l p a r ts  o n  th e  o th e r, w h ic h  h e  
w o u ld  a ttr ib u te  to  th e  in f lu e n c e  o f  h is  fu n c tio n a l s tim u li 
a n d  o f  h is  s tru g g le  a m o n g  th e  in n e r  p a r ts  o f  th e  b o d y . T h is  
s tru g g le , l ik e  th a t  a m o n g  W e is m a n n 's  h y p o th e tic a l 
d e te rm in a n ts , is  o n e  c h ie f ly  fo r  fo o d , b u t  in  R o u x 's  th e o ry  
th e re  is  n o  a s s u m p tio n  o f  h y p o th e tic a l l ife  u n its , n o r  an y  
la c k  o f  c le a rn e s s  c o n c e rn in g  th e  in it ia tio n  o f  th e  ac tu a l 
s tru g g le . T h e  c o m p e tin g  p a r ts  in  R o u x 's  th e o ry  a re  th e  
c h e m ic a l m o le c u le s  c o m p o s in g  th e  ce ll, th e  ce lls  
th e m se lv e s , g ro u p s  o r  t is su e s  o f  ce lls , a n d  e v e n  w h o le  
o rg an s . T h e  sp u rs  to  th e  c o m p e tit io n  fo r  fo o d  a re
fu n c tio n a l s tim u li,w h o s e  re s u lt  is  to  se t u p  a  sp ec ia l 
d e m a n d  a n d  n e c e s s i ty  fo r  m o re  fo o d . R o u x 's  c la ss ic
e x a m p le  w ill m a k e  th is  c lear. I t  is  a  m a tte r  o f  fa c t th a t  th e
f in e  p la te s  a n d  la y e rs  o f  b o n e  in  th e  " s p o n g y  tis su e "  o f  th e  
lo n g  b o n e s  o f  th e  b o d y , a re  so  d isp o se d  a s  a c tu a lly  b e s t  to  
w ith s ta n d  th e  s tre s se s  m o s t  u s u a lly  b ro u g h t  to  b e a r  o n  th e  
b o n e s . T h u s  th e y  sh o w  a  f in e  a d a p ta tio n  o f  a rra n g e m e n t, 
w h ic h  o n e  m e e ts  d if f ic u ltie s  in  try in g  to  e x p la in  as d u e  to  
n a tu ra l se le c tio n . F o r, i f  w e  im a g in e  th e  th in  p la te s  o f  th e  
s p o n g y  tis s u e  p u re ly  m is c e lla n e o u s ly  a rra n g e d , th e
p o s s ib le  s lig h t v a r ia t io n s  w h e re b y  a  fe w  p la te s  a t a  tim e  
m ig h t fo r tu ito u s ly  o c c u r  in  a  p o s it io n  o r  d ire c tio n  b e t te r  f it 
to  s tre n g th e n  th e  w h o le  b o n e , a re  so  in s ig n if ic a n t  in  
p ro p o r tio n  to  th e  c o n d itio n  th ro u g h o u t a ll th e  r e s t  o f  th e  
b o n e  th a t  w e  c a n n o t p o s s ib ly  a ttr ib u te  to  th e m  a  l ife -a n d -  
d e a th  v a lu e  in  th e  in d iv id u a l 's  s tru g g le  fo r  e x is te n c e . R o u x  
a s su m e s  th a t  th e  s tre s se s  b ro u g h t  to  b e a r  on  th e  b o n e  
d u r in g  its  d e v e lo p m e n t a c t as  fu n c tio n a l s tim u li to  all 
th o s e  p la te s  in  th e  fo rm in g  sp o n g y  tis su e , w h ic h  lie  in  
su c h  p la c e s  o r  a t  su c h  an  a n g le  to  th e  s tre ss  as  to  b e  
a f fe c te d  b y  th e m , a n d  in  re s p o n s e  to  th e s e  s tim u li, w h ic h  
in  R o u x 's  b e l ie f  a re  n e c e s s a ry  to  th e  n o rm a l s tru c tu ra l
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d e v e lo p m e n t a n d  m a in te n a n c e  o f  a n y  p a rt, th e s e  fo rm in g  
b o n y  p la te s  w ill ta k e  u p  m o re  fo o d  th a n  th e  u n s tim u la te d  
o n es , a n d  th u s  w ill b e  d e v e lo p e d  a t th e  e x p e n se  o f  th e se  
o th e rs .

S im ila r ly  w ith  a ll th o s e  o th e r  m a rv e llo u s ly  d e lic a te  
in n e r  a d a p ta tio n s  o f  f in e  a n d  m in u te  a n d  o f t- re p e a te d  
s tru c tu re s  to  th e  sp e c ia l fu n c tio n s  o f  th e  o rg a n s  c o n ta in in g  
th e s e  s tru c tu re s . T h e  s tim u lu s  o f  th e  fu n c tio n  e x c ite s  a 
tro p h ic  d e m a n d  o n  th e  p a r t  o f  th e  s tru g g le  a n d  an  ac tu a l 
c a p a c ity  fo r  sa tis fy in g  th e  d e m a n d , th a t  so o n  le a d s  to  th e  
e x tra -d e v e lo p m e n t o f  th e  s tim u la te d  p a r ts  a t th e  e x p e n se  
o f  a d ja c e n t s im ila r  p a r ts  d e r iv in g  fo o d  f ro m  th e  su p p ly  
c o m m o n  to  all. T h u s  R o u x  w o u ld  e x p la in  th e  e x q u is ite  
a d a p ta tio n  o f  th e  a r ra n g e m e n t o f  th e  m u s c le - f ib re s  in  th e  
w a lls  o f  th e  b lo o d -v e s se ls , th e  ta e n id ia  o r  sp ira l th re a d s  in  
th e  tra c h e a e  o f  in se c ts , th e  l i t t le  b a rb s  o n  th e  fe a th e rs  o f  
b ird s  w h ic h  h o ld  th e s e  fe a th e rs  to g e th e r  in  a lm o s t a ir - t ig h t 
c o n tin u ity , th e  n u m e ro u s  p ro te c tiv e  h a irs  c o v e r in g  th e  
sp ira c le s  o f  m a n y  in se c ts , e tc ., etc.

I t  w ill b e  n o te d  th a t  th e  c o m p e tit io n  o f  th e  p a r ts  is  
re a lly  tw o fo ld ; th u s , w h ile  fo r  su c c e ss fu l d e v e lo p m e n t i t  is  
n e c e s s a ry  fo r  p a r ts  to  b e  su c c e ss fu l in  fo o d -g e ttin g ,th is  
su c c e ss  in  fo o d -g e ttin g  se e m s  to  d e p e n d  u p o n  th e  
p re re q u is ite  o f  r e c e iv in g  a  n e e d e d  fu n c tio n a l s tim u lu s . 
T h u s  th e re  m a y  b e  sa id  to  e x is t  a  c o m p e tit io n  fo r  
fu n c tio n a l s tim u li. B u t  o b v io u s ly  su c c e ss  in  th is  
c o m p e tit io n  d e p e n d s  c h ie f ly  o n  th e  h a z a rd  o f  p o s itio n . 
T h o se  p la te s  in  th e  fo rm in g  sp o n g y  tis s u e  o f  a  lo n g  b o n e  
w h ic h  h a p p e n  to  lie  w h e re  th e  s tre s s  c o m e s , a n d  in  a 
sp ec ia l d ire c tio n  to  b e  a f fe c ie d  b y  it, a re  th e  w in n e rs  in  th e  
c o m p e tit io n  fo r  s tim u li.

R o u x 's  th e o ry  h a s  a p p e a le d  s tro n g ly  to  m a n y  
b io lo g is ts , b u t  o th e rs  h a v e  re je c te d  i t  w h o lly , o r  a t le a s t  as 
an  e x p la n a tio n  o f  f in e  in n e r  a d a p ta tio n s .P la te  ta k e s  th is  
la t te r  p o s itio n , b u t  f in d s  a  g re a t  se rv ic e  in  th e  th e o ry  in  
th a t  "R o u x  h a s  g iv e n  in  i t  a  p ro fo u n d  a n a ly s is  o f  th e  w e ll-
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k n o w n  fa c t  th a t  u s e  s tre n g th e n s  a n d  d isu se  w e a k e n s . H is  is  
th e  g re a t  m e r it  o f  h a v in g  c le a r ly  e x p la in e d  th e  
e x tra o rd in a ry  im p o r ta n c e  (Tragweite), in  th e  b u ild in g  o f  
n e w  fo rm s  a n d  a d a p tiv e  s tru c tu re s , o f  th is  e le m e n ta ry  
a ttr ib u te  o f  o rg a n ism s . W e  h a v e  to  th a n k  h im  fo r  th e  b e s t 
p u ttin g  to g e th e r  o f  a ll th o s e  o b s e rv a tio n s  w h ic h  p e rm it  o f  
b u t  th e  o n e  c o n c lu s io n , th a t  th e  fu n c tio n a l s tim u li e x e rc is e  
a  tro p h ic  a c tiv ity , th a t  is, th a t  e a c h  o rg a n  b y  th e  c o n s ta n t 
e x e rc is e  o f  its  fu n c tio n  b e c o m e s  s tim u la te d  to  s tro n g e r  
a s s im ila tio n  a n d  in c re a se d  m u lt ip l ic a t io n  o f  its  e le m e n ta ry  
p a rts , a n d  th a t  o u t o f  th is  th e re  re su lts  a  h e ig h te n e d  
fu n c tio n a l c a p a c ity ."  H o w e v e r , as  P la te  p o in ts  o u t th is  
" la w  o f  fu n c tio n a l a d a p ta tio n "  d o e s  n o t  a p p ly  to  a ll o rg a n s  
a n d  tis su e s ; " th e  te e th  o f  m a n y  m a m m a ls  b e c o m e  
im p a ire d  th ro u g h  c o n s ta n t u se  a n d  m o s t  o f  th e  s e n se ­
o rg a n s  a re  a p p a re n tly  n o t  b e tte re d  th ro u g h  u se  in  re g a rd  to  
th e ir  p e rc e iv in g  e le m e n ts  b u t  o n ly  in  re g a rd  to  th e ir  
c a r ry in g  e le m e n ts . E v e ry  e x e rc is e  is  fo llo w e d  b y  a  c e r ta in  
fa tig u e  w h ic h , in  c a se s  o f  e x h a u s tio n , is  g re a te r  th a n  th e  
a im e d  a t (erzielte) in c re a s e  o f  fu n c tio n a l c a p a c ity . A lso  
th e  tro p h ic  s tim u la tio n  can , in  c e r ta in  c a se s , le a d  to  
h y p e r tro p h y  a n d  o th e r  u n a d a p tiv e  re su lts ."  B u t  as re g a rd s  
th e  ac tu a l " s tru g g le  o f  th e  p a r ts ,"  a n d  e sp e c ia lly  a s  re g a rd s  
th e  c la im  th a t  su c h  a  s tru g g le  is  to  a c c o u n t fo r  in n e r  
a d a p ta tio n s , P la te , as  a  c o n s is te n t n a tu ra l s e le c tio n is t, is  
w h o lly  sc e p tic a l. H e  o ffe rs  f iv e  o b je c tio n s  to  an y  
u s u rp a tio n  o f  th e  fu n c tio n s  o f  n a tu ra l se le c tio n  b y  th is  
in tra -s e le c tio n  th e o ry . F irs t, h e  h o ld s , w ith  W o lff , th a t  i t  is  
im p o s s ib le  to  p la c e  th e  in n e r  a d a p ta tio n s  in  a n y  sh a rp  
c o n tra s t  w ith  o u te r  a d a p ta tio n s . T h e y  a re  c o n tra s te d  o n ly  
in  th a t  th e  fo rm e r  s ta n d  in  a  m o re  in d ire c t  r e la tio n  to  th e  
c o n d itio n s  o f  life . In d e e d  a  s in g le  o rg a n , as  a  c la w  fo r  
e x a m p le , ca n  sh o w  an  e x te rn a l a d a p tiv e n e s s  in  th a t  it  
m ig h t b e  e sp e c ia lly  w e ll a r ra n g e d  to  sc ra tc h  h a rd  d ry  
g ro u n d , a n d  a t th e  sa m e  tim e  b e  d is tin c tly  a d a p tiv e ly  
c o n s tru c te d  as re g a rd s  its  f in e  in n e r  s tru c tu re .
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" I f  n a tu ra l se le c tio n ,"  sa y s  P la te , "is c a p a b le  o f  
p ro d u c in g  o u te r  a d a p ta tio n s  su c h  as m a k in g  th e  fu r  o f  a 
m a m m a l th ic k e r  a n d  th ic k e r  as a  p ro te c tio n  a g a in s t th e  
co ld , w h y  c a n  i t  n o t  in c re a se , o r  i f  a d v a n ta g e  lie s  th e  o th e r  
w ay , d e c re a se , th e  n u m b e r  o f  b o n y  p la te s  in  th e  sp o n g y  
tis s u e  o f  th e  lo n g  b o n e s  ?"

S eco n d , th e  c a p a c ity  o f  l iv in g  su b s ta n c e  to  b e  
s tim u la te d  to  in c re a se d  fo o d -g e tt in g  is  an  e le m e n ta ry  
a ttr ib u te  o f  o rg a n ism s  ju s t  as  th e  c a p a c itie s  to  a s s im ila te , 
to  b e  ir r ita b le , a n d  to  b re a th e  are.

T h is  sp e c ia l c a p a c ity  is  n o t  e x p la in e d  b y  th e  th e o ry  
o f  in tra se le c tio n ; i t  is , in d e e d , j u s t  n o w  w h o lly  
in e x p lic a b le . O n e  m ig h t p e rh a p s  fa ir ly  a s su m e  th a t  i t  is  th e  
re s u lt  o f  a  g ra d u a l d e v e lo p m e n t f ro m  th e  P ro to z o a  
o n w a rd , th ro u g h  th e  in f lu e n c e  o f  in d iv id u a l se le c tio n . B u t 
th is  is  n o  e x p la n a tio n  o f  its  o rig in . R o u x , h im se lf , in d e e d , 
e x p re s s ly  d e c la re s  th a t  h e  b a s e s  h is  th e o ry  o n  th e  p ro v e d  
b u t  n o t  e x p la in e d  fa c t  o f  fu n c tio n a l a d a p tiv e n e s s , b u t  
so m e  o f  h is  fo llo w e rs  o f te n  fo rg e t th is  a n d  se e m  to  c la im  
th a t  th e  d is tin c tly  a d v a n ta g e o u s  p e c u lia r ity  o f  m o s t  t is su e s  
to  b e  a b le  to  in c re a se  in  s tre n g th  a n d  s iz e  th ro u g h  u se  is  a 
d ire c t re s u lt  o f  th e  b a tt le  o f  th e  p a rts .

T h ird , P la te  h o ld s  th a t  th e  b a t t le  o f  th e  p a r ts  p la y s  
n o  ro le  in  o n to g e n y . T h e  c le a v a g e  a n d  e m b ry o n a l 
d e v e lo p m e n t a re  w h o lly  c o n tro lle d  b y  h e re d ity , so  th a t  
th e re  is  n o th in g  le f t  fo r  th e  b a tt le  o f  th e  p a rts .

T h e re  o c c u rs  a  p e a c e fu l a n d  re g u la r  s p littin g  a p a rt 
o f  th e  s in g le  c e lls  a n d  a  se p a ra tio n  o f  th e m  a c c o rd in g  to  
th e ir  d if fe re n t q u a lit ie s ,a n d  i t  d o e s  n o t  a t a ll o c c u r  th a t  th e  
s tro n g e s t c e lls  g e t  a ll th e  fo o d  a n d  th e  w e a k e s t  n o n e , b u t  
o n  th e  c o n tra ry  e a c h  re c e iv e s  as  m u c h  as  i t  n e e d s  fo r  its  
g ro w th . In  a  b la s tu la  o f  th ir ty - tw o  c e lls  i t  is  n o t  th e  
c a p a c ity  o n  th e  p a r t  o f  c e r ta in  c e lls  w h ic h  re su lts  in  th e  
s tro n g e r  g ro w th  o f  so m e  a n d  th e  w e a k e r  g ro w th  o f  o th e rs , 
o r  th e  m o re  ra p id  m u lt ip l ic a t io n  o f  so m e  a n d  th e  le s s  ra p id  
o f  o th e rs , b u t, o n  th e  c o n tra ry , fo r  e a c h  sp e c ie s  th e re  is  a
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d e f in ite  la w  o f  g ro w th  w h ic h  w e  m a y  o n ly  e x p la in  as th e  
e x p re s s io n  o f  a  fo rc e  o f  h e re d ity , n o t c a p a b le  y e t  o f  
a n a ly s is . M a tte rs  c e r ta in ly  d o  n o t  g o  o n  in  an  e m b ry o  a s  in  
an  a g a r  c u ltu re  c o n ta in in g  se v e ra l k in d s  o f  b a c te r ia  o f  
w h ic h  o n ly  th a t  o n e  w ith  th e  g re a te s t  l ife  fo rc e  re m a in s . 
W e re  th e  d e v e lo p m e n t o f  th e  e m b ry o  d e te rm in e d  b y  th e  
fo o d -z e a l o f  th e  c le a v a g e  ce lls , i t  w o u ld  h a p p e n  th a t  in  a 
sh o r t t im e  a  fe w  c e lls  sp e c ia lly  c a p a b le  o f  a s s im ila tio n  
w o u ld  g e t th e  u p p e r  h a n d , a n d  as  a  c o n se q u e n c e  o n ly  a 
fe w  q u a lit ie s  b e  le f t  to  th e  e m b ry o ; a  rea l d if fe re n tia tio n  
in to  th o u s a n d s  o f  d if fe re n t c e ll-so r ts  w o u ld  n o t  b e  
p o ss ib le . A ll th e  fa c ts  o f  sy m m e try  a n d  a u to -re g u la tio n  in  
e m b ry o n ic  d e v e lo p m e n t sp e a k  a g a in s t a n y  c o n s id e ra b le  
in f lu e n c e  o f  a  b a tt le  o f  th e  p a r ts  d u r in g  d e v e lo p m e n t.

F o u rth , P la te  d e c la re s  th a t  in  th e  a c q u ire m e n t o f  
n e w  c h a ra c te rs  n o  se le c tiv e  in tra -s tru g g le  ta k e s  p la c e , o r  
a t le a s t  in  o n ly  m o s t  in s ig n if ic a n t  m a n n e r , b u t  th a t  th e  n e w  
s tru c tu re s  a r is e  e ith e r  th ro u g h  th e  d ire c t in f lu e n c e  o f  n e w  
s tim u li o r  b y  n a tu ra l s e le c tio n  o f  n e w  g e rm in a l v a r ia tio n s  
o f  u n k n o w n  o rig in .

In  th e  f ir s t  p la c e  i t  is  s im p ly  th e  m a tte r  o f  p o s itio n , 
n o t  a t a ll th a t  o f  q u a lity , th a t  d e c id e s  w h e th e r  th e  c e r ta in  
c e lls  sh a ll b e  c h a n g e d  o r  no t. T h in k , fo r  e x a m p le , o f  a 
v e s se l in  w h o s e  w a lls  th e  c o n n e c tiv e  t is s u e  f ib re s  c ro ss  
a n d  re c ro s s  in  a ll d ire c tio n s  w h o lly  w ith o u t o rd e r, a n d  
c o n c e iv e  th a t  a  c o n s ta n t o r  re p e a te d  s tre ss  in  b o th  
lo n g itu d in a l a n d  tra n s v e rs e  d ire c tio n s  is  e x e r te d  o n  th is  
v e sse l. I t  w o u ld  re s u lt  th a t  a ll th o s e  f ib re s  ly in g  in  th e  
a b so lu te  o r  a p p ro x im a te  d ire c tio n s  o f  th e s e  s tre sse s  w o u ld  
b e  m o s t  s tre tc h e d  a n d  w o u ld  in  c o n s e q u e n c e  o f  th e ir  
tro p h ic  ir r i ta b ili ty  most rapidly e n la rg e  a n d  in c re a s e  w ith  
sp ec ia l ra p id ity . N o w  b y  th e  re p e tit io n  a n d  in h e r ita n c e  o f  
th is  re s u lt  o f  u se  i t  w o u ld  f in a lly  c o m e  a b o u t in  th e  c o u rse  
o f  g e n e ra tio n s  th a t  a ll th e  f ib re s  s itu a te d  in  o th e r  
d ire c tio n s  to  th e  s tre sse s  w o u ld  d ie  o u t,a n d  th u s  a  d e f in ite  
lo n g itu d in a l a n d  t ra n s v e rs e  a r ra n g e m e n t o f  f ib re s  in  th e
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w a lls  o f  th e  v e s se l re su lt. W ith o u t d o u b t, h o ld s  P la te , 
m u c h  a d v a n c e  is  w o n  in  th is  w ay , b u t  th is  sp e c ia lis a tio n  o f  
s tru c tu re  is  n o t  a  re s u lt  o f  in tra -s tru g g le  b u t  re s ts  o n  th e  
e le m e n ta ry  a ttr ib u te  o f  t ro p h ic  ir r ita b ility . N o t  th e  b e s t-  
q u a lif ie d  b u t  th e  b e s t- s i tu a te d  f ib re s  h a v e  v a n q u is h e d  th e  
o th e rs  b y  ro b b in g  th e m  o f  fo o d  a n d  th u s  f in a lly  d e s tro y in g  
th e m . In  th e  se c o n d  p la c e , "m a n y  in n e r  s tru c - tu re s  b e lo n g  
to  th e  g re a t  c a te g o ry  o f  p a s s iv e  a d a p ta tio n s ; th e y  fu n c tio n  
o n ly  th ro u g h  th e ir  p re s e n c e  a n d  c a n n o t th u s  b e  fu r th e r  
d e v e lo p e d  b y  u s e  o r  d isu se , th a t  is , b y  fu n c tio n a l s tim u li, 
b u t  o n ly  b y  n a tu ra l se le c tio n . H e re  b e lo n g , fo r  e x a m p le , 
th e  s tra tif ic a tio n  o f  th e  le n s  in  th e  h u m a n  ey e , th e  
a p o d e m e s  ( in n e r  p ro je c tio n s  o f  th e  c h itin is e d  c u tic u la )  
w h ic h  p ro te c t th e  v e n tra l n e rv e -c o rd  o f  th e  c ra b s , th e  
c h itin  h o o k s  w h ic h  h o ld  to g e th e r  th e  fo re  a n d  h in d  w in g s  
o f  m a n y  in se c ts , a n d  th e  s im ila r  s tru c tu re s  w h ic h  b in d  
to g e th e r  th e  s e c o n d a ry  b ra n c h e s  o f  th e  fe a th e r  v a n e s  o f  
b ird s . T h e se  in n e r  a d a p ta tio n s  c a n n o t h a v e  re su lte d  
th ro u g h  th e  in f lu e n c e  o f  l ig h t o r  o f  n e rv o u s  fu n c tio n  o r  
flig h t. T h e re  is  b u t  o n e  e x p la n a tio n  p o ss ib le ; n a m e ly , th a t  
n a tu ra l se le c tio n  h a s  s e iz e d  o n  a n d  d e v e lo p e d  fo r tu ito u s ly  
a p p e a r in g  g e rm in a l v a r ia tio n s . B u t i f  n a tu ra l s e le c tio n  ca n  
p ro d u c e  su ch  in n e r  a d a p ta tio n s  w h y  c a n  i t  n o t  th e n  
p ro d u c e  a ll th e  o th e rs  ?"

F if th , P la te  p o in ts  o u t th a t  R o u x 's  th e o ry  is  b a s e d  
o n  th e  in h e r ita n c e  o f  th o s e  sp e c ia l b o d y  c h a ra c te rs  w h ic h  
a re  a c q u ire d  th ro u g h  th e  b a t t le  o f  th e  p a r ts  —  m o re  
r ig h tly , P la te  h o ld s ,th ro u g h  fu n c tio n a l a d a p ta b le , —  so 
th a t  to  a c c e p t th e  th e o ry , o n e  h a s  to  d e c la re , to  th a t  d eg ree , 
a  b e l ie f  in  th e  in h e r ita n c e  o f  a c q u ire d  c h a ra c te rs .T h u s  
f ro m  th e  sta rt, th e  n e o -D a rw in ia n s  c a n n o t a c c e p t th e  
th e o ry .

A f te r  a ll w h a t  is  th is  th e o ry  o f  R o u x 's  b u t  a 
re f in e m e n t, a  sp ec ia l ca se , o f  th e  b ro a d e r  a n d  m o re  
g e n e ra l lo n g -k n o w n  L a m a rc k ia n  th e o ry  o f  th e  m o d ify in g  
a n d  fo rm a tiv e  in f lu e n c e  o f  u s e  a n d  d isu se , a c c u m u la te d
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th ro u g h  in h e r ita n c e ?  T h a t is , i f  w e  a c c e p t P la te 's  a n a ly s is  
th a t  th e  th e o ry  is  re a lly  n o t  o n e  o f  a  b a tt le  o f  th e  p a rts , b u t  
o f  th e  e ffe c ts  o f  fu n c tio n a l s tim u li. A n d  h o w e v e r  th e  
p ro p o s e r  o f  th e  th e o ry  m a y  p ro te s t  a g a in s t su c h  an  
a p p a re n t v io le n t  se ttin g  o v e r  o f  i t  f ro m  th e  c a te g o ry  o f  
s e le c tio n  (D a rw in ia n )  th e o r ie s  in to  th a t  o f  th e  in h e r ita n c e  
o f  u se  (L a m a rc k ia n )  th e o r ie s , I  b e l ie v e  th a t  m o s t  o f  u s  w ill 
see  th e  ju s tn e s s  o f  P la te 's  a n a ly s is . I  d o  n o t  b e lie v e  th a t  
R o u x 's  th e o ry  in  a n y  w a y  s tre n g th e n s  th e  se le c tio n  
c o n c e p tio n . T o  m y  m in d , in d e e d , i t  is  s im p ly  a  c o n c e s s io n  
o f  th e  in a d e q u a c y  o f  se le c tio n  to  in itia te  a d a p ta tio n , a n d  a 
w e lc o m e  a n d  s a tis fy in g  e x p la n a tio n  o f  h o w  su ch  an  
in it ia tio n  m a y  o c c u r  in  m a n y  c ase s , in  c e r ta in  c a se s , th a t  
is, o f  a c tiv e  a d a p ta tio n s . P la te 's  a rg u m e n t th a t  n a tu ra l 
s e le c tio n  m u s t b e  th e  o n ly  e x p la n a tio n  fo r  th e  c a se s  o f  
p a s s iv e  a d a p ta tio n s ' a n d  h e n c e  m a y  b e  h e ld  c a p a b le  fo r  
a c c o u n tin g  fo r  th e  a c tiv e  o n es , h a s  n o  c o n v ic tio n  fo r  m e, 
fo r  I  d o  n o t  b e lie v e  th a t  n a tu ra l se le c tio n  is  th e  o n ly  
p o ss ib le  e x p la n a tio n  o f  th e  p a s s iv e  cases . In  fac t, I  c a n n o t 
c o n c e iv e  i t  to  b e  a  p o s s ib le  e x p la n a tio n  o f  th e  initiation o f 
these cases. A n d  I  am  g la d  to  f in d  in  R o u x 's  th e o ry  —  
e v e n  i f  i t  b e  n o t  e x a c tly  a p p lie d  in  R o u x 's  o w n  se n se  —  a 
m e c h a n ic a l e x p la n a tio n  o f  th e  p o s s ib il i ty  o f  in it ia tin g  
c e r ta in  f in e  a n d  d e lic a te  in n e r  a d a p ta tio n s .

Organic Selections in te re s t in g  a tte m p t to  e sc a p e  
f ro m  th e  d if f ic u ltie s  w h ic h  a re  im p o s e d  o n  o n e  b y  an  
a b so lu te  a d h e re n c e  to  W e is m a n n 's  d o c tr in e  o f  th e  
im p o s s ib il i ty  o f  th e  in h e r ita n c e  o f  a c q u ire d  c h a ra c te rs  
c o u p le d  w ith  a  b e l ie f  in  th e  in a d e q u a c y  o f  th e  s lig h t 
f lu c tu a tin g  g e rm in a l v a r ia t io n s  to  a ffo rd  h a n d le s  fo r  th e  
a c tio n  o f  n a tu ra l se le c tio n , is  th e  th e o ry  v a r io u s ly  c a lle d  
o rg a n ic  se le c tio n , o r  o r th o p la sy , p ro p o s e d  b y  B a ld w in  8 
a n d  O sb o rn  9 in  A m e ric a , a n d  L lo y d  M o rg a n  10 in  E n g la n d . 
T h is  th e o ry , w h ic h  m ig h t a lso  b e  c a lle d  o n e  o f  
"o n to g e n e tic  se le c tio n ,"  o r  o f  "c o in c id e n t se le c tio n ,"  is  
th a t  th e  p e rso n a l se le c tio n , o r  in d iv id u a l su rv iv a l, a m o n g
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in d iv id u a ls  o f  a  sp e c ie s  d o e s  n o t  n e c e s s a r i ly  d e p e n d  so le ly  
u p o n  c o n g e n ita l  v a r ia t io n  b u t  m a y , m u s t, in d e e d , d e p e n d  
o n  an y  o n to g e n e tic a lly  a c q u ire d  a d a p ta tio n s  as  w e ll. A s  in  
m a n y  c a se s  th e s e  o n to g e n e tic  a d a p ta tio n s  a re  
c o n s id e ra b le , th e y  w ill o f te n  c a rry  in d iv id u a ls  th ro u g h  
v e ry  c r itic a l p e r io d s  in  th e ir  liv e s . B u t th e  in d iv id u a ls  
s h o w in g  th e s e  o n to g e n e tic  a d a p ta tio n s  in  b e s t  d e g re e  w ill 
b e  th o s e  w h ic h  a c tu a lly  p o s s e s s  c e r ta in  s lig h t c o n g e n ita l 
v a r ia tio n s , e sp e c ia lly  o f  th e  n e rv o u s  sy s te m  o r 
c o o rd in a tin g  n e rv e  c e n tre s , "w h ic h  le n d  th e m s e lv e s  to  
in te ll ig e n t in it ia tiv e , a d a p tiv e , o r  m e c h a n ic a l m o d if ic a tio n  
d u r in g  th e  l i fe tim e  o f  th e  c re a tu re s  w h ic h  h a v e  th e m ."  T h e  
o n to g e n e tic  a d a p ta tio n s  m a y  o c c u r  re g u la r ly  in  th e  liv e s  o f  
s u c c e s s iv e  g e n e ra tio n s  o f  in d iv id u a ls  i f  th e  e n v iro n m e n t 
re m a in s  fa ir ly  c o n s ta n t. D u r in g  th e s e  su c c e ss iv e  
g e n e ra tio n s  th e  c o n g e n ita l  v a r ia t io n s  o f  b ra in , say , w h ic h  
m a k e  th e  su c c e ss fu l o n to g e n e tic  a d a p ta tio n s  p o ss ib le , w ill 
b y  s e le c tio n  o f  th e  b e s t  o n to g e n e tic a lly  v a ry in g  
in d iv id u a ls  b e  th e m s e lv e s  se le c te d , a n d  th e  sp e c ie s  th u s  
g ra d u a lly  b e  m o d if ie d  in  a  d e te rm in a te  d ire c tio n . A lso  
c o n g e n ita l v a r ia tio n s  o f  n e a r ly  th e  sa m e  n a tu re  a s  th e  
o n to g e n e tic  v a r ia tio n s , o r  o f  a  n a tu re  to  su p p ly  th e  sa m e  
n e e d , w ill h a v e  t im e  ( th a t is, m o re  ch a n c e , b e c a u s e  o f  th e  
lo n g e r  tim e  a n d  re p e a te d  g e n e ra tio n s )  to  a p p ea r. In  th is  
c a se  th e s e  a d v a n ta g e o u s  v a r ia t io n s  c a n  b e  tra n s m itte d  
d ire c tly  b y  h e re d ity , a n d  th u s  a  p e rm a n e n t a d a p ta tio n  b e  
e f fe c te d  w h ic h  w ill se e m  to  b e  th e  re s u lt  o f  th e  in h e r ita n c e  
o f  a n  a c q u ire d  c h a ra c te r  (i. e; th e  s im ila r  o n to g e n e tic  
m o d if ic a tio n s )  b u t  w h ic h  in  re a li ty  is  o n ly  th e  n o rm a l 
in h e r ita n c e  o f  a  c o n g e n ita l  v a r ia tio n .

In  th e  la n g u a g e  o f  a ll th e  sp o n so rs  fo r  th is  th e o ry  
th e re  se e m s  to  b e  a  s u g g e s tio n  o f  th e  p i l in g  u p  o r  a d d in g  
to g e th e r  o f  c o n g e n ita l  v a r ia tio n s , n o t  s im p ly  th o s e  o f  b ra in  
o r  o th e r  c o n tro l c e n tre  w h ic h  m a k e  th e  o n to g e n e tic  
m o d if ic a tio n s  p o s s ib le , b u t  a lso  o f  th e s e  m o d if ic a tio n s  
th e m s e lv e s  d u r in g  th e  su c c e s s iv e  g e n e ra tio n s  th ro u g h
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w h ic h  th e  sp e c ie s  is  sa fe ly  c a rr ie d  b y  th e  te m p o ra ry  
re g u la r ly  a p p e a r in g  o n to g e n e tic  a d a p ta tio n s . B u t th e re  is  
n o th in g  in  s tr ic t n e o -D a rw in is m  to  p e rm it o f  a n y  su c h  id e a  
o f  in c re a se . S u ch  m o v in g  fo rw a rd  w ith o u t  th e  a id  o f  
s e le c tio n  c a n  o n ly  b e  e x p la in e d  b y  th e  a d o p tio n  o f  so m e  
th e o ry  o f  o r th o g e n e s is . E i th e r  th e  c o n g e n ita l  v a r ia t io n s  a re  
o f  su c h  a  c h a ra c te r  th a t  th e  r e s u ltin g  o n to g e n e tic  
m o d if ic a tio n s  a re  n o t  fa ir ly  to  b e  d is tin g u ish e d  f ro m  th e m , 
in  w h ic h  ca se  th e y  a re  a s su m e d  to  b e  la rg e  e n o u g h  fro m  
th e  s ta r t to  a ffo rd  h a n d le s  f o r  n a tu ra l s e le c tio n  (w h ic h  th e  
p ro p o s e rs  o f  th e  th e o ry  a re  n o t  c la im in g ) , o r  th e y  d e p e n d  
fo r  th e ir  p re s e rv a tio n  o n  a  k in d  o f  h a p p y  c o in c id e n c e  in  
o c c u rre n c e  w ith  s im ila r  m o re  e ffe c tiv e  o n to g e n e tic  
m o d if ic a tio n s  w h ic h  a re  re a lly  la rg e  e n o u g h  to  sa v e  th e  
life  o f  th e  o rg a n ism  a n d  h e n c e  th e  s lig h t c o n g e n ita l 
v a r ia t io n s  a lo n g  th e  sa m e  lin e . B u t in  th is  la t te r  ca se  
o rg a n ic  se le c tio n  c a n n o t d e m a n d  m u c h  d isc u s s io n  u n til  it  
e x p la in s  a w a y  a  ra d ic a l f a il in g  p o in te d  o u t c le a r ly  b y  
D e la g e  a n d  P la te . T h is  is  s im p ly  th a t, in  th e  fa c e  o f  th e  
la rg e  c h a ra c te r  w h ic h  o n to g e n e tic  a d a p ta tio n  m a y  an d  
o f te n  d o e s  p o sse ss , th o s e  in d iv id u a ls  in  w h ic h  th e  s lig h t 
c o n g e n ita l v a r ia tio n s  in  th e  r ig h t d ire c tio n  f in a lly  a p p e a r  
w ill h a v e  n o  sp e c ia l a d v a n ta g e  o v e r  th o s e  in  w h ic h  th e y  
d o  n o t  a p p e a r; th e  la rg e  a n d  e ffe c tiv e  c h a ra c te r  o f  th e  
o n to g e n e tic  a d a p ta tio n s , w h ic h  a re  c o m m o n  to  b o th  k in d s  
o f  in d iv id u a ls , b e in g  q u ite  su ff ic ie n t to  d e te rm in e  th e  
re s u lt  o f  p e rso n a l se le c tio n . T h e  c o n g e n ita l v a r ia t io n s  w ill 
b e  to o  sm all in  c o m p a r iso n  w ith  th e  o n to g e n e tic  v a r ia tio n s  
to  c u t an y  f ig u re  in  th e  fa te  o f  th e  in d iv id u a ls , a n d  th e re  is  
n o  re a so n  a t  a ll to  b e lie v e  th a t  in d iv id u a ls  s h o w in g  th e  
s lig h t c o n g e n ita l v a r ia t io n s  in  th e  r ig h t d ire c tio n  w ill b e  
th e  o n ly  o n e s  to  sh o w  th e  sa v in g  la rg e  o n to g e n e tic  
a d a p ta tio n s . P la te  su g g e s ts  th e  fo llo w in g  c a se  to  sh o w  th e  
in u til i ty  o f  th is  th e o ry : S u p p o se  an  a n te lo p e  sp e c ie s  to  
h a v e  a  le g  m u s c le  a v e ra g in g  se v e n  cm . in  th ic k n e s s , an d  
se v e ra l in d iv id u a ls  to  sh o w  a  c o n g e n ita l  v a r ia t io n  b r in g in g
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th e  le g  m u s c le  u p  to  e ig h t cm . o f  th ic k n e s s . N o w  i f  it 
re q u ire s  a  le g  m u sc le  o f  e ig h t cm . fo r  sa fe ty , as a  m a tte r  o f  
fa c t  a lm o s t all th e  in d iv id u a ls  o f  th e  sp e c ie s  w ill q u ic k ly  
b r in g  th e ir  le g  m u s c le s  u p  to  th a t  s iz e  b y  u se . B u t su p p o se  
th e  ac tu a l n e e d  fo r  s a fe ty  w a s  a  le g  m u s c le  o f  fo u r te e n  
cm ., th e n  o n ly  th o s e  in d iv id u a ls  sp e c ia lly  c a p a b le  o f  th a t  
o n to g e n e tic  a d a p ta tio n , i. e. (m o d if ic a tio n  o f  th e  le g  
m u sc le  b y  u s e  a n d  t ro p h ic  ir r ita b ili ty ) , u p  to  fo u r te e n  cm ., 
w o u ld  b e  sav ed ; a n d  u n d o u b te d ly  a m o n g  th e s e  th e  o rig in a l 
e ig h t cm . in d iv id u a ls  o u g h t to  s ta n d  in  s lig h tly  h ig h e r  
n u m e ric a l p ro p o r tio n  (in  r e g a rd  to  th e ir  o rig in a l n u m e ric a l 
s ta n d in g  in  th e  sp e c ie s )  th a n  th e  o r ig in a lly  se v e n  cm . 
in d iv id u a ls . S in ce , h o w e v e r , th e s e  e ig h t cm . in d iv id u a ls  
o r ig in a lly  e x is te d  o n ly  in  c o m p a ra tiv e ly  sm all n u m b e r , 
a n d  s in c e  th e y  p o s s e s s  n o  sp e c ia l m e a n s  o f  re c o g n is in g  
e a c h  o th e r  a n d  d is t in g u is h in g  e a c h  o th e r  f ro m  th e  o rig in a l 
se v e n  cm . in d iv id u a ls , m ix e d  m a tin g  w ill in e v ita b ly  so o n  
sw a m p  th e  o r ig in a l c o n g e n ita l in c re a s e  o f  o n e  cm . In  
m u sc le  th ic k n e ss .

In  c o n n e c tio n  w ith  th e  e x p la n a tio n  o f  th is  th e o ry  it 
w ill c e r ta in ly  o c c u r  to  so m e  o f  m y  re a d e rs , as  i t  h a s  to  m e, 
to  a sk  i f  i t  is  n o t  a  d a n g e ro u s  p ro p o sa l to  g iv e  to  
o n to g e n e tic  a d a p ta tio n s  a  g re a te r  w o r th  in  d e c id in g  th e  
fa te  o f  in d iv id u a ls  d u r in g  th e  s tru g g le  fo r  e x is te n c e  th a n  
th e  c o n g e n ita l v a r ia tio n s . Is  th is  n o t  p ro p o s in g  to  ta k e  
a w a y  f ro m  th e  f lu c tu a tin g , in d iv id iu a l, so -c a lle d  
D a rw in ia n  v a r ia t io n s  p ra c tic a lly  a ll w o r th  a n d  c a p a c ity  
e x c e p t as th e y  a re  o f  im m e d ia te  u s e  to  th e  ju s t-b o rn  
in d iv id u a ls , i. e; b e fo re  th e  o n to g e n e tic  a d a p ta tio n s  h a v e  
b e e n  a b le  to  d e v e lo p  ? In d e e d , w h y  is  it  n o t  a  p e rfe c tly  
le g itim a te  a n d  a  se r io u s  c r itic ism  o f  c o n g e n ita l f lu c tu a tin g  
v a r ia t io n s  th a t  th e y  m u s t  b e  o v e rsh a d o w e d , h id d e n , a n d  
o v e rw h e lm e d  b y  th e  q u ic k  a n d  la rg e  o n to g e n e tic  o r  
in d iv id u a l m o d if ic a t io n  o f  w h ic h  p ra c tic a lly  a ll o rg a n ism s  
a re  c a p a b le ?  W h y  w ill n o t  th o s e  in d iv id u a ls  b o rn  w ith  th e  
b e t te r  a n d  la rg e r  c a p a c ity  to  a d a p t th e m s e lv e s  d u r in g  th e ir
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o n to g e n y  to  th e ir  n e e d s  w in  in  t l ie  s tru g g le  fo r  e x is te n c e  
ra th e r  th a n  th o s e  b o rn  w ith  p re d e te rm in e d  s lig h tly  la rg e r  
leg , s lig h tly  s tro n g e r  m u sc le , e tc .?  W h a t is  n e e d e d  is  
c a p a c ity  to  d e v e lo p  b y  u s e  a n d  fu n c tio n a l s tim u lu s  a  m u c h  
s tro n g e r  m u sc le , a  m u c h  sw if te r  f l ig h t th a n  th e  a v e rag e . 
T h o se  in d iv id u a ls  th a t  a re  c a p a b le  o f  su c h  c o n s id e ra b le  
a n d  re a lly  w o r th  w h ile  o n to g e n e tic  a d a p ta tio n  w ill w in  in  
th e  s tru g g le  fo r  e x is te n c e ; a n d  w h ile  th e y  m a y  n o t  h a n d  
d o w n  b y  in h e r ita n c e  th e ir  a c tu a lly  a c q u ire d  c h a ra c te rs , 
w ill th e y  n o t  h a n d  d o w n  th e ir  in h e r ite d  c o n g e n ita l 
c a p a c ity  fo r  c o n s id e ra b le  a n d  e ffe c tiv e  o n to g e n e tic  
a d a p ta tio n  ?

A P P E N D IX .

1 F o r  a  fa ir ly  c o m p le te  b ib lio g ra p h y , w ith  
a b s tra c ts , o f  a ll th e  im p o r ta n t  d is c u s s io n s  o f  sp e c ie s -  
fo rm in g  th e o r ie s  p u b lis h e d  s in c e  1895 , see  L'Annee 
Biologique (ed . Y . D e la g e ) . F o r  b ib lio g ra p h y  an d  
a b s tra c ts , a lso  see  Zoologischer Jahresbericht, is su e d  
a n n u a lly  b y  th e  N a p le s  Z o o lo g ic a l S ta tio n . S ee  a lso  
d is c u s s io n s  a n d  n o te s  in  v a r io u s  b io lo g ic a l jo u rn a ls , as 
Biologisches Centralblatt, Natural Science (n o w  
d isc o n tin u e d ) . Nature, Science, American Naturalist, e tc.

2 F o r  a  c a re fu l a c c o u n t a n d  d is c u s s io n  o f  
W e is m a n n 's  w o rk  a n d  th e o r ie s  a s  f a r  as  d e v e lo p e d  u p  to  
1893 , see  R o m a n e s , "A n  E x a m in a tio n  o f  W e ism a n n ism ,"  
1893 . W e is m a n n 's  p re s e n t-d a y  p o s itio n  a n d  h is  a rg u m e n ts  
fo r  th e  se le c tio n  th e o r ie s  a re  se t o u t in  h is  "V o rtra g e  f ib e r  
d ie  D e s c e n d e n z th e o r ie ,"  2  v o ls ., 1902 , w h ic h  w e  m a y  lo o k  
o n  as c o n s titu tin g  a  m a n u a l o f  n e o -D a rw in ism . tre a t in g  all 
th e  m o re  fa m ilia r  b io n o m ic  p h e n o m e n a  a n d  c o n d itio n s  as  
e x p la in e d  b y  se le c tio n . T h e  fo llo w in g  is  a  c h ro n o lo g ic a l 
l is t  o f  th e  m o re  im p o r ta n t  o f  W e is m a n n 's  p u b lic a tio n s :
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"U b e r  d ie  B e re c h tig u n g  d e r  D a rw in 's c h e n  
T h e o rie ,"  1868 . "U b e r  d e n  E in f lu s s  d e r  Is o liru n g  a u f  d ie  
A rtb ild u n g ,"  1872 . "S tu d ien  z u r  D e s c e n d e n z th e o r ie :  I, 
U b e r  d e n  S a iso n -D im o rp h ism u s  d e r  S c h m e tte r lin g e ,"  
1875 . "U b e r  d ie  D a u e r  d e s  L e b e n s ,"  1882 . "U b e r  d ie  
V e re rb u n g ,"  1883.

"U b e r  L e b e n  u n d  T o d ,"  1884.
"D ie  C o n tin u ita t  d e s  K e im p la s m a s  a ls  G ru n d la g e  

e in e r  T h e o r ie  d e r  V e re rb u n g ,"  1885.
"U b e r  d e n  R u c k s c h r i t t  in  d e r  N a tu r ."  1886.
"U b e r  d ie  B e d e u tu n g  d e r  S e x u e lle n  F o r tp f la n z u n g  

fu r  d ie  S e le c tio n s th e o rie ,"  1887.
"U b e r  d ie  Z a h l d e r  R ic h tu n g s k o rp e r  u n d  f ib e r  ih re  

B e d e u tu n g  fu r  d ie  V e re rb u n g ,"  1887.
"B o ta n isc h e  B e w e is e  fu r  e in e  V e re rb u n g  

e rw o rb  e n e r  E ig e n s c h a f te n ," 1888.
"U b e r  d ie  H y p o th e s e  e in e r  V e re rb u n g  v o n  

V e r le tz u n g e n ,"  1889 .
"B e m e rk u n g e n  z u  e in ig e n  T a g e s  P ro b le m e ,"  1890.
"G e d a n k e n  f ib e r  M u s ik  b e i T ie re n  u n d  b e im  

M e n sc h e n ."  1890.
"A u fsa tz e  f ib e r  V e re rb u n g  u n d  v e rw a n d te  

B io lo g ie ,"  1892. (T h is  in c lu d e s  th e  e le v e n  p re c e d in g  
p a p e rs  n o w  p u b lis h e d  in  b o o k fo rm .

T h e se  e s sa y s  h a v e  a lso  b e e n  tra n s la te d  in to  F re n c h , 
b y  H . d e  V a r ig n y ,a n d  p u b lis h e d  u n d e r  th e  title : "E ssa is  su r 
1 'H e re d ite  e t la  S e le c tio n  N a tu re lle ,"  1892 ; a n d  a lso  in  
E n g lis h  as "E ssay s  u p o n  H e re d ity  a n d  K in d re d  B io lo g ic a l 
P ro b le m s ,"  tra n s . a n d  ed. b y  P o u lto n ,S h o n e la n d , an d  
S h ip ley , 2  v o ls ., 1891 a n d  1893.

"A rn p h im ix is  o d e r  d ie  V e rm is c h u n g  d e r  
In d iv id u e n ,"  1891.

"D as K e im p la sm a ; e in e  T h e o r ie  d e r  V e re rb u n g ,"  
1892 ; E n g . tra n s ., b y  P a rk e r  a n d  R o n n fe ld t, a s  "T h e  G e rm - 
p la sm ; a  T h e o ry  o f  H e re d ity ,"  1893.
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"D ie  A llm a c h t d e r  N a tu rz u c h tu n g , e in e  
E rw id e ru n g  an  H . S p e n c e r,"  1893: a lso  in  E n g lis h  as "T h e  
A ll- s u f f ic ie n c y  o f  N a tu ra l S e le c tio n ,"  in  th e  Contemp. 
Review, V o l. L X IV , pp . 3 0 9 -3 3 8 , 5 9 6 -6 1 0 , 1893.

"T h e  E ffe c ts  o f  E x te rn a l In f lu e n c e s  u p o n  
D e v e lo p m e n t,"  R o m a n e s  L e c tu re s , 1894 ; a lso  in  G e rm a n  
as  " A u sse re  E in f lu s s e  a ls  E n tw ic k lu n g s re iz e ,"  1894.

"N e u e  G e d a n k e n  z u r  V e re rb u n g s fra g e ,"  1894.
"U b e r  G e rm in a l-S e le c tio n ."  in  Compt. Rendus, 3d  

C o n g re s s  In te rn a l Z o o l.. 1896: a lso , in  E n g lish , tra n s . an d  
ed. b y  M c -C o rm a c k ,a s  "O n  G e rm in a l S e le c tio n  as a 
S o u rc e  o f  D e f in i te  V a ria tio n ,"  1896.

"T h a tsa c h e n  u . A u s le g u n g e n  in  B e z u g  a u f  
R e g e n e ra tio n ,"  Anat. Anzeig., V o l. X V , 1899.

"V o rtra g e  f ib e r  D e s c e n d e n z th e o r ie ,"  2  v o ls ., 1902; 
a lso  in  E n g ., tra n s . b y  J. A . T h o m so n  as "L e c tu re s  o n  th e  
T h e o ry  o f  D e sc e n t."  2  v o ls ., 1904.

F o r  a  d e ta ile d  c ritic a l d is c u s s io n  o f  p a n m ix ia , see  
W o lff , "D e r g e g e n w a r tig e  S ta n d  d e s  D a rw in is m u s ,"  1896 .

4 V a r io u s  th e o r ie s  o f  u l t im a te  p ro to p la s m ic  
s tru c tu re  h a v e  b e e n  p ro p o s e d  to  e x p la in  w h a t is  n o t  re a lly  
k n o w n  a b o u t th is  su b s ta n c e .

T h e se  th e o r ie s  r e fe r  a lm o s t e x c lu s iv e ly  to  th e  
p h y s ic a l, r a th e r  th a n  th e  c h e m ic a l, m a k e -u p  o f  
p ro to p la s m ,a n d  fo r  th e  m o s t  p a r t  h a v e  b e e n  p ro p o s e d  w ith  
sp e c ia l a tte n tio n  to  th e  g e rm -p la sm , i. e ., th e  p ro to p la sm  
o f  th e  sp e rm  a n d  eg g -c e lls .

T h e  s p u r  to  th e  fo rm a tio n  o f  th e s e  th e o r ie s  is  th e  
n e c e s s ity  th a t  b io lo g is ts  h a v e  fe l t  im p o s e d  o n  th e m  fro m  
th e  b e g in n in g  o f  th e  s tu d y  o f  h e re d ity  a n d  d e v e lo p m e n t o f  
o ffe r in g  so m e  ra tio n a l e x p la n a tio n  o f  th o s e  p h e n o m e n a . 
T h a t f ro m  a  s in g le  g e rm -c e ll  fo rm e d  b y  th e  fu s io n  o f  a 
sp e rm -c e ll a n d  an  e g g -c e ll f ro m  d if fe re n t p a re n ts , a 
c o m p le te  n e w  o rg a n ism  c o m p o se d  o f  m illio n s  o f  c e lls  o f  
m a n ifo ld  v a r ie ty  o f  sp e c ia lis a tio n  a n d  a r ra n g e m e n t can  
d e v e lo p , is  w o n d e r  e n o u g h  ; b u t  th a t  th is  n e w  o rg a n ism
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sh a ll re p e a t  in  a ll its  p a r ts  w ith  e x tra o rd in a ry  f id e li ty  th e  
s tru c tu re  a n d  p h y s ic a l id io s y n c ra s ie s  o f  o n e , o r  sh o w  a 
c o m b in a tio n  o f  th e  c h a ra c te r is tic s  o f  b o th , o f  th e  
in d iv id u a ls  f ro m  w h ic h  c a m e  th e  o r ig in a l s in g le  sp e rm - 
a n d  s in g le  e g g -c e ll, a d d s  w o n d e r  to  w o n d e r . W h a t 
p h y s ic a l o r  s tru c tu ra l b a s is  is  th e re  in  th e  fe r ti l is e d  e g g ­
ce ll th a t  i t  c a n  re p re s e n t  in  its  t in y  s e lf  th e  w h o le  o f  a  g ia n t 
b o d y , l ik e  th a t  o f  an  e le p h a n t, w h o se  e v e ry  d e ta il i t  can , 
b y  a  p ro c e s s  o f  d e v e lo p m e n t u n d e r  su ita b le  e x tr in s ic  
c o n d itio n s  o f  te m p e ra tu re , fo o d -su p p ly , e tc ., r e p e a t  in  a 
n e w  c re a tu re . T h e  a n sw e rs  to  th is , a ll p u re ly  sp e c u la tiv e , 
o r  m o re  fa ir ly  th e o re tic a l,  b e c a u s e  so m e  o f  th e  a n sw e rs  a t 
le a s t h a v e  b e e n  g u a rd e d  in  th e ir  fo rm in g  b y  a ll th e  c a re  
w h ic h  a  r ig o ro u s  s c ie n tif ic  a tt i tu d e  to w a rd  h y p o th e s is  
d e m a n d s , a re  m a n y  a n d  v a r io u s , a n d  d a te  f ro m  th e  d a y s  o f  
th e  G re e k  p h ilo s o p h e rs  to  th e  p re s e n t  h o u r. I t  w o u ld  ta k e  
to o  m u c h  sp a c e  a n d  c a rry  u s  to o  fa r  a f ie ld  to  a tte m p t 
a n y th in g  lik e  an  e x p la n a to ry  l is t  o f  e v e n  a ll o f  th e  b e t te r  
k n o w n  o f  th e s e  g e n e ra l th e o r ie s  o f  th e  in v is ib le  u lt im a te  
s tru c tu re  o f  th e  g e rm -p la sm  h e re , b u t  b y  se le c tin g  se v e n  o r  
e ig h t ty p e s  o f  th e  p r in c ip a l c a te g o r ie s  o r  k in d s  o f  th e s e  
th e o r ie s , a n d  b r ie f ly  e x p la in in g  th e m , w e  m a y  h a v e  a t 
le a s t so m e  c o n c e p tio n  o f  th e  a ttitu d e  th a t  b io lo g is ts  ta k e  
to w a rd  th is  g re a t  p ro b le m . T h e  re a d e r  w h o  h a s  a  fa n c y  fo r  
fo llo w in g  th is  su b je c t fu r th e r  is  re fe r re d  to  th e  a d m ira b ly  
fu ll a n d  lu c id  tre a tm e n t o f  i t  in  D e la g e 's  g re a t w o rk , 
"L 'H e re d ite "  (z d  ed ., pp . 4 3 1 -7 7 2 , 1903).

M o s t  o f  th e s e  th e o r ie s  in c lu d e  m u c h  m o re  in  th e m  
th a n  a  s im p le  sp e c u la tio n  as to  th e  u lt im a te  s tru c tu re  o f  th e  
life -su b s ta n c e ; th e y  a tte m p t to  e x p la in  a ll th e  p h e n o m e n a  
o f  life , m o tio n , n u tr itio n , g ro w th , re p ro d u c tio n , 
d e v e lo p m e n t, h e re d ity , v a r ia tio n , e tc ., w ith  re fe re n c e  to  
so m e  a s su m e d  u lt im a te  m a k e -u p  o f  th e  p r im it iv e  life -  
su b s ta n c e , a n d  th e  re la tio n  o f  th is  s tru c tu re  to  th e  k n o w n  
p h y s ic o -c h e m ic a l fo rc e s  a n d  c o n d itio n s  o f  N a tu re . M o s t  
o f  th e  o ld e r  th e o r ie s  a s su m e d  a  p e c u lia r  v ita l fo rc e , w h ic h
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is  n o t  a s su m e d  in  th e  la te r  o n es , a lth o u g h  e x c e p tio n  m u s t 
b e  m a d e  to  th is  s ta te m e n t in  f a v o u r  o f  th e  p o in t  o f  v ie w  
h e ld  b y  th e  re c e n t  s o -c a lle d  n e o -V ita lis ts , th o s e  p re se n t-  
d ay  w o rk e rs  w h o  a d m it th e  h o p e le s s n e s s  o f  try in g  to  
re d u c e  a ll v ita l p h e n o m e n a  to  a  p h y s ic o -c h e m ic a l b a s is .

A n  o ld  ty p e  o f  th e o ry  o f  h e re d ity  a n d  s tru c tu re  o f  
th e  g e rm -p la sm , w id e ly  h e ld  in  th e  s e v e n te e n th  an d  
e ig h te e n th  c e n tu r ie s , is  th a t  o f  th e  " e n c a se m e n t o f  th e  
g e rm "  in  o n e  o f  th e  g e rm -c e lls , e ith e r  th e  sp e rm a to z o id  o r 
th e  egg . T h e  e sse n tia l p a r t  o f  th is  th e o ry  is  th a t  th e  n e w  
o rg a n ism  is  a s su m e d  a c tu a lly  to  e x is t  in  m in ia tu re , w ith  all 
its  p a r ts  p re se n t, in  o n e  o f  th e  g e rm -c e lls , a n d  in  th is  
m in ia tu re  b o d y  m u s t  e x is t, b y  re p e a te d  e n c a se m e n t, a ll its  
fu tu re  p ro g e n y . W h e th e r  th e  b e lie v e r  in  th is  th e o ry  
c o n s id e re d  th e  t in y  n e w  c re a tu re , o n ly  n e e d in g  to  sw ell 
a n d  g ro w  to  b e  c o m p le te , to  b e  e n c a se d  in  th e  sp e rm -c e ll 
o r  th e  e g g -c e ll, ra n k e d  h im  re s p e c tiv e ly  w ith  th e  
s p e rm a tis ts  o r  th e  o v a lis ts . A  v ig o ro u s  s tr ife  ra g e d  
b e tw e e n  th e s e  tw o  fa c tio n s  a m o n g  th e  u p h o ld e rs  o f  th is  
s im p le  a n d  e f fe c tiv e  e x p la n a tio n  o f  h e re d ity  w h ic h  le d  to  
c e r ta in  in te re s tin g  c o m p ro m ise s . A  c o m m o n ly  h e ld  o n e  
w a s  th a t  th e  sp e rm -c e ll fu rn ish e d  th e  sp ir itu a l e le m e n t, th e  
e g g -c e ll th e  m a te r ia l  an d  m e c h a n ic a l e le m e n ts  o f  th e  n e w  
c re a tu re . A n o th e r , h e ld  b y  L in n a e u s , th e  g re a t b o ta n is t  an d  
fa th e r  o f  b io lo g ic a l  c la s s if ic a tio n , w a s  th a t, in  p la n ts , th e  
e g g  (o v u le )  fu rn is h e d  th e  in te rn a l a n d  re p ro d u c tiv e  o rg a n s , 
w h ile  th e  sp e rm -c e ll (p o lle n )  fu rn is h e d  th e  e x te rn a l an d  
v e g e ta tiv e  p a rts . D e  C a n d o lle , a n o th e r  g re a t  b o ta n is t , h e ld  
ju s t  th e  re v e rse  o f  th is  v iew . A ll th e s e  th e o r ie s  o f  an  ac tu a l 
e n c a s e m e n t in  th e  g e rm -c e lls  o f  a  w h o le  o r  p a r t  o f  a  n e w  
o rg a n ism  w e re  n o t  m e re  g u e sse s , b u t  w e re  b a s e d  o n  w h a t 
m e n  th o u g h t th e y  sa w  th ro u g h  th e ir  m ic ro sc o p e s . T h e  
lo n g  re ig n  o f  th e s e  th e o r ie s , n o w  sh o w n  to  b e  u tte r ly  
a b su rd , i l lu s tra te s  w e ll th e  c o n s ta n t d a n g e r  w h ic h  a tte n d s  
o u r  a tte m p ts  in  a ll b io lo g ic a l s tu d y  to  in te rp re t w h a t  w e  
see  w h e n  w o rk in g  a t th e  l im its  o f  v is ib ility . W ith  o u r
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m u c h - im p ro v e d  m ic ro s c o p e s  w e  la u g h  a t th e  fa n ta s ie s  
w h ic h  th e  m ic ro s c o p ic  v is io n  o f  o u r  e ig h te e n th -c e n tu ry  
c o -w o rk e rs  ra is e d  u p . W h o  m a y  say  th a t  o u r  o w n  
in te rp re ta tio n s  o f  p la s m -s tru c tu re  m a y  n o t  seem  as a b su rd  
to  th e  b io lo g is ts  o f  th e  n e x t  ce n tu ry ?

B y  fa r  th e  g re a t m a jo r ity  o f  th e o r ie s  o f  u lt im a te  
p ro to p la s m ic  s tru c tu re  b e lo n g  to  w h a t D e la g e  c a lls  th e  
c a te g o ry  o f  th e o r ie s  o f  m ic ro m e rism . W h ic h  m e a n s  s im p ly  
th a t  a ll th e s e  th e o r ie s  a s su m e  a  c o m p o s itio n  o f  th e  p la sm  
o u t o f  m in u te  u l tra -m ic ro s c o p ic  u n its  o f  s tru c tu re , w h ic h  
a re  a lso  u n its  o f  life , fo r  a ll th e s e  u n its  a re  p re s u m e d  to  b e  
e n d o w e d  w ith  th e  e s se n tia l life -a ttr ib u te s . T h e se  u n its  m a y  
b e  lo o k e d  on , as  th e y  w e re  b y  B u ffo n , as u n iv e rsa l, 
in d e s tru c tib le , h e n c e  im m o rta l, p a r tic le s , o r, as  th e y  a re  in  
m o s t o f  th e  m ic ro m e ric  th e o r ie s , as  l iv in g  p a r tic le s  w h ic h  
a re  d e s tro y e d  w ith  th e  d e a th  o f  th e  o rg a n ism  w h ic h  th e y  
c o m p o se . In  th is  la t te r  ty p e  o f  a s s u m p tio n  th e  u n its  a re , 
a c c o rd in g  to  so m e  th e o r ie s , a ll o f  th e  sa m e  n a tu re , all 
e x e rc is in g  an  e q u a l in f lu e n c e  in  d e te rm in in g  th e  c h a ra c te r  
o f  a  d e v e lo p in g  o rg a n ism  (S p e n c e r , H a a c k e , H is , C o p e )  ; 
o r  th e y  a re , as a s su m e d  in  o th e r  th e o r ie s , o f  v a r io u s  
c h a ra c te r  a n d  c h a rg e d  w ith  v a r io u s  fu n c tio n s . T h is  la tte r  
k in d  o f  u n it  is  h e ld  b y  so m e  a u th o rs  to  b e  a c tu a lly  
r e p re s e n ta tiv e  e ith e r  o f  a n c e s tra l p la sm a s  (W e ism a n n )  o r  
o f  th e  ac tu a l b o d y -c e lls  o f  th e  p a re n t  (D a rw in , G a lto n , 
B ro o k s , H a lle z ) , o r  o f  e le m e n ta ry  c h a ra c te r is tic s  an d  
fu n c tio n s  o f  th e  o rg a n ism  (N a g e li, K o llik e r , d e  V rie s , 0. 
H e r tw ig ) , o r  a t th e  sa m e  tim e  o f  b o th  b o d y -p a r ts  an d  
e le m e n ta ry  c h a ra c te r is tic s  (W e ism a n n 's  la te s t  th e o ry ) .

B u ffo n 's  th e o ry  a ssu m e d  th a t  " th e  s u b s ta n c e  o f  
w h ic h  o rg a n ism s  a re  c o m p o s e d  d iffe rs  e s se n tia lly  f ro m  
th a t  w h ic h  c o m p o se s  th e  in o rg a n ic  b o d ie s . O rg a n is m s  a re  
c o m p o s e d  o f  sp e c ia l p a r tic le s , th e  organic molecules. 
T h e se  m o le c u le s  a re  u n iv e rs a l a n d  in d e s tru c tib le : 
u n iv e rsa l in  th a t  th e y  e x is t  e v e ry w h e re  w h e re  l ife  h a s  
acc e ss , in d e s tru c tib le  in  th a t  d e a th  a n d  th e  d is so lu tio n
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w h ic h  fo llo w s  d e s tro y  th e  o rg a n ism s , b re a k  d o w n  th e  
m o le c u la r  c o m b in a tio n s  w h ic h  c o n s titu te  th e m . b u t  d o  n o t 
re a c h  th e  m o le c u le s  th e m se lv e s . T h e se  a re  o n ly  se p a ra te d , 
p u t  a t lib e r ty , b u t  re m a in  re a d y  to  e n te r  in to  n e w  
g ro u p in g s . W h ile  th e y  c a n n o t b e  d e s tro y e d , n e ith e r  d o  
th e y  in c re a s e  in  n u m b e rs . T h e y  fo rm  n o th in g  a c tu a lly  
n ew , e ith e r  sp o n ta n e o u s ly , o r  b y  m e a n s  o f  o ld  o n es , so  
th a t, m e a s u re d  b y  th e s e  o rg a n ic  m o le c u le s , th e  to ta l 
q u a n tity  o f  l ife  in  th e  u n iv e rs e  is  in v a ria b le "  (D e la g e ) . 
N e a r ly  a  h u n d re d  y e a rs  la te r  B e c h a m p  (1 8 8 3 )  p ro p o s e d  a 
th e o ry  s im ila r  to  B u ffo n 's  in  w h ic h  h e  a s su m e d  th e  
c o m p o s itio n  o f  o rg a n ism s  o u t o f  m in u te  e le m e n ta ry  liv in g  
p a r tic le s  c a lle d  microzymcs. L ik e  B u tto n s  organic 
molecules th e y  a re  in d e s tru c tib le , a n d  th e y  a re  s tre w e d  in  
in n u m e ra b le  n u m b e rs  th ro u g h  ea rth , a ir, a n d  w a te r . T h e y  
o w e  th e ir  o r ig in  to  sp e c ia l c re a tio n  b y  G od .

O f  th e  n o n - im m o rta l  k in d  o f  m ic ro m e re s  S p e n c e r 's  
p h y s io lo g ic a l u n its  re p re s e n t  a  g e n e ra l ty p e  fa v o u re d  b y  
n u m e ro u s  th e o r is ts : n a m e ly , l iv in g  u n its  a ll o f  th e  sa m e  
n a tu re  a n d  a c tiv e  b e c a u s e  o f  th e ir  p la r ity , th e ir  fo rm  an d  
m o le c u la r  fo rc e s , o r  th e ir  v ib ra to ry  m o tio n . S p e n c e r 's  
p h y s io lo g ic a l u n its  a re  a c tiv e  b e c a u s e  o f  th e ir  p o la r ity , b u t 
th e  a n n u la r  a to m s  o f  D o lb e a r 's  th e o ry  a n d  th e  p la s tid u le s  
o f  th e  s lig h tly  v a ry in g  th e o r ie s  o f  H a e c k e l, H is , C o p e , an d  
o th e rs , o w e  th e ir  a c tiv e  p ro p e r tie s  to  th e ir  v ib ra to ry  
m o tio n .

A c c o rd in g  to  S p e n c e r  (1 8 6 4 )  th e re  e x is t  b e tw e e n  
th e  c e lls  (m o rp h o lo g ic a l l ife -u n its )  a n d  th e  m o le c u le s  
w h ic h  c o m p o se  th e m  (c h e m ic a l u n its ) , u n its  o f  a  th ird  
o rd e r  (p h y s io lo g ic a l u n its )  c o m p o se d  o f  g ro u p s  o f  
m o le c u le s . T h e se  u n its  a re  v e ry  sm a ll b u t  v e ry  c o m p le x , 
a n d  a re  th e  s m a lle s t  m a sse s  in  w h ic h  l iv in g  s u b s ta n c e  can  
o ccu r. M o s t  o f  th e  m ic ro m e r ic  th e o r ie s , w h ic h  c o m e  a f te r  
S p e n c e r 's , a d o p t th is  c o n c e p tio n  o f  a  l ife -u n it, v e ry  sm a ll, 
b u t  c o m p o s e d  o f  an  a g g re g a te  o f  m o le c u le s , a n d  th e re fo re  
v e ry  c o m p le x . T o  h is  p h y s io lo g ic a l u n its  S p e n c e r
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a ttr ib u te d  a  p o la r ity , w h o lly  a n a lo g o u s  w ith  th a t  p o s se s se d  
b y  th e  m o le c u le s  o f  c ry s ta ll in e  su b s ta n c e s . I t is  o w in g  to  
th is  d e lic a te , p re c ise  p o la r ity , v a ry in g  o f  c o u rse  w ith  th e  
v a ry in g  m o le c u la r  c o n s titu tio n  o f  th e  u n its , th a t  th e y  
p o sse s s  th e  c a p a c ity  o f  a c tiv e ly  a r ra n g in g  th e m s e lv e s  in  
th e  v a r ie d  g ro u p in g s  n o rm a l to  th e  p a r ts  o f  th e  o rg a n ism s . 
"T h u s  th e  re s e m b la n c e  is  p e r fe c t  b e tw e e n  th e  c h e m ic a l 
p o la r ity  w h ic h  c a u se s  c ry s ta ll is a tio n  a n d  th a t  o f  th e  
p h y s io lo g ic a l u n its  w h ic h  p ro d u c e s  th e  fo rm  o f  o rg a n ism s . 
In  o n e  c a se  th e  c h e m ic a l m o le c u le s  g ro u p  th e m s e lv e s  in  a 
m a n n e r  to  fo rm  an  a g g re g a te  o f  d e f in ite  b u t  s im p le  fo rm , 
c u b ic a l, p r ism a tic , rh o m b o id a l, w ith  th e ir  p a r ts  a r ra n g e d  
en tremies, aiguilles, croix de Sawt Andre, boulcs 
epineuses, e tc . In  th e  o th e r  th e  u n its  g ro u p  th e m s e lv e s  in  a 
b o d y  o f  a  fo rm  le ss  r ig o ro u s ly  d e f in e d  b u t  w h ic h  m a y  b e  
v e ry  c o m p lic a te d : su ch  as a  p la n t  o r  an  a n im a l."  (D e la g e .)

O f  th e  th e o r ie s  in  w h ic h  th e  l iv in g  u n its  a re  
a s su m e d  to  b e  o f  d if fe re n t k in d s , a n d  e n d o w e d  w ith  
d if fe re n t fu n c tio n s , so m e  a s su m e  th e  u n its  to  b e  n o t 
d ire c tly  r e p re s e n ta tiv e  o f  d if fe re n t  c e lls  o r  p a r ts  o f  th e  
b o d y , w h ile  o th e rs  a s su m e  th is  t ru ly  re p re se n ta tiv e  
c o n d itio n . O f  th e  f ir s t  so r t a re  a  n u m b e r  o f  th e o r ie s  lik e  
th o s e  o f  B e r th o ld , G e d d e s , a n d  o th e rs , in  w h ic h  th e  u n its  
a re  ta k e n  to  b e  ac tu a l c h e m ic a l m o le c u le s , e n d o w e d  w ith  
a c tiv ity  th ro u g h  sp ec ia l p h y s ic o -c h e m ic a l p ro p e r tie s  o r  
th ro u g h  p u re ly  c h e m ic a l o n es , w h ile  s till o th e rs  k e e p  to  
th e  m o re  u su a l ty p e  o f  a  u n it  o f  a  h ig h e r  o rd e r  th a n  a 
m o le c u le , in  w h ic h  c a se  a lso  th is  u n it  is  lo o k e d  o n  as 
sp e c ia lly  a c tiv e  b e c a u s e  o f  p a r tic u la r  e le c tr ic a l (F o l)  o r  
c h e m ic a l (A ltm a n n  a n d  M a g g i)  o r  v ita l (W ie sn e r)  
e n d o w m e n t. B u t a ll o f  th e s e  th e o r ie s  a re  m u c h  lik e  e a c h  
o th e r  a n d  a re  m u c h  lik e  S p e n c e r 's  th e o ry  in  re g a rd  a t le a s t 
to  th e  a s su m e d  u n its . D if fe re n t, h o w e v e r , is  th e  ty p e  o f  
th e o ry  w h ic h  in tro d u c e s  th e  a s s u m p tio n  th a t  th e  
fu n d a m e n ta l l ife -u n its  a re  d ire c tly  r e p re s e n ta tiv e  o f  e ith e r  
th e  sp e c if ic  ce lls , p a rts , o r  e le m e n ta ry  c h a ra c te r is tic s  o f
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th e  o rg a n ism . T h is  is  th e  k in d  o f  u n i t  e sp e c ia lly  fa v o u re d  
b y  th e  m e n  w h o  h ad , in  th e ir  fo rm a tio n  o f  a  th e o ry , a 
sp e c ia l e y e  to  th e  p ro b le m  o f  h e re d ity . H o w  is  th e  s in g le  
g e rm -c e ll  to  b e  th e  b e a re r  o f  th e  "h e re d ity "  o f  th e  
o rg a n ism  fro m  w h ic h  i t  c o m e s?  w h a t " to re  s im p le  to  
a s su m e  th a n  th a t  th is  ce ll sh a ll b e  c o m p o se d  o f  m in u te  
p a r tic le s  g a th e re d  f ro m  all th e  c e lls  o r  g ro u p s  o f  s im ila r  
c e lls  o f  th e  b o d y  o f  th e  p a re n t?  A n d  th a t  is  p re c is e ly  th e  
c h a ra c te r is tic  a s su m p tio n , d re s se d  u p  in  an  in g e n io u s  
v a r ie ty  o f  fo rm , w h ic h  c h a ra c te r is e s  th e  th e o r ie s  o f  life -  
u n its  m o s t fa v o u re d  a t p re se n t: su c h  th e o r ie s  a re  th o s e  o f  
D a rw in , G a lto n , B ro o k s , N a g e li ,  d e  V rie s , H e r tw ig , an d  
W e ism a n n . In  so m e  o f  th e se , in te re s tin g  a tte m p ts  a re  
in tro d u c e d  to  c o n n e c t th e  a s su m e d  s tru c tu re  w ith  th e  
a c tu a lly  o b se rv e d  f in e r  s tru c tu re  o f  th e  n u c le a r  
p ro to p la sm , b y  in tro d u c in g  c o m b in a tio n s  o f  th e  
fu n d a m e n ta l u n its , in  o n e  o r  tw o , o r  e v e n  th re e , su c c e ss iv e  
d e g re e s  u n til  an  a g g re g a tio n  is  re a c h e d  w h ic h  c o rre sp o n d s  
w ith  th o s e  m ic ro s c o p ic  s tru c tu re s , th e  c h ro m o so m e s , o r  
c h ro m a tin  g ra n u le s  o r  th re a d s , w h ic h  a re  a c tu a lly  v is ib le  
to  th e  m ic ro s c o p e -a id e d  eye . T h e  m o s t  r e c e n t o n e  o f  th e  
th e o r ie s  o f  th is  g e n e ra l ty p e  is  th a t  o f  W e is m a n n 's  
b io p h o rs  a n d  d e te rm in a n ts  s tru c tu re  o f  th e  g e rm -p la sm , 
a lre a d y  e x p la in e d  in  c o n n e c tio n  w ith  th e  p re s e n ta tio n  o f  
h is  th e o ry  o f  g e rm in a l se le c tio n  (se e  pp . 193 ff.) . A s  o th e r  
e x a m p le s  w e  m a y  n o te  e sp e c ia lly  D a rw in 's , c a lle d  th e  
th e o ry  o f  th e  p a n g e n e s is  o f  g e m m u le s ; a n d  N a g e li 's ,  c a lle d  
th e  th e o ry  o f  m ic e lla e  a n d  id io p la sm .

D a rw in 's  g e m m u le s  a re  e x tre m e ly  m in u te  
p a r tic le s , w h ic h  a re  fo rm e d  in  a ll th e  v a r io u s  ce lls  o f  th e  
b o d y  a n d  a re  c a p a b le  o f  re p ro d u c in g  th e m s e lv e s  ra p id ly  
a n d  in  g re a t  n u m b e rs  b y  re p e a te d  d iv is io n ,a n d  w h ic h , b y  
v ir tu e  o f  th e ir  m in u te  s iz e  a n d  an  in n a te  a c tiv ity  d u e  to  a 
so r t o f  a f f in ity  o r  a ttra c tio n  e x is tin g  b e tw e e n  th e m  an d  
o th e r  su b s ta n c e s , m o v e  a b o u t f re e ly  in  th e  
b o d y ,p e n e tra t in g  a n y  m e m b ra n e s ,a n d  a r ra n g in g
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th e m s e lv e s  w ith  a  d e lic a te  p re c is io n  ju s t  w h e re  th e y  a re  
m o s t n eed ed .

W h e n  a  g e m m u le  e n te rs  an  u n d if fe re n tia te d  o r  
d e v e lo p in g  ce ll a s  y e t  c o n ta in in g  n o  o th e r  g e m m u le s , it  
c o n tro ls  th e  d e v e lo p m e n t o f  th a t  ce ll so  th a t  i t  b e c o m e s  a 
ce ll o f  th e  ty p e  f ro m  w h ic h  th e  g e m m u le  h a d  b ir th , e a c h  
g e m m u le  re p re s e n tin g  th u s  e x a c tly  th e  c h a ra c te r is tic s  an d  
th e  ty p e  o f  its  m o th e r  ce ll. T h a n k s  to  th e  d e lic a te  an d  
p re c ise  a d ju s tm e n t o f  a ff in itie s , m ig ra t in g  g e m m u le s  o n ly  
e n te r  th o s e  c e lls  w h ic h  th e y  re a lly  sh o u ld  e n te r  in  o rd e r  
th a t  a  n o rm a l d e v e lo p m e n t o f  a ll th e  c e lls  o f  th e  b o d y  
sh o u ld  g o  on. B u t th o s e  fe w  c e lls  o f  th e  b o d y  w h ic h  a re  
d e s tin e d  to  b e c o m e  g e rm -c e lls , th a t  is  th e  sp e rm a to z o id s  
a n d  e g g s  in  a n im a ls , th e  p o lle n  g ra in s  a n d  o v u le s  in  p la n ts , 
re c e iv e  d u r in g  th e ir  fo rm a tio n  g e m m u le s  f ro m  all th e  
o th e r  c e lls  o f  th e  b o d y . N o t  o n ly  f ro m  all th e  c e lls  o f  th e  
fu lly  d e v e lo p e d  b o d y , b u t  f ro m  all th o s e  e p h e m e ra l c e lls  
w h ic h  a rise  a n d  liv e  fo r  a  w h ile  d u r in g  th e  o n to g e n y  o f  th e  
p a re n t, p e r fo rm in g  c e r ta in  sp e c ia l fu n c tio n s  a n d  th e n  
m a k in g  w a y  fo r  th e  d e f in it iv e  c e lls  o f  th e  m a tu re  
o rg a n ism . T h u s  in  th e  g e rm -c e lls  a re  s to re d  ac tu a l 
p h y s ic a l re p re s e n ta tiv e s  o f  all th e  c e lls  w h ic h  h a v e  e x is te d  
d u r in g  th e  w h o le  life  o f  th e  p a re n t  b o d y . T h e se  
in n u m e ra b le  g e m m u le s  re m a in  in a c tiv e  in  th e  g e rm -c e lls  
u n til , a f te r  fe r ti l is a tio n , th e  e g g -c e ll b e g in s  its  
d e v e lo p m e n t. T h e n  as th e  c e lls  o f  th e  n e w  o rg a n ism  b e g in  
to  b e  p ro d u c e d , th e  g e m m u le s  b e c o m e  a c tiv e  a n d  e a c h  o n e  
m o v e s  in to  th e  ce ll i t  sh o u ld  c o n tro l a n d  th e re  d ire c ts  its  
fu r th e r  d e v e lo p m e n t in to  p re c is e ly  th e  k in d  o f  ce ll it  
sh o u ld  b e  a t p re c is e ly  th e  t im e  i t  sh o u ld  b e  th is  k in d  o f  
ce ll, u n til  th e re  re su lts  f ro m  th is  g e m m u le -c o n tro lle d  
d e v e lo p m e n t a  p h o to g ra p h ic  r e p ro d u c tio n  o f  th e  p a re n t 
b o d y .

N a g e li 's  c o n c e p tio n  is  th a t  w h e n  th e  c o m p le x  life -  
c h a ra c te r is in g  a lb u m in o u s  su b s ta n c e s  to o k  th e ir  b ir th  in  an  
a q u e o u s  liq u id , th e y  w o u ld  b e  p re c ip ita te d , a s  th e y  a re  n o t
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s o lu b le  in  w a te r. T h is  p re c ip ita te  is  fo rm e d  o f  sm a ll 
m a sse s , a  so r t o f  o rg a n ic  c ry s ta ls , w h ic h  m a y  b e  c a lle d  
micella. A n d  ju s t  as a n  in o rg a n ic  c ry s ta l d e p o s ite d  in  a 
s a tu ra te d  sa lin e  s o lu tio n  o f  th e  sa m e  n a tu re  d e te rm in e s  th e  
d e p o s it  o n  its  su rfa c e  o f  th e  d is so lv e d  m o le c u le s  in  th e  
fo rm  o f  l i t t le  c ry s ta ls , a n d  b y  th is  m e a n s  g ro w s  so  
w h e re v e r  a n y  m ic e lla e ; a re  fo rm e d  th e y  fa c ili ta te  w ith in  
th e ir  sp h e re  o f  in f lu e n c e  th e  p re c ip ita tio n  o f  o th e rs , so  th a t  
th is  p ro d u c tio n  o f  m ic e lla e  in s te a d  o f  ta k in g  p la c e  
m is c e lla n e o u s ly  th ro u g h  th e  l iq u id  w ill b e  lo c a lis e d  a t 
c e r ta in  p o in ts . T h u s  a r ise  a g g re g a te s  o f  a lb u m in o u s  
su b s ta n c e , in  th e  c o n d itio n  o f  m ic e lla e  fo rm in g  th e  
p r im itiv e  p ro to p la sm . T h e  m ic e lla e , a lth o u g h  in s o lu b le  in  
w a te r , h a v e  a  g re a t  a f f in ity  fo r  it, a n d  e a c h  o n e  a t th e  tim e  
o f  its  p re c ip ita tio n  f ix e s  a ro u n d  i t s e l f  a  th in  la y e r  o f  w a te r , 
a t le a s t  as th ic k  as a  w a te r  m o le c u le . T h u s , a ll th e  m ic e lla e  
g ro u p e d  to g e th e r  in  a  b i t  o f  p r im itiv e  p ro to p la sm  a re  
s e p a ra te d  f ro m  e a c h  o th e r, a n d  a lso  h e ld  to g e th e r  b y  a 
la y e r  o f  w a te r  as  th ic k  as tw o  w a te r  m o le c u le s . T h is  w a te r  
fo rm s  an  in te g ra l p a r t  o f  th e  p ro to p la sm . B y  v ir tu e  o f  it, an  
s e g re g a te  o f  a lb u m in o u s  m ic e lla e  c a n  in c re a s e  b y  
in te rc a lc a tio n  as  w e ll as  b y  th e  a d d itio n  o f  n e w  m ic e lla e  
o n  th e  o u te r  su rface . B y  a d m ittin g  m o re  o r le s s  w a te r  th e  
p ro to p la s m ic  m a ss  m a y  b e c o m e  m o re  o r  le s s  n e a r ly  flu id . 
T h u s  a re  a c c o u n te d  fo r  th e  v a r io u s  d e n s itie s  a lw a y s  m e t 
w ith  in  th e  d if fe re n t p a r ts  o f  a  p ro to p la s m ic  cell.

A  fu r th e r  e sse n tia l p a r t  o f  N a g e li 's  th e o ry  is  an  
a r ra n g e m e n t o f  th e  p r im it iv e  p ro to p la sm  in  tw o  w ay s , 
r e s u ltin g  in  tw o  k in d s  o f  it, w h ic h  a re  c a lle d  n u tr it iv e  
p la sm  a n d  id io p la s m  re sp e c tiv e ly . T h is  a r ra n g e m e n t 
d e p e n d s  o n  th e  m o le c u la r  fo rc e s  p e r ta in in g  to  th e  
m ic e lla e , a n d  th e  d if fe re n c e , r e s u ltin g  in  tw o  k in d s  o f  
p la sm , d e p e n d s  u p o n  th e  re la tiv e  s itu a tio n  o f  th e  m ic e lla e  
c o m p o s in g  th e  m a ss , ju s t  h o w  th is  a ffe c ts  th e m  
d iffe re n tly , h o w e v e r , n o t  b e in g  m a d e  v e ry  c lea r. B u t  th e  
d if fe re n tia tio n  is  v e ry  im p o r ta n t, fo r  i t  is  th e  id io p la sm
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a lo n e  w h ic h  c o n ta in s  th e  e s se n tia l l i fe -p ro p e r tie s  an d  
w h ic h  re a lly  g iv e s  r is e  to  life  w ith  a ll its  v a r ie ty  an d  
c o m p le x ity . T h is  id io p la s m  is  fo rm e d  a t f ir s t  in  s c a tte re d  
b its  in  th e  n u tr i t iv e  p la sm  m a ss , b u t  as  th e s e  b i ts  in c re a se  
th e y  jo in  a n d  b e c o m e  u n ite d  in to  a  n e tw o rk  s u rro u n d e d  b y  
a n d  c o n ta in in g  in  its  m e s h e s  th e  n u tr i t iv e  p la sm . A n d  o n e  
o f  th e  m o s t  in te re s tin g  p a r ts  o f  N a g e li 's  h y p o th e s is  is  th a t  
h e  c o n c e iv e s  th is  n e tw o rk  o f  id io p la s m  n o t to  b e  l im ite d  
b y  ce ll b o u n d a r ie s  b u t  to  p e n e tra te  f ro m  o n e  ce ll in to  
a d ja c e n t c e lls  a n d  th u s  to  sp re a d  th ro u g h  a n d  u n ite  in  a 
m o s t  s ig n if ic a n t a n d  im p o r ta n t  w a y  a ll th e  c e lls  an d  
tis s u e s  o f  th e  b o d y . It is  j u s t  th is  so r t o f  a  ra m ify in g , 
s tim u lu s -c a rry in g , p ro to p la s m ic  n e tw o rk  c o n n e c tin g  all 
th e  p a r ts  o f  th e  b o d y  th a t  th e  b e lie v e rs  in  th e  in h e r ita n c e  
o f  a c q u ire d  c h a ra c te rs  se e m  to  n e e d  as a  m e c h a n is m  to  
tr a n s m it  f ro m  so m a  to  g e rm -c e lls  th e  e ffe c ts  o f  e x te rn a l 
a n d  fu n c tio n a l s tim u li.

N e x t, th e  th e o ry  o f  in tra -c e llu la r  p a n g e n e s is  o f  de  
V rie s  m a y  b e  b r ie f ly  s ta ted . T h is  th e o ry  h a s  b e c o m e  th e  
m o re  im p o r ta n t  b e c a u s e  o f  th e  g re a t in te re s t  a ro u s e d  b y  
a n d  th e  la rg e  a p p re c ia tio n  g iv e n  to  th e  m u ta tio n s  th e o ry  o f  
sp e c ie s - fo rm in g  o f  th e  sa m e  b io lo g is t. D e  V r ie s 's  th e o ry  
o f  in tra -c e llu la r  p a n g e n e s is  h a s  m u c h  in  c o m m o n  w ith  
D a rw in 's  th e o ry  o f  th e  p a n g e n e s is  o f  g e m rn u le s , b u t  i t  is  
a b le  to  d o  a w a y  w ith  th a t  p a r tic u la r ly  w e a k  p a r t  o f  
D a rw in 's  th e o ry , w h ic h  p o s tu la te d  th e  c irc u la tio n  o f  th e  
g e m m u le s  th ro u g h o u t th e  o rg a n ism  in  o rd e r  th a t  th e y  
sh o u ld  m e e t  in  th e  g e rm -c e lls  a n d  m o d ify  th e s e  c e lls  in  a 
p a ra lle l w a y  w ith  th e  m o d if ic a tio n s  o c c u rr in g  in  th e  
p e r ip h e ra l o rg an s . D a rw in  h a d  to  p o s tu la te  th is  c irc u la tio n  
o f  th e  g e m m u le s  th ro u g h  th e  o rg a n ism  in  o rd e r  to  e x p la in  
th e  p h e n o m e n a  o f  re g e n e ra tio n , a n d  th e  h e re d ity  o f  
a c q u ire d  c h a ra c te rs . N o w  th a t  th e  h e re d ity  o f  a c q u ire d  
c h a ra c te rs  h a s  b e e n  sh o w n  to  b e  a t b e s t  an  e x tre m e ly  
d o u b tfu l p h e n o m e n o n , a n d  th a t  re g e n e ra tio n  is  e x p lic a b le  
b y  o th e r  m e a n s , d e  V rie s  h a s  b e e n  a b le  to  d ro p  th is
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w e a k e s t  p a r t  o f  th e  D a rw in ia n  c o n c e p tio n . So th a t  in  th e  
th e o ry  o f  th e  la te r  b io lo g is t ,  th e  c irc u la tio n  o f  g e m m u le s  
d o e s  n o t  e x te n d  f ro m  o n e  ce ll to  a n o th e r  th ro u g h o u t th e  
b o d y  o f  th e  o rg a n ism , b u t  l im its  i t s e l f  to  th a t  p a r tic u la r  
ce ll in  w h ic h  i t  is  c re a te d  a n d  c irc u la te s  o n ly  b e tw e e n  th e  
n u c le u s  a n d  c y to p la sm , f ro m  w h ic h  c o m e s  th e  n a m e , 
" in tra -c e llu la r  p a n g e n e s is ,"  as d is tin g u ish e d  fro m  
D a rw in ia n  p a n g e n e s is . D e  V rie s ' th e o ry  m a y  b e  a b s tra c te d  
as  fo llo w s  ( fo llo w in g  D e la g e )  :

T h e  fo rm  a n d  p ro p e r tie s  o f  c e lls  re s u lt  f ro m  th e ir  
p ro to p la s m ic  c o m p o s itio n  ju s t  a s  th e  p ro p e r tie s  o f  th e  
in o rg a n ic  b o d ie s  re s u lt  f ro m  th e ir  c h e m ic a l c o m p o s itio n . 
Is  i t  n e c e s sa ry , th e n ,. to  a d m it th a t  th e re  a re  a s  m a n y  k in d s  
o f  p ro to p la s m  as th e re  a re  d if fe re n t so rts  o f  c e lls  in  th e  
o rg a n ise d  b e in g s ?  W h e n  o n e  re c a lls  h o w  m a n y  d if fe re n t 
c e lls  th e re  a re  in  a  s in g le  o rg a n ism , a n d  th a t  th e  
h o m o lo g o u s  c e lls  a re  n o t  id e n tic a l in  d if fe re n t sp e c ie s , one 
re a lis e s  th e  in c a lc u la b le  n u m b e r  o f  th e s e  c e lls  a n d  d e sp ite  
th e  r ic h n e s s  in  v a r ie ty  o f  p ro te id  su b s ta n c e s , i t  w ill b e  
im p o s s ib le  to  c o n c e iv e  th a t  e a c h  k in d  o f  ce ll sh o u ld  h a v e  
its  o w n  k in d  o f  p ro to p la sm . T h e re  is  h e re , a p p a re n tly , an  
in s u rm o u n ta b le  d if f ic u lty , b u t  o n e  w h ic h  it  is  e a sy  to  d o  
a w a y  w ith  b y  a  v e ry  s im p le  c o n c e p tio n . T h is  c o n c e p tio n  
c o n s is ts  in  d is tr ib u tin g  th e  c o m p le x  c h a ra c te rs  an d  
p ro p e r tie s , in n u m e ra b le  in  l iv in g  b e in g s , in to  e le m e n ta ry  
c h a ra c te rs  a n d  p ro p e r tie s  m u c h  le s s  n u m e ro u s , w h ic h , b y  
v a ry in g  c o m b in a tio n s , p ro d u c e  th e  a lm o s t  in f in ite  v a r ie ty  
th a t  w e  o b se rv e  in  th e  in o rg a n ic  w o rld . J u s t  as w ith  a 
sc o re  a n d  a  h a l f  o f  le tte rs  o n e  m a y  fo rm  all o f  th e  w o rd s  o f  
th e  h u m a n  la n g u a g e , so  w ith  th e  e le m e n ta ry  p ro p e r tie s  o f  
w h ic h  th e  a c tu a l n u m b e r  is  s till v e ry  c o n s id e ra b le , o n e  
m a y  re p ro d u c e  all th e  c h a ra c te rs  o f  l iv in g  b e in g s  in  all 
th e ir  v a r ie ty  a n d  c o m p le x ity . I t su ff ic e s , th e n , to  a d m it th a t 
th e s e  e le m e n ta ry  c h a ra c te rs  a n d  p ro p e r tie s  a re  re p re se n te d  
b y  as m a n y  m a te r ia l  p a r tic le s , a n d  th e  p ro b le m  is  so lv ed . 
T h e se  p a r tic le s  a re  th e  p a n g e n e s . T h e  p a n g e n e s , th e n , a re
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sm a ll, o rg a n ic  p a r tic le s , in v is ib le  to  th e  m ic ro sc o p e , 
fo rm e d  o f  an  e n o rm o u s  n u m b e r  o f  c h e m ic a l m o le c u le s  
a n d  d if fe r in g  f ro m  th e  m o s t  c o m p le x  c h e m ic a l su b s ta n c e s  
b y  th re e  p ro p e r tie s  w h ic h  a re  c o m m o n  to  a ll o f  th e m  an d  
w h ic h  a re  c h a ra c te r is tic  o f  l iv in g  m a tte r ; th e y  n o u rish  
th e m se lv e s , in c re a se  in  size , a n d  m u ltip ly  th e m s e lv e s  b y  
d iv is io n . B e s id e  th e s e  th re e  g e n e ra l p ro p e r tie s  w h ic h  m a k e  
l iv in g  m o le c u le s  o f  th e m , th e  p a n g e n e s  p o s s e s s  p a r tic u la r  
p ro p e r tie s  d e p e n d in g  u p o n  th e ir  c h e m ic a l c o n s titu tio n , 
d if fe r in g  fo r  e a c h  o f  th e m . a n d  w h ic h  a re  b o u n d  to  th e m  
in d is s o lu b ly  in  su c h  a  m a n n e r  th a t, w h e re v e r  a  p a n g e n e  
f in d s  itse lf , th e  e le m e n ta ry  p ro p e r ty  o r  c h a ra c te r  sp e c ia l to  
i t  w ill sh o w  i t s e l f  i f  in te rn a l a n d  e x te rn a l c o n d itio n s  
p e rm it  o f  th is  m a n ife s ta tio n . L a te n t  o r  p a te n t, p o te n tia lly  
o r  e v id e n tly , th e  c h a ra c te r  is  a lw a y s  th e re  w h e re  is  th e  
c o rre s p o n d in g  p a n g e n e . E a c h  ce ll c o n ta in s  a  g re a t n u m b e r  
o f  p a n g e n e s  in  a c tiv ity , a n d  its  c h a ra c te rs  a n d  p ro p e r tie s  in  
su m  a re  th e  re s u lta n t  o f  th e  e le m e n ta ry  c h a ra c te rs  an d  
p ro p e r tie s  o f  th e  p a n g e n e s  c o m p o s in g  it: ju s t  as  th e  
a n a to m ic a l a n d  p h y s io lo g ic a l c h a ra c te rs  a n d  p ro p e r tie s  o f  
th e  l iv in g  in d iv id u a l a re  re s u lta n t  o f  th e  a n a to m ic a l an d  
p h y s io lo g ic a l c h a ra c te rs  o f  th e  c e lls  c o m p o s in g  it.

I t  is  n e c e s s a ry  to  c o n c e iv e  o f  th e  c e llu la r  
p ro to p la sm  as fo rm e d  o f  in n u m e ra b le  p a n g e n e s  b a th e d  in  
a  l iq u id  in  w h ic h  a re  d is so lv e d  su b s ta n c e s  p u re ly  
ch e m ic a l: a lb u m e n , g lu c o se , sa lts , e tc . P e rh a p s  s im ila r  
su b s ta n c e s  p e n e tra te  th e  p a n g e n e s  th e m se lv e s , b u t  w e  d o  
n o t  k n o w  th is .

T h e  n u c le u s  c o n ta in s  in  g e n e ra l a ll th e  k in d s  o f  
p a n g e n e s  th a t  c o m p o se  th e  in d iv id u a l. B u t  th e s e  p a n g e n e s  
a re  th e re  in  a  so r t  o f  in a c tiv ity , in  re se rv e , in  o rd e r  to  b e  
tra n s m itte d  to  th e  d a u g h te r  n u c le u s  w h e n  th e  ce ll d iv id es . 
T h e y  c a n  d iv id e  th e m se lv e s , a n d  i t  is  in d e e d  n e c e s s a ry  
th a t  th is  b e  so  in  o rd e r  th a t  th e  tw o  d a u g h te r  n u c le i c an  
e a c h  re c e iv e  a  c o m p le te  lo t  o f  th e  re p re s e n ta t iv e  p a n g e n e s  
;b u t th e y  d o  n o t  m a n ife s t  in  th e  n u c le u s  th e ir  sp ec ia l
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p ro p e r tie s , w h ic h  re m a in  in  a  la te n t  s ta te . T h e re  is  n o  
e x c e p tio n  to  th is  e x c e p t in  th e  ca se  o f  th o s e  c e r ta in  
p a n g e n e s  w h ic h  c o n tro l th e  d iv is io n  o f  th e  n u c le u s . T h e se  
e n te r  in to  a c tiv ity  a t th e  n e c e s s a ry  m o m e n t in  o rd e r  to  
d e te rm in e  th e  c h a ra c te rs  o f  th e  d iv is io n  a n d  in  p a r tic u la r  
th e  p o s it io n  o f  th e  p la n e  o f  se g m e n ta tio n .

T h e  c y to p la sm  is  a lso  c o m p o s e d  o f  p a n g e n e s  ; b u t  
th e s e  p a n g e n e s , w ith  th e  e x c e p tio n  o f  th o s e  w h ic h  c o m e  
f ro m  th e  c y to p la sm  o f  th e  egg , c o m e  f ro m  th e  n u c le u s . 
F ro m  th e  n u c le u s  th e re  c o m e , in  fa c t, p a n g e n e s  w h ic h  
d is tr ib u te  th e m s e lv e s  in  th e  c y to p la sm  a n d  m u ltip ly  th e re  
a b u n d a n tly . T h e se  p a n g e n e s  a re  e x c lu s iv e ly  th o s e  o f  
w h ic h  th e  c y to p la sm  h a s  n e e d  in  o rd e r  to  m a n ife s t  
c h a ra c te rs  a n d  p ro p e r tie s  w h ic h  b e lo n g  to  th e  ce ll. a n d  i t  is  
b y  d e liv e r in g  to  i t  su c h  a n d  su c h  p a n g e n e s  a n d  n o  o th e rs  
th a t  th e  n u c le u s  ru le s  th e  c y to p la sm , w h ic h  w o u ld  re m a in  
in e r t  w e re  i t  n o t  fo r  th is  in fu s io n  o f  l iv in g  a n d  a c tiv e  
p a rtic le s .

T h e re  is, th e n , a  g re a t  d if fe re n c e  b e tw e e n  th e  
n u c le u s  a n d  th e  c y to p la sm  fro m  th e  p o in t  o f  v ie w  o f  th e  
p a n g e n e tic  c o n s titu tio n . E a c h  n u c le u s  c o n ta in s  in  g e n e ra l 
a ll th e  p a n g e n e s  o f  th e  in d iv id u a l u n ite d  u n d o u b te d ly  in to  
g ro u p s  m o re  o r  le s s  c o n s id e ra b le , w h ic h  lie  in  th e  
c h ro m a tic  f ila m e n ts , a n d  th e s e  g ro u p s , a n a lo g o u s  to  th e  
g e m m u le s  o f  D a rw in 's  th e o ry , p ro b a b ly  fo rm  th o s e  little  
g ra in s  a r ra n g e d  in  ro w s , w h ic h  a re  re v e a le d  u n d e r  a  g re a t 
m ic ro s c o p ic  m a g n if ic a tio n  o f  th e  c h ro m a tic  th re a d s . B u t 
th e re  a re  o n e , tw o , o r, a t m o s t, a  sm all n u m b e r  o f  
p a n g e n e s  o f  e a c h  k in d ; a ll a re  in a c tiv e  sa v e  a t  th e  m o m e n t 
o f  d iv is io n , th o s e  w h ic h  ru le  th is  p h e n o m e n o n ; th e y  can  
m u ltip ly  th e m s e lv e s  b u t  s lig h tly , a n d  in  g e n e ra l th e y  d o  
n o t  d iv id e  e x c e p t to  re p la c e  th o s e  w h ic h  e m ig ra te  in to  th e  
c y to p la sm  a n d  to  fu rn ish  a t th e  m o m e n t o f  d iv is io n  to  e a c h  
d a u g h te r  n u c le u s  th e  c o m p le te  lo t  w h ic h  i t  o u g h t to  
re c e iv e . In  th e  c y to p la sm , o n  th e  c o n tra ry , th e re  is  b u t  a 
sm a ll n u m b e r  o f  k in d s  o f  p a n g e n e s  im m ig ra te d  f ro m  th e
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n u c le u s  in  th e  q u a n tity  e x a c tly  n e c e s sa ry , b u t  th e re  th e s e  
p a n g e n e s  a re  e n o rm o u s ly  m u ltip ly in g , so  th a t  th e re  is  a 
v e ry  g re a t n u m b e r  o f  e a c h  k in d , a n d  th e y  a re  a lm o s t 
a lw a y s  in  a  s ta te  o f  ac tiv ity .

B . H a ts c h e k  h a s  re c e n tly  p ro p o s e d  ("H y p o th e se  
d e r  O rg a n isc h e n  V e re rb u n g ,"  1 9 0 5 ) a  n e w  m ic ro m e ric  
th e o ry  w h ic h  p o s tu la te s  th a t  th e  p ro to p la sm  is  c o m p o se d  
o f  tw o  d if fe re n t k in d s  o f  b io m o le c u le s ;  o n e  c a lle d  
e rg a tu le s , w h ic h  fu n c tio n  a s s im ila tiv e ly , th a t  is , ta k e  u p  
fo o d - s tu f f  a n d  e x c re te  w a s te , b u t  d o  n o t  p o s se s s  a  c a p a c ity  
fo r  g ro w th  o r  s e lf - re p ro d u c tio n ; se c o n d , th e  
g e n e ra tu le s , w h ic h  h a v e  n o  p a r t ic u la r  fu n c tio n a l w o rk  to  
p e rfo rm  b u t  c a n  g ro w  a n d  re p ro d u c e  th e m s e lv e s  a n d  ca n  
c a rry  o v e r  th is  c a p a c ity  o f  r e p ro d u c tio n  to  th e  e rg a tu le s , 
b e c a u s e  th e y  c a n  fu se  w ith  th e m  o r  a tta c h  th e m s e lv e s  to  
th e m  a n d  th u s  c a rry  o v e r  to  th e m  th e ir  c h a ra c te r is tic  
p e c u lia r itie s . T h e se  g e n e ra tu le s  a re  lo o k e d  o n  as th e  
c h e m ic a l ra d ic a l o f  th e  e rg a tu le s , a n d  b e c o m e  th e re fo re  
th e  d ire c tly  d e te rm in in g  a g e n ts  fo r  a ll p e c u lia r it ie s  o f  th e  
b o d y . T h e  e rg a tu le s  s it c h ie f ly  in  th e  c y to p la sm  o f  th e  ce ll, 
w h ile  th e  g e n e ra tu le s  l ie  in  th e  ce ll n u c le u s , e sp e c ia lly  in  
th e  c h ro m o so m e s , an d  th e re fo re  r e n d e r  th e s e  th e  b e a re rs  
o f  h e re d ita ry  c h a ra c te r is tic s .

T h u s  b a ld ly  a n d  w h o lly  in c o m p le te ly  s ta te d  th e se  
th e o r ie s  o f  u l t im a te  p la sm  s tru c tu re  w h ic h  sh a ll b e  o f  a 
so r t to  a g re e  w ith  a ll th e  v a r ie d  p h e n o m e n a  o f  life , an d  
p a r tic u la r ly  th o s e  o f  h e re d ity , sh o w , u n fo r tu n a te ly , o n ly  
th e ir  fa n ta s tic  face . F o r  as i t  is  p re c is e ly  in  sh o w in g  h o w  
th e  p o s tu la te d  s tru c tu re  a n d  p ro p e r tie s  a re  p e rfe c tly  
c o n s o n a n t w ith  a ll th e  k n o w n  p h e n o m e n a  o f  life  th a t  th e s e  
th e o r ie s  h a v e  th e ir  a c tu a l in te re s t  a n d  s tre n g th , a  fa n ta s tic  
a n d  im p ro b a b le  fa c e  sh o w n  as to  th is  ro b s  th e m  o f  all 
in te re s t. B u t, p e rh a p s , i t  is  w e ll th a t  th e  fa n ta s tic  a s p e c t o f  
th e m  sh o u ld  b e  f irs t  re c o g n ise d . F o r  i t  is  o n ly  fa ir  to  say  
th a t  th e  in g e n u ity  a n d  p la u s ib ility . th e  p re c ise  an d  
e x h a u s tiv e  d e v e lo p m e n t o f  d e ta il, o f  so m e  o f  th e s e
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th e o r ie s , a re  re a lly  d a n g e ro u s  to  th e  la y m a n  w h o  f irs t 
h a p p e n s  to  re a d  a  fu ll a n d  w e ll-s ta te d  a c c o u n t o f  o n e  o f  
th e m  b y  a n  e n th u s ia s tic  u p h o ld e r . O n e 's  e y e s  b e c o m e  
c lo se d  to  th e  fa c t  th a t  a ll th e  s tru c tu re  a n d  p e rfo rm a n c e  
th a t  se e m  so  n a tu ra l, a n d  f it  in  so  e x a c tly  w ith  a ll th a t  w e  
a c tu a lly  k n o w  o f  th e  p h e n o m e n a  o f  life , h a v e  n o t  b e e n  
seen , o n ly  im a g in e d . O n e  n e e d s  a n  in tro d u c tio n  to  th e se  
th e o r ie s  w h ic h  in s is ts  a b o v e  all o n  th e ir  w h o lly  
h y p o th e tic a l c h a ra c te r . O th e rw ise  o n e  is  su rp r is in g ly  
re a d ily  h y p n o tis e d  in to  a c c e p tin g  o n e  o r  th e  o th e r  o f  th e m  
as a  s ta te m e n t o f  fac t. T h e se  g e n e ra l th e o r ie s  a re  th e  
a to m ic  th e o r ie s  o f  b io lo g y  w ith o u t o n e - te n th  th e  
p ro b a b ili ty  o f  t ru th  o r  o n e - te n th  th e  ac tu a l a c c e p ta n c e  in  
sc ie n c e  th a t  th e  a to m ic  th e o ry  o f  th e  c h e m is ts  h as . A n d  
e v e n  th a t  is  b e g in n in g  to  b e  d is c a rd e d  in  m o d e rn  
c h e m is try . T h e se  th e o r ie s  a re , as  W e is m a n n  h a s  sa id , th e  
o u tc o m e  o f  th e  fa c t  th a t  " th e  d e e p e r  o n e  s tu d ie s  in to  th e  
p h e n o m e n a  o f  h e re d ity , th e  m o re  o n e  is  c o n v in c e d  th a t  
so m e th in g  o f  th is  k in d  o f  a  c o n d itio n  [ o f  a  c o m p o s itio n  o f  
th e  fu n d a m e n ta l l ife  su b s ta n c e  o u t o f  u l tra -m ic ro s c o p ic  
u n its  b e a r in g  a  c e r ta in  sp a tia l re la tio n , a n d  o n e  o f  
a ttra c tio n s  a n d  re p u ls io n s  to  e a c h  o th e r] m u s t  re a lly  ex is t: 
fo r  i t  is  im p o s s ib le  to  e x p la in  th e  o b s e rv e d  p h e n o m e n a  in  
a n y  o th e r  w a y , th a t  is  b y  a n y  m u c h  s im p le r  a s su m p tio n ."  
B u t o n  th e  o th e r  h a n d  a  su ff ic ie n t re a so n  a g a in s t a c c e p tin g  
a n y  o n e  o f  th e s e  h ig h ly  d e v e lo p e d  th e o r ie s  o f  th e  s tru c tu re  
a n d  fu n c tio n a l c a p a c ity  o f  in v is ib le  l ife -u n its , is  th e  
s a g a c io u s  o n e  o f  D e la g e  w h e n  h e  sa y s  th a t  s im p ly  b y  th e  
la w  o f  p ro b a b ili t ie s  i t  w ill b e  im p o s s ib le  b y  p u re  
im a g in in g  to  e x p la in  c o rre c tly  in  d e ta il th e  u lt im a te  
s tru c tu re  o f  p ro to p la sm . H a s  a n y  o n e , a sk s  D e la g e , 
g u e s se d  in  a d v a n c e , w ith  th e  le a s t  tru th , s tru c tu re s  w h ic h  
th e  m ic ro s c o p e  h a s  la te r  b e e n  a b le  to  re v e a l to  u s?  H a s  
an y  o n e  g u e s se d  th e  c ro s s -s tr ia tio n  o f  m u sc le s , th e  c ilia  o f  
v ib ra ti le  e p ith e liu m , th e  p ro lo n g a tio n s  o f  th e  n e rv e -c e lls , 
th e  m a k e -u p  o f  th e  re tin a , o r  th e  o rg a n  o f  C o rti, th e
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c h ro m o so m e s , th e  c e n tro so m e ?  D is t in c tly  n o t. D e la g e  
p o in ts  o u t th a t  th e  c h e m is ts  h a d  a  m u c h  b e t te r  c h a n c e  to  
h i t  th e  tru th  in  s u p p o s in g  a to m ic  s tru c tu re , fo r  th e y  h a d  a 
m u c h  le ss  c o m p le x  c o n d itio n  to  p e rc e iv e , a n d  th e y  h a d  
a p p ro a c h e d  in  th e ir  p o s it iv e  k n o w le d g e  v e ry  m u c h  n e a re r  
th e  h y p o th e tic a l e le m e n t w h ic h  th e y  a d o p ted .

L e  D a n te c  c r it ic is e s  th e  m ic ro m e ric  th e o r ie s  o f  
p ro to p la s m ic  s tru c tu re  b y  sa y in g  th a t  a ll th e s e  th e o r ie s  
se e k  to  m a k e  m y s te r ie s  c le a re r, c o m p le x  th in g s  s im p le r , 
b y  re d u c in g  la rg e  th in g s  to  sm a ll o n es . A  m a n , fo r  
e x a m p le  (h e  sa y s) is  c o m p o se d  o f  60  tr i l l io n s  o f  c e lls  an d  
is  n e v e r th e le s s  p ro d u c e d  b y  se x u a l e le m e n ts  o f  v e ry  sm all 
size ; h e re  is a  p h e n o m e n o n  to  ex p la in . T h e  m ic ro m e ris t  
say s  th a t  th e  d if f ic u lty  o f  th is  e x p la n a tio n  w o u ld  b e  le s s  
(o r  a t le a s t  n o t  so  sh a rp ly  d e f in e d !)  i f  o n e  d iv id e d  th e  
p ro b le m  in to  60  tr i l l io n s  o f  p a rts ; th a t  is, i f  o n e  re p la c e d  
th e  re p ro d u c tio n  o f  m a n  b y  60  tr i l l io n s  o f  p a r tia l 
re p ro d u c tio n . O n e  h a s  th e re fo re  im a g in e d  p a r tic le s  
in f in ite ly  sm a ll w h ic h  a re  to  th e  c e lls  w h a t th e  se x u a l ce lls  
a re  to  th e  m an . A n d  th is  c o m p a r is o n  h a s  b e e n , c o n sc io u s ly  
o r  n o t, c la im s  L e  D a n te c , th e  p o in t  o f  d e p a r tu re  o f  a ll th e  
sy s te m s  o f  p a r tic u la te  r e p re s e n ta tio n  in  th e  g e rm -p la sm .

W e  h a v e  s im p ly  su b s titu te d  fo r  a  s in g le  h e re d ity , 
c o n tin u e s  th e  c ritic , 60  tr i l l io n s  o f  p a r tia l h e re d itie s , e a c h  
e x a c tly  as m y s te r io u s  as th e  f irs t. T h u s  th e s e  60  tr i l l io n s  o f  
g e m m u le s  g a th e re d  in  th e  e g g  a n d  d is tr ib u te d  in  a  p re c ise  
m a n n e r  a re  in  re a li ty  o n ly  a  d is g u is in g  o f  th e  h o m u n c u lu s  
o f  th e  o v a lis ts . P e rh a p s  w e  h a v e  n o  re a s o n  to  su p p o se  th a t  
th e s e  g e m m u le s  d e s ig n  b y  th e ir  a g g lo m e ra tio n  th is  
in v is ib le  h o m u n c u lu s , b u t  a t le a s t  i t  is  c e r ta in  th a t  th e y  a re  
d isp o se d  in  a  m a n n e r  w h ic h  is  in  r e la tio n  to  th e  fo rm  o f  
th e  m a n  to  b e  d e te rm in e d , s in c e  in  fa c t  e a c h  o f  th e m  
re p re se n ts  n o t  a lo n e  a  ce ll o f  th e  m a n , b u t  a  cell with the 
place it is to occupy.

O n e  sees  th u s  h o w  c o m p le x  is  th is  sy s te m  w h ic h  
h a s  fo r  its  a im  th e  s im p lify in g  o f  th e  q u e s tio n  o f  h e re d ity :
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i t  is  m o re  lo g ic a l to  c o n s id e r  s im p ly  th e  e g g  as h a v in g  th e  
p o w e r  to  p ro d u c e  a  m a n  th a n  to  a ttr ib u te  a  p o w e r  as 
m y s te r io u s  to  60  tr i l l io n s  o f  g e m m u le s  to  w h ic h  i t  is  
n e c e s s a ry  to  a c c o rd , in  a d d itio n , a  d e te rm in a tiv e  c a p a c ity  
w h ic h  re su lts  in  c o n d u c tin g  e a c h  ce ll to  e x a c tly  th a t  p la c e  
w h ic h  i t  o u g h t to  o c c u p y .

In  a d d itio n  to  th e  th e o r ie s  o f  an  u lt im a te  
m ic ro m e ric  s tru c tu re  o f  p ro to p la sm , c e r ta in  o th e r  re c e n t 
h y p o th e tic a l e x p la n a tio n s  o f  th e  sp e c ia l p ro p e r tie s  o f  
p ro to p la sm  sh o u ld  b e  n o te d . O n e  is  th e  b io g e n  h y p o th e s is  
o f  V e rw o rn , th e  p h y s io lo g is t  o f  G o ttin g e n , o n e  th e  
c h e m ism  th e o ry  o f  L e  D a n te c , o n e  th e  p h y s ic a l m a c h in e  
th e o ry  o f  D e la g e , a n d  a n o th e r  is  th e  g e n e ra l v ita l p r in c ip le  
h y p o th e s is  o f  th e  n e o -V ita lis ts . V e rw o rn 's  h y p o th e s is  to  
a c c o u n t fo r  th e  p h y s io lo g ic a l a c tiv it ie s  o f  p ro to p la sm , i. e., 
th e  sp e c ia l life  a ttr ib u te s , as a s s im ila tio n , d isa s s im ila tio n , 
g ro w th , ir r ita b ility , e tc ., c o n s is ts  in  th e  p o s tu la tio n  o f  a 
c o m p le x  c h e m ic a l c o m p o u n d  o f  u n k n o w n  s tru c tu re  c a lle d  
b io g e n , b u t  w ith  th e  sp e c ia l c a p a c itie s  o f  an  en z y m e . T h is  
b io g e n  is a s su m e d  to  b e  c o n s ta n tly  la b ile , i. e, b re a k in g  
d o w n  a n d  re b u ild in g  i t s e l f  a n d  b y  th is  p e r fo rm a n c e  a c tin g  
as  a  g o -b e tw e e n  (e n z y m e  o r  p e rh a p s  k a ta ly sa to r)  b e tw e e n  
th e  a tm o sp h e r ic  o x y g e n  b ro u g h t  to  th e  ce ll b y  th e  b lo o d  
a n d  th e  o x id is a b le  ( fo o d )  p ro d u c ts  (a lso  b ro u g h t  b y  th e  
b lo o d ) . N o t  o n ly  c a n  th e  b io g e n  re b u ild  itse lf , b u t  b y  
p o ly m e r is a tio n  i t  c a n  g ro w , th a t  is , in c re a se  th e  s iz e  o f  its  
m o le c u le s  b y  a d d in g  s id e -c h a in s  o f  a to m s. T h is , a c c o rd in g  
to  V e rw o rn , c o n s titu te s  ce ll g ro w th . T h is  g ro w th  is  n o t 
in d e fin ite , a s  th e  a to m s  te n d  to  b re a k  a w a y  a g a in  a n d  th u s  
th e re  is  a  l im it  to  th e  s iz e  o f  th e  b io g e n  m o le c u le s . T h e  
a u th o r  o n ly  p re s e n ts  h is  c o n c e p tio n  o f  b io g e n  as a  g o o d  
w o rk in g  h y p o th e s is .

D e la g e  h a s  a lso  o ffe re d  a  te n ta t iv e  p h y s ic o ­
c h e m ic a l e x p la n a tio n  o f  c e r ta in  o f  th e  p ro p e r tie s  o f  
p ro to p la sm , as its  m o v e m e n ts , its  n u tr i t io n , a n d  e v e n  its  
r e d u c in g  d iv is io n , o n  th e  b a s is  o f  o sm o tic  e ffe c ts  d u e  to
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th e  c o n s ta n t in te rc h a n g e  o f  su b s ta n c e  f ro m  th e  o u te r  la y e rs  
o f  th e  ce ll p ro to p la s m  to  th e  in n e r  th ro u g h  f in e  
m e m b ra n e s  o r  sp e c ia l p ro to p la s m ic  la y e rs  w h ic h  h e  
a s su m e s  to  e n c lo se  e a c h  ce ll p art. i. e.. n u c le u s , 
c h ro m o so m e s , e tc . N u tr it io n , fo r  e x a m p le , is  e ffe c te d  
a c c o rd in g  to  D e la g e . b y  c o n s ta n t se le c tiv e  o sm o tic  
e x c h a n g e s  b e tw e e n  th e  l iq u id  a n d  se m i- liq u id  P a r ts  o f  th e  
ce ll th e  b lo o d -p la s m  o f  c o u rse  c o n s ta n tly  b r in g in g  fo o d  
a n d  c a rry in g  o f f  e x c re ta  to  a n d  f ro m  th e  p e r ip h e ry  o f  ea c h  
ce ll. C e ll d iv is io n  is  th e  re s u lt  o f  m u tu a l p u lls  a n d  p u sh e s , 
its  e s se n tia l fe a tu re  a lw a y s  b e in g  th e  ac tu a l su n d e r in g  o f  
p a rts ; b u t  h o w  th is  m e c h a n ic a l p ro c e s s  is  g u id e d  o r 
c o n tro lle d  as  i t  is  o r  e v e n  in itia te d , is  le f t  u n e x p la in e d .

L e  D a n te c  h o ld s  th a t  l ife  is  a  c h e m ic a l 
p h e n o m e n o n . "L a  v ie  e s t  u n  p h e n o m e n e  c h im iq u e , c 'e s t-a -  
d ire  q u e  le s  seu ls  c a ra c te re s  e s se n tie ls  p a r  le sq u e ls  u n e  
a c tio n  v ita le  d if fe re  d 'u n e  m a n ife s ta tio n  d e  1 'a c tiv ite  d e  la  
m a tie re  b ru te  so n t re la tifs  a  d e s  d e s tru c tio n s  e t d es  
c o n s tru c tio n s  d 'e d if ic e s  m o le c u la ire s . C e tte  v e r ite , to u te  la  
b io lo g ie  n o u s  la  p ro u v e ra  d e  m ille  m a n ie re s ; il v a u t  d o n e  
m ie u x  1 'e n o n c e r  en  c o m m e n c a n t, d e  m a n ie re  a  ce  q u 'e lle  
p re n n e  la  p re m ie re  p la c e  d a n s  1'e s p r it  d e  c e u x  qu i se 
l iv re ro n t  a 1 'e tu d e  d es  e tre s  v iv a n ts .

"M a is  u n e  re a c tio n  c h im iq u e  n 'e s t  p a s  q u e lq u e  
c h o se  d 'lso le  e t n e  se  p ro d u it  q u e  d a n s  c e r ta in e s  conditions 
d o n t la  r e a lis a tio n  p e n t  e tre  lie e  a  d e s  p a r tic u la r ite s  d 'o rd re  
physique (c h a le u r , e le c tn c ite , lu m ie re , e tc .)  ; d e  p lu s , e lle  
s 'a c c o m p a g n e  to u jo u rs  d e  p h e n o m e n e s  a c c e s so ire s  qu i 
so r te n t e g a le m e n t d u  d o m a in e  d e  la  c h irn ie  (c h a le u r , 
m o u v e m e n t, e tc .) . C ec i e s t  v ra i s u r to u t p o u r  le s  re a c tio n s  
d e s  m a tie re s  v iv a n te s , a  c a u se  d e  1 'e ta t tre s  sp e c ia l d e  ce  
qu i r e p re s e n te  la  solution d e  ce s  m a tie re s  d a n s  1 'eau . L a  
v ie  e s t aquatique, m a is . le s  m a tie re s  v iv a n te s  n e  se 
d is s o lv e n t p a s  c o m m e  d u  sel m a rin ''

(" T ra ite  d e  B io lo g ie ,"  pp . 4 3 -4 4 , 1903).
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H e  g o e s  o n  to  d isc u ss , w ith  k e e n  a n a ly s is  an d  
in g e n io u s  b u t  u n c o n v in c in g  sy n th e s is , th e  v a r io u s  p r im a ry  
c o n d itio n s  a n d  a c tiv itie s  o f  life , e x p la in in g  e a c h  v ita l 
p h e n o m e n o n  s e p a ra te ly  o n  a  b a s is  o f  c h e m ism . H e  ev e n  
p ro p o se s  a  c h e m ic a l n o tio n  o f  sp ec ie s . S u ch  a  c h e m ic a l 
sp e c ie s  c a n  o f  c o u rse  ta k e  n o  p r im a ry  a c c o u n t o f  fo rm , b u t  
as  c o n d itio n s  o f  c h e m ic a l id e n tity  w ill u s u a lly  in v o lv e  
id e n tity  o f  fo rm , th e  v a r io u s  in d iv id u a ls  c o m p o s in g  a 
c h e m ic a l sp e c ie s  w ill p o s se s s  a  s im ila r  o r  id e n tic a l fo rm . 
A n  a u th o r, u n d e r ta k in g  w h a t L e  D a n te c  u n d e r ta k e s , m u s t 
n e c e s s a r ily  b e  a  b o ld  th in k e r  a n d  a  b o ld  w rite r . T h e  
p re s e n t a u th o r  is  b o th . A n d  h e  is  n o w h e re  u n in te re s t in g  o r 
u n su g g e s tiv e , b u t  a lso  is  h e  n o w h e re  w h o lly  c o n v in c in g .

T h e  p o s itio n  o f  th e  n e o -V ita lis ts  is  p e rh a p s  b e s t  to  
b e  ta k e n  f ro m  th a t  o f  D r ie sc h , an  e x tre m e ly  a b le  p re se n t-  
d ay  b io lo g is t ,  w h o se  f ir s t  b e l ie f  w a s  in  a  ra d ic a l 
m e c h a n ic a l e x p la n a tio n  o f  a ll life  p h e n o m e n a , a n d  w h o se  
b r i l l ia n t  e x p e r im e n ta l w o rk  h a s  fu rn ish e d  m a n y  o f  th e  
e x a m p le s  re fe r re d  to  in  a ll te x t-b o o k s  o f  th e  m o d e rn  s tu d y  
o f  th e  m e c h a n ic s  o f  d e v e lo p m e n t. B u t  D r ie s c h 's  p re s e n t 
p o s it io n  is  an  u n c o m p ro m is in g  b e l ie f  in  th e  im p o s s ib il i ty  
o f  e x p la in in g  life - fo rm s  a n d  l ife - fu n c tio n s  o n  th e  b a s is  o f  
e v e r  so  c o m p le x  a  c o m b in a tio n  o f  p u re ly  p h y s ic o ­
c h e m ic a l a n d  m e c h a n ic a l c o n d itio n s  a n d  fa c to rs . P u t  
p o s itiv e ly , n e o -V ita lis m  d e m a n d s  th e  a s s u m p tio n  o f  an  
e x tra -p h y s ic o -c h e m ic a l f a c to r  (c a lle d  "p sy ch o id ."  
a c c o rd in g  to  D r ie s c h 's  n o m e n c la tu re ) , w h ic h  is  an  
a ttr ib u te  of, o r  e s se n tia l k in d  o f  p o te n tia li ty  p e r ta in in g  to , 
o rg a n ise d  l iv in g  su b s ta n c e , a n d  n o t  fo u n d  in  n o r  
in f lu e n c in g  in o rg a n ic  b o d ie s .

B u tsc h li  h a s  w e ll p o in te d  o u t th a t  n e o -V ita lis m  is  
re a lly  o n ly  a  re tu rn  to  th e  o ld  "v ita l p r in c ip le "  b e lie f , an d  
th a t  w e  a re  n o w ,a n d  h a v e  b e e n  e v e r  s in c e  o u r  p ra c tic a l 
g iv in g  u p  o f  th e  v ita l p r in c ip le  n o tio n , m a k in g  s te a d y  
p ro g re s s  in  th e  e x p la n a tio n  o f  life - fo rm s  a n d  life - fu n c tio n s  
o n  s tr ic tly  m e c h a n ic a l a n d  p h y s ic o -c h e m ic a l g ro u n d s .
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W h ile  w e  h a v e  b y  n o  m e a n s  e x p la in e d  a ll l ife  a ttr ib u te s  in  
th is  w ay , B u tsc h li  h o ld s  th a t  o u r  p ro g re s s  h a s  b e e n  su c h  as 
to  m a k e  n o  d e m a n d  fo r  th e  in tro d u c tio n  a s  y e t  o f  a  n e w  
v ita l p r in c ip le  u n d e r  a  p s e u d o -s c ie n tif ic  g u ise .

O th e r  n e o -V ita lis ts , o f  w h o m  G . W o lf f  is  a  ty p e , 
la y  c h ie f  s tre s s  o n  th e  in e x p lic a b le n e s s  o f  th e  
Zweckmassigkeit in  o rg a n ism s  b y  a n y  o f  th e  k n o w n  
b io lo g ic a l fa c ts  a n d  fa c to rs , a n d  see  in  th e  d e te rm in a tio n  
o r  v e ry  e x is te n c e  o f  th is  Zweckmassigkeit th e  c h ie f  
r e v e la tio n  o f  a  v ita l fa c to r, w h o lly  d is tin c t f ro m  a n y th in g  
fo u n d  in  th e  in o rg a n ic  w o rld . W o lff ’s a rg u m e n t is  c le v e r  
a n d  su g g e s tiv e , a n d  b r in g s  h o m e  to  o n e  s tro n g ly  th e  
in d is s o lu b le  re la tio n sh ip  b e tw e e n  l iv in g  m a tte r  a n d  its  
a d a p tiv ity . In  its  fu n d a m e n ta l c h a ra c te r  life  is  a d a p tiv ity : 
th e  in d is p e n s a b le  re la tio n  b e tw e e n  l iv in g  m a tte r  a n d  th e  
re s t  o f  n a tu re  is  th e  p lia b ility , th e  a d a p tiv e n e s s  o f  th e  
l iv in g  m a tte r . "Die sweckmassige Anfassung ist das, was 
den Organis-mus sum Organisinus macht, was sich uns 
als das eigcntlichste Wesen des Lebendigen darstcllt. Wir 
konnen uns keinen Organis-mus denken ohne dieses 
Charaktcristikum. . U n d  w ir  e rk e n n e n  d a ss  je d e  
E rk la ru n g , w e lc h e  d as  L e b e n  v o ra u sse tz t, j e d e  p o s tv ita le  
E rk la ru n g  d e r  o rg a n isc h e n  Z w e c k m a ss ig k e it , in  je d e m  
F a lle  v o ra u s s e tz t  w a s  sie  e rk la re n  w ill;  w ir  e rk e n n e n  d a ss  
d ie  E rk la ru n g  d e r  Z w e c k m a s s ig k e it  m it  d e r  E rk la ru n g  d es  
L e b e n s  susammcnfallen muss."

B u t p e rh a p s  th e re  is  a  d if fe re n c e  b e tw e e n  th e  
p la s tic  re s p o n s e  o f  p ro to p la sm  to  th e  v a ry in g  c o n d itio n s  o f  
o x y g e n , fo o d , te m p e ra tu re , e tc ., a b o u t it, so  th a t  w ith in  
c e r ta in  l im its  o f  e x te rn a l v e rs a til i ty  i t  s till liv e s , a n d  th a t  
e x tra o rd in a ry  sp e c ia lis a tio n  o f  f i tn e s s  w h ic h  w e  see  
e x h ib ite d  b y  a  p a ra s it ic  S a c c u lin a  w ith  r e la tio n  to  its  c rab  
h o st. A n d  b e lie v e rs  in  n a tu ra l se le c tio n  h o ld  th a t  i t  is  
e x a c tly  o n e  o f  th e  c h ie f  g lo r ie s  o f  se le c tio n  th a t  i t  d o e s  
e x p la in  th is  h ig h ly  sp e c ia lis e d  f itn e ss . M o re  th a n  th a t, 
c lo se r  e x a m in a tio n  o f  th e  p h e n o m e n a  o f  o rg a n ic  N a tu re
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re v e a ls  m a n y  e x a m p le s  o f  an  u n f it-n e s s , w h ic h  c e r ta in ly  
o u g h t n o t  to  e x is t  i f  th e re  is  a  sp e c ia l v ita l p r in c ip le  
re s p o n s ib le  fo r  f i tn e s s  th ro u g h o u t th e  o rg a n ic  k in g d o m . 
T h e re  is  a  m o th  c o m m o n  w ith  u s  h e re  in  C a lifo rn ia , b y  
n a m e  Phryganidia californica, w h o s e  la rv a e  l iv e  o n  th e  
le a v e s  o f  th e  o a k tre e s . T w o  g e n e ra tio n s  a p p e a r  e a c h  yea r. 
T h e  eg g s  fo r  th e  f ir s t  b ro o d  o f  c a te rp illa rs  a re  la id  in  
s p r in g  b y  th e  m o th s  o n  th e  le a v e s  o f  th e  l iv e -o a k s  a n d  a lso  
o f  th e  w h ite -o a k s . T h e  la rv a e  so o n  h a tc h , fe e d  th ro u g h  th e  
s u m m e r o n  th e  le a v e s , a n d  in  S e p te m b e r  p u p a te , th e  m o th s  
a p p e a r in g  in  O c to b e r . T h e se  m o th s  n o w  p ro c e e d  to  la y  th e  
e g g s  fo r  th e  se c o n d  g e n e ra tio n , w h ic h  e g g s  a re  a lso  
d e p o s ite d  o n  th e  le a v e s  o f  b o th  liv e -  a n d  w h ite -o a k s . B u t 
w h ile  th e  l iv e -o a k  is  an  e v e rg re e n  tre e , th e  w h ite -o a k  is  
d e c id u o u s , a n d  sh e d s  its  le a v e s  so o n  a f te r  th e s e  O c to b e r  
e g g s  a re  la id  o n  th e m , w h ic h  m e a n s  th a t  o n e -h a lf  o f  th is  
s e c o n d  g e n e ra tio n  is  d o o m e d  to  d ie  o f  s ta rv a tio n  
im m e d ia te ly  a f te r  h a tc h in g . T h is  is  re p e a te d  re g u la r ly  ea c h  
y e a r, a n d  is  c e r ta in ly  a  d is tin c tly  u n f i t  h a b it  in  th is  m o th 's  
life  e c o n o m y . P la te  re fe rs  to  a  s im ila r  in s ta n c e  o f  
Unzweckmassigkeit a s  fo llo w s : "A s I  o n c e  w a s  la n d in g  on  
S a n ta  M a r ia  Is la n d  in  th e  G u lf  o f  A ra n c o , th e  w h o le  sh o re  
sw a rm e d  w ith  th o u s a n d s  o f  g ia n t  c u ttle f ish e s  
(Ommatastrephes gigas) w h ic h  p a r tly  la y  d e a d  o n  th e  
b e a c h  a n d  p a r tly  w e re  sw im m in g  a ro u n d  in  th e  sh a llo w  
w a te r . T h e se  la t te r  in s te a d  o f  try in g  to  g e t  b a c k  in to  
d e e p e r  w a te r , c o n s ta n tly  sw a m  to w a rd s  th e  la n d  u n til  a 
b re a k e r  th re w  th e m  u p  h ig h  a n d  d ry . R e f le x e s  an d  
in s tin c ts  o f te n  m a k e  m is ta k e s , th a t  is  th e y  re s u lt  in  a c tio n s  
w h ic h  re s u lt  in  ac tu a l h a rm . a n d  n o th in g  is  m o re  m is ta k e n  
th a n  th e  d e c la ra tio n  th a t  an  o rg a n ism  re a c ts  u n d e r  n o rm a l 
c irc u m s ta n c e s  a lw a y s  in  a  w a y  to  se rv e  th e  p re s e rv a tio n  o f  
its  life . T h a t o rg a n ism s  u n d e r  n e w  c irc u m s ta n c e s  o r  in  
a b n o rm a l c o n d itio n  v e ry  o f te n  re a c t  u n f it ly , re q u ire s  n o  
e la b o ra tio n ; e v e ry  lig h th o u se  a g a in s t w h ic h  th o u s a n d s  o f  
b ird s  a n d  in s e c ts  a re  k ille d , th e  to x ic o lo g ic a l p h e n o m e n a ,
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th e  in c o m p le te  re g e n e ra tio n , e v e ry  c lu b -fo o t, a n d  e v e ry  
Wasserkopf p ro v e  th is . T h e  c o u n tle s s  h a rm fu l re a c tio n s  
a n d  in c o m p le te n e s s e s  in  s tru c tu re  m a k e  i t  im p o s s ib le  to  
sp eak , in  th e  v ita l is t ic  sen se , o f  an  in h e re n t 
Zweckmassigkeit o f  o rg a n ism s , o f  a  te n d e n c y  a lw a y s  to  
c h a n g e  in  th e  d ire c tio n  o f  u s e fu ln e s s . A n  o rg a n ism  is  
e x a c tly  as d e f in ite ly  ru le d  b y  c h e m ic o -p h y s ic a l la w s  as 
e v e ry  d e a d  b o d y . L e t  an  o rg a n ism  h a p p e n  in  a n y  se t o f  
c o n d itio n s : i t  h a s  n o  lo n g e r  th e  c h o ic e  a m o n g  a  u se fu l, a 
h a rm fu l, o r  an  in d if fe re n t  re a c tio n , b u t  th e  c a u sa l c h a in  
d e te rm in e s  fo r  a  d e f in ite  d ire c tio n  a n d  th is  is , as  a 
th o u s a n d fo ld  o b se rv a tio n s  sh o w , n o t  a  l i fe -p re s e rv in g  one , 
in  o th e r  w o rd s  is  n o t  zweckmassig. I f  n o w  in  sp ite  o f  th is  
o rg a n ism s  h a v e  b e c o m e , in  th e  c o u rse  o f  e a r th -h is to ry , 
e v e n  m o re  c o m p le x  a n d  m o re  c a p a b le  a n d  h a v e  a c q u ire d  
th e  m o s t w o n d e rfu l a d a p ta tio n , th e re  m u s t  o b ta in  so m e  
re g u la to ry  p r in c ip le  in  N a tu re , w h ic h  w e , w ith  D a rw in , 
re c o g n is e  as a c tu a lly  e x is tin g  in  th e  s tru g g le  fo r  e x is te n c e  
a n d  th e  c o n s e q u e n t s e le c tio n  o f  f i t  v a r ia tio n s . I f  o rg a n ism s  
a c tu a lly  h a d  th e  c a p a c ity  to  d ire c t th e ir  v ita l a c tiv itie s  
a lw a y s  to w a rd  th e  s id e  o f  u tility , th e n  th e  w o rk in g s  o f  th e  
n a tu ra l fo rc e s  w o u ld  b e  o v e rc o m e  a n d  M y s tic is m  a g a in  b e  
in tro d u c e d  in  n a tu ra l p h ilo so p h y . B o th  ac tu a l o b se rv a tio n  
a n d  th e  th e o re tic a l b a s is  o f  n a tu ra l s c ie n c e  g iv e  n o  b a s is  
fo r  a n y  h y p o th e s is  o f  th e  e x is te n c e  in  o rg a n ism s  o f  an  
im m a n e n t c a p a c ity  fo r  a d a p tiv e  re a c tio n s ."

5 W e ism a n n . A ., "O n  G e rm in a l S e le c tio n  as  a 
S o u rc e  o f  D e f in i te  V a ria tio n ,"  tra n s . M c C o rm a c k , p. 3,
1896.

6 I  q u o te  f ro m  M o rg a n , "E v o lu tio n  an d  
A d a p ta tio n ,"  pp . 1 6 5 -1 6 6 , I9 0 3 , th e  fo llo w in g  sp ec ia l 
p ro te s t  a g a in s t th e  m e a n s  o f  e sc a p e  f ro m  a  t ig h t  p la c e  
w h ic h  W e is m a n n  h a s  ta k e n  a d v a n ta g e  o f  in  h is  d ile m m a :

"T h u s  W e is m a n n  h a s  p ile d  u p  o n e  h y p o th e s is  on  
a n o th e r  as th o u g h  h e  c o u ld  sa v e  th e  in te g r ity  o f  th e  th e o ry  
o f  n a tu ra l se le c tio n  b y  a d d in g  n e w  s p e c u la tiv e  m a tte r  to  it.
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T h e  m o s t  u n fo r tu n a te  fe a tu re  is  th a t  th e  n e w  sp e c u la tio n  is  
sk ilfu lly  re m o v e d  f ro m  th e  f ie ld  o f  v e r if ic a t io n  an d  
in v is ib le  g e rm s  w h o s e  so le  fu n c tio n s  a re  th o s e  w h ic h  
W e is m a n n 's  im a g in a tio n  b e s to w s  o n  th e m , a re  b ro u g h t 
fo rw a rd  as th o u g h  th e y  c o u ld  su p p ly  th e  d e f ic ie n c ie s  o f  
D a rw in 's  th e o ry . T h is  is , in d e e d , th e  o ld  m e th o d  o f  th e  
p h ilo s o p h is e rs  o f  n a tu re . A n  im a g in a ry  sy s te m  h a s  b e e n  
in v e n te d  w h ic h  a tte m p ts  to  e x p la in  a ll d if f ic u ltie s , a n d  i f  it  
fa ils , th e n  n e w  in v e n tio n s  a re  to  b e  th o u g h t of. T h u s  w e  
see  w h e re  th e  th e o ry  o f  th e  se le c tio n  o f  f lu c tu a tin g  g e rm s  
h a s  le d  o n e  o f  th e  m o s t  w id e ly  k n o w n  d isc ip le s  o f  th e  
D a rw in ia n  th e o ry .

"T h e  w o rs t  fe a tu re  o f  th e  s itu a tio n  is  n o t  so  m u c h  
th a t  W e is m a n n  h a s  a d v a n c e d  n e w  h y p o th e s e s  u n s u p p o r te d  
b y  e x p e r im e n ta l e v id e n c e , b u t  th a t  th e  sp e c u la tio n  is  o f  
su c h  a  k in d  th a t  it  is , f ro m  its  v e ry  n a tu re , u n v e r if ia b le , 
a n d  th e re fo re  u se le ss . W e is m a n n  is  m is ta k e n  w h e n  h e  
a s su m e s  th a t  m a n y  z o o lo g is ts  o b je c t to  h is  m e th o d s  
b e c a u s e  th e y  a re  la rg e ly  sp e c u la tiv e . T h e  rea l r e a s o n  is  
th a t  th e  sp e c u la tio n  is  so  o f te n  o f  a  k in d  th a t  c a n n o t b e  
te s te d  b y  o b se rv a tio n  o r  b y  e x p e rim e n t."  R o u x , W .. "D er 
K a m p f  d e r  T h e ile  im  O rg a n ism u s ,"  1881.

B a ld w in , J. M a rk , "A  N e w  F a c to r  in  E v o lu tio n ."  
Amer. Nat., v o l. X X X , pp . 441  ff., 1806; see  a lso  th e  sam e  
a u th o r 's  "D e v e lo p m e n t a n d  E v o lu tio n ,"  ch ap . V III , 1902; 
in  th e  a p p e n d ic e s  o f  th is  b o o k  is  g iv e n  a  d e ta ile d  h is to ry  
o f  th e  in d e p e n d e n t fo rm u la tio n  o f  th e  th e o ry  o f  "O rg a n ic  
S e le c tio n  o r  O rth o p la sy ,"  b y  B a ld w in . O sb o rn , an d  
M o rg a n .

9 O sb o rn , H . F ., "A  M o d e  o f  E v o lu tio n  re q u ir in g  
n e ith e r  N a tu ra l S e le c tio n  n o r  th e  In h e r ita n c e  o f  A c q u ire d  
C h a ra c te rs ,"  Trans. New York Acad. Sci, pp . 1 4 1 -1 4 8 . 
1896 ; a lso  Science, A p ril 3, 1896 ; a lso  Amcr. Nat., N o v .,
1897 . F ro m  th is  la s t  re fe re n c e  I  q u o te  th e  fo llo w in g  
c o n c ise  s ta te m e n t o f  th e  th e o ry : "T h is  h y p o th e s is  as it  
a p p e a rs  to  m y s e l f  is , b r ie f ly , th a t  o n to g e n ic  a d a p ta tio n  is
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o f  a  v e ry  p ro fo u n d  c h a ra c te r ; i t  e n a b le s  a n im a ls  a n d  p la n ts  
to  su rv iv e  v e ry  c r itic a l c h a n g e s  in  th e ir  e n v iro n m e n t. T h u s  
a ll th e  in d iv id u a ls  o f  a  ra c e  a re  s im ila r ly  m o d if ie d  o v e r  
su c h  lo n g  p e r io d s  o f  t im e  th a t, v e ry  g ra d u a lly , c o n g e n ita l 
v a r ia t io n s  w h ic h  h a p p e n  to  c o in c id e  w ith  th e  o n to g e n ic  
a d a p tiv e  m o d if ic a tio n s  a re  c o lle c te d  a n d  b e c o m e  
p h y lo g e n ic . T h u s  th e re  w o u ld  re s u lt  an  a p p a re n t b u t  n o t 
rea l t ra n s m is s io n  o f  a c q u ire d  c h a ra c te rs ."

10 M o rg a n , C . L ., "H a b it a n d  In s tin c t,"  pp . 3 1 2  ff., 
1896 ; see  a lso  Science, pp . 793  ff., N o v ., 1896 . In  
A p p e n d ix  C  o f  B a ld w in 's  " D e v e lo p m e n t a n d  E v o lu tio n ,"  
p. 3 4 7 , 1902 , is  th e  fo llo w in g  c le a r  s ta te m e n t (in  le t te r  to  
B a ld w in )  o f  M o rg a n 's  c o n c e p tio n  o f  o rg a n ic  se lec tio n :

"I. O n  th e  L a m a rc k ia n  h y p o th e s is , ra c ia l p ro g re s s  
is  d u e  to  th e  in h e r ita n c e  o f  in d iv id u a lly  a c q u ire d  
m o d if ic a tio n s  o f  b o d ily  s tru c tu re , le a d in g  to  th e  
a c c o m m o d a tio n  o f  th e  o rg a n ism  o r  ra c e  to  th e  

c o n d itio n s  o f  its  e x is te n c e .
"2. T h is  p ro p o s itio n  is  d iv is ib le  in to  th re e : (a ) 

In d iv id u a l p ro g re s s  is  d u e  to  f re sh  m o d if ic a tio n s  o f  b o d ily  
s tru c tu re  in  a c c o m m o d a tio n  to  th e  c o n d itio n s  o f  life . (b ) 
R a c ia l p ro g re s s  is  d u e  to  th e  in h e r i ta n c e  o f  su c h  n e w ly  
a c q u ire d  m o d if ic a tio n s , (c ) T h e  e v o lu tio n  o f  sp e c ie s  is  th e  
re s u lt  o f  th e  c u m u la tiv e  se rie s  —

" a > b + a '> b '+ a " > b " + a '" > b " ', e tc ., e tc ., w h e re  a. a', 
a", a '" a re  th e  a c q u is itio n s , a n d  b , b ', b " , b '"  th e  c u m u la tiv e  
in h e r ite d  re su lts .

"3. A n ti-L a m a rc k ia n s  d o  n o t  a c c e p t (b ) a n d  (c). 
B u t th e y  a c c e p t (a ) in  te rm s  o f  su rv iv a l. N o  o n e  d e n ie s  
th a t  in d iv id u a l su rv iv a l is  p a r tia lly  d u e  to  f re sh  
m o d if ic a tio n s  o f  b o d ily  s tru c tu re  in  a c c o m m o d a tio n  to  th e  
c o n d itio n s  o f  life .

"4. I t  lo g ic a lly  fo llo w s  f ro m  3 th a t  in d iv id u a l 
a c c o m m o d a tio n  is  a  fa c to r  in  su rv iv a l w h ic h  c o o p e ra te s  
w ith  a d a p ta tio n  th ro u g h  g e rm in a l v a r ia tio n ." W e ism a n n , 
fo llo w in g  th e  le a d  o f  R o u x , in te rp re te d  in d iv id u a l
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m o d if ic a tio n  in  te rm s  o f  in tra -se le c tio n . H e  c le a r ly  sa w  
th e  im p lic a tio n  g iv e n  in  4  a b o v e . S p e a k in g  o f  'th e  w e ll-  
k n o w n  in s ta n c e  o f  th e  g ra d u a l in c re a s e  in  th e  d e v e lo p m e n t 
o f  d e e rs ' a n tle rs , ' h e  sa y s  (Romanes Lecture, 1894 , p. 18) : 
'I t is  b y  n o  m e a n s  n e c e s s a ry  th a t  a ll th e  p a r ts  c o n c e rn e d  
sh o u ld  s im u lta n e o u s ly  a d a p t th e m s e lv e s  by variation o f 
the germ to  th e  in c re a se  in  s iz e  o f  th e  a n tle r s ;fo r  in  e a c h  
se p a ra te  in d iv id u a l th e  n e c e s s a ry  a d a p ta tio n  
[a c c o m m o d a tio n ]  w ill b e  te m p o ra r i ly  a c c o m p lis h e d  b y  
in tra -s e le c tio n  —  b y  th e  s tru g g le  o f  p a r ts  —  u n d e r  th e  
tro p h ic  in f lu e n c e  o f  fu n c tio n a l s tim u lu s .'

"6. S o  fa r  th e re  is  n o  d ire c t r e la tio n  b e tw e e n  
s p e c if ic  m o d if ic a tio n s  a n d  sp e c if ic  v a r ia tio n s . In d iv id u a l 
a c c o m m o d a tio n , as a  fa c to r  in  su rv iv a l, a f fo rd s  tim e  
(W e ism a n n , op. cit., p. 19) fo r  th e  o c c u r re n c e  o f  any 
v a r ia tio n s  o f  an  a d a p tiv e  n a tu re .

"7. M y  o w n  m o d e s t  c o n tr ib u tio n  to  th e  fu r th e r  
e lu c id a tio n  o f  th e  su b je c t is  th e  s u g g e s tio n  (I) th a t  w h e re  
a d a p tiv e  v a r ia t io n  v is  s im ila r  in  d ire c tio n  to  in d iv id u a l 
m o d if ic a tio n  m, th e  o rg a n ism

h a s  an  a d d e d  c h a n c e  o f  su rv iv a l f ro m  th e  
c o in c id e n c e  m+V; (2 )  th a t  w h e re  th e  v a r ia t io n  is  
a n ta g o n is tic  in  d ire c tio n  to  th e  m o d if ic a tio n , th e re  is  a 
d im in ish e d  c h a n c e  o f  su rv iv a l f ro m  th e  o p p o s itio n  m  —  v; 
a n d  h e n c e  (3 )  th a t  c o in c id e n t v a r ia t io n s  w ill b e  fo s te re d  
w h ile  o p p o s in g  v a r ia t io n s  w ill b e  e lim in a te d .

"8. I f  th is  b e  so, m a n y  o f  th e  fa c ts  a d d u c e d  b y  
L a m a rc k ia n s  m a y  b e  in te rp re te d  in  te rm s  o f  th e  su rv iv a l 
a n d  g ra d u a l e s ta b lis h m e n t o f  c o in c id e n t v a r ia t io n s  b y  
n a tu ra l s e le c tio n  u n d e r  th e  fa v o u ra b le  e n v iro n in g  
c o n d itio n s  o f  so m a tic  m o d if ic a tio n s .

"9. I t  is  c le a r  th a t  th e re  is  n o th in g  in  th is  
su g g e s tio n  o f  a  d ire c t r e la tio n  b e tw e e n  sp e c if ic  
a c c o m m o d a tio n  a n d  c o in c id e n t v a r ia t io n  w h ic h  c a n  b e  
a n ta g o n is tic  to  th e  in d ire c t r e la tio n  in d ic a te d  a b o v e  in  6.
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"10. C o rre la te d  a n d  c o e x is te n t v a r ia tio n s  w o u ld  
h a v e  th e  sa m e  re la tio n s  to  c o in c id e n t v a r ia t io n s  as o b ta in  
in  o th e r  c a se s  o f  n a tu ra l se le c tio n ."
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CHAPTER VIII.
OTHER THEORIES OF SPECIES- 

FORMING AND DESCENT (CONTINUED) : 
AUXILIARY THEORIES (CONTINUED).

Isolation Theories .—  T h e  v a ry in g  im p o r ta n c e  
a ttr ib u te d  b y  d if fe re n t  b io lo g is ts  to  th e  th e o r ie s  e x p la in in g  
m e a n s  a n d  re su lts  o f  iso la t io n  is  n o ta b le . W h ile  b y  so m e  
th e  sp e c ie s - fo rm in g  in f lu e n c e  o f  is o la tio n  fa c to r  in  
sp e c ie s , is  h e ld  to  b e  as e f fe c tiv e  as  se le c tio n  itse lf , —  
so m e  d e e m  it  m o re  e f fe c tiv e ,—  o th e rs  a tta c h  b u t  little  
im p o r ta n c e  to  it, in d e e d  see  n o  e ffe c ts  o f  c o n se q u e n c e . 
T h e se  la t te r  m e n  a re  lik e ly  to  b e  m o rp h o lo g is ts , 
c y to lo g is ts , a n d  la b o ra to ry  m e n  g e n e ra lly ; th e  fo rm e r  are  
sy s te m a tis ts , s tu d e n ts  o f  d is tr ib u tio n , a n d  so -c a lle d  f ie ld  
n a tu ra lis ts . T h u s  D e la g e , w h o  g iv e s  m u c h  a tte n tio n  in  h is  
g e n e ra l d is c u s s io n  o f  th e  th e o r ie s  o f  h e re d ity , v a r ia tio n , 
a n d  sp e c ie s - fo rm in g  to  m a n y  p u re ly  s p e c u la tiv e  th e o r ie s  
o f  th e  u ltim a te  s tru c tu re  a n d  b e h a v io u r  o f  p ro to p la sm , an d  
o f  th e  m e c h a n ism  o f  h e re d ity , d ism is se s  th e  w h o le  su b je c t 
o f  g e o g ra p h ic  a n d  to p o g ra p h ic  is o la tio n  w ith  a  c o u p le  o f  
su p e rf ic ia l p a ra g ra p h s , in  w h ic h  h e  p re se n ts  a  s in g u la r ly  
fa lla c io u s  s ta te m e n t o f  w h a t th e  e ffe c ts  o f  is o la tio n  sh o u ld  
b e . O n  th e  o th e r  h a n d  th e  v e te ra n  G e rm a n  w o r ld -v o y a g e r  
a n d  e x p lo r in g  n a tu ra lis t, M o r itz  W a g n e r , e s ta b lish e d  lo n g  
ag o , o n  th e  b a s is  o f  h is  o b s e rv a tio n s  a n d  d e d u c tio n s , a 
" law " o f  s p e c ie s - fo rm in g  b y  m ig ra tio n  a n d  c o n s e q u e n t 
iso la tio n , w h ic h  in  h is  m in d  m a k e s  th e  n a tu ra l se le c tio n  
th e o ry  su p e rf lu o u s . A n d  H e n ry  S e e b o h m  in  a  d is c u s s io n  
o f  R o m a n e s 's  1 fo rm u la tio n  o f  th e  p r in c ip le  o f  
p h y s io lo g ic a l se le c tio n , says: "S o  fa r  as is  k n o w n , n o  
sp e c ie s  ( o f  b ird s )  h a s  e v e r  b e e n  d if fe re n tia te d  w ith o u t th e  
a id  o f  g e o g ra p h ic a l iso la tio n , th o u g h  e v o lu tio n  m a y  h a v e
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g o n e  o n  to  an  u n k n o w n  ex te n t; an d , so  fa r  as w e  can  
ju d g e , g e o g ra p h ic a l is o la tio n  m u s t  a lw a y s , so o n e r  o r  la te r , 
b e  fo llo w e d  b y  d if fe re n tia tio n ."  A n d  R o m a n e s , h im se lf , 
c o n sp ic u o u s  as th e  o n ly  p u p il a n d  d is c ip le  o f  D a rw in  
p e rs o n a lly  a d v ise d  a n d  a id e d  b y  th e  m a s te r  h im se lf , an d  
o n e  o f  th e  m o s t  b r i l l ia n t  u p h o ld e rs  a n d  e x p o s ito rs  o f  
D a rw in ism , says: " In d e e d  I b e lie v e  w ith  M r. G u lic k , th a t  
in  th e  p r in c ip le  o f  is o la tio n  w e  h a v e  a  p r in c ip le  so 
fu n d a m e n ta l a n d  so  u n iv e rsa l, th a t  e v e n  th e  g re a t  p r in c ip le  
o f  n a tu ra l s e le c tio n  lie s  le s s  d e e p  a n d  p e rv a d e s  a  re g io n  o f  
sm a lle r  e x te n t. E q u a lle d  o n ly  in  its  im p o r ta n c e  b y  th e  tw o  
b a s a l p r in c ip le s  o f  h e re d ity  a n d  v a r ia tio n , th is  p r in c ip le  o f  
is o la tio n  c o n s titu te s  th e  th ird  p i l la r  o f  a  tr ip o d  o n  w h ic h  is  
re a re d  th e  w h o le  su p e rs tru c tu re  o f  o rg a n ic  e v o lu tio n ."  
T h u s  th e  m o s t  a rd e n t b e lie v e rs  in  th e  e ffe c ts  o f  iso la tio n  
f in d  it, in d e p e n d e n t o f  se le c tio n  a n d  a lo n e , su ff ic ie n t to  
e x p la in  sp e c ie s -fo rm in g , w h ile  th e  m o s t  a rd e n t n e g le c te rs  
o f  is o la tio n  th e o r ie s  f in d  th e m  to o  s lig h t to  b e  o f  a n y  
c o n se q u e n c e  a t all. W e  sh a ll ta k e  m id d le  g ro u n d  a n d  f in d  
in  is o la tio n  a  f a c to r  o f  g re a t e f fe c tiv e n e s s  a n d  o n e  w id e ­
sp re a d  in  its  in f lu e n c e  in  h e lp in g  to  p ro d u c e  th e  p re se n t-  
d ay  s ta tu s  o f  th e  a n im a l k in g d o m , b u t  v e t  a  f a c to r  w h ic h  
sh a ll m o s t  fa ir ly  b e  lo o k e d  o n  as  an  a u x ilia ry  o r  h e lp in g -  
th e o ry  o f  n a tu ra l se le c tio n . In  ta c t, to  m y  m in d , th e  p r o o f  
o f  th e  sp e c ie s -e s ta b lish in g  e ffe c ts  o f  iso la tio n , a n d  o f  th e  
ac tu a l e x is te n c e  o f  is o la tio n  (p ro o f  o f  m e a n s  o r  m o d e s  o f  
iso la tio n ) , is  so m e th in g  m u c h  n e e d e d  b y  th e  g e n e ra l 
n a tu ra l se le c tio n  th e o ry  fo r  its  o w n  su p p o rt.

S e le c tio n  n e e d s  h e lp  f ro m  iso la tio n . T o  m y  
m in d ,a lso , th e s e  m e a n s  o f  is o la tio n  a c tu a lly  e x is t, a n d  th e  
r e s u ltin g  is o la tio n  is  a c tu a lly  a  v e ry  p o te n t  f a c to r  in  
sp e c ie s -fo rm in g .

T h e  p ro o fs  se e m  to  m e  o b v io u s .
T h e  n a m e  is o la tio n  fa ir ly  w e ll d e f in e s  th e  

c o n d itio n  th a t  w e  a re  to  d isc u ss ; ( th e  te rm  se g re g a tio n  h a s  
a lso  b e e n  u se d  b y  so m e  a u th o rs  to  n a m e  th e  sa m e
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c o n d itio n ) . Ii, in  a  sp e c ie s , a  n u m b e r  o f  in d iv id u a ls  sh o w  a 
c e r ta in  c o n g e n ita l  v a r ia tio n , th is  v a r ia tio n  w ill p ro b a b ly  b e  
lo s t  b y  c ro s s -b re e d in g  w ith  in d iv id u a ls  n o t  h a v in g  it, 
u n le s s  th e  in d iv id u a ls  h a v in g  i t  a re  in  th e  m a jo r ity  o r  
u n le s s  th e y  b e c o m e  in  so m e  w a y  iso la te d  f ro m  th e  o th e rs  
a n d  se g re g a te d  so  th a t  th e y  w ill b re e d  a m o n g  th e m se lv e s . 
B y  su ch  is o la tio n  a n d  su c h  in -a n d - in  b re e d in g  th e  n e w ly  
a p p e a r in g  c o n g e n ita l v a r ia t io n s  m ig h t so o n  b e c o m e  
e s ta b lish e d , a n d  i f  a d v a n ta g e o u s  b e  so  c o n s id e ra b ly  
d e v e lo p e d  as so o n  to  d is tin g u ish  as a  v a r ie ty  o r  in c ip ie n t 
sp e c ie s  th e  m e m b e rs  o f  th e  is o la te d  co lo n y . W ith  t im e  a 
d is tin c t n e w  sp e c ie s  m ig h t re su lt. A re  th e re  m e a n s  to  
p ro d u c e  su c h  is o la tio n  o f  g ro u p s  o f  in d iv id u a ls  b e lo n g in g  
to  a  c o m m o n  sp e c ie s  ?

T h e  a n s w e r  to  th is  is  c e r ta in ly  an  a f f irm a tiv e  one. 
T h e re  se e m  to  b e , in d e e d , se v e ra l m e a n s  o f  p ro d u c in g  
is o la tio n ,a n d  th e  is o la tio n  m a y  b e  v a r io u s ly  n a m e d  
a c c o rd in g ly .

U n d o u b te d ly  th e  m o s t  im p o r ta n t  o f  th e s e  k in g s  o f  
iso la t io n ,a t  le a s t  in  th e  l ig h t o f  o u r  p re s e n t  k n o w le d g e , is  
th a t  k n o w n  as g e o g ra p h ic a l o r  to p o g ra p h ic a l iso la tio n . 
Iso la tio n  p ro d u c e d  in  o th e r  w a y s  m a y  b e  c a lle d  b io lo g ic  o r  
p h y s io lo g ic  o r  s e x u a l iso la tio n . In  th e  c a se  o f  g e o g ra p h ic  
o r  to p o g ra p h ic  is o la tio n  th e  is o la te d  g ro u p  o r  g ro u p s  o f  
in d iv id u a ls  a re  a c tu a lly  in  a n o th e r  r e g io n  o r  lo c a lity  f ro m  
th e  re s t  o f  th e  sp e c ie s , th is  b e in g  th e  re s u lt  o f  m ig ra tio n , 
v o lu n ta ry  o r  in v o lu n ta ry . In  b io lo g ic  is o la tio n  th e  
in d iv id u a ls  o f  th e  sp e c ie s  a ll in h a b it  th e  sa m e  te r r i to ry  b u t  
b e c o m e  se p a ra te d  in to  g ro u p s  b y  s tru c tu ra l o r  
p h y s io lo g ic a l c h a ra c te rs  w h ic h  p re v e n t  m isc e lla n e o u s  
in te r -b re e d in g . T h e  re a l fo u n d e r  a n d  m o s t in s is te n t 
u p h o ld e r  o f  th e  th e o ry  o f  s p e c ie s - fo rm in g  b y  iso la tio n  
(g e o g ra p h ic  a n d  to p o g ra p h ic  is o la tio n ) ,w a s  M o ritz  
W a g n e r  3( 1 8 1 3 -1 8 8 7 ) , a  t r a v e lle r  a n d  n a tu ra lis t, w h o se  
w a n d e r in g s  a n d  o b se rv a tio n s  b ro u g h t to  h im  th e  
c o n v ic tio n  th a t  w h ile  n a tu ra l se le c tio n  m ig h t m o d ify
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s p e c ie s  a n d  e v e n  p ro d u c e  c o n tin u o u s  e v o lu tio n  i t  c o u ld  
n e v e r  d if fe re n tia te  sp e c ie s , th a t  is , p ro d u c e  n e w  sp e c ie s . I t 
c o u ld  n e v e r , in  W a g n e r 's  b e lie f , p ro d u c e  th e  ac tu a l 
c o n d itio n  w h ic h  w e  k n o w  to  e x is t  in  th e  p re se n t-d a y  an d  
p a s t  (n o w  e x tin c t)  a n im a l k in g d o m , th is  c o n d itio n  b e in g  
th e  e x is te n c e  o f  h o s ts  o f  d is tin c t, th o u g h  re la te d , an im a l 
sp e c ie s  o r  k in d s . W a g n e r 's  t ra v e ls  in c lu d e d  jo u rn e y s  to  
N o r th , C e n tra l, a n d  S o u th  A m e ric a , W e s t  A s ia , a n d  N o r th  
A fric a . H is  f irs t  c le a r  e n u n c ia tio n  o f  h is  th e o ry , in  w h ic h  
p ro n o u n c e m e n t h e  to o k  d e f in ite  s ta n d  a g a in s t th e  c la im e d  
c a p a c ity  o f  D a rw in ia n  se le c tio n  to  p ro d u c e  n e w  sp ec ie s , 
w a s  in  1868 , in  a  p a p e r  re a d  in  M u n ic h , e n tit le d  "D ie  
D a rw in is c h e  T h e o r ie  u n d  d a s  M ig ra tio n s g e s e tz  d e r  
O rg a n ism e n ."  F ro m  th e  t im e  o f  th e  a p p e a ra n c e  o f  th is  f ir s t  
p a p e r  u n til  w ith in  a  y e a r  o r  tw o  o f  h is  d ea th , W a g n e r  
s te a d ily  w ro te  a n d  fo u g h t fo r  h is  th e o ry , b u t  w ith o u t 
g a in in g  fo r  i t  a n y  su c h  w id e  o r  a u th o r ita tiv e  a c c e p ta n c e  as 
h e  h o p e d . In  a  le t te r  d a te d  A u g u s t 30 , 1884 , W a g n e r  
p a th e tic a lly  w rite s , "Ich sterbe mit der Vberzeugung, dass 
man dies wenigstens nach meinem Tode anerkennen 
wird."

W a g n e r 's  th e o ry  in c lu d e d  n o t  o n ly  th e  
c h a ra c te r is tic s  a lre a d y  p o in te d  o u t as  th e  b a s is  o f  all 
th e o r ie s  o f  th e  in f lu e n c e  o f  is o la tio n  in  sp e c ie s -fo rm in g , 
b u t  th e  a s s u m p tio n  th a t  a ll sp e c ie s  o f  a n im a ls  h a v e  a 
s tro n g  te n d e n c y , o r  a re  c o n s ta n tly  a tte m p tin g , to  "sp re a d  
o u t" ; th a t  is , h a v e  a  d r iv in g  in s t in c t  o f  m ig ra tio n  an d  
d isp e rsa l. T h e  b a s is  o f  th is  te n d e n c y  is  u n d o u b te d ly  th e  
o v e rc ro w d in g  in  th e  im m a tu re  s ta g e s  a n d  in  t im e s  o f  sh o rt 
fo o d -s u p p ly  o r  u n to w a rd  e x te rn a l c o n d itio n s  o f  
te m p e ra tu re , h u m id ity , e tc . T h is  te n d e n c y  to  m o v e m e n t is  
W a g n e r 's  "M ig ra tio n sg e se tz ,"  a n d  th e  o u tc o m e  o f  it  is  to  
b r in g  a b o u t c o n d itio n s  o f  to p o g ra p h ic  a n d  g e o g ra p h ic  
is o la tio n  a m o n g  a ll k in d s  o f  a n im a ls . W h ile  in  h is  f ir s t  
p a p e rs  W a g n e r  lo o k e d  o n  h is  th e o ry  a s  a  so r t o f  
su p p o r tin g  o r  a u x ilia ry  th e o ry  to  th a t  o f  n a tu ra l se le c tio n ,
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h e  so o n  b e g a n  to  see  in  it, c a ll in g  it  n o w  b y  th e  n a m e  o f  
"Separationstheoric," a n  in d e p e n d e n t a n d  a lte rn a tiv e  

e x p la n a tio n  o f  sp e c ie s -fo rm in g . In  1870 , h e  w ro te : "U m  
d e n  U n te rs c h ie d  b e id e r  T h e o r ie n  m o g lic h s t  k u rz  
a u s z u d ru c k e n  : n a c h  d e r  D a rw in 's c h e n  S e le c tio n s th e o r ie  
z u c h te t d ie  N a tu r  in  F o lg e  d e s  K a m p fe s  u rn s  D a s e in  
ra s tlo s  n e u e  ty p is c h e  F o rm e n  d e r  O rg a n is m e n  d u rc h  
A u s le se  n u tz l ic h e r  V a n e ta te n ,g le ic h v ie l ob  in n e r-  o d e r  
a u s se rh a lb  d es  V e rb re itu n g s g e b ie te s  d e r  S ta m m a rt, u n d  
k a n n  d ie se n  P ro z e s s  d e r  B ild u n g  e in e r  n e u e n  A r t  n u r  
in n e rh a lb  e in e s  s e h r  la n g e n  Z e itra u m e s  v o llz ie h e n .

"N a c h  d e r  S e p a ra tio n s th e o r ie  z u c h te t  d ie  N a tu r  n u r  
p e r io d is c h  n e u e  F o rm e n  s te ts  a u sse rh a lb  d es  
W o h n g e b ie te s  d e r  S ta m m a rt d u rc h  g e o g ra p h is c h e  
Iso lie ru n g  u n d  K o lo n ie n b ild u n g ,o h n e  w e lc h e  b e i a lie n  
h o h e re n  T ie re n  g e tre n n te n  G e s c h le c h ts  k e in e  k o n s ta n te  
V a r ie ta t  o d e r  n e u e  A rt e n ts te h e n  k an n . D e r  
G e s ta ltu n g s p ro z e s s  e in e r  n e u e n  F o rm  k a n n  n ic h t  v o n  
la n g e r  D a u e r  se in ."

O r  in  s till m o re  c o n d e n se d  fo rm  : 5. "N a c h  d e r 
S e le k tio n s th e o r ie  is t  d e r  K a m p f  u rn s  D a se in , n a c h  d e r  
S e p a ra tio n s th e o r ie  d ie  ra u m lic h e  A b so n d e ru n g , d ie  
n a c h s te  z w in g e n d e  U rs a c h e  d e r  A r tb ild u n g ."

W a g n e r 's  la te s t, m o s t d e f in itiv e , c le a n e s t cu t, 
s in g le  fo rm u la tio n  o f  th e  Separationstheorie is  th a t  
c o n ta in e d  in  tw o  p a ra g ra p h s  in  h is  say s  e n title d , "L e o p o ld  
v o n  B u c h  u n d  C h a r le s  D a rw in "  (Kosmos, 1883).

T h e se  p a ra g ra p h s  a re  th e  fo llo w in g : "I. Je d e  
d a u e rn d e  ra u m lic h e  A b s o n d e ru n g  e in z e ln e r  o d e r  w e n ig e r  
E m ig ra n te n  v o n  e in e r  S ta m m a rt, w e lc h e  n o c h  im  S ta d iu m  
d e r  V a r ia t io n s fa h ig k e it  s teh t, e rz w in g t a u f  G ru n d  d e r 
V a r ia b ili ta t  u n d  d e r  V e re rb u n g  e in e  k o n s ta n te  
D if fe re n z ie ru n g , in d e m  sie  u n te r  M itw irk u n g  v e ra n d e r te r  
L e b e n s b e d in g u n g e n , d ie  je d e n  S ta n d o rtsw e c h se l 
b e g le i te n ,a u c h  d ie  m in im a ls te n  in d iv id u e lle n  M e rk m a le
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d e r  e rs te n  K o lo n is te n  b e i b lu ts v e rw a n d te r  F o r tp f la n z u n g  
fo r tb i ld e t  u n d  b e fe s tig t.

"2. K e in e  k o n s ta n te  V a r ie ta t  o d e r  A r t  e n ts te h t o h n e  
A u s s c h e id u n g  e in z e ln e r  o d e r  w e n ig e r  In d iv id u e n  v o n  d e r  
S ta m m a rt u n d  o h n e  A n s ie d e lu n g  an  e in e m  n e u e n  S tan d o rt, 
w e il M a s s e n k re u z u n g  u n d  G le ic h h e it  d e r  
L e b e n s b e d in g u n g e n  in  e in e m  z u s a m m e n h a n g e n d e n  
W o h n g e b ie t  im m e r  a b s o rb ie re n d  u n d  n iv e llie re n d  w irk e n  
m u s s e n  u n d  in d iv id u e lle  V a r ia tio n e n  s te ts  w ie d e r  in  d ie  
S ta m m fo rm  z u ru c k d ra n g e n ."

W a g n e r 's  6 lo n g  se rie s  o f  in te re s tin g  p a p e rs  an d  
a d d re s se s  a re  c ra m m e d  w ith  fa c ts  o f  p la n t  a n d  an im a l 
g e o g ra p h y , ta x o n o m y  a n d  p a la e o n to lo g y , a n d  w ith  k e e n  
in te rp re ta tio n  o f  th e s e  fa c ts , a n d  c le a r  a n d  in c is iv e  
fo rm u la tio n s  o f  h is  fe w  g e n e ra lisa tio n s .

O n e  o f  th e  m o s t a rd e n t p re s e n t-d a y  u p h o ld e rs  o f  
th e  sp e c ie s - fo rm in g  p o te n c y  o f  g e o g ra p h ic a l is o la tio n  is  
D a v id  S ta rr  Jo rd a n , th e  fo re m o s t  A m e r ic a n  s tu d e n t o f  th e  
c la s s if ic a tio n  a n d  d is tr ib u tio n  o f  fish es . F ro m  a  re c e n t 
p a p e r  I  a b s tra c t th e  fo llo w in g  b r i e f  s ta te m e n ts  o f  h is  
b e lie fs  c o n c e rn in g  th e  c h a ra c te r  a n d  re su lts  o f  th e  
in f lu e n c e  o f  g e o g ra p h ic a l iso la tio n .

"It is  n o w ,"  w rite s  Jo rd a n , "n e a r ly  fo r ty  y e a rs  s in c e  
M o r itz  W a g n e r  (1 8 6 8 )  f ir s t  m a d e  it  c le a r  th a t  g e o g ra p h ic a l 
is o la tio n  (raumliche Sondcrung) w a s  a  fa c to r  o r  c o n d itio n  
in  th e  fo rm a tio n  o f  e v e ry  sp e c ie s , r a c e ,o r  tr ib e  o f  an im a l 
o r  p la n t  w e  k n o w  o n  th e  f a c e  o f  th e  ea rth .

T h is  c o n c lu s io n  is  a c c e p te d  as a lm o s t s e lf -e v id e n t 
b y  e v e ry  c o m p e te n t s tu d e n t o f  sp e c ie s  o r  o f  th e  
g e o g ra p h ic a l d is tr ib u tio n  o f  sp e c ie s .B u t to  th o s e  w h o  
a p p ro a c h  th e  su b je c t o f  e v o lu tio n  f ro m  so m e  o th e r  s id e  th e  
p r in c ip le s  se t fo r th  b y  W a g n e r  se e m  le ss  c lea r. T h e y  h a v e  
n e v e r  b e e n  c o n fu te d , s c a rc e ly  e v e n  a tta c k e d , so  fa r  as  th e  
p re s e n t w r ite r  re m e m b e rs , b u t  in  th e  l i te ra tu re  o f  e v o lu tio n  
o f  th e  p re s e n t d a y  th e y  h a v e  b e e n  a lm o s t u n iv e rsa lly  
ig n o re d . N o w a d a y s  m u c h  o f  o u r  d is c u s s io n  tu rn s  o n  th e
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q u e s tio n  o f  w h e th e r  o r  n o t  m in u te  f a v o u ra b le  v a r ia tio n s  
w o u ld  e n a b le  th e ir  p o s s e s s o rs  l i ttle  b y  li ttle  to  g a in  o n  th e  
p a re n t  s to ck , so  th a t  a  n e w  sp e c ie s  w o u ld  b e  e s ta b lish e d  
s id e  b y  s id e  w ith  th e  o ld , o r  o n  w h e th e r  a  w id e  f lu c tu a tio n  
o r  m u ta tio n  w o u ld  g iv e  r is e  to  a  n e w  sp e c ie s  w h ic h  w o u ld  
h o ld  its  o w n  in  c o m p e tit io n  w ith  its  p a ren t. In  th e o ry , 
e ith e r  o f  th e s e  c o n d itio n s  m ig h t ex is t. In  fac t, b o th  o f  th e m  
a re  v ir tu a lly  u n k n o w n . In  n a tu re  a  c lo se ly  re la te d  d is tin c t 
sp e c ie s  is  n o t  o f te n  q u ite  s id e  b y  s id e  w ith  th e  o ld . I t  is  
s im p ly  n e x t  to  it, g e o g ra p h ic a lly  o r  g e o lo g ic a lly  sp e a k in g , 
a n d  th e  d e g re e  o f  d is tin c tio n  a lm o s t  a lw a y s  b e a rs  a 
r e la tio n  to  th e  im p o r ta n c e  o r  th e  p e rm a n e n c e  o f  th e  b a r r ie r  
se p a ra tin g  th e  su p p o se d  n e w  s to c k  f ro m  th e  p a re n t  s to ck .

"A  f lo o d  o f  l ig h t  m a y  b e  th ro w n  o n  th e  th e o re tic a l 
p ro b le m  o f  th e  o r ig in  o f  sp e c ie s  b y  th e  s tu d y  o f  th e  
p ro b a b le  a c tu a l o r ig in  o f  sp e c ie s  w ith  w h ic h  w e  m a y  b e  
fa m ilia r , o r  o f  w h ic h  th e  ac tu a l h is to ry  o r  th e  ac tu a l 
ra m if ic a tio n s  m a y  in  so m e  d e g re e  b e  tra c e d ."

D r. Jo rd a n  th e n  p ro c e e d s  to  re la te  a n d  a n a ly se  o u r  
p re s e n t ac tu a l k n o w le d g e  o f  th e  m a k e -u p  o f  c e r ta in  lo ca l 
fa u n a e , o f  th e  m ig ra tio n s  a n d  d is tr ib u tio n  o f  c e r ta in  w e ll-  
k n o w n  a n im a l sp e c ie s  (e sp e c ia lly  in  th e  p h y la  o f  b ird s  a n d  
f ish e s , in  w h ic h  g ro u p s  o u r  k n o w le d g e  o f  th e  p re se n t 
s ta tu s  in  N o r th  A m e r ic a  o f  sp e c ie s  a n d  v a r ie t ie s  a n d  th e ir  
d is tr ib u tio n  is  n e a r ly  e x h a u s tiv e ) , a n d  o f  th e  c lim a tic , 
to p o g ra p h ic , a n d  g e n e ra l g e o g ra p h ic  b a r r ie rs  8 w h ic h  
d e te rm in e  th is  d is tr ib u tio n , in  a  w a y  m o s t c o n v in c in g  to  
u n p re ju d ic e d  m in d s . H e  b r in g s  to  th e  s u p p o r t o f  h is  o w n  
s ta te m e n ts  o f  fa c t  a n d  o p in io n  th e  te s t im o n y  (c o n ta in e d  in  
p e rso n a l le tte rs  a n sw e r in g  d ire c t q u e r ie s  f ro m  h im se lf )  o f  
m a n y  w e ll-k n o w n  A m e r ic a n  s tu d e n ts  o f  sy s te m a tic  a n d  
fa u n is tic  z o o lo g y . Jo rd a n  su m s u p  th e  re su lts  o f  h is  
d isp la y  o f  N o r th  A m e ric a n  fa u n a l c o n d itio n s  in  v a r io u s  
p a ra g ra p h s , f ro m  a m o n g  w h ic h  th e  fo llo w in g  a re  q u o ted :

"In  re g io n s  b ro k e n  b y  fe w  b a r r ie rs , m ig ra tio n  an d  
in te rb re e d in g  b e in g  a llo w e d , w e  f in d  w id e ly  d is tr ib u te d
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sp e c ie s ,h o m o g e n e o u s  in  th e ir  c h a ra c te r , th e  m e m b e rs  
s h o w in g  in d iv id u a l f lu c tu a tio n  a n d  c lim a tic  e ffec ts , b u t  
r e m a in in g  u n ifo rm  in  m o s t  re g a rd s , a ll re p re s e n ta tiv e s  
s lo w ly  c h a n g in g  to g e th e r  in  th e  p ro c e s s  o f  a d a p ta tio n  b y  
n a tu ra l se le c tio n . In  re g io n s  b ro k e n  b y  b a r r ie r s  w h ic h  
iso la te  g ro u p s  o f  in d iv id u a ls  w e  f in d  a  g re a t  n u m b e r  o f  
re la te d  sp e c ie s , th o u g h  in  m o s t  c a se s  th e  sa m e  re g io n  
c o n ta in s  a  sm a lle r  n u m b e r  o f  g e n e ra  o r  fa m ilie s . In  o th e r  
w o rd s , th e  n e w  sp e c ie s  w ill b e  fo rm e d  c o n d itio n e d  o n  
iso la tio n , th o u g h  th e s e  sa m e  b a r r ie rs  m a y  sh u t o u t 
a lto g e th e r  fo rm s  o f  l ife  w h ic h  w o u ld  in v a d e  th e  o p e n  
d is tr ic t.

"G iv e n  a n y  sp e c ie s  in  an y  re g io n , th e  n e a re s t  
re la te d  sp e c ie s  is  n o t l ik e ly  to  b e  fo u n d  in  th e  sa m e  re g io n  
n o r  in  a  re m o te  re g io n , b u t  in  a  n e ig h b o u r in g  d is tr ic t  
se p a ra te d  f ro m  th e  f ir s t  b y  a  b a r r ie r  o f  so m e  sort.

"D o u b tle s s  w id e  f lu c tu a tio n s  o r  m u ta tio n s  in  e v e ry  
s p e c ie s  a re  m o re  c o m m o n  th a n  w e  su p p o se . W ith  fre e  
a c c e ss  to  th e  m a ss  o f  th e  sp e c ie s , th e s e  a re  lo s t  th ro u g h  
in te rb re e d in g . Iso la te  th e m  as  in  a  g a rd e n  o r  a n  e n c lo su re  
o r  o n  a n  is la n d , a n d  th e s e  m a y  b e  c o n tin u e d  a n d  
in te n s if ie d  to  fo rm  n e w  sp e c ie s  o r  ra c e s . A n y  h o r t ic u ltu r is t  
w ill i l lu s tra te  th is .

"In  th e s e  a n d  in  a ll s im ila r  c a se s  w e  m a y  
c o n f id e n tly  a ff irm : T h e  a d a p tiv e  c h a ra c te rs  a  sp e c ie s  m a y  
p re s e n t a re  d u e  to  n a tu ra l se le c tio n  o r  a re  d e v e lo p e d  in  
c o n n e c tio n  w ith  th e  d e m a n d s  o f  c o m p e titio n . T h e  
c h a ra c te rs , n o n -a d a p tiv e , w h ic h  c h ie f ly  d is tin g u ish  sp e c ie s  
d o  n o t  re s u lt  f ro m  n a tu ra l se le c tio n , b u t  f ro m  so m e  fo rm  
o f  g e o g ra p h ic a l is o la tio n  a n d  th e  se g re g a tio n  o f  
in d iv id u a ls  r e s u ltin g  f ro m  it.

"In  th e  a n im a l k in g d o m , g e n e ra lly , w e  m a y  say: 
W h e n e v e r  a  b a r r ie r  is  to  so m e  e x te n t t ra v e rsa b le , th e  
fo rm s  se p a ra te d  b y  i t  a re  lia b le  to  c ro ss  f ro m  o n e  s id e  to  
th e  o th e r, th u s  p ro d u c in g  in te rg ra d a tio n s , o r  fo rm s  m o re  o r  
le s s  in te rm e d ia te  b e tw e e n  th e  o n e  a n d  th e  o th e r. F o r  e v e ry
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su b sp e c ie s , w h e re  th e  n a tu re  o f  th e  v a r ia tio n  h a s  b e e n  
c a re fu lly  s tu d ie d , th e re  is  a lw a y s  a  g e o g ra p h ic a l b a s is . 
T h is , b a s is  is  d e f in e d  b y  th e  p re s e n c e  o f  so m e  so r t o f  a 
p h y s ic a l b a rr ie r . I t  is  e x tre m e ly  ra re  to  f in d  tw o  su b sp e c ie s  
in h a b itin g  o r b re e d in g  in  e x a c tly  th e  sa m e  re g io n . W h e n  
su c h  a p p e a rs  to  b e  th e  ca se , th e re  is  re a lly  so m e  d if fe re n c e  
in  h a b it  o r  in  h a b ita t; th e  o n e  fo rm  liv e s  o n  th e  h ills , th e  
o th e r  in  th e  v a lle y s ; th e  o n e  fe e d s  o n  o n e  p la n t, th e  o th e r  
o n  a n o th e r ; th e  o n e  liv e s  in  d e e p  w a te r , th e  o th e r  a lo n g  th e  
sh o re . T h e re  c a n  b e  n o  p o s s ib le  d o u b t th a t  su b sp e c ie s  a re  
n a s c e n t  sp e c ie s , a n d  th a t  th e  a c c id e n t o f  in te rg ra d a tio n  in  
th e  o n e  c a se  a n d  n o t  in  th e  o th e r  im p lie s  n o  re a l d if fe re n c e  
in  o rig in s .

"T o  th e  g e n e ra l ru le  th a t  c lo se ly  a llie d  sp e c ie s  do  
n o t  l iv e  to g e th e r  th e re  e x is t  p a r tia l e x c e p tio n s . I t  m a y  b e  
w e ll to  g la n c e  a t so m e  o f  th e se , fo r  n o  ru le  is  e s ta b lish e d  
u n til  its  e x c e p tio n s  a re  b ro u g h t  in to  h a rm o n y  w ith  th e  
p h e n o m e n a  w h ic h  il lu s tra te  th e  ru le ."  (H e re  D r. Jo rd a n  
d e ta ils  th e  fa c ts  o f  d is tr ib u tio n  in  th re e  c a se s  f ro m  a m o n g  
th e  f ish e s , w h ic h  a p p a re n tly  fo rm  e x c e p tio n s  to  h is  
g e n e ra l ru le ).

A s  an  e x a m p le  o f  th e  e ffe c ts  o f  an  u n u su a l an d  
in te re s tin g  p h a s e  o f  is o la tio n  I  m a y  re fe r  to  th e  c o n d itio n s  
n o te d  c o n c e rn in g  th e  d is tr ib u tio n  a n d  sp e c ie s  d is tin c tio n  
o f  th e  M a llo p h a g a , a  g ro u p  o f  sm all w in g le s s  in se c t 
p a ra s ite s  o n  b ird s  a n d  m a m m a ls . T h e se  p a ra s ite s  l iv e  fo r  
th e ir  w h o le  l iv e s  a m o n g  th e  fe a th e rs  o r  h a ir  o f  th e ir  h o s ts , 
a n d  w h ile  a b le  to  ru n  sw if tly  a re  u n a b le  to  f ly  a n d  th u s  to  
m ig ra te  f re e ly  f ro m  b ird  to  b ird .

"T h e re  a re  to  b e  n o te d  v a r io u s  re su lts  o f  th e  
in f lu e n c e  o n  th e  ta x o n o m y  o f  th e  M a llo p h a g a  o f  th e  
p e c u lia r  c o n d itio n s  o f  th e ir  p a ra s it ic  life . W h ile  th e  
u n ifo rm ity  a n d  p e rs is te n c e  o f  th e  c o n d itio n s  u n d e r  w h ic h  
th e  l ife  o f  th e  p a ra s ite s  is  p a s se d  te n d  to  p re s e rv e  w ith  
l i tt le  c h a n g e  th e  sp e c ie s  ty p e s , th e  p e c u lia r  iso la tio n , o f te n  
p re tty  c o m p le te , o f  g ro u p s  o f  in d iv id u a ls  o f  a  p a ra s ite
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s p e c ie s  o n  in d iv id u a l b ird s  o f  th e  h o s t sp e c ie s  a n d  th e  
c o n s e q u e n t c lo se  b re e d in g , te n d  to  fo s te r  a n d  f ix  th o se  
in e v ita b le  s lig h t v a r ia tio n s  a lw a y s  m a n ife s t  in  a 
c o m p a r iso n  o f  o f fs p r in g  a n d  p a re n ts , b u t  u n d e r  n o rm a l 
c o n d itio n s  h e ld  in  c h e c k  o r  lo s t  (u n le s s  d ire c tly  
a d v a n ta g e o u s )  b y  c ro s s in g  a m o n g  le ss  c lo se ly  re la te d  
in d iv id u a ls . F o r  e x a m p le , th e  in d iv id u a ls  o f  a  p a ra s ite  
sp e c ie s  o n  a  b ird  o f  lo n g  life  a n d  n o n -g re g a r io u s  an d  
m o n o g a m o u s  h a b its , l ik e  an  eag le , liv e  v e ry  m u c h  th e  life  
o f  an  iso la te d  c o m m u n ity . T h e re  m u s t  b e  m a n y  y e a rs  o f  
in -a n d - in  b re e d in g . I t  is  lik e  is la n d  life . T h e  re s u lt  is  
c e rta in : th e  m e m b e rs  o f  th is  is o la te d  g ro u p  w ill so o n  d iffe r  
f ro m  th e  sp e c if ic  ty p e  in  n o tic e a b le  p a r tic u la rs . O n  th e  
o th e r  h a n d , th e  c o n d itio n s  o f  l ife  o n  th is  'is lan d ' a re  
p ra c tic a lly  id e n tic a l w ith  th e  c o n d itio n s  o n  o th e r  s im ila r  
'is la n d s ' —  o th e r  e a g le s  —  in h a b ite d  b y  o th e r  in d iv id u a ls  
o f  th e  sa m e  p a ra s ite  sp e c ie s , so  th e re  is  n o  in f lu e n c e  
w o rk in g  to  p ro d u c e  a  w id e  d iv e rg e n c e  o f  th e  m e m b e rs  o f  
th e s e  v a r io u s  is o la te d  g ro u p s  o f  in d iv id u a ls  o f  th e  sam e  
sp ec ie s . N o w  th is  iso la t io n  o f  g ro u p s  o f  in d iv id u a ls  is  in  
so m e  d e g re e  an  in c id e n t  o f  th e  life  o f  a ll M a llo p h a g a ; in  
so m e  in s ta n c e s  i t  is  c o n s id e ra b le ; in  o th e rs , 
in c o n s id e ra b le , b u t  ta k e n  a lto g e th e r  a  c o n d itio n  in  th e  life  
o f  th e  w h o le  o rd e r  e x e r tin g  an  in f lu e n c e  w h ic h  h a s  th e  
re a d ily  r e c o g n is a b le  re s u lt  o f  c re a tin g  a  g re a t  n u m b e r  o f  
sm a ll v a r ia tio n s  w ith in  sp e c ie s  lim its .

"T h e  re su lts , m a n ife s t  to  a n y  s tu d e n t o f  th e  g ro u p , 
o f  th e s e  tw o  o p p o s in g  in f lu e n c e s  a re  to  r e n d e r  d if f ic u lt  th e  
d iv is io n  o f  th e  o rd e r  in to  d is tin c t g e n e ra  o n  a c c o u n t o f  th e  
g e n e ra l s im ila r ity  o f  s tru c tu re , a n d  to  m a k e  d if f ic u lt  th e  
d e f in itio n  o f  sp e c ie s  o n  a c c o u n t o f  th e  m a n y  s lig h t 
v a r ia t io n s  a m o n g  th e  in d iv id u a ls  f ro m  d if fe re n t b ird  
in d iv id u a ls . ''

T h e  s tu d y  o f  g e o g ra p h ic  d is tr ib u tio n  a n d  its  
in f lu e n c e s  o n  s p e c ie s - fo rm in g  h a s  n o t  b e e n  lim ite d , o f  
c o u rse , to  l iv in g  o rg a n is m s  a lo n e . In  fac t, th e  g e o lo g ic
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s tu d y  o f  d is tr ib u tio n  a n d  m ig ra t io n  o f  b o th  a n im a ls  a n d  
p la n ts  h a s  g iv e n  u s  so m e  o t o u r  m o s t  im p o r ta n t  fa c ts  
to u c h in g  th e  p ro b le m  o f  th e  in f lu e n c e  o f  is o la tio n  o n  
sp e c ie s - tra n s fo rm a tio n . In  an  in te re s t in g  p a p e r  o n  th e  
"g e o lo g ic a l s tu d y  o f  th e  m ig ra tio n  o f  m a r in e  
in v e r te b ra te s ,"  S m ith  10 h a s  p o in te d  o u t th e  g e n e ra l 
p r in c ip le s  a n d  c o n d itio n s  u p o n  w h ic h  th e  in te rp re ta tio n  o f  
th e  g e o g ra p h ic  d is tr ib u tio n  o f  th e  m a r in e  in v e r te b ra te s  o f  
th e  e a r l ie r  g e o lo g ic  a g e s  m u s t b e  b a se d .

In  c lo s in g  th is  c o n s id e ra tio n  o f  th e  s ta tu s  o f  
g e o g ra p h ic  is o la tio n  as a  fa c to r  in  sp e c ie s - fo rm in g , I 
sh o u ld  n o t  o m it to  ca ll a tte n tio n  to  th e  fac t, w h ic h  sh o u ld  
b e  o b v io u s  e n o u g h  to  a n y  re a d e r , th a t  is o la tio n  in  i t s e l f  
c a n n o t b e  th e  b a s ic  a n d  a ll- s u f f ic ie n t c a u se  fo r  th e  
p ro d u c tio n  o f  sp e c if ic  d if fe re n tia tio n , a n y  m o re  th a n  an y  
se le c tiv e  f a c to r  can . T h e  p re re q u is ite  in  b o th  c a se s  is  th e  
o c c u rre n c e  o f  v a r ia tio n . W h a t  a re  th e  v a r ia tio n s , a n d  h o w  
a re  th e y  p ro d u c e d : th e s e  a re  th e  fu n d a m e n ta l q u e s tio n s  in  
sp e c ie s -fo rm in g . Iso la tio n  is  a  tre m e n d o u s ly  fa v o u r in g  
c o n d itio n  b u t  n o t  a  p r im a ry  c a u se  o f  sp e c ie s -fo rm in g . It 
te n d s  to  h e lp  a lo n g , to  h u rry  u p  sp e c ie s  d is in te g ra tio n , n o t 
to  in it ia te  it. I t is  a  b io lo g ic a l  c a ta ly tic  ag en t.

In  th is  p re s e n t  c o n n e c tio n  th e  p e r tin e n t q u e s tio n  is, 
is  th e  in f lu e n c e  o f  g e o g ra p h ic a l is o la tio n  in  th e  c u m u la tio n  
o f  v a r ia t io n  o r  in tra -s p e c if ic  d if fe re n tia tio n  d u e  to  its  
c o m p e llin g  in -a n d - in  b re e d in g  a n d  h e n c e  th e  fo s te r in g  an d  
c u m u la tio n  o f  fo r tu ito u s  D a rw in ia n  v a r ia t io n s  o c c u rr in g  in  
th e  c o m p a ra tiv e ly  fe w  in d iv id u a ls  o f  th e  is o la te d  g ro u p , o r  
is  th e re  a  s p u r  to  v a r ia tio n , o r  e v e n  ac tu a l p ro d u c tio n  o f  it 
a lo n g  d e te rm in a te  lin e s , in  th e  n e w  e n v iro n m e n ta l 
c o n d itio n s  c o m m o n  to  a ll th e  is o la te d  g ro u p  b u t  in e v ita b ly  
d if fe re n t f ro m  th e  c o n d itio n s  to  w h ic h  th e  p a re n t  ty p e  is  
e x p o se d  ? Is  th e re  a  g ra d u a l a c c u m u la tio n  o f  d if fe re n c e s  
b e tw e e n  th e  s p l i t -o f f  g ro u p  a n d  th e  p a re n t  g ro u p  d u e  to  
e n v iro n m e n ta l in f lu e n c e  p lu s  in -a n d - in  b re e d in g ?  I f  w e  
c o u ld  re p ly  y e s  to  th is  q u e s tio n , w e  sh o u ld  h a v e  a
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s u ff ic ie n t e x p la n a tio n  o f  h o w  th e  is o la te d  g ro u p  sp lits  
ra p id ly  a w a y  in  m a n y  sm a ll, a n d  in  a  fe w  la rg e , 
c h a ra c te r is tic s  f ro m  th e  p a re n t  s tock .

F ro m  th e  fo re g o in g  i t  is  o b v io u s  th a t  g e o g ra p h ic a l 
is o la tio n  is  a  p ro v e d , e ffe c tiv e , a n d  w id e ly  a p p lie d  
sp e c ie s - fo rm in g  fac to r. S o  m u c h  c a n n o t b e  sa id  fo r  
b io lo g ic  a n d  se x u a l is o la t io n .11 T h e  ac tu a l e x is te n c e  o f  
su c h  is o la tio n  is  n o t  p ro v e d  b y  a n y  m a ss  o f  e v id e n c e  
b a s e d  o n  o b se rv a tio n , a lth o u g h  th e  th e o ry  is  b y  n o  m e a n s  
p u re  sp e c u la tio n ; n o r  a re  th e  re su lts  o f  su ch  iso la tio n  
c le a r ly  in d ic a te d , a lth o u g h  a  c e r ta in  a m o u n t o f  o b se rv a tio n  
a n d  e x p e r im e n ta l e v id e n c e  ca n  b e  a d d u c e d  to  sh o w  th em . 
T h e  d if fe re n t p h a se s  o f  iso la tio n , n o t  g e o g ra p h ic , c a lle d  b y  
d if fe re n t n a m e s , as  b io lo g ic , p h y s io lo g ic , se x u a l, an d  
m o rp h o lo g ic  iso la tio n , a ll h a v e  re fe re n c e  to  so m e  so r t o f  
se g re g a tio n  o f  in d iv id u a ls  o f  th e  sa m e  sp e c ie s  in to  g ro u p s  
in s id e  o f  e a c h  o f  w h ic h  m a tin g  ta k e s  p la c e , a n d  a m o n g  
w h ic h  li ttle  o r  n o  c ro s s -b re e d in g  o c c u rs , b e c a u s e  o f  
v a ry in g  h a b its , o r  u n u su a l se x u a l a v e rs io n  o r  a ttra c tio n , o r  
p h y s io lo g ic a l o r  m o rp h o lo g ic a l v a r ia t io n  a f fe c tin g  m a tin g .
F o r  e x a m p le , to  ta k e  f ir s t  a  so r t o f  c o m b in a tio n  o f

12g e o g ra p h ic  a n d  b io lo g ic  iso la tio n , P la te  p o in ts  o u t th a t  
th e re  a re  tw e lv e  sp e c ie s  o f  a lb a tro s se s  in  th e  so u th e rn  
h e m isp h e re , o f  w h ic h  n in e  o r  te n  b e lo n g  to  th e  A u s tra lia n  
z o o -g e o g ra p h ic a l re a lm  a n d  in te rm in g le  th ro u g h o u t m o s t 
o f  th e ir  ra n g e . A t b re e d in g  tim e , h o w e v e r , th e s e  d if fe re n t 
s p e c ie s  b e c o m e  s e g re g a te d  in  re s tr ic te d  a n d  s e p a ra te  
lo c a lit ie s  so  th a t  m a tin g  is  a lw a y s  a c c o m p lis h e d  a m o n g  
d if fe re n t in d iv id u a ls  o f  th e  sa m e  sp e c ie s , a lth o u g h  
h y b r id is a tio n  c o u ld  d o u b tle s s  o b ta in  s u c c e s s fu lly  a m o n g  
th e s e  c lo se ly  re la te d  a lb a tro s s  fo rm s . T h u s  th e  sp e c ie s  
c h a ra c te rs  a re  k e p t  p u re ; th e  sp e c ie s  d is tin c t.

A n  e x a m p le  o f  p u re  b io lo g ic a l is o la tio n  a n d  o n e  
w ith in  a  s in g le  sp e c ie s  (w h ic h  is  th e  so r t  o f  is o la tio n  w e  
a re  m o re  in te re s te d  in )  m ig h t b e  p ro d u c e d  in  th e  fo llo w in g  
w ay .
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W e  k n o w  o f  n u m e ro u s  sp e c ie s  o f  b u tte r f l ie s  w h ic h  
a p p e a r  in  d if fe re n t s e a so n s  o f  th e  y e a r  in  d if fe re n t c o lo u r-  
p a tte rn . T h is  is  n o t  a  c o lo u r  c h a n g e  in  in d iv id u a ls  b u t  
re su lts  f ro m  an  e a r lie r  o r  la te r  h a tc h in g  o f  eg g s  la id  in  th e  
a u tu m n  o r  s u m m e r  b e fo re . T h e se  e g g s  m a y , in d e e d , b e  all 
o f  o n e  b a tc h  o r  lo t, la id  b y  a  s in g le  fe m a le . S o m e  o f  th e se  
e g g s  h a tc h  in  th e  sp rin g ; th e  b u tte r f l ie s  th a t  c o m e  f ro m  
th e s e  sp r in g  la rv a e  a re  o f  o n e  c o lo u r-p a tte rn  ; so m e  o f  th e  
eg g s , h o w e v e r , d e la y  h a tc h in g  u n til  su m m e r; f ro m  th e s e  
la rv a e  c o m e  b u tte r f lie s  o f  a n o th e r  c o lo u r-p a tte rn ; so m e  o f  
th e  e g g s  e v e n  g o  o v e r  u n til  fa ll b e fo re  h a tc h in g ; th e s e  
la te s t  b u tte r f ly  in d iv id u a ls  m a y  b e  o f  a  th ird  c o lo u r-  
p a tte rn . T h e  c o lo u r-p a tte rn  h e re  m u s t h a v e  so m e  f ix e d  
re la tio n  to  th e  t im e  o r  se a so n  o f  h a tc h in g  o f  th e  eg g s; i t  is  
n o t  a  re s u lt  o f  iso la tio n . B u t  th e  c o n d itio n  w e ll i l lu s tra te s  
th e  ac tu a l e x is te n c e  o f  a  b io lo g ic a l is o la tio n  w ith in  a 
sp ec ie s : th e  sp r in g  b u tte r f l ie s  m u s t  m a te  a m o n g
th e m se lv e s , th e  s u m m e r  in d iv id u a ls  a m o n g  th e m se lv e s , 
a n d  th e  fa ll b u tte r f l ie s  a m o n g  th e m se lv e s . W ith in  th e  o n e  
s p e c ie s  a re  th re e  b io lo g ic a l ly  is o la te d  g ro u p s  o f  
in d iv id u a ls  re s tra in e d  f ro m  in te r -b re e d in g . S u p p o se  th e  
in d iv id u a ls  o f  a  b ird  sp e c ie s  sh o w  a m o n g  th e m s e lv e s  a 
te n d e n c y  to  v a ry  in  th e ir  b re e d in g  tim e ; so m e  a re  re a d y  to  
b re e d  e a rly , o th e rs  d e la y  m a tin g . R o u g h ly  s e g re g a te d  in to  
tw o  g ro u p s , e a r ly  b re e d e rs  a n d  la te , th e  in d iv id u a ls  o f  th e  
tw o  g ro u p s  w o u ld  o b v io u s ly  te n d  to  b re e d  e a c h  in s id e  its

13o w n  g ro u p . H u tto n  a c tu a lly  re c o rd s  th e  o c c u r re n c e  o f  
tw o  v a r ie tie s  o f  th e  sh o re -b ird , Estrelata neglecta, in  th e  
K e rm a d e c  Is la n d s , w h ic h  liv e  to g e th e r  b u t  b re e d  a t 
d if fe re n t tim e s . A  p e la g ic  c ru s ta c e a n  l iv in g  n e a r  th e  sh o re  
in c re a s e s  ra p id ly  in  n u m b e rs  ; so m e  in d iv id u a ls  f in d  
th e m s e lv e s  a b le  to  l iv e  o n  th e  sh o re  in  p o o ls  b e tw e e n  tid e -  
lin e s . T h e  p o o l d w e lle rs  b re e d  to g e th e r : th e  p e la g ic  
in d iv id u a ls  b re e d  to g e th e r ;  a  b io lo g ic  iso la t io n  —  in  tru th  
an  is o la tio n  p a r tly  to p o g ra p h ic  —  m ig h t so o n  c o m e  to  
ex is t. A n y  v a r ia t io n  in  h a b its  o f  l ife  a m o n g  in d iv id u a ls
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l iv in g  in  th e  sa m e  lo c a lity , w h ic h  te n d s  to  d e te rm in e  th a t  
b re e d in g  sh a ll b e  ro u g h ly  re s tr ic te d  w ith in  c e r ta in  g ro u p s  
p ro d u c e s  b io lo g ic  iso la tio n ; su ch  v a r ia tio n  m ig h t b e  a 
v a r ia n c e  in  se x u a l m a tu r ity , a  c h a n g e  in  b re e d in g  tim e  fo r  
th a t  o r  a n y  o th e r  re a so n , a  te n d e n c y  o n  th e  p a r t  o f  c e r ta in  
in d iv id u a ls  to  l iv e  m o re  o r  le s s  c o n c e a le d  in  h o le s , u n d e r  
s to n es , e tc ., c h a n g e s  in  fo o d -h a b its , as  th e  g ra d u a l g o in g  
o v e r  o f  so m e  in d iv id u a ls  o f  a  p la n t- fe e d in g  in s e c t  sp e c ie s  
f ro m  th e  o ld  fo o d -p la n t  to  a  n e w  o n e , o r  th e  te n d e n c y  
w ith in  an  o m n iv o ro u s  sp e c ie s  fo r  g ro u p s  to  re s tr ic t  
th e m s e lv e s  to  c e r ta in  sp e c if ic  fo o d s : a ll su ch  v a r ia tio n s  
m ig h t le a d  to  p o s s ib le  b io lo g ic a l iso la tio n .

B y  se x u a l is o la tio n  a u th o rs  u s u a lly  r e fe r  to  th e  
in f lu e n c e  o f  so m e  v a r ia t io n  te n d in g  to  m a k e  d if f ic u lt  o r  
im p o s s ib le  w h o lly  f re e  a n d  m is c e lla n e o u s  m a tin g  o r  
b re e d in g  in s id e  o f  a  sp ec ies .

T h is  v a r ia t io n  m a y  b e  o f  p u re ly  p h y s io lo g ic a l 
c h a ra c te r  o r  m a y  b e  a  s tru c tu ra l on e : th a t  is, th e  h in d ra n c e  
to  m a tin g  m a y  b e  o n e  o f  in s tin c tiv e  fe e lin g , a  " race - 
fe e lin g "  d e p e n d in g  o n  an  a n tip a th y  to  o d o u r, to  ag e , to  
a p p e a ra n c e , e tc ., o r  m a y  b e  a  s lig h t m o d if ic a tio n  o f  th e  
c o p u la to ry  o rg a n s  m a k in g  su c h  m a tin g  d iff ic u lt, o r  e v e n  a 
m o d if ic a t io n  o f  th e  e g g  o r  th e  sp e rm a to z o id s  m a k in g  
fe r ti l is a tio n  d iff ic u lt. I t  is  a  w e ll-k n o w n  fa c t  th a t  n u m e ro u s  
v a r ie tie s  o f  d o m e s tic a te d  a n im a l sp e c ie s  ra re ly  b re e d  
to g e th e r ,a l th o u g h  q u ite  a b le  to , a n d  p ro v id e d  w ith  fu ll 
o p p o rtu n ity . O n  th e  o th e r  h a n d , a n im a ls  o f  d if fe re n t 
sp e c ie s  w h ic h  in  N a tu re  ra re ly  o r  n e v e r  b re e d  to g e th e r  
m ay , i f  k e p t  lo n g  in  c o n f in e m e n t, as in  z o o lo g ic a l g a rd e n s , 
m a te  14 a n d  p ro d u c e  y o u n g . In  e a c h  c a se  th e re  se e m s  to  b e  
q u e s tio n  o f  a  " ra c e -fe e lin g " ; in  th e  f irs t  c a se  a  sex u a l 
a v e rs io n  k e e p in g  a p a r t  in d iv id u a ls  o f  th e  sa m e  sp e c ie s , in  
th e  se c o n d  th e  b re a k in g  d o w n  o f  ra c e - fe e lin g  th a t  in  
N a tu re  h a s  s u ff ic e d  to  p re v e n t  h y b r id is in g . T h is  m ig h t b e  
te rm e d  p h y s io lo g ic a l iso la tio n , or, in d e e d , p h y s io lo g ic a l 
se le c tio n , a s  it  h a s  b e e n  ca lle d , a n d  g iv e n  m u c h  c re d it  fo r
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sp e c ie s - fo rm in g  b y  R o m a n e s  15 a n d  o th e rs . R o m a n e s  a n d  
H u tto n  b e lie v e  th a t  a  p ro g re s s iv e  in fe r ti l i ty  re su lts  in  th is  
w a y  (a n d  a lso  b y  th e  w a y  re fe r re d  to  in  th e  n e x t 
p a ra g ra p h )  w h ic h  ca n  so o n  re s u lt  in  c o m p le te  in fe r tility , 
h e n c e  sp e c if ic  d is tin c tn e s s  o n  th e  p a r t  o f  th e  m u tu a lly  
in fe r ti le  g ro u p s .

M u tu a l in fe r ti l i ty  d u e  to  m o rp h o lo g ic a l v a r ia tio n s  
h a s  b e e n  c a lle d  "m e c h a n ic a l se le c tio n "  b y  K a rl J o rd a n ,16 
a n d  m a y  re s t  o n  s lig h t v a r ia t io n s  in  g e rm -c e lls  o r  
c o p u la to ry  s tru c tu re s . S u ch  m o rp h o lo g ic a l v a r ia t io n s  o f  
th e  re p ro d u c tiv e  o rg a n s  h a v e  b e e n  b e lie v e d  to  b e  sh o w n  
fo r  b u tte r f l ie s  a n d  sp id e rs , w h ile  th e  d e lic a te  t ro p is m ic  
re s p o n s e s  o f  th e  a c tiv e  s p e rm a to z o id s  to  th e  a ttra c tin g  
c h e m ic a l s u b s ta n c e s  in  th e  e g g -c e lls  o f  
e c h in o d e rm s ,c c e le n te ra te s , m o llu sc s , a n d  f ish e s  h a v e  b e e n  
th o u g h t to  b e  c o n d itio n s  in  w h ic h  a  s lig h t c h e m ic a l o r  
p h y s ic a l v a r ia t io n  m ig h t h a v e  a  la rg e  in f lu e n c e  in  
p re v e n tin g  o r  in s u r in g  fe r ti l is a tio n . In d e e d , w h e n  o n e  
e x a m in e s  c o m p a ra tiv e ly  th e  c u r io u s ly  v a r io u s  c o m p le x  
a c c e s so ry  re p ro d u c tiv e  o rg a n s  (c la sp e rs , g o n a p o p h y se s , 
in tro m itte n t  o rg an s , e tc .)  o f  a lm o s t a n y  g ro u p  o f  in se c ts , 
o n e 's  f ir s t  th o u g h t is th a t  th is  v a r ie ty  m u s t  p ra c tic a lly  
e f fe c tu a lly  e x c lu d e  a ll p o s s ib il i ty  o f  h y b r id is in g . B u t th e  
in te re s tin g  d e ta ile d  c o m p a ra tiv e  s tu d ie s  b y  S n o d g ra ss  17 o f  
th e  a c c e s so ry  g e n ita lia  in  v a r io u s  fa m ilie s  o f  D ip te ra  m a k e  
th is  c o n f id e n c e  le s s  ce rta in . In  th e  la rg e  fa m ily  T ip u lid a e , 
fo r  e x a m p le , h e  f in d s  g re a t  c o m p le x ity  a n d  re m a rk a b le  
v a r ie ty  (a m o n g  th e  d if fe re n t  c lo se ly  a llie d  sp e c ie s )  in  th is  
c o m p le x ity  in  th e  g e n ita lia  o f  th e  m a le s , b u t  a lm o s t n o  
v a r ia tio n  a t a ll in  th e  c o rre s p o n d in g  (c o m p le m e n ta ry )  
p a r ts  o f  th e  fe m a le s . " T h ro u g h o u t th e  e n tire  f a m ily  th e  
fe m a le s  p re s e n t o n e  ty p e  o f  s tru c tu re , o f  w h ic h  th e re  is  b u t  
l i tt le  m o d if ic a tio n , a n d  c e r ta in ly  n o n e  to  c o rre sp o n d  w ith  
th e  g re a t  v a r ie ty  o f  sp e c if ic  d if fe re n c e s  fo u n d  in  th e  
g e n ita lia  o f  th e  m a le s ."  N o w  w h ile  th e  g re a t  v a r ie ty  o f  th e  
c o p u la - to ry  p a r ts  w o u ld  b e  e x tre m e ly  s ig n if ic a n t i f  sh a re d

230



b y  b o th  s e x e s  so  th a t  o n ly  o n e  k in d  o f  k e y  c o u ld  f i t  o n e  
k in d  o f  lo c k , w e  h a v e  th e  in e x p lic a b le  c o n d itio n  a c tu a lly  
e x is tin g  o f  th e  k e y s  b e in g  e x tre m e ly  v a r io u s  a n d  c o m p le x , 
b u t  th e  lo c k s  all b e in g  so  s im ila r  a n d  s im p le  th a t  a n y  b e n t
n a il is  a b le  to  p ic k  th em .

18S e e b o h m  c r it ic is e s  R o m a n e s 's  th e o ry  o f
p h y s io lo g ic a l se le c tio n , w h ic h  sh o u ld  b e t te r  b e  c a lle d  
p h y s io lo g ic a l iso la tio n , as  d e m a n d in g  an  a lm o s t 
im p o s s ib le  c o in c id e n c e  o f  c o n d itio n s  to  m a k e  i t  w o rk . 
F o rm u la te d  as n e a r ly  as i t  c a n  b e  in  a  s in g le  sen te n c e , 
R o m a n e s  h a s  d e f in e d  p h y s io lo g ic a l se le c tio n  as fo llo w s: 
"W h e re v e r , a m o n g  a ll th e  p o s s ib le  v a r ia t io n s  o f  th e  h ig h ly  
v a r ia b le  re p ro d u c tiv e  sy s te m  th e re  a r ise s  to w a rd  an y
p a re n t  fo rm  a n y  d e g re e  o f  s te r ility  w h ic h  d o e s  n o t  e x te n d  
to  th e  v a r ie ta l  fo rm , th e re  a  n e w  sp e c ie s  m u s t  n e c e s sa r ily  
ta k e  its  o rig in ."  S e e b o h m  p o in ts  o u t th a t  th is  is  e x a c tly  a 
c o n d itio n  th a t  c a n  ra re ly , i f  ev e r, o c c u r, fo r  to  b r in g  it 
a b o u t w e  m u s t  p re su p p o se : —

"1st. T h e  sp e c ia l v a r ia t io n  o f  th e  re p ro d u c tiv e  
o rg a n s  m u s t  o c c u r  in  tw o  in d iv id u a ls , o th e rw ise  th e  
p o s s ib le  a n c e s to r  o f  th e  n e w  sp e c ie s  w o u ld  le a v e  n o  
d e sc e n d a n ts .

"2d. I t  m u s t  o c c u r  a t th e  sa m e  tim e  in  b o th .
"3d. I t  m u s t  o c c u r  a t th e  sa m e  p lace .
"4 th . T h e  tw o  in d iv id u a ls  m u s t  b e  o f  o p p o s ite

sex es.
"5 th . T h e y  m u s t  e a c h  o f  th e m  p o s s e s s  so m e  o th e r  

v a r ia tio n , o r  th e ir  p ro g e n y  w o u ld  n o t  d if fe r  f ro m  th a t  o f  
th e  r e s t  o f  th e  sp ec ies .

"6 th . T h e  v a r ia t io n  m u s t  b e  th e  sa m e  in  b o th  o r  
a p p e a r  s im u lta n e o u s ly  in  th e  m a jo r ity  o f  th e ir  c h ild re n , 
o th e rw ise  i t  w o u ld  b e  sw a m p e d  b y  in te rb re e d in g  w ith in  
th e  p h y s io lo g ic a lly  is o la te d  fa m ily ."

R o m a n e s 's  th e o ry  h a s  a lso  b e e n  s tro n g ly  c r itic ise d  
b y  W a lla c e  19 a n d  b y  K a rl J o rd a n .20 W a lla c e  c o n te n d s  th a t  
"n o  fo rm  o f  in fe r ti l i ty  o r  s te r ility  b e tw e e n  th e  in d iv id u a ls

231



o f  a  sp e c ie s  c a n  b e  in c re a se d  b y  n a tu ra l se le c tio n  u n le s s  
c o rre la te d  w ith  so m e  u se fu l v a r ia tio n , w h ile  a ll u n fe r ti l i ty  
n o t  so  c o rre la te d  h a s  a  c o n s ta n t te n d e n c y  to  e f fe c t  its  o w n  
e lim in a tio n . B u t th e  o p p o s ite  p ro p e r ty , fe r tility , is  o f  v ita l 
im p o r ta n c e  to  e v e ry  sp e c ie s , a n d  g iv e s  th e  o ffs p r in g  o f  th e  
in d iv id u a ls  w h ic h  p o s s e s s  it, in  c o n se q u e n c e  o f  th e ir  
su p e r io r  n u m b e rs , a  g re a te r  c h a n c e  o f  su rv iv a l in  th e  b a ttle  
o f  life . I t  is, th e re fo re , in d ire c tly  u n d e r  th e  c o n tro l o f  
n a tu ra l se le c tio n , w h ic h  a c ts  b o th  fo r  th e  s e lf -p re s e rv a tio n  
o f  fe r ti le  a n d  th e  se lf -d e s tru c tio n  o f  u n fe r ti le  s to c k s  —  
e x c e p t a lw a y s , as  c o rre la te d  a b o v e , w h e n  th e y  b e c o m e  
u se fu l a n d  th e re fo re  su b je c t to  b e  in c re a s e d  b y  n a tu ra l 
se le c tio n ."  Jo rd a n  m a in ta in s  th a t  th e  o u tc o m e  o f  
p h y s io lo g ic a l se le c tio n  c a n  b e  a t b e s t  o n ly  d im o rp h ism ,
n o t  sp e c if ic  d is tin c tn e ss .

21V e rn o n  h a s  fo rm u la te d  a  th e o ry  w h ic h  h e  ca lls  
th a t  o f  " re p ro d u c tiv e  d iv e rg e n c e ,"  in  th e  fo l lo w in g  w o rd s : 
"S u p p o s in g  th a t  a m o n g  th e  m e m b e rs  o f  a n y  sp e c ie s  th o se  
in d iv id u a ls  m o re  a lik e  in  re s p e c t  to  a n y  d if fe re n t 
c h a ra c te r is tic , su c h  as c o lo u r, fo rm , o r  s ize , a re  s lig h tly  
m o re  fe r ti le  inter se th a n  le s s  s im ila r  in d iv id u a ls , it  
n e c e s sa r ily  fo llo w s  th a t  in  th e  c o u rse  o f  su c c e e d in g  
g e n e ra tio n s  th e  m e m b e rs  o f  th is  sp e c ie s  w ill d iv e rg e  m o re  
a n d  m o re  in  re s p e c t  to  th e  c h a ra c te r is tic  in  q u e s tio n , 
w h e re b y  u lt im a te ly  th e  o r ig in a l sp e c ie s  m a y  b e  sp lit  u p  
in to  tw o  o r  m o re  f re sh  sp e c ie s ."  A s  a  c o n c re te  e x a m p le , 
V e rn o n  su p p o se s  th a t  in  th e  L e p id o p te ro u s  Ithania 
urolina, a  c e r ta in  in s e c t fo u n d  in  th e  A m a z o n  V a lle y , 
sm a ll in d iv id u a ls  w e re  s lig h tly  m o re  fe r ti le  w ith  o th e r  
sm a ll in d iv id u a ls  th a n  w ith  la rg e  in d iv id u a ls , w h ile  th e se  
w e re  a lso  m o re  fe r ti le  inter se " th en  i t  w o u ld  fo llo w  th a t 
fe w e r  in d iv id u a ls  o f  in te rm e d ia te  s iz e  w o u ld  b e  p ro d u c e d , 
a n d  in  c o u rse  o f  t im e  th e  sp e c ie s  w o u ld  b e  sp lit  u p  in to  a 
sm a ll a n d  la rg e  v a r ie ty . T h e se  v a r ie tie s  w o u ld  c o n tin u e  to  
d iv e rg e  as lo n g  as th e  p ro c e s s  o f  're p ro d u c tiv e  d iv e rg e n c e ' 
w a s  a c tin g , til l  a t le n g th  th e y  m ig h t b e c o m e  d if fe re n tia te d
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in  th e  tw o  m u tu a lly  s te r ile  sp e c ie s . S u p p o s in g  o n  th e  o th e r  
h a n d  th is  v a r ia t io n  in  fe r ti l i ty  w e re  c o rre la te d  w ith  s lig h t 
d if fe re n c e s  o f  c o lo u r , th e n  in  c o u rse  o f  t im e  v a r ie tie s  
d if fe r in g  in  re s p e c t  o f  c o lo u r  w o u ld  b e  p ro d u c e d ; o r  i f  it  
w e re  c o rre la te d  w ith  b o th  s iz e  a n d  c o lo u r , v a r ie tie s  
d if fe r in g  in  re s p e c t  o f  b o th  c h a ra c te rs  m ig h t b e  p ro d u c e d . 
A s  a  m a tte r  o f  fac t, th is  in s e c t d o e s  a c tu a lly  o c c u r  as fo u r  
d is tin c t v a r ie tie s  d if fe r in g  in  c o lo u r, fo rm , a n d  size , 
th o u g h  w h e th e r  in  c o n se q u e n c e  o f  th e  o p e ra tio n  o f  
re p ro d u c tiv e  d iv e rg e n c e  i t  is  o f  c o u rse  im p o s s ib le  to  say ." 
B u t th is  th e o ry  h a s  b e e n  s tro n g ly  c r it ic is e d  b y  K a rl 
J o rd a n ,22 w h o  b e lie v e s  h im s e lf  a b le  to  s h o w  th a t  
re p ro d u c tiv e  d iv e rg e n c e  w o u ld  n o t  w o rk  in  th e  w ay  
c o n c e iv e d  b y  V e rn o n , b u t  a c tu a lly  in  su c h  a  w a y  as  to  
e s ta b lish  an  in te rm e d ia te  fo rm .

23K a rl P e a rs o n  23 h a s  fo rm u la te d  a  th e o ry  c a lle d  
" re p ro d u c tiv e  se le c tio n "  w h ic h  h e  b e lie v e s  to  b e  d is tin c t 
f ro m  b o th  th e  R o m a n e s  a n d  th e  V e rn o n  th e o r ie s , a n d  to  
w h ic h  h e  a ttr ib u te s  an  im p o r ta n c e  in  e v o lu tio n  "e q u ip o te n t 
to  n a tu ra l s e le c t io n ,if  in d e e d  i t  b e  n o t  p re p o te n t."  T h e  
th e o ry  is  b a s e d  o n  c o rre la tio n s  w h ic h  se e m  to  e x is t  
b e tw e e n  th e  v a r ia t io n  in  so m e  p a r t ic u la r  o rg a n  a n d  
fe rtility . F ro m  s tu d ie s  o f  v a r ia t io n  o f  h e ig h t  in  4 ,0 0 0  
A n g lo -S a x o n  fa m ilie s  a n d  1 ,1 8 2  D a n is h  fa m ilie s , P e a rs o n  
f in d s  th a t  th e re  e x is ts  a  d is tin c t c o rre la tio n  b e tw e e n  
fe r ti l i ty  a n d  h e ig h t  in  th e  m o th e rs  o f  d a u g h te rs  in  th e se  
fa m ilie s . T h e  e f fe c t o f  th is  c o rre la tio n  is  to  r e n d e r  w o m e n  
le s s  v a r ia b le  a n d  to  ra is e  th e ir  m e a n  h e ig h t. T h e  q u a n tit ie s  
a re  sm a ll, b u t  a re  su ff ic ie n t, i f  u n c h e c k e d  b y  n a tu ra l 
s e le c tio n , to  ra is e  th e  m e a n  h e ig h t  o f  w o m e n  in  fo r ty  
g e n e ra tio n s  b y  3 1-4 in c h e s . "A  fa c to r  w h ic h  w o u ld  a lte r  
s ta tu re  b y  a b o u t th re e  in c h e s  in  1 ,0 0 0  y e a rs  is  c le a r ly  
c a p a b le  o f  p ro d u c in g  v e ry  c o n s id e ra b le  re su lts  in  th e  lo n g  
p e r io d s  d u r in g  w h ic h  e v o lu tio n  m a y  b e  su p p o se d  to  h a v e  
b e e n  a t w o rk ."
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O f  la rg e  im p o r ta n c e  in  a n y  c o n s id e ra tio n  o f  th e  
re la tio n s  o f  is o la tio n  to  sp e c ie s - fo rm in g  a re  th e  
o b se rv a tio n s  a n d  c o n c lu s io n s  o f  G u lic k . D e r iv e d  
o r ig in a lly  f ro m  a n  e x h a u s tiv e  s tu d y  o f  th e  v a r ia tio n  an d  
l ife -c o n d itio n s  o f  c e r ta in  la n d  sh e lls  (A c h a tin e llid a e )  in  
th e  H a w a iia n  Is la n d s , h e  fo rm u la te d , in  1872 , an  
im p o r ta n t  p r in c ip le  c o n c e rn in g  th e  sp e c ie s -d if fe re n tia tin g  
e ffe c ts  o f  in d is c r im in a te  iso la tio n . A s  R o m a n e s  24 w e ll 
p o in ts  o u t, iso la t io n  m a y  n o t  o n ly  a d m it o f  d e g re e s , th a t  is , 
m a y  b e  e ith e r  to ta l o r  p a r tia l, an d , i f  p a r tia l, m a y  o c c u r  in  
n u m b e r le s s  g ra d e s  o f  e f f ic ie n c y , b u t  i t  m a y  b e  e ith e r  
d is c r im in a te  o r  in d isc r im in a te . I f  i t  b e  d is c r im in a te , th e  
is o la tio n  h a s  re fe re n c e  to  th e  re s e m b la n c e  o f  th e  se p a ra te d  
in d iv id u a ls  to  o n e  an o th e r; i f  i t  b e  in d isc r im in a te , i t  l ia s  n o  
su c h  re fe re n c e . F o r  e x a m p le , i f  a  s h e p h e rd  d iv id e s  a  f lo c k  
o f  sh e e p  w ith o u t re g a rd  to  th e ir  c h a ra c te rs , h e  is  iso la tin g  
o n e  se c tio n  f ro m  th e  o th e r  in d isc r im in a te ly ; b u t  i f  h e  
p la c e s  a ll th e  w h ite  sh e e p  in  o n e  f ie ld  a n d  a ll th e  b la c k  
sh e e p  in  a n o th e r  f ie ld , h e  is  is o la tin g  o n e  se c tio n  f ro m  th e  
o th e r  d is c r im in a te ly . O r, i f  g e o lo g ic a l su b s id e n c e  d iv id e s  
a  sp e c ie s  in to  tw o  p a rts , th e  is o la tio n  w ill b e  
in d isc r im in a te ;  b u t  i f  th e  se p a ra tio n  b e  d u e  to  o n e  o f  th e  
se c tio n s  d e v e lo p in g , fo r  e x a m p le , a  c h a n g e  o f  in s tin c t 
d e te rm in in g  m ig ra tio n  to  a n o th e r  a rea , o r  o c c u p a tio n  o f  a 
d if fe re n t h a b ita t  o n  th e  sa m e  a rea , th e n  th e  is o la tio n  w ill 
b e  d is c r im in a te , so  fa r  as  th e  re s e m b la n c e  o f  in s t in c t  is  
c o n c e rn e d . D is c r im in a te  is o la tio n  h a s  b e e n  c a lle d  b y  
G u lic k  s e g re g a te  b re e d in g , a n d  in d is c r im in a te  iso la tio n  
se p a ra te  b re e d in g .

N o w  th e  e f fe c tiv e n e s s  o f  d is c r im in a te  is o la tio n  o r  
s e g re g a te  b re e d in g , h o w e v e r  e ffe c te d , to  p ro d u c e  sp e c ie s -  
d if fe re n tia tio n  is  o f  c o u rse  o b v io u s . In  fac t, as  R o m a n e s  
p o in ts  o u t, i t  is  o n ly  w h e n  a s s is te d  b y  so m e  fo rm  o f  
d is c r im in a te  is o la tio n  w h ic h  d e te rm in e s  th e  e x c lu s iv e  
b re e d in g  o f  l ik e  w ith  lik e , th a t  h e re d ity  ca n  m a k e  in  
f a v o u r  o f  c h a n g e  o f  ty p e  o r  le a d  to  w h a t w e  u n d e rs ta n d  b y
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o rg a n ic  e v o lu tio n . B u t w h a t  a b o u t in d is c r im in a te  iso la tio n  
? D o e s  i t  n o t  seem , a t f ir s t  s ig h t a t le a s t, th a t  th is  k in d  o f  
is o la tio n  m u s t c o u n t  fo r  n o th in g  in  th e  p ro c e s s  o f  
e v o lu tio n  ? Is  i t  n o t  a p p a re n tly  s e lf -e v id e n t th a t  th e  fa rm e r  
w h o  se p a ra te d  h is  s to c k  in to  tw o  o r  m o re  p a r ts  
in d isc r im in a te ly , w o u ld  n o t  e f fe c t a n y  m o re

c h a n g e  in  h is  s to c k  th a n  i f  h e  h a d  le f t  th e m  all to  
b re e d  to g e th e r  ?

"W ell,"  sa y s  R o m a n e s , " a lth o u g h  a t f i r s t  s ig h t th is  
se e m s  se lf -e v id e n t, i t  is  in  fa c t  u n tru e . F o r, u n le s s  th e  
in d iv id u a ls  w h ic h  a re  in d is c r im in a te ly  is o la te d  h a p p e n  to  
b e  a  v e ry  la rg e  n u m b e r , so o n e r  o r  la te r  th e ir  p ro g e n y  w ill 
c o m e  to  d if fe r  f ro m  th a t  o f  th e  p a re n t  ty p e , o r  u n is o la te d  
p o r tio n  o f  th e  p re v io u s  s to ck . A n d , o f  co u rse , as so o n  as 
th is  c h a n g e  o f  ty p e  b e g in s , th e  is o la tio n  c e a se s  to  b e  
in d isc r im in a te :  th e  p re v io u s  a p o g a m y  [ in d isc r im in a te  
iso la tio n ]  h a s  b e e n  c o n v e r te d  in to  h o m o g a m y  
[d isc r im in a te  iso la tio n ] , w ith  th e  u su a l r e s u lt  o f  c a u s in g  a 
d iv e rg e n c e  o f  ty p e . T h e  re a s o n  w h y  p ro g e n y  o f  an  
in d is c r im in a te ly  iso la te d  se c tio n  o f  an  o r ig in a lly  u n ifo rm  
s to c k  —  e. g ,  o f  a  sp e c ie s  —  w ill e v e n tu a lly  d e v ia te  f ro m  
th e  o rig in a l ty p e  is, to  q u o te  M r. G u lic k ,25 as fo llo w s : "N o  
tw o  p o r tio n s  o f  a  sp e c ie s  p o s s e s s  e x a c tly  th e  sa m e  a v e ra g e  
c h a ra c te r , an d , th e re fo re , th e  in itia l d if fe re n c e s  a re  fo r  
e v e r  re a c tin g  o n  th e  e n v iro n m e n t a n d  o n  e a c h  o th e r  in  
su c h  a  w a y  as to  e n su re  in c re a s in g  d iv e rg e n c e  as  lo n g  as 
th e  in d iv id u a ls  o f  th e  tw o  g ro u p s  a re  k e p t  f ro m  
in te rg e n e ra tin g ."

G u lic k  w a s  le d  to  h is  re c o g n itio n  o f  th e  p r in c ip le  
in  q u e s tio n , n o t  b y  a n y  d e d u c tiv e  re a s o n in g  f ro m  g e n e ra l 
p r in c ip le s ,b u t b y  h is  o w n  p a r t ic u la r  a n d  d e ta ile d  
o b se rv a tio n s  o f  th e  la n d  m o llu s c a  o f  th e  S a n d w ic h  Is la n d s . 
H e re  th e re  is  an  im m e n s e  n u m b e r  o f  v a r ie tie s  b e lo n g in g  to  
sev e ra l g e n e ra ; b u t  e v e ry  v a r ie ty  is  re s tr ic te d , n o t  m e re ly  
to  th e  sa m e  is la n d , b u t  a c tu a lly  to  th e  sa m e  v a lle y . 
M o re o v e r , o n  tra c in g  th is  fa u n a  f ro m  v a lle y  to  v a lle y , i t  is
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a p p a re n t th a t  a  s lig h t v a r ia t io n  in  th e  o c c u p a n ts  o f  v a lle y  2 
as  c o m p a re d  w ith  th o s e  o f  th e  a d ja c e n t v a l le y  I, b e c o m e s  
m o re  p ro n o u n c e d  in  th e  n e x t  v a lle y  3, s till m o re  so  in  4, 
e tc ., e tc . T h u s  i t  w a s  p o ss ib le , as M r. G u lic k  say s, ro u g h ly  
to  e s tim a te  th e  a m o u n t o f  d iv e rg e n c e  b e tw e e n  th e  
o c c u p a n ts  o f  a n y  tw o  g iv e n  v a lle y s  b y  m e a s u r in g  th e  
n u m b e r  o f  m ile s  b e tw e e n  th em .

O n  th e  b a s is  o f  h is  d e ta ile d  o b se rv a tio n s , G u lic k  26 
h a s  p ro p o s e d  th e  fo llo w in g  th re e  g e n e ra l p ro p o s itio n s  as 
to  th e  re la tio n s  o f  is o la tio n  to  sp e c ie s -fo rm in g :

"I. A  sp e c ie s  e x p o se d  to  d if fe re n t c o n d itio n s  in  th e
d if fe re n t p a r ts  o f  th e  a re a  o v e r  w h ic h  i t  is  d is tr ib u te d , is
n o t  re p re s e n te d  b y  d iv e rg e n t fo rm s  w h e n  f re e  in te r ­
b re e d in g  e x is ts  b e tw e e n  th e  in h a b ita n ts  o f  th e  d if fe re n t 
d is tr ic ts . In  o th e r  w o rd s , d iv e rs ity  o f  n a tu ra l s e le c tio n  
w ith o u t s e p a ra tio n  d o e s  n o t  p ro d u c e  d iv e rg e n t e v o lu tio n .

"2. W e  f in d  m a n y  c a se s  in  w h ic h  a rea s ,
c o rre s p o n d in g  in  th e  c h a ra c te r  o f  th e  e n v iro n m e n t, b u t  
se p a ra te d  f ro m  e a c h  o th e r  b y  im p o r ta n t  b a rr ie rs , a re  th e  
h o m e s  o f  d iv e rg e n t fo rm s  o f  th e  sa m e  o r  a ll ie d  sp ec ie s .

"3. In  c a se s  w h e re  th e  se p a ra tio n  h a s  b e e n  lo n g  
c o n tin u e d , a n d  th e  e x te rn a l c o n d itio n s  a re  th e  m o s t  d iv e rse  
in  p o in ts  th a t  in v o lv e  d iv e rs ity  o f  a d a p ta tio n , th e re  w e  f in d  
th e  m o s t d e c id e d  d iv e rg e n c e s  in  th e  o rg a n ic  fo rm s . T h a t 
is, w h e re  se p a ra tio n  a n d  d iv e rg e n t se le c tio n  h a v e  lo n g  
a c ted , th e  re su lts  a re  fo u n d  to  b e  th e  g re a te s t.

"T h e  f ir s t  a n d  se c o n d  o f  th e s e  p ro p o s itio n s  w ill 
p ro b a b ly  b e  d isp u te d  b y  few , i f  b y  any . T h e  p r o o f  o f  th e  
se c o n d  is  fo u n d  w h e re v e r  a  se t o f  c lo se ly  a llie d  o rg a n ism s  
is  so  d is tr ib u te d  o v e r  te r r i to ry  th a t  e a c h  sp e c ie s  an d  
v a r ie ty  o c c u p ie s  its  o w n  n a r ro w  d is tr ic t, w ith in  w h ic h  i t  is  
sh u t b y  b a r r ie rs  th a t  re s tra in  its  d is tr ib u tio n , w h ile  e a c h  
sp e c ie s  o f  th e  e n v iro n in g  ty p e s  is  d is tr ib u te d  o v e r  th e  
w h o le  te rr ito ry . T h e  d is tr ib u tio n  o f  te r re s tr ia l  m o llu sc s  o n  
th e  S a n d w ic h  Is la n d s  p re s e n ts  a  g re a t  b o d y  o f  fa c ts  o f  th is  
k in d ."
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F in a lly  in  a  r e c e n t  e x h a u s tiv e  d is c u s s io n  o f  th e  
su b je c t"  o f  th e  r e la tio n  o f  is o la tio n  to  e v o lu tio n  G u lic k  
d e c la re s  th a t  " th e  w h o le  p ro c e s s  o f  b io n o m ic  e v o lu tio n , 
w h e th e r  p ro g re s s iv e  o r  re tro g re s s iv e , w h e th e r  in c re a s in g ly  
ra m if ie d  a n d  d iv e rg e n t, o r  in c re a s in g ly  c o n v e rg e n t 
th ro u g h  a m a lg a m a tio n ,is  a  p ro c e s s  b y  w h ic h  th e  
l im ita tio n s  o f  s e g re g a te  b re e d in g  a re  e ith e r  se t u p  an d  
e s ta b lish e d  o r  c a s t d o w n  a n d  o b lite ra te d ."
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u b e r  sch re i te n , so  s to sse n  w ir  g e w o h n lic h  se h r  b a ld , u n d  
o f t sch o n , e h e  w ir  d ie  V e rb re itu n g s g re n z e  d e r 
b e tre f fe n d e n  A r t  e r re ic h t h a b e n . a u f  e in e  a n d e re . u n d  z w a r  
a u f  e in e  m it  d e r  e rs te re n  n a c h s tv e rw a n d te  T ie ra rt, d ie  a b e r  
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a u f  e in e  d ritte . v ie r te  u n d  fu n f te  A r t  s to sse n , v o n  d e n e n  
je d e  d e n  b e id e n  e rs te n  v e rw a n d t se in  k a n n  u n d  e in  
b e s o n d e re s  V e rb re i tu n g s g e b ie t  b e w o h n t. Im  a llg e m e in e n  
k o n n e n  w ir  d e n  S a tz  a u fs te lle n , d a ss  e s  k e in e  zw e i 
n a c h s tv e rw a n d te n  T ie ra r te n  g ie b t, d e re n  
V e rb re itu n g s g e b ie te  s ich  v o llk o m m e n  d e c k e n . V ie lfa c h  
k a n n  d e r  F a ll fe s tg e s te l l t  w e rd e n , d a ss  d ie  
V e rb re itu n g s g e b ie te  z w e ie r  n a c h s tv e rw a n d te r  T ie ra r te n  
s ich  te i lw e is e  d e c k e n ; a b e r  e in e  v o llk o m m e n e  D e c k u n g  is t  
n o c h  in  k e in e m  F a ll b e i z w e i o d e r  m e h r  n a c h s tv e rw a n d te n  
T ie ra r te n  fe s tg e s te ll t  w o rd e n . E s  k a n n  a u c h  v o rk o m m e n , 
d a ss  d a s  V e rb re i tu n g s g e b ie t  d e r  e in e n  A r t  v o lls ta n d ig  
in n e rh a lb  d e s je n ig e n  d e r  a n d e rn  A r t  lieg t, d a s  a lso . so w e it 
d e r  W o h n k re is  d e r  e rs te n  A r t  re ic h t, e in  Z u s a m m e n fa lle n  
m it  d e m  V e rb re itu n g s g e b ie t  d e r  z w e ite n  A r t  s ta ttf in d e t; 
a b e r  in  so lc h e n  F a lle n  d e h n t s ic h  e b e n  d ie  H e im a t d e r  
e in e n  A rt u b e r  d ie  d e r  z w e ite n  au s, so  d a ss  v o n  K o n g ru e n z  
d e r  b e id e rs e i t ig e n  W o h n g e h ie te  n ic h t  d ie  R e d e  se in  k an n . 
N a c h ts v e rw a n d te  T ie ra r te n  s in d  k e tte n -  o d e r, b e s s e r  
g e sa g t, n e tz fo rm ig  l ib e r  d ie  E rd e  v e rb re ite t . W ie  d ie  
M a s c h e n  e in e s  N e tz e s  re ih e n  s ic h  d ie  W o h n g e b ie te  d e r  
A rte n  e in e r  G a ttu n g  a n e in a n d e r , u n d  w e n n  a u c h , w ie  
sc h o n  h e rv o rg e h o b e n ,m a n c h e r le i  te ilw e is e  D e c k u n g e n  
v o rk o m m e n , so  h a t  s ich  n o c h  in  a lie n  F a lle n , w o  m a n  d ie  
G re n z e n  d e r  V e rb re itu n g s g e b ie te  n a c h s tv e rw a n d te r  A r te n  
fe s tg e s te l l t  h a t, d ie  T h a tsa c h e  e rg e b e n , d a ss  k e in e  
v o llk o m m e n e  D e c k u n g  s ta ttf in d e t. A u s  d ie s e r  T h a tsa c h e  
k o n n e n  w ir  d e n  S c h lu ss  z ie h e n , d a ss  in  e in e m  u n d  
d e m s e lb e n  G e b ie te , so w e it  w e n ig s te n s  a lle  In d iv id u e n  
u n te r  d in se lb e n  V e rh a ltn is s e n  le b e n , au s  e in e r  A r t n ic h t 
z w e i o d e r  m e h r  n e u e  A rte n  w e rd e n  k o n n e n . W a g n e r  
m e in te  z u e rs t, d a ss  h ie rb e i d ie  M o g lic h k e it  e in e r  
a lls e it ig e n  K re u z u n g . w ie  s ie  n a c h  ih m  in n e rh a lb  e in e s  
u n d  d e s s e lb e n  W o h n k re is e s  e in e r  A r t m o g lic h  se in  soil. 
e in e  g ro s se  R o lle  sp ie lt. E r  h a t  u b r ig e n s  se in e  A n s ic h te n  
im  L a u fe  d e r  Z e i t  g e a n d e r t  u n d  es is t  d e sh a lb  n o tw e n d ig ,
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a u f  d ie  E n tw ic k e lu n g s g e s c h ic h te  s e in e r  Id e e n  e tw a s  n a h e r  
e in z u g e h e n . U rs p ru n g lic h  su c h te  W a g n e r  se in e  T h e o r ie  
m it  d e r  D a rw in s c h e n  z u  v e re in ig e n . N a c h  d e r  le tz te re n  
e n ts te h t e in e  n e u e  A r t  d a d u rc h  au s  e in e r  v o rh a n d e n e n , 
d a ss  d ie  L e b e n s b e e in f lu s s u n g e n  a n d e re  w e rd e n , u n d  d ass  
n u n m e h r  d ie je n ig e n  In d iv id u e n  se ite n s  d e r  z u c h te n d e n  
N a tu r  a u s g e w a h lt  w e rd e n , d ie  d e n  n e u e n  
L e b e n s b e e in f lu s s u n g e n  am  b e s te n  e n tsp re c h e n . W a g n e r  
n a h m  n u n  an. d a ss  d ie s  z u n a c h s t  n u r  e in z e ln e  In d iv id u e n  
se in  k o n n e n , u n d  d a ss  n ic h t  b lo s s  sie , s o n d e rn  n o c h  e in e  
g ro s se  A n z a h l a n d e re r  le b e n  b le ib e n , so  d a ss  n ic h t  a lle in  
d ie  M o g lic h k e it , so n d e rn  a u c h  d ie  h o h e  
W a h rs c h e in lic h k e it  g e g e b e n  is t, d a ss  d ie  d e n  n e u e n  
L e b e n s b e e in f lu s s u n g e n  am  b e s te n  e n ts p re c h e n d e n ,v o n  
d e n  u b r ig e n  In d iv id u e n  d e r  b e tre f fe n d e n  O rg a n is n ie n a r t  
a b w e ic h e n d e n  V e r tre te r  d e r  le tz te re n  s ich  m it  d e n je n ig e n  
g e s c h le c h tlic h  m isc h e n , d ie  n ic h t  in  z w e c k e n ts p re c h e n d e r  
W e is e  a b g e a n d e r t  s in d , w o d u rc h  d ie  n e u e n  
E rru n g e n s c h a f te n  w ie d e r  v e r lo re n  g e h e n  so llten . W a g n e r  
su c h te  a lso  d e n  N a c h w e is  z u  fu h re n , d a ss  d ie  D a rw in is c h e  
S e le k tio n s th e o r ie  n ic h t  g e e ig n e t se i, e in e  Z u c h tu n g  n e u e r  
T ie r  u n d  P f la n z e n a r te n  o h n e  e in e  H u lfs le h re , d ie  e r  in  
se in e r  'M ig ra tio n s th e o r ie ' g e fu n d e n  z u  h a b e n  g la u b te , 
n a c h z u w e ise n . E r  m e in te , d a ss  d ie  v o r te i lh a f t  
a b g e a n d e r te n  In d iv id u e n , w e n n  n ic h t  in  a llen , so  d o c h  in  
m a n c h e n  F a lle n  a u s w a n d e rn  w u rd e n  in  e in e  G e g e n d , w o  
d ie  A r t  d e r  s ie  a n g e h o re n , n ic h t  v e r tre te n , w o  a lso  d ie  
M o g lic h k e it  e in e r  K re u z u n g  m it  u n a b g e a n d e r te n  
In d iv id u e n  a u sg e s c h lo s s e n  is t  S p a te r  h a t W a g n e r  se in e  
M ig ra tio n s th e o r ie  d u rc h  d ie  d e r  S e p a ra tio n  o d e r  d e r  
r a u m lic h e n  S o n d e ru n g  e rse tz t, in d e m  e r  z u g le ic h  d ie  
V e rq u ic k u n g  s e in e r  A n sc h a u u n g e n  m it  d e n e n  d es  
D a rw in is m u s  z u ru c k n a h m . N a c h  W a g n e rs
S e p a ra tio n s th e o r ie  b i ld e n  s ic h  n e u e  A rte n  d a d u rc h , dasi 
a u f  d ie  e in e  o d e r  a n d e re  W e is e  e tlic h e  In d iv id u e n  e in e r  
A r t  in  e in  G e b ie t g e la n g e n , d a s  v o rh e r  n ic h t  v o n  d ie s e r  A r t
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b e w o h n t w a r. D ie  E n ts te h u n g  n e u e r  A r te n  e rk la r t  s ich  
d a n n  n a c h  W a g n e r  d a d u rc h , d a ss , d a  d ie  In d iv id u e n  e in e r  
A r t  j a  a lle  m e h r  o d e r  m in d e r  v o n e in a n d e r  a b w e ic h e n , d ie  
w e n ig e n  G ru n d e r  d e r  n e u e n  A r t  ih re  B e s o n d e rh e ite n  
b e w a h re n  u n d  n ic h t  d u rc h  K re u z u n g  m it  a n d e re n  
In d iv id u e n  w ie d e r  e in b u sse n  w u rd e n . D ie  A n p a s s u n g  la s s t  
W a g n e r  a b e r  im  S in n e  L a m a rc k s  z u s ta n d e  k o m m e n , u n d  
n e b e n  E in r ic h tu n g e n , d ie  d e n  O rg a n is m e n  v o n  N u tz e n  
s in d ,. e rk e n n t e r  a n d e re  an , d ie  le d ig lic h  d e r  A u s d ru c k  
e ig e n tu m lic h e r  S tru k tu r  s in d . D ie  k lim a tis c h e n  
V e rh a ltn is s e  s in d  n a c h  W a g n e r  v o n  se h r  u n te rg e o rd n e te r , 
d ie  V e rh in d e ru n g  d e r  K re u z u n g  is t  v o n  a u s s c h la g g e b e n d e r  
B e d e u tu n g . W a g n e r  h u ld ig te  fe rn e r  d e r  A n s c h a u u n g , d a ss  
d ie  w e is s e  F a rb e  d e r  P o la r -  u n d  d ie  g e lb e  d e r  W u s te n tie re  
d a d u rc h  z u s ta n d e  g e k o m m e n  is t, d a ss  e n ts p re c h e n d  
g e fa rb te  In d iv id u e n  v o n  A rte n , d ie  a n d e re  G e g e n d e n  
b e w o h n te n ,. n a c h  d e n  P o la r la n d e rn  u n d  d e n  W u s te n  
a u s w a n d e r te n ."

Jo rd a n . D . S.. "T h e  O rig in  o f  S p e c ie s  th ro u g h  
Iso la tio n ," ' Science, N . S., V o l. X X II, pp . 5 4 5 -5 6 2 , 1905.

8 A n  e x c e lle n t e x a m p le  o f  th e  c a re fu l s tu d y  o f  th e  
re la tio n  o f  a  g ro u p  o f  re c o g n is e d  v a r ie tie s , o r  su b -sp e c ie s  
o f  a  sp e c ie s , to  th e  c lim a tic  d if fe re n c e s  o f  th e ir  v a r io u s  
g e o g ra p h ic  ra n g e s , is  p re s e n te d  b y  Jo s . G rin n e ll in  "T h e  
O rig in  a n d  D is tr ib u tio n  o f  th e  C h e s tn u t-b a c k e d  
C h ic k a d e e ."  A u r ,V o l.I I ,p p . 3 6 4 -3 8 2 , 1904 . I  q u o te  f ro m  
th is  p a p e r  th e  fo llo w in g : "T h e  c h e s tn u t-b a c k e d  c h ic k a d e e  
(Parus rufescens) is  a  b o re a l sp e c ie s  o f  p e c u lia r ly  l im ite d  
d is tr ib u tio n . I t  is  a lm o s t  e x c lu s iv e ly  c o n f in e d  to  th e  h u m id  
P a c if ic  C o a s t r e g io n  o f  N o r th  A m e ric a , w ith in  w h ic h  i t  is  
th e  m o s t a b u n d a n t, a n d  in  m a n y  p la c e s  th e  o n ly  m e m b e r  
o f  th e  g e n u s  Parus p re se n t. W e  f in d  i t  c h a ra c te r is tic a lly  a t 
h o m e  w ith in  th e  d e n s e s t c o n ife ro u s  fo re s ts , o r  a lo n g  th e ir  
e d g es , w h e re  th e re  is  m u c h  sh a d e  a n d  an  ev e n  
te m p e ra tu re .
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"T h e  ra n g e  o f  th e  c h e s tn u t-b a c k e d  c h ic k a d e e  is  
n e a r ly  tw o  th o u s a n d  m ile s  lo n g , n o r th  a n d  so u th , 
e x te n d in g  f ro m  a  l i ttle  n o r th  o f  S itk a , A la sk a , to  so m e  
fo r ty  m ile s  b e lo w  M o n te re y , C a lifo rn ia . B u t its  w id th  is  
v e ry  n a rro w , o n ly  w ith in  th e  c o n f in e s  o f  O re g o n  an d  
W a s h in g to n  e x c e e d in g  o n e  h u n d re d  m ile s , a n d  e ls e w h e re  
u s u a lly  m u c h  le ss , sa v e  fo r  o n e  o r  tw o  iso la te d  in te r io r  
c o lo n ie s  to  b e  m e n tio n e d  la te r.

"T h e  in f lu e n c e s  d e te rm in in g  th is  q u e e r-sh a p e d  
d is tr ib u tio n  a re a  m a y  b e  sa fe ly  a s su m e d  to  b e  a tm o sp h e r ic  
h u m id ity , w ith  a s s o c ia te d  f lo ra l c o n d itio n s . F o r  th is  
h a b ita t  c o in c id e s  q u ite  a c c u ra te ly  w ith  th e  n a r ro w  c o a s ta l 
b e l t  o f  e x c e s s iv e  c lo u d y  w e a th e r  a n d  ra in fa ll.

"T h e  sp e c if ic  c h a ra c te r  d is tin g u is h in g  Parus 
rufescens f ro m  all o th e r  A m e r ic a n  c h ic k a d e e s  is  th e  c o lo u r  
o f  th e  b a c k , w h ic h  is  an  in te n se  ru s ty -b ro w n , a p p ro a c h in g  
c h e s tn u t. I t is  o f  c o m m o n  n o te  th a t  th e  m o s t e v id e n t 
e ffe c ts  o f  s im ila r  c lim a tic  c o n d itio n s  o n  o th e r  a n im a ls  is  a 
c o rre s p o n d in g  in te n s if ic a tio n  o f  b ro w n s , e sp e c ia lly  
d o rsa lly . W e  m a y , th e re fo re , c o n s id e r  th e  c h e s tn u t-b a c k e d  
c h ic k a d e e , as in d ic a te d  b y  its  c h ie f  sp e c if ic  c h a ra c te r , to  
b e  a  p ro d u c t  e x c lu s iv e ly  o f  th e  p e c u lia r  is o h u m ic  a re a  to  
w h ic h  w e  f in d  i t  co n fin e d .

"Parus rufescens, f ro m  S itk a  to  M o n te re y , h a s  a 
c h e s tn u t-c o lo u re d  b a c k . A n d  f ro m  S itk a  to  P o in t  A re n a , 
b e tw e e n  w h ic h  w e  f in d  th e  ex trem es! h u m id ity , a n o th e r  
c o n sp ic u o u s  c h a ra c te r  is  u n ifo rm ,—  th e  c o lo u r  o f  th e  
s id e s , w h ic h  a re  a lso  d e e p  ru s ty  b ro w n . B u t f ro m  P o in t  
A re n a  so u th  to  S an  F ra n c is c o  B a y  (M a rin  D is tr ic t) , th e se  
la te ra l-b ro w n  a re a s  su d d e n ly  w e a k e n  to  p a le -ru s ty ; w h ile  
f ro m  S an  F ra n c is c o  so u th  p a s t M o n te re y  (S a n ta  C ru z  
D is tr ic t) , a d u lt  b ird s  h a v e  th e  s id es  p u re  sm o k e -g ra y  
w ith o u t a  tra c e  o f  ru s ty .

"T h e  sp e c ie s  th u s  p re se n ts  g e o g ra p h ic  v a r ia tio n  
w ith in  itse lf , a n d  th re e  d is tin g u ish a b le  fo rm s  h a v e  b e e n  
n a m e d , re sp e c tiv e ly , th e  c h e s tn u t-s id e d  c h ic k a d e e  (Parus

241



rufesccns rufescens), th e  M a r in  c h ic k a d e e  (Parus 
rufesccns neglectus). a n d  th e  S a n ta  C ru z  c h ic k a d e e  (Parus 
rufescens barlowi). B u t  a ll th re e  su b -sp e c ie s  a re  
u n m is ta k a b ly  th e  c h e s tn u t-b a c k e d  c h ic k a d e e  (Parus 
rufescens).

"A s h a s  a lre a d y  b e e n  a sse r te d , Parus rufescens 
d o u b tle s s  a ro se  a s  a  g e o g ra p h ic a l ra c e  o f  Parus pre- 
hudsonicus [th e  h y p o th e tic a l c o m m o n  a n c e s to r  o f  th e  
p re s e n t sp e c ie s , Parus hudsonicus, o c c u p y in g  th e  in te r io r  
o f  A la s k a  a n d  B r it is h  C o lu m b ia  e a s t to  L a b ra d o r  an d  
N o v a  S co tia , a n d  Parus ru fe sc c n s ] . I t  is  n o w  c a lle d  a 
'sp e c ie s  b e c a u s e  in te rm e d ia te s  h a v e  d ro p p e d  ou t; in  o th e r  
w o rd s , th e  d iv a r ic a tio n  is  n o w  w h o lly  c o m p le te  a n d  'th e re  
a re  tw o  se p a ra te  tw ig s . T h e  a re a  o f  in te rm e d ia te  fa u n a l 
c o n d itio n s  b e tw e e n  th e  h u m id  c o a s t b e l t  a n d  th e  a rid  
in te r io r  r e g io n  o f  B r i t is h  C o lu m b ia  a n d  A la s k a  is  v e ry  
n a rro w , c o n s is tin g , in  p la c e s  p e rs o n a lly  t ra v e rs e d  b y  m e, 
o f  b u t  a  fe w  m ile s  o v e r  a  m o u n ta in  rid g e . T h is  v e ry  
n a rro w n e s s  o f  th e  a re a  o f  fa u n a l m e rg e n c e  p ro b a b ly  
a c c o u n ts  fo r  th e  la c k  o f  in te rm e d ia te s  a t th e  p re s e n t  d ay  
b e tw e e n  hudsonicus a n d  rufescens.

"In  th e  ca se  o f  Parus rufescens a n d  Parus 
hudsonicus, th e re  se e m s  to  b e  n o w  a  n a r ro w  h ia tu s  
b e tw e e n  th e  tw o . A t le a s t  I  c a n  f in d  n o  re c o rd  o f  th e  tw o  
sp e c ie s  h a v in g  b e e n  fo u n d  in  th e  sa m e  lo c a lity . T h e  
n a rro w n e s s  o f  th e  r e g io n  o f  in te rm e d ia te  fa u n a l c o n d itio n s  
m a y  th e re fo re  b e  c o n s id e re d  as th e  re a so n  w h y  w e  d o  n o t 
f in d  c o n n e c tin g  lin k s  b e tw e e n  hudsonicus a n d  rufescens a t 
th e  p re s e n t tim e . F o r  th e  a m o u n t o f  d if fe re n c e  b e tw e e n  
th e s e  tw o  c h ic k a d e e s  d o e s  n o t  s tr ik e  m e  as  a n y  g re a te r  
th a n , fo r  in s ta n c e ,b e tw e e n  Melospiza cinerea montana an d  
Melospisa cinerea rufina, b e tw e e n  w h ic h  th e re  is  
c o n tin u o u s  d is tr ib u tio n  a n d  f re e  in te ro sc u la tio n . B u t w e  
c a n n o t e x p e c t a n y  tw o  sp e c ie s  o f  b ird s  o r  o th e r  a n im a ls  to  
p re s e n t th e  sa m e  d e g re e s  o f  d if fe re n tia tio n  in  th e  sa m e  
le n g th  o f  t im e  o r  u n d e r  th e  sa m e  c o n d itio n s , m u c h  le s s
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u n d e r  d if fe re n t c o n d itio n s . F o r  in  n o  tw o  a n im a ls  is  th e  
p h y s ic a l o rg a n isa tio n , in  a ll re sp e c ts , e x a c tly  th e  sam e.

"In  a  g iv e n  a g g re g a tio n  o f  in d iv id u a ls  c o n s titu tin g  
a  n e w  c o lo n y , a  c e r ta in  a m o u n t o f  t im e  is  n e c e s sa ry  fo r  th e  
se t o f  e n v iro n m e n ta l fa c to rs  to  b e c o m e  o p e ra tiv e  in  
b r in g in g  a b o u t n e w  in h e r ita b le  c h a ra c te rs  to  a  d e g re e  
p e rc e p tib le  to  us. T h e n  th e  in h e r ite d  e ffe c ts  o f  in v a s io n  
a n d  c ro s s -b re e d in g  f ro m  se a so n  to  se a so n  f ro m  th e  
a d ja c e n t p a re n t  c e n tre  o f  d if fe re n tia tio n  w ill b e  e v id e n c e d  
le s s  a n d  le ss , as  tim e  e la p se s , as  th e  d is ta n c e  f ro m  th is  
c e n tre  in c re a se s . T h e  o f fs p r in g  o f  su c c e s s iv e ly  fu r th e r  
re m o v e d  u n io n s  w ill. o f  c o u rse , in h e r i t  to  a  le s s  a n d  le ss  
d e g re e  th e  d is tin c tiv e  c h a ra c te rs  o f  th e  a n c e s tra l s to c k  on  
o n e  s id e  a n d  m o re  a n d  m o re  o f  th e  in c ip ie n t o n e s  o n  th e  
o th er.

"If, n o w , th e  d is ta n c e  is  g re a t e n o u g h  to  p e rm it  o f  
th e  t im e  re q u ire d  fo r  a d a p tiv e  m a n ife s ta tio n s  to  b e c o m e  
in n a te , th e n  w e  w o u ld  f in d  n e w  c h a ra c te rs  m a k in g  th e ir  
a p p e a ra n c e  d is ta lly  n e a re s t  th e  n e w  c e n tre  o f
d if fe re n tia tio n . I f  th e  d is ta n c e  w e re  to o  sh o rt w e  w o u ld  n o t 
f in d  n e w  c h a ra c te rs  sh o w in g  th e m s e lv e s  b e c a u s e  th e y  
w o u ld  b e  c o n s ta n tly  c ro w d e d  d o w n  b y  th e  in f lu x  o f  th e  
o ld . T h e  tim e  fa c to r  m a y , th e re fo re , b e  re d u c e d  b y  th e  
in te rv e n tio n  o f  an  im p a s s a b le  b a rr ie r . A s  an  in s ta n c e , w e  
f in d  th re e  (a n d  th e re  a re  p ro b a b ly  tw o  o th e r)  in s u la r  fo rm s  
o f  th e  so n g  s p a rro w  w ith in  a  l im ite d  d is ta n c e  a m o n g  th e  
S a n ta  B a rb a ra  Is la n d s , w h ile  th ro u g h  th e  sa m e  d is ta n c e  o n  
th e  a d ja c e n t m a in la n d  th e re  is  b u t  one . O r, in  th e  c a se  o f  
c o n tin u o u s  d is tr ib u tio n , th e  t im e  e le m e n t m a y  b e  
c o m p a ra tiv e ly  le s se n e d  b y  th e  g re a t d is ta n c e  b e tw e e n  th e  
ra n g e  lim its , a n d  i t  m a y  b e  s till fu r th e r  d e c re a se d  as th e s e  
l im its  lie  in  fa u n a l a re a s  o f  m o re  e m p h a tic a lly  d if fe re n t 
n a tu re . T h e  h o rn e d  la rk s , as w e ll as  so n g  sp a rro w s , fu rn ish  
u s  sev e ra l g o o d  e x a m p le s  o f  th e  la t te r  tw o  ru les .

"It is  isolation, e ith e r  b y  b a r r ie rs  o r  b y  su ff ic ie n t 
d is ta n c e  to  m o re  th a n  c o u n te rb a la n c e  in h e r ita n c e  f ro m  th e
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o p p o s ite  ty p e , th a t  se e m s  to  m e  to  b e  th e  a b so lu te ly  
e s se n tia l c o n d itio n  fo r  th e  d if fe re n tia tio n  o f  tw o  sp e c ie s , a t 
le a s t in  b ird s .

"A  s tro n g  a rg u m e n t in  s u p p o r t o f  th is  c o n v ic tio n  is  
th a t  w e  " e v e r  f in d  tw o  's u b -sp e c ie s ' b re e d in g  in  th e  sam e  
fa u n a l a rea , a n d  n o  tw o  c lo se ly  s im ila r  sp e c ie s , e x c e p t as 
c a n  b e  p la in ly  a c c o u n te d  fo r  b y  th e  in v a s io n  o f  o n e  o f  
th e m  fro m  a  s e p a ra te  c e n tre  o f  d if fe re n tia tio n  in  an  
a d ja c e n t fa u n a l a rea . A n  a p p ro p r ia te  in s ta n c e  in  
i l lu s tra tio n  o f  th e  la t te r  is  th e  o c c u rre n c e  to g e th e r , in  th e  
S isk iy o u  M o u n ta in s  o f  n o r th e rn  C a lifo rn ia , o f  th e  b ro w n  
Parus rufescens o f  th e  w e t c o a s ta l fa u n a  a n d  th e  g ra y  
Parus gambeli o f  th e  a r id  S ie rra n  fa u n a . (S e e  A n d e rso n  
a n d  G rin n e ll, Proc. Ac. Nat. Sc., P h ila ., 1903 , p. 13 .) T h e  
S isk iy o u  M o u n ta in s  o c c u p y  a  l in e  o f  m e rg e n c e  b e tw e e n  
th e  tw o  fa u n a e , a n d  th e  tw o  re s p e c tiv e ly  re p re s e n ta tiv e  
c h ic k a d e e s  h a v e  e v id e n tly  e x te n d e d  th e ir  ra n g e s  to w a rd  
e a c h  o th e r  u n til  n o w  o v e r  th is  o n e  sm a ll a re a  th e y  o c c u p y  
c o m m o n  g ro u n d . S e v e ra l p a ra lle l c a se s  c o u ld  b e  c ited ; 
th e ir  s ig n if ic a n c e  se e m s  o b v io u s .

"W e  c o m e  n o w  to  c o n s id e r  th e  o r ig in  o f  th e  ra c e s  
o f  Parus rufescens. In  a  sp e c ie s  o f  r e c e n t a rr iv a l in to  a 
n e w  re g io n  (b y  in v a s io n  f ro m  a  n e ig h b o u r in g  fa u n a l a rea ), 
as  i t  a d a p ts  i t s e l f  b e t te r  a n d  b e tte r  to  its  n e w  su rro u n d in g s , 
g ra n te d  th e  a b se n c e  o f  c lo s e ly -re la te d  o r  sh a rp ly -  
c o m p e tin g  fo rm s , its  n u m b e rs  w ill ra p id ly  in c re a se . T h is  
m e a n s  th a t  th e re  w ill b e  in c re a se d  c o m p e tit io n  w ith in  th e  
s p e c ie s  itse lf , o n  a c c o u n t o f  l im ite d  fo o d  su p p ly . T h e  
a lte rn a tiv e  re su lts  a re  e ith e r  s ta rv a tio n  fo r  le s s  v ig o ro u s  
in d iv id u a ls  d u r in g  re c u r r in g  se a so n s  o f  u n u s u a l fo o d  
sc a rc ity , o r  d is s e m m a tio n  o v e r  a  la rg e  a rea . In  a  w a y  th e  
f ir s t  m ig h t b e  c o n s id e re d  as b e n e f ic ia l  in  th e  lo n g  ru n , as 
d o u b tle s s  le a d in g  to  th e  e lim in a tio n  o f  th e  w e a k e r; su c h  a 
p ro c e s s  e v id e n tly  d o e s  ta k e  p la c e  to  a  g re a te r  o r  le ss  
d e g re e  all th e  tim e , a n d  is  im p o r ta n t  fo r  th e  b e tte rm e n t o f  
th e  race . B u t  as a  m a tte r  o f  o b se rv a tio n  N a tu re  f ir s t  re so r ts
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to  a ll so rts  o f  d e v ic e s  to  e n su re  th e  sp re a d in g  o f  
in d iv id u a ls  o v e r  a ll in h a b ita b le  re g io n s ; in  o th e r  w o rd s , 
th e  ex tre m e s! in f ra -c o m p e ti t io n  d o e s  n o t  e n su e  u n til  a f te r  
fu r th e r  d is se m in a tio n  is  im p o s s ib le - In  b ird s  w e  f in d  a  tra i t  
e v id e n tly  d e v e lo p e d  o n  p u rp o s e  to  b r in g  a b o u t sc a tte r in g  
o f  in d iv id u a ls . T h is  is  th e  a u tu m n a l 'ro a d  im p u lse ' w h ic h  
o c c u rs  j u s t  a f te r  th e  c o m p le te  a n n u a l m o u lt, w h e n  b o th  
b ird s -o f - th e -y e a r  a n d  a d u lts  a re  in  th e  b e s t  p h y s ic a l 
c o n d itio n , a n d  ju s t  b e fo re  th e  s tre s s  o f  w in te r  fo o d  
sh o rta g e . E v e n  in  th e  m o s t s e d e n ta ry  o f  b ird s , in  w h ic h  n o  
o th e r  tra c e  o f  a  m ig ra to ry  in s t in c t  is  d is c e rn ib le , th is  fa ll 
s e a so n  o f  u n re s t  is  p la in ly  in  e v id e n c e .

I  m a y  su g g e s t, n o t  u n re a s o n a b ly , th a t  a u tu m n a l 
m ig ra tio n  m a y  h a v e  h a d  its  o r ig in  in  su c h  a  t ra i t  as  th is , 
th e  re tu rn  m o v e m e n t in  th e  sp r in g  b e c o m in g  a  n e c e s sa ry  
se q u e n c e . (S e e  L o o m is , Proc. Cat. Acad. Sc., 3 d  se ries . 
Z o o lo g y , II, D e c ., 1900 , 3 5 2 .)  I t  is  a  m a tte r  o f  a b u n d a n t 
o b se rv a tio n  th a t  a u tu m n  is  th e  se a so n  w h e n  w e  f in d  th e  
m o s t u n lo o k e d - fo r  s tra g g le rs  fa r  o u t o f  th e ir  n o rm a l ra n g e  
a n d  w h e n  so b e r, s ta y -a t-h o m e  b ird s , l ik e  Pipilo crissalis 
a n d  th e  c h ic k a d e e s , w a n d e r  fa r  f ro m  th e  n a tiv e  h a u n ts  
w h e re  th e y  so  c lo se ly  c o n f in e  th e m s e lv e s  th e  r e s t  o f  th e  
y ea r. I t  is  a lso  th e  e x p e r ie n c e  o f  c o lle c to rs  th a t  th e  g re a te s t  
n u m b e r  o f  th e s e  s tra g g le rs  a re  b ird s -o f - th e -y e a r , w h ic h  
th u s , o b e y in g  th e  'm a d  im p u lse , ' a re  le d  a w a y  f ro m  th e ir  
b ir th p la c e  in to  n e w  c o u n try , w h e re  th e y  m a y  ta k e  u p  th e ir  
p e rm a n e n t ab o d e , a n d  b e  le s s  lik e ly  to  c o m p e te  w ith  th e ir  
p a re n ts  o r  o th e rs  o f  th e ir  k in d . T h en , to o , c ro s s -b re e d in g  
o f  d is tin c tly  re la te d  in d iv id u a ls  is  m o re  lik e ly . T h e  re c o rd s  
o f  th e  S a n ta  C ru z  c h ic k a d e e  o u ts id e  o f  its  r e g u la r  b re e d in g  
ra n g e , a re  a ll o f  A u g u s t  .to  O c to b e r  d a te s  (H a y w a rd s , 
G ilro y , S an  Jo se , e tc .).

"T h u s. as a b o v e  in d ic a te d , b y  th e  o c c u p a n c y  o f  
n e w  te r r i to ry  th e  n u m b e r  o f  in d iv id u a ls  w h ic h  ca n  b e  
su p p o r te d  w ill c o rre sp o n d in g ly  g ro w . H e n c e  a  v ig o ro u s  
c o lo n y  w ill sp re a d  o u t  a lo n g  lin e s  o f  le a s t re s is ta n c e ,
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b e in g  h in d e re d  b y  s lig h t fa u n a l c h a n g e s , b u t  c o m p le te ly  
c h e c k e d  o n ly  b y  to p o g ra p h ic  o r  a b ru p t c lim a tic  b a rrie rs . 
Parus hudsonicus a n d  its  n e a r  re la tiv e  Parus rufescens a re  
b o re a l sp e c ie s , th e  fo rm e r  in h a b itin g  th e  H u d s o n ia n  Z o n e  
a n d  th e  la t te r  a  c e r ta in  p o r tio n  o f  th e  C a n a d ia n . I t  s e e m s 
re a s o n a b le  to  su p p o se  th a t  rufescens d if fe re n tia te d  in  th e  
n o r th e rn  p a r t  o f  th e  h u m id  c o a s t b e lt , w h ic h  h a s  b e e n  
c a lle d  th e  S itk a n  D is tr ic t. T h is  is  a  fa u n a l su b d iv is io n  o f  
th e  C a n a d ia n  Z o n e , a n d  its  n o r th e rn  p a r t  a p p ro x im a te s  
m o re  c lo se ly  H u d s o n ia n  c o n d itio n s  th a n  so u th e rly . 
G ra n tin g  th a t  th e  e a r ly  c e n tre  o f  d if fe re n tia tio n  an d  
d is tr ib u tio n  o f  Parus pre-hudsonicus rufescens w a s  in  th e  
n o r th e rn  p a r t  o f  th e  S itk a n  D is tr ic t , th e n  th e  ro u te  o f  
e m ig ra tio n  w o u ld  b e  c o n f in e d  to  th e  n a r ro w  so u th w a rd  
e x te n s io n  o f  th a t  fa u n a l a rea . T h e  h a b ita t  o f  Parus 
rufescens th u s  g ra d u a lly  a c q u ire d  th e  lo n g  n o r th  a n d  so u th  
l in e a r  a p p e a ra n c e , as  sh o w n  a t  th is  day . B u t  w h e n  th e  
p io n e e r  in v a d e rs  a t th e  so u th  re a c h e d  th e  v ic in ity  o f  P o in t  
A re n a , th e y  m e t w ith  so m e w h a t c h a n g e d  te m p e ra tu re  an d  
c o n s e q u e n t f lo ra l c o n d itio n s , b u t  n o t  so  a b ru p t as to  
c o n s titu te  a  p e rm a n e n t b a rr ie r . D o u b tle s s  th e  p ro g re s s  o f  
in v a s io n  w a s  re ta rd e d  u n til  a d a p tiv e  m o d if ic a tio n s  
e v o lv e d , w h ic h  c o r re la tiv e ly  a llo w e d  o f  fu r th e r  in v a s io n , 
u n til  th e  a b ru p t lim its  o f  th e  S a n ta  C ru z  D is tr ic t  w e re  
rea c h e d .

"S an  F ra n c is c o  B a y  a n d  th e  G o ld e n  G a te  seem  to  
n o w  fo rm  a  p re tty  e f fe c tu a l b a r r ie r  b e tw e e n  neglccfus on  
th e  n o r th  a n d  barlow o n  th e  so u th . A t le a s t, a m o n g  th e  
la rg e  n u m b e r  o f  sk in s  e x a m in e d  b y  m e  w ith  th is  p o in t  in  
v ie w , I  c a n  f in d  n o n e  f ro m  o n e  s id e  th a t  c a n  b e  
c o n f id e n tly  d e te rm in e d  as b e in g  id e n tic a l w ith  th e  ra c e  on  
th e  o th e r. N e i th e r  c h ic k a d e e  h a s  b e e n  fo u n d  e a s t  o f  th e  
b a y , n o r  a n y w h e re  n e a r ly  so  fa r  f ro m  th e  c o a s t b e lt, e x c e p t 
fo r  o n e  re c o rd  o f  a  sp e c im e n  ta k e n  in  th e  fa ll a t H a y w a rd s . 
T h is  h a s  b e e n  re e x -a m in e d  a n d  p ro v e d  to  b e  barlowi, as 
w a s  to  b e  e x p e c te d  f ro m  its  c o n tig u ity . H o w e v e r , th e
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G o ld e n  G a te  is  so  n a r ro w  th a t  an  o c c a s io n a l c ro s s in g  m a y  
ta k e  p lace . T h is  w a s  m o re  p ro b a b le  fo rm e rly , w h e n  th e  
r e d w o o d  t im b e r  g re w  u p  to  th e  G a te  o n  b o th  sides.

H e e rm a n n , in  1853 , re c o rd e d  th e  sp e c ie s  f ro m  'S an  
F ra n c is c o .' B u t  n o w , I  th in k , th e  b ird  is  u n k n o w n  fo r  
se v e ra l m ile s  o n  e ith e r  s id e  o f  th e  G a te . D o u b tle s s  th is  
b a r r ie r  a c c o u n ts  in  p a r t  fo r  th e  o r ig in  o f  th e  d is tin c t fo rm  
barlowi w ith in  so  sh o rt a  d is ta n c e . .

"A s h a s  b e c o m e  a  g e n e ra lly  a c c e p te d  id e a , th e  
y o u n g  p lu m a g e s  o f  b ird s , i f  d if fe re n t  a t a ll f ro m  th o s e  o f  
th e  a d u lts , p re s e n t a  g e n e ra lis e d  ty p e  o f  c o lo ra tio n ; or, to  
e x p re s s  it  in  a n o th e r  w ay , th e  y o u n g  m o re  n e a r ly  re se m b le  
re c e n t a n c e s tra l c o n d itio n s . T h e  fa m ilia r  e x a m p le s  o f  th e  
sp o tte d , th ru s h - lik e  p lu m a g e  o f  th e  y o u n g  ro b in  a n d  th e  
s tre a k e d , s p a rro w -lik e  p lu m a g e  o f  y o u n g  to w h e e s  an d  
ju n c o s  a re  c a se s  in  p o in t. A c c e p tin g  th is  p h y lo g e n e tic  
s ig n if ic a n c e  o f  o n to g e n y , w e  f in d  th e  c h ic k a d e e s  g iv in g  
so m e  in te re s tin g  i l lu s tra tio n s .

"A lth o u g h  th e  a d u lt  o f  barlowi h a s  th e  s id es  p u re  
sm o k e -g ra y , th e  ju v e n a l  p lu m a g e  p o ss e s s e s  p a le - ru s ty  
sid es . T h is  p o in ts  to w a rd s  a  ru s ty -s id e d  a n c e s to r  lik e  
neglectus. T h is  a lso  a g re e s  p e rfe c tly  w ith  th e  
d is tr ib u tio n a l e v id e n c e  o f  o rig in . T h e  a d u lt  o f  neglcctus 
h a s  p a le - ru s ty  s id es; th e  y o u n g  a lso  h a s  ru s ty  s id e s , b u t  
s o m e w h a t d a rk e r  th a n  in  th e  c o rre s p o n d in g  a g e  o f  barlow; 
a n d  m o re o v e r  is  m o re  n e a r ly  lik e  th e  ju v e n a l  p lu m a g e  o f  
rufescens. B u t th e  s id es  in  a d u lt  rufescens a re  d e e p  b ro w n , 
a lm o s t  c h e s tn u t, w h ile  th e  y o u n g  h a s  m u c h  p a le r , m e re ly  
d a rk -ru s ty  sid es . A n d  w h a t is m o s t  s ig n if ic a n t is  th a t  th e  
y o u n g  o f  rufescens a n d  hudsonicus a re  m u c h  n e a re r  a lik e  
th a n  a re  th e  ad u lts , th e  fo rm e r  h a v in g  o n ly  v e ry  s lig h tly  
d a rk e r  ru s ty  o n  th e  f la n k s . T h e  y o u n g  o f  hudsonicus in  
re s p e c t to  in te n s ity  o f  b ro w n s  a lm o s t e x a c tly  e q u a l th e  
a d u lts  o f  th e  sa m e  sp e c ie s , s h o w in g  th a t  th e  p re s e n t 
c o lo ra tio n  is  o f  v e ry  lo n g  s ta n d in g , a n d  o ffe r in g  fu r th e r  
e v id e n c e  th a t  hudsonicus is  n e a re s t  th e  c o m m o n  s to c k
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fo rm  o f  a ll th e  c h ic k a d e e s  u n d e r  c o n s id e ra tio n . Ju v e n a l 
c h a ra c te rs , re s e m b lin g  a n c e s tra l c o n d itio n s , la g  b e h in d  th e  
n e w e r  a c q u ire d  a d u lt  c h a ra c te rs .

"T o  re p e a t; T h e  y o u n g  o f  barlowi h a s  th e  s id es  
p a le r  ru s ty  th a n  neglectus, neglectus s lig h tly  p a le r  th a n  
rufcscens, b u t  rufescens h a s  th e  s id e s  s lig h tly  m o re  ru s ty  
th a n  hudsonicus, a  s e q u e n c e  w h ic h  a c c o rd s  w e ll w ith  th e  
p re s e n t th e o r ie s  o f  o rig in ."

9 K e llo g g , V . L ., "N e w  M a llo p h a g a , I," C o n trib . to  
B io l. f ro m  th e  H o p k in s  S e a s id e  L a b o ra to ry  o f  L e ia n d  
S ta n fo rd  Jr. U n iv e rs ity , 1896.

10 S m ith , Jas. P ., "S tu d ie s  fo r  S tu d en ts : G e o lo g ic a l 
S tu d y  o f  M ig ra tio n  o f  M a r in e  In v e r te b ra te s ,"  Journal o f 
Geology, V o l. Ill pp . 4 8 1 -4 9 5 , 1895.

11 A n y  se le c tiv e  b re e d in g  o r  s e g re g a tio n  p ro d u c e d  
b y  o th e r  m e a n s  th a n  th e  s e p a ra tio n  o f  g ro u p s  o f
in d iv id u a ls  b y  a c tu a l to p o g ra p h ic , o r  g e o g ra p h ic  b a r r ie rs
m a y  b e  c a lle d  b io lo g ic  o r  s e x u a l iso la tio n .

12 P la te , L ., "U b e r  d ie  B e d e u tu n g  d e s  D a rw in 's c h e n  
S e le c tio n sp r in z ip ,"  p. 193, 1903.
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s e e m s f ir s t  to  h a v e  b e e n  p re s e n te d  b y  E im e r  in  c o n n e c tio n  
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CHAPTER IX.
OTHER THEORIES OF SPECIES- 

FORMING AND DESCENT (CONTINUED) : 
THEORIES ALTERNATIVE TO 

SELECTION.

WE COME n o w  to  th e  b r i e f  c o n s id e ra tio n  o f  th re e  
g e n e ra l th e o r ie s , o r  g ro u p s  o f  th e o r ie s , w h ic h  a re  o ffe re d  
m o re  as a lte rn a tiv e  o r  su b s ti tu tio n a ry  th e o r ie s  fo r  n a tu ra l 
s e le c tio n  th a n  as a u x ilia ry  o r  s u p p o r tin g  th e o rie s . T h e se  
g ro u p s  o f  th e o r ie s  a re  th e  L a m a rc k ia n  o n e , b a s e d  o n  th e  
in h e r ita n c e  o f  c h a ra c te rs  a c q u ire d  in d iv id u a lly  
(o n to g e n e tic a lly )  d u r in g  th e  life tim e  o f  th e  o rg a n ism  d u e  
to  th e  e ffe c ts  o f  u s e  a n d  d isu se  a n d  fu n c tio n a l s tim u li; th e  
g e n e ra l c o n c e p tio n  o f  o r th o g e n e s is  v a r io u s ly  p ro v id e d  fo r  
b y  N a g e li , E im e r, J a e c k e l (m e ta k in e s is ) , a n d  o th e rs , an d  
f in a lly  th e  th e o ry  o f  h e te ro g e n e s is , su g g e s te d  b y  v o n  
K o llik e r , d e f in ite ly  fo rm u la te d  b y  K o rs c h in s k y , a n d  m o s t 
re c e n tly , a n d  im p o r ta n tly , d e v e lo p e d  b y  d e  V rie s . F e w  
b io lo g is ts  w o u ld  h o ld  an y  o f  th e s e  th e o r ie s  to  b e  
e x c lu s iv e ly  a lte rn a tiv e  w ith  n a tu ra l se le c tio n ; d e  V rie s  
h im s e lf  w o u ld  re s tr ic t  n a tu ra l s e le c tio n  b u t  l i t t le  in  its  
la rg e  a n d  e f fe c tiv e  c o n tro l o r  d e te rm in a tio n  o f  th e  g e n e ra l 
c o u rse  o f  d e sc e n t. B u t a ll o f  th e s e  th e o r ie s  o f fe r  d is tin c tly  
s u b s titu tio n a l m e th o d s  o f  sp e c ie s - fo rm in g , a n d  o n e  o f  
th e m  in c lu d e s  c e r ta in ly  th e  m o s t  fa v o u re d  e x p la n a tio n , 
n e x t  to  se le c tio n , o f  a d a p ta tio n , w h ile  th e  a u th o rs  o r  la te r  
u p -h o ld e rs  o f  so m e  o f  th e m  a c tu a lly  d e n y  an y  
c o n s tru c tiv e , th a t  is , a d a p ta tio n a l, sp e c ie s - fo rm in g  o r  
d e sc e n t-c o n tro llin g , in f lu e n c e  o f  n a tu ra l se le c tio n .

The Lamarckian Theory.—  I t is  a  g re a t 
p re s u m p tio n  to  a tte m p t to  o f fe r  in  so  sm a ll a  b o o k  as th is  
a n y  e x p o s itio n  o f  a  th e o ry  so  lo n g  k n o w n  a n d  e la b o ra te ly
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d e v e lo p e d  as th e  e x p la n a tio n  o f  a d a p ta tio n  a n d  sp e c ie s -  
fo rm in g  k n o w n  as L a m a rc k ism . L a m a rc k  1 p ro p o s e d  h is  
th e o ry  a t a  t im e  m o s t in o p p o r tu n e ; i t  m e t  w ith  n o  g e n e ra l 
a c c e p ta n c e , b u t  in  la te r  y e a rs ,p o s t-D a rw in ia n  y e a rs ,fa ir -  
m in d e d  b io lo g is ts  h a v e  tu rn e d  b a c k  to  th e  b o o k s  an d  
p a p e rs  o f  th is  p io n e e r  F re n c h  e x p o n e n t  o f  th e  e v o lu tio n  
p r in c ip le  a n d  h a v e  g iv e n  h is  th e o ry  th e  c a re fu l a tte n tio n  
a n d  sc ru tin y  i t  d e se rv e s  —  b u t  w h ic h  i t  fa ile d  to  g e t 
f ro m L a m a rc k 's  c o n te m p o ra r ie s .

T h is  re e x a m in a tio n  o f  th e  L a m a rc k ia n  th e o ry  o r  
th e o r ie s  h a s  g iv e n  r is e  to  m o s t  ra d ic a lly  d iv e rg e n t o p in io n  
a n d  b e l ie f  c o n c e rn in g  its  w o rth : m a n y  b io lo g is ts  a c c o u n t it  
o f  g re a t v a lu e , o th e rs  re je c t  i t  p ra c tic a lly  in toto. B u t th is  
a c c e p ta n c e  o r  r e je c tio n  d e p e n d s  a lm o s t e n tire ly  o n  o n e 's  
a tt i tu d e  to w a rd  a  s in g le  fu n d a m e n ta l p a r t  o f  it, n a m e ly , th e  
a s s u m p tio n  th a t  v a r ia tio n s , m o d if ic a tio n s , o r  
c h a ra c te r is tic s  a c q u ire d  d u r in g  th e  l i fe tim e  o f  an  
in d iv id u a l, th e s e  m o d if ic a tio n s  u s u a lly  b e in g  d u e  to  u se , 
d isu se , o r  o th e r  fu n c tio n a l s t im u la tio n  o f  o rg a n s  a n d  p a rts , 
c a n  b e  tra n s m itte d  b y  th is  in d iv id u a l to  its  o ffsp r in g . I f  
su c h  n e w ly -a c q u ire d , n o n - in h e r i te d  c h a ra c te r is tic s  c a n  b e  
tra n s m itte d  in  fu ll a n d  in  d e ta il, o r  e v e n  a p p ro x im a te ly  so, 
f ro m  th e  p a re n t  to  th e  y o u n g , th e n  L a m a rc k is m  o b v io u s ly  
o ffe rs  th e  s im p le s t  o f  all th e  e x p la n a tio n s  so  fa r  p re se n te d , 
o f  n e a r ly  a ll a c tiv e  a n d  o f  m a n y  p a s s iv e  a d a p ta tio n s . I f  
su c h  c h a ra c te rs  c a n n o t b e  so  tra n sm itte d , th e n  
L a m a rc k ism , as p la u s ib le , as re a so n a b le , as s im p le  an d  
e ffe c tiv e  as i t  se e m s  to  b e , is  p ra c tic a lly  w ith o u t v a lid ity .

N o w  th is  m a tte r  o f  th e  in h e r ita n c e  o f  a c q u ire d  
c h a ra c te rs , a p p a re n tly  e a s ily  su sc e p tib le  o f  d e f in ite  p ro o f  
o r  re fu ta tio n  b y  o b se rv a tio n  a n d  e x p e r im e n t, h a s  b e e n  fo r  
y e a rs  a n d  is  to -d a y  o n e  o f  th e  b u rn in g  p ro b le m s  o f  
b io lo g y . T h e re  is  n o  g e n e ra l a g re e m e n t a b o u t it, n o  
c o n se n su s  o f  a u th o r ity  ev en . J u s t  a t  p re s e n t th e  w e ig h t  o f  
e v id e n c e  in c lin e s  s tro n g ly  a g a in s t su c h  an  in h e rita n c e , 
c h ie f ly  b e c a u s e  o f  W e is m a n n 's  s u c c e s s fu lly  d e s tru c tiv e
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c r it ic ism  o f  a b o u t a ll th e  e v id e n c e  o f  o b se rv a tio n  w h ic h  
h a s  b e e n  o ffe re d  in  b e h a l f  o f  it. A n d  y e t  ju s t  a t th e  p re se n t 
tim e  d o  b io lo g is ts  re c o g n is e  m o re  k e e n ly  th a n  e v e r  th e  
n e e d  a n d  r e l ie f  th e  a c tu a lity  o f  su ch  in h e r ita n c e  w o u ld  
g iv e  th e m  in  th e ir  a tte m p ts  to  so lv e  th e  g re a t p ro b le m s  o f  
a d a p ta tio n  a n d  s p e c ie s - fo rm in g  ? I  c a n n o t u n d e r ta k e  to  say  
w h e th e r  m o re  re p u ta b le  b io lo g is ts  d isb e lie v e  in  th a n  
b e lie v e  in  th e  e x is te n c e  o f  su ch  in h e r ita n c e , b u t  i t  is  
o b v io u s  th a t  th e  d isb e lie v e rs  h a v e  th e  p re s e n t  p re s tig e  o f  
a p p a re n t v ic to ry  : th e y  ca ll fo r  c o n v in c in g  e v id e n c e  o f  
su c h  in h e r ita n c e , a n d  i t  is  n o t  p ro d u c e d . O n  th e  o th e r  
h a n d , th e re  a re  m a n y  re p u ta b le , th o u g h tfu l, h o n e s t, 
a c tiv e ly  w o rk in g  b io lo g is ts  a n d  p a la e o n to lo g is ts  
(p a r tic u la r ly  m a n y  p a la e o n to lo g is ts  in  p ro p o r tio n  to  th e  
to ta l n u m b e r  o f  p a la e o n to lo g ic a l s tu d e n ts )  w h o  say, 
a lth o u g h  n o t  lo u d ly  a n d  e v e n  a  b i t  sh a m e fa c e d ly , p e rh a p s , 
th a t  th e y  must b e l ie v e  in  th e  p o s s ib il i ty  a n d  th e  a c tu a lity  
o f  th is  in h e r ita n c e ; th e re  is  n o  g e ttin g  fo rw a rd  w ith o u t  it.

In  ta k in g  u p  o u r  b r i e f  e x p o s itio n  o f  L a m a rc k ism , 
le t  m e  say  f irs t  th a t  o n ly  in  p o s t-D a rw in ia n  y e a rs  h a s  
L a m a rc k is m  b e e n  p u t  so  s tro n g ly  in  c o n tra s t  w ith  
D a rw in is m  as i t  has. D a rw in  h im s e lf  in c lu d e d  p a r t  o f  
L a m a rc k is m  as a  m in o r  fa c to r  o r  in f lu e n c e  in  h is  
e x p la n a tio n  o f  a d a p ta tio n  a n d  sp e c ie s - fo rm in g , a n d  P la te , 
in  th e  re c e n t  m o s t n o ta b le  c ritic a l d is c u s s io n  o f  
D a rw in ism , ta k e s  n e a r ly  e x a c tly  th e  o ld  g ro u n d  o f  D a rw in , 
n a m e ly , an  a c c e p ta n c e  o f  th e  in h e r ita n c e , in  so m e  d e g re e  
a n d  u n d e r  so m e  c o n d itio n s , o f  a c q u ire d  c h a ra c te rs , a n d  th e  
c o n s e q u e n t p o s s ib il i ty  o f  a  c e r ta in  a m o u n t o f  L a m a rc k ia n  
o r th o g e n e s is , i. e., an  o r th o g e n e s is  d u e  to  th e  in h e r ita n c e  
o f  th e  re su lts  o f  u se , d isu se , a n d  fu n c tio n a l s tim u li. I t  is  
o n ly  n e o -D a rw in is m  ( o f  W e ism a n n , W a lla c e , a n d  o th e rs )  
a n d  n e o -L a m a rc k is m  ( o f  S p e n c e r ,P a c k a rd , a n d  o th e rs )  th a t  
a re  so  ra d ic a lly  o p p o se d , so  m u tu a lly  e x c lu s iv e .

T h a t an  a n im a l in  its  l ife tim e , a n d  e sp e c ia lly  
d u r in g  its  im m a tu re  l ife  c a n  e f fe c t v e ry  c o n s id e ra b le
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c h a n g e s  in  so m e  o f  its  b o d y -p a r ts  b y  sp e c ia l u se  o r  d isu se  
o f  th e s e  p a rts , o r  th a t  c e r ta in  p a r ts  m a y  b e  m o d if ie d  
th ro u g h  th e  in f lu e n c e  o f  e x te rn a l s tim u li, is  fa m ilia r  
k n o w le d g e . L e t  o n e  re c a ll th e  in c re a s e  o f  th e  b la c k s m ith 's  
b ic e p s  a n d  in v e rs e ly  th e  d e g e n e ra tio n  o f  u n u s e d  m u sc le s , 
a n d  th e  th ic k e n in g  o r  c a llo u s in g  o f  p a lm s  o r  o th e r  p a r ts  o f  
th e  sk in  e x p o se d  to  re p e a te d  ro u g h  co n ta c t. B o n e s  h a v e  
r id g e s  d e v e lo p e d  o n  th e m  b y  re p e a te d  m u s c le p u lls ,th e  
h a n d s  a n d  e y e s  c a n  b e  tra in e d  to  sp e c ia l fu n c tio n a l sk ill 
w h ic h  in v o lv e s  im p o r ta n t  a lth o u g h  p e rh a p s  s lig h t p h y s ic a l 
c h a n g e s , th e  h e a r t  a n d  lu n g s  c a n  b e  e n la rg e d  b y  sp ec ia l 
u se ; in  sh o rt, a lm o s t an y  o f  th e  o rg a n s  o f  th e  b o d y , w h ic h  
a re  a c tiv e ly  u se d , c a n  b e  m o d if ie d  e ith e r  b y  u n u su a l o r  
e x tra  u se , o r  b y  u n u su a l la c k  o f  u se . N o w  th is  u se  is, in  
N a tu re , a lm o s t a lw a y s  o f  th e  c h a ra c te r  o f  a  b e t te r  a id in g  in  
su c c e ss fu l liv in g ; th a t  is, i t  is  a d a p tiv e  u se . A n im a ls  o f te n  
c h a se d  b y  e n e m ie s  b e c o m e  f le e te r  b y  p ra c tic e ; a n im a ls  
th a t  m u s t  d ig  fo r  ro o ts  o r  c lim b  tre e s  fo r  le a v e s  a n d  fru its , 
o r  d iv e  fo r  f ish e s , o r  le a p  o v e r  o b s ta c le s , c o m e  b y  re p e a te d  
d ig g in g , c lim b in g , d iv in g , o r  le a p in g  to  d o  th e s e  th in g s  
b e tte r ;  th e  m u s c le s  a n d  te n d o n s  a n d  b o n e s  w o rk  to g e th e r  
b e t te r  a n d  b e tte r , b e c o m e  p h y s ic a lly  m o d if ie d  in  
a c c o rd a n c e  w ith  th e s e  e n d e a v o u rs . I f  su c h  b e tte rm e n t o f  
o rg a n s  a n d  th e ir  fu n c tio n s  a c q u ire d  b y  in d iv id u a ls  c o u ld  
b e  in h e r ite d  b y  th e ir  y o u n g , i t  is  o b v io u s  th a t  g e n e ra l 
a d a p ta tio n s  o f  th is  so r t  c o u ld  b e  ra p id ly  d e v e lo p e d  in  th e  
c o u rse  o f  g e n e ra tio n s , a n d  n e w  sp e c ie s , n e w , th a t  is, 
b e c a u se  o f  th e  a d a p tiv e  c h a n g e s  th u s  e ffe c ted , b e  fo rm e d . 
T h is  is  th e  e s se n tia l th o u g h t in  L a m a rc k 's  th e o ry  o f  th e  
m e th o d  o f  a d a p ta tio n  a n d  sp e c ie s -fo rm in g . In  a lm o s t all 
c r it ic ism s  o f  L a m a rc k is m  o n e  re a d s  m u c h  c o n te m p tu o u s  
re fe re n c e  to  th e  e x p e c te d  re su lts  o f  th e  o rg a n ism 's  
"w illin g "  to  v a ry  o r  c h a n g e  in  th is  o r  th a t  d ire c tio n . A s  a 
m a tte r  o f  fa c t  th e  c r itic s  o f  L a m a rc k is m  g iv e  th a t  ra th e r  
a b su rd  fe a tu re  o f  a lle g e d  L a m a rc k is m  m u c h  m o re  
c o n s p ic u o u s n e s s  th a n  L a m a rc k  d id . H e  d id , in d e e d , m a k e
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so m e  re fe re n c e  to  th e  p o s s ib le  v o lit io n a l e f fo r t  o f  th e  
o rg a n ism  to  c h a n g e  a lo n g  c e r ta in  d e s ira b le  lin e s , b u t  i t  is  
e v id e n t th a t  L a m a rc k  h a d  m o re  in  m in d  th e  a n im a l's  
d e s ire s  a n d  n e e d s  to  s tre tc h  u p  h ig h e r  fo r  le a v e s  o r  to  d ig  
b e t te r  o r  ru n  fa s te r , le a d in g  to  ac tu a l a tte m p ts  to  d o  th e se  
th in g s , th a n  to  a n y  e x p e c te d  re su lts  o f  m e re  m e n ta l 
w is h in g  o r  w illin g . T h e  e s se n tia l p r in c ip le  o f  L a m a rc k is m  
is  an  o r th o g e n e tic  e v o lu tio n a ry  p ro g re s s  to w a rd  b e t te r  a n d  
f in e r  a d a p ta tio n  a n d  a d ju s tm e n t re s u lt in g  f ro m  th e  
in h e r ite d  e ffe c ts  o f  a c tu a l u se , d isu se , a n d  fu n c tio n a l 
s t im u la tio n  o f  p a rts . I t is  a  g re a t th o u g h t a n d  a  c le a r  o n e , 
a n d  o n ly  n e e d s  th e  p r o o f  o f  th e  a c tu a lity  o f  th e  in h e r ita n c e  
o f  in d iv id u a lly  a c q u ire d  c h a ra c te rs  to  m a k e  i t  o n e  o f  th e  
p r in c ip a l c a u sa l e x p la n a tio n s  o f  a d a p ta tio n  a n d  sp e c ie s  
c h an g e .

H o w e v e r , i t  is  e x a c tly  th is  p r o o f  th a t  is  w a n tin g . A t 
a n y  ra te , p r o o f  o f  th e  c h a ra c te r  a n d  e x te n t n e c e s sa ry  to  
c o n v in c e  a ll o r  e v e n  a  m a jo r i ty  b io lo g is ts  is  w a n tin g . T h e  
e x a m p le s  o r  c a se s  b ro u g h t  fo rw a rd  b y  L a m a rc k ia n s  o f  th e  
a lle g e d  in h e r i ta n c e  o f  m u tila tio n s , o f  th e  r e s u lts  o f  d ise a se , 
a n d  o f  u se  a n d  d isu se , a re  n o t  c o n v in c in g . I t  is  o n e  o f  
W e is m a n n 's  p o s itiv e  c o n tr ib u tio n s  to  b io lo g y  to  h a v e  
a n a ly se d  c a se  a f te r  c a se  o f  a lle g e d  in h e r ita n c e  o f  a c q u ire d  
c h a ra c te rs , a n d  sh o w n  its  fa ls e n e s s  o r  a t le a s t  u n c e rta in ty . 
M a n y  o f  th e s e  c a se s  h e  h a s  b e e n  a b le  to  e x p la in  as a  re su lt  
o f  se le c tio n ; o th e rs  re m a in  in e x p lic a b le ; a  f e w ,2 o n ly , a re  
in s is te d  o n  b y  th e  L a m a rc k ia n  c h a m p io n s  as in d is p u ta b le  
e x a m p le s  o f  su ch  in h e r ita n c e . B u t  th is  v e ry  p a u c ity  o f  so - 
c a lle d  p ro v e d  c a se s , w h e re  th e re  sh o u ld  b e  th o u s a n d s  o f  
o b v io u s  e x a m p le s  i f  th e  p r in c ip le  w e re  re a lly  so u n d , is  
a rg u m e n t a g a in s t L a m a rc k ism .

O u r  k n o w le d g e , to o , o f  th e  m e c h a n is m  o f  h e re d ity  
m a k e s  s tro n g ly  a g a in s t th e  th e o ry  o f  th e  in h e r ita n c e  o f  
a c q u ire d  c h a ra c te rs . A n o th e r  o f  W e is m a n n 's  p o s it iv e  
c o n tr ib u tio n s  to  b io lo g y  is  h is  g e n e ra lly  so u n d  d is tin c tio n  
b e tw e e n  th e  g e rm -p la sm  a n d  th e  so m a -p la sm  a n d  p a r ts  o f
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th e  m a n y c e lle d  b o d y . A t  m a tu r ity  th e  a n im a l b o d y  is  
c o m p o s e d  o f  a  sm a ll m a ss  o f  g e rm -p la s m  (g e rm -c e lls )  
s i tu a te d  in  th e  o v a r ie s  o r  te s te s , a n d  a  g re a t m a ss  o f  
s o m a tic  t is s u e s  a n d  o rg a n s , a ll th e  re s t  o f  th e  b o d y , in  fac t.

N o w  w h a t is  th e  c o n d itio n  th a t  e x is ts  in  th e  b o d y  
a f te r  a  so m a tic  p a r t  is  m o d if ie d  b y  u s e  o r  d isu se  o r  b y  
o th e r  fu n c tio n a l s tim u lu s , as w h e n  a  m u s c le  is  e n la rg e d  b y  
e x e rc ise , th e  so le  o f  th e  fo o t c a llo u se d  b y  g o in g  b a re fo o t, 
an  e a r  m o re  f in e ly  a ttu n e d  b y  tra in in g ?  W e  h a v e  a  d e f in ite  
p h y s ic a l c h a n g e  in  a  d e f in ite  o rg a n , b u t  is  th e  g e rm -p la sm  
in  a n y  w a y  c h a n g e d  o r  a f fe c te d  b y  th is  su p e rf ic ia l o r  
s p e c if ic  so m a tic  m o d if ic a tio n , o r  i f  c h a n g e d  is  i t  c h a n g e d  
so  th a t  i t  w ill r e p ro d u c e  in  its  fu tu re  d e v e lo p m e n t a  s im ila r  
c h a n g e  in  th e  sa m e  o rg a n  o f  th e  fu tu re  n e w  in d iv id u a l ? 
W h a t  p o s s ib le  m e c h a n ism  h a v e  w e  in  th e  b o d y  to  p ro d u c e  
o r  in su re  su c h  an  e f fe c t o n  th e  g e rm -p la s m  ? T h e  a n sw e r  
is  o b v io u s  a n d  fla t; w e  c e r ta in ly  k n o w  o f  n o  su ch  
m e c h a n ism ; in  fa c t  w h a t  w e  d o  k n o w  o f  th e  r e la tio n  o f  th e  
g e rm -c e lls  to  th e  r e s t  o f  th e  b o d y  m a k e s  a n y  sa tis fa c to ry  
c o n c e p tio n  o f  su c h  a  m e c h a n is m  as  y e t  im p o ss ib le .

N o t  th a t  c e r ta in  e x te rn a l c o n d itio n s  m a y  n o t 
d ire c tly  a f fe c t th e  g e rm -c e lls , im b e d d e d  a n d  c o n c e a le d  as 
th e y  a re  in  th e  b o d y . V a ry in g  c o n d itio n s  o f  te m p e ra tu re , 
o f  h u m id ity , a n d  o f  m a g n e tism , p e rh a p s ,c e r ta in ly  a n y th in g  
in f lu e n c in g  th e  fo o d  su p p ly  a n d  n u tr itio n , c a n  in f lu e n c e  
th e  g e rm -c e lls  a t th e  sa m e  tim e  as i t  a ffe c ts  a ll th e  re s t  o f  
th e b o d y .

B u t w ill th is  in f lu e n c e  p h o to g ra p h  o n  th e s e  
u n d if fe re n tia te d  c e lls  th e  sa m e  p ic tu re  th a t  i t  im p re s se s  o n  
th e  a f fe c te d  so m a tic  p a rts . A  h ig h  te m p e ra tu re  o r  a  m o is t  
a tm o sp h e re  m a y  m o d ify  th e  c o lo u r  o f  th e  sk in , c h a n g e  th e  
p a tte rn  o f  th e  b o d y  su p e rf ic ie s , b u t  w ill o v e rh e a te d  g e rm - 
c e lls  p ro d u c e  n e w  in d iv id u a ls  sh o w in g  th e  sa m e  c h a n g e s  
o f  sk in  c o lo u r  a n d  p a tte rn  i f  th e  sa m e  c o n d itio n s  o f  
e n v iro n m e n t o f  th e  so m a  a re  n o t  re p e a te d ?  H o w  m u c h  le ss  
c o n c e iv a b le , th e n , is  th e  in f lu e n c in g  o f  th e  g e rm -c e lls  so
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as to  c o m p e l th e m  to  r e p ro d u c e  o n  d a u g h te r  b o d y -p a r ts  
sp e c if ic  e ffe c ts  p ro d u c e d  o n  sp e c ia l p a re n ta l b o d y -p a r ts  b y  
su c h  sp e c if ic  a n d  lo c a lis e d  in f lu e n c e s  as v ig o ro u s  u se  o f  
an  a rm , d isu se  o f  a  le g  m u sc le , r e p e a te d  c o n ta c t o f  th e  
p a lm  o f  th e  h a n d  w ith  h a rd  b o d ie s . In d e e d , th is  la c k  o f  
m e a n s  o f  r e la tin g  th e  g e rm -p la s m  to  th e  so m a , th e  re s t  o f  
th e  b o d y , h a s  s to o d  m u c h  in  th e  w a y  o f  a n y  sa tis fa c to ry  
c o n c e p tio n  o f  th e  p h e n o m e n a  o f  h e re d ity , th a t  is , th e  
r e p ro d u c tio n  b y  th e  g e rm -c e lls  o f  n e w  in d iv id u a ls  
re s e m b lin g  th e  p a re n ta l, a n d  h a s  le d  to  c o n s ta n t an d  
th o u g h tfu l a tte n tio n  a n d  sp e c u la tio n  e v e r  s in c e  th e  t im e  o f  
D a rw in ; in d e e d , f ro m  lo n g  b e fo re  D a rw in 's  tim e .

O n e  o f  th e  m o s t fa v o u re d  w a y s  o f  a tte m p tin g  to  
e x p la in  h o w  th e  g e rm -c e lls  c a n  re p re s e n t  in  th e ir  m a k e -u p , 
a n d  p o sse s s  th e  c a p a c ity  to  d e v e lo p  in to , th e  w h o le  
c o m p le x  b o d y , h a s  b e e n  to  c o n c e iv e  o f  th e  g iv in g  o f f  o f  
sm a ll re p re s e n ta t iv e  p a r tic le s  f ro m  all th e  c e lls  o f  th e  b o d y  
w h ic h  sh o u ld  b e  c a rr ie d  b y  th e  b lo o d  to  th e  g e rm -p la sm  
a n d  d e p o s ite d  in  th e  g e rm -c e lls . T h e  g e rm -c e lls  in  th e ir  
d e v e lo p m e n t w o u ld  th e n , b y  v ir tu e  o f  th is  m a n ifo ld  
re p re se n ta tio n , b e  a b le  to  e x p a n d  in to  th e  w h o le  b o d y  
d u r in g  a  s h o r te r  o r  lo n g e r  c o u rse  o f  d e v e lo p m e n t an d  
g ro w th . T h is  n o tio n  o f  th e  c o m p o s itio n  o f  th e  g e rm -p la sm  
o f  m ic ro m e re s  c o lle c te d  f ro m  all th e  so m a tic  ce lls , is  th e  
c o n c e p tio n  a t th e  b a s is  o f  B u f fo n 's  th e o ry  o f  "o rg a n ic  
m o le c u le s ,"  o f  S p e n c e r 's  "p h y s io lo g ic a l u n its ,"  M a g g i 's  
"p la s tid u le s ,"  A ltm a n n 's  "b io b la s ts ,"  W ie sn e r 's  
"p la so m e s ,"  D a rw in 's  "g e m m u le s ,"  G a lto n 's  "s tirp s ,'' 
N a g e li 's  "m ic e lla e ,"  W e is m a n n 's  "b io p h o rs  an d  
d e te r rn in a n ts ," a n d  o f  n u m e ro u s  o th e r  m ic ro m e ric  
th e o rie s . B u t th e  fa c ts  o f  b u d d in g , e sp e c ia lly  as 
e x e m p lif ie d  in  p la n ts ,a n d  o f  re g e n e ra tio n  a m o n g  
a n im a ls ,b o th  o f  th e s e  k in d s  o f  p h e n o m e n a  se e m in g  to  
sh o w  th a t  g e rm -p la sm  is  n o t  n e c e s s a r i ly  l im ite d  to  th e  
g e rm -c e lls , s tr ic tly  so -c a lle d , h a v e  p re v e n te d  th e  
a c c e p ta n c e  o f  a  to o  r ig o ro u s  in te rp re ta t io n  o f  W e is m a n n 's
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d is tin c tio n  b e tw e e n  th e  g e rm -p la s m  a n d  th e  so m a , an d  
h a v e  le d  to  so m e  th e o r ie s  o f  g e rm -p la sm  m a k e -u p  an d  
d isp o s itio n  d if fe r in g  f ro m  th e  o n e s  p ro p o s in g  a  r ig id  
r e s tr ic tio n  o f  g e rm -p la sm  to  th e  g e rm -c e lls . T h e  fa c ts  th a t  
in  m a n y  p la n ts  a n y  p a rt, a s  a  b i t  o f  a  tw ig , say , i f  c u t o ff, 
c a n  re p ro d u c e  th e  w h o le  p la n t  ju s t  as e f fe c tiv e ly  a s  a  seed  
(g e rm -c e ll)  c an , a n d  th a t  m a n y  a n im a ls  c a n  re p ro d u c e  
c o n s id e ra b le  a n d  c o m p le x  p a rts , i f  lo s t  b y  a c c id e n t o r  se lf ­
m u tila tio n , sh o w  th a t  th e re  o f te n  re s id e s  in  so m a tic  ce lls  
o f  m u c h  sp e c ia lis a tio n  th e  c a p a c ity  to  re p ro d u c e  n o t  o n ly  
c e lls  o f  th e ir  o w n  k in d  b u t  o th e rs  o f  m u c h  v a r ie ty  an d  
d if fe re n t sp e c ia lisa tio n . S o  so m e  b io lo g is ts  b e lie v e  th a t  
th e re  is  e ith e r  a  n e t-w o rk  o f  p r im itiv e  g e rm -p la sm  
e x te n d in g  th ro u g h o u t th e  so m a  c e lls  (N a g e li 's  id io p la sm  
th e o ry  fo r  e x a m p le ) , o r  th a t  e a c h  so m a tic  ce ll (a t  le a s t 
th o s e  w ith  th e  c a p a c ity  o f  re g e n e ra tio n  o r  r e p ro d u c tio n  b y  
b u d d in g , c u ttin g s , e tc .)  c o n ta in s  a  l i ttle  p r im itiv e  g e rm - 
p la sm  s tu f f  b e s id e s  its  o w n  so m a -p la sm . A n d  so m e  
a u th o rs  h a v e  se e n  in  su c h  th e o r ie s  o f  a  w id e ly  d if fu se d  
g e rm -p la s m  a  m e c h a n ism  fo r  th e  tra n s m is s io n  f ro m  th e  
so m a  to  th e  c e n tra l g e rm -c e lls  o f  th e  e ffe c ts  o f  u se , d isu se , 
a n d  fu n c tio n a l s tim u li d e r iv e d  f ro m  e x te rn a l so u rces . B u t 
d o e s  e v e n  th is  c o n c e p tio n  o f  a  d if fu se  a n d  c o n n e c te d  
g e rm -p la sm , a f te r  all, c le a r  u p  in  a n y  w a y  o u r  d iff ic u lty ?  It 
m a k e s  i t  e a s ie r  to  see  h o w  g e rm -p la s m  m a y  b e  a f fe c te d  b y  
e x te rn a l a n d  su p e rf ic ia l in f lu e n c e s , b u t  d o e s  i t  e x p la in  in  
a n y  d e g re e  h o w  th e s e  e ffe c ts  c a n  b e  c a rr ie d  to  th e  g e rm - 
c e lls  a n d  so  s ta m p e d  o n  th e m  as  to  c o m p e l th e m  to  
r e p ro d u c e  p h o to g ra p h ic a lly  in  th e ir  la te r  d e v e lo p m e n t in to  
n e w  in d iv id u a ls , th e  sp e c if ic  e ffe c ts  th a t  u se , d isu se , an d  
e x te rn a l s tim u li m a y  h a v e  h a d  o n  sp e c if ic  so m a  p a r ts  o f  
th e  p a re n t  ?

In d e e d , H a a c k e  4 w e ll  p o in ts  o u t th a t  m a n y  o r  m o s t 
c a se s  o f  a p p a re n tly  d ire c t w o rk in g  o f  e x tr in s ic  in f lu e n c e s  
o n  th e  b o d y  a re  re a lly  in d ire c t, in  th a t  th e s e  in f lu e n c e s  d o  
n o t  a c tu a lly  d ire c tly  m o d ify  th e  s tru c tu re , as  a
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b la c k s m ith 's  h a m m e r  m o d if ie s  th e  sh a p e  o f  a  p ie c e  o f  r e d ­
h o t  iro n , o r  a  sea l sh a p e s  th e  d ro p  o f  m e lte d  w ax , b u t  th a t  
th e y  d o  i t  in d ire c tly  a s  s tim u li in d u c in g  c h e m ic a l 
p ro c e sse s , n e rv o u s  im p u lse s , e tc . T h e  a d a p tiv e  
re a r ra n g e m e n t o f  sp o n g y  tis s u e  in  b ro k e n  a n d  p o o r ly  re se t 
lo n g  b o n e s , a p p a re n tly  a  d ire c t re a c tio n , is  re a lly  o n ly  
in d ire c t, o c c u r r in g  th ro u g h  c o m p le x  c h e m ic a l p ro c e s se s , i. 
e., th e  b r in g in g  o f  sp e c ia l b o n e - fo rm in g  m a te r ia ls  to  
c e r ta in  p la c e s , e tc . T h e  o u te r  in f lu e n c e s  a re  a ll s tim u li, n o t 
a c tu a l su ff ic ie n t c a u se s  o r  m a n ip u la tio n s .

H a a c k e  m a k e s  a  p ro p o sa l o f  m u c h  in g e n u ity , a f te r  
a  k e e n  a n d  s u g g e s tiv e  d is c u s s io n  o f  th e  in h e r ita n c e  o f  
a c q u ire d  c h a ra c te rs  p ro b le m , to  e x p la in  h o w  su c h  an  
in h e r ita n c e  m a y  b e  e ffe c te d . I t  is  b a s e d  o n  th e  fa c t  th a t  n o  
c h a ra c te rs  a re  d ire c tly  a c q u ire d ; th a t  is, th a t  a n y  c h a n g e  is  
o n ly  th e  re s u lt  o f  so m e  e x te rn a l s tim u lu s  a n d  n o t  o f  a 
d ire c tly  a n d  im m e d ia te ly  m o u ld in g  ca u se , a n d  th a t, 
th e re fo re , in  a n y  p h e n o m e n o n  o f  s tim u lu s  a n d  e f fe c t m u c h  
m o re  o f  th e  b o d y  su b s ta n c e  th a n  th a t  c o m p o s in g  th e  e x a c t 
p a r t  o r  re g io n  m o d if ie d  is  in f lu e n c e d . F ro m  th is  H a a c k e  
see s  th e  p o s s ib il i ty , e v e n  th e  n e c e ss ity , o f  a  m o d if ic a tio n  
o f  th e  w h o le  c o n s titu tio n , in c lu d in g  th e  g e rm -p la sm  (o r 
p e rh a p s  th e  g e rm -p la sm  is  m o d if ie d  as a  re s u lt  o f  th e  
m o d if ic a tio n  o f  th e  w h o le  c o n s titu tio n  o r  b o d y  in  w h ic h  
th e  g e rm -p la s m  is  b e in g  d e v e lo p e d  a n d  fo rm e d ). T h u s  
e v e ry  a c q u ire m e n t o f  a  n e w  c h a ra c te r  o r  c h a n g e  in  a n  o ld  
o n e  m u s t  o r  m a y  a f fe c t th e  g e rm -p la sm . W ith  re g a rd  to  
p a s s iv e  o rg a n s  su c h  as  th e  c h itin  sk e le ta l p a r ts  o f  in se c ts  
a n d  c rab s , H a a c k e  p o in ts  o u t th a t  th e y  a re  o n ly  th e  p ro d u c t 
o f  a c tiv e  o rg a n s , i. e, th e  s e c re tin g  sk in c e lls , e tc . U s e  an d  
d isu se  a re  e q u iv a le n t s im p ly  to  m u c h  o r  l i t t le  m e ta b o lism , 
a n d  m e ta b o lism  is  as n e c e s s a ry  to  p ro d u c e  p a s s iv e  o rg a n s  
o r  to  c h a n g e  th e m , as  u se  is  to  m a k e  m u sc le s  la rg e r.

H o w e v e r , d e sp ite  th e  su c c e ss fu l d e s tru c tiv e  
c r it ic ism  b y  W e is m a n n  a n d  th e  n e o -D a rw in ia n s  o f  th e  
a lle g e d  c a se s  o f  th e  in h e r ita n c e  o f  a c q u ire d  c h a ra c te rs
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a d d u c e d  b y  th e  L a m a rc k ia n s , a n d  in  sp ite  o f  o u r  la c k  o f  
k n o w le d g e , a n d  in d e e d , d if f ic u lty  o f  c o n c e p tio n  o f  a n y  
m e c h a n ism  in  th e  b o d y  c a p a b le  o f  im p re s s in g  o n  th e  
g e rm -p la s m  th e  e ffe c ts  o f  u se , d isu se , a n d  e x te rn a l s tim u li 
in  su ch  a  w a y  a s  to  c o m p e l a  p h o to g ra p h ic  re p ro d u c tio n  in  
th e  y o u n g  o f  th e s e  e ffe c ts  as  m a n ife s t  in  th e  so m a  o f  th e  
p a re n t, n u m e ro u s  b io lo g is ts  d o  n o t  h e s ita te  to  a v o w  th e ir  
c o n v ic tio n  o f  th e  a c tu a lity  o f  su c h  in h e rita n c e . N o w  th e s e  
b io lo g is ts  m u s t  h a v e  so m e  b a s is  o f  o b se rv a tio n  o r  
sc ie n tif ic  fa c t  fo r  th e ir  b e lie f . W h a t is  th is  b a s is  ? T h e y  
re s t  th e ir  b e l ie f  la rg e ly  u p o n  a  k in d  o f  p r o o f  b y  
in d ire c tio n , a  c e r ta in  n e c e s s ity  o f  c o n se q u e n c e  o f  o th e r  
fa c ts , a n d  a  lo g ic a l a rg u m e n t b y  e lim in a tio n . T h e  ac tu a l 
o b se rv e d  s ta tu s  o f  a n im a l life  to -d a y  an d , as  re v e a le d  b y  
fo ss ils , in  p a s t  ag es , w h ic h  is  th a t  o f  th e  e x is te n c e  o f  
c e r ta in  lin e s  o f  d e s c e n t o r  e v o lu tio n  o b v io u s ly  fo llo w in g  
lin e s  o f  m o d if ic a t io n  b a s e d  o n  u s e  a n d  d isu se ; th e  
in a d e q u a c y  o f  n a tu ra l se le c tio n  to  e x p la in  th e  c u m u la tio n  
o f  a d a p tiv e  m o d if ic a tio n  u n til  su c h  m o d if ic a t io n  sh a ll 
h a v e  re a c h e d  a  l i fe -a n d -d e a th  d e te rm in in g  se le c tiv e  v a lu e ; 
th e  a p p a re n t im p o s s ib ili ty  o f  e x p la in in g  th e  c o n tin u e d  
d e g e n e ra tio n  o f  v e s tig ia l  o rg a n s  b y  n a tu ra l se le c tio n ; th e  
g re a t  d if f ic u lty  o f  e x p la in in g  c o rre la tiv e  o r  c o a d a p tiv e  
m o d if ic a tio n s  b y  se le c tio n  a lo n e ; th e  p o s s ib il i ty  th a t  o u r  
la c k  o f  k n o w le d g e  o f  a  m e c h a n is m  fo r  e n s u r in g  th e  
h e re d ita ry  tra n s m is s io n  o f  a c q u ire d  c h a ra c te rs  m a y  b e  
o v e rc o m e  w ith  fu r th e r  k n o w le d g e  o f  th e  u lt im a te  s tru c tu re  
a n d  c a p a c ity  o f  th e  g e rm -p la sm ; th e  g re a t re a so n a b le n e s s  
a n d  lo g ic a l p la u s ib il i ty  o f  th e  w h o le  L a m a rc k ia n  
c o n c e p tio n , th e s e  a n d  o th e r  s im ila r ly  n o t  w h o lly  
c o n v in c in g  re a s o n s  a re  th e  so r t o f  n o t  v e ry  a d m ira b le  
sc ie n tif ic  e v id e n c e  th a t  th e  b e lie v e rs  in  L a m a rc k is m  h a v e  
to  s ta n d  on . T w o  g ro u p s  o f  s c ie n tif ic  m e n  a re  e sp e c ia lly  
w e ll re p re s e n te d  a m o n g  th e  L a m a rc k ia n s : n a m e ly ,
p a la e o n to lo g is ts  a n d  p a th o lo g is ts . (N o t all 
p a la e o n to lo g is ts  a n d  p a th o lo g is ts  b e lie v e  in  th e
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in h e r ita n c e  o f  a c q u ire d  c h a ra c te rs .)  B o th  o f  th e s e  g ro u p s  
a re  f a m ilia r  w ith  fa c ts  th a t  a re  u n fa m ilia r  to  b io lo g is ts  
g e n e ra lly . A n d  to  m y  m in d  i t  is  im p o r ta n t  th a t  b io lo g is ts  
sh o u ld  re c o g n is e  th e  fa c t  th a t  fa m ilia r ity  w ith  th e  fa c ts  o f  
h is to r ic a l g e o lo g y  o n  th e  o n e  h a n d  a n d  w ith  te ra to g e n e s is  
a n d  h u m a n  d ise a se  o n  th e  o th e r, se e m s  to  le a d  to  a  b e l ie f  
in  L a m a rc k ism . I t  sh o u ld  le a d  th e  g e n e ra l b io lo g is t  to  b e  
le s s  p o s it iv e  in  h is  su re n e ss  o f  th e  in v a lid ity  o f  
L a m a rc k ism .

B u t e v e n  w e re  th e  in h e r ita n c e  o f  a c q u ire d  
c h a ra c te rs  n o w  an  e s ta b lish e d  fac t, o r  i f  i t  sh o u ld  c o m e  to  
b e  o n e , i t  m u s t  b e  k e p t  in  m in d  th a t  L a m a rc k is m  c o u ld  b e  
su b s titu te d  o n ly  p a r tly  fo r  D a rw in ism . T h e re  a re  m a n y  
a d a p ta tio n s  a n d  m u c h  s p e c ie s - fo rm in g  th a t  L a m a rc k ism  
m ig h t e x p la in , b u t  a lso  th e re  a re  h o s ts  o f  a d a p ta tio n s  th a t  
L a m a rc k is m  c a n n o t e x p la in . P la te ,5 w h o  d e fe n d s  n a tu ra l 
se le c tio n  b u t  a c c e p ts  so m e  p a r t  o f  L a m a rc k ism , h a s  
p o in te d  th is  o u t c lea rly . H e  a sk s  h o w  th e  so -c a lle d  
"p a ss iv e  a d a p ta tio n s"  c o u ld  b e  e x p la in e d  b y  L a m a rc k ism . 
"T h e  sa liv a ry  g la n d s  o f  a  n o n -p o is o n o u s  sn a k e  c o u ld  
p ro d u c e  e v e r  so  m u c h  sa liv a , b u t  i t  w o u ld  n o t  b e c o m e  
p o iso n o u s  b y  th is , j u s t  a s  l i t t le  as  s im p le  te e th  c o u ld  
c h a n g e  b y  u s e  to  g ro o v e d  te e th  a n d  th e s e  to  tu b u la r  o n es. 
T h e  tu s k s  o f  Babirussa c o u ld  n o t  b e  le d  to  g ro w  th ro u g h  
th e  sk in  o f  th e  c h e e k s  th ro u g h  u se , fo r  th e y  w o u ld  h a v e  to  
b e  a c tu a lly  s c o v e re d  b y  th e  f le sh  fo r  a w h ile  in  th is  
p ro c e ss , a n d  d u r in g  th is  t im e  b e  in c a p a b le  o f  u se . W ith  
Fierasfer, th e  f ish  th a t  liv e s  in  se a -c u c u m b e rs  
(H o lo th u r ia n s ) , th e  a n u s  lie s  f a r  fo rw a rd  in  th e  th ro a t  so 
th a t  th e  f ish  h a s  o n ly  to  th ru s t  its  h e a d  th ro u g h  th e  a n u s  o f  
th e  s e a -c u c u m b e r  in  o rd e r  to  v o id  its  fa e c e s . H o w  c a n  u se  
o f  th e  in te s tin e  o r  its  p e r is ta lt ic  m o v e m e n t h a v e  p ro d u c e d  
su c h  a  re m a rk a b le  c h a n g e  in  p o s it io n  o f  th e  an u s? "  P la te  
o ffe rs  o th e r  s im ila r  e x a m p le s  o f  a d a p ta tio n s  in e x p lic a b le  
b y  L a m a rc k ism , a n d  ju s t ly  sa y s  th a t  h u n d re d s  o f  o th e rs  
c o u ld  b e  a d d u c e d . H e  p re s e n ts  su c c in c tly  th e  p o s s ib il i t ie s
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o f  L a m a rc k ism , th e  in h e r ita n c e  o f  a c q u ire d  c h a ra c te rs  
b e in g  g ra n te d , as  fo llo w s :

L a m a rc k is m  c o u ld  e x p la in
(1 ) m a n y  in d if fe re n t  c h a ra c te rs ; e x a m p le , c h a n g e s  

o f  te m p e ra tu re  p ro d u c e  p ro p o r tio n a l c h a n g e s  in  th e  
c o lo u r-p a tte rn  o f  b u tte r f l ie s ' w in g s ;

(2 ) m a n y  s im p le  a d a p ta tio n s  o f  a c tiv e  o rg an s: 
e x a m p le , a  m u s c le  b e c o m e s  s tro n g e r  th ro u g h  u se , a n d  
c re a te s  a  c re s t  o n  a  b o n e  th ro u g h  p u lls ;

(3 )  so m e  s im p le  a d a p ta tio n s  o f  p a s s iv e  o rg a n s  (so - 
c a lle d  d ire c t a d a p ta tio n s )  : e x a m p le , in  th e  w h a le s , th e  
w a te r  m ig h t d ire c tly  a f fe c t th e  sk in  a n d  su b -c u ta n e o u s  
t is s u e  a n d  th u s  p ro d u c e  th e  lo s s  o f  h a ir  a n d  th e  la y e r  o f  
fa t.

L a m a rc k is m  c o u ld  n o t  e x p la in
(1 ) m a n y  c h a ra c te rs  o f  a c tiv e  a d a p ta tio n , ev e n  

th o u g h  o f  s im p le  k in d : e x a m p le , th e  p e n e tra tin g  o f  th e  
lu n g sa c s  o f  b ird s  th ro u g h  h a ir - f in e  h o le s  in to  a ll th e  
b o n e s ;

(2 ) m a n y  c o m p lic a te d  a d a p ta tio n s  o f  a c tiv e  o rg an s: 
e x a m p le s , l ig h t-m a k in g  o rg a n s , ey es , sm e llin g -  
o rg a n s ,a u d ito ry  o rg a n s ;

(3 ) a ll c o m p lic a te d  p a s s iv e  a d a p ta tio n s : e x a m p le , 
m im ic ry . E v e n  i f  w e  a re  re a d y  to  a d m it th e  p o s s ib il i ty  o r  
a c tu a lity  o f  th e  in h e r ita n c e  o f  a c q u ire d  c h a ra c te rs  in  so m e  
d e g re e  o r  u n d e r  c e r ta in  c o n d itio n s  —  a n d  th is  p a rtia l 
a c c e p ta n c e  h a s  a lw a y s  s e e m e d  to  m e  n o  m o re  ju s t i f ie d  
th a n  th e  f la t  a c c e p ta n c e  o f  th e  p r in c ip le  in  its  e n tire ty ; it  
h a s  se e m e d  a  w e a k  so r t o f  a tte m p t a t c o m p ro m ise  w ith  n o  
rea l b a s is  in  re a so n  a n d  e f fe c tin g  n o  a d v a n ta g e  in  c le a r in g  
u p  th e  p ro b le m  —  th e re  c a n  b e  n o  a c c e p ta n c e  o f  th e  a l l­
su ff ic ie n c y  o f  L a m a rc k is m  as an  e x p la n a tio n  o f  
a d a p ta tio n , sp e c ie s - fo rm in g , a n d  d e sc e n t, a n y  m o re  th a n  
th e re  c a n  b e  su ch  an  a c c e p ta n c e  o f  th e  a ll-s u ff ic ie n c y  o f  
n a tu ra l se le c tio n . A d a p ta tio n  a n d  s p e c ie s - fo rm in g  a re  n o t, 
to  m y  m in d , o n e  a n d  th e  sa m e  p ro b le m : a d a p ta tio n  can
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a n d  d o e s  le a d  to  sp e c ie s - fo rm in g , b u t  sp e c ie s  a re  fo rm e d  
th a t  a re  n o t  th e  re su lts  o f  a d a p tiv e  m o d if ic a t io n  ; w h o se  
sp e c if ic  c h a ra c te r is tic s  a re  in d if fe re n t; th a t  a re , in  a  w o rd , 
n o n -a d a p tiv e  sp ec ie s . D e  V rie s 's  n e w  sp e c ie s  o f  e v e n in g  
p r im ro se s  h a v e  a  c a u se  n o t a s so c ia te d  w ith  a d a p ta tio n . 
N o w  L a m a rc k is m  c e r ta in ly  c a n n o t e x p la in  n o n -a d a p tiv e  
sp e c ie s  a n y  b e t te r  th a n  se le c tio n  can . B o th  se le c tio n  an d  
th e  in h e r ita n c e  o f  th e  e ffe c ts  o f  u se , d isu se , a n d  e x te rn a l 
s tim u li a re  p r im a r ily  e x p la n a tio n s  o f  a d a p ta tio n s  a n d  o f  
a d a p tiv e  sp e c ie s -fo rm in g . L a m a rc k is m  is , p e rh a p s , 
th ro u g h  its  in c lu s io n  o f  th e  p e rp e tu a tio n  o f  th e  d ire c t 
in f lu e n c e  o f  e x te rn a l s tim u li, in  b e t te r  c o n d itio n  to  e x p la in  
n o n -a d a p tiv e  sp e c ie s , b u t  b o th  o f  th e s e  g e n iu s -o ffe re d  
e x p la n a tio n s  o f  o rg a n ic  e v o lu tio n  n e e d  th e  a id  o f  a n o th e r  
o r  o th e r  fa c to rs : th e  u n k n o w n  fa c to rs  o f  e v o lu tio n , to  
sp e a k  w ith  O sb o rn .

Orthogenesis —  One o f  th e  p r in c ip a l c r it ic ism s  o f  
th e  n a tu ra l s e le c tio n  th e o ry  is  th a t  o f  th e  im p o s s ib il i ty  o f  
e x p la in in g  th e  b e g in n in g s  o f  a d v a n ta g e o u s  m o d if ic a tio n  
a n d  th e  b e g in n in g s  o f  n e w  o rg a n s , b y  se le c tio n  o f  
f lu c tu a tin g  in d iv id u a l v a r ia t io n ,a n d  o f  e x p la in in g  th e  
a p p a re n t c a se s  o f  th e  e x is te n c e  o f  d e te rm in a te  v a r ia tio n  
a n d  th e  a d m itte d  c a se s  o f  fo r th r ig h t  d e v e lo p m e n t a lo n g  
f ix e d  lin e s  n o t  a p p a re n tly  a d v a n ta g e o u s ,a n d  f in a lly  o f  
e x p la in in g  th e  d e f in ite  c a se s  o f  u l tra -d e v e lo p m e n t o f  p a r ts  
a n d  sp e c ie s  b e y o n d  th e  p o in t  o f  a d v a n ta g e  e v e n  to  su ch  
u n fa v o u ra b le  d e g re e s  a s  le a d  to  d e a th  a n d  e x tin c tio n . 
P a la e o n to lo g y  8 re v e a ls  to  u s  th e  o n e - tim e  e x is te n c e  o f  
a n im a ls , o f  g ro u p s  o f  a n im a ls , a n d  o f  l in e s  o f  d e sc e n t, 
w h ic h  h a v e  h a d  c h a ra c te r is tic s  w h ic h  le d  to  e x tin c tio n . 
T h e  u n w ie ld in e s s  o f  th e  g ia n t  C re ta c e o u s  re p tile s , th e  
f ix e d  h a b it  o f  l ife  o f  th e  c r in o id s , th e  c o ilin g  o f  th e  
a m m o n ite s  a n d  n a u tili , th e  g ig a n tic  a n tle rs  o f  th e  Ir ish  s tag  
—  all th e s e  a re  e x a m p le s  o f  d e v e lo p m e n t a lo n g  
d is a d v a n ta g e o u s  lin e s , o r  to  d is a d v a n ta g e o u s  d e g re e s . T h e  
s ta tis tic a l s tu d ie s  o f  v a r ia tio n  h a v e  m a d e  k n o w n  n u m e ro u s
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c a se s  9 w h e re  th e  s lig h t, a s  y e t  n o n -s ig n if ic a n t  (in  a  life -  
a n d -d e a th  s tru g g le )  v a r ia t io n  in  p a tte rn  o f  in se c ts , in  
d im e n s io n  o f  p a rts , in  re la tiv e  p ro p o r t io n s  o f  su p e rf ic ia l 
n o n -a c tiv e  s tru c tu re s , a re  n o t  fo r tu ito u s , th a t  is, d o  n o t 
o c c u r  sc a tte re d  e v e n ly  a b o u t a  m e a n  o r  m o d e  a c c o rd in g  to  
th e  la w  o f  e rro r , b u t  s h o w  an  o b v io u s  a n d  c o n s is te n t 
te n d e n c y  to  o c c u r  a lo n g  c e r ta in  lin e s , to  a c c u m u la te  in  
c e r ta in  d ire c tio n s . M a n y  b io lo g is ts  see  in  v a r ia t io n  a n d  in  
sp e c ie s - fo rm in g  c e r ta in  d e te rm in a te  c h a ra c te r is tic s  
e x h ib ite d  b y , o r  lin e s  o r  p a th s  b e in g  fo llo w e d  b y  all o r  
m o s t o f  th e  in d iv id u a ls  o f  su c c e s s iv e  g e n e ra tio n s ; a n d  see  
in  d e s c e n t c e r ta in  p h e n o m e n a  o f  fo r th r ig h t  p ro g re s s iv e  
m o v e m e n t w h ic h  th e y  f in d  se le c tio n  b a s e d  o n  u tility  
u n a b le  to  ex p la in . V a r io u s  th e o r ie s  to  a c c o u n t fo r  th is  
a p p a re n t o r th o g e n e tic , b u t  n o t  o r th o -se le c tiv e , 
d e v e lo p m e n t h a v e  th e re fo re  b e e n  p ro p o s e d  b y  b io lo g is ts , 
m o s t o f  w h ic h  th e o r ie s  a n d  m o s t  o f  w h ic h  b io lo g is ts  a re  to  
b e  lo o k e d  o n  as  a n ta g o n is tic  to  th e  se le c tio n  th e o ry . F o r  i f  
a  th e o ry  o f  o r th o g e n e s is  is  su ff ic ie n t to  e x p la in  th o s e  lin e s  
o f  v a r ia t io n  a n d  d e v e lo p m e n t n o t  e x p lic a b le  b y  se le c tio n , 
i t  u s u a lly  se e m s  to  its  m a k e r  to  b e  su ff ic ie n t to  e x p la in  
o th e r  lin e s  o f  ev o lu tio n .

I t m a y  v e ry  lik e ly  o c c u r  to  so m e  th a t  in  sp e a k in g  
o f  o r th o -g e n e tic  d e v e lo p m e n t as c o n tra s te d  w ith  d e sc e n t 
g o v e rn e d  b y  se le c tio n  w e  a re  m a k in g  a  d is tin c tio n  w ith o u t 
a  d if fe re n c e , in  th a t  it  is  o b v io u s  th a t  se le c tio n  a lso  
p ro d u c e s  o r th o -g e n e tic  e v o lu tio n , th a t  is , e v o lu tio n  a lo n g  
d e f in ite  lin e s ; th a t  in  fa c t  i t  c a n  p ro d u c e  n o  o th e r  k in d  o f  
e v o lu tio n . T o  a ttr ib u te  o r th o g e n e tic  re su lts  to  n a tu ra l 
s e le c tio n  is q u ite  r ig h t, a n d  so m e  o n e  h a s  p ro p o s e d  th e  
n a m e  orthoselection to  d is tin g u ish  o r th o g e n e tic  e v o lu tio n  
as  p ro d u c e d  b y  se le c tio n  f ro m  su c h  re su lts  p ro d u c e d  
in d e p e n d e n tly , o r  a t le a s t  p a r tly  in d e p e n d e n tly  o f  
s e le c tio n , th a t  is  p ro d u c e d  in  a c c o rd a n c e  w ith  a n y  o n e  o r  
m o re  o f  th e  so -c a lle d  th e o r ie s  o f  o r th o g e n e s is . A ll th is  
la t te r  k in d  o f  o r th o g e n e s is  is  d is tin g u ish e d  fro m
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o r th o s e le c tio n  in  th a t  i t  p re su m e s  all o r  m o s t  o f  th e  
in d iv id u a ls  o f  su c c e s s iv e  g e n e ra tio n s  to  b e  m o d if ie d , to  
v a ry , th a t  is, in  a  s im ila r  m a n n e r  as  a  re s u lt  o f  fa c to rs , 
in tr in s ic  o r  e x tr in s ic , p ro d u c in g  d e te rm in a te  v a r ia tio n . 
T h is  is  p la in ly  d if fe re n t  f ro m  o r th o se le c tio n , in  w h ic h  
d e f in ite  l in e s  o f  d e v e lo p m e n t a re  p ro d u c e d  b y  th e  
e ra d ic a tio n , th ro u g h  th e  r ig o u r  o f  s e le c tiv e  s tru g g le , o f  all 
o th e r  lin e s . V a r ia tio n  m a y  b e  w h o lly  fo r tu ito u s , 
m isc e lla n e o u s , in d e te rm in a te ;  b u t  s e le c tio n  p e rm its  o n ly  
c e r ta in  k in d s  o f  v a r ia t io n  to  p e rs is t, to  a c c u m u la te . In  tru e  
o r th o g e n e s is  th e  v a r ia tio n , a n d  h e n c e  th e  lin e s  o f  
m o d if ic a tio n , a re  p re d e te rm in e d . I t  se e m s  o b v io u s , 
h o w e v e r , to  a n y  b e l ie v e r  in  n a tu ra l se le c tio n  th a t  so o n e r  o r  
la te r  th e  fa te  o f  th e s e  lin e s  o f  d e v e lo p m e n t w ill c o m e  in to  
th e  h a n d s  o f  se le c tio n . A n d  m o s t  o r th o g e n e s is ts  d o  in d e e d  
a d m it th is . B u t i t  is  p re c is e ly  in  th e  m a k in g  o f  a  s ta r t in  
m o d if ic a tio n  th a t  o r th o g e n e s is  f i l ls  a  lo n g - fe l t  w a n t, a n d  i f  
c a p a b le  o f  p ro o f , sh o u ld  b e  g la d ly  re c e iv e d  b y  D a rw in ia n s  
as  an  im p o r ta n t  a u x ilia ry  th e o ry  in  th e  e x p la n a tio n  o f  
m o d if ic a tio n , sp e c ie s - fo rm in g , a n d  d escen t.

T h e  f ir s t  o f  th e s e  th e o r ie s  o f  o r th o g e n e s is  h a s  ju s t  
b e e n  e x p la in e d , fo r  L a m a rc k is m  m a y  b e  lo o k e d  o n  as an  
e x p la n a tio n  o f  o r th o g e n e tic  e v o lu tio n  b a s e d  o n  th e  
p e rp e tu a tio n  a n d  a c c u m u la tio n  o f  th e  e ffe c ts  o f  u se , 
d isu se , a n d  th e  d ire c t e ffe c ts  o f  fu n c tio n a l s tim u li. R o u x 's  
b a t t le  o f  th e  p a r ts  th e o ry , a n d  W e is m a n n 's  th e o ry  o f  
g e rm in a l s e le c tio n  a re  a lso  in  a  w a y  th e o r ie s  o f  
o r th o g e n e s is : th e y  e x p la in  h o w  v a r ia t io n s  b e g in  an d  
c o n tin u e  a lo n g  f ix e d  lin e s , b u t  th e y  b o th  so o n  su rre n d e r  
c o n tro l o f  d e s c e n t to  n a tu ra l se le c tio n . T h e re  a re , h o w e v e r , 
tw o  o r  th re e  th e o r ie s  o f  o r th o g e n e s is  w h ic h  h a v e  b e e n  
d e v e lo p e d  b y  th e ir  p ro p o s e rs  to  th e  d e g re e  w h e re  th e y  a re  
b o ld ly  o ffe re d  as su b s titu te s  fo r  n a tu ra l se lec tio n .

T w o  e sp e c ia lly  n o ta b le  th e o r ie s  o f  th is  c h a ra c te r  
a re  th o s e  p ro p o s e d  a n d  d e fe n d e d  re s p e c tiv e ly  b y  N a g e li  
a n d  b y  E irn e r . T h e se  tw o  a re  n o t  o n ly  th e  m o s t  n o ta b le
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a n d  m o s t  c o m p le te ly  e la b o ra te d  o f  o r tl io g e n e tic  th e o r ie s  
b u t  th e y  re p re s e n t  tw o  ra d ic a lly  d if fe re n t p o in ts  o f  v ie w  
a m o n g  th e  o r th o g e n e s is ts  th e m se lv e s , in  th a t  N a g e li  fo u n d  
h is  o r th o g e n e s is -p ro d u c in g  fa c to r  o r  c a u se  in  a  so m e w h a t 
m y s tic a l v ita l is t ic  in n e r  fo rc e , o r  so -c a lle d  
Vervollkomnungsprinzip, in  th e  o rg a n ism , w h ile  E im e r  
f in d s  o r th o g e n e s is  p ro d u c e d  a n d  c o n tro lle d  b y  th e  d ire c tly  
w o rk in g  e x te rn a l fa c to rs  o f  c lim a te , fo o d  su p p ly , a n d  
e n v iro n m e n t g e n e ra lly . S im ila r  c o n c e p tio n s  o r  b e lie fs  
re g a rd in g  th e  d ire c t  a n d  a c c u m u la tin g  e f fe c t o f  
e n v iro n m e n ta l fa c to rs  h a v e  b e e n  p re s e n te d  b y  D a rw in , 
H a e c k e l, C o p e , H e n s lo w , E m e ry , P ie p e rs , L lo y d  M o rg a n , 
a n d  n u m e ro u s  o th e rs . In  fa c t  p ro b a b ly  a  m a jo r ity  o f  
b io lo g is ts  e n te r ta in  a  c o n v ic tio n , —  o fte n  n o t  c le a r ly  
d e f in e d  a n d  g e n e ra lly  u n a c c o m p a n ie d  b y  a n y  sa tis fa c to ry  
c o n c e p tio n  o f  a  m e c h a n is m  fo r  a c h ie v in g  w h a t th e y  
b e lie v e  to  e x is t, —  o f  th e  a c tu a lity  o f  an  in f lu e n c e  o n  
o rg a n ic  m o d if ic a tio n  a n d  d e s c e n t  d ire c tly  e x e r te d  b y  th o se  
v a r io u s  e x te rn a l fa c to rs  o r  c o n d itio n s  o f  o rg a n ic  life  w h ic h  
w e  ca ll, c o lle c tiv e ly , environment.

N a g e l i 's 10 th e o ry  o f  o r th o g e n e s is  d e p e n d s  u p o n  th e  
a s s u m p tio n  o f  h is  so -c a lle d  p r in c ip le  o f  p ro g re s s iv e  
d e v e lo p m e n t (Verrollkomnungsprinzip), a  so m e th in g  
in h e re n t  in  th e  o rg a n ic  w o r ld  w h ic h  m a k e s  e a c h  o rg a n ism  
in  i t s e l f  a  fo rc e  o r  f a c to r  m a k in g  to w a rd s  sp e c ia lisa tio n , 
a d a p ta tio n , th a t  is, to w a rd s  p ro g re s s iv e  e v o lu tio n . O th e r  
a u th o rs  w h o  a c c e p t su c h  a  th e o ry  o f  an  in h e re n t  d r iv in g  
fo rc e  in  o rg a n ism s  sp e a k  o f  th is  fa c to r  v a r io u s ly  as  an  
" in n e r  d ire c tiv e  fo rc e ,"  an  " in n e r  la w  o f  d e v e lo p m e n t, o r  
an  " in tr in s ic  te n d e n c y  to w a rd s  p ro g re ss ,"  e tc . N a g e li  
b e l ie v e s  th a t  a n im a ls  a n d  p la n ts  w o u ld  h a v e  d e v e lo p e d  
a b o u t as  th e y  h a v e  e v e n  h a d  n o  s tru g g le  fo r  e x is te n c e  
ta k e n  p la c e  a n d  th e  c lim a tic  a n d  g e o lo g ic  c o n d itio n s  an d  
c h a n g e s  b e e n  q u ite  d if fe re n t f ro m  w h a t th e y  a c tu a lly  h a v e  
b e e n . K o rs c h in s k y  say s: "In  o rd e r  to  e x p la in  th e  o r ig in  o f
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h ig h e r  fo rm s  o u t  o f  lo w e r  i t  is  n e c e s s a ry  to  a s su m e  in  th e  
o rg a n ism  a  sp e c ia l te n d e n c y  to w a rd s  p ro g re ss ."

T h a t is , to  th e  b e lie v e rs  in  th is  k in d  o f  a  th e o ry  o f  
o r th o g e n e s is  o rg a n ic  e v o lu tio n  h a s  b e e n  a n d  is  n o w  ru le d  
b y  u n k n o w n  in n e r  fo rc e s  in h e re n t  in  o rg a n ism s , a n d  h a s  
b e e n  in d e p e n d e n t o f  th e  in f lu e n c e  o f  th e  o u te r  w o rld . T h e  
lin e s  o f  e v o lu tio n  a re  im m a n e n t, u n c h a n g e a b le , a n d  e v e r  
s lo w ly  s tre tc h  to w a rd  so m e  id e a l g o a l. I t  is  n e e d le s s  to  say  
th a t  b u t  fe w  b io lo g is ts  c o n fe s s  to  su ch  a  b e lie f . H o w e v e r  
m u c h  in  th e  d a rk  w e  m a y  b e  re g a rd in g  th e  w h o le  g re a t 
se c re t o f  b io n o m ic s , h o w e v e r  p a r tia l a n d  f ra g m e n ta ry  o u r  
k n o w le d g e  o f  th e  p ro c e s s e s  a n d  m e c h a n is m  o f  e v o lu tio n , 
su c h  an  a s s u m p tio n  o f  a  m y s tic , e s se n tia lly  te le o lo g ic  
fo rc e  w h o lly  in d e p e n d e n t o f  a n d  d o m in a tin g  a ll th e  
p h y s ic o -c h e m ic a l fo rc e s  a n d  in f lu e n c e s  th a t  w e  d o  k n o w  
a n d  th e  re a c tio n s  a n d  b e h a v io u r  o f  l iv in g  m a tte r  to  th e se  
in f lu e n c e s  w h ic h  w e  a re  b e g in n in g  to  re c o g n is e  an d  
u n d e rs ta n d  w ith  so m e  c le a rn e s s  a n d  fu ln e s s  —  su c h  a 
su rre n d e r  o f  a ll o u r  h a rd ly  w o n  ac tu a l s c ie n tif ic  
k n o w le d g e  in  f a v o u r  o f  a n  u n k n o w n , u n p ro v e d , m y s tic  
v ita l fo rc e  w e  a re  n o t p re p a re d  to  m a k e . A s  P la te  w e ll 
says, su c h  a  th e o ry  o f  o r th o g e n e s is  12 is  o p p o se d , in  
sh a rp e s t c o n tra s t, to  th e  v e ry  sp ir it  o f  sc ien ce .

O n  th e  c o n tra ry , th e  th e o r ie s  o f  o r th o g e n e s is  o f  th e  
g e n e ra l ty p e  e x e m p lif ie d  b y  E im e r 's  13 a re  d ire c tly  in  lin e  
w ith  th e  sp ir i t  o f  m o d e rn  b io lo g ic a l m e th o d s  an d  
in v e s tig a tio n s ;th e y  re s t  o n  th e  a s s u m p tio n  th a t  p h y s ic o ­
c h e m ic a l fa c to rs  p ro d u c e  d ire c t e ffe c ts  o n  th e  p la s tic  
o rg a n ism , a n d  th a t  su ch  e ffe c ts , r e p e a te d  a n d  in te n s if ie d , 
r e s a lt  in  a  c e r ta in  d e g re e  o f  m o d if ic a t io n  o r  c o n tro l o f  
v a r ia t io n  a n d  e v o lu tio n . T o  b e  su re , th e re  is n o t  y e t 
p ro p o s e d  a  v e ry  sa tis fa c to ry  m e c h a n is m  fo r  c o n v e y in g  th e  
e n v iro n m e n ta l in f lu e n c e  to , a n d  t ra n s la t in g  i t  in to  d e f in ite  
e f fe c t o n  th e  c o u rse  o f  d e v e lo p m e n t, b u t  th e  o b v io u s  fa c t 
th a t  e n v iro n m e n t d o e s  s tro n g ly  a f fe c t a n d  m o d ify  
in d iv id u a l fu n c tio n  a n d  s tru c tu re  a n d  th e  r e a s o n a b le  b e l ie f
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th a t  th e  m o d if ic a t io n  o f  th e  ra c e  m u s t  u l t im a te ly  re s t  on  
a n d  p ro c e e d  f ro m  th e  m o d if ic a t io n  o f  th e  in d iv id u a l, m a k e  
th e  th e o r ie s  o f  o r th o g e n e s is  b a s e d  o n  e n v iro n m e n ta l 
in f lu e n c e  v e ry  s u g g e s tiv e  a n d  o f  d is t in c t  s c ie n tif ic  v a lu e . 
In  a d d itio n , to o , th e re  is  a  c e r ta in  a m o u n t o f  ac tu a l 
e v id e n c e  o f  o b se rv a tio n  fo r  o r th o g e n e s is : an  e v id e n c e  o f  
tw o  c a te g o rie s , n a m e ly , p o s it iv e  a f f irm a tiv e  e v id e n c e ,14 
a n d  n e g a tiv e  e v id e n c e  d ra w n  f ro m  th e  in a d e q u a c y  o f  o th e r  
th e o r ie s , n o ta b ly  n a tu ra l se le c tio n , to  e x p la in  c e r ta in  
o b se rv e d  p h e n o m e n a  w h ic h  ca n  b e  e x p la in e d  o n  th e  
a s su m p tio n  o f  a n  o r th o g e n e s is . T h e  g e n e ra l c h a ra c te r  o f  
th is  e v id e n c e  is  in d ic a te d  in  o u r  f i r s t  p a ra g ra p h  tre a tin g  
o fo r th o g e n e s is . T o  th is  m a y  b e  a d d e d  an  a b s tra c t o f  P la te 's  
15 re su m e  o f  th e  fa c ts  o r  p h e n o m e n a  w h ic h  m a y  b e  lo o k e d  
o n  as  p o s it iv e  e v id e n c e  fo r  o r th o g e n e s is  (a lth o u g h  P la te  
c a u tio u s ly  n o te s  th a t  so m e  o f  th e s e  m a y  b e  o n ly  
p h e n o m e n a  o f  o r th o se le c tio n ) . T h e se  p h e n o m e n a  p o in tin g  
to w a rd  o r th o g e n e s is  m a y  b e  g ro u p e d  in to  s ix  c a teg o rie s :

I. T h e  " a n a lo g o u s  o r  p a ra lle l v a r ia tio n s"  w h ic h  
h a v e  b e e n  re c o g n is e d  e v e r  s in c e  D a rw in 's  tim e , he, 
h im se lf , l is t in g  m a n y  e x a m p le s  o f  th e m . T h e se  a re  
v a r ia t io n s  o f  u n m is ta k a b ly  s im ila r  c h a ra c te r , w h ic h  o f te n  
a p p e a r  in  d if fe re n t b ra n c h e s  o f  th e  sa m e  la rg e  g ro u p . 
"C o m p a ra tiv e  a n a to m y  re v e a ls  m a n y  e x a m p le s  to  sh o w  
th a t  a  d e f in ite  o r  d e te rm in a te  d ire c tio n  o f  m o d if ic a tio n  
m a y  b e  n o te d  in  a ll th e  su b -g ro u p s  o f  a  la rg e  fa m ily , 
a lth o u g h  a p p e a r in g  in  u n e q u a l d e g re e  in  d if fe re n t  sp ec ies . 
E x a m p le s  a re  th e  r e d u c tio n  o f  th e  h in d  to e s  a m o n g  th e  
A rtio d a c ty ls  w h ic h  h a s  c o n tin u e d  in  se v e ra l g e n e ra  
(g ira ffe , c a m e l, l la m a )  u p  to  a  c o m p le te  d is a p p e a ra n c e , 
a n d  th e  m o d if ic a tio n  o f  th e  o r ig in a lly  s in g le  g e n ita l d u c t 
in to  a  d o u b le  a n d  f in a lly  tr ip le  o n e , a s  o c c u rs  in  b o th  th e  
P u lm o n a ta  a n d  th e  O p is th o b ra n c h ia ta . O fte n  a  p ro g re s s iv e  
d e v e lo p m e n t c a n ,o n  m e c h a n ic a l o r  p h y s ic a l g ro u n d s , 
c o m e  a b o u t b y  a  m o d if ic a t io n  in  b u t  o n e  d ire c tio n , an d  
m a y  le a d  th u s  to  c o n v e rg e n t c h a n g e s , a s  th e  d e v e lo p m e n t
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o f  a  le n s  in  a  p ig m e n t f le c k  in  th e  c a se  o f  m a n y  u n re la te d  
lo w e r  a n im a ls , th e  s im ila r ity  o f  th e  h e a r t  in  c ro c o d ile s , 
b ird s , a n d  m a m m a ls , th e  a p p e a ra n c e  o f  a  p la c e n ta  w ith  
Permales a m o n g  th e  M a rs u p ia ls  a n d  a lso  a m o n g  th e  
P la c e n ta lia ."

2. T h e  n u m e ro u s  " e x c e ss iv e  s tru c tu re s"  w h ic h  a re  
d e v e lo p e d  fa r  b e y o n d  th e  l im its  o f  u se fu ln e s s . E x a m p le s , 
th e  tu s k s  o f  th e  w ild  b o a r  (Babirussa alfurus); th e  g ia n t 
h o rn s  o f  m a n y  w ild  sh e e p  a n d  g o a ts ;th e  e n o rm o u s ly  
e lo n g a te d  th re a d - lik e  n e c k  o f  se v e ra l R h y n c h o p h o ro u s  
b e e tle s , as  Apoderus tennissimus, e tc .; th e  a b su rd ly  lo n g  
e y e -s ta lk s  o f  su c h  c ru s ta c e a n s  as Macrophthalmus 
laterillei a n d  Podophthalmus vigil; Mesoplodon, w h o se  
m o u th  c a n  b e  o p e n e d  b u t  a  l i t t le  w h e n  th e  a n im a l is  fu ll 
g ro w n  b e c a u s e  o n  e a c h  s id e  an  u n d e r  to o th  g ro w s  a ro u n d  
th e  u p p e r  ja w . S u ch  "e x c e s s iv e  s tru c tu re s"  h a v e  
u n d o u b te d ly  le d  to  th e  d y in g  o u t o f  m a n y  fo rm e r  sp ec ie s : 
e x a m p le s , th e  tu s k s  o f  th e  m a m m o th , th e  a n tle rs  o f  th e  
Ir ish  s tag , th e  c a n in e s  o f  Smilodon neogaus.

3. "T h e  c o n s titu tio n , o r  a c tu a l c h e m ic a l 
c o m p o s itio n  o f  th e  b o d y  p e rm its , in  m a n y  c a se s , c h a n g e s  
o n ly  in  fe w  d ire c tio n s . T h e  a n im a l o r  p la n t b re e d e r  m a y  
b y  n o  m e a n s  p ro d u c e  a n y  w is h e d - fo r  fo rm  o r  co lo u r. N o  
o n e  h a s  y e t s u c c e e d e d  in  p ro d u c in g  a  b lu e  Maiblume, a 
g ra s s  w ith  d iv id e d  le a v e s , a

h e n  w ith  a  p a rro t 's  b e a k . A n d  w e  ca n  d e c la re  w ith  
c o n f id e n c e  th a t  a  c h o rd a  d o rsa lis  c a n  n e v e r  a p p e a r  in  a 
b e e tle .

T o  th e  v e ry  fa c t th a t  an  a n im a l b e lo n g s  to  a  g ro u p  
th e  p o s s ib ili t ie s  o f  v a r ia t io n  a re  d is tin c tly  d e lim ite d  a n d  in  
m a n y  sp e c ia l c a se s  th e s e  p o s s ib il i t ie s  m a y  in d e e d  b e  v e ry  
n a rro w ."  P la te  d o e s  n o t  m e n tio n  in  th is  c o n n e c tio n  th e  
fa c t  th a t  so m e  b io lo g is ts  h a v e  seen  in  th is  re s tr ic t io n  o f  th e  
ra n g e  o f  v a r ia t io n  w h ic h  in e v ita b ly  a c c o m p a n ie s  
sp e c ia lis a tio n  in  th e  d e v e lo p m e n t o f  a n im a l g ro u p s  an  
im p o r ta n t  fa c to r  in  th e  d e te rm in a tio n  o f  l in e s  o f  d e scen t.
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C o p e  g a v e  m u c h  im p o r ta n c e  to  th is  fa c to r , a n d  v e ry  
re c e n tly  R o s a ,16 in  a  m o s t in g e n io u s  a n d  su g g e s tiv e  p a p e r , 
a ttr ib u te s  to  th is  "p ro g re ss iv e  re d u c tio n  o f  v a r ia b ili ty "  a 
la rg e  im p o r ta n c e  in  th e  d y in g  o u t o f  o ld  sp e c ie s  a n d  th e  
o r ig in  o f  n e w  ones.

4. "B y  th e  c o rre la tio n s  w h ic h  b in d  e a c h  o rg a n  to  
o th e rs  th e  ra n g e  o f  v a r ia t io n  is  a lso  re s tr ic te d ."

5. M a n y  fa c ts  o f  p a la o n to lo g y  se e m  to  p ro v e  th e  
e x is te n c e  o f  o r th o g e n e tic  e v o lu tio n . " W h e re v e r  a  la rg e  
su p p ly  o f  m a te r ia l p e rm its  th e  w o rk in g  o u t o f  a  p h y le tic  
s e r ie s ,w e  a lw a y s  see  a  l im ite d  n u m b e r  o f  lin e s  o f  
d e v e lo p m e n t, w h ic h  d e sp ite  o c c a s io n a l s id e b ra n c h in g  ru n  
e s se n tia lly  in  s tra ig h t lin e s , in  s te p s  w h ic h  le a d  g ra d u a lly  
o n e  to  a n o th e r ."

6. T h e  p h y le tic  se rie s  (c h a in s  o f  fo rm s)  o f  r e c e n t 
sp e c ie s  a lso  sh o w , w h e re  w e  a re  a b le  to  tra c e  th e m , 
d is tin c tiv e  s in g le  lin e s  o f  d e v e lo p m e n t.E lm e r 's  p a r tic u la r  
th e o ry  o f  o r th o g e n e s is , w h ic h  w e  h a v e  c h o se n  as  a 
r e p re s e n ta tiv e  o f  th e  o r th o g e n e tic  d o c tr in e  in  g e n e ra l 
(a lth o u g h  fe w  b io lo g is ts  w h o  b e lie v e  in  th e  p r in c ip le  o f  
o r th o g e n e s is  a c c e p t th is  th e o ry  in  d e ta il) ,m a y  b e  b r ie f ly  
s ta te d  as fo llo w s:

M o d if ic a t io n s  o f  o rg a n ism s , th a t  is, l in e s  o f  
e v o lu tio n , a re  n o t  m is c e lla n e o u s , b u t  o c c u r  a c c o rd in g  to  
c o n tro l a lo n g  a  fe w  d e f in ite  d ire c tio n s , th e s e  lin e s  o f  
c h a n g e  b e in g  d e te rm in e d  n o t  a t a ll, a t le a s t  in  th e ir  
b e g in n in g s , b y  s e le c tio n  o n  a  b a s is  o f  u tility , b u t  as  th e  
re s u lt  o f  th e  in h e r ita n c e  o f  a c q u ire d  c h a ra c te rs  an d  
a c c o rd in g  to  th e  la w s  o f  o rg a n ic  g ro w th  (o rg a n o p h y s is ) . 
T h e  p r in c ip a l e ffe c ts  o f  th e s e  la w s  o f  o rg a n ic  g ro w th  a re  
m a d e  m a n ife s t  b y  th e  d e te rm in a n t e v o lu tio n , o r  
o r th o g e n e s is , w h ic h  o b ta in s , a n d  w h ic h  is  in  d ire c t 
c o n tra s t  to  th a t  k in d  o f  e v o lu tio n  w h ic h  n a tu ra l se le c tio n , 
i f  i t  re a lly  e f fe c te d  a n y th in g , w o u ld  b r in g  ab o u t. F o r  
e v o lu tio n  b y  n a tu ra l se le c tio n  w o u ld  o c c u r  a lo n g  a ll so rts  
o f  h e te ro g e n e o u s  a n d  ra d ia tin g  lin e s  w h ic h  is, a c c o rd in g
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to  E im e r , a c tu a lly  n o t  th e  case . A  fe w  d e f in ite  lin e s  o b ta in  
f ro m  w h ic h  o c c a s io n a l b ra n c h e s  a re  g iv e n  o ff, th e  w h o le  
b u ild in g  th e  f a m ilia r  p h y le tic  o r  g e n e a lo g ic a l tree . T h a t 
th e s e  m a in  lin e s  a n d  b ra n c h e s  a re  n o t  th e m s e lv e s  th e  
re s u lt  o f  s e le c tio n  is  p ro v e n  b y  th e  fa c t  th a t  m u c h  
e v o lu tio n  a n d  m o d if ic a tio n  o f  o rg a n ism s  is  n o t  d ire c tly  
u se fu l, a  m a jo r ity , in d e e d , o f  th e  c h a ra c te rs  d is tin g u is h in g  
d if fe re n t sp e c ie s  n o t  b e in g  c h a ra c te rs  o f  u t i l i ty .1 O n ly  
w h e n  a  c h a ra c te r  o r  l in e  o f  e v o lu tio n  b e c o m e s  o f  a  life -  
a n d -d e a th -d e te rm in in g  d is a d v a n ta g e  ca n  s e le c tio n  
in te r fe re  w ith  e v o lu tio n  b y  o r th o g e n e s is . A n d  th is  
in te r fe re n c e  is  a lw a y s  a n d  o n ly  o f  th e  n a tu re  o f  a  s ta m p in g  
o u t, n e v e r  o f  th e  c h a ra c te r  o f  th e  creation o f  n e w  
c h a ra c te rs  o r  lin e s . E im e r  b e lie v e s  in  th e  in h e r ita n c e  o f  
a c q u ire d  c h a ra c te rs , b e l ie v e s  in  a  c o n s id e ra b le  sp e c ie s -  
fo rm in g  in f lu e n c e  o f  g e o g ra p h ic a l iso la tio n , th a t  is, f in d s  
su c h  is o la tio n  v e ry  h e lp fu l to  th e  g e n e ra l b a s ic  o rg a n ic  
g ro w th  e v o lu tio n  p r in c ip le  a n d  f in d s  th e  ac tu a l c a u se s  o f  
o r th o g e n e s is  "to  lie  in  th e  e ffe c ts  o f  e x te rn a l in f lu e n c e s , 
c lim a te , n u tr itio n , o n  th e  g iv e n  c o n s titu tio n  o f  th e  
o rg a n ism ."  "T h is  is  n o t  L a m a rc k ism ,"  E im e r  p o in ts  ou t, 
a n x io u s  to  h a v e  h is  th e o ry  to  h is  o w n  c re d it, " fo r  L a m a rc k  
a sc r ib e d  to  th e  e x te rn a l in f lu e n c e s  n o  e ffe c ts  o n  th e  an im a l 
b o d y , a n d  o n ly  v e ry  l i t t le  o n  th e  p la n t  b o d y ."  E im e r  a d d s  
th a t  th e  e ffe c ts  o f  e x te rn a l in f lu e n c e s  a re  u su a lly  
c o n s id e re d  a  p a r t  o f  L a m a rc k is m ;a s  a  m a tte r  o f  fa c t 
L a m a rc k 's  s p e c ie s - fo rm in g  in f lu e n c e s  w e re , c h ie f ly  a t 
le a s t, th e  in h e r ite d  re su lts  o f  ac tu a l u s e  o r  d isu se , o r  o f  
o th e r  fu n c tio n a l s tim u la tio n  in it ia te d  o r  e x e rc is e d  a c tiv e ly  
b y  th e  o rg a n ism  itse lf . In  th e  a c tu a l v a r ia t io n  o f  o rg a n ism s  
E im e r  sees  n o n e  o f  th a t  "o sc illa tio n "  o r  e q u a l v a r ia tio n  
a ro u n d  a  m e d ia n  o r  m o d a l p o in t c h a ra c te r is tic  o f  th e  
D a rw in ia n  c o n c e p tio n , b u t  see s  a lw a y s  a  d e te rm in a te  
v a r ia tio n  in  a  fe w  d e f in ite  lin e s . H e  d e n ie s  p o s itiv e ly  an y  
c a p a c ity  on  th e  p a r t  o f  n a tu ra l se le c tio n  to  c re a te  sp ec ie s , 
f in d in g  i t  e ffe c tiv e  in  b re a k in g  th e  c o n tin u o u s  o rg a n ic
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c h a in , th a t  is , o f  s e p a ra tin g  i t  in to  sp e c ie s , o n ly  w h e n  
a id e d  b y  g e o g ra p h ic a l iso la tio n . T h e  ac tu a l sp e c ie s -  
fo rm in g , th a t  is , th e  b re a k in g  u p  in to  sp e c if ic  u n its  o f  th e  
o r th o g e n e tic  l in e s  o f  c h a n g e  in s t i tu te d  b y  h is  d y n a m ic  
fa c to rs , h e  f in d s  to  d e p e n d  o n  th re e  c h ie f  m o m e n ts , v iz ., a 
s ta n d in g  s till o r  c e s sa tio n  o f  d e v e lo p m e n t 
(Entwicklungsstillstand); a  su d d e n  d e v e lo p m e n t b y  le a p s , 
c a lle d  h a lm a to g e n e s is  (w h ic h  is  a lm o s t e x a c tly  th e  
fu n d a m e n ta l id e a  in  K o rs c h in s k y 's  a n d  d e V rie s 's  la te r  
h e te ro g e n e s is  th e o ry )  ; a n d  th ird , a  h in d ra n c e  o r  d if f ic u lty  
in  re p ro d u c tio n  (w h ic h  is  th e  e s se n tia l f a c to r  in  R o m a n e s 's  
th e o ry  o f  p h y s io lo g ic a l se le c tio n  p ro p o s e d  te n  y e a rs  la te r) . 
I t  is  o f  in te re s t  to  n o te  E im e r 's  c la im  to  th e  o rig in a l 
c o n c e p tio n  o f  sp e c ie s - fo rm in g  b o th  b y  h e te ro g e n e s is  an d  
th ro u g h  p h y s io lo g ic a l se le c tio n , w ith  w h ic h  tw o  th e o r ie s  
th e  n a m e s  o f  d e  V rie s  a n d  R o m a n e s , re sp e c tiv e ly , a re  
c o m m o n ly  a s s o c ia te d  as th o s e  o f  th e  o r ig in a l p ro p o se rs .

O f  E im e r 's  th re e  sp e c ie s - fo rm in g  fa c to rs  h e  la y s  
m o s t s tre ss  o n  th e  o n e  I  h a v e  f irs t  m e n tio n e d  v iz ., 
Enfwicklungsstillstand."T h e  o r ig in  o f  sp e c ie s  d e p e n d s  
e s se n tia lly  o n  Entzvicklungsstillstand o r  Genepistase, th a t  
is, th e  s ta n d in g  s till o f  c e r ta in  fo rm s  a t d e f in ite  s ta g e s  in  
th e  d e v e lo p m e n ta l lin e , w h ile  o th e rs  g o  o n ."  T h is  p e rm its  
o f  th e  o r ig in  o f  n u m e ro u s  d if fe re n t sp e c ie s  in  th e  sa m e  
lo c a lity  o r  re g io n , w ith o u t  a n y  n e e d  o f  iso la tio n . A s 
o r th o g e n e s is  m o d if ie s , th a t  is , c a u se s  to  v a ry  in  th e  sam e  
w ay , m a n y  in d iv id u a ls  a t a  tim e , i t  is  e a sy  to  see  th a t  i f  
so m e  o f  th e s e  p ro d u c e  y o u n g  w h ic h  d o  n o t  p ro c e e d  fa r th e r  
a lo n g  th e  o r th o g e n e tic  lin e , th a t  is, d o  n o t  v a ry  fa r th e r , 
w h ile  o th e rs  p ro d u c e  p ro g e n y  th a t  te n d  to  m o v e  o n  a lo n g  
th e  l in e  o r  lin e s  o f  d e te rm in a te  v a r ia tio n , n e w  sp e c ie s  can  
b e  d ro p p e d , as i t  w e re , o u t o f  th e  g e n e ra l c o u rse  o f  th e  
o r th o g e n e tic  e v o lu tio n  a ll a lo n g . A n . i f  th e s e  p e rs is t  w e  
h a v e  a  se r ie s  o f  d is tin c t o rg a n ic  fo rm s  a ll re la te d  
c h a in w ise  a lth o u g h  liv in g  s im u lta n e o u s ly  a n d  in  th e  sa m e  
re g io n . T h is  c e s sa tio n  o f  d e v e lo p m e n t c a n  le a d  to  m a n y
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a d d e d  n e w  fo rm s  w h e n  i t  o c c u rs  in  th e  fo rm  o f  
Heterepistase, th a t  is , w h e re  o n ly  a  fe w  c h a ra c te r is tic s  
re m a in  f ix e d  a t so m e  e a r ly  d e v e lo p m e n ta l s ta g e  w h ile  
o th e rs  g o  on. B y  th e  f ix in g  o r  c e s s a tio n  o f  d e v e lo p m e n t in  
d if fe re n t sm a ll g ro u p s  o f  c h a ra c te r is tic s , a n d  in  d if fe re n t 
c o m b in a tio n s  o f  th e s e  g ro u p s  m a n y  n e w  sp e c ie s  m a y  
re su lt. A ll c a se s  o f  so -c a lle d  a ta v ism  a re  in te rp re te d  b y  
E im e r  s im p ly  as e x a m p le s  o f  h is  Entwicklungsstillstand, 
th is  c e s sa tio n  o f  d e v e lo p m e n t o c c u rr in g  in  th e  a ta v is tic  
o rg a n s  a t a  v e ry  e a r ly  stage .

W e  sh o u ld  n o t  o m it m e n tio n , in  c o n n e c tio n  w ith  
E lm e r 's  th e o ry , o f  a  p o in t  u p o n  w h ic h  h e  la y s  g re a t  s tre ss , 
a n d  th a t  is  th a t  h is  th e o ry  is  n o t  th e  re s u lt  o f  p u re  
sp e c u la tio n , b u t  is  th e  u n a v o id a b le  c o n c lu s io n  a rr iv e d  a t 
b y  lo n g  y e a rs  o f  sp e c if ic  o b se rv a tio n s  a n d  s tu d y  o f  th e  
fa c ts  o b ta in in g  in  th e  c a se  o f  th e  re la tio n s , c o n d itio n s , an d  
c o u rse  o f  e v o lu tio n  o f  c e r ta in  g ro u p s  o f  o rg a n ism s . E im e r  
m a d e  c a re fu l a n d  e x te n d e d  s tu d ie s  o f  th e  w in g -p a tte rn s  o f  
tw o  la rg e  g ro u p s  o f  b u tte r f l ie s , a n d  o f  c e r ta in  liz a rd s  an d  
b ird s , a n d  it  is  o n  th e  b a s is  o f  th e s e  s tu d ie s  in  p a r tic u la r  
th a t  h is  th e o ry  w a s  fo rm u la te d . I t  is  c e r ta in ly  to  b e  
a d m itte d  th a t  h is  e x h a u s tiv e  a n d  m o s t  su g g e s tiv e  a c c o u n t 
o f  th e  re la tio n s  o f  sp e c ie s  a n d  p a tte rn s  in  th e  s w a llo w ­
ta i le d  a n d  c e r ta in  o th e r  b u tte r f l ie s  m a k e s  a  v e ry  s tro n g  
a rg u m e n t a g a in s t th e  v a lid i ty  o f  n a tu ra l se le c tio n  as an  
e x p la n a tio n  o f  th e s e  c o n d itio n s . A n d  th e  e x a m p le  o f  
E im e r 's  p ro lo n g e d  a n d  m in u te  s tu d y  o f  ac tu a l fa c ts  as a 
b a s is  fo r  h is  th e o ry  a n d  h y p o th e s is  b u ild in g  is  o n e  w h ic h  
h a s  n o t  b e e n  a lw a y s  fo llo w e d  b y  b io lo g ic a l g e n e ra lise rs . I t 
is  to  b e  re g re tte d  th a t  th e  p o le m ic a l a n d  p e rso n a l c h a ra c te r  
o f  m u c h  o f  E im e r 's  w r it in g  h a s  te n d e d  to  m a k e  h is  w h o le  
w o rk  le s s  re g a rd e d  th a n  i t  o u g h t to  b e  b y  b io lo g is ts .

T h a t E im e r 's  th e o ry  d o e s  n o t  in c lu d e  in  a n y  d e g re e  
th e  a s su m p tio n  o f  an  in n e r  d ire c tiv e  o r  p ro g re s s iv e  fo rc e  
th e  fo llo w in g  q u o ta tio n  f ro m  E im e r  h im s e l f  sh o w s: 
"A c c o rd in g  to  m y  in v e s tig a tio n s  th e  c h ie f  c a u se  o f
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tra n s fo rm a tio n  [ o f  sp e c ie s ]  is  th a t  d e te rm in e d  d e f in itiv e  
o rg a n ic  g ro w th  (o rg a n o p h y s is )  w h o s e  e x p re s s io n  is  a 
d e f in ite  d e te rm in e d  d e v e lo p m e n t (o r th o g e n e s is ) , w h ic h  is  
im p o se d  o n  th e  p la s m a  b y  c o n s ta n t o u te r  in f lu e n c e s , 
c lim a te , a n d  n o u r is h m e n t.A p a r t  f ro m  th e  fa c t  th a t  th e  
N a g e lia n  a s s u m p tio n  o f  a  d e f in ite  d e te rm in e d  
d e v e lo p m e n t is  a  h y p o th e tic a l o n e , n o t  p ro v e d  b y  fa c ts ,th e  
z o o lo g is t  c a n  h a rd ly  a c c e p t th e  e x is te n c e  o f  su c h  a 
d o m in a n t in n e r  fa c to r  e v e r  p u s h in g  to w a rd  a d v a n c e , w h e n  
h e  re c a lls  th e  h o s t  o f  re g re s s iv e  s tru c tu re s  w h ic h  h e  h a s  to  
see . T h is  te n d e n c y  to  p ro g re s s  b a s e d  o n  th e  a s s u m p tio n  o f  
'in n e r  g ro w th  la w s ' c o n tra d ic ts  f la tly  th e  a s s u m p tio n  o f  
o u te r  in f lu e n c e s  as c a u se s  o f  ch an g e .

A n d  i t  is  m y  b e l i e f  th a t  it  is  p re c is e ly  th e s e  o u te r  
in f lu e n c e s ,a n d  th e  p h y s io lo g ic a l p h e n o m e n a  d e p e n d e n t on  
th e m , w h ic h  a re  th e  d e te rm in in g  fa c to rs  in  th e  p h y le tic  
d e v e lo p m e n t ju s t  a s  th e y  a re  in  in d iv id u a l d e v e lo p m e n t."  
18A m o n g  A m e r ic a n  b io lo g is ts  w h o  h a v e  b e e n  b e lie v e rs , in  
so m e  d e g re e , in  L a m a rc k is m  o r  so m e  o th e r  fo rm  o f  o rth o - 
g e n e tic  e v o lu tio n . C o p e  is  th e  o n e  w h o  h a s  m o s t  d e f in ite ly  
fo rm u la te d  h is  b e lie f s  in to  a  c o m p le te  th e o ry  o f  th e  
m e th o d  o f  c re a tin g  a n d  g u id in g  v a r ia t io n  a n d  d e s c e n t 
lin e s . C o p e 's  th e o ry  m a y  b e  c a lle d  o n e  o f  b a th m ism  
(g ro w th -fo rc e  ) ,k in e to g e n e s is  (d ire c t e f fe c t o f  u se  an d  
d isu se  a n d  e n v iro n m e n ta l in f lu e n c e ) , a n d  a rc h a e s th e tis m  
( in f lu e n c e  o f  p r im itiv e  c o n sc io u sn e ss ) . In  an  e s sa y  19 f irs t 
p u b lis h e d  b y  C o p e  in  1871 th e  fo llo w in g  h y p o th e s e s  w e re  
p re se n te d . (T h e se  h y p o th e s e s  a re  s ta te d  h e re  in  C o p e 's  
o w n  w o rd s , q u o te d  f ro m  th e  p re fa c e  o f  h is  b o o k  "T h e  
O rig in  o f  th e  F itte s t,"  1 8 8 7 ) :

"I. T h e  la w  o f  re p e tit iv e  a d d itio n , in  w h ic h  th e  
s tru c tu re s  o f  a n im a ls  w e re  sh o w n  to  h a v e  o r ig in a te d  f ro m  
s im p le  re p e tit io n s  o f  id e n tic a l e le m e n ts .

"2. T h e  e x is te n c e  o f  an  e sp e c ia l fo rc e  w h ic h  
e x h ib its  i t s e l f  in  th e  g ro w th  o f  o rg a n ic  b e in g s , w h ic h  w a s  
c a lle d  g ro w th -fo rc e , o r  b a th m ism .
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"3. T h a t d e v e lo p m e n t c o n s is ts  in  th e  lo c a tio n  o f  
th is  e n e rg y  a t c e r ta in  p a r ts  o f  th e  o rg a n ism .

"4. T h a t th is  lo c a tio n  w a s  a c c o m p lish e d  b y  u s e  o r  
e ffo rt, m o d ify in g  a n d  b e in g  m o d if ie d  b y  th e  e n v iro n m e n t; 
o r  th e  d o c tr in e  o f  k in e to g e n e s is .

"5. T h a t th e  lo c a tio n  o f  th is  e n e rg y  a t o n e  p o in t 
c a u se s  its  a b s tra c tio n  f ro m  o th e r  p o in ts , p ro d u c in g  
'c o m p le m e n ta ry  d im in u tio n ' o f  fo rc e  a t th e  la tte r.

"6. T h a t th e  lo c a tio n  o f  th is  e n e rg y , so  as to  
p ro d u c e  th e  p ro g re s s iv e  c h a n g e  c a lle d  e v o lu tio n , is  d u e  to  
an  in f lu e n c e  c a lle d  'g ra d e  in f lu e n c e .'

"7. T h a t in h e r ita n c e  is  a ' t ra n s m is s io n  o f  th is  fo rm  
o f  e n e rg y , w h ic h  b u ild s  in  p re c ise  a c c o rd  w ith  th e  so u rc e s  
f ro m  w h ic h  i t  is  d e riv ed .

"8. T h a t th is  'g ra d e  in f lu e n c e ' is  an  e x p re s s io n  o f  
th e  in te ll ig e n c e  o f  th e  a n im a l, w h ic h  a d a p ts  th e  p o s s e s s o r  
to  th e  e n v iro n m e n t b y  an  'in te ll ig e n t se le c tio n .'

"9. A n  a tte m p t to  a c c o u n t fo r  th e  o r ig in  o f  
'm im e tic  a n a lo g y ' b y  'm a te rn a l im p re s s io n s .' "

In  la te r  w r it in g s  20 C o p e  s u b d iv id e s  h is  
k in e to g e n e s is  p r in c ip le , o r  th e  in f lu e n c e  o f  u se , d isu se , 
a n d  e n v iro n m e n t, in to  a  p h y s ic o -c h e m ic a l in f lu e n c e  
a f fe c tin g  th e  o rg a n ism  th ro u g h  m o le c u la r  e ffe c ts , w h ic h  
h e  c a lls  p h y s io g e n e s is , a n d  a  m e c h a n ic a l in f lu e n c e  
a f fe c tin g  th e  o rg a n ism  th ro u g h  m o la r  e ffe c ts , fo r  w h ic h  
th e  te rm  k in e to g e n e s is  is  re ta in e d . T h e  m o d if ic a tio n s  
p ro d u c e d  b y  th e s e  tw o  c la sse s  o f  in f lu e n c e s  "a re  su p p o se d  
to  b e  th e  re s u lt  o f  th e  a c tio n  o f  th e  c a u se s  in  q u e s tio n  
c o n tin u e d  th ro u g h o u t g e o lo g ic  tim e ."  T h e se  m o d if ic a tio n s  
a re  a s su m e d  to  b e  in h e r ite d . In  th e  a n im a l k in g d o m  
k in e to g e n e s is , o r  th e  m o d ify in g  in f lu e n c e  o f  m o tio n , is  
a s su m e d  to  b e  th e  m o re  p o te n t  e f f ic ie n t c a u se  o f  
e v o lu tio n ; in  th e  p la n t  k in g d o m , p h y s io g e n e s is . T h e  
g e n e ra l s ta n d p o in t o f  C o p e 's  th e o ry  is  th u s  s tr ic tly  
L a m a rc k ia n . B u t h e  a d d s  to  th is  re fo rm u la tio n  o f  g e n e ra l 
L a m a rc k is m  a  re m a rk a b le  fe a tu re  w h ic h  h e  ca lls

274



a rc h a e s th e tis m . T h is  is. th e  d o c tr in e  th a t  "an im a l 
m o v e m e n ts  a re  p r im itiv e ly  d e te rm in e d  b y  s e n s ib ili ty  o r  
c o n sc io u sn e s s "  a n d  th a t  th is  " c o n sc io u sn e s s  h a s  b e e n  an d  
is  o n e  o f  th e  p r im a ry  fa c to rs  in  th e  e v o lu tio n  o f  an im a l 
fo rm s ."  T h a t is , th e  k in e to g e n e s is  w h ic h  is  th e  c h ie f  
c a u so -m e c h a n ic a l f a c to r  o f  th e  e v o lu tio n  o f  th e  an im a l 
k in g d o m , f ro m  p r im it iv e  s in g le -c e ll ty p e  to  m o s t  c o m p le x  
M e ta z o a n , h a s  fo r  its  o w n  in it ia tio n  c o n sc io u s  e ffo rt. T h u s  
C o p e  is  fo rc e d  to  a ssu m e , w h ic h  h e  d o es , th a t  "c o n sc io u s  
s ta te s  h a v e  p re c e d e d  o rg a n ism s  in  t im e  a n d  e v o lu tio n ."  
T h e  fo rm a l s ta te m e n t o f  th is  p h e n o m e n o n , th e n , h a s  to  b e  
th e  th e s is  th a t  e n e rg y  c a n  b e  c o n sc io u s . " I f  tru e ,"  w r ite s  
C o p e , " th is  is  an  u lt im a te  fac t, n e i th e r  m o re  n o r  le s s  
d if f ic u lt  to  c o m p re h e n d  th a n  th e  n a tu re  o f  e n e rg y  o r  
m a tte r  in  th e ir  u l t im a te  a n a ly se s . B u t  h o w  is  su c h  a 
h y p o th e s is  to  b e  re c o n c ile d  w ith  th e  fa c ts  o f  n a tu re , w h e re  
c o n s c io u s n e s s  p la y s  a  p a r t  so  in f in ite s im a lly  sm a ll?  T h e  
e x p la n a tio n  lie s  c lo se  a t h a n d , a n d  h a s  b e e n  a lre a d y  
re fe r re d  to . Energy become automatic is no longer 
conscious, o r  is  a b o u t to  b e c o m e  u n c o n sc io u s ."  C o p e  
h o ld s  th e n  th a t  " c o n sc io u sn e s s  w a s  c o in c id e n t w ith  th e  
d a w n  o f  life ,"  a n d  th a t  "e v o lu tio n  is  e s se n tia lly  a  p ro c e s s  
o f  m in d . T h e  so u rc e  o f  th e  c o n s c io u sn e s s , w h ic h  is  b a c k  
o f  it, is  a t p re s e n t  an  u n s o lv e d  p ro b le m ."

C o p e  w a s  a  p a la e o n to lo g is t ,"  a n d  h is  b e l ie f  in  th e  
n e c e s s ity  o f  so m e  fa c to r  o r  fa c to rs  b e s id e s  th a t  o f  n a tu ra l 
se le c tio n  to  e x p la in  e v o lu tio n  l in e s  as  re v e a le d  b y  
p a la e o n to lo g ic a l s tu d y  is  sh a re d  b y  a  la rg e  m a jo r ity  o f  th e  
re c o g n is e d  A m e r ic a n  p a la e o n to lo g is ts . O sb o rn  o f  
C o lu m b ia , W ill is to n  o f  C h ic a g o , H y a tt  o f  B o s to n , S m ith  
o f  S ta n fo rd , s tu d y in g  re s p e c tiv e ly  th e  fo ss il m a m m a ls , th e  
re p tile s , a n d  th e  m o llu sc s , a ll v o ic e  th e ir  b e l i e f  in  th e  
e x is te n c e  o f  e v id e n c e  in  th e  h is to ry  o f  th e  e v o lu tio n  o f  
th e s e  a n im a l g ro u p s  fo r  o r th o g e n e tic  v a r ia t io n  an d  
d escen t.
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R e c e n tly  W h itm a n , th e  N e s to r  o f  A m e ric a n  
z o o lo g is ts , h a s  d e c la re d  h im s e lf  s tro n g ly  as an  a d h e re n t  o f  
th e  a c tu a lity  o f  o r th o g e n e tic  e v o lu tio n . F o r  m a n y  y e a rs  
W h itm a n  h a s  b e e n  s tu d y in g  th e  v a r ia t io n s  a n d  in h e r ita n c e  
in  p ig e o n s , a n d  th ro u g h  th is  w o rk  in  p a r t ic u la r  h e  h a s  
b e c o m e  c o n v in c e d  th a t  sp e c ie s - fo rm in g  v a r ia tio n  d o e s  
a d v a n c e  in  a  d e f in ite  d ire c tio n  as w e ll as  in  v a r io u s  
d ire c tio n s .

22 23H e  say s, "n a tu ra l se le c tio n , o r th o g e n e s is , an d  
m u ta tio n  a p p e a r  to  p re s e n t  fu n d a m e n ta l c o n tra d ic tio n s ; 
b u t  I  b e l ie v e  th a t  e a c h  s ta n d s  fo r  tru th , a n d  re c o n c ilia tio n  
is  n o t  d is ta n t. T h e  so -c a lle d  m u ta tio n s  o f  CEnothera a re  
in d u b ita b le  fac ts ; b u t  tw o  le a d in g  q u e s tio n s  re m a in  to  b e  
a n sw e re d . F irs t, a re  th e s e  m u ta tio n s  n o w  a p p e a rin g , as is  
a g re e d , in d e p e n d e n tly  o f  v a r ia tio n , n e v e r th e le s s  a 
p ro d u c tio n  o f  v a r ia tio n s  th a t  to o k  p la c e  a t a n  e a r lie r  p e r io d  
in  th e  h is to ry  o f  th e s e  p la n ts  ? S e co n d ly , i f  sp e c ie s  can  
sp r in g  in to  e x is te n c e  a t a  s in g le  le ap , w ith o u t th e  
a s s is ta n c e  o f  c u m u la tiv e  v a r ia tio n s , m a y  th e y  n o t  a lso  
o r ig in a te  w ith  su c h  a ss is ta n c e ?  T h a t v a r ia t io n  d o e s  is s u e  a 
n e w  sp e c ie s , a n d  th a t  n a tu ra l se le c tio n  is  a  fa c to r , th o u g h  
n o t  th e  o n ly  fa c to r, in  d e te rm in in g  re su lts , is , in  m y  
o p in io n , as  c e r ta in  as  th a t  g ra s s  g ro w s  a lth o u g h  w e  c a n n o t 
see  i t  g ro w . F u r th e rm o re , I  b e l ie v e  I  h a v e  fo u n d  
in d u b ita b le  e v id e n c e  o f  s p e c ie s - fo rm in g  v a r ia tio n  
a d v a n c in g  in  a  d e f in ite  d ire c tio n  (o r th o g e n e s is ) , a n d  
lik e w ise  o f  v a r ia t io n s  in  v a r io u s  d ire c tio n s  
(a m p h ig e n e s is ) . I f  I  a m  n o t m is ta k e n  in  th is , th e  
re c o n c ilia tio n  fo r  n a tu ra l se le c tio n  a n d  o r th o g e n e s is  is  a t 
h a n d "  (p . 4).

In  th e  c a te g o ry  o f  d e te rm in a te  o r  o r th o g e n e tic  
v a r ia t io n  sh o u ld  b e  in c lu d e d  D e la g e 's  24 n o t v e ry  c le a r ly  
d is tin g u ish e d  variation generale. "W e  ca ll b y  th e  n a m e  o f  
g e n e ra l v a r ia tio n ,"  h e  say s, " th a t w h ic h  a p p e a rs  a t o n e  
tim e  in  a ll th e  in d iv id u a ls  o f  a  ra c e  o r  a t le a s t  a  la rg e  
n u m b e r  o f  in d iv id u a ls  a n d  w h ic h  a ffe c ts , m o s t o ften ,
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sev e ra l c h a ra c te r is tic s , i f  n o t  a ll, in  v a r io u s  d e g re e s  o f  
s tre n g th . V a r ia tio n s  o f  th is  so r t m u s t b e  d u e  to  
m o d if ic a tio n s  o f  th e  g e rm  p la sm  p ro d u c e d  e ith e r  b y  th e  
r e d u c in g  d iv is io n , o r  b y  fe r ti l is a tio n , o r  b y  a c c id e n ta l 
a lte ra tio n s  w h ic h  th is  p la sm  u n d e rg o e s  in  its  v a r io u s  
d iv is io n s ."  It is  to  th e s e  v a r ia tio n s , a c c o rd in g  to  D e la g e , 
th a t  sp e c ie s -c h a n g e  is  due . T h e  in d u c in g  in f lu e n c e s  w h ic h  
re s u lt  in  th e  a p p e a ra n c e  o f  g e n e ra l v a r ia tio n s  a re  u se  an d  
d isu se  a n d  th e  "c o n d itio n s  o f  life "  (n u tr i t io n  a n d  c lim a te ) .

A s  fo rm in g  a  so r t o f  l in k  b e tw e e n  th e  th e o r ie s  o f  
o r th o g e n e s is  a n d  th o s e  o f  h e te ro g e n e s is  (to  b e  d is c u s s e d  in  
th e  n e x t  c h a p te r) , m a y  b e  m e n tio n e d  th e  r a th e r  v a g u e  an d

25u n fo rm e d  th e o ry  o f  J a e c k e l, th e  B e r l in  p a la e o n to lo g is t , 
c a lle d  "m e ta k in e s is ."

Ja e c k e l b e lie v e s , f ro m  a  s tu d y  o f  fo ss il  an im a l 
se rie s , th a t  th e re  e x is ts  e v id e n c e  o f  o r th o g e n e tic  d e sc e n t, 
b u t  th a t  w h ile  g e n e ra  a n d  fa m ilie s  m a y  sh o w  c o n tin u o u s  
p h y le tic  se rie s , sp e c ie s  a p p e a r  sp o ra d ic a lly , su d d e n ly , an d  
w ith o u t sp e c ia l re fe re n c e  to  th e  p h y le tic  se rie s . H e  
b e lie v e s  th a t  m a n y  c a se s  o f  e p is ta s is  o ccu r: th a t  is , th a t  
m a n y  se x u a lly  m a tu re  a n im a ls  sh o w  a rre s ts  o f  
d e v e lo p m e n t in  e a r ly  o n to g e n e tic  s tag es , a n d  h a v e  
th e re fo re  g iv e n  u p  a  fo rm e r  fu r th e r  d e v e lo p m e n t. H e  f in d s  
n u m e ro u s  e x a m p le s  o f  th is  c o n d itio n  a m o n g  fo ss il 
c r in o id s  a n d  tr i lo b ite s  a n d  l iv in g  se la c h ia n s . W h a t h is  
th e o ry  o f  m e ta k in e s is  re a lly  se e m s to  b e  is  a  c o m b in a tio n  
o f  th e  su d d en , d e f in it iv e  a p p e a ra n c e  o f  n e w  sp e c ie s , w h ic h  
is  th e  e s se n tia l c o n c e p tio n  in  th e  th e o r ie s  o f  h e te ro g e n e s is  
(e x p la in e d  in  th e  n e x t  c h a p te r) , w ith  th e  d e te rm in a te  lin e s  
o f  c h a n g e  o r  d e sc e n t, w h ic h  is  th e  e sse n tia l id e a  in  
o rth o g e n e s is .

A P P E N D IX .

277



1 L a m a rc k , 1 7 4 4 -1 8 2 8 , th e  " fo u n d e r  o f  th e  
c o m p le te  m o d e rn  th e o ry  o f  d e sc e n t, is  th e  m o s t  im p o r ta n t  
f ig u re  [in  th e  h is to ry  o f  th e  th e o ry  o f  e v o lu tio n ]  b e tw e e n  
A r is to tle  a n d  D a rw in '' (O sb o rn , "F ro m  th e  G re e k s  to  
D a rw in ,"  p. 156, l8 9 9 ). H is  th e o ry  o f  d e s c e n t a n d  th e  
c a u se s  o f  d e s c e n t w a s  p re s e n te d  in  h is  " P h ilo so p h ie  
Z o o lo g iq u e ,"  a  la rg e  w o rk  p u b lis h e d  in  1899 . F o r  a  b r ie f  
a c c o u n t o f  L a m a rc k 's  life  a n d  w o rk , see  O sb o rn , "F ro m  
th e  G re e k s  to  D a rw in ,"  pp . 1 5 6 -1 8 1 , 1899 . F o r  an  
e x h a u s tiv e  a c c o u n t w ith  fu ll q u o ta tio n s  f ro m  L a m a rc k 's  
e x p o s itio n  o f  h is  th e o r ie s , see  P a c k a rd , "L a m a rc k , H is  
L ife  a n d  W o rk ,"  1901 . F o r  e x p o s itio n s  o f  th e  L a m a rc k ia n  
p o in t  o f  v ie w  c o m p a re d  w ith  th e  D a rw in ia n  p o s itio n , see  
H a e c k e l, E ., "D ie  N a tu ra n s c h a u u n g  v o n  D a rw in , G o e th e , 
u n d  L a m a rc k ,"  1882 ; L a n g , A ., "Z u r C h a ra c te r is t ik  d e r  
F o r -s c h u n g s w e g e  v o n  L a m a rc k  u n d  D a rw in ,"  1889 ; W a rd , 
L . F ., "N e o -D a rw in ism  a n d  N e o -L a m a rc k is m ,"  Proc. Biol. 
Soc., W a sh ., V o l. V I, p p . 11 -71 , 1891 ; H u tto n , F . W ., 
"D a rw in ism  a n d  L a m a rc k ism , O ld  a n d  N e w ,"  1899; 
P a u ly , A ., "D a rw in ism u s  u n d  L a m a rc k ism u s ,"  1905.

2 A m o n g  th e  m o re  c o n sp ic u o u s  o f  th e s e  c a se s  a re  
B ro w n -S e q u a rd 's  g u in e a -p ig s , H y a tt 's  Planorbis sh e lls , 
C u n n in g h a m 's  f la tf is h e s ,a n d  F is c h e r 's  b u tte r f l ie s . M o rg a n , 
in  ''E v o lu tio n  a n d  A d a p ta tio n ," g iv e s  th e  fo llo w in g  a c c o u n  
a n d  d isc u s s io n  o f  th e  B ro w n -S e q u a rd  e x p e r im e n ts  an d  
re su lts : "T h e  b e s t  d ire c t e v id e n c e  in  f a v o u r  o f  th e  
L a m a rc k ia n  a rg u m e n t is th a t  fu rn is h e d  b y  th e  e x p e r im e n ts  
o f  B ro w n -S e q u a rd .

H e  fo u n d , as th e  re s u lt  o f  in ju ry  to  th e  n e rv o u s  
sy s te m  o f  g u in e a -p ig s , th a t  e p ile p sy  a p p e a re d  in  th e  a d u lt 
a n im a l, a n d  th a t  y o u n g  b o rn  f ro m  th e s e  e p ile p tic  p a re n ts  
b e c a m e  a lso  e p ile p tic . S till w o re  im p o r ta n t  w a s  h is  
d is c o v e ry  th a t, a f te r  an  o p e ra tio n  o n  th e  n e rv e s , as  a  re s u lt  
o f  w h ic h  c e r ta in  o rg a n s , th e  e a r  o r  th e  leg , fo r  in s ta n c e , a re  
a ffe c te d , th e  sa m e  a ffe c tio n  a p p e a rs  in  th e  y o u n g  b o rn  
f ro m  su ch  p a re n ts . T h e se  re su lts  o f  B ro w n -S e q u a rd  h a v e
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b e e n  v o u c h e d  fo r  b y  tw o  o f  h is  a s s is ta n ts , a n d  h is  re su lts  
in  re g a rd  to  th e  in h e r ta n c e  o f  e p ile p sy  h a v e  b e e n  
c o n f irm e d  b y  O b e rs te in e r , a n d  b y  L u c ia n i o n  d ogs. 
E q u a lly  im p o r ta n t  is  th e ir  la te r  c o n f irm a tio n , as  fa r  as th e  
m a in  fa c ts  go , b y  R o m a n e s .

"B ro w n -S e q u a rd  g iv e s  th e  fo llo w in g  su m m a ry  o f  
h is  re su lts . I  fo llo w  R o m a n e s  tra n s la t io n  in  h is  b o o k  o n  
'D a rw in  a n d  A f te r  D a rw in , ' w h e re  th e re  is  a lso  g iv e n  a 
c a re fu l a n a ly s is  o f  B ro w n -S e q u a rd 's  re su lts , as  w e ll as  th e  
o u tc o m e  o f  th e  e x p e r im e n ts  o f  R o m a n e s  h im se lf . T h e  
su m m a ry  is  as  fo llo w s : —

"I. A p p e a ra n c e  o f  e p ile p sy  in  a n im a ls  b o rn  o f  
p a re n ts  w h ic h  h a d  b e e n  re n d e re d  e p ile p tic  b y  an  in ju ry  to  
th e  sp in a l-c o rd .

"2. A p p e a ra n c e  o f  e p ile p sy  a lso  in  a n im a ls  b o rn  o f  
p a re n ts  w h ic h  h a d  b e e n  re n d e re d  e p ile p tic  b y  se c tio n  o f  
th e  s c ia tic  n e rv e .

"3. 'A  c h a n g e  in  th e  sh a p e  o f  th e  e a r  in  a n im a ls  
b o rn  o f  p a re n ts  in  w h ic h  su c h  a  c h a n g e  w a s  th e  e f fe c t o f  a 
d iv is io n  o f  th e  c e rv ic a l sy m p a th e tic  n e rv e .

"4. 'P a rtia l c lo su re  o f  th e  e y e lid s  in  a n im a ls  b o rn  o f  
p a re n ts  in  w h ic h  th a t  s ta te  o f  th e  e y e lid s  h a d  b e e n  c a u se d  
e ith e r  b y  se c tio n  o f  th e  c e rv ic a l sy m p a th e tic  n e rv e , o r  th e  
re m o v a l o f  th e  su p e r io r  c e rv ic a l g a n g lio n .

"5. 'E x o p h th a lm ia  in  a n im a ls  b o rn  o f  p a re n ts  in  
w h ic h  an  in ju ry  to  th e  re s tifo rm  b o d y  h a d  p ro d u c e d  th a t  
p ro tru s io n  o f  th e  e y e b a ll. T h is  in te re s tin g  fa c t I  h a v e  
w itn e s s e d  a  g o o d  m a n y  tim e s , a n d  seen  th e  tra n s m is s io n  
o f  th e  m o rb id  s ta te  o f  th e  e y e  c o n tin u e  th ro u g h  fo u r  
g e n e ra tio n s . In  th e s e  a n im a ls  m o d if ie d  b y  h e re d ity , th e  
tw o  e y e s  g e n e ra lly  p ro tru d e d , a lth o u g h  o f  th e  p a re n ts  
u s u a lly  o n ly  o n e  sh o w e d  e x o p h th a lm ia , th e  le s io n  h a v in g  
b e e n  m a d e  in  m o s t  c a se s  o n ly  o n  o n e  o f  th e  c o rp o ra  
re s tifo rm ia .

"6. 'H a e m a to m a  a n d  d ry  g a n g re n e  o f  th e  e a rs  in  
a n im a ls  b o rn  o f  p a re n ts  in  w h ic h  th e s e  e a r  a lte ra tio n s  h a d
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b e e n  c a u se d  b y  an  in ju ry  to  th e  re s tifo rm  b o d y  n e a r  th e  
n ib  o f  th e  c a lam u s.

"7. 'A b se n c e  o f  tw o  to e s  o u t o f  th e  th re e  o f  th e  
h in d -le g , a n d  so m e tim e s  o f  th e  th re e , in  a n im a ls  w h o se  
p a re n ts  h a d  e a te n  u p  th e ir  h in d - le g  to e s , w h ic h  h a d  
b e c o m e  a n a e s th e tic  f ro m  a  s e c tio n  o f  th e  sc ia tic  n e rv e  
a lo n e , o r  o f  th a t  n e rv e  a n d  a lso  o f  th e  c ru ra l. S o m e tim e s , 
in s te a d  o f  c o m p le te  a b se n c e  o f  th e  to e s , o n ly  a  p a r t  o f  o n e  
o r  tw o  o r  th re e  w a s  m is s in g  in  th e  y o u n g , a lth o u g h  in  th e  
p a re n t  n o t  o n ly  th e  to e s , b u t  th e  w h o le  fo o t  w a s  a b se n t 
(p a r tly  e a te n  o ff, p a r tly  d e s tro y e d  b y  in f la m m a tio n , 
u lc e ra tio n , o r  g a n g re n e ) .

"8. 'A p p e a ra n c e  o f  v a r io u s  m o rb id  s ta te s  o f  th e  
sk in  a n d  h a ir  o f  th e  n e c k  a n d  fa c e  in  a n im a ls  b o rn  o f  
p a re n ts  h a v in g  h a d  s im ila r  a lte ra tio n s  in  th e  sa m e  p a r ts  as 
e ffe c ts  o f  an  in ju ry  to  th e  s c ia tic  n e rv e .'

"R o m an e s , w h o  la te r  w e n t o v e r  th e  sa m e  g ro u n d , 
in  p a r t  u n d e r  th e  im m e d ia te  d ire c tio n  o f  B ro w n -S e q u a rd  
h im se lf , h a s  m a d e  so m e  im p o r ta n t  o b se rv a tio n s  in  re g a rd  
to  th e s e  re su lts , m a n y  o f  w h ic h  h e  w a s  a b le  to  co n firm . 
"H e d id  n o t  re p e a t th e  e x p e r im e n t o f  c u ttin g  th e  co rd , b u t  
h e  fo u n d  th a t, to  p ro d u c e  e p ile p sy , i t  w a s  o n ly  n e c e s s a ry  
to  c u t th e  s c ia tic  n e rv e . T h e  'e p ile p tifo rm  h a b it ' d o e s  n o t 
a p p e a r  in  th e  a n im a l u n til  so m e  tim e  a f te r  th e  o p e ra tio n ; it  
la s ts  fo r  so m e  w e e k s  o r  m o n th s , a n d  th e n  d isa p p e a rs . T h e  
a tta c k s  a re  n o t  b ro u g h t  o n  sp o n ta n e o u s ly , b u t  b y  ir r i ta tin g  
a  sm all a re a  o f  th e  sk in  b e h in d  th e  e a r  o n  th e  sa m e  s id e  o f  
th e  b o d y  as th a t  o n  w h ic h  th e  sc ia tic  n e rv e  h a d  b e e n  
d iv id e d .' T h e  a tta c k  la s ts  fo r  o n ly  a  fe w  m in u te s , an d  
d u r in g  i t  th e  a n im a l is  c o n v u lse d  a n d  u n c o n sc io u s . 
R o m a n e s  th in k s  th a t  th e  in ju ry  to  th e  s c ia tic  n e rv e , o r  to  
th e  sp in a l co rd , p ro d u c e s  so m e  so r t o f  a  c h a n g e  in  th e  
c e re b ra l c e n tre s , 'a n d  th a t  i t  is  th is  c h a n g e  —  w h a te v e r  it  
is , a n d  in  w h a te v e r  p a r t  o f  th e  b ra in  i t  ta k e s  p la c e  —  
w h ic h  c a u se s  th e  re m a rk a b le  p h e n o m e n a  in  q u e s tio n .'
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"In  re g a rd  to  B ro w n -S e q u a rd 's  s ta te m e n ts , m a d e  in  
th e  3 d  a n d  th e  4 th  p a ra g ra p h s , in  re s p e c t  to  th e  re su lts  o f  
th e  o p e ra tio n  o f  c u ttin g  th e  c e rv ic a l sy m p a th e tic , R o m a n e s  
h a d  n o t  c o n f irm e d  th e  re su lts  w h e n  h is  m a n u s c r ip t  w e n t to  
p re ss ; b u t  so o n  a f te rw a rd , a f te r  R o m a n e s ' d ea th , a  n o te  
w a s  p r in te d  in  Nature, b y  D r. H ill, a n n o u n c in g  th a t  tw o  
g u in e a -p ig s  f ro m  R o m a n e s ' e x p e r im e n t h a d  b e e n  b o rn , 
'b o th  o f  w h ic h  e x h ib ite d  a  w e ll-m a rk e d  d ro o p  o f  th e  u p p e r  
ey e lid . T h e se  g u in e a -p ig s  w e re  th e  o ffs p r in g  o f  a  m a le  an d  
fe m a le  in  b o th  o f  w h ic h  I  h a d  p ro d u c e d  fo r  D r. R o m a n e s , 
so m e  m o n th s  e a r lie r , a  d ro o p  o f  th e  le f t  u p p e r  e y e lid  b y  
d iv is io n  o f  th e  le f t  c e rv ic a l sy m p a th e tic  n e rv e . T h is  re su lt  
is  a  c o rro b o ra tio n  o f  th e  se r ie s  o f  B ro w n -S e q u a rd  
e x p e r im e n ts  o n  th e  in h e r ita n c e  o f  a c q u ire d  c h a ra c te rs . '

"R o m a n e s  s ta te s  th a t  h e  a lso  fo u n d  th a t  in ju ry  to  a 
p a r t ic u la r  sp o t o f  th e  re s tifo rm  b o d ie s  is  q u ic k ly  fo llo w e d  
b y  a  p ro tru s io n  o f  th e  e y e  o n  th e  sa m e  s id e , a n d  fu r th e r , 
th a t  h e  h a d  'a lso  h a d  m a n y  c a se s  in  w h ic h  so m e  o f  th e  
p ro g e n y  o f  p a re n ts  th u s  a f fe c te d  h a v e  sh o w n  c o n s id e ra b le  
p ro tru s io n  o f  th e  e y e b a lls  o f  b o th  s id es , a n d  th is  s e e m in g ly  
a b n o rm a l p ro tru s io n  h a s  o c c a s io n a lly  b e e n  tra n s m itte d  to  
th e  n e x t  g e n e ra tio n . N e v e r th e le s s , I  am  fa r  f ro m  sa tis f ie d  
th a t  th is  la t te r  fa c t is  a n y th in g  m o re  th a n  an  a c c id e n ta l 
c o in c id e n c e .' T h is  r e s e rv a tio n  is  m a d e  o n  th e  g ro u n d  th a t  
th e  p ro tru s io n  in  th e  y o u n g  is  n e v e r  so  g re a t as in  th e  
p a re n ts , a n d  a lso  b e c a u s e  th e re  is  a m o n g s t  g u in e a -p ig s  a 
c o n s id e ra b le  a m o u n t o f  in d iv id u a l v a r ia tio n  in  th e  d e g re e  
o f  p ro m in e n c e  o f  th e  e y e b a lls . R o m a n e s , w h ile  u n w illin g  
to  d e n y  th a t  an  'o b v io u s ly  a b n o rm a l a m o u n t o f  p ro tru s io n , 
d u e  to  th e  o p e ra tio n , m a y  b e  in h e r ite d  in  le s s e r  d e g re e ,' is  
a lso  u n w ill in g  to  a ff irm  so  im p o r ta n t  a  c o n c lu s io n  o n  th e  
b a s is  o f  th e s e  e x p e r im e n ts  a lo n e .

"In  re g a rd  to  B ro w n -S e q u a rd 's  6 th  s ta te m e n t, 
R o m a n e s  fo u n d  a f te r  in ju ry  to  th e  re s tifo rm  b o d y  th a t  
h a e m a to m a  a n d  d ry  g a n g re n e  m a y  su p e rv e n e , e ith e r  
sev e ra l w e e k s  a f te r  th e  o p e ra tio n , o r  a t a n y  s u b se q u e n t

281



tim e , e v e n  m a n y  m o n th s  a fte rw a rd . T h e  d ise a se  u su a lly  
a ffe c ts  th e  u p p e r  p a r ts  o f  b o th  e a rs , a n d  m a y  th e n  
g ra d u a lly  e x te n d  d o w n w a rd  u n til  n e a r ly  th e  w h o le  e a r  is  
in v o lv e d . 'A s  re g a rd s  th e  p ro g e n y  o f  a n im a ls  th u s  a ffe c te d  
in  so m e  c a ses , b u t  b y  n o  m e a n s  in  a ll, a  s im ila r ly  m o rb id  
s ta te  o f  th e  e a rs  m a y  a r is e  a p p a re n tly  a t a n y  tim e  in  th e  
life  h is to ry  o f  th e  in d iv id u a l. B u t I  h a v e  o b s e rv e d  th a t  in  
c a se s  w h e re  tw o  o r  m o re  in d iv id u a ls  o f the same litter 
d e v e lo p  th is  d is e a se d  c o n d itio n , th e y  u s u a lly  d o  so  a t 
a b o u t th e  sa m e  tim e , e v e n  th o u g h  th is  m a y  b e  m o n th s  
a f te r  b ir th , a n d  th e re fo re  a f te r  th e  a n im a ls  a re  fu lly  g ro w n .' 
M o re o v e r , th e  m o rb id  p ro c e s s  n e v e r  e x te n d s  so  fa r  in  th e  
y o u n g  as  i t  d o e s  in  th e  p a re n ts , a n d  'it a lm o s t a lw a y s  
a ffe c ts  th e  m id d le  th ird  o f  th e  ea r .' S ev e ra l o f  th e  p ro g e n y  
f ro m  th is  f ir s t  g e n e ra tio n , w h ic h  h a d  a p p a re n tly  in h e r ite d  
th e  d ise a se , b u t  h a d  n o t  th e m s e lv e s  b e e n  d ire c tly  o p e ra te d  
u p o n , sh o w e d  a  p o r tio n  o f  th e  e a r  c o n su m e d  a p p a re n tly  b y  
th e  sa m e  d ise a se . R o m a n e s  th e n  g iv e s  th e  fo llo w in g  
s ig n if ic a n t a n a ly s is  o f  th is  re su lt. S in c e  a  d if fe re n t p a r t  o f  
th e  e a r  o f  th e  p ro g e n y  is  a ffe c te d , a n d  a lso  a  'v e ry  m u c h  
le s s  q u a n tity  th e re o f , i t  m ig h t se e m  th a t  th e  re s u lt  w a s  d u e  
e ith e r  to  a  m e re  c o in c id e n c e , o r  to  th e  tra n s m is s io n  o f  
m ic ro b e s . B u t h e  g o e s  o n  to  say , th a t  h e  fa ir ly  w e ll 
e x c lu d e d  b o th  o f  th e s e  p o s s ib il i t ie s , fo r , in  th e  f irs t  p la c e , 
h e  h a s  n e v e r  o b s e rv e d  'th e  v e ry  p e c u lia r  p ro c e s s  in  th e  
ea rs , o r  in  a n y  o th e r  p a r ts  o f  g u in e a -p ig s  w h ic h  h a v e  
n e ith e r  th e m s e lv e s  h a d  th e  re s tifo rm  b o d ie s  in ju re d , n o r  
b e e n  b o rn  o f  p a re n ts  th u s  m u tila te d .' In  re g a rd  to  
m ic ro b e s . R o m a n e s  tr ie d  to  in fe c t  th e  e a rs  o f  n o rm a l 
g u in e a -p ig s  b y  f ir s t  sc a r ify in g  th e s e  p a rts , a n d  th e n  
ru b b in g  th e m  w ith  th e  d is e a se d  su rfa c e s  o f  th e  e a rs  o f  
a f fe c te d  g u in e a -p ig s . In  n o t  a  s in g le  c a se  w a s  th e  d ise a se  
p ro d u c e d .

"R o m a n e s  c o n c lu d e s  th a t  th e s e  're su lts  in  la rg e  
m e a su re  c o rro b o ra te  th e  s ta te m e n ts  o f  B ro w n -S e q u a rd ; 
a n d  it  is  o n ly  fa ir  to  a d d  th a t  h e  to ld  m e  th e y  w e re  th e
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re su lts  w h ic h  h e  h a d  h im s e lf  o b ta in e d  m o s t  f re q u e n tly , b u t  
th a t  h e  h a d  a lso  m e t w ith  m a n y  c a se s  w h e re  th e  d is e a se d  
c o n d itio n  o f  th e  e a rs  in  p a re n ts  a f fe c te d  th e  sa m e  p a r ts  in  
th e ir  p ro g e n y  a n d  a lso  o c c u rre d  in  m o re  e q u a l d e g re e s . '

"W e  c o m e  n o w  to  th e  re m a rk a b le  c o n c lu s io n  g iv e n  
in  B ro w n -S e q u a rd 's  7 th  s ta te m e n t, in  re g a rd  to  th e  a b se n c e  
o f  to e s  in  a n im a ls  w h o s e  p a re n ts  h a d  e a te n  o f f  th e ir  o w n  
h in d  to e s  a n d  e v e n  p a r ts  o f  th e ir  leg s. R o m a n e s  g o t 
n e u ro se s  in  th e  a n im a ls  o p e ra te d  u p o n , a n d  fo u n d  th a t  th e  
to e s  m ig h t b e  e a te n  o ff; b u t  n o n e  o f  th e  y o u n g  sh o w e d  an y  
d e fe c t in  th e s e  p a rts . F u r th e rm o re , R o m a n e s  re p e a te d  th e  
sa m e  o p e ra tio n  u p o n  th e  d e s c e n d a n ts  th ro u g h  six  
su c c e s s iv e  g e n e ra tio n s , so  as to  p ro d u c e , i f  p o ss ib le , a 
c u m u la tiv e  e ffec t, b u t  n o  in h e r ita n c e  o f  th e  m u tila tio n  w a s  
o b se rv e d . 'O n  th e  o th e r  h a n d , B ro w n -S e q u a rd  in fo rm e d  
m e  th a t  h e  h a d  o b s e rv e d  th is  in h e r ite d  a b se n c e  o f  to e s  
o n ly  in  a b o u t o n e  o r  tw o  p e r  c e n t o f  c a se s .' I t  is  p o ss ib le , 
th e re fo re , R o m a n e s  ad d s , th a t  h is  o w n  e x p e r im e n ts  w e re  
n o t  su ff ic ie n tly  n u m e ro u s  to  h a v e  o b ta in e d  su c h  cases .

"In  th is  c o n n e c tio n  I  m a y  g iv e  an  a c c o u n t o f  so m e  
o b se rv a tio n s  th a t  I  m a d e  w h ile  c a r ry in g  o u t so m e  
e x p e r im e n ts  in  te le g o n y  w ith  m ice . I  fo u n d  in  o n e  l i t te r  o f  
m ic e  th a t  w h e n  th e  y o u n g  c a m e  o u t o f  th e  n e s t  th e y  w e re  
ta ille s s . T h e  sa m e  th in g  h a p p e n e d  a g a in  w h e n  th e  se c o n d  
l i t te r  w a s  p ro d u c e d , b u t  th is  tim e  I  m a d e  m y  o b se rv a tio n  
so o n e r, a n d  e x a m in e d  th e  y o u n g  m ic e  im m e d ia te ly  a f te r  
b ir th . I  fo u n d  th a t  th e  m o th e r  h a d  b it te n  o ff, an d  
p re s u m a b ly  e a ten , th e  ta ils  o f  h e r  o f fs p r in g  a t th e  t im e  o f  
b ir th . H a d  I  b e e n  c a rry in g  o n  a  se r ie s  o f  e x p e r im e n ts  to  
see  if, w h e n  th e  ta i ls  o f  th e  p a re n ts  w e re  c u t o ff, th e  y o u n g  
in h e r i t  th e  d e fe c t, I  m ig h t h a v e  b e e n  le d  in to  th e  e r ro r  o f  
su p p o s in g  th a t  I  h a d  fo u n d  su c h  a  c a se  in  th e s e  m ice . I f  
th is  id io s y n c ra s y  o f  th e  m o th e r  h a d  re a p p e a re d  in  a n y  o f  
h e r  d e sc e n d a n ts , th e  ta ils  m ig h t h a v e  d is a p p e a re d  in  
su c c e e d in g  g e n e ra tio n s . T h is  p e rv e rs io n  o f  th e  m a te rn a l 
in s tin c ts  is  n o t  d if f ic u lt  to  u n d e rs ta n d , w h e n  w e  re c a ll th a t
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th e  fe m a le  m o u s e  b ite s  o f f  th e  n a v e l- s tr in g  o f  e a c h  o f  h e r  
y o u n g  as th e y  a re  b o rn , a n d  a t th e  sa m e  t im e  e a ts  th e  
a fte rb ir th . H e r  in s t in c t  w a s  c a rr ie d  fu r th e r  in  th is  ca se , an d  
th e  p ro je c tin g  ta il w a s  a lso  re m o v e d .

"Is i t  n o t  p o s s ib le  th a t  so m e th in g  o f  th is  so r t to o k  
p la c e  in  B ro w n -S e q u a rd 's  e x p e r im e n t?  T h e  fa c t th a t  th e  
a d u lts  h a d  e a te n  o f f  th e ir  o w n  fe e t  m ig h t b e  b ro u g h t 
fo rw a rd  to  in d ic a te  th e  p o s s ib il i ty  o f  a  p e rv e r te d  in s t in c t  in  
th is  c a se  a lso . A t le a s t  m y  o b se rv a tio n  sh o w s a  p o s s ib le  
so u rc e  o f  e r ro r  th a t  m u s t  b e  g u a rd e d  a g a in s t in  fu tu re  w o rk  
o n  th is  su b jec t.

"In  re g a rd  to  th e  8 th  s ta te m e n t o f  B ro w n -S e q u a rd , 
as  to  v a r io u s  m o rb id  s ta te s  o f  th e  sk in , R o m a n e s  d id  n o t 
te s t  th is , b e c a u s e  th e  fa c ts  w h ic h  i t  a lle g e s  d id  n o t  seem  o f  
a  su ff ic ie n tly  d e f in ite  c h a ra c te r .

"T h e se  e x p e r im e n ts  o f  B ro w n -S e q u a rd , a n d  o f  
th o s e  w h o  h a v e  re p e a te d  th e m , m a y  a p p e a r  to  g iv e  a 
b r i l l ia n t  e x p e r im e n ta l c o n f irm a tio n  o f  th e  L a m a rc k ia n  
p o s itio n ; y e t  I  th in k , i f  I  w e re  a  L a m a rc k ia n , I  sh o u ld  fee l 
v e ry  u n c o m fo r ta b le  to  h a v e  th e  b e s t  e v id e n c e  in  s u p p o r t o f  
th e  th e o ry  c o m e  f ro m  th is  so u rce , b e c a u s e  th e re  a re  a 
n u m b e r  o f  fa c ts  in  th e  re su lts  th a t  m a k e  th e m  a p p e a r  as 
th o u g h  th e y  m ig h t, a f te r  a ll, b e  th e  o u tc o m e  o f  a 
tra n s m itte d  d ise a se , as  W e is m a n n  c la im s , ra th e r  th a n  th e  
in h e r ita n c e  o f  an  a c q u ire d  c h a ra c te r . U n til w e  k n o w  m o re  
o f  th e  p a th o lo g y  o f  e p ile p sy , i t  m a y  b e  w e ll n o t  to  la y  to o  
g re a t  e m p h a s is  o n  th e s e  e x p e rim e n ts . I t sh o u ld  n o t  b e  
o v e r lo o k e d  th a t  d u r in g  th e  lo n g  tim e  th a t  th e  e m b ry o  is  
n o u r is h e d  in  th e  u te ru s  o f  th e  m o th e r , th e re  is  a m p le  
o p p o r tu n ity  g iv e n  fo r  th e  tra n s m is s io n  o f  m a te r ia l, o r  
p o s s ib ly  e v e n  o f  b a c te r ia . I f  i t  sh o u ld  p ro v e  tru e  th a t  
e p ile p sy  is  d u e  to  so m e  su b s ta n c e  p re s e n t  in  th e  n e rv o u s  
sy s tem , su c h  s u b s ta n c e s  c o u ld  g e t  th e re  d u r in g  th e  u te r in e  
l ife  o f  th e  e m b ry o . E v e n  i f  th is  w e re  th e  ca se , i t  m a y  b e  
c la im e d  th a t  i t  d o e s  n o t  g iv e  an  e x p la n a tio n  o f  th e  lo ca l 
re a p p e a ra n c e  o f  th e  d is e a se  in  th e  o ffsp rin g . B u t h e re ,
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a lso , w e  m u s t  b e  o n  o u r  g u a rd , fo r  i t  is  p o s s ib le  th a t  o n ly  
c e r ta in  re g io n s  o f  th e  b o d y  a re  su sc e p tib le  to  a  g iv e n  
d ise a se ; a n d  i t  h a s  b y  n o  m e a n s  b e e n  sh o w n  th a t  th e  lo c a l 
d e fe c t i t s e l f  is  in h e r ite d , b u t  o n ly  th e  d ise a se . R o m a n e s  
in s is ts  th a t  a  v e ry  sp ec ia l o p e ra tio n  is  n e c e s s a ry  to  b r in g  
a b o u t c e r ta in  fo rm s  o f  tra n sm is s io n ."

T h e  c a se  o f  th e  P la n o rb is  sh e lls  s tu d ie d  b y  H y a tt  
(Proc. Amer. Phil. Soc., V o l. X X X II , p. 615  ff .)  h a s  b e e n  
in te re s tin g ly  d is c u s s e d  b y  L e  D a n te c  (" T ra ite  de  
B io lo g ie ,"  pp . 2 9 6  ff., 1 9 0 3 ) as  fo llo w s:

"O n  tro u v e , d a n s  le s  te r ra in s  tre s  a n c ie n s , d e s  
c o q u ille s  d e  C e p h a lo p o d e s  qu i o n t la  fo rm e  d 'u n e  c o m e  de  
v a c h e  e t d o n t la  se c tio n  tra n s v e rs a le  e s t  a  p e u  p re s  
c irc u la ire ; en  su iv a n t la  se rie  d e s  fo s s ile s  d e  ce tte  
c a te g o r ic  d a n s  d e s  te r ra in s  p lu s  re c e n ts , o n  c o n s ta te  q u e  
ce s  c o q u ille s , p re sq u e  d ro ite s  n a g u e re , se  so n t e n ro u le e s  
d e  p lu s  en  p lu s  a  la  m a n ie re  d 'u n e  sp ira le  d 'A rc h im e d e ; 
n o u s  n e  c o n n a is so n s  p a s  la  ra iso n  d e  c e tte  tra n s fo rm a tio n , 
m a is  la  p re s e n c e  d e  c e r ta in s  c a ra c te re s  c o m m u n s  p e rm e t 
d e  c o n s id e re r  c o m m e  d e m o n tre  q u e  le s  fo rm e s  e n ro u le e s  
d e s c e n d e n t d e s  a n im a u x  a  c o q u ille s  d ro ite s . O r, 
1 'e n ro u le m e n t e s t te l le m e n t fo r t  d a n s  c e r ta in s  ty p e s  q u e  
le s  to u rs  d e sp ire  su c c e ss ifs  s 'im p rim e n t le s  u n s  d a n s  le s  
au tre s , d o n n a n t n a is s a n c e  a  u n  s illo n  d o rsa l d o n t la  g e n e se  
m e c a n iq u e  e s t  e v id e n te ,p u isq u 'i l  re su lte  sa n s  c o n te s te  de  
la  p re s s io n  d u  to u r  d e  sp ire  p re c e d e n t  su r  le  su iv an t.

"T a n t q u e  le s  a n im a u x  en  q u e s tio n  re s te n t  au ss i 
n e tte m e n t e n ro u le s , o n  p e u t  a d m e ttre  q u e  ce  c a ra c te re  de  
1 'e x is te n c e  d 'u n  s illo n  d o rsa l e s t  a c q u is  in d iv id u e lle m e n t 
p a r  c h a q u e  C e p h a lo p o d e  p o u r  d e s  ra iso n s  m e c a n iq u e s  
e v id e n te s , le  c o n ta c t d e s  to u rs  d e  sp ires .

"M a is  v o ila  q u 'a  u n e  p e r io d e  p lu s  re c e n te  de  
1 'h is to ire  d u  m o n d e , le s  d e c o u v e r te s  p a le o n to lo g iq u e s  
n o u s  m o n tre n t q u e  le s  d e s c e n d a n ts  d e  c e s  C e p h a lo p o d e s  a 
c o q u ille  e n ro u le e  o n t su b i u n  c o m m e n c e m e n t de  
d e ro u le m e n t e t o n t m a in te n a n t  la  fo rm e  d 'u n e  sp ira le
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d 'A rc h iin e d e  a  to u rs  d e  sp ire s  p lu s  e c a r te s  le s  u n s  d es  
a u tre s  e t n e  se  to u c h a n t p lu s ;e t  n o te z  b ie n  q u e  d es  
c a ra c te re s  c o m m u n s  p e rm e tte n t d 'a f f irm e r  q u e  ces  
C e p h a lo p o d e s  a  m o itie  d e ro u le s  d e s c e n d e n t d e  c e u x  d o n t 
1 'e n ro u le m e n t e ta it  b e a u c o u p  p lu s  se rre .

"O r, c h o se  a d m ira b le , le sillon dorsalpersiste ch e z  
ce s  e tre s  a  to q u e  a  m o itie  d e ro u lee !  C e p e n d a n t il n 'y  a 
p lu s  m a in te n a n t  p re s s io n  d 'u n  to u r  d e  sp ire  su r  le  to u r  de  
sp ire  p re c e d e n t; n o u s  a v o n s  c o m p ris  m e c a n iq u e m e n t la  
g e n e se  d e  ce  s illo n  d o rsa l, q u a n d  le s  to u rs  d e  sp ire  se 
to u c h a ie n t  e t se  p re s s a ie n t  1 'un  1 'au tre ; e t ce  s illo n  p e rs is te  
en  d e h o rs  d e s  c o n d itio n s  m e c a n iq u e s  o u  il a  e te  d 'a b o rd  
p ro d u it;  il se t ra n s m e t a  d es  d e sc e n d a n ts  d o n t la  c o q u ille  
e s t  d e ro u lee !  C'est done que Ie patrimoine hereditaire a 
etc modifie sous l'influence dc la production mecanique de 
ce sillon. dorsal, a u  p o in t d e  d e v e n ir  a d e q u a t a  c e tte  fo rm e  
n o u v e lle  d 'e q u ilib re ;il  y  a  u n  n o u v e a u  p a tr im o in e  
h e re d ita ire , qu i c o n s tru is a n t u n  in d iv id u  n o u v e a u  e t so n  
sq u e le tte , fe ra  a p p a ra itre , sa n s  p re s s io n , Ie  s illo n  d o rsa l!"

T h e  re su lts  o f  th e  e x p e r im e n ts  o f  C u n n in g h a m  o n  
f la tf is h e s  a re  s ta te d  b y  th e  a u th o r, in  a  p a p e r  o n  "T h e  
P ro b le m  o f  V a ria tio n ,"  Nat. Sci., V o l. Ill, p. 2 8 5 , 1893. 
C u n n in g h a m  p u t th e  v e ry  y o u n g  fish , w h ile  s till b ila te ra l ly  
s y m m e tr ic a l ( in  w h ic h  s ta g e  th e  p ig m e n t is  e q u a lly  
d e v e lo p e d  o n  b o th  s id e s  o f  th e  b o d y ) , in to  a q u a r ia  l ig h te d  
f ro m  b e lo w . H e  fo u n d  th a t  w h e n  th e  y o u n g  f ish  b e g in s  to  
u n d e rg o  its  m e ta m o rp h o s is , th e  p ig m e n t g ra d u a lly  
d is a p p e a rs  o n  o n e  s id e , as it  w o u ld  h a v e  d o n e  u n d e r  
n o rm a l c o n d itio n s , i. e, w h e n  th e y  a re  l ig h te d  f ro m  ab o v e . 
If, h o w e v e r , th e  f ish  a re  k e p t  fo r  a  sh o r t t im e  lo n g e r, 
l ig h te d  f ro m  b e lo w , th e  p ig m e n t b e g in s  to  c o m e  b a c k  
ag a in . "T h e  f irs t  fa c t,"  sa y s  C u n n in g h a m , "p ro v e s  th a t  th e  
d isa p p e a ra n c e  o f  th e  p ig m e n t-c e lls  f ro m  th e  lo w e r  s id e  in  
th e  m e ta m o rp h o s is  is  a  h e re d ita ry  c h a ra c te r , a n d  n o t  a 
c h a n g e  p ro d u c e d  in  e a c h  in d iv id u a l b y  th e  w ith d ra w a l o f  
th e  lo w e r  s id e  f ro m  th e  a c tio n  o f  th e  lig h t. O n  th e  o th e r
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h a n d , th e  e x p e r im e n ts  sh o w  th a t  th e  a b se n c e  o f  p ig m e n t-  
c e lls  f ro m  th e  lo w e r  s id e  th ro u g h o u t life  is  d u e  to  th e  fa c t 
th a t  l ig h t d o e s  n o t  a c t u p o n  th a t  s ide , fo r , w h e n  i t  is  
a llo w e d  to  ac t, p ig m e n t-c e lls  a p p ea r. I t  se e m s to  m e  th a t  
th e  o n ly  re a s o n a b le  c o n c lu s io n  f ro m  th e s e  fa c ts  is  th a t  th e  
d isa p p e a ra n c e  o f  th e  p ig m e n t-c e lls  w a s  o r ig in a lly  d u e  to  
th e  a b se n c e  o f  lig h t, a n d  th a t  th e  c h a n g e  h a s  n o w  b e c o m e  
h e re d ita ry . T h e  p ig m e n t-c e lls  p ro d u c e d  b y  th e  a c tio n  o f  
l ig h t o n  th e  lo w e r  s id e  a re  in  a ll re sp e c ts  s im ila r  to  th o se  
n o rm a lly  p re s e n t  o n  th e  u p p e r  s id e  o f  th e  fish . I f  th e  
d isa p p e a ra n c e  o f  th e  p ig m e n t-c e lls  w a s  d u e  e n tire ly  to  th e  
v a r ia tio n  o f  th e  g e rm -p la sm , n o  e x te rn a l in f lu e n c e s  c o u ld  
c a u se  th e m  to  re a p p e a r; a n d  i f  th e re  w e re  n o  h e re d ita ry  
te n d e n c y , th e  c o lo ra tio n  o f  th e  lo w e r  s id e  o f  th e  f la tf ish  
w o u ld  b e  ra p id  a n d  c o m p le te ."

C o n c e rn in g  F is c h e r 's  h ig h ly  in te re s tin g  
e x p e r im e n ta l w o rk , I  q u o te  th e  fo llo w in g  p a ra g ra p h  fro m  
F u c h s , H . (Biol. Centralbl;Vol. X X I, pp . 5 9 1 -5 9 2 , 1901 ; 
F is c h e r 's  o w n  p a p e rs  h a v e  b e e n  p u b lis h e d  in  v a r io u s  
b io lo g ic a l jo u rn a ls , th e  p a r t ic u la r  o n e  re c o u n tin g  th e  
re su lts  o b ta in e d  w ith  Arctia caja in  th e  Allg. Zeitschr. fur 
Entomologie, V o l V I, 1 9 0 2 ) :

"E x p e r im e n te lle  U n te rsu c h u n g e n , ob  es m o g lic h  sei, 
d u rc h  w il lk u r l ic h e ,g e e ig n e t  g e w a h lte
V e ra n d e ru n g e n  d e r  'a u s se re n
L e b e n s b e d m g u n g e n , 'b e s o n d e rs  d e r
T e m p e ra tu rv e rh a ltn is se , im  T ie rre ic h e  V a r ia tio n e n  
b e i d e n  A rte n  h e rv o rz u ru fe n , w u rd e n  in  d e n  le tz te n  
D e c e n n ie n  w ie d e rh o lt  a n g e s te llt;  m it  V o r l ie b e  h a t 
m a n  s ich  d a b e i a ls  V e rs u c h s o b je k te  d ie  
S c h m e tte r lin g e  g e w a h lt: ic h  e r in n e re  z. B . an  d ie  
sc h o n e n  V e rs u c h e  v o n  S ta n d fu ss  u n d  E . F isc h e r . 
D a s  R e s u lta t  w a r  —  w ie  j a  n a c h  u n s e re n  h e u tig e n  
A n sc h a u u n g e n  u b e r  d e n  z u c h te n d e n  E in f lu s s  d e r  
F a k to re n  d e r  A u s s e n w e lt  a u f  a lle  O rg a n ism e n  
e ig e n tlic h  k a u m  a n d e rs  z u  e rw a r te n  s ta n d  —  p o s itiv .
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E in e  F ra g e  a lle rd in g s , an  w e lc h e  b e i d ie se n  
U n te rs u c h u n g e n  w o h l je d e r  d e r  F o rs c h e r  d a c h te , 
n a m lic h : ob  d ie  a u f  so lc h e  W e is e  e rw o rb e n e n  
E ig e n s c h a f te n  u n d  A b a n d e ru n g e n  a u c h  a u f  d ie  
e v e n tu e lle n  N a c h k o m m e n  u b e r tra g e n , a lso  v e re rb t  
w u rd e n  o d e r  d o c h  w e n ig s te n s  w e rd e n  k o n n te n , b lieb  
d ab e i e in s tw e ile n  u n e n tsc h ie d e n . E r s t  k u rz lic h  
g e la n g  e s  E . F isc h e r , a u c h  fu r  d ie se s  P o s tu la t  d e r  
m o d e rn e n  B io lo g ie  e in e n  v o llg i l t ig e n  B e w e is  
b e iz u b r in g e n . F . E x p e r im e n tie r te  m it  Arctia caja, 
d e m  b ra u n e n  B a r, d e r  j a  a u c h  d e n  m e is te n  L a ie n  —  
m e is t  w o h l u n te r  d e m  N a m e n  'd e u ts c h e r  B a r '—  
b e k a n n t se in  d u rfte , e in  e r fa h ru n g s g e m a s s  fu r  
k u n s tlic h e  V a r ia tio n s v e rs u c h e  b e s o n d e rs  g e e ig n e te s  
T ie r. D u rc h  w illk u r l ic h  g e w a h lte
m p e ra tu rv e ra n d e ru n g e n , u n d  z w a r  d u rc h  
in te rm itt ie re n d e  A b k u h lu n g e n  b is  a u f  —  8° C ., 
d e n e n  d ie  P u p p e n  w ie d e rh o lt  a u s g e s e tz t  w u rd e n , 
e rz ie lte  F . s ta rk  a b e rra tiv e  F a lte r , u n d  z w a r  a b e rra tiv  
n ic h t  n u r  b e z ü g l ic h  d e r  'F a rb e  u n d  Z e ic h n u n g ' —  
w e n n  a u c h  h ie r  in  e rs te r  L in ie  —  so n d e rn  au c h  
b e z u g lic h  d e r  F o rm , z. B . d e r  F lu g e l u n d  d e r  B e in e . 
D a b e i h e b t F . a u sd ru c k lic h  h e rv o r , d a ss  in  le tz te re r  
H in s ic h t  es s ich  n ic h t  e tw a  u rn  V e rk ru p p e lu n g e n  
h a n d e lte , so n d e rn  'd ie  F u s s e  w a re n  k ra f tig  u n d  m it 
g u t a u s g e b ild e te n  K ra lle n  v e rse h e n .' U n te r  d ie se n  
V a r ie ta te n  g e la n g e n  n u n  m e h rfa c h e  K re u z u n g e n ; d ie  
P u p p e n  d ie s e r  Z u c h t  w u rd e n  u n te r  n o rm a le n  
B e d in g u n g e n  e rh a lte n . U n d  siehe! v o n  d e n  a lsb a ld  
a u sg e sc h lu p f te n  T ie re n  z e ig te  e in e  n ic h t 
u n e rh e b lic h e  A n z a h l d ie  V a r ia t io n e n  d e r  E ite rn , u n d  
z w a r  im  a llg e m e in e n  a ls  K o m b in a tio n e n  au s  d en  
v e ra n d e r te n  E ig e n s c h a f te n  b e id e r  E ite rn , so  d ass  
e in ig e  m e h r  d e m  e ite r lic h e n  M a n n c h e n  g lic h e n , 
a n d e re  m e h r  d e m  e ite r lic h e n  W e ib -c h e n . E s  is t
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d ie se s  a lso , w ie  F . sag t, e in  e x p e r im e n te lle r  
B e w e is ,d a s s :

"I. d ie  A r t  d u rc h  d ie  F a k to re n  d e r  A u s s e n w e lt  
V e ra n d e ru n g e n  e ria h r t, u n d  d ass

"2, d ie se  V e ra n d e ru n g e n  s ich  a u f  d ie  
N a c h k o m m e n  u b e rtra g e n .

"D ie  T h a tsa c h e  d e r  V e re rb u n g  e rw o rb e n e r  
E ig e n s c h a f te n  s te h t m ith in  te s t  w e n n  w ir  a u c h  u b e r  d as  
W e s e n  d e r  r a ts e lh a f te n  d a b e i s ta ttf in d e n d e n  V o rg a n g e , a u f  
G ru n d  d ie s e r  U n te rs u c h u n g e n , n a tu r lic h

a b so lu t n o c h  n ic h ts  sa g e n  k o n n e n ."
T o  th e  a b o v e  c a se s  o f  th e  a lle g e d  in h e r ita n c e  o f  

a c q u ire d  c h a ra c te rs  I  m a y  a d d  so m e  a c c o u n t o f  c e r ta in  
e x p e r im e n ts  w ith  th e  m u lb e rry  s ilk w o rm  c a rr ie d  o n  b y  R . 
G . B e ll a n d  m y se lf . (F o r  d e ta ile d  a c c o u n t o f  th is  w o rk  see  
Science, N . S., V o l. X V III , pp . 7 4 1 -7 4 8 , 1 9 0 3 .)

"O n e  o f  th e  ra c e s  o f  th e  m u lb e rry  s ilk w o rm . 
Bombyx mori, h a s  b e e n  th e  su b je c t o f  e x p e r im e n ts  
d ire c te d  to w a rd  a  d e te rm in a tio n  o f  th e  e x a c t q u a n tita tiv e  
r e la tio n  w h ic h  q u a n tity  a n d  q u a lity  o f  fo o d  b e a r  to  th e  
d e v e lo p m e n t a n d  v a r ia t io n s  o f  th e  in d iv id u a l in s e c t  a n d  its  
p ro g e n y .. .

"T h e  in se c t, Bombyx mori, h a s  a  c o m p le te  
m e ta m o rp h o s is , ta k in g  n o  fo o d  a s  an  ad u lt, so  th a t  th e  
e x p e r im e n ta l c o n tro l o f  th e  fe e d in g  h a s  b e e n  n e c e s s a ry  
o n ly  d u r in g  th e  la rv a l o r  's i lk w o rm ' stag e . T h e  la rv a l life  is  
su b d iv id e d  in to  f iv e  s ta g e s  c le a r ly  se t o f f  f ro m  o n e  
a n o th e r  b y  th e  in te rv e n in g  m o u lts , o f  w h ic h  th e re  a re  
n o rm a lly  fo u r. a n d  th e s e  su b s ta g e s  h a v e  b e e n  u se fu l w h e n  
an  a lte ra tio n  o f  fo o d  c o n d itio n s  d u r in g  a  sh a rp ly  d e f in e d  
sh o r te r  t im e  th a n  th e  e n tire  la rv a l life  w a s  d e s ira b le . T h e  
c h a n g e  in  q u a n tity  o f  fo o d  h a s  c o n s is te d  in  a lte r in g  th e  
a m o u n t o f  m u lb e rry  l e a f  se rv e d  to  th e  la rv a e , th e  c o n tro l 
o f  w h ic h  h a s  b e e n  se c u re d  as fo llo w s: It h a s  b e e n  
d e te rm in e d  th ro u g h  e x p e r ie n c e  w ith  n o rm a l la rv a  th a t  
e a c h  w ill c o n su m e  a  c e r ta in  a m o u n t o f  fo o d  in  a  c e r ta in
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n u m b e r  o f  h o u rs  ( in c re a s in g  in  a m o u n t w ith  th e  in c re a s in g  
a g e  a n d  s iz e  o f  th e  la rv a ) , th is  a m o u n t re p re s e n tin g  th e  
o p tim u m  a m o u n t o f  fo o d  fo r  th e  n o rm a l in d iv id u a l a n d  
n e c e s s ita tin g  as m a n y  d a ily  m e a ls  as a re  re q u ire d  to  k e e p  
a n y  b u t  th e  m o u ltin g  la rv a  c o n s ta n tly  s u p p lie d  w ith  f re sh  
fo o d . T h is  a m o u n t d e te rm in e d , a  to le ra b ly  d e f in ite  sm all 
p ro p o r tio n  o f  th e  o p tim u m  a m o u n t h a s  b e e n  a llo tte d  th e  
in d iv id u a ls  w h ic h  w e re  se n te n c e d  to  sh o r t ra tio n s , w h ic h , 
ro u g h ly  sp e a k in g , m ig h t b e  l is te d  as o n e -q u a r te r  th e  
o p tm u m  a m o u n t d u r in g  e a r lie r  s ta g e s  a n d  o n e -e ig h th  
d u r in g  th e  la te  la rv a l s tag es . T h is  o n e -fo u rth , o n e -e ig h th , 
o r  w h a te v e r  i t  m a y  h a v e  b e e n  n u m e ric a lly , w as , a t an y  
ra te , as  sm a ll an  a m o u n t o f  fo o d  a s  w a s  c o m p a tib le  w ith  
m e re  life . .

"T h e se  e x p e r im e n ts  h a v e  e x te n d e d  o v e r  a  p e r io d  o f  
th re e  y e a rs , c o v e r in g  as m a n y  g e n e ra tio n s  o f  th e  in sec t. 
T h e  d a ta  g a th e re d  (b e in g  th e  m e a su re m e n ts , w e ig h t, an d  
d u ra tio n  o f  e a c h  la rv a  in  e a c h  o f  its  f iv e  s ta te s ; th e  t im e  o f  
sp in n in g , w e ig h t  o f  s ilk  a n d  w e ig h t  a n d  d u ra tio n  o f  ea c h  
p u p a ; a n d  th e  w e ig h t, s ize , p a tte rn , a n d  fe r ti l i ty  o f  fe m a le  
o f  e a c h  im a g o )  fu rn is h  m a te r ia l, th e n , fo r  a  s tu d y  o f  th e  
e ffe c ts  o f  u n d e r - fe e d in g  u p o n  in d iv id u a ls  d u r in g  a  s in g le  
g e n e ra tio n  ( th e  1903 g e n e ra tio n  o r  th a t  o f  1902  o r  l9 0 1 ), 
d u r in g  tw o  su c c e s s iv e  g e n e ra tio n s  (1 9 0 1 -0 2  o r  1 9 0 2 -0 3 ), 
a n d  tw o  a lte rn a tin g  g e n e ra tio n s  (1 9 0 1 -1 9 0 3 )  a n d  d u rin g  
th re e  g e n e ra tio n s  (1 9 0 1 -0 3 ) , a  c o n tro l lo t  h a v in g  b e e n  
c a rr ie d  fo r  e a c h  e x p e r im e n ta l lo t  so  th a t  w h a t is  m o d if ie d  
m a y  c o n f id e n tly  b e  d is tin g u ish e d  f ro m  w h a t is  n o rm a l. .

"In  th e s e  v a r io u s ly - fe d  w o rm s  th e re  e x is ts  a  v e ry  
d e f in ite  a n d  c o n s ta n t re la tio n  b e tw e e n  a m o u n t o f  fo o d  a n d  
s iz e  as in d ic a te d  b y  w e ig h t, th e  s ta rv e lin g  in d iv id u a ls  
b e in g  c o n s is te n tly  s m a lle r  th a n  th e  w e ll-n o u r ish e d , th e  
l in g e r in g  e ffe c ts  o f  th is  d w a rf in g  b e in g  h a n d e d  d o w n  ev e n  
u n to  th e  th ird  g e n e ra tio n , a lth o u g h  th e  p ro g e n y  o f  th e  
fa m in e  g e n e ra tio n  b e  fe d  th e  o p tim u m  a m o u n t o f  fo o d ; in  
c a se  th e  d im in ish e d  n o u r is h m e n t is  im p o se d  u p o n  th re e , o r
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e v e n  tw o  su c c e s s iv e  g e n e ra tio n s , th e re  is  p ro d u c e d  _ 
d im in u tiv e , b u t  s till fe r tile , ra c e  o f  L ill ip u tia n  s ilk w o rm s , 
w h o s e  m o th s , as  re g a rd s  w in g  e x p a n se , m ig h t jo in  th e  
ra n k s  o f  th e  m ic ro -L e p id o p te ra  a lm o s t  u n re m a rk e d .

" In  i l lu s tra tio n  m a y  b e  q u o te d  th e  ty p ic a l o r  m o d a l 
la rv a l w e ig h ts  fo r  e a c h  o f  th e  lo ts  o f  1903 a t th e  t im e  o f  
re a d in e s s  to  sp in , w h ic h  m a rk s  th e  c o m p le tio n  o f  th e  
fe e d in g  a n d  is, th e re fo re , a n  a d v a n ta g e o u s  p o in t fo r  a  
su m m a ry  o f  th e  re su lts  o f  th e  th re e  y e a rs ' e x p e r im e n ta l 
feed in g .

"T h e  h is to ry  o f  th e  e ig h t lo ts  re fe r re d  to  m a y  b e  
g a th e re d  f ro m  a n  e x a m in a tio n  o f  th e  a c c o m p a n y in g  ta b le , 
in  w h ic h  '0 ' m e a n s  o p tim u m  a m o u n t  o f  fo o d  a n d  'S ' m e a n s  
sh o r t ra tio n s . T h e  c o lu m n  to  th e  r ig h t  in d ic a te s  th e  re la tiv e  
ra n k  o f  th e  v a r io u s  lo ts  a s  ju d g e d  b y  th e  m o d e s  o f  
f re q u e n c y  p o ly g o n s  e re c te d  to  in c lu d e  a ll th e  in d iv id u a l 
w e ig h ts  f o r  e a c h  lo t  a t sp in n in g  tim e .
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I 0 0 0

2 0 0 S
3 0 S 0

4 0 S S
5 S 0 0

6 S 0 S
7 S S S
8 S S S

"W e f in d  th a t  c o n tro l lo t  I, c o n s is tin g  o f  n o rm a lly -  
fe d  in d iv id u a ls  o f  n o rm a l a n c e s try , h o ld s  f irs t  ra n k  in  w e ig h t, 
as  w a s  to  b e  e x p e c te d . S e c o n d  c o m e s  lo t  5, w h o s e  
g ra n d p a re n ts  e x p e r ie n c e d  a  fa m in e  b u t  w h o s e  p a re n ts  a s  w e ll 
a s  th e m s e lv e s  e n jo y e d  y e a rs  o f  p len ty . L o ts  2  a n d  3 h a v e  
lik e w ise  h a d  o n e  a n c e s tra l  g e n e ra t io n  on  sh o rt ra tio n s , a n d  th e  
f a c t  th a t  th e y  a re  l ig h te r  in  w e ig h t  th a n  lot.

5 i l lu s tra te s  a  g e n e ra l ru le  w h ic h  o b ta in s  
th ro u g h o u t th e  e n tire  c o m p a n y  o f  e x p e r im e n ta l w o rm s , 
n a m e ly , th a t  th e  e ffe c ts  o f  fa m in e  g ro w  le s s  e v id e n t th e  
fu r th e r  r e m o v e d  th e  in d iv id u a ls  a re  f ro m  its  o c c u r re n c e  in  
th e ir  a n c e s tra l  h is to ry . T h u s  lo t  5 is  tw o  g e n e ra tio n s  
re m o v e d  f ro m  th e  fa m in e  o f  1901 , w h ile  lo t  3 h a s  h a d  b u t  
o n e  g e n e ra tio n  in  w h ic h  to  re c o v e r  its  a n c e s tra l  lo ss. L o t 
2 , w h ic h  h a s  h a d  a  to ta l o f  b u t  o n e  fa m in e  y e a r  —  th e  
c u rre n t y e a r  —  n e v e r th e le s s  ra n k s  b e lo w  lo t  7, w h ic h  h a s  
h a d  tw o  fa m in e  y e a rs  in  its  a n c e s try  su c c e e d e d  b y  p le n ty  
d u r in g  th e  c u rre n t y ea r. L o t  2  a lso  ra n k s  b e lo w  lo t  6 , a  fa c t 
w h ic h  a p p e a rs  s tra n g e , c o n s id e r in g  th a t  lo t  6  h a s  su ffe re d  
tw o  g e n e ra tio n s  o f  fa m in e , in c lu d in g  th e  c u r re n t y e a r, 
w h ic h  is  th e  o n ly  fa m in e  y e a r  e x p e r ie n c e d  b y  lo t  2. In  
e x p la n a tio n  o f  th is  a n o m a lo u s  c o n d itio n  i t  is  su g g e s te d  
th a t  p o s s ib ly  th e  la rv a e  o f  lo t  6  w e re  b e tte r  f i t te d  fo r
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e n d u r in g  a n d  m a k in g  th e  b e s t  o f  h a rd  c o n d itio n s  th a n  w e re  
th e  in d iv id u a ls  o f  lo t  2 , th e  a n c e s to rs  o f  th e  fo rm e r  lo t 
h a v in g  b e e n  se le c te d  tw o  y e a rs  a g o  o n  a  fo o d -s c a rc ity  
b as is . T h is  s u g g e s tio n  g a th e rs  s u p p o r t f ro m  a n  in s p e c tio n  
o f  th e  m o rta li ty  n o te s , f ro m  w h ic h  i t  a p p e a rs  th a t  th e  
n u m b e r  o f  d e a th s  —  fo r  w h ic h  th e  fa m in e  w a s  p ro b a b ly  a  
c o n tr ib u tin g  a n d  n o t  a  p r im a ry  c a u se  —  in  e a c h  lo t  w h ic h  
is  f o r  th e  f i r s t  t im e  su b je c te d  to  sh o rt ra tio n s  is  a lm o s t  
d o u b ly  g re a te r  th a n  th e  n u m b e r  o f  d e a th s  in  lo ts  w h ic h  a re  
d e sc e n d e d  f ro m  s ta rv e d  a n c e s to rs , w h e th e r  th e s e  a n c e s tra l  
fa m in e s  o c c u rre d  in  su c c e s s iv e  o r  a lte rn a te  y ea rs . T h e  
f ig u re s  in d ic a te  th a t  a  re d u c tio n  o f  fo o d  is  a lm o s t  tw ic e  a s  
d e s tru c tiv e  u p o n  th e  f i r s t  g e n e ra tio n  w h ic h  is  su b je c te d  to  
i t  as  i t  is  w h e n  v is ite d  o n  a  se c o n d  g e n e ra tio n . L o t 4 
fo l lo w s  lo t  2  a s  th e  se v e n th  in  ra n k  a n d  its  p o s it io n  is  in  
a c c o rd  w ith  th e  ru le  a b o v e  n o te d , its  la te s t  a n c e s tra l 
g e n e ra tio n  w h ic h  e n jo y e d  a n  o p tim u m  a m o u n t o f  fo o d  
d u r in g  1902  o r  1903 . L o t 8 h o ld s  lo w e s t ra n k , it  a n d  its  
a n c e s to rs  h a v in g  b e e n  su b je c t to  try in g  c o n d itio n s  
th ro u g h -o u t th e  e n tire  th re e  y e a rs , d u rin g  so m e  o n e  o r  tw o  
o f  w h ic h  a ll th e  o th e r  lo ts  h a v e  e n jo y e d  th e  b e s t  o f  fo o d  
c o n d itio n s . T h u s  i t  a p p e a rs  th a t  a  g e n e ra tio n  o f  fa m in e  
le a v e s  its  im p re s s io n  u p o n  a t  le a s t  th e  th re e  g e n e ra tio n s  
w h ic h  su c c e e d  it, y e t  th e  p o w e r  o f  re c o v e ry  th ro u g h  
g e n e ro u s  fe e d in g  e x h ib ite d  b y  th e  p ro g e n y  o f  in d iv id u a ls  
su b je c te d  to  fa m in e , is  so  e x te n s iv e  (w itn e s s  lo t  5 ) th a t  it 
a p p e a rs  p ro b a b le  th a t  e v e ry  t r a c e  le f t  b y  th e  fa m in e  u p o n  
th e  ra c e  w o u ld  e v e n tu a lly  d isa p p e a r. I t  is  e v e n  
c o n c e iv a b le  th a t  th e  u l t im a te  r e s u lt  o f  th e  fa m in e  w o u ld  b e  
a  s tre n g th e n in g  o f  th e  ra c e , th e  fa m in e  h a v in g  a c te d  th e  
p a r t  o f  a  se le c tiv e  a g e n t, p re s e rv in g  o n ly  th e  stro n g .

"B u t a lth o u g h  th e re  is  a  la rg e  d if fe re n c e  b e tw e e n  
th e  w e ll fe d  a n d  th e  p o o r ly  fed , th e re  p e rs is ts , m o re  
o b v io u s ly  in  la te  th a n  in  e a r ly  life , a  v e ry  c o n s id e ra b le  
d is c re p a n c y  as to  s ize  a m o n g  th e  in d iv id u a ls  o f  e a c h  
s in g le  lo t  w h o s e  e n v iro n m e n t, in  so  f a r  a s  fo o d ,

293



te m p e ra tu re , ro o m , h u m id ity , e tc ., c o n s ti tu te  it, is  
id e n tic a l.

"F o r e x a m p le , re fe r r in g  a g a in  to  th e  w e ig h ts  a t  
sp in n in g  tim e  o f  th e  la rv a e  o f  1903 , it  is  tru e  th a t, 
a l th o u g h  e a c h  lo t  h a s  a  m o d a l c la s s  o f  w e ig h ts  to  w h ic h  
th e  m a jo r ity  o f  its  in d iv id u a ls  b e lo n g  a n d  a b o u t w h ic h  th e  
re s t  o f  th e  lo t  d is tr ib u te s  i ts e lf  ra th e r  sy m m e tr ic a lly , th e  
e x tre m e s  a re  su rp r is in g ly  d is ta n t f ro m  o n e  a n o th e r . T h u s  
in  lo t  I  ( th e  n o rm a l c o n tro l lo t)  th e  e x tre m e s  a re  1 ,540  an d  
2 ,5 3 0  m g .; in  lo t  2 , 8 0 0  a n d  1 .4 0 2  m g .; in  lo t 3, 1 ,180  an d  
2 ,1 7 0  m g .;in  lo t  4 , 6 9 0  a n d  1 ,2 0 4  m g .; in  lo t  5, 1 ,3 7 0  an d  
2 ,1 0 0  m g.

"T h a t is  to  say , id e n tic a l fe e d in g  h a s  n o t  m a d e  
id e n tic a l fu l l-g ro w n  la rv a  o u t o f  in d iv id u a ls  w h ic h  
u n d o u b te d ly  v a r ie d  congenitally a t th e  sta rt, th o se  
v a r ia t io n s  —  in  e m b ry o  —  s ta n d in g  a t  b ir th  in  th e  sam e  
re la tio n  to  o n e  a n o th e r  th a t  th e y  s ta n d  in  th e  a d u lts , h a v in g  
m e re ly  b e e n  smaller a n d  le s s  re a d ily  d is c e rn ib le  in  e a r ly  
life , a l th o u g h  m a n ife s tly  p re s e n t  in  d e lic a te ly  m e a s u ra b le  
d e g re e  in  th e  e a r lie s t  re c o rd s  m a d e  u p o n  n o rm a l 
in d iv id u a ls . F o r  e x a m p le , w e ig h t  m e a s u re m e n ts  ta k e n  
im m e d ia te ly  a f te r  th e  se c o n d  m o u lt, ra n g e  in  o n e  lo t  f ro m  
21 to  39  m g ., o r  6 0  p e r  cen t. o f  th e  m o d a l w e ig h t, w h ile  
th e  w e ig h ts  in  th is  sa m e  lo t  a t  s p in n in g  tim e , so m e  f iv e  
w e e k s  la te r , ra n g e  f ro m  5 3 4  to  2 .0 8 0  m g ., o r  85 p e r  cen t. 
o f  th e  m o d e  f o r  th e  lo t. T h e se  e m b ry o n ic  b u t  p o te n tia lly  
la rg e  v a r ia t io n s  h a v e  s im p ly  'g ro w n  u p ' a lo n g  w ith  th e  
in s e c t  a n d  a re  a s  tru ly  c o n g e n ita l  in  th e  a d u lt  a s  th e y  w e re  
in  th e  n e w ly  h a tc h e d  la rv a . T h is  w o u ld  se e m  to  p la c e  q u ite  
c o n c lu s iv e ly  in  th e  c a te g o ry  o f  c o n g e n ita l v a r ia tio n s  so m e  
p a r t  o f  th o s e  v a r ia t io n s  ( in  s iz e  a n d  p ro p o r tio n s  o f  p a r ts )  
w h ic h  a re  c o m m o n ly , a n d  p ro p e r ly  to  so m e  d e g re e , c a lle d  
a c q u ire d .

"T h a t c o n d itio n s  o f  a lim e n ta tio n  b e a r  a  d ire c tiv e  
re la tio n  to  fu n c tio n a l a c tiv ity , m a y  b e  d e m o n s tra te d  b y  
re fe re n c e  to  th e  re c o rd s  o f  th e  p h y s io lo g ic a l fu n c tio n s  o f
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m o u ltin g , sp in n in g , p u p a tin g , a n d  e m e rg in g , o f  th e  
in d iv id u a ls  o f  th e  e x p e r im e n ta l lo ts.

"A n  a b n o rm a l e x te n s io n  o f  th e  t im e  n e e d e d  fo r  th e  
m e ta m o rp h o s is  fo l lo w s  u p o n  a  re d u c tio n  o f  th e  fo o d  
su p p ly . T h e  d e g re e  o f  e x te n s io n  d e p e n d s  w ith  th e  u tm o s t  
n ic e ty  u p o n  th e  a m o u n t o f  fo o d  g iv e n  th e  la rv a e . F o r  
e x a m p le , a m o n g  th e  1901 g e n e ra tio n  o f  s ilk w o rm s , o n e  
c o n tro l lo t  o f  tw e n ty  la rv a e  w a s  g iv e n  th e  o p tim u m  
a m o u n t o f  fo o d , a  se c o n d  lo t  o f  tw e n ty  la rv a e  o n e -h a lf  th is  
a m o u n t, a n d  a  th ird  lo t  o f  tw e n ty  la rv a e  o n e -q u a r te r  o f  th e  
am o u n t. T o  ta k e  th e  t im e  o f  th e  fo u r th  m o u ltin g  a s  a n  
il lu s tra tio n , th e  m o u ltin g  w a s  b e g u n  b y  th e  f i r s t  lo t, w h ic h  
le d  th e  w a y  b y  tw o  a n d  a  h a lf  d ay s , a t  th e  e n d  o f  w h ic h  th e  
se c o n d  lo t  b e g a n  to  m o u lt, w h ile  th e  th ird  lo t  w a s  tw e n ty -  
fo u r  h o u rs  b e h in d  th e  seco n d . A ll th e  in d iv id u a ls  o f  th e  
f i r s t  lo t  h a d  f in is h e d  m o u ltin g  o n  A p ril 2 0 , a ll o f  th e  
se c o n d  o n  A p ril 2 4 , w h ile  th e  m o u ltin g  in  th e  th ird  lo t  
c o n tin u e d  u n til  A p ril 29 .

"A s in  th e  m a tte r  o f  w e ig h t, th is  re ta rd in g  o f  th e  
fu n c tio n s , b y  m e a n s  o f  a  re d u c e d  fo o d  su p p ly , a f fe c ts  n o t 
o n ly  th e  im m e d ia te  g e n e ra tio n  w h ic h  is  su b je c te d  to  th e  
fa m in e , b u t  th e  l in g e r in g  e ffe c ts  o f  i t  m a y  b e  tra c e d  in  th e  
p ro g e n y  o f  th e  d w a rfe d  in d iv id u a ls  a t  le a s t  u n to  th e  th ird  
g e n e ra tio n , e v e n  th o u g h  tw o  y e a rs  o f  p le n ty  fo l lo w  th e  
o n e  y e a r  o f  fa m in e . T h e  c o n d itio n s  w h ic h  o b ta in  in  e a c h  
lo t  o f  in d iv id u a ls  o f  th e  1903 g e n e ra tio n  a t s p in n in g  tim e  
a re  sh o w n  in  th e  a c c o m p a n y in g  ta b le , w h ic h  is  b a s e d  u p o n  
p o ly g o n s  e re c te d  to  in c lu d e  all th e  in d iv id u a ls  in  e a c h  lot.

295



R A N K  O F  I9 0 3  L O T S  A S  T O

H IS T O R Y  O F  L O T S .
P R O M P  
IN  SPIN

T N E S S
N IN G .
W h e n T w o - th ird s  o f

L o t E a c h L o t w e re
N u m b e r. E a r l ie s t S p in n in ig .

1901.
G ra n d p a
ren ts .

1902.
P a re n ts .

1903.
S p in n e r

D a te .

In
O rd e r
o f
R an k .

L a te s t
S p in n e r

1 0 0 0 1 M a y 1 1
2 0 0 S 5 12 4 4
3 0 S 0 2 " 25 2 3
4 0 S S 4 '' 13 5 5
5 S 0 0 3 '' 2 6 2 2
6 S 0 S 6 '' 13 6 7
7 S S 0 6 '' 29 3 5
8 S S S 7 '' 2 2  

'' 30
7 6

"T h is p e r io d  in  th e life  o f th e  sil k w o rm s is
p a r tic u la r ly  a d v a n ta g e o u s  fo r  c o n s id e ra tio n  h e re , b e c a u se  
i t  m a rk s  th e  c o m p le tio n  o f  th e  fe e d in g , so  th a t  th e  
in d iv id u a ls  o f  u n d e r - fe d  a n c e s try  h a v e  b e e n  g iv e n  th e  b e s t  
c h a n c e  to  re c o v e r , w h ile  th o s e  su b je c t to  a lte re d  fo o d  
c o n d itio n s , h a d  h a d  th e  b e n e f i t  o f  th e  a lte ra t io n  d u r in g  th e  
e n tire  fo o d - ta k in g  p e r io d  o f  life .

"In  th e  ta b le . '0 ' m e a n s  o p tim u m  a m o u n t o f  fo o d , 
a n d  'S ' m e a n s  sh o rt ra tio n s . T o  th e  r ig h t o f  th e  h is to ry  o f  
th e  lo ts  is  a  se c tio n  s h o w in g  th e  ra n k  o f  th e  lo ts  a s  to  th e  
e x tre m e  tim e  l im its  o f  th e  s p in n in g  tim e  (e m p h a s ise d  
c o n g e n ita l d if fe re n c e s  a g a in ) , w ith  a  s a fe r  c r ite r io n , as  to  
th e ir  re la tiv e  p ro m p tn e s s , in  th e  c o lu m n  b e tw e e n  th e  
e x tre m e s  —  a  c o lu m n  o f  f ig u re s  in te n d e d  to  sh o w  th e  
re la tiv e  p ro m p tn e s s  w ith  w h ic h  a  tw o - th ird s  m a jo r ity  o f  
th e  la rv a e  in  e a c h  lo t  a r r iv e s  a t  th e  sp in n in g  tim e , th is  
p ro p o r tio n  b e in g  ta k e n  to  r e p re s e n t  th e  ty p ic a l c o n d itio n  
fo r  th e  lo t. T h e  o rd e r  in  w h ic h  th e  lo ts  a re  a r ra n g e d  in  th is
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c o lu m n  c o rre sp o n d s  in  a  g e n e ra l w a y  w ith  th a t  p re v a le n t 
fo r  th e  w e ig h ts  a t  sp in n in g  tim e , a n d  th e  g e n e ra lis a tio n s  
in d u lg e d  in  th e re  m ay , w ith  f e w  e x c e p tio n s , b e  a p p lie d  
h e re . T h e  lo ts  w h ic h  w e re  w e ll  fe d  d u r in g  th e  1903 
g e n e ra tio n  a re  a h e a d  o f  a ll o f  th o s e  g iv e n  sh o r t ra tio n s  in  
1903 , w h a te v e r  a n c e s try  th e y  m a y  h a v e  h ad . L o t I  le a d s  
h e re  a s  in  th e  m a tte r  o f  w e ig h t. L o ts  3 a n d  5 t ie  fo r  se c o n d  
p la c e , h a v in g  h e ld  se c o n d  a n d  th ird  p la c e s  in  w e ig h t. L o ts  
2  a n d  4  s ta n d  in  th e  sa m e  re la tio n  to  o n e  a n o th e r  th a t  th e y  
h e ld  as to  w e ig h t. C o n tra ry  to  th e  w e ig h t  re la tio n , lo t  6 
fo l lo w s  lo t  2  a t  th e  sp in n in g  —  a  fa c t  w h ic h  il lu s tra te s  
a g a in  th e  g e n e ra l ru le  th a t  tw o  g e n e ra tio n s . o f  fa m in e  a re  
m o re  d isa s tro u s  th a n  o n e , b u t  d o e s  n o t  le n d  s u p p o r t to  th e  
n o tio n  o f  n a tu ra l se le c tio n  o n  a  fo o d  sc a rc ity  b a s is  a s  
p re v io u s ly  su g g e s te d . L o t  8, w h ic h  h a s  h a d  n o  re l ie f  f ro m  
fa m in e  d u r in g  th e  e n tire  th re e  y e a rs , b r in g s  u p  th e  r e a r  a t  
th e  sp in n in g , a s  m ig h t b e  ex p e c te d .

"T h is  c h e c k  u p o n  fu n c tio n a l a c tiv ity  e x e rc is e d  b y  
d im in ish e d  n o u r is h m e n t a f fe c ts  th e  m o u ltin g , th e  t im e  fo r  
th e  c o m m e n c e m e n t o f  sp in n in g , a n d  th e  is s u in g  tim e  fo r  
th e  a d u lts , b u t  th e  t im e  sp e n t in  th e  s p in n in g  o f  th e  
c o c o o n , f ro m  its  b e g in n in g s  in  th e  th re a d s  o f  th e  
su p p o r tin g  n e t  to  its  a p p a re n t  c o m p le tio n  w h e n  th e  c o c o o n  
b e c o m e s  o p a q u e , is  p ra c tic a lly  id e n tic a l fo r  u n d e r - fe d  an d  
w e ll- fe d  in d iv id u a ls . A  re a s o n  fo r  th is  e x c e p tio n  to  th e  
ta rd y  h a b its  o f  th e  u n d e r - fe d  is  to  b e  fo u n d  in  th e  f a c t  th a t  
th e  u n d e r - fe d  la rv a e  p ro d u c e  le s s  s ilk  ( le s s  in  size , 
th ic k n e s s , a n d  w e ig h t)  th a n  th e  w e ll- fe d , th u s  
a c c o m p lis h in g  m o re  m e a g e r  re su lts  in  th e  sa m e  a m o u n t o f  
tim e . T h a t th e  in d iv id u a ls  s e n te n c e d  to  sh o rt ra tio n s  
sh o u ld  p ro d u c e  le s s  s ilk  th a n  th e ir  w e ll- fe d  n e ig h b o u rs  is  
c e r ta in ly  to  b e  e x p e c te d , s ilk  n o t  b e in g  m a d e  w ith o u t 
le a v e s  a n y  m o re  re a d ily  th a n  b r ic k s  w ith o u t straw .

"N o t o n ly  d o  sh o rt ra tio n s  p ro tra c t  th e  tim e  
a p p o in te d  to r  th e  sp in n in g , m o u ltin g , e tc , b u t  th e y  a p p e a r  
to  h a v e  a  m o re  s tr ik in g  e f fe c t u p o n  th e  a c tu a l o c c u rre n c e
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o f  th e  m o u ltin g . T h e  n o rm a l n u m b e r  o f  m o u lts  f o r  th e  
s ilk w o rm  la rv a  is  fo u r. F iv e  m o u lts  h a v e  o c c u rre d  fo r  
m o s t o f  th e  in d iv id u a ls  b e lo n g in g  to  th e  u n d e r fe d  lo ts  o f  
1902  a n d  1903. w h e re a s  n o n e  o f  th e  w e ll- fe d  in d iv id u a ls  
h a s  u n d e rg o n e  a  f if th  m o u lt. I t  w o u ld  seem . th e re fo re  th a t  
th e  o c c u rre n c e  o f  a  f if th  m o u lt  m a y  b e  fa ir ly  a s c r ib e d  to  a  
r e d u c tio n  o f  fo o d ; a t le a s t  a  f if th  m o u lt  v e ry  f re q u e n tly  
a c c o m p a n ie s  i t  a n d  h a s  su g g e s te d  th e  p o s s ib ili ty  th a t  th e  
e n fo rc e d  fa s tin g  o f  th e  u n d e r fe d  la rv a  — in  th e  in te rv a ls  
b e tw e e n  m e a ls  —  m a y  h a v e  th e  sa m e  p h y s io lo g ic a l e ffe c t 
a s  th e  n o rm a l f a s t in g  w h ic h  p re c e d e s  th e  n o rm a l m o u ltin g , 
d u r in g  w h ic h  tim e  th e  so -c a lle d  'm o u ltin g  f lu id ' is  
sec re ted . T h a t th is  e f fe c t m a y  a c c u m u la te  th ro u g h o u t th e  
life tim e  o f  th e  la rv a  u n til  th e  la rv a  is  a c tu a lly  fo rc e d  to  
in d u lg e  in  th e  e x tra v a g a n c e  (o f  s tre n g th , fe e d in g  tim e , a n d  
b o d y  w a ll m a te r ia l)  o f  a n  a d d itio n a l m o u lt  is  c o n c e iv a b le  
a n d  w ill ju s t i fy  a  fu r th e r  test.

"A s to  th e  l ife -a n d -d e a th  s e le c tio n  d u e  to  fa m in e , it  
m a y  b e  sa id , in  a d d it io n  to  th e  p re v io u s  d is c u s s io n  o f  
m o r ta li ty  a m o n g  th e  e x p e r im e n ta l s ilk w o rm s , th a t  w h ile  
lo ts  su b je c te d  to  tw o  y e a rs  o f  fa m in e  ( th e m se lv e s  in  o n e  
y e a r, th e ir  p a re n ts  in  th e  y e a r  b e fo re )  w e re  f e r ti le  in  so  fa r  
a s  n u m b e r  o f  y o u n g  h a tc h e d  is  c o n c e rn e d , i t  w a s  fo u n d  to  
b e  e x c e e d in g ly  d if f ic u lt  to  r e a r  f ro m  th e m  a  1903 
g e n e ra tio n . In d e e d , a t  th e  t im e  o f  th e  s e c o n d  m o u ltin g  
th e re  w e re  b u t  n in e te e n  in d iv id u a ls  (a n d  to le ra b ly  
v ig o ro u s  la rv a e  th e y  w e re )  a liv e  in  th e  lo t  w h ic h  h a d  
e x p e r ie n c e d  tw o  y e a rs  o f  fa m in e , a l th o u g h  e v e ry  
in d iv id u a l o f  th e  149 h a tc h e d  w a s  c a re fu lly  p re s e rv e d  an d  
ro y a lly  fe d  —  a  fa c t  w h ic h  g o e s  to  p ro v e  th a t  th e  
e q u ip m e n t a t  b ir th  o f  m a n y  o f  th e s e  la rv a e  w a s  
in a d e q u a te .

"T h e  fa c t  th a t  so m e  la rv a e  o f  s ta rv e d  a n c e s try  h a v e  
e x h ib ite d  a  su p e r io r ity  o v e r  th e ir  fe llo w s , in  su rv iv in g  a n d  
re c o v e r in g  f ro m  h a rd  c o n d itio n s , is  te s t im o n y  f o r  th e  
e x is te n c e  o f  in d iv id u a l v a r ia tio n s  w h ic h  c a n n o t b e  d e f in e d
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a n a to m ic a lly , a n d  y e t  w h ic h  se rv e  a s  'h a n d le s ' fo r  n a tu ra l 
s e le c tiv e  a g e n ts . S u ch  v a r ia t io n s  m ig h t b e  ca lle d
p h y s io lo g ic a l v a r ia tio n s , s in c e  i t  se e m s th a t  th e  su rv iv in g  
la rv a e  m u s t b e  th o s e  w h ic h  a re  in  b e s t  tr im  
p h y s io lo g ic a lly . T h e se  la rv a e  a re  a b le  to  m a k e  th e  m o s t o f  
th e  fo o d  o ffe re d  to  th e m . I t c o m p e tit io n  w e re  a llo w e d , 
th e y  w o u ld  p ro b a b ly  b e  th e  in d iv id u a ls  w h ic h  w o u ld  c o v e r  
th e  a r e a  m o s t ra p id ly , s e c u r in g  w h a te v e r  fo o d  th e re  m ig h t 
b e . B u t u n d e r  o u r  e x p e r im e n ta l c o n d itio n s  th e re  w a s  n o  
c o m p e tit io n  a llo w e d  a n d  y e t  c e r ta in  p re c o c io u s  
in d iv id u a ls  m a d e  m o re  g ra m s  o f  f le s h  a n d  m o re  y a rd s  o f  
s ilk , th a n  o th e r  la rv a e  fu rn is h e d  w ith  th e  sa m e  a m o u n t o f  
ra w  m a te r ia l  u n d e r  l ik e  c o n d itio n s ; th a t  th is  w a s  d u e  to  th e  
p o s s e s s io n  b y  th e  fo rm e r  o f  c e r ta in  c o n g e n ita l q u a lit ie s  o f  
a d a p ta b il i ty  c a n  sc a rc e ly  b e  d o u b ted .

"A s to  th e  fe r t i l i ty  o f  th e  v a r io u s ly  fe d  lo ts , in  so  
f a r  a s  n u m b e r  o f  e g g s  p ro d u c e d  is  a  m e a su re  o f  fe r tility , 
o u r  re c o rd s  a lre a d y  d e m o n s tra te  th e  f a c t  th a t  th e  b e tte r  
n o u r is h e d  a re  th e  m o re  fe rtile . F u r th e rm o re , th e  e c o n o m y  
in  th is  m a tte r  p ra c tis e d  b y  th e  s ta rv e lin g s  is  n o t  m e re ly  
n u m e ric a l, q u a lity  a s  w e ll a s  q u a n tity  o f  e g g s  b e in g  
a ffe c ted . In  w itn e s s  o f  th is  p o in t  m a y  b e  re c a lle d  th e  s to ry  
o f  th e  d y in g  1903 g e n e ra tio n , p ro d u c e d  f ro m  e g g s  o f  th e  
s ta rv e lin g s  o f  1901 a n d  1902 , w h ic h  w o u ld  se e m  to  o ffe r  
c o n c lu s iv e  e v id e n c e  th a t  a  fa m in e  su ffe re d  b y  th e  p a re n ts  
w o rk s  its  w a y  in to  th e  g e rm c e lls  so  th a t  m o s t  o f  th e ir  
p ro g e n y  h a v e  b u t  a  p o o r  b ir th r ig h t."

F o r  sp e c ia l d is c u s s io n s  o f  th e  in h e r i ta n c e  o f  
a c q u ire d  c h a ra c te rs , see  th e  fo llo w in g : R o th , E ., "D ie  
T h a tsa c h e n  d e r  V e re rb u n g ,"  1 8 8 5 ;Z ie g le r , E ., "K o n n e n  
e rw o rb e n e  p a th o lo g is c h e  E ig e n s c h a f te n  v e re rb t  w e rd e n  
u n d  w ie  e n ts te h e n  e rb lic h e  K ra n k h e ite n  u n d  
M is sb ild u n g e n ,"  1886 ; R o h d e , F ., "U b e r  d en  
g e g e n w a r tig e n  S ta n d  d e r  F ra g e  n a c h  d e r  E n ts te h u n g  u n d  
V e re rb u n g  in d iv id u e lle n  E ig e n s c h a f te n  u n d  K ra n k h e ite n ."  
1896 ; O sb o rn , H . F ., "A re  A c q u ire d  V a r ia tio n s  In h e rite d ,"
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1890 ; E llio tt, D . G ., "T h e  In h e r ita n c e  o f  A c q u ire d  
C h a ra c te rs ."  Auk:, V o l. IX , pp . 7 7 -1 0 4 . 1892 ; P a c k a rd , A . 
S., "O n  th e  In h e r ita n c e  o f  A c q u ire d  C h a ra c te rs  in  A n im a ls  
w ith  C o m p le te  M e ta m o rp h o s is ."  Proc. Amer. Acad. 
Science, pp . 3 3 1 -3 7 0 . 1894 ; R itte r . W . E ., "O n  th e  N a tu re  
o f  H e re d ity  a n d  A c q u ire d  C h a ra c te rs , a n d  th e  Q u e s tio n  o f  
th e  T ra n sm is s ib il i ty  o f  th e s e  C h a ra c te rs ,"  1900 ; W e tts te in , 
R . v o n , "D e r N e o -L a m a rc k is m u s  u n d  se in e  B e z ie h u n g e n  
z u m  D a rw in ism u s ,"  1903 ; D e tto , C a rl, "T h e o rie  d e r 
d ire k te n  A n p a ssu n g ,"  1904  (g o o d  b ib lio g ra p h y  o f  p a p e rs  
o n  p la n t  a d a p ta tio n s )  : L e n d e n fe ld , R . V ., "V a ria tio n  an d  
S e le c tio n ,"  Biol. Ccutralbl.. V o l. X X III , p. 4 8 9  ff., a n d  p. 
563 ff., 1903 ; P a u ly  A ., "D a rw in ism u s  u n d
L a m a rc k ism u s ,"  1905; L o tsy , J. P ., "V o r le su n g e n  f ib e r  
D e s c e n d e n z th e o r ie n ,"  V o l. I, ch ap . X II, 1906; W h e e le r , 
W . M ., "T h e  P o ly m o rp h is m  o f  A n ts ,"  Bull. o f Amer. Mtts. 
Nat. Hist, V o l. X X III , pp . I-9 3 . P la te  I-V I, Ja n u a ry , 1907  
(se e  e s p e c ia lly  pp. 5 0 -9 0 ). C e r ta in  w r ite r s  o f  so c io lo g ic  
a n d  p h ilo s o p h ic  in te re s ts , h a v e  d isc u s se d  e sp e c ia lly  th e  
p o s s ib il i ty  o f  th e  in h e r ita n c e  o f  a c q u ire d  m e n ta l c a p a c itie s  
o r  q u a lit ie s  in  m an ; e x p re s s in g  a  b e l ie f  in  su c h  in h e r ita n c e  
a re  B u c h n e r , "D ie  M a c h t d e r  V e re rb u n g  u n d  ih r  E in f lu s s  
a u f  d e r  m o ra lis c h e n  u n d  g e is tig e n  F o r ts c h r i t t  d e r  
M e n sc h h e it ,"  1882 . a n d  H a r tm a n n . E . V ., " P h ilo so p h ie  
d e s  U n b e w u ss te n ."  lo th  ed .; a g a in s t su ch  an  in h e r i ta n c e  is  
R a w itz , B ., "U rg e sc h ic h te , G e sc h ic h te , u n d  P o litik ,"  1903. 
M o s t  im p o r ta n t  o f  a ll th e  d is c u s s io n s  o f  th e  in h e r ita n c e  o f  
a c q u ire d  c h a ra c te rs  a re  th o s e  o f  W e ism a n n , S p e n c e r, a n d  
E im er.

A  re c e n t  A m e r ic a n  c h a m p io n  o f  L a m a rc k is m  is  
C a s p a r  L . R e d f ie ld ,m  w h o s e  w r itin g s  ("C o n tro l o f  
H e re d ity ,"  1903 . " E v o lu tio n  o f  th e  S e tte r ,"  in  American 
Field, 1904  a n d  1905 , a n d  " B re e d in g  o f  th e  T ro tte r ,"  in  
The Horseman, 1 9 0 5 ) is  u rg e d  th e  d o c tr in e  th a t  a c q u ire d  
m e n ta l a n d  d y n a m ic  q u a lit ie s  a re  in h e r ite d  O n  a  h o s t  o f  
d a ta , d e r iv e d  f ro m  th e  p e d ig re e s  a n d  re c o rd s  o f  tro t t in g
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h o rse s  a n d  se tte r  d o g s , R e d f ie ld  k e e n ly  w o rk s  o u t h is  
in d u c tio n s  re g a rd in g  th e  in h e r ita n c e  b y  y o u n g  o f  th e  
sp e c ia l q u a litie s  d u e  to  tra in in g  a n d  p ra c tic e  (a c q u ire m e n t)  
o f  th e  p a re n ts , th a t  is , th e  b e s t  o ffsp r in g  (fro m  th e  
sp o r tsm a n  b re e d e r 's  p o in t o f  v ie w )  c o m e  f ro m  th e  b e s t 
t ra in e d  p a re n ts . T h e re  is  a  g re a t d ea l o f  a m m u n itio n  fo r  
th e  a d v o c a te s  o f  L a m a rc k is m  in  R e d f ie ld 's  re c o rd s , 
a l th o u g h  h is  to o  sh a rp  d is tin c tio n  b e tw e e n  s tru c tu ra l a n d  
fu n c tio n a l ( so -c a lle d  "d y n a m ic " )  c h a ra c te rs  is  n o t  a t  a ll 
h e lp fu l.

T h e  m o s t  re c e n t  se r io u s  t re a tm e n t o f  th e  p ro b le m  
fro m  th e  n e o -L a m a rc k ia n  side , a n d  o n e  o f  g re a t  in te re s t  
a n d  re a l fo rc e , is  th a t  o f  M o n tg o m e ry  in  h is  b o o k  o n  "T h e  
A n a ly s is  o f  R a c ia l D e s c e n t  in  A n im a ls"  (1 9 0 6 ). 
M o n tg o m e ry  c o n te n d s  th a t  th e re  c a n  b e  n o  c o n g e n ita l 
v a r ia t io n  w ith o u t e x te rn a l s tim u li (o r  h y b r id is a tio n )  to  
in it ia te  it, b e c a u s e  g e rm -p la s m  c a n n o t b e  a s s u m e d  to  se t 
u p  c h a n g e  in d e p e n d e n tly  a n d  a u to m a tic a lly , a s  th is  w o u ld  
b e  a lm o s t  l ik e  th e  a s s u m p tio n  o f  sp o n ta n e o u s  g e n e ra tio n . 
M o n tg o m e ry  say s, "W h e n  th e  p ro c e s s  o f  h e re d ity  
p ro c e e d s  u n c h a n g e d  th e  o n to g e n y  o f  o n e  in d iv id u a l is  ju s t  
l ik e  th a t  o f  its  p a ren t. W h e n  a  c h a n g e  o f  th e  o n to g e n y  
o c c u rs , so  th a t  th e  o ffs p r in g  c o m e s  to  b e  d if fe re n t  f ro m  its  
p a re n t, w e  say  th a t  a  v a r ia t io n  h a s  a p p e a re d  in  th e  
o ffsp r in g . T h is  v a r ia tio n , i t  is  th in k a b le , m a y  h a v e  b e e n  
p ro d u c e d : (I) b y  in te rn a l g ro w th  e n e rg ie s , (2) b y  e x te rn a l 
e n v iro n m e n ta l in f lu e n c e s , o r  (3 )  b y  a  c o m b in a tio n  o f  b o th ; 
a n d  i t  is  n e c e s s a ry  to  d is c u s s  w h ic h  o n e  o f  th e s e  is  th e  
m o s t p ro b a b le .

"T h e re  is  c le a rly , in  th e  p ro c e s s  o f  p ro d u c tio n  o f  
v a r ia t io n  and . m u ta tio n , so m e  m o d if ic a tio n  o f  th e  n o rm a l 
p ro c e s s  o f  h e re d ity . S in c e  in  a  n u m b e r  o f  sp e c ie s  it  h a s  
b e e n  sh o w n  th a t  a ll th e  a d u lt  in d iv id u a ls  f ro m  o n e  lo c a lity  
a re  n o t  e x a c tly  a lik e , b u t  sh o w  m e a s u ra b le  d if fe re n c e s  in  
d im e n s io n s , c o lo u r, o r  so m e  o th e r  c h a ra c te r , i t  fo llo w s  
th a t  th e  h e re d ita ry  p ro c e s s  o f  e a c h  su c h  in d iv id u a l m u s t
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v a ry  c o r re sp o n d in g ly , e v e n  th o u g h  th e  v a r ia t io n  d o e s  n o t 
b e c o m e  p e rc e p tib le  u n til  th e  s ta g e  o f  m a tu rity . T h e  o r ig in  
o f  in h e r ite d  v a r ia t io n  o r  m u ta tio n  is  th e n  a  q u e s tio n  o f  th e  
o r ig in  o f  m o d if ic a t io n  o f  th e  h e re d ita ry  p ro cess .

"T h e  re g u la r ity  o f  th e  p ro c e s s  o f  h e re d ity  is  q u ite  
c o m p re h e n s ib le  o n  th e  b a s is  o f  th e  d ire c t tra n s m is s io n  o f  
d e f in ite  c h ro m o s o m e s  in  n u m b e r, fo rm , a n d  q u a lity  
c o n s ta n t f o r  th e  sp ec ies . F ro m  ce ll to  ce ll, f ro m  in d iv id u a l 
to  in d iv id u a l, th e s e  c h ro m o so m e s  a re  re g u la r ly  tra n s m itte d  
in  a  c o n tin u o u s  p ro g re s s , th e re fo re  a  s u c c e s s io n  o f  s im ila r  
in d iv id u a ls  is  q u ite  u n d e rs ta n d a b le . O n e  g e rm -c e ll  c o m e s  
fro m  a  p re c e d in g  o n e , to  o u r  k n o w le d g e  is  n e v e r  fo rm e d  
fro m  a  sp e c ia lis e d  tis su e -c e ll , so  th a t  th e re  is  a n  
u n in te r ru p te d  p a s sa g e  o f  th e  g e rm -p la s m  th ro u g h  th e  race . 
T h is  is  W e is m a n n 's  id e a  o f  th e  c o n tin u ity  o f  th e  g e rm - 
p la sm , w h ic h  w e  w ill p a ra p h ra s e  a s  th e  c o n tin u ity  o f  th e  
c h ro m o so m e s .

"A  v a r ia t io n  to  b e c o m e  in h e r ite d  m u s t  th e n  b e  
re fe ra b le  to  a  m o d if ic a tio n  o f  th e  e n e rg ie s  o f  th is  g e rm - 
p la sm . T h e  g e rm -p la s m  is  l iv in g  su b s ta n c e  o f  p ro v e d  g re a t 
im p o r ta n c e  in  th e  m e ta b o lis m  o f  th e  cell. T h o u g h  in  a  
se n se  i t  a p p e a rs , f ro m  m ic ro c h e m ic a l re s e a rc h e s ,to  b e  th e  
c h ie f  a g e n t  in  c o n s tru c tiv e  p ro c e s s e s  o f  th e  ce ll, i t  e q u a lly  
a p p e a rs  to  b e  in c a p a b le  o f  life , o r  u n a b le  to  a c t  in  a  n o rm a l 
m a n n e r , w h e n  re m o v e d  f ro m  th e  in f lu e n c e  o f  o th e r  ce ll 
su b s ta n c e s . T h e  fo o d  re q u ire d  b y  a  g e rm -c e ll  fo r  its  
g ro w th  is  o b ta in e d  f ro m  w ith o u t th e  ce ll, a n d  m u s t p a ss  
th ro u g h  th e  c y to p la sm , in  m o re  o r  le s s  c h a n g e d  c o n d itio n , 
to  re a c h  th e  c h ro m a tin  w ith in  th e  n u c le u s  a n d  th e re  b e  
e la b o ra te d  in to  l iv in g  su b s ta n c e  a n d  p a s se d  o v e r  to  th e  
c y to p la sm  in  o th e r  fo rm . T h is  c o n c lu s io n  is  d ra w n  fro m  
b o th  e x p e r im e n ta l a n d  m ic ro c h e m ic a l s tu d ies . S o  th e  
o x y g e n  re q u ire d  b y  th e  ce ll, a n d  th e  w a te r , m u s t  b e  
o b ta in e d  f ro m  w ith o u t th e  cell. T h is  is  s im p ly  in  
a g re e m e n t w ith  th e  g e n e ra l p r in c ip le  th a t  n o  b o d y  can  
in c re a se  in  m a ss , c irc u m a m b ie n t c o n d itio n s  re m a in in g
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u n c h a n g e d , w ith o u t a c c re tio n s  f ro m  o u ts id e . T h e re fo re , 
th e  g e rm -p la s m  d o e s  n o t  so  m u c h  c re a te  n e w  su b s ta n c e s  
a s  i t  c h a n g e s  su b s ta n c e s  b ro u g h t to  it. I t  a n d  th e  o th e r  ce ll 
c o n s titu e n ts  a re  h a rm o n io u s ly  a n d  m u tu a lly  
in te rd e p e n d e n t, a n d  th e  u lt im a te  so u rc e  o f  e n e rg ie s  o f  
th e s e  su b s ta n c e s , a ll c o n n e c te d  w ith  th e  e la b o ra tio n  o f  
l iv in g  m a tte r , is  re fe ra b le  to  e x te rn a l a g e n c ie s  b e c a u se  
re fe ra b le  to  fo o d .

"T h is  b e in g  th e  ca se , th e  e n e rg ie s  o f  th e  
h e re d ita b le  su b s ta n c e , th e  g e rm -p la sm , a re  c le a r ly  
d e p e n d e n t u p o n  in f lu e n c e s  o f  th e  e n v iro n m e n t. T h is  
c o n c lu s io n  is  n o t  a t  a ll in  c o n tra d ic tio n  w ith  th e  id e a  o f  th e  
c o n tin u ity  o f  th e  c h ro m o so m e s , a s  w e  p o in te d  o u t in  th e  
p re c e d in g  ch a p te r . T h e re fo re , W e is m a n n  w a s  in  e rro r  
w h e n , to  su p p o rt h is  id e a  o f  th e  c o n tin u ity  o f  th e  g e rm - 
p la sm , h e  a t  f i r s t  a rg u e d  th e  e n e rg ie s  o f  th e  g e rm -p la sm  to  
b e  in d e p e n d e n t o f  b o d y  c e lls  a n d  o f  th e  e n v iro n m e n t 
g e n e ra lly . H is  su p p o s itio n  w a s  b o th  u n n e c e s s a ry  f o r  th e  
v ie w  o f  th e  c o n tin u ity , a n d  a ls o  o u t o f  a g re e m e n t w ith  th e  
p h e n o m e n a . T h e  o v u m  c a n n o t e la b o ra te  its  y o lk  su b s ta n c e  
e x c e p t o u t o f  fo o d  su b s ta n c e  re c e iv e d  f ro m  w ith o u t;th e  
a m o u n t o f  its  fo o d  su b s ta n c e  w ill d e p e n d  u p o n  th e  s ta te  o f  
n u tr i t iv e  m e ta b o lis m  o f  th e  in d iv id u a l c a r ry in g  th e  e g g ­
ce ll; s ta rv a tio n  o f  th a t  in d iv id u a l w ill c a u se  c e s sa tio n  o f  
e n e rg y  in  th e  g e rm -c e ll, a n d  l ig a tu r in g  o f  th e  b lo o d ­
v e s s e ls  su p p ly in g  th e  o v a ry  w ill p ro d u c e  d e a th  o f  th e  eg g - 
ce lls . T h e  re su lts  o f  o b se rv a tio n a l e x p e r ie n c e  te a c h  th a t  
th e  g e rm -p la s m  is  n o t  a  l i ttle  g o d , c a p a b le  o f  s e lfe x is te n c e  
w ith o u t re s p e c t  to  e x te rn a l a g e n c ie s , b u t  is  v e ry  in tim a te ly  
b o n d e d  to  th e  la tte r. W h e th e r  th e  g e rm -c e ll , a s  in  th e  
sp o n g e s , b e  a n  a m o e b o id  ce ll w h ic h  w a n d e rs  a b o u t in  th e  
b o d y  t is su e s , o r  w h e th e r  i t  is  im m o v a b ly  h e ld  in  p la c e  b y  
tis su e -c e lls , i t  is  im p o s s ib le  th a t  i t  c a n  liv e  a n d  g ro w  
w ith o u t re c e iv in g  a n d  re a c t in g  to  s tim u li f ro m  th e s e  
tis su e -c e lls . T h e  e g g -c e lls  o f  m a n y  a n im a ls  a re  se t f re e  in  
w a te r  b e fo re  th e y  c o m m e n c e  to  c le a v e  in to  e m b ry o n ic
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ce lls ; h o w  ca n  w e  say , th e n , th a t  th e  c o n d itio n s  in  th e  
w a te r  d o  n o t  in f lu e n c e  th e m ?  T h e y  w ill d ie  i f  re m o v e d  
fro m  th e  w a te r , a n d  d e v e lo p  a b n o rm a lly  i f  c e r ta in  
su b s ta n c e s  b e  a d d e d  to  o r  su b tra c te d  f ro m  th e  w a te r . B u t 
th e  e m b ry o n ic  d if fe re n tia tio n  is  a  re s u lt  o f  c h ro m o so m a l 
a c tiv itie s , a s  w e  h a v e  se e n  ; th e re fo re , c h a n g e s  in  th e  
m e d iu m  m u s t  in f lu e n c e  th e  g e rm -p la sm . Is  n o t  a  w e ll-  
re c o g n is e d  c h a ra c te r is tic  o f  l iv in g  m a tte r , re s p o n s e  to  
e x te rn a l s tim u li?  H o w  c a n  a n y  l iv in g  ce ll b e  a c te d  u p o n  b y  
s tim u li a n d  y e t  n o t  re a c t  to  th e m ?  T h e re  is  n o t  a  s in g le  
o b se rv a tio n  to  sh o w  th a t  a n y  g e rm -c e ll , o r  its  g e rm -p la sm , 
is  in  a n y  w a y  g u a rd e d  o r  p ro te c te d  f ro m  e x te rn a l s tim u li, 
e ith e r  b y  th e  s tru c tu re  o f  its  ce ll w a ll o r  p e r ip h e ra l 
c y to p la sm , o r  b y  th e  n a tu re  o f  th e  l iv in g  t is s u e  th a t  
e n c lo se s  it. A n d  w h a te v e r  a f fe c ts  th e  ce ll b o d y  m u s t 
in d ire c tly  a f fe c t  th e  c h ro m o so m e s , b e c a u s e  o f  th e  
p h y s io lo g ic a l c o n n e c tio n  o f  th e  tw o .

"F ro m  su c h  c o n s id e ra tio n s  it  w o u ld  seem  
p ra c tic a lly  c e r ta in  th a t  th e  e n e rg ie s  o f  th e  c h ro m o so m e s  
a re  to  so m e  e x te n t  re s p o n d e n t to  e n v iro n m e n ta l s tim u li. 
A n d  s in c e  o b se rv a tio n  sh o w s  th a t  l iv in g  m a tte r  re sp o n d s  
d iffe re n tly , i f  n o t  a lw a y s  a c c o rd in g  to  th e  n a tu re  o f  th e  
s tim u lu s  a t  le a s t to  its  d eg ree , i t  w o u ld  fo llo w  th a t  c h a n g e  
in  th e  n a tu re  o r  d e g re e  o f  th e  e n v iro n m e n ta l a g e n c ie s  
w o u ld  in d ire c tly  e n g e n d e r  c h a n g e  in  th e  a c t iv i t ie s  o f  th e  
g e rm -p la sm . N o t  to  a d m it  th is  w o u ld  b e  to  d e n y  to  th e  
g e rm -p la sm , w ith o u t  e m p ir ic a l re a so n , p ro p e r tie s  p ro v e n  
fo r  a ll o th e r  l iv in g  su b s ta n c e s .

"T h is  th o u g h t h a d  lo n g  a g o  b e e n  e x p re s se d  c le a rly , 
th o u g h  f ro m  a  d if fe re n t  l in e  o f  re a so n in g , b y  S p e n c e r  
(1 8 6 5 ). W e  m a y  s ta te  it  in  a n o th e r  w ay . T is s u e -c e lls  a re  
g ra n te d  b y  e x p e r im e n ta l p h y s io lo g is ts  th e  a b ili ty  o f  
d if fe re n t re sp o n se , o r  d if fe re n t in te n s ity  o f  re sp o n se , to  
s tim u li o f  d if fe re n t k in d  o r  d eg ree . B u t  a  tis s u e -c e ll  is  a  
lin e a l d e s c e n d a n t o f  a  g e rm -c e ll, a n d  re c e iv e s  g e rm -p la sm  
fro m  th e  la tte r. N o w  s in c e  th e  g e rm -p la s m  h a s  b e e n
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tra n s m itte d  c o n tin u o u s ly  to  th e  t is su e -c e ll , m u s t  n o t  th e  
e n e rg ie s  o f  th e  g e rm -p la s m s  o f  th e  tw o  b e  a lik e  a t  le a s t in  
th e ir  g e n e ra l re s p o n s e  a c tiv ity ?  A g a in , a  P ro to z o a n  m a y  
b e  c o n s id e re d  a s  a  ce ll n o t e x a c tly  c o r re s p o n d e n t to  a  
g e rm -c e ll  o f  a  M e ta z o a n , b u t  as so m e th in g  m o re , as  a  u n it  
w ith  p ro p e r tie s  o f  b o th  a  g e rm -c e ll  a n d  a  tis su e -c e ll , fo r  its  
c y to p la sm ic  d if fe re n tia tio n s  (c ilia , c o n tra c tile  v a c u o le s , 
c y to p h a ry n x , e tc .)  a re  c o m p a ra b le  to  th e  s o m a  o f  a  
M e ta z o a n . In  th e  c a se  o f  th e  P ro to z o a n  Paramaecium, 
C a lk in s  (1 9 0 4 )  h a s  sh o w n  th a t  th e  re p ro d u c tiv e  a c tiv ity  is  
in c re a s e d  o r  d im in ish e d  a c c o rd in g  to  th e  a m o u n t a n d  k in d  
o f  fo o d  s tim u li. H e re , th e n , a  P ro to z o a n  h a s  its  
re p ro d u c tiv e  a c tiv itie s , th e re fo re  th e  e n e rg ie s  o f  its  g e rm - 
p la sm , p ro fo u n d ly  in f lu e n c e d  b y  e n v iro n m e n ta l c h a n g e s , 
a n d  i t  is  p r im a r ily  w h a t w e  m a y  te rm  th e  g e rm -c e ll 
c o n s titu e n t o f  th e  P ro to z o a n  th a t  b e c o m e s  in f lu e n c e d , th a t  
p a r t  w h ic h  h a s  to  d o  w ith  re p ro d u c tio n  o f  th e  in d iv id u a l. 
W e is m a n n  c o n s id e re d  th e  P ro to z o a n  e x a c tly  c o m p a ra b le , 
in  th e  se n se  o f  s tr ic t c o n tin u ity  o f  re p ro d u c tio n , to  th e  
g e rm -c e ll  o f  a  M e ta z o a n , a n d  y e t  fa ile d  to  n o te  th a t  a 
P ro to z o a n  c a n  b e  in f lu e n c e d  b y  e n v iro n m e n ta l ch an g e .

"A c c o rd in g ly , a n  e n v iro n m e n ta l c h a n g e  m a y  b e  
c a p a b le  o f  in d u c in g  c h a n g e  in  th e  e n e rg ie s  o f  th e  g e rm - 
p la sm . T h e  e x p re s s io n  o f  th e  e n e rg ie s  o f  th is  su b s ta n c e , a s  
v ie w e d  in  te m p o ra l su c c e ss io n . c o n s titu te s  h e red ity . 
T h e re fo re , th e  p ro c e s s  o f  h e re d ity  m a y  b e c o m e  m o d if ie d  
b y  a  c h a n g e  in  th e  e n v iro n m e n ta l c o n d itio n s  o f  th e  g e rm - 
p la sm . A n d  s in c e  w e  d e f in e d  v a r ia t io n  a s  a  m o d if ic a tio n  
o f  h e re d ity , a  v a r ia t io n  c o u ld  b e  p ro d u c e d  b y  e x te rn a l 
in f lu e n c e s  a c t in g  u p o n  th e  g e rm -p la sm , u n d e rs ta n d in g  b y  
e x te rn a l in f lu e n c e s  in f lu e n c e s  o f  th e  t is s u e -c e lls  u p o n  th e  
g e rm -c e lls , or, in  c a se  th e  g e rm -c e lls  a re  n o t  e n c lo se d , 
in f lu e n c e s  o f  th e  n o n - l iv in g  e n v iro n m e n t."

In  a  r e c e n t e x h a u s tiv e  p a p e r  b y  T o w e r, W . L ., o n  
"E v o lu tio n  in  C h ry so m e lid  b e e tle s  o f  th e  g e n u s  
L e p tin o ta rsa ,"  P u b lic a t io n  N o . 48  o f  th e  C a rn e g ie
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In s ti tu tio n  o f  W a sh in g to n , 1907 , th e  a u th o r , a l th o u g h  o n  
th e  w h o le  a  s tro n g  a d h e re n t o f  se le c tio n  as th e  a l l ­
im p o r ta n t  fa c to r  in  sp e c ie s - fo rm in g , s ta te s  s p e c if ic a lly  h is  
b e lie f , o n  th e  b a s is  o f  e x te n s iv e  o b se rv a tio n  a n d  
e x p e r im e n t, th a t  e x te rn a l fa c to rs  m a y  a n d  d o  in f lu e n c e  th e  
g e rm -p la s m  to  th e  e x te n t  o f  c o m p e llin g  i t  to  p ro d u c e  
v a r ia tio n s . T h e se  v a r ia t io n s  w ill n o t  b e  p h o to g ra p h ic  
re p ro d u c tio n s  o f  m o d if ic a tio n s  o f  th e  so m a , b u t  th e y  w ill 
b e  th e  v a r ia tio n s  w h ic h  lie  a t  th e  b a s is  o f  sp e c ie s  ch an g e . 
In  o th e r  w o rd s , T o w e r  h o ld s  th a t  v a r ia t io n s  a re  e p ig e n e tic  
in  th e ir  o rig in , a l th o u g h  th e y  a re  m a n ife s t  a s  c o n g e n ita l 
d iffe re n c es . T h a t is , a c q u ire d  c h a ra c te rs  in  th e  u su a l sen se  
o f  th e  te rm  a re  n o t  h e r ita b le , b u t  a ll v a r ia b ili ty  is  
n e v e r th e le s s  d u e  to  th e  in f lu e n c e  o f  e n v iro n m e n t. T h is  
p a p e r  b y  T o w e r  is  a  d is tin c tly  v a lu a b le  c o n tr ib u tio n  to  o u r  
k n o w le d g e  o f  h e re d ity  a n d  sp e c ie s  c h a n g e  a n d  i t  is  b a se d  
u p o n  a  la rg e  a m o u n t o f  a c tu a l c lo se  o b se rv a tio n  a n d  
e x p e rim e n t.

In  a  r e c e n t p a p e r  b y  Jo n a th a n  W rig h t. "T h e  O rig in  
a n d  H e re d ity  o f  M a tte r ,"  in  th e  St. L o u is  Medical Review. 
1906 , so m e th in g  o f  th e  sa m e  a tt i tu d e  is  ta k e n , a l th o u g h  
th e  a u th o r  is  m u c h  m o re  in c lin e d  to  th e  b e l ie f  in  th e  
g e n e ra l h e r ita b ili ty  o f  a c q u ire d  c h a ra c te r is tic s . T h is  sh o rt 
p a p e r  is  a n  a d m ira b le  tre a tm e n t, b a s e d  o n  a  fu ll 
a c q u a in ta n c e s h ip  w ith  th e  m o d e rn  l i te ra tu re  o n  th e  
su b jec t, o f  th e  p ro b le m  o f  h e re d ity .

S ee  e x p o s itio n  o f  a  n u m b e r  o f  th e s e  th e o r ie s  in  
a p p e n d ix  o f  c h a p te r  V II I  o f  th is  b o o k .

4 H a a c k e , W ., "G ru n d ris s  d e r 
E n tw ic k lu n g s m e c h a n ik , p. 2 8 9  ff.. 1897.

5 P la te , L ., "U b e r  d ie  B e d e u tu n g  d ie  D a rw in 's c h e n  
S e le c tio n sp r in z ip ,"  p. 2 1 8 , 1903.

6 T h e  fo l lo w in g  a c c o u n t o f  th e  s c ie n tif ic  a s p e c ts  o f  
L u th e r  B u rb a n k 's  w o rk , w h ic h  h a s  a ttra c te d  so  m u c h  
a tte n tio n  f ro m  e v o lu tio n is ts  a n d  th e  w o r ld  g e n e ra lly , w a s
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p u b lis h e d  b y  K e llo g g , in  th e  Pop. Sci, M o, V o l. L X IX , 
pp . 3 6 3 -3 7 4 , 1906.

"M r. B u rb a n k  h a s  so  f a r  n o t  fo rm u la te d  a n y  n e w  o r 
a d d itio n a l la w s  o f  s p e c ie s -c h a n g e , n o r  d o  h is  o b se rv a tio n s  
a n d  re su lts  ju s t i fy  a n y  su c h  fo rm u la tio n , a n d  w e  m a y  re s t  
in  th e  b e l ie f  th a t  h e  h a s  n o  n e w  fu n d a m e n ta l la w s  to  
re v e a l. H e  h a s  in d e e d  th e  r ig h t  to  fo rm u la te , i f  h e  c a re s  to , 
so m e  v a lu a b le  a n d  s ig n if ic a n t sp e c ia l c o n c lu s io n s  
to u c h in g  c e r ta in  a lre a d y  re c o g n is e d  e v o lu tio n  fa c to rs , in  
p a r t ic u la r  th e  in f lu e n c e  o n  v a r ia b il i ty  o f  th e  tw o  lo n g -  
k n o w n  v a r ia t io n -p ro d u c in g  fa c to rs  o f  h y b r id is a tio n  a n d  
m o d if ic a tio n  o f  e n v iro n m e n t. H is  re lia n c e  o n  th e  m a rk e d  
in c re a se  in  v a r ia b ili ty  to  b e  g o t a f te r  a  c ro s s in g  in  th e  
se c o n d  a n d  th ird  g e n e ra tio n s  o v e r  th a t  o b v io u s  in  th e  f irs t, 
w ill c o m e  a s  a  su rp r ise  to  m o s t  m e n  f ir s t  g e tt in g  
a c q u a in te d  w ith  h is  w o rk . H e  h a s  g o t  m o re  s ta r ts  fo r  h is  
n e w  th in g s  f ro m  th e s e  g e n e ra tio n s  th a n  in  a n y  o th e r  w ay . 
H e  is  w h o lly  c le a r  a n d  c o n v in c e d  in  h is  o w n  m in d  a s  to  
th e  in h e r ita n c e  o f  a c q u ire d  c h a ra c te rs ; 'a c q u ire d  c h a ra c te rs  
a re  in h e r ite d  o r  I k n o w  n o th in g  o f  p la n t  life , ' h e  sa y s  ; a n d  
a ls o  c o n v in c e d  th a t  th e  o n ly  u n i t  in  o rg a n ic  n a tu re  is  th e  
in d iv id u a l, n o t  th e  sp ec ie s ; th a t  th e  so -c a lle d  sp e c ie s  a re  
w h o lly  m u ta b le  a n d  d e p e n d e n t fo r  th e ir  a p p a re n t  f ix ity  
so le ly  o n  th e  le n g th  o f  t im e  th ro u g h  w h ic h  th e ir  so -c a lle d  
p h y le tic  c h a ra c te rs  h a v e  b e e n  o n to g e n e tic a lly  re p e a te d . H e  
d o e s  n o t  a g re e  a t  a ll w ith  d e  V rie s  th a t  m u ta tio n s  in  p la n ts  
o c c u r  o n ly  a t  c e r ta in  p e r io d ic  t im e s  in  th e  h is to ry  o f  th e  
sp e c ie s , b u t  ra th e r  th a t, i f  th e y  o c c u r  a t  a ll, th e y  d o  so 
w h e n e v e r  th e  sp e c ia l s tim u lu s  d e r iv e d  f ro m  u n u su a l 
n u tr i t io n  o r  g e n e ra l e n v iro n m e n t c a n  b e  b ro u g h t to  b e a r  on  
th em . H e  f in d s  in  h is  b re e d in g  w o rk  n o  p re p o te n c y  o f  
e ith e r  sex  a s  su ch  in  in h e r ita n c e , th o u g h  a n y  c h a ra c te r  o r  
g ro u p  o f  c h a ra c te rs  m a y  b e  p re p o te n t  in  e i th e r  sex . H e  
b e lie v e s  th a t  n o  sh a rp  lin e  c a n  b e  d ra w n  b e tw e e n  th e  
f lu c tu a tin g  o r  s o -c a lle d  D a rw in ia n  v a r ia tio n s  a n d  th o se  
le s s  u su a l, la rg e , d is c o n tin u o u s  o n e s  c a lle d  spo rts .
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O rd in a ry  f lu c tu a tin g  v a r ia t io n  g o e s  o n  u n d e r  o rd in a ry  
c o n d itio n s  o f  n u tr itio n , b u t  w ith  e x tra o rd in a ry
e n v iro n m e n ta l c o n d itio n s  c o m e  a b o u t e x tra o rd in a ry  
v a r ia t io n  re su lts , n a m e ly , d is c o n tin u o u s , sp o rt o r  
m u ta tio n a l v a r ia tio n . T h e se  v a r ia t io n s  a re  th e  e ffe c ts  o f  
p a s t  e n v iro n m e n t a lso , h a v in g  re m a in e d  la te n t  u n til  
o p p o r tu n ity  f o r  th e ir  d e v e lo p m e n t o ccu rs . S ta rv a tio n  
c a u se s  re v e rs io n s , b u t  re v e rs io n s  c a n  a ls o  b e  p ro d u c e d  b y  
u n u s u a lly  r ic h  n u tr itio n . N e w  v a r ia t io n s  a re  d e v e lo p e d  
m o s t o ften , a s  f a r  a s  e n v iro n m e n ta l in f lu e n c e s  g o , b y  r ic h  
so il a n d  g e n e ra lly  fa v o u ra b le  c o n d itio n s . S o -c a lle d  new 
q u a lit ie s  a re  u su a lly , i f  n o t  a lw a y s  ( th e  fa c t  m a y  
so m e tim e s  n o t  b e  o b v io u s ) , s im p ly  n e w  c o m b in a tio n s  o f  
o ld  q u a litie s , b o th  la te n t  a n d  o b v io u s . T o  g e t a  n e w  an d  
p le a s in g  o d o u r  i t  m a y  o f te n  b e  s u f f ic ie n t s im p ly  to  lo se  
o n e  b a d  e le m e n t in  an  o ld  o d o u r. S o  o n e  m ig h t g o  o n  fo r  
so m e  p a g e s  w ith  sp e c if ic  c o n c lu s io n s  o r  d e d u c tio n s  
re a c h e d  b y  B u rb a n k  o n  a  b a s is  o f  e x p e rie n c e . B u t i t  is  tru e  
th a t  h e  h a s  a t  h is  c o m m a n d  th e  k n o w le d g e  o f  n o  n e w  
fu n d a m e n ta l s c ie n tif ic  p r in c ip le s  to  g iv e  h im  a d v a n ta g e  
o v e r  u s. A n d  y e t  n o n e  o f  u s  h a s  d o n e  w h a t B u rb a n k  h a s  
b e e n  a b le  to  do , a lth o u g h  m a n y  o f  u s  h a v e  tr ie d . W h a t 
th e n  is  i t  th a t  B u rb a n k  b r in g s  to  h is  w o rk  o f  m o d ify in g  
o rg a n ism s  sw if tly  a n d  e x tre m e ly  a n d  d e f in ite ly  th a t  o th e rs  
d o  n o t  ?

"T o  a n s w e r  th is  i t  w ill b e  a d v isa b le  to  a n a ly se  in  
g e n e ra l te rm s , a t  le a s t, th e  v a r io u s  p ro c e s s e s  w h ic h  e ith e r  
s in g ly , o r  in  c o m b in a tio n s  o f  tw o  o r  th re e , o r  a ll to g e th e r , 
a re  u s e d  b y  M r. B u rb a n k  in  h is  w o rk . W e  m a y  ro u g h ly  
c la s s ify  th e s e  p ro c e s s e s  a n d  m e a n s . F irs t, th e re  is  th e  
im p o r ta tio n  f ro m  fo re ig n  c o u n tr ie s , th ro u g h  m a n y  
c o r re sp o n d e n ts , o f  a  h o s t  o f  v a r io u s  k in d s  o f  p la n ts , so m e  
o f  e c o n o m ic  v a lu e  in  th e ir  n a tiv e  la n d  a n d  so m e  n o t, a n y  
o f  w h ic h  g ro w n  u n d e r  d if fe re n t c o n d itio n s  h e re  m a y  p ro v e  
sp e c ia lly  v ig o ro u s  o r  p ro lif ic  o r  h a rd y , o r  sh o w  o th e r  
d e s ira b le  c h a n g e s  o r  n e w  q u a litie s . A m o n g  th e se
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im p o r ta tio n s  a re  o f te n  sp e c ia l k in d s  p a r tic u la r ly  so u g h t fo r  
b y  B u rb a n k  to  u s e  in  h is  m u ltip le  h y b r id is a tio n s ; k in d s  
c lo se ly  re la te d  to  o u r  n a tiv e  o r  to  a lre a d y  c u ltiv a te d  ra c e s  
w h ic h , d e sp ite  m a n y  w o r th le s s  c h a ra c te r is tic s , m a y  
p o sse s s  o n e  o r  m o re  p a r tic u la r , v a lu a b le  o n e s  n e e d e d  to  b e  
a d d e d  to  a  ra c e  a lre a d y  u se fu l to  m a k e  i t  m o re  u se fu l. 
S u ch  an  a d d itio n  m a k e s  a  n e w  race .

"S eco n d , th e  p ro d u c tio n  o f  v a r ia tio n s , a b u n d a n t 
a n d  e x tre m e , b y  v a r io u s  m e th o d s , a s  (a )  th e  g ro w in g  u n d e r  
n e w  and . u su a lly , m o re  fa v o u ra b le  e n v iro n m e n t ( fo o d  
su p p ly , w a te r , te m p e ra tu re , lig h t, sp ace , e tc .)  o f  v a r io u s  
w ild  o r  c u ltiv a te d  fo rm s , a n d  (b )  b y  h y b r id is a tio n s  
b e tw e e n  fo rm s  c lo se ly  re la te d , le s s  c lo se ly  re la te d  an d , 
f in a lly , a s  d is s im ila r  a s  m a y  b e  (n o t p ro d u c in g  s te rility ) , 
th is  h y b r id is in g  b e in g  o f te n  im m e n s e ly  c o m p lic a te d  b y  
m u ltip ly in g  c ro sse s , i. e, th e  o f fs p r in g  f ro m  o n e  c ro ss  
b e in g  im m e d ia te ly  c ro s se d  w ith  a  th ird  fo rm , a n d  th e  
o f fs p r in g  o f  th is  w ith  s till a n o th e r  fo rm , a n d  so  on. T h e se  
h y b r id is a tio n s  a re  m a d e  s o m e tim e s  w ith  v e ry  li ttle  
re fe re n c e  to  th e  a c tu a l u se fu l o r  n o n -u se fu l c h a ra c te r is tic s  
o f  th e  c ro sse d  p a re n ts , w ith  th e  p r im a ry  in te n tio n  o f  
p ro d u c in g  a n  u n s e tt l in g  o r  in s ta b ili ty  in  th e  h e re d ity , o f  
c a u s in g , a s  B u rb a n k  so m e tim e s  say s, 'p e r tu rb a tio n s ' in  th e  
p la n ts , so  a s  to  g e t J u s t  a s  w id e  a n d  a s  la rg e  v a r ia t io n  a s  
p o ss ib le . O th e r  c ro sse s  a re  m a d e , o f  c o u rse , in  th e  
d e lib e ra te  a t te m p t to  b le n d , to  m ix , to  a d d  to g e th e r , tw o  
d e s ira b le  c h a ra c te r is tic s , e a c h  p o s s e s s e d  b y  o n ly  o n e  o f  
th e  c ro s se d  fo rm s . S o m e  c ro s se s  a re  m a d e  in  th e  a tte m p t 
to  e x tin g u ish  an  u n d e s ira b le  c h a ra c te r is tic .

"T h ird , th e re  is  a lw a y s  im m e d ia te ly  fo llo w in g  th e  
u n u su a l p ro d u c tio n  o f  v a r ia tio n s , th e  re c o g n itio n  o f  
d e s ira b le  m o d if ic a tio n s  a n d  th e  in te l l ig e n t  a n d  e f fe c tiv e  
se le c tio n  o f  th e m , i.e ., th e  sa v in g  o f  th o s e  p la n ts  to  
p ro d u c e  seed  o r  c u ttin g s  w h ic h  sh o w  th e  d e s ira b le  
v a r ia tio n s  a n d  th e  d is c a rd in g  o f  a ll th e  o th e rs . In  
B u rb a n k 's  g a rd e n s  th e  f e w  te n d e r ly  c a re d  f o r  l i ttle  p o tte d
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p la n ts  o r  c a re fu lly  g ra f te d  se e d lin g s  re p re s e n t  th e  
s u rv iv in g  f itte s t, a n d  th e  g re a t  b o n f ire s  o f  sc o re s  o f  
th o u s a n d s  o f  u p ro o te d  o th e rs , th e  u n f it, in  th is  c lo se  
m im ic ry  o f  D a rw in  a n d  S p e n c e r 's  s tru g g le  a n d  su rv iv a l in  
n a tu re .

"It is  p re c is e ly  in  th is  d o u b le  p ro c e s s  o f  th e  
re c o g n itio n  a n d  se le c tio n  o f  d e s ira b le  v a r ia tio n s  th a t  
B u rb a n k 's  g e n iu s  c o m e s  in to  p a r t ic u la r  p lay . R ig h t  h e re  h e  
b r in g s  so m e th in g  to  b e a r  o n  h is  w o rk  th a t  f e w  o th e r  m e n  
h a v e  b e e n  a b le  to  do. I t  is  th e  e x tra o rd in a ry  k e e n n e s s  o f  
p e rc e p tio n , th e  d e lic a c y  o f  re c o g n itio n  o f  d e s ira b le  
v a r ia t io n s  in  th e ir  (u su a lly )  sm a ll a n d  to  m o s t  m e n  
im p e rc e p tib le  b e g in n in g s . Is  i t  a  f ra g ra n c e  th a t  is  so u g h t?  
T o  B u rb a n k  in  a  b e d  o f  h u n d re d s  o f  se e d lin g  w a ln u ts  
sc o re s  o f  th e  o d o u rs  o f  th e  p la n t  k in g d o m  a re  a r is in g  a n d  
m in g lin g  f ro m  th e  f re s h  g re e n  le a v e s , b u t  e ach , m in d  y o u , 
f ro m  a  c e r ta in  s in g le  se e d lin g  o r  p e rh a p s  f ro m  a  s im ila r  
p a ir  o r  tr io . B u t  to  m e  o r  to  y o u , u n til  th e  m a s te r  p ro v e r  
p o in ts  o u t tw o  o r  th re e  o f  th e  m o re  d o m in a n t s in g le  
o d o u rs , th e  im p re s s io n  o n  th e  o lfa c to r ie s  is  s im p ly  (o r  
c o n fu se d ly )  th a t  o f  o n e  so f t e lu s iv e  f ra g ra n c e  o f  f re s h  
g re e n  le a v e s . S im ila r ly  B u rb a n k  is  a  m a s te r  a t se e in g , an d  
a  m a s te r  a t fe e lin g . A n d  b e s id e s  h e  h a s  h is  o w n  u n iq u e  
k n o w le d g e  o f  c o rre la tio n s . D o e s  th is  p lu m  se e d lin g  w ith  
its  sc o re s  o f  le a v e s  o n  its  th in  s te m  h a v e  th o s e  le a v e s  
in f in ite s im a lly  p lu m p e r , s m o o th e r  o r  s tro n g e r, o r  w ith  
m o re  e v e n  m a rg in s  a n d  s tro n g e r  p e tio le , o r  w h a t  n o t  e lse , 
th a n  a n y  o th e r  a m o n g  a  th o u s a n d  s im ila r  c h ild ish  tre e s?  
T h e n  i t  is  sav ed , f o r  i t  w ill b e a r  a  la rg e r, o r  a  sw e e te r , o r  a  
f irm e r  so r t o f  p lu m , o r  m o re  p lu m s  th a n  th e  o th e rs . S o  to  
th e  b o n f ire s  w ith  th e  o th e rs  a n d  to  th e  c o m p a n y  o f  th e  
e le c t w ith  th is  'f itte s t ' one. N o w  th is  re c o g n itio n , th is  
k n o w le d g e  o f  c o rre la tio n s  in  p la n t  s tru c tu re , b o rn  o f  th e  
e x e rc is e  o f  a  g e n iu s  f o r  p e rc e iv in g  th ro u g h  th ir ty  y e a rs  o f  
o p p o r tu n ity  f o r  te s t in g  a n d  p e r fe c t in g  it, is  p e rh a p s  th e  
m o s t im p o r ta n t  s in g le  th in g  w h ic h  B u rb a n k  b r in g s  to  h is
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w o rk  th a t  o th e r  m e n  d o  n o t  (a t  le a s t  in  su c h  u n u su a l 
d e g re e  o f  re lia b ility ) . E n o rm o u s  in d u s try , u t te r  
c o n c e n tra tio n  a n d  s in g le -m in d e d n e ss , d e f tn e s s  in  
m a n ip u la tio n , fe r t i l i ty  in  p ra c tic a l re so u rc e , h a s  B u rb a n k  
—  a n d  so  h a v e  n u m e ro u s  o th e r  b re e d e rs  a n d  
e x p e rim e n te rs . B u t  in  h is  p e rc e p tio n  o f  v a r ia b ili ty  in  its  
fo rm in g , h is  re c o g n itio n  o f  its  p o s s ib il i t ie s  o f  o u tc o m e , 
a n d  in  h is  s c ie n tif ic  k n o w le d g e  o f  c o rre la tio n s , a  
k n o w le d g e  th a t  is  re a l, f o r  i t  is  o n e  th a t  is  re lie d  o n  a n d  
b u i l t  on , a n d  is  a t  th e  v e ry  fo u n d a tio n  o f  h is  su ccess , 
B u rb a n k  h a s  a n  a d v a n ta g e  o f  tru e  s c ie n tif ic  c h a ra c te r  o v e r  
h is  f e l lo w  w o rk e rs , a n d  in  it  h e  m a k e s  a  g e n u in e  
c o n tr ib u tio n  to  s c ie n tif ic  k n o w le d g e  o f  p la n t  b io lo g y , 
a lb e i t  th is  k n o w le d g e  is  so  f a r  o n ly  p ro v e d  to  b e  a tta in a b le  
a n d  to  ex is t. I t is  n o t  y e t  e x p o se d  in  its  d e ta ils  a n d  m a y  
n e v e r  b e , h o w e v e r  u n s e lf is h  b e  th e  o w n e r  o f  it. F o r  th e  
g o in g  to  o b liv io n  o f  s c ie n tif ic  d a ta  o f  a n  e x te n t a n d  v a lu e  
e q u iv a le n t, I m a y  e s tim a te  ro u g h ly , to  th o s e  n o w  is su in g  
f ro m  a n y  h a lf -d o z e n  e x p e r im e n ta l la b o ra to r ie s  o f  v a r ia tio n  
a n d  h e re d ity , is  th e  c ry in g  re g re t o f  a ll e v o lu tio n  s tu d e n ts  
a c q u a in te d  w ith  th e  s itu a tio n . T h e  re c e n tly  a s s u m e d  
re la tio n s  o f  M r. B u rb a n k  to  th e  C a rn e g ie  In s ti tu tio n  a re  
o u r  p re s e n t c h ie f  h o p e  fo r  a t  le a s t  a  le s s e n in g  o f  th is  lo ss.

"B u t le t  u s  fo l lo w  o u r  sa v e d  p lu m  seed lin g . H a v e  
w e  n o w  to  w a it  th e  s ix  o r  se v e n  y e a rs  b e fo re  a  p lu m  tre e  
c o m e s  in to  b e a r in g  to  k n o w  b y  a c tu a l s e e in g  a n d  te s tin g  
w h a t  n e w  so rt o f  p lu m  w e  h a v e ?  N o ; a n d  h e re  a g a in  is  o n e  
o f  B u rb a n k 's  c o n tr ib u tio n s  (n o t w h o lly  o r ig in a l to  b e  su re , 
b u t  o rig in a l in  th e  e x te n t a n d  p e rfe c tio n  o f  its  
d e v e lo p m e n t)  to  th e  s c ie n tif ic  a s p e c ts  o f  p la n t-b re e d in g . 
T h is  sa v e d  se e d lin g  a n d  o th e r  s im ila r  sa v e d  o n e s  ( fo r  f ro m  
th e  e x a m in a tio n  o f  2 0 ,0 0 0  se e d lin g s , say , B u rb a n k  w ill 
f in d  a  f e w  te n s  o r  e v e n  sc o re s  in  w h ic h  h e  h a s  fa ith  o f  
re w a rd )  w ill b e  ta k e n  f ro m  th e ir  p lo ts  a n d  g ra f te d  o n  to  th e  
s tu rd y  b ra n c h e s  o f  so m e  fu ll-g ro w n  v ig o ro u s  p lu m  tre e , so  
th a t  in  th e  n e x t  se a so n  o r  se c o n d  n e x t  o u r  se e d lin g  s tem
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w ill b e a r  its  f lo w e rs  a n d  fru its . H e re  a re  y e a rs  sav ed . 
T w e n ty , fo r ty , s ix ty , d if fe re n t s e e d lin g s  g ra f te d  o n  to  o n e  
s tro n g  tre e  ( in  a  p a r t ic u la r  in s ta n c e  B u rb a n k  h a d  6 0 0  p lu m  
g ra f ts  o n  a  s in g le  tre e ! )  ; a n d  e a c h  se e d lin g -s te m  c e r ta in  to  
b e a r  its  o w n  k in d  o f  le a f  a n d  f lo w e r  a n d  fru it. F o r  w e  h a v e  
lo n g  k n o w n  th a t  th e  sc io n  is  n o t  m a te r ia lly  in f lu e n c e d  b y  
th e  s to c k  n o r  th e  s to c k  b y  th e  sc io n ; th a t  is  n o t  m o d if ie d  
ra d ic a lly , a l th o u g h  g ra f tin g  so m e tim e s  in c re a s e s  o r  
o th e rw ise  m o d if ie s  th e  v ig o u r  o f  g ro w th  a n d  th e  e x te n t o f  
th e  ro o t sy s te m  o f  th e  stock .

" If n o w  th e  f ru i t  f ro m  o u r  v a r ia n t  se e d lin g  is  
su ff ic ie n tly  d e s ira b le  ; i f  i t  p ro d u c e s  e a r lie r  o r  la te r, 
s w e e te r  o r  la rg e r , f i rm e r  o r  m o re  a b u n d a n t, p lu m s , w e  
h a v e  a  n e w  ra c e  o f  p lu m s , a  'n e w  c re a tio n ' to  g o  in to  th a t  
th in  c a ta lo g u e  o f  re su lts . F o r  b y  s im p ly  s u b d iv id in g  th e  
w o o d  o f  th e  n e w  b ra n c h , i. e,  m a k in g  n e w  g ra f ts  f ro m  it, 
th e  n e w  p lu m  c a n  b e  p e rp e tu a te d  a n d  in c re a s e d  a t w ill. 
S im p le , is  i t  n o t?  N o . i t  is  a n y th in g  b u t  th a t  in  th e  re a lity  
o f  d o in g  it; b u t  in  th e  s c ie n tif ic  a s p e c ts  o f  it, e a s ily  
u n d e rs ta n d a b le .

"P e rh a p s  i t  m a y  n o t  b e  a m iss  to  ca ll a tte n tio n  to  
w h a t  m u s t  b e  th e  f a m ila r  k n o w le d g e  o f  m o s t  o f  u s , an d  
th a t  is  th e  fa c t  th a t  m a n y  (p ro b a b ly  m o s t)  c u ltiv a te d  p la n ts  
m u s t b e  r e p ro d u c e d  b y  d iv is io n , th a t  is  b y  c u ttin g s , b u d s . 
o r  g ra fts , a n d  n o t b y  seed s , in  o rd e r  to  g ro w  'tru e .' F o r  a 
p ie c e  o f  a  c u ltiv a te d  p la n t  w ill g ro w  o u t to  b e  v e ry  m u c h  
lik e  th e  in d iv id u a l i t  w a s  c u t f ro m , b u t  th e  se e d s  w ill n o t, 
in  m o s t  c a se s , r e p ro d u c e  fa i th fu lly  th e  p a re n ts , b u t  w ill 
p ro d u c e  a  v e ry  v a r ia b le  lo t  o f  in d iv id u a ls , m o s t  o f  th e m  
s tro n g ly  re v e rs io n a ry  in  c h a ra c te r . G ro w  p e a c h  tre e s  f ro m  
th e  s to n e s  o f  y o u r  fa v o u r ite  p e a c h  a n d  see  w h a t  m a n n e r  o f  
p e a c h e s  y o u  g e t;b u t  i f  y o u  w a n t to  b e  su re  o f  m o re  
p e a c h e s  l ik e  th e  o n e s  y o u  e n jo y , g ra f t  sc io n s  f ro m  y o u r  
tre e  o n  to  o th e r  tree s . In d e e d  o n e  o f  th e  p la n t-b re e d e r 's  
fa v o u r ite  m e th o d s  o f  m a k in g  a  s ta r t f o r  n e w  th in g s , o f  
g e tt in g  th e  re q u is ite  b e g in n in g  w e a lth  a n d  e c c e n tr ic ity  o f
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v a r ia tio n , is  to  g ro w  se e d lin g s , e sp e c ia lly  f ro m  c ro s s -b re d  
v a r ie tie s . B u rb a n k  w ill g iv e  y o u  a  th o u s a n d  d o lla rs  fo r  a 
p in c h  o f  h o rs e ra d is h  seed . S u g a r-c a n e  se e d  is  n e e d e d . T h e  
a m e lio ra t io n  o f  m a n y  k in d s  o f  f ru i t  a n d  f lo w e rs  a n d  
v e g e ta b le s  is  c h e c k e d , b e c a u s e  in  o u r  c a re le s sn e s s  w e  
h a v e  a llo w e d  th e s e  k in d s  to  g e t  in to  th a t  c o n d itio n  o f  
s e e d le s sn e s s  w h ic h  a lm o s t  a ll c u ltiv a te d  ra c e s  te n d  to w a rd  
w h e n  g ro w n  f ro m  c u ttin g s . In  o u r  o ra n g e s  a n d  g ra p e - f ru it  
a n d  in  a  sc o re  o f  o th e r  f ru its , th e  e lim in a tio n  o f  se e d s  is  
e x a c tly  o n e  o f  th e  m o d if ic a tio n s  w e  h a v e  b re d  a n d  
se le c te d  fo r , in  o rd e r  to  m a k e  th e  f ru its  le s s  tro u b le s o m e  in  
th e ir  e a tin g . B u t w h e n  w e  lo s e  th e  se e d s  e n tire ly  o f  a 
w h o le  g ro u p  o f  re la te d  p la n t  k in d s  w e  m a y  f in d  
o u rse lv e s ,a s  w e  h a v e  fo u n d  o u rse lv e s  a c tu a lly  in  m a n y  
c a se s , a t  th e  e n d  o f  o u r  p o w e rs  o f  a m e lio ra tio n  o f  th e s e  
p la n t  so rts . B u rb a n k  b e lie v e s  th a t  th e  v e ry  fa c t  th a t  p la n ts  
w h e n  g ro w n  a s e x u a lly  a lw a y s  so o n e r  o r  la te r  lo se  th e ir  
p o w e r  to  p ro d u c e  se e d s  is  a lm o s t  su ff ic ie n t p ro o f  ( i f  su c h  
p r o o f  is  n e e d e d )  th a t  a c q u ire d  c h a ra c te rs  a re  tra n sm itte d .

"A n o th e r  o f  B u rb a n k 's  o p e n  se c re ts  o f  su c c e s s  is  
th e  g re a t  ra n g e  o f  h is  e x p e r im e n ta tio n  —  n o th in g  is to o  
b o ld  fo r  h im  to  a tte m p t. th e  c h a n c e s  o f  f a ilu re  a re  n e v e r  
to o  g re a t  to  f r ig h te n  h im . A n d  a n o th e r  s e c re t is  th e  g re a t 
e x te n t, a s  re g a rd s  m a te r ia l  u se d , o f  e a c h  e x p e rim e n t. H is  
b e d s  o f  se e d lin g s  c o n ta in  h u n d re d s , o f te n  th o u sa n d s , o f  
in d iv id u a ls  w h e re  o th e r  m e n  a re  c o n te n t w ith  h u n d re d s . 
A n o th e r  e le m e n t in  h is  w o rk  is  h is  p ro d ig a li ty  o f  tim e . 
E x p e r im e n ts  b e g u n  tw e n ty  y e a rs  a g o  a re  a c tu a lly  s till 
u n d e r  w ay .

"In  a ll th a t  I  h a v e  so  fa r  w r itte n , I  h a v e  p u rp o s e ly  
k e p t to  g e n e ra l s ta te m e n ts  a p p lic a b le  to  B u rh a n k 's  w o rk  a s  
a  w h o le . M y  re a d e rs  m ig h t b e  m o re  in te re s te d , p e rh a p s , to  
h a v e  so m e  i l lu s tra tio n s  o f  th e  a p p lic a t io n  o f  v a r io u s  
p ro c e s s e s  o f  m ik in g  n e w  so rts  o f  th in g s , so m e  a n a ly tic a l 
a c c o u n t o f  th e  h is to ry  o f  v a r io u s  sp e c if ic  'n e w  c re a tio n s ,' 
h u t  c o n s id e ra tio n s  o f  sp a c e  p ra c tic a lly  fo rb id  th is . J u s t  a
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fe w  b r ie f ly  d e s c r ib e d  e x a m p le s  m u s t  su ffice . M o re  th a n  is  
g e n e ra lly  im a g in e d , p e rh a p s , B u rb a n k  u s e s  p u re  s e le c tio n  
to  g e t  n e w  th in g s . F ro m  th e  f im o u s  g o ld e n  o ra n g e  
c o lo u re d  C a lifo rn ia  p o p p y  (Escholtzia) h e  h a s  p ro d u c e d  a 
f ix e d  n e w  c r im so n  fo rm  b y  se le c tio n  a lo n e . T h a t is. 
n o tic in g , so m e w h e re , so m e tim e , an  Escholtzia in d iv id u a l 
v a ry in g  s lig h tly  re d d e r , h e  p ro m p tly  to o k  p o s s e s s io n  o f  it, 
ra is e d  y o u n g  p o p p ie s  f ro m  its  seed s , se le c te d  f ro m  a m o n g  
th e m  th o s e  v a ry in g  in  a  s im ila r  d ire c tio n , ra is e d  n e w  
g e n e ra tio n s  f ro m  th e m  a n d  so  o n  u n til  n o w  h e  w h o  w is h e s  
m a y  h a v e  h is  C a lifo rn ia  p o p p ie s  o f  a  s tra n g e  g lo w in g  
c r im so n  fo r  th e  p r ic e  o f  a  l i t t le  p a c k a g e  o f  se e d ,w h e re  
fo rm e r ly  h e  w a s  p e r fo rc e  c o n te n t w ith  th e  g o ld e n  o ra n g e . 
F o r  m e  th e  g o ld e n  o ra n g e  su ff ic e s , b u t  th a t  d o e s  n o t 
d e tra c t f ro m  m y  e a g e r  in te re s t  in  th e  f lo w e r-p a in tin g  
m e th o d s  o f  M r. B u rb a n k . E v e n  m o re  s tr ik in g  a  re s u lt  is  h is  
b lu e  S h ir le y  p o p p y , p ro d u c e d  a lso  so le ly  b y  re p e a te d  
se le c tio n  f ro m  th e  c r im so n  f ie ld  p o p p y  o f  E u ro p e . 'W e  
h a v e  lo n g  h a d  v a r io u s  sh a d e s  o f  b la c k  a n d  c r im so n  a n d  
w h ite  p o p p ie s , b u t  n o  sh a d e  o f  b lu e . O u t o f  2 0 0 ,0 0 0  
s e e d lin g s  I fo u n d  o n e  s h o w in g  a  fa in te s t  t ra c e  o f  sk y  b lu e  
a n d  p la n te d  th e  se e d  f ro m  it, a n d  g o t n e x t  y e a r  o n e  p re tty  
b lu e  o n e  o u t o f  m a n y  th o u sa n d , a n d  n o w  I h a v e  o n e  
a lm o s t p u re  b lu e .'

"B u t a n o th e r  b r i l l ia n t  n e w  p o p p y  w a s  m a d e  in  a  
d if fe re n t w ay . T h e  p o lle n  o f  Papaver pilosum, a  b u tte r -  
c o lo u re d  p o p p y , w a s  p u t  o n  th e  p is ti ls  o f  th e  B rid e , a  
c o m m o n  p u re  w h ite  v a r ie ty  o f  Papaver somniferum 
(d o u b le ) , a n d  in  th e  p ro g e n y  o f  th is  c ro ss  w a s  g o t a  fire- 
coloured single form.. T h e , c h a ra c te r  o f  s in g le n e s s  w a s  
c o m m o n  to  th e  a n c e s to rs  o f  b o th  p a re n ts , th e  c h a ra c te r  o f  
f ire  c o lo u r  in  th e  lin e a g e  o f  somniferum o n ly , a l th o u g h  th e  
re d  o f  th e  n e w  fo rm  is  b r ig h te r  th a n  e v e r  b e fo re  k n o w n  in  
th e  so m n ife ra  se ries. B o th  c h a ra c te r is tic s  w e re  a b s e n t  (o r  
ra th e r  la te n t)  in  b o th  p a re n ts . A n d  y e t  th e  p e r tu rb in g  
in f lu e n c e  o f  th e  h y b r id is a tio n  b ro u g h t to  th e  fo re  a g a in
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th e s e  a n c e s tra l  c h a ra c te rs . T h e  fo lia g e  o f  th is  f ire  p o p p y  is  
in te rm e d ia te  in  ty p e  b e tw e e n  th a t  o f  th e  tw o  p a re n ts .

"T h e  h is to ry  o f  th e  s to n e le ss  a n d  se e d le ss  p lu m , 
n o w  b e in g  s lo w ly  d e v e lo p e d  b y  B u rb a n k s , sh o w s  a n  
in te re s tin g  c o m b m in a tio n  o f  se le c tio n , h y b r id is a tio n , a n d  
re se le c tin g . M r. B u rb a n k  fo u n d  a  p lu m  in  a  sm all w ild  
p lu m  sp e c ie s  w ith  o n ly  a  p a r t  o f  a  s to n e . H e  c ro s se d  th is  
w ild  sp e c ie s  w ith  th e  F re n c h  p ru n e ; in  th e  f ir s t  g e n e ra tio n  
h e  g o t m o s t  in d iv id u a ls  w ith  w h o le  s to n e s , so m e  w ith  
p a r ts  o f  a  s to n e , a n d  e v e n  so m e  w ith  n o  stone . T h ro u g h  
th re e  g e n e ra tio n s  h e  h a s  n o w  c a rr ie d  h is  l in e  b y  s te a d ily  
se le c tin g , a n d  th e  p e rc e n ta g e  o f  n o -s to n e  f ru its  is  s lo w ly  
in c re a s in g ,w h ile  q u a lity , b e a u ty , a n d  p ro d u c tiv e n e s s  a re  
a lso  in c re a s in g  a t th e  sa m e  tim e .

''T h e  p lu m -c o t is  th e  re s u lt  o f  c ro s s in g  th e  
J a p a n e s e  p lu m  a n d  th e  a p ric o t. T h e  p lu m -c o t, h o w e v e r , 
h a s  n o t y e t  b e c o m e  a  f ix e d  v a r ie ty  a n d  m a y  n e v e r  b e , a s  it  
te n d s  to  re v e r t  to  th e  p lu m  a n d  a p r ic o t  a b o u t eq u a lly , 
a l th o u g h  w ith  a ls o  a  te n d e n c y  to  re m a in  f ix e d ,w h ic h  
te n d e n c y  m a y  b e  m a d e  p e rm a n e n t.

"M o s t o f  B u rb a n k 's  p lu m s  a n d  p ru n e s  a re  th e  re su lt  
o f  m u ltip le  c ro s s in g s  in  w h ic h  th e  J a p a n e s e  p lu m s  h a v e  
p la y e d  a n  im p o r ta n t  p a rt. H u n d re d s  o f  th o u s a n d s  o f  
se e d lin g s  h a v e  b e e n  g ro w n  a n d  c a re fu lly  w o rk e d  o v e r  in  
th e  tw e n ty  y e a rs  o f  e x p e r im e n tin g  w ith  p lu m s , a n d  s in g le  
tre e s  h a v e  b e e n  m a d e  to  c a rry  as m a n y  as 6 0 0  v a ry in g  
se e d lin g  g ra fts . T h e  B a r t le t t  p lu m , c ro ss  o f  th e  b i t te r  
C h in e se  S im o n i a n d  th e  D e la w a re , i t s e l f  a  S im o n i h y b rid , 
h a s  th e  e x a c t f ra g ra n c e  a n d  f la v o u r  o f  th e  B a r t le t t  pea r. 
T h e  C lim a x , a  su c c e ss fu l sh ip p in g  p lu m , is  a ls o  a  c ro s s  o f  
th e  S im o n i a n d  th e  Ja p a n e se  tr if lo ra . T h is  C h in e se  S im o n i 
p ro d u c e s  a lm o s t  n o  p o lle n , b u t  f e w  g ra in s  o f  i t  e v e r  
h a v in g  b e e n  o b ta in e d . B u t  th e s e  fe w  g ra in s  h a v e  e n a b le d  
B u rb a n k  to  r e v o lu tio n is e  th e  w h o le  p lu m  sh ip p in g  
in d u s try . T h e  su g a r  p ru n e , w h ic h  p ro m is e s  to  su p p la n t th e  
F re n c h  p ru n e  in  C a lifo rn ia , is  a  se le c te d  p ro d u c t  o f  a
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se c o n d  o r  th ird  g e n e ra tio n  v a r ie ty  o f  th e  P e tite  d 'A g e n , a  
s o m e w h a t v a r ia b le  F re n c h  p lu m .

"N e x t in  e x te n t  p ro b a b ly  to  B u rb a n k 's  w o rk  w ith  
p lu m s  a n d  p ru n e s  is  h is  lo n g  a n d  su c c e ss fu l 
e x p e r im e n ta tio n  w ith  b e rr ie s . T h is  h a s  e x te n d e d  th ro u g h  
tw e n ty - f iv e  y e a rs  o f  c o n s ta n t a tte n tio n , h a s  in v o lv e d  th e  
u se , in  h y b r id is a tio n s , o f  fo r ty  d if fe re n t sp e c ie s  o f  Rubus, 
a n d  h a s  re s u lte d  in  th e  o r ig in a tio n  o f  a  sc o re  o f  n e w  
c o m m e rc ia l  v a r ie tie s , m o s tly  o b ta in e d  th ro u g h  v a r io u s  
h y b r id is a tio n s  o f  d e w b e rr ie s , b la c k b e rr ie s , a n d  
ra sp b e rr ie s . A m o n g  th e s e  m a y  sp e c ia lly  b e  m e n tio n e d  th e  
P r im u s , a  h y b r id  o f  th e  w e s te rn  d e w b e rry  (R. ursinus) an d  
th e  S ib e r ia n  ra s p b e r ry  (R . cratagifolius), f ix e d  in  th e  f irs t 
g e n e ra tio n , w h ic h  r ip e n s  its  m a in  c ro p  b e fo re  m o s t o f  th e  
s ta n d a rd  v a r ie tie s  o f  ra s p b e r r ie s  a n d  b la c k b e r r ie s  
c o m m e n c e  to  b lo o m . In  th is  P r im u s  b e rry , w e  h a v e  th e  
e x c e p tio n a l in s ta n c e  o f  a  s tro n g  v a r ia tio n , d u e  to  
h y b r id is a tio n , b re e d in g  tru e  f ro m  th e  t im e  o f  its  f ir s t  
a p p e a ra n c e . I t  u s u a lly  ta k e s  a b o u t s ix  g e n e ra tio n s  to  f ix  a 
n e w  v a rie ty , b u t  lik e  d e  V r ie s 's  e v e n in g  p r im ro se  
m u ta tio n s , th e  P r im u s  b e r ry  is  a  f ix e d  n e w  fo rm  fro m  th e  
t im e  o f  its  b e g in n in g . A n  in te re s tin g  fe a tu re  o f  M r. 
B u rb a n k 's  b r ie f  a c c o u n t, in  h is  'N e w  C re a tio n s ' c a ta lo g u e  
o f  1894 , o f  th e  b e r ry  e x p e r im e n ta tio n , is  a  re p ro d u c tio n  o f  
a  p h o to g ra p h  sh o w in g  'a  sa m p le  p ile  o f  b ru sh , 12 ft. w id e , 
14 ft. h ig h . a n d  2 2  ft. lo n g , c o n ta in in g  6 5 ,0 0 0  tw o -  an d  
th re e -y e a r -o ld  se e d lin g  b e r ry  b u s h e s  (4 0 ,0 0 0  b la c k b e r ry  X  
ra s p b e r ry  h y b r id s  a n d  2 5 ,0 0 0  S h a ffe r  X  G re g g  h y b r id s )  all 
d u g  u p  w ith  th e ir  c ro p  o f  r ip e n in g  b e rr ie s . T h e  p h o to g ra p h  
is  in tro d u c e d  to  g iv e  th e  re a d e r  so m e  id e a  o f  th e  w o rk  
n e c e s s a ry  to  p ro d u c e  a  sa tis fa c to ry  n e w  ra c e  o f  b e rr ie s . 
'O f  th e  4 0 ,0 0 0  b la c k b e r ry  X  ra sp b e rry  h y b r id s  o f  th is  k in d , 
"P h e n o m e n a l"  is  th e  o n ly  o n e  n o w  in  e x is te n c e . F ro m  th e  
o th e r  2 5 ,0 0 0  h y b rid s , tw o  d o z e n  b u s h e s  w e re  re se rv e d  fo r  
fu r th e r  tr ia l. '
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"A n  a s to n is h in g  re s u lt  o f  th e  h y b r id is a tio n  
b e tw e e n  th e  b la c k  w a ln u t, Juglans nigra, u s e d  as th e  
p is ti l la te  p a re n t, a n d  th e  C a lifo rn ia  w a ln u t. J. californica, 
s ta m in a te  p a re n t, a re  w a ln u t  tre e s  w h ic h  g ro w  w ith  su ch  
a n  a m a z in g  v ig o u r  a n d  ra p id ity  th a t  th e y  in c re a s e  in  s iz e  a t  
le a s t  tw ic e  a s  fa s t  a s  th e  c o m b in e d  g ro w th  o f  b o th  p a ren ts . 
M a n y  tre m e n d o u s  g ro w e rs  a re  g o t  in  th e  f i r s t  g e n e ra tio n , 
b u t  in  th e  se c o n d  th e re  a re  in c lu d e d  so m e  o f  th e  m o s t 
ra p id ly  g ro w in g  tre e s , p e rh a p s , in  th e  w o rld . T h is  h y b r id  
h a s  c le a n -c u t, g lo s sy  b r ig h t-g re e n  le a v e s  f ro m  tw o  to  th re e  
f e e t  lo n g  w ith  a  sw e e t o d o u r  l ik e  th a t  o f  a p p le s , b u t  it 
p ro d u c e s  f e w  n u ts . C u r io u s ly  e n o u g h  th e  re s u lt  o f  
h y b r id is a tio n  b y  u s in g  th e  p o lle n  o f  nigra o n  p is ti ls  o f  
californica p ro d u c e s  in  a b u n d a n c e  la rg e  n u ts  o f  a  q u a lity  
s u p e r io r  to  th a t  p o s s e s s e d  b y  e i th e r  p a ren t.

"T h e  fa m o u s  S h a s ta  d a isy  is  th e  re s u lt  o f  a 
m u ltip le  c ro s s in g  b e tw e e n  a n  A m e ric a n  a n d  a  E u ro p e a n  
sp e c ie s  o f  f ie ld  d a isy  a n d  th e n  b e tw e e n  th e s e  h y b r id s  a n d  
a  Ja p a n e se  fo rm . T h e  f ra g ra n t ca lla , k n o w n  as 'F ra g ra n c e ,' 
is  d e sc e n d e d  f ro m  a  s in g le  in d iv id u a l fo u n d  b y  B u rb a n k  
w h ile  c r it ic a lly  e x a m in in g  a  b lo c k  o f  L itt le  G e m  c a lla  
seed lin g s . H e  w a s  su rp r is e d  in  th is  e x a m in a tio n  b y  a  
f ra g ra n c e  re s e m b in g  th a t  o f  v io le ts  o r  w a te r - l i l ie s ;  as h e  
h a d  lo n g  b e e n  se e k in g  a  f ra g ra n t  ca lla , th e  in d iv id u a l 
g iv in g  th is  p e r fu m e  w a s  c a re fu lly  h u n te d  out. N o  fa r th e r  
se le c tin g  w a s  d o n e ; th is  p la n t  w a s  th e  s in g le  a n c e s to r  o f  
th e  f ra g ra n t n e w  race .

"A n d  so  o n e  m ig h t g o  o n  fo r  p a g e s , b u t  w ith  s lig h t 
v a r ia t io n s  in  d e ta il a ll th e s e  p a g e s  w o u ld  te ll  o n ly  th e  
sa m e  sto ry : th e  s tim u la tin g  o r  in d u c in g  o f  v a r ia b ili ty  b y  
e n v iro n m e n ta l in f lu e n c e s  a n d  b y  h y b r id isa tio n s ; th e  se a rc h  
a f te r , a n d  k e e n  re c o g n itio n  of, p ro m is in g  sp ec ia l 
v a r ia tio n s ; th e  s e le c tio n  o f  th e  p la n ts  sh o w in g  th e se  
v a r ia t io n s ;re a r in g  n e w  g e n e ra tio n s  f ro m  th e m , re p e a te d  
se le c tio n , a n d  n e w  h y b r id is a tio n s  to  e lim in a te  th is  
c h a ra c te r is tic  o r  in tro d u c e  th a t, a n d  o n  u n til  a  d e s ira b le

317



c o m b in a tio n  is  fo u n d . T h e n  th e  c a re fu l f ix in g  o f  th is  fo rm  
o r  ty p e  b y  re p e a te d  se le c tio n  th ro u g h  se v e ra l g e n e ra tio n s . 
"B u t an  e n d  m u s t  b e  m a d e  o f  th is . L e t  u s , in  a  p a ra g ra p h , 
s im p ly  su m  u p  th e  e sse n tia l th in g s  in  th e  s c ie n tif ic  a sp e c ts  
o f  B u rb a n k 's  w o rk . N o  n e w  re v e la tio n s  to  s c ie n c e  o f  a n  
o v e r tu rn in g  c h a ra c te r ; b u t  th e  r e v e la tio n  o f  th e  
p o s s ib il i t ie s  o f  a c c o m p lis h m e n t, b a s e d  o n  g e n e ra l 
p r in c ip le s  a lre a d y  k n o w n , b y  a n  u n u su a l m an . N o  
n e w la w s  o f  e v o lu tio n , b u t  n e w  fa c ts , n e w  d a ta , n e w  
c a n o n s  f o r  sp e c ia l cases .

N o  n e w  p r in c ip le  o r  p ro c e s s  to  su b s ti tu te  fo r  
s e le c tio n ;b u t a  n e w  p r o o f  o f  th e  p o s s ib il i t ie s  o f  th e  
e f fe c tiv e n e s s  o f  th e  o ld  p rin c ip le . N o  n e w  c a te g o r ie s  o f  
v a r ia tio n s , b u t  a n  i l lu m in a tin g  d e m o n s tra tio n  o f  th e  
p o s s ib il i t ie s  o f  s t im u la tin g  v a r ia b ili ty  a n d  o f  th e  r e a li ty  o f  
th is  g e n e ra l v a r ia b ili ty  a s  th e  fu n d a m e n ta l tra n s fo rm in g  
fac to r.

N o  n e w  e v id e n c e  e ith e r  to  h e lp  th e  D a rw in ia n  
fa c to rs  to  th e ir  d e a th b e d , o r  to  s tre n g th e n  th e ir  le a s e  o n  
life ; fo r  th e  'm a n ' fa c to r  in  a ll th e  se le c tin g  p h e n o m e n a  in  
B u rb a n k 's  g a rd e n s  e x c lu d e s  a ll 'n a tu ra l ' fa c to rs . H e re  are  
so m e  o f  B u rb a n k 's  o w n  w o rd s , to u c h in g  th e s e  m a tte rs  th a t  
s c ie n tif ic  m e n  a re  p a r t ic u la r ly  in te re s te d  in , in  h is  w o rk :

" 'A ll s c ie n tis ts  h a v e  fo u n d  th a t  p re c o n c e iv e d  
n o tio n s , d o g m a s , a n d  a ll p e rso n a l p re ju d ic e  m u s t b e  se t 
a s id e , l is te n in g  p a tie n tly , q u ie tly , a n d  re v e re n tly  to  th e  
le s so n s  o n e  b y  o n e  w h ic h  m o th e r  n a tu re  h a s  to  te a c h , 
sh e d d in g  lig h t  o n  th a t  w h ic h  b e fo re  w a s  a  m y s te ry , so  th a t  
a ll w h o  w ill m a y  see  a n d  k n o w .

" 'C ro s s in g  g iv e s  th e  r a is e r  o f  n e w  p la n ts  th e  o n ly  
m e a n s  o f  u n it in g  th e  b e s t  q u a litie s  o f  e ach , b u t  j u s t  as 
o f te n  th e  w o rs t  q u a lit ie s  o f  e a c h  a re  c o m b in e d  a n d  
tra n sm itte d , so  th a t  to  b e  o f  a n y  v a lu e  i t  m u s t  b e  fo llo w e d  
b y  r ig id  a n d  p e rs is te n t  se le c tio n , a n d  in  c ro ss in g , a s  in  
b u d d in g  a n d  g ra f tin g , th e  a f f in itie s  c a n  o n ly  b e  
d e m o n s tra te d  b y  a c tu a l test.
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" 'A ll w ild  p la n ts  o f  a n y  sp e c ie s  a re  u n d e r  a lm o s t 
id e n tic a l e n v iro n m e n ts , h a v in g  th e ir  e n e rg ie s  ta x e d  to  th e  
u tm o s t  in  th e  f ie rc e  s tru g g le  f o r  e x is te n c e . A n y  g re a t 
v a r ia tio n  u n d e r  su c h  c irc u m s ta n c e s  is  n o t  lik e ly  to  o ccu r, 
a n d  is  m u c h  m o re  l ik e ly  to  b e  s ta m p e d  o u t a t  o n c e  b y  its  
s tru g g lin g  c o m p e tito rs , u n le s s  th e  v a r ia t io n  sh o u ld  b e  o f  
sp e c ia l u s e  in  c o m p e titio n , in  w h ic h  c a se  i t  w ill su rv iv e , 
a n d  a ll o th e rs  m a y  b e  su p p la n te d  b y  it. T h u s  w e  see  h o w  
n e w  sp e c ie s  a re  o f te n  p ro d u c e d  b y  n a tu re , b u t  th is  is  n o t 
h e r  o n ly  m o d e . C ro s se s  a n d  h y b r id s  a re  v e ry  o f te n  fo u n d  
g ro w in g  w ild  w h e re  tw o  so m e w h a t s im ila r  sp e c ie s  g ro w  
c o n tig u o u s , a n d  i f  th e  c o m b in a tio n  h a p p e n s  to  b e  a  u se fu l 
o n e , a s  i t  o f te n  d o es , th e  n e w  c re a tio n  is  e n c o u ra g e d  b y  
n a tu re ; th e n  tim e  a n d  e n v iro n m e n t f ix  it, a n d  m a n  c o m e s  
o n  th e  scen e , p e rh a p s  a g e s  la te r , a n d  d isc o v e rs  it, a n d , n o t 
k n o w in g  a ll th e  fa c ts , w o n d e rs  w h e re  th e  c o n n e c tin g  lin k s  
h a v e  g o n e . I t  is  b o ta n ic a l ly  c la s s if ie d  a s  a  n e w  sp e c ie s , 
w h ic h  i t  is  m o s t  c e rta in ly .

" 'In  c u ltiv a te d  p la n ts  th e  l ife  s tru g g le  is  re m o v e d , 
a n d  h e re  w e  f in d  v a r ia t io n  a lm o s t  th e  ru le  ra th e r  th a n  th e  
e x c e p tio n .

" 'V a r ie tie s  a re  th e  p ro d u c t  o f  f ix e d  law s , n e v e r  o f  
c h a n c e , a n d  w ith  a  k n o w le d g e  o f  th e s e  la w s  w e  can  
im p ro v e  th e  p ro d u c ts  o f  n a tu re , b y  e m p lo y in g  n a tu re 's  
fo rc e s , in  a m e lio ra t in g  o ld  a n d  p ro d u c in g  n e w  sp e c ie s  a n d  
v a r ie tie s  b e tte r  a d a p te d  to  o u r  n e c e s s it ie s  a n d  ta s te s . B e tte r  
fo o d , m o re  su n sh in e , le s s  a rd u o u s  c o m p e tit io n , w ill o f  
th e m s e lv e s  in d u c e  v a r ia t io n  in  in d iv id u a l p la n ts  w h ic h  
w ill b e  m o re  o r  le s s  tra n s m itte d  to  th e ir  se e d lin g s , w h ic h , 
se le c te d  c o n s e c u tiv e ly  th ro u g h  a  c e r ta in  n u m b e r  o f  
g e n e ra tio n s , w ill b e c o m ?  p e rm a n e n t. E n v iro n m e n t h e re  
e x e r ts  a n  in f lu e n c e  a s  in  a ll c h e rn ic a l c o sm ic a l, a n d  
c e le s tia l m o v e m e n ts . T h e se  sm a ll in c re m e n ts  f ro m  
e n v iro n m e n ta l fo rc e s  m a y  p ro d u c e  a  g ra d u a l o r  su d d e n  
c h a n g e  a c c o rd in g  to  c irc u m s ta n c e s . T h e  c o m b u s tio n  o f
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fo o d  lib e ra te s  th e  m o v in g  fo rc e , e n v iro n m e n t g u id e s  i t  a s  
i t  d o e s  th e  p la n e ts .

" 'W h e n  o n c e  th e  p e rs is te n t  ty p e  is  b ro k e n  u p , o ld  
la te n t  fo rc e s  m a y  b e  l ib e ra te d  a n d  ty p e s  b u r ie d  in  th e  d im  
p a s t re a p p e a r. T h is , c a lle d  a ta v ism , is  a  c o n c e n tra tio n  o f  
a n c e s tra l fo rc e s  —  re v e rb e ra t in g  e c h o e s  —  fro m  v a r ie tie s  
lo n g  s in c e  p a s s e d  a w a y , e x h ib itin g  th e m s e lv e s  w h e n  f ro m  
so m e  cau se , f o r  in s ta n c e  c ro ss in g , p re s e n t  fo rc e s  a re  in  a  
s ta te  o f  a n ta g o n ism , d iv is io n , p e r tu rb a tio n , o r  w e a k n e ss . 
T h e se  e c h o e s , i f  c o lle c te d  b y  c ro s s in g  a n d  se le c tio n , 
p ro d u c e  c o m b in a tio n s  o f  su p e r la tiv e  im p o r ta n c e  a n d  
v a lu e .' "

7 P la te . L ., "U b e r  d ie  B e d e u tu n g ,"  e tc ., p. 22 0 .
S ee  K o k e n , E rn s t, "P a ls e o n to lo g ie  u n d  

D e s c e n d e n z le h re ,"  1902 . K o k e n  (P ro fe s s o r  o f  G e o lo g y  
a n d  P a la e o n to lo g y  in  th e  U n iv e r s i ty o f  T u b in g e n )  is  v e ry  
e x p lic it  in  th e  s ta te m e n ts  o f  h is  b e l ie f  th a t  th e  
p a lse o n to lo g ic a l re c o rd s  p ro v e  th e  e x is te n c e  o f  
o r th o g e n e tic  v a r ia tio n  a n d  h e n c e  ev o lu tio n . "D as  
D a rw in 's c h e  P r in z ip  d e r  S e le k tio n  is t  n ic h t  d a s  e in z ig e , 
d a s  in  B e tra c h t  k o m m t u n d  e s  s c h e in t n ic h t  d a s  w ic h tig s te  
z u  se in . V ie lfa c h  v e rm is s e n  w ir  in  d e r  p a la e o n to lo g is c h e n  
G e sc h ic h te  d e n  H in w e is  a u f  e in  E in g re ife n  d es  K a m p fe s  
u m s  D a s e in  u n d  a n d e re rse its  h e b e n  s ic h  R ic h tu n g e n  d e r 
E n tw ic k e lu n g  h e ra u s , w e lc h e  n ic h t  in  B e z ie h u n g  z u  e in e m  
N u tz e n  s te h e n , in  e in ig e n  F a lle n  z u  e in e r  S c h a d ig u n g  d e r 
so c ia le n  B e d in g u n g e n  fu h re n ."

9 F o r  an  a c c o u n t o f  th e  fa c ts  o f  o n e  su ch  ca se , see  
K e llo g g , "Is T h e re  D e te rm in a te  V a ria tio n ,"  Science, N . S., 
V o l. X X IV . pp . 6 2 1 -6 2 8 , 1906 . In  th is  p a p e r  th e  g ra d u a l 
b u t  o b v io u s  c h a n g e  f ro m  o n e  d o m in a n t ty p e  o f  c o lo u r-  
p a tte rn  to  a n o th e r  in  th e  le a f -e a tin g  b e e tle  Diabrotica 
soror (o n  th e  c a m p u s  o f  S ta n fo rd  U n iv e rs ity , C a lifo rn ia )  
d u r in g  th e  la s t  te n  y e a rs , is  sh o w n  b y  s ta tis tic a l v a r ia tio n  
s tu d ies . I t  is  sh o w n  th a t  su c h  c h a n g e  is  n o t e x p lic a b le  o n  a  
b a s is  o f  in tra -s p e c if ic  se le c tio n , n o r  c a n  i t  b e  in te rp re te d  a s
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a  d ire c t o n to g e n ic  re a c tio n  in  e a c h  su c c e e d in g  g e n e ra tio n  
to  c h a n g in g  c lim a tic  c o n d itio n s . T h e  c a se  is  b e lie v e d  to  b e  
an  e x a m p le  o f  d e f in it iv e  o r th o g e n e tic  v a r ia tio n .

C e r ta in  e x a m p le s  o f  p re s u m a b le  d e te rm in a te  
v a r ia tio n  h a v e  b e e n  re c o rd e d  b y  H e n s lo w  ("T h e  O rig in  o f  
S p ec ie s ,"  Natural Science P . 2 5 9 , 1894). "In  1847 , P ro f. J. 
B u c k m a n  so w e d  se e d  o f  w ild  p a rsn ip  in  th e  g a rd e n  o f  th e  
A g r ic u ltu ra l C o lle g e , a t  C ire n c e s te r . T h e  se e d lin g s  b e g a n  
to  v a ry , b u t  in  the same way, th o u g h  in  d if fe re n t d e g re e s . 
B y  se le c tin g  se e d  f ro m  th e  b e s t  ro o te d  p la n ts , th e  a c q u ire d  
'so m a tic ' c h a ra c te rs  o f  an  e n la rg e d  ro o t, g la b ro u s  le a v e s  
e tc ., b e c a m e  f ix e d  a n d  h e re d ita ry ; a n d  'T h e  S tu d e n t,' a s  h e  
c a lle d  it, h a v in g  b e e n  'im p ro v e d ' b y  M e ss rs . S u tto n  &  
S o n s, is  s till re g a rd e d  as 'th e  b e s t  in  th e  tra d e .' T h is  is  
definite variation, a c c o rd in g  to  D a rw in 's  d e f in itio n , fo r  
th o s e  w e e d e d  o u t d id  n o t  d if fe r  f ro m  th e  se le c te d , 
m o rp h o lo g ic a lly , e x c e p t in  d e g re e , th e  v a r ia t io n s  to w a rd s  
im p ro v e m e n t n o t  b e in g  q u ite  fa s t  e n o u g h  to  e n title  th e m  to  
su rv iv e .

"M . C a rr ie re  ra is e d  th e  ra d ish  o f  c u ltiv a tio n , 
Raphanus sativus, L ., f ro m  th e  w ild  sp e c ie s  R. 
raphanistum. L ., a n d  m o re o v e r  fo u n d  th a t  th e  tu rn ip -  
ro o te d  fo rm  re s u lte d  f ro m  g ro w in g  i t  in  a  h e a v y  so il, a n d  
th e  lo n g - ro o te d  o n e  in  a  l ig h t  so il.*  P lin y  re c o rd s  th e  sam e  
f a c t  a s  p ra c tis e d  in  G re e c e  in  h is  d ay , sa y in g  th a t  th e  m a le  
( tu rn ip  fo rm )  c o u ld  b e  p ro d u c e d  f ro m  th e  'fe m a le ' ( lo n g  
fo rm ), b y  g ro w in g  i t  in  'a  c lo g g y  so il.' B o th  fo rm s  a re  
n o w , o f  co u rse , h e re d ita ry  b y  seed ."

10 N a g e li. C . v o n , "M e c h a n isc h -p h y s io lo g isc h e  
T h e o r ie  d e r  A b s ta m m u n g s le h re ,"  1884.

11 K o rs c h in s k y , S., " H e te ro g e n e s is  u n d  E v o lu tio n ,"  
Naturwiss. Wochenschrift, V o l. X IV , pp . 2 7 3 -2 7 8 , 1899.

12 R e c e n tly , G e o rg  P fe f fe r  ("D ie  E n tw ic k lu n g ."  
1 8 9 5 ) h a s  p ro p o s e d  a  th e o ry  o f  o r th o g e n e tic  e v o lu tio n  n o t 
v e ry  d if fe re n t f ro m  th e  m u c h  e a r lie r  N a g e lia n  one . P fe f fe r  
p o s tu la te s  a s  in h e re n t in  l iv in g  m a tte r  a  c a p a c ity  fo r
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c h a n g e  a n d  f o r  se lf -d ire c tin g  th is  c h an g e . T h e  p r in c ip le  o t 
c h a n g e  o r  p ro g re s s  h e  c a lls  th e  c o n c e p tio n  o f  
"d e v e lo p m e n ta l-s c re w  (Enfwicklu.ngsschrau.be), a n d  fo r  
d ire c tin g  th is  p ro g re s s  th e  c o n c e p tio n  o f  " se lf -s te e r in g "  
(Selbststeuerung). B o th  th e s e  c a p a c itie s  o f  in d iv id u a lis e d  
l iv in g  s tu f f  a re  so m e th in g  o v e r  a n d  b e y o n d  th e  m e c h a n ic a l 
a n d  p h y s ic o -c h e m ic a l a ttr ib u te s  o f  l iv in g  m a tte r . "O n  th e  
c o n tra ry ,"  sa y s  P fe ffe r , " life  c o n s is ts  o f  th e  c a p a c ity  (m o re  
e x a c tly  th e  e x e rc is e  o f  th is  c a p a c ity )  o f  c o n sc io u s ly  
p e rm ittin g  a n d  c o n sc io u s ly  in f lu e n c in g  ( th a t is , a c tu a lly  
p ro d u c in g )  th ro u g h  p h y s ic o -c h e m ic a l p h e n o m e n a  c h a n g e s  
in  th e  m a tte r  o r  fo rm  o f  th e  fu n d a m e n ta l life -s tu ff ."

F ro m  th is  c u r io u s , th o u g h  k e e n , c ritic a l, a n d  
c o n s tru c tiv e  e ssay , I q u o te  a s  fo llo w s :

"D e r B e g r i f f  d e r  E n tw ic k e lu n g s sc h ra u b e  d e c k t 
s ich  e ig e n tlic h  v o ll ig  m it  d e m  B e g r i f f  d e r  S e lb s ts te u e ru n g  
d e r  le b e n d ig e n  N a tu r ;  ic h  h a lte  a b e r  m it  g u te m  G ru n d e  
b e id e  A u s d r iic k e  a u fre c h t, w e ll s ie  e in e r  v e rs c h ie d e n e n  
B e tra c h tu n g  e n tsp r in g e n , n a m lic h  d ie  S e lb s ts te u e ru n g  d e r 
m e c h a n isc h e n , d ie  E n tw ic k e lu n g s s c h ra u b e  d e r 
h is to r is c h e n , e n tw ic k e lu n g s g e s c h ic h tl ic h e n
B e tra c h tu n g sw e ise ; d ie  S e lb s ts te u e ru n g  is t  d a s  P r in z ip  d e r  
H e rs te l lu n g  d es  G le ic h g e w ic h te s  e in e s  a u s  le b e n d ig e n  
E in h e ite n  g e b ild e te n  G a n z e n ; d ie  E n tw ic k e lu n g s s c h ra u b e  
d a s  P r in z ip  d e r  v e ra n d e r te n  W e ite r fu h ru n g  d ie se r  
G le ic h g e w ic h ts v e rh a ltn is s e  in  d e r  Z e it. A ls o  is t, e b e n so  
w ie  d ie  S e lb s ts te u e ru n g , a u c h  d ie  E n tw ic k e lu n g s s c h ra u b e  
se lb s tth a tig  (pp . 12 a n d  13).

"E s is t  h ie r  n ic h t  d e r  O rt, d ie  p h y s ik a lis c h e n  w ie  
d ie  U n z a h l d e r  c h e m isc h e n  E ig e n s c h a f te n  d e r  le b e n d ig e n  
G ru n d s u b s ta n z  z u  e ro r te rn ;s ie  lie g e n  f re il ic h  n ic h t  a u f  d e r  
H a n d , s in d  a b e r  im  G a n z e n  z ie m lic h  le ic h t  h e rz u le ite n  a ls  
d a s  a lie n  le b e n d ig e n  p ro to p la s m a tis c h e n  S u b s ta n z e n  
G e m e in sa m e . E s  f a l l t  a b e r  N ie m a n d e m  e in , b ez . sollte 
N ie m a n d e m  e in fa lle n , d ie  p h y s ik a lis c h e n  u n d  c h e m isc h e n  
E ig e n s c h a f te n  d e r  le b e n d ig e n  S u b s ta n z  a ls  L e b e n s -
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E ig e n s c h a f te n  z u  b e tra c h te n ; v ie lm e h r  b e s te h t  d a s  L e b e n  
in  d e r  F a h ig k e it  (b ez . d e r  A u s u b u n g  d e r  F a h ig k e it) , d ie  
d u rc h  c h e m is c h -p h y s ik a lis c h e  V o rg a n g e  a n  d e m  S to f f  
o d e r  d e r  F o rm -A u s p ra g u n g  d e r  G ru n d s u b s ta n z  b e w irk te n  
V e ra n d e ru n g e n  b e w u s s t  z u  e r ie id e n  u n d  b e w u s s t  z u  
b e e in f lu s s e n  (b ez . h e rv o r  z u  b r in g e n ) . E s  h a t  a lso  je d e r  
k o rp e r lic h e  V o rg a n g  d e r  le b e n d ig e n  S u b s ta n z  s e in e n  v o n  
ih m  u n tre n n b a re n  B e w u ss tse in sv o rg a n g ; o d e r  a n d e rs  
a u sg e d ru c k t: j e d e r  V o rg a n g  an  le b e n d ig e n  W e s e n  h a t  
e in e n  in  c h e m is c h -p h y s ik a lis c h e  u n d  e in e n  a n d e re n  in  
B e w u s s ts e in s -V e rh a ltn is s e  z e r le g b a re n  A n te il. B e id e  s in d  
G e g e n s ta n d e  w is s e n s c h a f t l ic h e r  B e tra c h tu n g , d a g e g e n  
e n tz ie h t  s ic h  d ie  A r t  u n d  W e is e  d es  Z u s a m m e n h a n g e s  
z w is c h e n  b e id e n  u n s e rm  A n s c h a u u n g s v e rm o g e n , lie g t 
a lso  a u sse rh a lb  d e r  n a tu rw is s e n s c h a f t l ic h e n  B e tra c h tu n g  
u n d  is t  d a m it a ls  g e g e b e n  h in z u n e h m e n "  (p. 17).

A  re c e n t  p ro p o sa l o f  a n  o r th o g e n e tic  th e o ry  o f  th e  
g e n e ra l c h a ra c te r  o f  N a g e li 's  is  th a t  se t o u t in  0. F , C o o k 's  
''A sp e c ts  o f  K in e tic  E v o lu tio n ,"  Proc. Wash. Acad. Sci., 
V o l. V III , P P . 1 9 7 -4 0 3 ,

13 E im e r, T h ., "D ie  E n ts te h u n g  d e r  A rte n  a u f  
G ru n d  v o ri V e re rb u n g  e rw o rb e n e r  E ig e n s c h a f te n  n a c h  d en  
G e se tz e n  o rg a n is c h e n  W a c h se n s . "I, 1888 ; tra n s . in to  
E n g lish , as ''O rg a n ic  e v o l u t io n ." 1889 ; "A rtb ild u n g  u n d  
V e rw a n d s c h a f t  b e i d e n  S c h m e tte r l in g e n , '! ,  1 8 8 9 ,II, 1895; 
"O rth o g e n e s is  b e i S c h m e tte r lin g e "  (P a r t  I I  o f  ''D ie  
E n s te h u n g  d e r  A rte n " ) , 1898 ; "O rth o g e n e s is ,"  3 
ln te rn a t.C o n g re s s  Z o o l.,1 8 9 5 ,tra n s . in  E n g lis h  as  "O n  
O rth o g e n e s is  a n d  th e  Im p o te n c e  o f  N a tu ra l S e le c tio n  in  
S p e c ie s -F o rm a tio n ,"  1898 . T h is  a d d re s s ,a n d  E im e r 's  o th e r  
w r itin g s  a s  w e ll, a re  sa d ly  m a rre d  b y in te m p e ra te  p o le m ic  
a n d  th e  in d u lg e n c e  o f  p e rso n a l ra n c o r . H e  d e e m s  h im s e lf  
a n d  h is  v ie w s  u n fa ir ly  o v e r lo o k e d  b y  b io lo g is ts  a n d  se e m s 
to  h o ld  W e is m a n n  p e rs o n a lly  re s p o n s ib le  fo r  th is . A p a r t  
f ro m  th e s e  u n fo r tu n a te  d ig re s s io n s  h is  p a p e rs  a re  
e x tre m e ly  su g g e s tiv e  a n d lo g ic a lly  a n d  k e e n ly  c o m p o se d . I
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b e lie v e  th a t  E im e r 's  w o rk  a n d  th e o r ie s  sh o u ld  h a v e  m o re  
a tte n tio n  f ro m  s tu d e n ts  o f  e v o lu tio n  th e n  th e y  n o w  get.

14 D e a n , B a sh fo rd . "E v o lu tio n  in  a  D e te rm in a te  
L in e , a s  I l lu s tra te d  b y  th e  E g g -C a s e s  o f  C h im a e ro id  
F ish e s ,"  Biol. Bull., V o l. V II, pp . 1 0 5 -1 1 2 , I9 0 4 . In  th is  
p a p e r  th e  a u th o r  e x p re s se s  h is  b e l ie f  th a t  th e  c o n d itio n s  
e x is tin g  in  th e  c u r io u s  in te r - re la te d  a d a p ta t io n s  b e tw e e n  
e g g s  a n d  e g g -c a se s  o f  th e  sh a rk - lik e  fish , C h im a e ra , c an  
b e  e x p la in e d  o n ly  o n  th e  b a s is  o f  d e te rm in a te  o r  
o r th o g e n e tic  m o d if ic a tio n s , in  w h ic h  m o d if ic a tio n s  n e ith e r  
n a tu ra l s e le c tio n  n o r  th e  L a m a rc k ia n  fa c to rs  o f  u se  a n d  
d isu se  c a n  h a v e  p la y e d  a n y  p art. T h e  c a p su le  o r  e g g -c a se , 
a lth o u g h  "o n ly  in d ire c tly  c o n n e c te d  w ith  th e  eg g , i.e., a s  a 
se c re tio n  fo rm e d  b y  th e  p a re n t  a f te r  th e  m e c h a n is m  o f  
h e re d ity  h a s  a lre a d y  b e e n  e s ta b lish e d  in  th e  egg , 
n e v e r th e le s s  fo re s e e s  w ith  s ta r tlin g  e x a c tn e s s  th e  s ize  a n d  
sh a p e  o f  th e  y o u n g  f is h  w h e n  m a n y  m o n th s  h e n c e  it  
c o m e s  to  h a tc h  o u t, a n d  it  p ro v id e s  a  se r ie s  o f  p ro g re s s iv e  
m u ltip lic a tio n s  a d a p te d  to  th e  p h y s ic a l n e e d s  o f  th e  y o u n g . 
I t  is  ev id e n t, a c c o rd in g ly , th a t  i f  n a tu ra l se le c tio n  b e  
a d d u c e d  to  e x p la in  th e  p re s e n t  p h e n o m e n a  i t  e n c o u n te rs  
d if f ic u ltie s  m o re  n u m e ro u s  a n d  c o m p le x  th a n  in  u su a l 
in s ta n c e s . In  th e  la t te r  c a se s  se le c tio n  c o n c e rn s  i t s e l f  w ith  
v a r ia tio n s  w h ic h  a f fe c t  th e  p ro g e n y  d ire c tly ; b u t  in  th e  
p re s e n t ca se  v a r ia t io n s  m u s t  h a v e  o c c u rre d  in  th e  lin e s  
b o th  o f  th e  p ro g e n y  a n d , in d ire c tly , o f  its  fa r  le s s  
in d if fe re n t  c a p s u le - fo rm in g  c a p a b ili t ie s  —  w ith  re s u lt  th a t  
a  su c c e s s io n  o f  c lo se ly  c o rre la te d  s ta g e s  in  v a r ia t io n  m u s t 
h a v e  c o in c id e d  in  b o th  d is tin c t c o n c e p tio n s ."

15 P la te , L ., "U b e r  d ie  B e d e u tu n g ,"  e tc ., p. 190 ff.
16 R o sa , D a n ie l, "L a  R id u z io n e  P ro g re s s iv a  d e lla  

V a r ia b il i ta  i suo i R a p p o r ti  co ll ' E s t in z io n e  e c o ll ' O r ig in e  
d e lla  S p ec ie ,"  l8 9 9 . A u th o r  b e l ie v e s  th a t  in  a n im a l life  
th e re  is  a  g ra d u a l p ro g re s s iv e  re d u c tio n  o f  v a r ia tio n  (o r  
m o d if ic a tio n )  n e c e s s ita te d  b y  th e  w e ll-k n o w n  fa c t  th a t  
h ig h ly  s p e c ia lis e d  fo rm s  h a v e  d is tin c tly  f e w e r  lin e s  o f
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m o d if ic a tio n , i. e. sp e c ia lisa tio n , le f t  o p e n  to  th e m  th a n  
g e n e ra lis e d  fo rm s ; a n d  th a t  a ll g ro u p s  o f  a n im a ls  a re  o f  th e  
n a tu re  o f  se r ie s  o f  m o re  a n d  m o re  sp e c ia lis e d  fo rm s . H e  
b a s e s  th is  b e lie f , a s  f a r  a s  fa c ts  go , o n  th e  w e ll-k n o w n  
c a se s  o f  th e  d y in g  o u t o f  s p e c ia lis e d  sp e c ie s  ( I r ish  s tag ) 
a n d  sp e c ia lis e d  g ro u p s  (C re ta c e o u s  re p tile s ) , a n d  o n  th e  
a lle g e d  fa c ts  (w h ic h  th e  a u th o r  d e v o te s  m a n y  p a g e s  to  
try in g  to  sh o w ) th a t  a ll p re s e n t-d a y  p r in c ip a l g ro u p s  o f  
a n im a ls  a re  re la te d  to  e a c h  o th e r  so le ly  b y  d e r iv a tio n  f ro m  
c o m m o n  v e ry  o ld  a n d  g e n e ra lis e d  a n c e s to rs . I f  th e re  is  
le s s  m o d if ic a t io n  p o ss ib le , th e n  th e re  o c c u rs  a c tu a lly  le s s  
a n d  le s s  v a r ia b ili ty , a n d  th e  a c tu a lly  o c c u rr in g  v a r ia tio n s  
w ill b e  o n ly  a lo n g  c e r ta in  lin e s , i. e . th e re  w ill  b e  in  th is  
l im ite d  v a r ia b ili ty  a n  a c tu a l b a s is  f o r  o rth o g e n e s is .

O n  th e  d o u b le  b a s is  o f  p ro g re s s iv e ly  le s s  v a r ia tio n  
a n d  o f  th e  th u s  p ro d u c e d  o r th o g e n e s is  th e  a u th o r  see s  a  
fa c to r  in  p h y lo g e n y  (o rg a n ic  e v o lu tio n )  w h ic h  w o rk s , to  
so m e  d e g re e , in d e p e n d e n tly  o f  n a tu ra l se le c tio n  o r  o f  
L a m a rc k ia n  fa c to rs . R o s a  th in k s  h e  h a s  th u s  c o n tr ib u te d  to  
b io lo g y  o n e  o f  th e  a lw a y s  s o u g h t- fo r  "u n k n o w n  fa c to rs  in  
e v o lu tio n ."

17 In  a n  in te re s tin g  p a p e r  b y  S n o d g ra ss , "T h e  
R e la tio n  o f  th e  F o o d  to  th e  S ize  a n d  S h a p e  o f  th e  B ill in  
th e  G a la p a g o s  G e n u s  Geospiza,'' Auk, V o l. X IX , pp . 3 6 7 ­
3 8 1 , I9 0 2 , d e ta il in g  th e  e x a m in a tio n  o f  th e  s to m a c h  
c o n te n ts  o f  o v e r  2 0 0  in d iv id u a ls , re p re s e n tin g  13 sp e c ie s  
a n d  su b -sp e c ie s  ( ta k e n  f ro m  se v e ra l o f  th e  G a la p a g o s  
I s la n d s )  o f  th e  p e c u lia r  G a la p a g o s  F r in g il l id  g e n u s , 
Geospiza, r e m a rk a b le  f o r  th e  g re a t  d if fe re n c e s  in  s iz e  a n d  
sh a p e  o f  b ill  c h a ra c te r is in g  th e  v a r io u s  sp e c ie s  a n d  s u b ­
sp e c ie s , th e  a u th o r  s ta te s  th a t  a ll th e  " e v id e n c e  se e m s  to  b e  
in  f a v o u r  o f  th e  g e n e ra l c o n c lu s io n  th a t  th e re  is  n o  
c o rre la tio n  b e tw e e n  th e  fo o d  a n d  th e  s iz e  a n d  sh a p e  o f  th e  
b ill."  T h e  fo llo w in g  f iv e  p ro p o s itio n s  w e re  e s ta b lish e d : (l) 
T h e  sa m e  sp e c ie s  a t  d if fe re n t lo c a lit ie s  m a y  fe e d  o n  
d if fe re n t seed s ; (2 ) d if fe re n t  sp e c ie s  a t  th e  sa m e  lo c a lity
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m a y  fe e d  o n  th e  sa m e  k in d s  o f  seed s; (3 ) d if fe re n t sp e c ie s  
a t  d if fe re n t lo c a lit ie s  m a y  fe e d  o n  th e  sa m e  k in d s  o f  seed s; 
(4 )  d if fe re n t  sp e c ie s  a t th e  sa m e  o r  a t d if fe re n t lo c a lit ie s  
m a y  fe e d  o n  d if fe re n t  seed s; a n d  (5 )  b ird s  w ith  sm all b il ls  
e a t o n ly  sm a ll seed s; b ird s  w ith  la rg e  b i l ls  e a t b o th  sm a ll 
a n d  la rg e  seeds. T h e  se e d s  ta k e n  f ro m  th e  s to m a c h s  v a r ie d  
in  s iz e  f ro m  se e d s  o f  I c u b ic  m ill im e tre  u p  to  th o s e  15 
m m . lo n g  b y  10 m m . th ic k . T h e  b ill o f  th e  d if fe re n t 
s p e c ie s  a n d  su b -sp e c ie s  o f  Geospiza, v a r ie s  f ro m  th a t  o f  
G. scandens scandens, 13 m m . lo n g  b y  7 m m . h ig h  a t 
b a se , to  th a t  o f  G. pachyrhyncha, 17 m m . lo n g  b y  2 0  m m . 
h ig h  a t  b a se .

18 E im e r, T h ., "O rth o g e n e s is  d e r  S c h m e tte r lin g e ,"  
1897 . 19 C o p e , E . D ., "T h e  M e th o d  o f  C re a tio n  o f  O rg a n ic  
T y p e s ,"Proc. Amer. Phil. Soc.. D e c e m b e r , 1871.

20 C o p e , E . D ., "T h e  E n e rg y  o f  L ife  E v o lu tio n ,"  
Pop. Sei. Mo., V o l. X X V II , pp . 7 8 9 -8 0 0 , O c to b e r , 1885:
"P rim a ry  F a c to rs  o f  O rg a n ic  E v o lu tio n ,"  1896.

21 "P a la e o n to lo g is ts , as  a  ru le  —  a n d  P ro f. C o p e  is  
o n e  o f  th e m , —  a re  so  p ro fo u n d ly  im p re s s e d  b y  th e  
a d a p tiv e  n a tu re  o f  th e  e v o lu tio n a ry  p ro c e s s  a n d  b y  th e  
d e f in itiv e n e s s  o f  its  d ire c tio n , th a t  th e y  c a n n o t re g a rd  th e  
r e s tra in in g  o r  se le c tiv e  a c t io n  o f  th e  e n v iro n m e n t a s  
e n o u g h  to  k e e p  th e  b re e d  tru e . T h e y  a re  so  a c c u s to m e d  to  
se e in g  m u ta tio n  a f te r  m u ta tio n , g e n e ra tio n  a f te r  
g e n e ra tio n , d e v e lo p in g  in  a p p a re n t  o b e d ie n c e  to  o b v io u s  
p h y s ic o -c h e m ic a l o r  m e c h a n ic a l c o n d itio n s , th a t  th e y  
in c lin e  to  re g a rd  th e s e  c o n d itio n s  as c a u ses . A n d  i f  i t  b e  
su g g e s te d  to  th e m  th a t  th e  re su lts  th e y  see  m a y  h a v e  b e e n  
a c h ie v e d  b y  th e  s e le c tio n  o f  a d a p tiv e  v a r ia tio n s  f ro m  
a m o n g  a  n u m b e r  o f  p ro m is c u o u s  v a r ia t io n s  th a t  a re  n o t 
a d a p tiv e , th e y  a s k  w h y  i t  is  th a t  th e y  d o  n o t  f in d  e v id e n c e  
o f  th e s e  n u m e ro u s  k n o w n  a d a p tiv e  v a r ia t io n s  in  th e  
o rg a n s , w h e n  o n e  w o u ld  su p p o se  th a t, o n  a n y  h y p o th e s is , 
e x c e p t th a t  o f  d e f in ite  v a r ia tio n , su c h  fo rm s  m u s t  h a v e  
b e e n  th e  m o re  a b u n d a n t o f  th e  tw o . I t  is  u s e le s s  to  re p ly  to
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th e m  th a t  th e  k n o w n  a d a p tiv e  v a r ia tio n s  in  ea c h  
g e n e ra tio n  w e re  k il le d  o f f  w h e n  y o u n g , a n d  so, e v e n  i f  
fo ss il is e d , a re  p ra c t ic a l ly  u n d is t in g u is h a b le ;b e c a u s e  th e y  
w ill re p ly  w ith  a b u n d a n t p ro o f  th a t  th e  a d a p tiv e  c h a ra c te rs  
c h ie f ly  a p p e a r  in  th e  a d u lt  s ta g e s  o f  th e  o rg a n ism , p o s s ib ly  
o n ly  in  its  se n ile  s tag es , a n d  so  a re  in c a p a b le  o f  c o m in g  
u n d e r  th e  a c t io n  o f  n a tu ra l se le c tio n  d u rin g  th e  e a rly  
u n d if fe re n tia te d  s tag es . H o w  th e  c o n v e rs a tio n  m ig h t 
c o n tin u e  d o e s  n o t  m u c h  m a tte r , f o r  i t  is  o b v io u s  th a t  i t  h a s  
re a c h e d  a  p o in t  b e y o n d  w h ic h  a ll m u s t  b e  sp e c u la tio n . T h e  
fa c ts  o n  w h ic h  th e  p a la e o n to lo g is t  re lie s , th e  fa c ts  th a t  
P ro f. C o p e  a d d u c e s  w ith  su ch  w e a lth  o f  k n o w le d g e , a re  
s tro n g  p re s u m p tiv e  e v id e n c e  in  f a v o u r  o f  h is  se c o n d  
th e s is , b u t  th e y  a re  n o t  p ro o f ."  (B a th e r , F . A ., Natural 
Science. V o l. X , pp . 4 0 -4 1 , 1 8 9 7 .)

P ro f. S co tt, a n o th e r  A m e r ic a n  p a la e o n to lo g is t , 
d is c u s se s  th e  q u e s tio n  o f  v a r ia t io n  in  an  in te re s tin g  p a p e r  
in  th e  American Journal ofScience, V o l. X L V III , pp . 3 3 5 ­
3 7 4 , 1894 . T h e  g re a t  p o in t  m a d e  b y  P ro f. S c o tt is  th e  c le a r  
d is tin c tio n  b e tw e e n  in d iv id u a l a n d  p h y lo g e n e tic  v a r ia tio n . 
In d iv id u a l v a r ia t io n  is  ir re g u la r  a n d  n o t  f ix e d , w h ile  
"p h y lo g e n e tic  v a r ia tio n ,"  o r  m u ta tio n  ( in  th e  se n se  o f  
* W a a g e n )  w h ic h  is  d is tin g u ish e d  f ro m  in d iv id u a l 
v a r ia tio n , n o t  b y  a n y  c h a ra c te r  o f  q u a n tity  o r  q u a lity , b u t 
b y  p u rs u in g  a  d e te rm in a te  d ire c tio n  a n d  th u s , u n d e r  
c o n tro l o f  n a tu ra l se le c tio n , le a d in g  to  th e  fo rm a tio n  o f  
n e w  sp ec ie s . "R e m e m b e r in g  th a t  th e  s ig n if ic a n t fa c t  in  th e  
h is to ry  o f  a  g ro u p  is  n o t  so  m u c h  th e  c h a ra c te r  o f  its  
v a r ia tio n s  a t  a n y  o n e  s tag e , a s  th e  g ra d u a lly  sh if tin g  
p o s it io n s  su c c e s s iv e ly  o c c u p ie d  b y  th e  n o rm a l o r  c e n tre  o f  
s ta b ility , w e  f in d  th a t  a n y  m a m m a lia n  se r ie s  a t  a ll 
c o m p le te , su c h  a s  th a t  o f  th e  h o rse s , is  re m a rk a b ly  
c o n tin u o u s , a n d  th a t  th e  p ro g re s s  o f  d is c o v e ry  is  s te a d ily  
f i l l in g  u p  w h a t  f e w  g a p s  rem a in . S o  c lo se ly  d o  su c c e ss iv e  
s ta g e s  fo l lo w  u p o n  o n e  a n o th e r  th a t  i t  is  so m e tim e s  
e x tre m e ly  d if f ic u lt  to  a r ra n g e  th e m  a ll in  o rd e r  a n d  to
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d is tin g u ish  c le a r ly  th o s e  m e m b e rs  w h ic h  b e lo n g  in  th e  
m a in  lin e  o f  d e sc e n t, a n d  th o s e  w h ic h  re p re s e n t  in c ip ie n t 
b ra n c h e s . S o m e  p h y lo g e n ie s  a c tu a lly  su ffe r  f ro m  an  
e m b a rra s s m e n t o f  r ic h e s ."

22 W h itm a n , C. 0 ., "T h e  P ro b le m  o f  th e  O rig in  o f  
S p ec ie s ,"  Proceedings o f Congress o f Arts and Science, 
U n iv e rs a l E x p o s itio n . St. L o u is , V o l. V , pp . 4 1 -5 8 , 1906. 
In  th is  p a p e r  W h itm a n  ta k e s  s tro n g  g ro u n d  fo r  
o r th o g e n e s is  a n d  re c ite s  in  d e ta il a  n u m b e r  o f  in te re s tin g  
fa c ts  to u c h in g  th e  e v o lu tio n  o f  p a tte rn  in  p ig e o n s  to  
i l lu s tra te  h is  b e lie f . T o u c h in g  th e  c r itic ism  o f  
o r th o g e n e s is , th a t  i t  in v o lv e s  a  te le o lo g ic  e le m e n t in  its  
m a k e -u p , W h itm a n  say s  (p. 5 ) : "I ta k e  e x c e p tio n  h e re  
o n ly  to  th e  im p lic a tio n  th a t  a  d e f in ite  v a r ia t io n - te n d e n c y  
m u s t b e  c o n s id e re d  to  b e  te le o lo g ic  b e c a u s e  i t  is  n o t 
'o rd e r le s s . ' I  v e n tu re  to  a s s e r t  th a t  v a r ia t io n  is  sometimes 
o rd e r ly , a n d  a t  o th e r  t im e s  ra th e r  d iso rd e r ly , a n d  th a t  th e  
o n e  is  j u s t  a s  f re e  f ro m  te le o lo g y  a s  th e  o th e r. In  o u r  
a v e rs io n  to  th e  o ld  te le o lo g y  so  e f fe c tu a lly  b a n is h e d  f ro m  
s c ie n c e  b y  D a rw in  w e  sh o u ld  n o t  fo rg e t  th a t  th e  w o r ld  is  
fu ll o f  o rd e r, th e  in o rg a n ic  n o  le s s  th a n  th e  o rg an ic . 
In d e e d , w h a t  is  th e  w h o le  d e v e lo p m e n t o f  a n  o rg a n ism  if  
n o t  s tr ic tly  a n d  m a rv e llo u s ly  o rd e r ly ?  Is  n o t  e v e ry  s tage , 
f ro m  th e  p r im o rd ia l g e rm  o n w a rd , a n d  th e  w h o le  se q u e n c e  
o f  s tag es , r ig id ly  o r th o g e n e tic ?  I f  v a r ia t io n s  a re  d e v ia tio n s  
in  th e  d ire c tio n s  o f  th e  d e v e lo p m e n ta l p ro c e s se s , w h a t 
w o n d e r  is  th e re  i f  in  so m e  d ire c tio n s  th e re  is  le ss  
re s is ta n c e  to  v a r ia tio n  th a n  in  o th e rs?  W h a t  w o n d e r  i f  th e  
o rg a n ism  is  so  b a la n c e d  a s  to  p e rm it  o f  b o th  u n ifa r io u s  
a n d  m u ltifa r io u s  v a r ia tio n s?  I f  a  d e v e lo p m e n ta l p ro c e s s  
m a y  ru n  o n  th ro u g h o u t l ife  (e. g ,  th e  l ife - lo n g  
m u lt ip l ic a t io n  o f  th e  s u rfa c e -p o re s  o f  th e  la te ra l- l in e  
sy s te m  in  A m ia ) , w h a t  w o n d e r  i f  w e  f in d  th e  w h o le  
s p e c ie s  g ra v ita tin g  s lo w ly  in  o n e  o r a  f e w  d ire c tio n s?  A n d  
i f  w e  f in d  la rg e  g ro u p s  o f  sp e c ie s , a ll a f fe c te d  b y  a  l ig h t 
v a r ia tio n , m o v in g  in  th e  sa m e  g e n e ra l d ire c tio n , a re  w e
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c o m p e lle d  to  re g a rd  su c h  'a  d e f in ite  v a r ia tio n - te n d e n c y ' a s  
id e o lo g ic a l, a n d  h e n c e  o u t o f  th e  p a le  o f  sc ie n c e ?  I f  a  
designer se ts  l im its  to  v a r ia tio n  in  o rd e r  to  re a c h  a  d e f in ite  
en d , th e  d ire c tio n  o f  e v e n ts  is  te le o lo g ic a l;b u t  i f  
o rg a n isa tio n  a n d  th e  la w s  o f  d e v e lo p m e n t e x c lu d e  so m e  
lin e s  o f  v a r ia tio n  a n d  f a v o u r  o th e rs , th e re  is  c e r ta in ly  
n o th in g  su p e r-n a tu ra l in  th is , a n d  n o th in g  w h ic h  is  
in c o m p a tib le  w ith  n a tu ra l se lec tio n . N a tu ra l se le c tio n  m a y  
e n te r  a t  a n y  s ta g e  o f  o r th o g e n e tic  v a r ia tio n , p re s e rv e  a n d  
m o d ify  in  v a r io u s  d ire c tio n s  th e  re su lts  o v e r  w h ic h  i t  m a y  
h a v e  h a d  n o  p re v io u s  co n tro l.

23 C u n n in g h a m , a n  E n g lis h  n e o -U m a rc k ia n . 
e x p re s s e s ( ''O r ig in  o f  S p e c ie s  A m o n g  F la tf ish e s ."  .Natural 
Science, V o l. V I, p. 2 3 9 , 1 8 9 5 ) h is  b e l ie f  in  o r th o g e n e s is  
a s  fo llo w s :

"T h e  o n ly  g e n e ra l v ie w , a s  i t  se e m s  to  m e , w h ic h  
c a n  b e  h e ld  c o n c e rn in g  th e  s tru c tu ra l d iv e rs ity  o f  th e  
a n im a l k in g d o m , is  to  re g a rd  i t  a s  re s u lta n t  o f  tw o  m o re  o r  
le s s  o p p o s in g  g e n e ra l te n d e n c ie s . O n  th e  o n e  h a n d , th e re  
is  u n iv e rsa l e v id e n c e  o f  a  te n d e n c y  to  d e f in ite  v a r ia tio n , o r  
g ro w th  in  d if fe re n t  d ire c tio n s , le a d in g  to  m a n ifo ld  v a r ie ty  
o f  re g u la r  d e f in ite  sy m m e tr ic a l fo rm s . T h is  te n d e n c y  can  
o n ly  b e  re g a rd e d  a s  in te rn a l to  th e  o rg a n ism , a s  c o n n e c te d  
w ith  a  te n d e n c y  to  g ro w th  a n d  m u lt ip l ic a t io n  in h e re n t in  
o rg a n ic  u n its . O n  th e  o th e r  h a n d , th e re  is  th e  m o ld in g , 
l im itin g , c o n s tru c tin g  a c tio n  o f  th e  e x te rn a l fo rc e s  o f  th e  
e n v iro n m e n t r e s u ltin g  in  m o re  o r  le s s  c o m p le te  a d a p ta tio n . 
W h a te v e r  b e  th e  p ro c e s s  o f  a d a p ta tio n , w h e th e r  D a rw in ia n  
se le c tio n  o r  L a m a rc k ia n  m o d if ic a tio n , a d a p tiv e  s tru c tu ra l 
c o m b in a tio n s  a re  m e c h a n is m s  e a c h  w o rk in g  w ith  th e  
p a r t ic u la r  re s u lt  w h ic h  is  im p o r ta n t  to  th e  fe e d in g , liv in g , 
a n d  b re e d in g  o f  th e  o rg a n ism . W h a te v e r  th e  c a u se s  o f  
n o n -a d a p tiv e  v a r ia tio n , th e  re s u lt in g  s tru c tu ra l f e a tu re s  a re  
th e  r e g u la r  g e n e tic  fo rm s  a n d  c h a ra c te rs  w h ic h  th e  
m u lti tu d e  o f  d if fe re n t o rg a n ic  fo rm s  p re s e n t in  su ch  
m a rv e llo u s  d iv e rs ity . N o  o n e  w h o , lik e  W e ism a n n , ig n o re s
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e v e ry th in g  e x c e p t a d a p ta tio n , o r  w h o , lik e  B a te so n , 
re g a rd s  th e  s tu d y  o f  a d a p ta tio n s  a s  b a r re n  a n d  p ro f itle s s , 
c a n  h o p e  to  p ro d u c e  a  c o n s is te n t a n d  c o m p re h e n s iv e  
th e o ry  o f  o rg a n ic  e v o lu tio n ."

24 D e la g e , Y v e s , "L 'H e re d ite ,"  2 d  ed. p. 84 9 , an d  
o th e rs , 1903 . Ja e c k e l, 0 ., "U b e r  v e r s c h ie d e n e  W e g e  
p h y lo g e n e tis c h e r  E n tw ic k lu n g ,"  1902.
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CHAPTER X.
OTHER THEORIES OF SPECIES- 

FORM ING AND DESCENT ( CONTINUED )
: ALTERNATIVE THEORIES 

(CONTINUED).

Heterogenesis .—  U n d e r  th e  n a m e  h e te ro g e n e s is  
w e  h a v e  to  c o n s id e r  a  th e o ry  o f  sp e c ie s - fo rm in g  w h ic h  is  
m o re  p o p u la r ly  a n d  w id e ly  k n o w n  u n d e r  a n o th e r  n a m e , 
v iz ., th e  m u ta t io n s  th e o ry . T h is  th e o ry  is  c o m m o n ly  
a s s o c ia te d  w ith  th e  n a m e  o f  de  V rie s , th e  A m s te rd a m  
b o ta n is t. B u t  th is  g e n e ra l c o n c e p tio n  o f  sp e c ie s - fo rm in g  
o n  a  b a s is  o f  th e  o c c u rre n c e  o f  o c c a s io n a l, su d d e n , f ix e d , 
a n d  o f te n  c o n s id e ra b le  c h a n g e s  o r  v a r ia t io n s  in  th e  
o f fs p r in g  o f  a  p la n t  o r  a n im a l, is  a  c o n c e p tio n  n o t  o f  
c o u rse  n e w  w ith  d e  V rie s , b u t  o n e  v a r io u s ly  e x p re s se d  b y  
n u m e ro u s  b io lo g is ts  f ro m  D a rw in 's  t im e  on , e sp e c ia lly  b y  
v o n  K o llik e r , G a lto n , D a ll, B a te so n , E m e ry , S co tt, an d  
K o rsc h in sk y . I t  is , h o w e v e r , c h ie f ly  d u e  to  th e  p a tie n t, 
p e rs is te n t, w e ll-p la n n e d , a n d  e x te n s iv e  e x p e r im e n ts  a n d  
o b se rv a tio n s  o f  d e  V rie s  th a t  th is  th e o ry  o f  sp e c ie s -  
fo rm in g  b y  h e te ro g e n e s is , o r  a s  c a lle d  b y  d e  V rie s , b y  
m u ta tio n s , h a s  re c e n tly  re c e iv e d  so  m u c h  re n e w e d  
a tte n tio n . W ith  th e  o b se rv a tio n s  o f  d e  V rie s  o n  th e  
b re e d in g  o f  c e r ta in  p la n t  sp e c ie s , n o ta b ly  c e r ta in  
E h o th e ra s  (e v e n in g  p r im ro se s ) , th e re  h a v e  b e e n  m u c h  
a s s o c ia te d  in  r e c e n t p o p u la r  s c ie n tif ic  l i te ra tu re  a c c o u n ts  
o f  th e  e a r lie r  o b se rv a tio n s  o f  G re g o r  M e n d e l ,1 a n  
A u g u s tin ia n  m o n k , w h o  re c o rd e d , in  1865 , in  a n  o b sc u re  
jo u rn a l , so m e  v e ry  v a lu a b le  o b se rv a tio n s  a n d  lo g ic a l 
c o n c lu s io n s  c o n c e rn in g  th e  p h e n o m e n a  o f  h e re d ity  in  
c e r ta in  o th e r  p la n ts  (e sp e c ia lly  g a rd e n  p eas) . R e fe re n c e  
sh o u ld  a ls o  b e  m a d e , in  th is  c o n n e c tio n , to  o b se rv a tio n s
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a n d  e x p e r im e n ts  c a rr ie d  o n  n e a r ly  s im u lta n e o u s ly  w ith  
th o s e  o f  d e  V rie s  b y  C o rre n s  2 a n d  T s c h e rm a k .3 A s  a  
m a tte r  o f  f a c t  th e  d a ta  o n  w h ic h  d e  V rie s  b a s e s  h is  th e o ry  
o f  sp e c ie s - fo rm in g  b y  h e te ro g e n e s is  a re , in  p a rt, n e a r ly  
id e n tic a l w ith  th o s e  o b ta in e d  b y  M e n d e l, T sc h e rm a k , a n d  
C o rre n s , w h ic h , h o w e v e r , is  c o n c e rn e d  p r im a r ily  w ith  
e x p la in in g  th e  " law s" o f  h e re d ity .

T h e  m e a n in g  o f  h e te ro g e n e s is  in  c o n n e c tio n  w ith  
s p e c ie s - fo rm in g  a n d  d e sc e n t is  e s se n tia lly  th is : w h e re a s  b y  
th e  D a rw in ia n  th e o ry  sp e c ie s  a re  tra n s fo rm e d  s lo w ly  a n d  
b y  s lig h t c h a n g e s  in  a t  f ir s t  o n e  o r  tw o  o r  a  f e w  a n d  o n ly  
la te r  in  m o re  p a rts , a n d  a ll n e w  sp e c ie s  a re  d e r iv e d  f ro m  
th e  o ld  o n e s  (w h ic h  u s u a lly  d is a p p e a r  a s  th e  n e w  o n e s  
a p p e a r)  b y  th e  g ra d u a l se le c tio n  o f  th e  a d v a n ta g e o u s  o n e s  
a m o n g  th e  re g u la r  s lig h t, f lu c tu a tin g , in d iv id u a l v a r ia tio n s  
(k n o w n  c o m m o n ly  a s  D a rw in ia n  v a r ia t io n s  a n d  w h ic h  
m o s tly  o c c u r  a c c o rd in g  to  th e  la w  o f  e rro r) , b y  th e  th e o ry  
o f  h e te ro g e n e s is  n e w  sp e c ie s  a p p e a r  su d d e n ly , n o t  b y  a  
s e le c tiv e  c h o o s in g  a m o n g  th e  s lig h t f lu c tu a tin g  D a rw in ia n  
v a r ia tio n s , b u t  in d e p e n d e n tly  o f  se le c tio n , a n d  la rg e ly  
in d e p e n d e n tly  o f  th e  so -c a lle d  D a rw in ia n  v a r ia tio n s , b y  
th e  a p p e a ra n c e  in  f ix e d  d e f in it iv e  fo rm  o f  se v e ra l to  m a n y  
s lig h t to  c o n s id e ra b le  v a r ia tio n s , w h ic h  g iv e  th e  n e w  
s p e c ie s  d e f in ite  c h a ra c te r is tic s  d if fe re n tia tin g  i t  o f te n  in  
m a n y  p a r tic u la rs  f ro m  th e  o ld  sp e c ie s , w h ic h  
d if fe re n tia tin g  c h a ra c te r is tic s  a re  fu lly  a n d  fa ith fu lly  
tra n s m itte d  to  th e  su c c e e d in g  g e n e ra tio n s  o f  in d iv id u a ls  
d e r iv e d  f ro m  th is  su d d e n ly  b o rn  n e w  sp ec ies .

In  so m e  th e o r ie s  o r  v ie w s  o f  h e te ro g e n e s is  th e  
su d d e n ly  a p p e a r in g  n e w  v a r ia t io n s  —  a n d  n o n e  o f  th e s e  
th e o r ie s  g iv e s  a  sa tis fa c to ry  e x p la n a tio n  o f  th e  c a u se  o f  
th e s e  su d d e n  v a r ia t io n s  —  w h ic h  g iv e  r is e  to  n e w  sp ec ie s , 
a re  th o s e  la rg e , so m e tim e s  m o n s tro u s , v a r ia t io n s  k n o w n  a s  
"sp o rts ,"  "m o n s te rs ,"  e tc .; o r, in  B a te s o n 's  w o rd s ,a re  
"d is c o n tin u o u s  v a r ia tio n s ,"  i. e, c o n s id e ra b le  v a r ia tio n s
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n o t c o n n e c te d  b y  a  c o n tin u o u s  se r ie s  o f  g ra d a tio n s  w ith  
th e  p a re n t  ty p e  o f  th e  v a r ia b le  o rg a n  o r  in d iv id u a l.

D a rw in ia n s  h a v e  a lw a y s  b e e n  in te re s te d  in  su ch  
v a r ia tio n s , fo r  i f  th e y  d o  o c c u r  in  a n y  c o n s id e ra b le  
n u m b e rs  th e y  m ig h t o f fe r  a  p o s s ib le  so lu tio n  o f  th a t  
d if f ic u lty  in  th e  se le c tio n  th e o ry  o f  e x p la in in g  th e  o rig in  
o f  n e w  s tru c tu re s  a n d  th e  n e e d e d  d e g re e  o f  s iz e  a n d  
d e v e lo p m e n t su ff ic ie n t to  m a k e  th e s e  b e g in n in g s  u se fu l 
a n d  h e n c e  a v a ila b le  as h a n d le s  fo r  n a tu ra l se le c tio n . B u t  it  
h a s  lo n g  b e e n  re c o g n is e d  th a t  su ch  sp o rts  o r  d is c o n tin u o u s  
v a r ia tio n s  a re  to o  fe w  a n d  o c c u r  to o  ra re ly  to  fu rn is h  th e  
b a s is  fo r  a  c o m p re h e n s iv e  th e o ry  o f  sp e c ie s -fo rm in g . L ik e  
th e  e x tre m e s  o f  in d iv id u a ls  in  th e  se rie s  o f  f lu c tu a tin g  
v a r ia tio n s , th e ir  c h a ra c te rs  w o u ld  b e  lo s t  o r  sw a m p e d  b y  
c ro ss in g . D a rw in  h im s e lf  m a d e  as fu ll a  l is t  o f  su ch  sp o rts  
a s  a n y  p o s t-D a rw in ia n  w rite r , e x c e p tin g  B a te so n , h a s  b e e n  
a b le  to  do , a n d  h e  re c o g n is e d  th e  f a c t  th a t  c e r ta in  sp ec ie s , 
o r  ra c e s  a t  le a s t, o f  d o m e s tic a te d  a n im a ls  a n d  c u ltiv a te d  
p la n ts  u n d o u b te d ly  h a d  th e ir  b e g in n in g s  in  th e s e  sp o rts . 
H is  e x a m p le s  o f  su c h  d isc o n tin u o u s  o r  s a lta to ry  e v o lu tio n  
as  th e  A n c o n  a n d  M a u c h a m p  sh eep , th e  P a ra g u a y  c a ttle ,4 
e tc ., a re  th e  c la s s ic  e x a m p le s  in  a n im a l e v o lu tio n , a n d  to  
th is  d a y  n e a r ly  th e  o n ly  ones! B a te s o n  5h as , to  b e  su re , 
g a th e re d  to g e th e r  in  h is  "M a te r ia ls  fo r  th e  S tu d y  o f  
V a ria tio n "  a  m u c h  la rg e r  l is t  o f  sp o rts  o r  d is c o n tin u o u s  
v a r ia t io n s  th a n  D a rw in  in c lu d e d  in  h is  k n o w le d g e  (it 
sh o u ld  b e  b o rn e  in  m in d  in  re fe r r in g  to  B a te s o n 's  l is t  th a t  
sev e ra l, p ro b a b ly , in d e e d , m a n y  o f  h is  a lle g e d  e x a m p le s  
a re  c a se s  o f  te ra to g e n ic  r e g e n e ra tio n )  —  b u t h e  h a s  b e e n  
a b le  to  a d d  a lm o s t  n o  n e w  e x a m p le s  o f  th e  o r ig in  o f  a  n e w  
sp e c ie s  f ro m  su c h  d isc o n tin u o u s  v a r ia tio n s . A  fe w  c a se s  
a re  k n o w n  o f  th e  in h e r ita n c e  th ro u g h  a  n u m b e r  o f  
g e n e ra tio n s  o f  su d d e n ly  a p p e a r in g  sp o rts  o r  d is c o n tin u o u s  
v a r ia tio n s  in  h u m a n  b e in g s  (c a se s  o f  p o ly d a c ty ly , e tc .)  an d  
ca ts . (K e n n e l 's  s tu m p -ta ile d  ca t, w h ic h  p ro d u c e d  in  six  
l itte rs  fo u r  s tu m p -ta ile d , tw e lv e  ta ille s s , a n d  tw e lv e
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n o rm a l y o u n g , is  a n  e x a m p le  o f  sev e ra l s im ila r  c a se s  
w h ic h  h a v e  b e e n  re c o rd e d .)  S p e c ie s - fo rm in g  b y  sp o rts  
a n d  d is c o n tin u o u s  v a r ia t io n s  is  o b v io u s ly  n o  th e o ry  to  
p re su m e  to  o f fe r  i ts e lf  a s  a  s p e c ie s - fo rm in g  su b s titu te  fo r  
n a tu ra l se le c tio n . B u t th e  d e  V rie s ia n  m u ta tio n s  th e o ry , 
th e  m o s t re c e n t  d e v e lo p m e n t o f  th e  h e te ro g e n e s is  
c o n c e p tio n , h a s  r e h a b ili ta te d  th is  c o n c e p tio n  to  su ch  a n  
e x te n t  th a t  a  n u m b e r  o f  b io lo g is ts  see  in  i t  a n  a c tu a lly  
s a tis fa c to ry  su b s titu te  f o r  th e  n a tu ra l s e le c tio n  th e o ry . 
B e fo re  e x p la in in g  th e  th e o ry  o f  d e  V rie s  le t  u s  f i r s t  n o te  
tw o  o r  th re e  o th e r  p r io r  fo rm u la tio n s  o f  th e o r ie s  o f  
h e te ro g e n e s is , o n e  a t  le a s t  b e in g  n e a r ly  id e n tic a l w ith  th a t  
o f  d e  V rie s .

In  1864  th e  g re a t  z o o lo g is t  v o n  K o ll ik e r ,6 in  a 
p a p e r  u n d e r  th e  t i t le  "U b e r  d ie  d a rw in isc h e  
S c h o p fu n g s th e o r ie ,"  to o k  p o s it iv e  g ro u n d  a g a in s t th e  
a d e q u a c y  o r  a c tu a lity  o f  n a tu ra l se le c tio n  as  a  sp e c ie s -  
fo rm in g  fa c to r , a n d  p ro p o s e d  a  th e o ry  o f  "heterogene 
Erzeugung" (h e te ro g e n e s is )  w h ic h  h e  fo rm u la te d , 
h o w e v e r , o n ly  in  m o s t  g e n e ra l te rm s . H e  sa id  th a t  "u n d e r  
th e  in f lu e n c e  o f  a  g e n e ra l la w  o f  d e v e lo p m e n t (e v o lu tio n )  
o rg a n ism s  b r in g  fo r th  o th e r  k in d s  d if fe r in g  f ro m  th e m  o u t 
o f  th e  g e rm s  p ro d u c e d  b y  th e m ."  H e  in c lu d e d  in  h is  
g e n e ra l th e o ry  o f  h e te ro g e n e s is  a  b a s ic  p la n  o f  p ro g re s s iv e  
e v o lu tio n . S u ch  a  c o n c e p tio n  h a s  in  i t  to o  m u c h  a u to g e n ic  
o r th o g e n e s is ;i t  is  to o  re d o le n t  o f  te le o lo g y  f o r  p re se n t-d a y  
b io lo g y . T h e  v a r ia tio n s , to o , w h ic h  a re  to  s e rv e  as 
b e g in n in g s  o f  n e w  sp e c ie s  a re  th o s e  to o  ra re  o n e s  w h ic h  
w e  h a v e  re fe r re d  to  a s  sp o rts  a n d  d isc o n tin u o u s  v a r ia tio n s .

T h e  A m e ric a n  n a tu ra lis t, D a ll ,7 in  a  p a p e r  w r itte n  
in  1877 , e x p re s s e s  h is  c o n v ic tio n  th a t  su d d e n  c h a n g e s  o f  
sp e c ie s - fo rm in g  c h a ra c te r  d o  o c c u r, a n d  a s c r ib e s  su c h  
c h a n g e s  "to  th e  a c tio n  o f  th e  la w  o f  d e v e lo p m e n t, w h ic h  
f in d s  e x p re s s io n  in  th e  p a ra d o x  th a t  th e  sa m e  sp e c ie s  m a y  
b e lo n g  to  d if fe re n t g e n e ra ."
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T h a t su d d e n  le a p s  m a y  b e  d u e  to  th e  g ra d u a l 
a c c u m u la tio n  o f  m in u te  d if fe re n c e s  h e  e x e m p lif ie s  a s  
fo llo w s : "In  a  s lo p in g  g u tte r  o f  a  p a v e d  s tre e t n o t  to o  
c le a n ly  sw e p t e v e ry  o n e  w ill n o tic e  o n  a  su d d e n  sh o w e r  
h o w  sm all p a r tic le s  o f  e a r th  a n d  o th e r  m a te r ia ls  w ill 
so m e tim e s  a c t  a s  a  d am , p ro d u c in g  a  p u d d le  w h ic h , 
re lie v e d  b y  p a r tia l d ra in in g , m a y  f o r  a  t im e  re m a in  in 
status quo. A  t im e  c o m e s , h o w e v e r , w h e n  th e  g ra d u a lly  
a c c u m u la te d  p re s s u re  s u d d e n ly  sw e e p s  th e  d a m  b e fo re  it  
f o r  a  s h o r t  d is ta n c e , u n til  a n o th e r  s im ila r  o n e  is  fo rm e d , 
th e  p o o l a g a in  a p p e a rs  f o r  a  t im e  to  re m a in  u n c h a n g e d , 
a n d  so  o n  in d e f in ite ly . N o w  th e  m o d e rn  id e a  o f  a  sp e c ie s  
m a y  b e  s ta te d  to  b e  a  g re a te r  o r  le s s e r  n u m b e r  o f  s im ila r  
in d iv id u a l o rg a n ism s  in  w h ic h  f o r  th e  t im e  b e in g  th e  
m a jo r ity  o f  c h a ra c te rs  a re  in  a  c o n d itio n  o f  m o re  o r  le ss  
s ta b le  e q u ilib r iu m , a n d  w h ic h  h a v e  th e  p o w e r  to  tra n s m it 
th e s e  c h a ra c te rs  to  th e ir  p ro g e n y  w ith  a  te n d e n c y  to  
m a in ta in  th is  e q u ilib r iu m . T h is  te n d e n c y  m a y  b e , in  so m e  
c a se s , su ff ic ie n tly  s tro n g  to  re s is t  f o r  a  c o n s id e ra b le  p e r io d  
th e  c h a n g e s  w h ic h  a  g ra d u a l m o d if ic a tio n  o f  th e  
e n v iro n m e n t m a y  te n d  to  b r in g  a b o u t. W h e n  th e  la t te r  h a s  
re a c h e d  a  p itc h  w h ic h  re n d e rs  th e  re s is ta n c e  n o  lo n g e r  
e f fe c tu a l, i t  is  c o n c e iv a b le  th a t  a  su d d e n  c h a n g e  m a y  ta k e  
p la c e  in  th e  a r ra n g e m e n t o f  th e  c o n s titu tio n  o f  th e  
o rg a n ism , a d a p tin g  it  o n c e  m o re  to  its  su rro u n d in g s , w h e n  
th e  te n d e n c y  to  e q u ilib r iu m  m a y  re a s s e r t  i ts e lf  in  th e  
m in o r  c h a ra c te r is tic s , a n d  th e y  m a y , a s  i t  w e re , c ry s ta ll is e  
o n c e  m o re  in  a  fo rm  n o t d is s im ila r  in  g e n e r ic  ty p e . I f  
a m o n g  a  c e r ta in  a s s e m b la g e  o f  in d iv id u a ls  c o n s titu tin g  a  
sp e c ie s , th e  te n d e n c y  to  m a in ta in  th e  sp e c if ic  e q u ilib r iu m  
b e  (a s  i t  sh o u ld  b e  a priori) tr a n s m itte d  to  th e  p ro g e n y  in  
d if fe re n t d e g re e s  o f  in te n s ity , a  g ra d u a l s e p a ra tio n  m ig h t 
ta k e  p la c e  b e tw e e n  th o s e  w ith  a  s tro n g e r  te n d e n c y  to  
e q u ilib r iu m  a n d  th o s e  w ith  less. H e re  n a tu ra l se le c tio n  
w o u ld  c o m e  in. T h o se  y ie ld in g  a s  a b o v e  to  th e  p re s s u re  o f  
th e  e n v iro n m e n t w o u ld  n e c e s s a r ily  b e c o m e  b e t te r  a d a p te d
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to  i t  (o r  p e r ish )  a n d  w ith  th e ir  c h a n g e d  g e n e r ic  s tru c tu re  
m ig h t b e  a b le  to  p e rs is t. O n  th e  o th e r  h a n d , th o s e  w ith  th e  
b ro a d e r  b a se , so  to  sp eak , w ith  th e  in h e r ite d  te n d e n c y  to  
re m a in  u n s h a k e n  b y  th e  m o d if ic a tio n s  o f  th e  e n v iro n m e n t, 
m a y  b e  c o n c e iv e d  a s  th ro u g h  th is  te n d e n c y  to  b e  a n d  to  
re m a in  le s s  in ju r io u s ly  a f fe c te d  b y  a d v e rs e  c irc u m s ta n c e s , 
a n d  c o n se q u e n tly  m ig h t s till en d u re . In  sh o rt, n a tu ra l 
s e le c tio n  in  th e  o n e  c a se  w o u ld  f in d  its  fu lc ru m  in  th e  
te n d e n c y  to  e a sy  a d ju s tm e n t o f  c h a ra c te rs ; a n d  in  th e  o th e r  
c a se  in  th e  in h e r ite d  p e rs is te n c y  in  e q u ilib r iu m  re n d e r in g  
its  p o s s e s s o r  m o re  o r  le s s  in d if fe re n t  to  th e  in ju r io u s  
e le m e n ts  o f  th e  e n v iro n m e n t. T h e  in te rm e d ia te  
in d iv id u a ls  b y  th e  h y p o th e s is  w o u ld  b e  th o s e  le a s t- f i t te d  to  
p e rs is t  in  a n y  ca se  a n d  h e n c e  lia b le  to  b e  ra p id ly  
e lim in a te d . T h e n  w e  sh o u ld  h a v e  p a ra lle l se rie s  o f  sp e c ie s  
in  tw o  o r  e v e n  m o re  g e n e ra  e x is tin g  s im u lta n e o u s ly ."

F ra n c is  G a lto n , th e  g re a t s tu d e n t o f  h e re d ity  and , 
in  m o s t  o f  h is  b e l ie f  a  th o ro u g h  D a rw in ia n , n e v e r th e le s s  
h e ld  i t  to  b e  p ro b a b le  th a t  e v o lu tio n  m ig h t p ro c e e d  n o t 
o n ly  b y  m in u te  s te p s  b u t  th a t  d e c is iv e  su d d e n  c h a n g e s  o f  
th e  ty p e  m a y  o ccu r. "T h a t th e  s tep s  may b e  sm all a n d  th a t  
th e y  must b e  sm a ll a re  v e ry  d if fe re n t v ie w s ; i t  is  o n ly  to  
th e  la t te r  th a t  I o b je c t, a n d  o n ly  w h e n  th e  in d e f in ite  w o rd  
'sm a ll ' is  u s e d  in  th e  se n se  o f  'b a re ly  d is c e rn ib le ' o r  as 
sm a ll c o m p a re d  w ith  su c h  la rg e  sp o rts  a s  a re  k n o w n  to  
h a v e  b e e n  th e  o r ig in  o f  n e w  ra c e s . '' A n d  h is  fa m ilia r  
a n a lo g y  o f  o rg a n ic  s ta b ility  to  th a t  o f  th e  p o ly g o n  9 w ith  
u n e q u a l s id es , w h o s e  s ta b ility  o r  f ix i ty  d e p e n d s  u p o n  
w h ic h  o f  th e s e  s id e s  i t  m a y  b e  re s tin g  on , e x p re s s e s  w e ll 
th e  b a s ic  id e a  in  h e te ro g e n e s is  o r  m u ta tio n  b y  sm a ll b u t  
d e f in it iv e  a n d  fa ir ly  s ta b le  c h a n g e s . G a lto n  a ls o  b e lie v e d  
in  th e  s ta b ility  o r  f ix i ty  o f  sp o rts ; n o t  th a t  a ll t r a n s m it  th e ir  
c h a ra c te r  to  th e ir  y o u n g  b u t  th a t  m a n y  d o  a n d  th u s  g iv e  
r is e  to  n e w  ty p es .

E m e ry ,10 in  h is  su g g e s tiv e  p a p e r  c a lle d  "G e d a n k e n  
z u r  D e s c e n d e n z -  u n d  V e re rb u n g s th e o r ie ,"  e x p re s se s  h is
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b e l ie f  in  th e  im p o r ta n c e  in  s p e c ie s - fo rm in g  o f  w h a t h e  
c a lls  "p r im a ry  v a r ia tio n s ,"  w h ic h  a re  la rg e  a n d  su d d e n  as 
c o n tra s te d  w ith  " se c o n d a ry  v a r ia tio n s ,"  w h ic h  a re  th e  
u su a l sm a ll, f lu c tu a tin g  o r  so -c a lle d  D a rw in ia n  v a r ia tio n s . 
E m e ry  b a s e s  h is  b e l ie f  o n  th e  f e w  c a se s  l ik e  th e  A n c o n  
sh e e p  a n d  th e  in h e r ite d  s ix - f in g e re d n e ss  o f  m e n , a n d  a ls o  
o n  a n  a rg u m e n t d ra w n  f ro m  th e  d if f ic u lty  o f  e x p la in in g  b y  
th e  n a tu ra l s e le c tio n  th e o ry  v a r io u s  e x is tin g  c o n d itio n s  
su c h  a s  se x u a l p o ly m o rp h ism , a n d  n u m e ro u s  c a se s  o f  
e x tre m e ly  c o m p le x  s tru c tu ra l a n d  p liy s io lo g ic a l 
s p e c ia lisa tio n . B u t  th e re  is  l i ttle  th a t  is  c o n v in c in g  
in E m e ry 's  p re se n ta tio n .

A  la te r  e x p o n e n t o f  h e te ro g e n e s is  o f  a  d if fe re n t 
k in d , a n d  a  m o re  sh a rp ly -sp o k e n  a n ta g o n is t  o f  th e  
s e le c tio n  th e o ry ,m u c h  m o re  n e a r ly  a n tic ip a te s  d e  V rie s 's  
m u ta tio n  th eo ry .

In d e e d  th is  b io lo g is t , th e  R u s s ia n  b o ta n is t  
K o rs c h in s k y , in  h is  c h a m p io n sh ip  o f  h e te ro g e n e s is  g o e s  
m u c h  b e y o n d  d e  V rie s  in  h is  d e n ia l o f  th e  in f lu e n c e  o f  
s e le c tio n  in  sp e c ie s - fo rm in g  a n d  d e sc e n t. D e  V rie s , a s  w e  
sh a ll see, a d m its  n a tu ra l s e le c tio n  to  b e  a  fa c to r , a n d  
p e rh a p s  a  la rg e  o n e  in  th e  d e te rm in a tio n  o f  d e sc e n t, o f  
o rg a n ic  e v o lu tio n , b u t  h o ld s  i t  to  b e  w h o lly  a  r e s tra in in g  
a n d  c u ttin g -b a c k  fa c to r , n o t  a t  a ll a  fo rm a tiv e  one. 
K o rs c h in s k y  sa y s  p la in ly  th a t  th e  s tru g g le  f o r  e x is te n c e  
a n d  se le c tio n  h a v e  e ith e r  n o  in f lu e n c e  in  s p e c ie s - fo rm in g  
a n d  d e sc e n t, o r, i f  a n y , a  h in d e r in g  a n d  a n ta g o n is in g  
in f lu e n c e , a  re ta rd in g  a n d  n u llify in g  in flu e n c e . 
K o rs c h in s k y  h a s  p u b lis h e d  h is  th e o ry  in  th re e  p a p e rs , o n e  
a  la rg e  w o rk  in  R u s s ia n  w h ic h  I  h a v e  n o t  seen , th e  o th e rs  
s h o r te r  p a p e rs  11 in  G e rm a n  w h ic h  a re  o f  th e  n a tu re  o f  
vorlaufige Mitfeilungen. In  th e s e  p a p e rs  h e  fo rm u la te s  
c le a r ly  a n d  p o s it iv e ly  a  th e o ry  o f  h e te ro g e n e s is  o r  sp e c ie s -  
fo rm in g  b y  "m u ta tio n s"  a n d  a tta c k s  sh a rp ly  a n d  p o s itiv e ly  
th e  n a tu ra l s e le c tio n  th e o ry . A  c o n c ise  s ta te m e n t o f  h is  
th e o ry  a n d  a t  th e  sa m e  tim e  o f  h is  p o s itio n  w ith  re g a rd  to

337



th e  s e le c tio n  th e o ry  is  g iv e n  b y  h im  in  a  ta b le  o f  tw o  
c o lu m n s  in  w h ic h  th e  c o n tra s t  b e tw e e n  th e  tw o  th e o r ie s  is  
g ra p h ic a lly  sh o w n . I  t ra n s la te  h e re  th is  "p a ra lle l co lu m n s"  
s ta te m e n t in  fu ll:

A C C O R D IN G  T O  T H E  T R A N S M U T A T IO N  
T H E O R Y .

1. T o  a ll o rg a n ism s  th e re  b e lo n g s  a  c a p a c ity  fo r  
v a r ia t io n  w h ic h  is  c a lle d  in to  p la y  p a r tly  th ro u g h  in n e r, 
p a r tly  th ro u g h  o u te r  c a u se s , th ro u g h  u s e  a n d  d isu se , etc. 
T h is  c a p a c ity  f o r  v a r ia tio n  re g u la r ly  f in d s  its  e x p re s s io n  in  
th e  a p p e a ra n c e  o f  s lig h t a n d  u n n o tic e a b le  in d iv id u a l 
d iffe re n c es .

2. A s  a  re s u lt  o f  th is  s tru g g le  fo r  e x is te n c e  an d  
se le c tio n , th o s e  in d iv id u a l v a r ia t io n s  w h ic h  p ro v e  
th e m s e lv e s  u se fu l b e c o m e  f ix e d  a n d  a c c u m u la te d , w h ile  
th e  n o n -u se fu l o n e s  d isa p p e a r . A ll c h a ra c te r is tic s  a n d  
p e c u lia r it ie s  o f  a  sp e c ie s  m u s t, a s  a  re s u lt  o f  a  p ro lo n g e d  
se le c tio n , s ta n d  in  h a rm o n y  w ith  th e  o u te r  c o n d itio n s , a n d  
b e  u se fu l to  th e  o rg a n ism .

3. T h ro u g h  p ro lo n g e d  se le c tio n  a n d  a c c u m u la tio n  
o f  c h a ra c te r is tic s  a ll sp e c ie s  u n d e rg o  a  p e rs is te n t  c h a n g e , 
w h e re b y  th e y  a re  g ra d u a lly  tra n s fo rm e d  in to  n e w  sp e c ie s  
w ith o u t, h o w e v e r , s a c r if ic in g  th e ir  n o rm a l p h y s io lo g ic a l 
re la tio n s .

4. T h is  p ro c e s s  c a n  ta k e  p la c e  e v e ry w h e re  a n d  
u n d e r  a ll c irc u m sta n c e s . T h e  h a rd e r  th e  o u te r  c o n d itio n s  
a n d  th e  sh a rp e r  th e  s tru g g le  fo r  e x is te n c e , th e  m o re  
e n e rg e tic a lly  se le c tio n  w o rk s , a n d  th e re w ith  th e  q u ic k

5. T h e  c h ie f  re q u is ite  f o r  e v o lu tio n  is, th e re fo re , 
th e  s tru g g le  f o r  e x is te n c e  a n d  th e  s e le c tio n  w h ic h  re su lts  
f ro m  it.

6. I f  th e re  w e re  n o  s tru g g le  f o r  e x is te n c e , n o  
se le c tio n , n o  su rv iv a l o f  th e  s tro n g e s t, th e re  w o u ld  b e  n o  
e v o lu tio n  a n d  n o  sp e c ia lisa tio n , f o r  a d a p te d  sp e c ie s  w o u ld  
h a v e  n o  a d v a n ta g e  o v e r  u n a d a p te d  o n es , a n d  a s  a  re s u lt  o f
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c ro s s in g  w ith  th e  la tte r , th e y  w o u ld  sa c r if ic e  th e ir  u se fu l 
c h a ra c te r is tic s .

7. T h e  so -c a lle d  a d v a n c e  in  n a tu re  o r  th e  
p e r fe c tin g  o f  o rg a n ism s , is  n o th in g  e lse  th a n  a  m o re  
c o m p le x , m o re  c o m p le te  a d a p ta t io n  to  o u te r  c o n d itio n s , 
a n d  i t  is  re a c h e d  in  a  p u re ly  m e c h a n ic a l w a y  th ro u g h  
se le c tio n  a n d  th e  a c c u m u la tio n  o f  c h a ra c te r is tic s  u se fu l 
u n d e r  th e  e x is te n t o u te r  co n d itio n s .

A C C O R D IN G  T O  T H E  T H E O R Y  O F  
H E T E R O G E N E S IS .

1. T o  a ll o rg a n ism s  th e re  b e lo n g s  a  c a p a c ity  fo r  
v a r ia tio n , w h ic h  is  a  fu n d a m e n ta l in n e r  p e c u lia r ity  
in d e p e n d e n t  o f  o u te r  c o n d itio n s , a n d  w h ic h  re m a in s  
u s u a lly  in  la te n t  c o n d itio n , re ta in e d  b y  h e re d ity , b u t  w h ic h  
n o w  a n d  th e n  f in d s  its  e x p re s s io n  in  su d d e n  ch an g es .

2. T h e se  su d d e n  c h a n g e s  can , u n d e r  fa v o u ra b le  
c o n d itio n s , b e  th e  b e g in n in g s  o f  p e rs is te n t  ra c e s . T h e se  
n e w  c h a ra c te r is tic s , h a v in g  a p p e a re d  in d e p e n d e n tly  o f  
o u te r  c o n d itio n s , a re  so m e tim e s  u se fu l to  th e  o rg a n ism , 
b u t  th e y  m a y  a ls o  s ta n d  in  n o  h a rm o n y  w ith  o u te r  
c o n d itio n s .

3. A ll o n c e - fo rm e d  sp e c ie s  re m a in  u n c h a n g e d , 
a l th o u g h  n e w  fo rm s  o c c a s io n a lly  sp lit  o f f  f ro m  th e m  b y  
h e te ro g e n e s is . S u ch  n e w ly -a r is e n  fo rm s  h a v e , a s  th e  
re s u lt  o f  a  d is tu rb e d  h e re d ity , a  d e ra n g e d  c o n s titu tio n , 
w h ic h  re v e a ls  i ts e lf  in  a  le s s e n e d  fe r t i l i ty  a n d  o f te n  in  a  
g e n e ra lly  w e a k e n e d  c o n d itio n  o f  th e  o rg a n ism . T h e  n e w  
fo rm s , b e c o m in g  c o n s ta n t ra c e s , g ra d u a lly  r e c o v e r  th e ir  
c o n s titu tio n .

4. T h e  o r ig in  o f  n e w  fo rm s  can , h o w e v e r , o c c u r  
o n ly  u n d e r  fa v o u ra b le  c o n d itio n s  o f  e x is te n c e  f o r  th e  
sp e c ie s , a n d  th e  m o re  fa v o u ra b le  th e s e  c o n d itio n s , th a t  is, 
th e  le s s  s e v e re  th e  s tru g g le  f o r  e x is te n c e , th e  m o re  
e n e rg e tic a lly  c a n  e v o lu tio n  g o  on. N e w  fo rm s  d o  n o t  a r is e
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u n d e r  h a rd  e x te rn a l c o n d itio n s , o r  i f  a n y  do , th e y  g o  
q u ic k ly  to  g ro u n d .

5. T h e  s tru g g le  fo r  e x is te n c e , a n d  th e  s e le c tio n  th a t  
g o e s  h a n d  in  h a n d  w ith  it, c o n s ti tu te  a  f a c to r  w h ic h  lim its  
n e w  fo rm s  a n d  h in d e rs  fu r th e r  v a r ia t io n  a n d  is, th e re fo re , 
in  n o  w a y  fa v o u ra b le  to  th e  o r ig in  o f  n e w  fo rm s . I t  is  a 
f a c to r  in im ic a l to  ev o lu tio n .

6. I f  th e re  w e re  n o  s tru g g le  f o r  e x is te n c e , th e re  
w o u ld  b e  n o  k il l in g  o u t  o f  n e w ly  a r is in g  o r  a lre a d y  a r is e n  
fo rm s . T h e  w o rld  o f  o rg a n is m s  c o u ld  th e n  g ro w  to  a 
m ig h ty  tre e , w h o s e  b ra n c h e s  c o u ld  a ll p e rs is t  in  
b lo s s o m in g  c o n d itio n , a n d  th e  m o s t  a b e rra n t, n o w  
iso la te d , sp e c ie s  w o u ld  b e  c o n n e c te d  w ith  a ll o th e rs  
th ro u g h  in te rm e d ia te  fo rm s .

7. T h e  a d a p ta t io n  w h ic h  c o m e s  to  e x is t  th ro u g h  th e  
s tru g g le  fo r  e x is te n c e  is  n o t  a t  a ll id e n tic a l w ith  a n  
a d v a n c e , fo r  h ig h e r , m o re  sp e c ia lis e d  (vollkommenere) 
fo rm s  a re  b y  n o  m e a n s  a lw a y s  b e tte r  a d a p te d  to  o u te r  
c o n d itio n s  th a n  th e  lo w e r  o n es. O n e  c a n n o t e x p la in  th e  
e v o lu tio n  o f  o rg a n ism s  in  a  p u re ly  m e c h a n ic a l w a y . In  
o rd e r  to  e x p la in  th e  o rig in  o f  h ig h e r  fo rm s  o u t o f  lo w e r  it  
is  n e c e s s a ry  to  a d m it  a  sp e c ia l te n d e n c y , in  o rg a n ism s , fo r  
a d v a n c e . w h ic h  is  n e a r ly  re la te d  to , o r  id e n tic a l w ith  th e  
te n d e n c y  to  v a ry , a n d  w h ic h  c o m p e ls  o rg a n ism s  to w a rd  
p e r fe c t-n e s s  a s  fa r  as e x te rn a l c o n d itio n s  a llo w .

T h e  th e o ry  o f  h e te ro g e n e s is  a s  fo rm u la te d  b y  
K o rs c h in s k y  (a n d  a ls o  a s  h e ld  b y  de  V rie s , a s  w e  shall 
see )  is  n o t  n e c e s e r  th e  d e v e lo p m e n t o f  n e w  fo rm s .

S a rily  a  th e o ry  o f  su d d e n  la rg e  c h a n g e s  o r  
v a r ia tio n s , a l th o u g h  i t  is  o f  su d d e n  a n d  f ix e d  o n es. I t  is  n o t 
b a s e d  o n  a n y  b e l ie f  th a t  sp o rts  o r  la rg e  v a r ia t io n s  a re  a n y  
m o re  n u m e ro u s , n o r  o f  a n y  m o re  w o r th  a s  th e  b e g in n in g s  
o f  n e w  sp e c ie s , th a n  n o w  g e n e ra lly  re c o g n ise d , b u t  it  
a s s u m e s  su d d e n  ra d ic a l c h a n g e s  in  th e  o rg a n ism  w h ic h , i f  
n o t  v is ib ly  la rg e  a s  re g a rd s  o b v io u s  q u a n tita tiv e  
c o n d itio n s , a re  la rg e  o r  a t  le a s t  c o m p re h e n s iv e  a s  re g a rd s
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q u a lita tiv e  c o n d itio n s . T h e  m u ta tio n  o r  v a r ia t io n  a s su m e d  
b y  th e  th e o ry  o f  h e te ro g e n e s is  a f fe c ts  m a n y  o rg a n s  a n d  
p a rts , s tru c tu ra lly  a n d  p h y s io lo g ic a lly ;  i t  p ro d u c e s  a  
ra d ic a l c h a n g e  th ro u g h o u t th e  o rg a n ism . A n d  th is  c h a n g e  
is  th e  re s u lt  o f  a n  in f lu e n c e  w h o lly  in tr in s ic , in h e re n t, a n d  
h a s  n o  re fe re n c e  to  e x te rn a l c o n d itio n s , e x c e p t in  th a t  th e  
s tim u lu s  f o r  i t  m a y  c o m e  p a r tly  o r  c h ie f ly  f ro m  sp e c ia lly  
fa v o u ra b le  c o n d itio n s  o f  n u tr itio n . T h is  c h a n g e  is  a t  o n c e  
d e f in it iv e  a n d  f ix e d : i t  is  tra n s m itte d  u n im p a ire d  to  th e  
o f fs p r in g  o f  th e  o rg a n ism  s h o w in g  th e  m u ta tio n , o n ly  th e  
c a p a c ity  fo r  th e  p ro d u c tio n  o f  o ffsp r in g , i. e ., th e  
re p ro d u c tiv e  fe r tility , is  o f te n  w e a k e n e d .

K o rs c h in s k y 's  th e o ry  a n d  d e c la ra tio n s  a re  n o t 
b a s e d  o n  a n y  v e ry  la rg e  a m o u n t o f  p e rso n a l 
e x p e r im e n ta tio n  a n d  o b se rv a tio n  —  a t le a s t  h is  re fe re n c e s  
to  n e w  fa c ts  a re  fe w  a n d  m e a g re . H e  g iv e s  a  sh o rt l is t  o f  
o ld  a n d  m o re  o r  le s s  f a m ilia r  to g e th e r  w ith  a  fe w  n e w  
e x a m p le s  o f  h e te ro g e n e s is  b u t  h e  d o e s  n o t  le n d  th e  th e o ry  
o f  h e te ro g e n e s is  v e ry  m u c h  in  th e  w a y  o f  a u th o r ity , e x c e p t 
in  so  f a r  a s  th e  e v id e n tly  p o s it iv e  a n d  c le a r  c o n v ic tio n  o n  
th e  p a r t  o f  a  b io lo g is t  o f  e x p e r ie n c e  a n d  re p u ta b le  s ta n d in g  
o f  th e  n e c e s s ity  a n d  tru th  o f  su c h  a  th e o ry  is  a u th o rity . 
K o rs c h in s k y 's  c o n v ic tio n  is  p ro b a b ly  b a s e d  o n  m u c h  
o b se rv a tio n  a n d  e x p e r ie n c e  b e s id e s  th a t  w h ic h  h e  
d e f in ite ly  c a ta lo g u e d , b u t  w h a t  is  n e e d e d  to  c a rry  
c o n v ic tio n  to  o th e rs  is  d ire c t re fe re n c e  to  p ro v e d , a n d  
w h e re  p o s s ib le  v e r if ia b le , fa c ts  o f  o b se rv a tio n  a n d  
e x p e rim e n t.

T h e  su p p ly in g  o f  th is  d e m a n d , to  a  d e g re e  w h ic h  
w ill a p p e a r  to  v a r io u s  p e o p le  in s u f f ic ie n t  o r  su ff ic ie n t 
a c c o rd in g  to  th e ir  re s p e c tiv e  id e a s  o f  w h a t is  n e e d e d  in  th e  
w a y  o f  f a c t  m a te r ia l  f o r  th e  sa tis fa c to ry  fo u n d in g  o f  a  
th e o ry , i t  is  th e  sp e c ia l v ir tu e  o f  d e  V rie s  to  h a v e  
a t te m p te d  o n  b e h a lf  o f  h e te ro g e n e s is .

D e  V rie s"  in tro d u c e s  h is  n o w  c la s s ic  tw o -v o lu m e  
p re s e n ta tio n  o f  h is  v ie w s  o n  e v o lu tio n  a n d  sp e c ie s -
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fo rm in g  ("D ie  M u ta tio n s th e o r ie ,"  1 9 0 1 -1 9 0 3 )  w ith  th e  
fo llo w in g  p a ra g ra p h :

"A ls  M u ta tio n s th e o r ie  b e z e ic h n e  ic h  d e n  S a tz , d a ss  
d ie  E ig e n s c h a f te n  d e r  O rg a n ism e n  a u s  s c h a r f  v o n  e in a n d e r  
u n te rs c h ie d e n e n  E in h e ite n  a u fg e b a u t sind . D ie s e  E in h e ite n  
k o n n e n  z u  G ru p p e n  v e rb u n d e n  se in , u n d  in  v e rw a n d te n  
A rte n  k e h re n  d ie se lb e n  E in h e ite n  u n d  G ru p p e n  w ie d e r. 
U b e rg a n g e , w ie  sie  u n s  d ie  a u s se re n  F o rm e n  d e r  P f la n z e n  
u n d  T h ie re  so  z a h lre ic h  d a rb ie te n , g ie b t  e s  a b e r  z w isc h e n  
d ie se n  E in h e ite n  e b e n so w e n ig . w ie  z w is c h e n  d e n  
M o le k u le n  d e r  C h e m ie ."  A n d  a g a in  in  th e  f irs t  p a ra g ra p h  
o f  th e  p re fa c e  to  h is  b o o k  "S p ec ie s  a n d  V a r ie tie s "  " (an  
e d ite d  tra n s c r ip tio n  o f  h is  A m e r ic a n  le c tu re s  o n  sp e c ie s -  
fo rm in g ,d e liv e re d  in  C a lifo rn ia  in  1 9 0 4 ) h e  says: ". b u t  th e  
w a y  in  w h ic h  o n e  sp e c ie s  o r ig in a te s  f ro m  a n o th e r  h a s  n o t 
b e e n  a d e q u a te ly  e x p la in e d . T h e  c u r re n t b e l ie f  a s su m e s  
th a t  sp e c ie s  a re  s lo w ly  c h a n g e d  in to  n e w  ty p e s . In  
c o n tra c tio n  to  th is  c o n c e p tio n  th e  th e o ry  o f  m u ta tio n  
a s s u m e s  th a t  n e w  sp e c ie s  a n d  v a r ie t ie s  a re  p ro d u c e d  f ro m  
e x is tin g  fo rm s  b y  su d d e n  le a p s . T h e  p a re n t- ty p e  i t s e l f  
re m a in , u n c h a n g e d  th ro u g h o u t th is  p ro c e ss , a n d  m a y  
re p e a te d ly  g iv e  b ir th  to  n e w  fo rm s . T h e se  m a y  a rise  
s im u lta n e o u s ly  a n d  in  g ro u p s , o r  s e p a ra te ly  a t  m o re  o r  le ss  
w id e ly  d is tr ib u te d  p e r io d s . ''O b v io u s ly  th e re  is  n o  a n n u ity  
h e re  a s  to  th e  re la tio n  o f  sp e c ie s - fo rm in g  b y  m u ta tio n  to  
sp e c ie - fo rm in g  b y  g ra d u a l m o d if ic a t io n  th ro u g h  se le c tio n  
o r  f lu c tu a tin g  v a r ia tio n s .

In  th e  w o rd s  o f  d e  V rie s : ''S p e c ie s  h a v e  n o t  a r is e n  
th ro u g h  g ra d u a l se le c tio n  c o n tin u e d  f o r  h u n d re d s  o r  
th o u s a n d s  o f  y e a rs , b u t  b y  ju m p s  (stufenweise) th ro u g h  
su d d e n , th o u g h  sm a ll, tra n s fo rm a tio n s . In  c o n tra s t  w ith  
v a r ia tio n s  w h ic h  a re  c h a n g e s  in  a  linear direction th e  
tra n s fo rm a tio n s  to  b e  c a lle d  m u ta tio n s  c o n s titu te  
d iv e rg e n c e  in  new directions. T h e y  ta k e  p la c e , so  fa r  as 
e x p e r ie n c e  g o es , w ith o u t d e f in ite  d ire c tio n ."  14 A n d  ev e n  
i f  tra n s it io n  fo rm s  e x is t  b e tw e e n  th e  sp e c ie s  p ro d u c e d  b y
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m u ta tio n s , th e y  a re  n o  e v id e n c e  a g a in s t  th e  m u ta tio n s , 
"fo r,"  sa y s  d e  V rie s , " th e  tra n s it io n s  d o  n o t  a p p e a r  b e fo re  
th e  n e w  sp e c ie s , a t  m o s t  o n ly  s im u lta n e o u s ly  w ith  th is , 
a n d  g e n e ra lly  o n ly  a f te r  th is  is  a lre a d y  in  e x is te n c e . T h e  
tra n s i t io n s  a re  th e re fo re  n o  in te rm e d ia te s  o r  p re p a ra tio n s  
fo r  th e  a p p e a ra n c e  o f  th e  n e w  fo rm s . T h e  o r ig in  ta k e s  
p la c e , n o t  th ro u g h  th e m , b u t  w h o lly  in d e p e n d e n tly  o f  
th e m ."  15

T o o  o f te n  d e  V r ie s 's  th e o ry  is  sa id  n o t  to  b e  
a lte rn a tiv e  w ith  D a rw in 's , b u t  a u x ilia ry  to  it. A s  re g a rd s  
th e  fo rm a tio n  o f  n e w  sp e c ie s , th e  tw o  th e o r ie s  a re  d ire c tly  
in  o p p o s itio n .

B u t a s  re g a rd s  th e  g e n e ra l c o u rse  o f  o rg a n ic  
e v o lu tio n  (w h ic h  is  a n o th e r  m a tte r )  th e  m u ta tio n s  th e o ry  is  
n o t  in  c o n tra d ic tio n  to  th e  th e o ry  o f  d e s c e n t th ro u g h  
se le c tio n . D e  V r ie s  h im s e lf  says: "N o tw ith s ta n d in g  all 
th e s e  a p p a re n tly  u n s u rm o u n ta b le  d if f ic u ltie s ,D a rw in  
d isc o v e re d  th e  g re a t  p r in c ip le  w h ic h  ru le s  th e  e v o lu tio n  o f  
o rg a n ism s . I t  is  th e  p r in c ip le  o f  n a tu ra l se le c tio n . I t  is  th e  
s if tin g  o u t o f  a ll  o rg a n ism s  o f  m in o r  w o r th  th ro u g h  th e  
s tru g g le  fo r  life . I t  is  o n ly  a  s iev e , a n d  n o t  a  fo rc e  o f  
n a tu re , n o  d ire c t c a u se  o f  im p ro v e m e n t, a s  m a n y  o f  
D a rw in 's  a d v e rsa r ie s , a n d  u n fo r tu n a te ly  m a n y  o f  h is  
fo llo w e rs  a lso . h a v e  so  o f te n  a sse rte d . I t  is  o n ly  a  s iev e , 
w h ic h  d e c id e s  w h ic h  is  to  liv e , a n d  w h a t is  to  d ie. B u t 
e v o lu tio n a ry  lin e s  a re  o f  g re a t  le n g th , a n d  th e  e v o lu tio n  o f  
a  f lo w e r  o r  o f  an  in s e c tiv o ro u s  p la n t  is  a  w a y  w ith  m a n y  
s id e -p a th s . I t  is  th e  s ie v e  th a t  k e e p s  e v o lu tio n  o n  th e  m a in  
lin e , k i l l in g  a ll o r  n e a r ly  a ll th a t  try  to  g o  in  o th e r  
d ire c tio n s . B y  th is  m e a n s  n a tu ra l s e le c tio n  is  th e  o n e  
d ire c tin g  c a u se  o f  th e  b ro a d  lin e s  o f  ev o lu tio n ."  16

W h ile  d e  V rie s  a d m its  th a t  re c o rd e d  m u ta tio n s  are  
f e w ;" m u ta tio n s  u n d e r  o b se rv a tio n  a re  as y e t  v e ry  ra re ; 
e n o u g h  to  in d ic a te  th e  p o s s ib le  a n d  m o s t  p ro b a b le  w a y s  
b u t  n o  m o re ;"  17 y e t  h e  s tro n g ly  m a in ta in s  th a t  th e re  is  n o  
sc ie n tif ic  p ro o f  o f  th e  o r ig in  o f  sp e c ie s  in  a n y  o th e r  w a y
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th a n  b y  m u ta tio n  a n d  th a t  th e re  is  su c h  p ro o f  o f  th e ir  
a c tu a l m u ta tio n a l o rig in . H e  says: "I in te n d  to  g iv e  a 
re v ie w  o f  th e  fa c ts  o b ta in e d  f ro m  p la n ts  w h ic h  g o  to  p ro v e  
th e  a s s e r tio n  th a t  sp e c ie s  a n d  v a r ie tie s  h a v e  o r ig in a te d  b y  
m u ta tio n  a n d  a re , a t  p re se n t, n o t  k n o w n  to  o r ig in a te  in  
a n o th e r  w a y ."

B u t in  a n y  c o n s id e ra tio n  o f  d e  V r ie s 's  w o rk  an d  
th e o r ie s , o n e  m u s t  h a v e  c le a r ly  in  m in d  th e  d is tin c tiv e  
m e a n in g  w h ic h  d e  V rie s  a tta c h e s  to  th e  w o rd  spec ies . 
H o w e v e r  l i ttle  b io lo g is ts  a g re e  o n  a n y  a b s o lu te  d e f in it io n  
o f  sp e c ie s , th e  te rm  n e v e r th e le s s  is  c o n s is te n tly  u s e d  to  
r e fe r  to  d if fe re n tia te d  o rg a n ic  ty p e s  b e tw e e n  a n y  tw o  o f  
w h ic h  th e re  is  c o n s id e ra b le  o b v io u s  d e sc r ib a b le  
d iffe re n c e , e ith e r  q u a lita tiv e  o r  q u a n tita tiv e . I t  tw o  ty p e s  
o f  su c h  o b v io u s  d if fe re n c e  in  o n e  o r  se v e ra l c h a ra c te r is tic s  
(u su a lly  e x te rn a l o r  a t le a s t  e x te rn a lly  n o t  c e a b le  
d if fe re n c e s  a re  th e  o n e s  u se d )  a re  c o n n e c te d  b y  a  se rie s  o f  
c o n n e c tin g  g ra d a to ry  fo rm s  e x is tin g  e ith e r  in  th e  sam e  
te r r i to ry  o r  in  o th e r  re g io n s , th e  tw o  fo rm s  a re  n o t  re fe r re d  
to  a s  d is t in c t  sp e c ie s  b u t  a s  v a r ie tie s : a t  le a s t  th e  fo rm  a t 
o n e  e n d  o f  th e  se r ie s  is  c a lle d  a  v a r ie ty  o f  th e  fo rm  a t  th e  
o th e r  end . B u t d e  V r ie s 's  sp e c ie s  a n d  v a r ie tie s  a re  o f  
d if fe re n t stu ff. S p e c if ic  d is tin c tio n s  w ith  h im  a re  b a s e d  o n  
d if fe re n c e s  in  a g g re g a tio n  o f  th e  e le m e n ta ry  u n its  th e  
E in h a te n , th a t  g o  to  c o m p o se  th e  sp e c if ic  ty p e s . ''S p e c ie s  
is  a  w o rd ,"  sa y s  d e  V rie s , "w h ic h  a lw a y s  h a s  h a d  a 
d is a u b le  m e a n in g . O n e  o f  th e m  is  th e  sy s te m a tic  sp e c ie s  
w h ic h  is  th e  u n i t  o f  o u r  s is tem . B u t th e s e  u n its  a re  n o t  a t 
a ll in d iv id u lle . L o n g  a g o  L in n a e u s  k n e w  th e m  to  b e  
c o m p o u n d  id e a s  in  a  g re a t  n u m b e r  o f  in s ta n c e s , a n d  
in c re a s in g  k n o w le d g e  h a s  sh o w n  th a t  th e  sa m e  ru le  
p re v a ils  in  o th e r  in s ta n c e s . T o -d a y  th e  v a s t  m a jo r ity  o f  th e  
o ld  sy s te m a tic  sp e c ie s  a re  k n o w n  to  c o n s is t  o f  m in o r  u n its . 
T h e se  m in o r  e n titie s  a re  c a lle d  v a r ie t ie s  m  sy s te m a tic  
w o rk s . H o w e v e r , th e re  a re  m a n y  o b je c tio n s  to  th is  u sag e . 
F irs t, th e  te rm  v a r ie ty  is  a p p lie d  in  h o r tic u ltu re  a n d
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a g r ic u ltu re  to  t i l in g s  so  w id e ly  d iv e rg e n t a s  to  c o n v e y  n o  
c le a r  id e a  a t all. S e c o n d ly , th e  su b d iv is io n s  o f  sp e c ie s  a re  
b y  n o  m e a n s  a ll o f  th e  sa m e  n a tu re , a n d  th e  sy s te m a tic  
v a r ie tie s  in c lu d e  u n its  th e  re a l v a lu e  o f  w h ic h  is  w id e ly  
d if fe re n t in  d if fe re n t c ases . S o m e  o f  th e s e  v a r ie tie s  a re  in  
re a lity  a s  g o o d  a s  sp e c ie s , a n d  h a v e  b e e n  'e le v a te d ,' a s  i t  is  
c a lle d , b y  so m e  w rite rs , to  th is  ran k . T h is  c o n c e p tio n  o f  
th e  e le m e n ta ry  sp e c ie s  w o u ld  b e  q u ite  ju s t if ia b le , a n d  
w o u ld  a t  o n c e  g e t  r id  o f  a ll d if f ic u ltie s , w e re  i t  n o t  f o r  o n e  
p ra c tic a l o b s ta c le . T h e  n u m b e r  o f  th e  sp e c ie s  in  a ll g e n e ra  
w o u ld  b e  d o u b le d  a n d  tr ip le d , a n d  a s  th e s e  n u m b e rs  a re  
a lre a d y  c u m b e rso m e  in  m a n y  c a se s , th e  d is tin c tio n  o f  th e  
n a tiv e  sp e c ie s  o f  a n y  g iv e n  c o u n try  w o u ld  lo se  m o s t  o f  its  
c h a rm  a n d  in te re s t.

"In  o rd e r  to  m e e t th is  d if f ic u lty  w e  m u s t  re c o g n ise  
tw o  so rts  o f  sp ec ies . T h e  sy s te m a tic  sp e c ie s  a re  th e  
p ra c tic a l u n its  o f  th e  sy s te m a tis ts  a n d  f lo r is ts , a n d  a ll 
f r ie n d s  o f  w ild  n a tu re  sh o u ld  d o  th e ir  u tm o s t  to  p re se rv e  
th e m  a s  L in n a e u s  h a s  p ro p o s e d  th em . T h e se  u n its , 
h o w e v e r , a re  n o t  re a lly  e x is tin g  e n titie s ; th e y  h a v e  a s  l i ttle  
c la im  to  b e  re g a rd e d  a s  su c h  a s  th e  g e n e ra  a n d  fa m ilie s  
h av e . T h e  rea l u n its  a re  th e  e le m e n ta ry  sp e c ie s ; th e ir  lim its  
o f te n  a p p a re n tly  o v e rla p  a n d  c a n  o n ly  in  ra re  c a se s  b e  
d e te rm in e d  o n  th e  so le  g ro u n d  o f  f ie ld -o b se rv a tio n s . 
P e d ig re e -c u ltu re  is  th e  m e th o d  re q u ire d  a n d  a n y  fo rm
w h ic h  re m a in s  c o n s ta n t a n d  d is t in c t  f ro m  its  a ll ie s  in  th e

18g a rd e n  is  to  b e  c o n s id e re d  as an  e le m e n ta ry  sp ec ie s ."
W ith  re g a rd  to  v a r ie tie s  d e  V rie s  h a s  th e  fo llo w in g  

to  say: "L in n a e u s  h im s e lf  k n e w  th a t  in  so m e  c a se s  all 
su b d iv is io n s  o f  a  sp e c ie s  a re  o f  e q u a l ran k , to g e th e r  
c o n s titu tin g  th e  g ro u p  c a lle d  sp ec ies . N o  o n e  o f  th e m  
o u tra n k s  th e  o th e rs ; i t  is  n o t  a  sp e c ie s  w ith  v a r ie tie s , b u t  a  
g ro u p  c o n s is tin g  o n ly  o f  v a r ie tie s . A  c lo s e r  in q u iry  in to  
th e  c a se s  tre a te d  in  th is  m a n n e r  b y  th e  g re a t m a s te r  o f  
sy s te m a tic  s c ie n c e  sh o w s  th a t  h e re  h is  v a r ie tie s  w e re  
e x a c tly  w h a t w e  n o w  ca ll e le m e n ta ry  sp ec ies .
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"In  o th e r  c a se s  th e  v a r ie tie s  a re  o f  a  d e r iv a tiv e  
n a tu re . T h e  sp e c ie s  c o n s titu te s  a  ty p e  th a t  is  p u re  in  a  ra c e  
w h ic h  o rd in a r ily  is  s till g ro w in g  so m e w h e re , th o u g h  in  
so m e  c a se s  i t  m a y  h a v e  d ie d  out. F ro m  th is  ty p e  th e  
v a r ie tie s  a re  d e r iv e d , a n d  th e  w a y  o f  th is  d e r iv a tio n  is  
u s u a lly  q u ite  m a n ife s t  to  th e  b o ta n is t. I t  is  o rd in a r ily  b y  
th e  d isa p p e a ra n c e  o f  so m e  su p e rf ic ia l c h a ra c te r  th a t  a  
v a r ie ty  is  d is tin g u ish e d  f ro m  its  sp e c ie s , a s  b y  th e  la c k  o f  
c o lo u r  in  th e  f lo w e rs , o f  h a irs  o n  s te m s  a n d  fo lia g e , o f  th e  
sp in e s  a n d  th o rn s , e tc . S u ch  v a r ie t ie s  a re , s tr ic tly  sp e a k in g , 
n o t  to  b e  tre a te d  in  th e  sa m e  w a y  a s  e le m e n ta ry  sp e c ie s , 
th o u g h  th e y  o f te n  a re . W e  sh a ll d e s ig n a te  th e m  b y  th e  
te rm  o f  're tro g ra d e  v a r ie tie s , ' w h ic h  c le a r ly  in d ic a te s  th e  
n a tu re  o f  th e ir  re la tio n sh ip  to  th e  sp e c ie s  f ro m  w h ic h  th e y  
a re  a s s u m e d  to  h a v e  sp ru n g . In  o rd e r  to  la y  m o re  s tre ss  on  
th e  c o n tra s t  b e tw e e n  e le m e n ta ry  sp e c ie s  a n d  re tro g ra d e  
v a r ie tie s , i t  sh o u ld  b e  s ta te d  a t  o n c e , th a t  th e  f i r s t  a re  
c o n s id e re d  to  h a v e  o r ig in a te d  f ro m  th e ir  p a re n t- fo rm  in  a  
p ro g re s s iv e  w ay . T h e y  h a v e  s u c c e e d e d  in  a tta in in g  
so m e th in g  q u ite  n e w  fo r  th e m se lv e s , w h ile  re tro g ra d e  
v a r ie tie s  h a v e  o n ly  th ro w n  o f f  so m e  p e c u lia r ity , 
p re v io u s ly  a c q u ire d  b y  th e ir  a n c e s to rs ."  19

20W ith  re g a rd  to  th e  fa c ts  a n d  g e n e ra l e v id e n c e  o n  
w h ic h  d e  V rie s  b a s e s  h is  b e l ie f s  a n d  th e o ry  a  f e w  w o rd s , 
to o  few , I  re g re t ,m u s t  su ffice . L ik e  D a rw in , d e  V rie s  o n ly  
c a m e  to  th e  fu ll p u b lic a tio n  o f  h is  th e o ry  a f te r  m a n y  y e a rs  
o f  a s s id u o u s  o b se rv a tio n , o f  p e rs is te n t  c o m p ila tio n  o f  
o th e r  m e n 's  o b se rv in g , a n d  c a re fu l w e ig h in g  a n d  
c o n s id e ra tio n  o f  th e  d a ta  in  h an d . In  d e  V rie s 's  c a se  to o  
th e re  w a s  a d d e d  a  la rg e  a m o u n t o f  e x p e r im e n ta l te s t in g  o f  
h is  c o n c lu s io n s . T h is  e x p e r im e n ta l s tu d y  o f  th e  sp e c ie s -  
fo rm in g  p ro b le m  d e  V r ie s  a n d  h is  fo l lo w e rs  ra th e r  se e m  to  
c la im  a s  a  d is tin c tiv e ly  n e w  p a r t  o f  th e  b a s is  f o r  th e  
m u ta tio n s  th e o ry , b u t  a s  a  m a tte r  o f  f a c t  D a rw in  h im se lf , 
in  m u c h  le ss  d e g re e  p e rh a p s , a n d  in  so m e w h a t d if fe re n t 
m a n n e r , a p p e a le d  to  e x p e r im e n t to  te s t  m a n y  o f  h is
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c o n c lu s io n s . T h e  a c tu a l fo rm in g  o f  n e w  sp e c ie s  b y  
se le c tio n  c o u ld  n o t  b e  e x p e r im e n ta lly  te s te d  o r  p ro v e n  b y  
D a rw in . W h e th e r  b io lo g is ts  a re  re a d y  to  a c c e p t  de  V rie s 's  
p e d ig re e -c u ltu re  w o rk  a n d  re su lts  a s  o f  th e  sa m e  n a tu re  o f  
r ig id  e x p e r im e n ta l te s t  a n d  p ro o f  a s  th e re  e x is ts  in  
e x p e r im e n ta tio n  in  c h e m is try  a n d  s ta tic  p h y s ic s  ( fo r  th a t  is  
th e  c la im  f o r  th e  n e w  " e x p e rim e n ta l m e th o d "  in  b io lo g y )  
re m a in s , p e rh a p s , a  m o o t p o in t. D e  V rie s 's  g e n e ra l 
s ta te m e n t o f  th e  c h a ra c te r  a n d  th e  a m o u n t o f  th e  e v id e n c e  
o n  w h ic h  h e  re s ts  h is  b e l ie f  in  th e  fo rm a tio n  o f  sp e c ie s  b y  
m u ta tio n  is  c o n ta in e d  in  th e  fo l lo w in g  p a ra g ra p h s  f ro m  h is  
b o o k  "S p e c ie s  a n d  V a r ie tie s "  (p . 22).

"M u ta tio n s  a re  o c c u rr in g  f ro m  tim e  to  t im e  in  th e  
w ild  s ta te  a s  w e ll a s  in  h o r tic u ltu re  a n d  a g ric u ltu re . A  
se le c tio n  o f  th e  m o s t  in te re s tin g  in s ta n c e s  w ill b e  g iv e n  
la te r. B u t  in  a ll su c h  c a se s  th e  e x p e r im e n ta l p ro o f  is  
w a n tin g . T h e  o b se rv a tio n s , a s  a  ru le , o n ly  b e g a n  w h e n  th e  
m u ta tio n  m a d e  its  a p p e a ra n c e . A  m o re  o r  le s s  v a g u e  
re m e m b ra n c e  a b o u t th e  p re v io u s  s ta te  o f  th e  p la n ts  in  
q u e s tio n  m ig h t b e  a v a ila b le , th o u g h  e v e n  th is  is  g e n e ra lly  
a b se n t. B u t  o n  d o u b tfu l p o in ts  c o n c e rn in g  p o s s ib le  c ro sse s  
o r  p o s s ib le  in tro d u c tio n  o f  fo re ig n  s tra in s , m e re  
re c o lle c tio n  is  in su ff ic ie n t. T h e  fa c t  o f  th e  m u ta tio n  m a y  
b e  v e ry  p ro b a b le , b u t  th e  fu ll p r o o f  is , o f  c o u rse , w a n tin g . 
S u ch  is  th e  c a se  w ith  th e  m u ta tiv e  o r ig in  o f  Xanthium 
commune Wootoni f ro m  N e w  M e x ic o  a n d  o f  (Enothera 
biennis erueiata f ro m  H o lla n d .

T h e  sa m e  d o u b t e x is ts  a s  to  th e  o r ig in  o f  th e  
Capsella Heegeri o f  S o lm s-L a u b a c h , a n d  o f  th e  o ld e s t 
re c o rd e d  m u ta tio n , th a t  o f  Chelidonium laeiniatum in  
H e id e lb e rg  a b o u t 1 600 ."  N e x t, a f te r  in tro d u c in g  th e  
n e c e s s ity  o f  e x p e r im e n ta l p ro o f  a n d  e x p la in in g  h o w  o n e  
m u s t g o  to  w o rk  to  a c q u ire  su c h  p ro o f  h e  re fe rs  to  h is  o w n  
w e ll-k n o w n  w o rk  w ith  L a m a rc k 's  e v e n in g  p r im ro s e  a s  
fo llo w s  (pp . 2 6 -2 9 )  :
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"C o m p ly in g  w ith  th e s e  c o n d itio n s , th e  o r ig in  o f  
s p e c ie s  m a y  b e  s e e n  a s  e a s ily  a s  a n y  o th e r  p h e n o m e n o n . It 
is  o n ly  n e c e s s a ry  to  h a v e  a  p la n t  in  a  m u ta b le  co n d itio n . 
N o t  a ll sp e c ie s  a re  in  su c h  a  s ta te  a t  p re se n t, a n d  th e re fo re  
I h a v e  b e g u n  b y  a s c e r ta in in g  w h ic h  w e re  s ta b le  a n d  w h ic h  
w e re  no t. T h e se  a tte m p ts , o f  c o u rse , h a d  to  b e  m a d e  in  th e  
e x p e r im e n ta l g a rd e n , a n d  la rg e  q u a n tit ie s  o f  seed  h a d  to  b e  
p ro c u re d  a n d  so w n . C u ltiv a te d  p la n ts , o f  c o u rse , h a d  o n ly  
a  sm a ll c h a n c e  to  e x h ib it  n e w  q u a litie s , as  th e y  h a v e  b e e n  
so  s tr ic tly  c o n tro lle d  d u r in g  so  m a n y  y ea rs . M o re o v e r  
th e ir  p u r ity  o f  o r ig in  is  in  m a n y  c a se s  d o u b tfu l. A m o n g  
th e  w ild  p la n ts  o n ly  th o s e  c o u ld  b e  e x p e c te d  to  re w a rd  th e  
in v e s t ig a to r  w h ic h  w e re  o f  e a sy  c u ltiv a tio n . F o r  th is  
re a so n  I h a v e  l im ite d  m y s e lf  to  th e  tr ia l  o f  w ild  p la n ts  o f  
H o lla n d , a n d  h a v e  h a d  th e  g o o d  fo r tu n e  to  f in d  a m o n g  
th e m  a t le a s t  o n e  sp e c ie s  in  a  s ta te  o f  m u ta b ility . I t  w a s  
n o t  re a lly  a  n a tiv e  p lan t, b u t  o n e  p ro b a b ly  in tro d u c e d  f ro m  
A m e r ic a  o r  a t  le a s t  b e lo n g in g  to  a n  A m e r ic a n  g en u s . I t 
w a s  th e  g re a t e v e n in g -p r im ro s e  o r  th e  p r im ro s e  o f  
L a m a rc k . A  s tra in  o f  th is  b e a u tifu l sp e c ie s  is  g ro w in g  o n  
a n  a b a n d o n e d  f ie ld  in  th e  v ic in ity  o f  H ilv e rsu m , a t  a  sh o rt 
d is ta n c e  f ro m  A m s te rd a m . H e re  i t  h a s  e sc a p e d  f ro m  a 
p a rk , a n d  m u ltip lie d . In  d o in g  so  i t  h a s  p ro d u c e d , a n d  is  
s till p ro d u c in g , q u ite  a  n u m b e r  o f  n e w  ty p e s , so m e  o f  
w h ic h  m a y  b e  c o n s id e re d  a s  re tro g ra d e  v a r ie tie s , w h ile  
o th e rs  e v id e n tly  a re  o f  th e  n a tu re  o f  p ro g re s s iv e  
e le m e n ta ry  sp ec ie s .

"T h is  in te re s tin g  p la n t  h a s  a f fo rd e d  m e  th e  m e a n s  
o f  o b se rv in g  d ire c tly  h o w  n e w  sp e c ie s  o rig in a te , a n d  o f  
s tu d y in g  th e  la w s  o f  th e s e  c h a n g e s . M y  re s e a rc h e s  h a v e  
fo llo w e d  a  ro u b le  lin e  o f  in q u iry . O n  o n e  s id e , I h a v e  
l im ite d  m y s e lf  to  d ire c t f ie ld  o b se rv a tio n s , a n d  to  tr ia ls  o f  
seed , c o lle c te d  f ro m  th e  w ild  p la n ts  in  th e ir  n a tiv e  lo ca lity . 
O b v io u s ly  th e  m u ta tio n s  a re  d e c id e d  w ith in  th e  seed , a n d  
th e  c u ltu re  o f  y o u n g  p la n ts  f ro m  th e m  h a d  n o  o th e r  a im  
th a n  th a t  o f  a s c e r ta in in g  w h a t h a d  o c c u rre d  in  th e  f ie ld .
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B u t th e n  th e  m a n y  c h a n c e s  o f  d e s tru c tio n  th a t  th re a te n  
y o u n g  p la n ts  in  a  w ild  s ta te  c o u ld  b e  a v o id e d  in  th e  
g a rd e n , w h e re  e n v iro n m e n ta l fa c to rs  c a n  b e  c o n tro lle d .

"M y  se c o n d  lin e  o f  in q u iry  w a s  a n  e x p e rim e n ta l 
re p e tit io n  o f  th e  p h e n o m e n a  w h ic h  w e re  o n ly  p a r tly  
d is c e rn e d  a t th e  n a tiv e  lo c a lity . I t  w a s  n o t  m y  a im  to  
in tru d e  in to  th e  p ro c e ss , n o r  to  try  to  b r in g  o u t n e w  
fe a tu re s . M y  o n ly  o b je c t w a s  to  su b m it to  th e  p re c e p ts  ju s t  
g iv e n  c o n c e rn in g  p u re  tre a tm e n t, in d iv id u a l seed - 
g a th e r in g , e x c lu s io n  o f  c ro sse s , a n d  a c c u ra te  re c o rd in g  o f  
a ll th e  fac ts . T h e  re s u lt  h a s  b e e n  a  p e d ig re e  w h ic h  n o w  
p e rm its  o f  s ta tin g  th e  r e la tio n  b e tw e e n  a ll th e  d e sc e n d a n ts  
o f  m y  o r ig in a l in tro d u c e d  p lan t. T h is  p e d ig re e  a t  o n c e  
e x h ib its  th e  la w s  fo llo w e d  b y  th e  m u ta tin g  sp ec ie s . T h e  
m a in  fa c t  is, th a t  i t  d o e s  n o t  c h a n g e  i ts e lf  g ra d u a lly , b u t  
re m a in s  u n a f fe c te d  d u rin g  a ll su c c e e d in g  g e n e ra tio n s . I t 
o n ly  th ro w s  o f f  n e w  fo rm s , w h ic h  a re  sh a rp ly  c o n tra s te d  
w ith  th e  p a re n t, a n d  w h ic h  a re  f ro m  th e  v e ry  b e g in n in g  a s  
p e r fe c t  a n d  a s  c o n s ta n t, a s  n a rro w ly  d e f in e d , a n d  a s  p u re  
o f  ty p e  a s  m ig h t b e  e x p e c te d  o f  a n y  sp ec ies .

"T h e se  n e w  sp e c ie s  a re  n o t  p ro d u c e d  o n c e  o r  in  
s in g le  in d iv id u a ls , b u t  y e a r ly  a n d  in  la rg e  n u m b e rs . T h e  
w h o le  p h e n o m e n o n  c o n v e y s  th e  id e a  o f  a  c lo se  g ro u p  o f  
m u ta tio n s , a ll b e lo n g in g  to  o n e  s in g le  c o n d itio n  o f  
m u ta b ility . O f  c o u rse  th is  m u ta b le  s ta te  m u s t  h a v e  h a d  a 
b e g in n in g , a s  i t  m u s t so m e tim e  c o m e  to  a n  end . It is  to  b e  
c o n s id e re d  a s  a  p e r io d  w ith in  th e  l i fe - tim e  o f  th e  sp ec ie s , 
a n d  p ro b a b ly  i t  is  o n ly  a  sm all p a r t  o f  it."

T h e  fo llo w in g  p a ra g ra p h s  a n d  d ia g ra m  q u o te d  
f ro m  M o rg a n  21g iv e  an  a d m ira b ly  c o n c ise  s ta te m e n t o f  th e  
a c tu a l d e ta ils  o f  th e  p r im ro s e  m u ta tio n s  o b se rv e d  b y  de  
V rie s .

"W e  m a y  n o w  p ro c e e d  to  e x a m in e  th e  e v id e n c e  
fro m  w h ic h  d e  V rie s  h a s  b e e n  le d  to  th e  g e n e ra l 
c o n c lu s io n s  g iv e n  in  th e  p re c e d in g  p a g e s . D e  V rie s  fo u n d  
a t  H ilv e rsu m , n e a r  A m s te rd a m ,a  lo c a lity  w h e re  a  n u m b e r
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o f  p la n ts  o f  th e  e v e n in g  p r im ro se , Enothera lamarekiana, 
g ro w  in  la rg e  n u m b e rs .

T h is  p la n t  is  an  A m e r ic a n  fo rm  [n a tiv e  to  th e  
S o u th e rn  U n ite d  S ta tes] th a t  h a s  b e e n  im p o r te d  in to  
E u ro p e . I t  o f te n  e sc a p e s  f ro m  c u ltiv a tio n , a s  is  th e  c a se  a t  
H ilv e rsu m , w h e re  fo r  te n  y e a rs  i t  h a s  b e e n  g ro w in g  w ild . 
I ts  ra p id  in c re a se  in  n u m b e rs  in  th e  c o u rse  o f  a  f e w  y e a rs  
m a y  b e  o n e  o f  th e  c a u se s  th a t  h a v e  le d  to  th e  a p p e a ra n c e  
o f  a  m u ta tio n  p e rio d . T h e  e sc a p e d  p la n ts  sh o w e d  
f lu c tu a tin g  v a r ia t io n s  in  n e a r ly  a ll o f  th e ir  o rg an s . T h e y  
a lso  h a d  p ro d u c e d  a  n u m b e r  o f  a b n o rm a l fo rm s . S o m e  o f  
th e  p la n ts  c a m e  to  m a tu r ity  in  o n e  y e a r, o th e rs  in  tw o , o r  
in  ra re  c a se s  in  th re e , y ea rs .

"A  y e a r  a f te r  th e  f ir s t  f in d in g  o f  th e s e  p la n ts  d e  
V rie s o b s e rv e d  tw o  w e ll-c h a ra c te r is e d  fo rm s , w h ic h  h e  a t  
o n c e  re c o g n is e d  a s  n e w  e le m e n ta ry  sp ec ies . O n e  o f  th e se  
w a s  0. brevistylis, w h ic h  o c c u rre d  o n ly  as  fe m a le  p lan ts . 
T h e  o th e r  n e w  sp e c ie s  w a s  a  sm o o th - le a fe d  fo rm  w ith  a  
m o re  b e a u tifu l fo lia g e  th a n  0. lamarekiana. T h is  is  0. 
laevifolia. I t w a s  fo u n d  th a t  b o th  o f  th e s e  n e w  fo rm s  b re d  
tru e  f ro m  s e lf - fe r ti l is e d  seeds. A t f i r s t  o n ly  a  fe w  
sp e c im e n s  w e re  fo u n d , e a c h  fo rm  in  a  p a r tic u la r  p a r t  o f  
th e  f ie ld , w h ic h  lo o k s  a s  th o u g h  e a c h  m ig h t h a v e  c o m e  
f ro m  th e  se e d s  o f  a  s in g le  p lan t.

"T h e se  tw o  n e w  fo rm s , as w e ll as  th e  c o m m o n  0. 
lamarekiana, w e re  c o lle c te d , a n d  f ro m  th e s e  p la n ts  th e re  
h a v e  a r is e n  th e  th re e  g ro u p s  o r  fa m ilie s  o f  e le m e n ta ry  
s p e c ie s  th a t  d e  V rie s  h a s  s tu d ied . In  h is  g a rd e n  o th e r  n e w  
fo rm s  a ls o  a ro s e  f ro m  th o s e  th a t  h a d  b e e n  b ro u g h t u n d e r  
c u ltiv a tio n . T h e  la rg e s t g ro u p  a n d  th e  m o s t  im p o r ta n t  o n e  
is  th a t  f ro m  th e  o rig in a l 0. lamarekiana fo rm . T h e  
a c c o m p a n y in g  ta b le  
C E N O T H E R A  L A M A R C K IA N A .
E L E M E N T A R Y  S P E C IE S .
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I I I 8 G e n e r. 5 1 0 1, 7 0 0 21 1
1899 -̂-
a n n u a l

V II 7 G e n e r. 9 0 3, 0 0 0 11
1898 У

a n n u a l
V I 6 G en er. 11 2 9 3 1, 8 0 0  9 5 1

1897 У

a n n u a l
V 5 G en er. 25  135 2 0  8 ,0 0 0  4 9  142 6

1896 1 15 176 8 14, 0 0 0  60
a n n u a l 73 1

IV 4 G en er.
1895 1 10, 0 0 0 3 3
a n n u a l J

III 3 G en er. V

1890-91
b ie n n ia l 15, 0 0 0 5 5

II 2  G en er.
1 8 8 8 -8 9 ' V '

J
b ie n n ia l

I 1 G en er. 9
1 8 8 6 -8 7
b ie n n ia l

sh o w s th e  m u ta tio n s  th a t  a ro se  b e tw e e n  1887  an d  
1899  f ro m  th e s e  p la n ts . T h e  se e d s  w e re  se le c te d  in  ea c h  
c a se  f ro m  se lf - fe r ti l is e d  p la n ts  o f  th e  lamarekiana fo rm , 
so  th a t  th e  n e w  p la n ts  a p p e a r in g  in  e a c h  h o r iz o n ta l l in e  are  
th e  d e sc e n d a n ts  in  e a c h  g e n e ra t io n  o f  lamarekiana

351



p a re n ts . w ill b e  o b se rv e d  th a t  th e  sp e c ie s , 0. oblongata, 
a p p e a re d  a g a in  a n d  a g a in  in  c o n s id e ra b le  n u m b e rs , a n d  
th e  sa m e  is  tru e  fo r  se v e ra l o f  th e  o th e r  fo rm s  a lso . O n ly  
th e  tw o  sp e c ie s , 0. gigas a n d  0. seintillans, a p p e a re d  v e ry  
ra re ly .

"T h u s  d e  V rie s  h ad , in  h is  se v e n  g e n e ra tio n s , a b o u t 
f if ty  th o u s a n d  p la n ts , a n d  a b o u t e ig h t h u n d re d  o f  th e se  
w e re  m u ta tio n s . W h e n  th e  f lo w e rs  o f  th e  n e w  fo rm s  w e re  
a r tif ic ia lly  f e r ti l is e d  w ith  p o lle n  f ro m  th e  f lo w e rs  o n  th e  
sa m e  p la n t, o r  o f  th e  sa m e  k in d  o f  p la n t, th e y  g a v e  r is e  to  
fo rm s  lik e  th e m se lv e s , th u s  sh o w in g  th a t  th e y  a re  tru e  
e le m e n ta ry  sp e c ie s .*  I t  is  a lso  a  p o in t  o f  so m e  in te re s t  to  
o b se rv e  th a t  a ll th e s e  fo rm s  d if fe re d  f ro m  e a c h  o th e r  in  a 
la rg e  n u m b e r  o f  p a r tic u la rs .

"O n ly  o n e  fo rm , 0. seintillans, th a t  a p p e a re d  e ig h t 
tim e s ,is  n o t  c o n s ta n t as  a re  th e  o th e r  sp ec ie s . W h e n  se lf ­
f e r ti l is e d  its  se e d s  p ro d u c e  a lw a y s  th re e  o th e r  fo rm s , 0. 
seintillans, 0. oblongata, a n d  0. lamarekiana. I t  d if fe rs  in  
th is  re s p e c t  f ro m  all th e  o th e r  e le m e n ta ry  sp e c ie s , w h ic h  
m u ta te  n o t m o re  th a n  o n c e  in  te n  th o u s a n d  in d iv id u a ls .

"F ro m  th e  se e d s  o f  o n e  o f  th e  n e w  fo rm s , 0. 
laevifolia, c o lle c te d  in  th e  f ie ld , p la n ts  w e re  re a re d , so m e  
o f  w h ic h  w e re  0. lamarekiana a n d  o th e rs  0. laevifolia. 
T h e y  w e re  a llo w e d  to  g ro w  to g e th e r , a n d  th e ir  
d e sc e n d a n ts  g a v e  r is e  to  th e  sa m e  fo rm s  fo u n d  in  th e  
lamarekiana fa m ily , d e s c r ib e d  a b o v e , n a m e ly , 0. lata. 
elliptiea, nannella, rubrinervis, a n d  a lso  tw o  n e w  sp ec ie s , 
0. spaiulata a n d  leptoearpa.

"In  th e  lata f a m ily  o n ly  fe m a le  f lo w e rs  a re  
p ro d u c e d , an d , th e re fo re , in  o rd e r  to  o b ta in  se e d s  th e y  
w e re  fe r ti l is e d  w ith  p o lle n  f ro m  o th e r  sp ec ie s . H e re  a lso  
a p p e a re d  so m e  o f  th e  n e w  sp e c ie s  a lre a d y  m e n tio n e d , 
n a m e ly , atbida, nannella, lata, oblongata, rubrinervis, an d  
a lso  tw o  n e w  sp e c ie s , elliptiea a n d  suborata.

"D e V rie s  a lso  w a tc h e d  th e  f ie ld  f ro m  w h ic h  th e  
o rig in a l fo rm s  w e re  o b ta in e d , a n d  fo u n d  th e re  m a n y  o f  th e
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n e w  sp e c ie s  th a t  a p p e a re d  u n d e r  c u ltiv a tio n . T h e se  w e re  
fo u n d . *0 lata is  a lw a v s  fe m a le , a n d  c a n n o t, th e re fo re , b e  
ic lf - fe r ti l is e d . W h e n  c ro s se d  w ith  0. lamarekiana th e re  is  
p ro d u c e d  f if te e n  to  tw e n ty  p e r  cen t. o f  p u re  lata 
in d iv id u a ls  h o w e v e r , o n ly  as w e a k  y o u n g  p la n ts  th a t  
ra re ly  f lo w e re d . F iv e  o f  th e  n e w  fo rm s  w e re  se e n  e ith e r  in  
th e  H ilv e rs u m  f ie ld , o r  e lse  ra is e d  f ro m  seed s  th a t  h a d  
b e e n  c o lle c te d  th e re . T h e se  fa c ts  sh o w  th a t  th e  n e w  
sp e c ie s  a re  n o t  d u e  to  c u ltiv a tio n , a n d  th a t  th e y  a r ise  y e a r  
a f te r  y e a r  f ro m  th e  se e d s  o f  th e  p a re n t  fo rm , 0. 
lamarekiana."

S in c e  th e  p u b lic a tio n  o f  d e  V r ie s 's  th e o ry  a n d  th e  
d a ta  a n d  c o n s id e ra tio n s  o n  w h ic h  i t  is  b a s e d  ( th e se  
c o n s id e ra tio n s  in c lu d in g  an  u n u s u a lly  k e e n  a n d  e ffe c tiv e  
c r it ic ism  o f  th e  D a rw in ia n  fa c to rs  o f  sp e c ie s - fo rm in g )  a 
g re a t  d ea l o f  d is c u s s io n  o f  th e  th e o ry  h a s  b e e n  in d u lg e d  in . 
O n  th e  w h o le  th e  th e o ry  h a s  b e e n  w a rm ly  w e lc o m e d  as 
th e  m o s t  p ro m is in g  w a y  y e t  p re s e n te d  22 o u t o f  th e  
d if f ic u ltie s  in to  w h ic h  b io lo g is ts  h a d  fa lle n  in  th e ir  
a tte m p ts  to  e x p la in  sa tis fa c to r ily  th e  p h e n o m e n a  o f  th e  
o r ig in  o f  sp e c ie s  th ro u g h  D a rw in ia n  se le c tio n . A n d  
e sp e c ia lly  h a s  b e e n  w e lc o m e d  th e  f ru itfu l id e a  o f  u n it  
sp e c ie s  c h a ra c te rs , a n d  o f  th e  in d iv is ib i l i ty  a n d  th e  
d is tin c tn e s s  o f  su c h  c h a ra c te rs  in  in h e rita n c e . B u t w ith  all 
th e  in te re s t  a ro u se d  b y  d e  V rie s 's  p re s e n ta t io n  o f  h is  
th e o ry , a n d  w ith  a ll th e  e a g e r  sc ru tin y  o f  sp e c ie s  an d  
re c o rd s  o f  s p e c ie s -a p p e a r in g  an  o u tp u t o f  n e w  e v id e n c e  
a m a z in g ly  sm all (w h e n  o n e  s to p s  to  c o n s id e r  th e  p u b lic ity  
g a in e d  fo r  th e  th e o ry  i t s e l f  a n d  its  o b v io u s  n e e d  o f  m o re  
c o n f irm a to ry  d a ta  o f  o b se rv a tio n  a n d  e x p e r im e n t)  h a s  
re su lte d . E v e n  th o u g h  th e  a n s w e r  m a y  b e  th a t  e x p e r im e n t 
ta k e s  tim e , th e  la c k  o f  n e w  o b s e rv a tio n a l e v id e n c e  o f  th e

23o c c u rre n c e  o f  m u ta tio n s ,23 a n d  o f  th e  o rig in  o f  n e w  
s p e c ie s  th ro u g h  m u ta tio n s  in  n a tu re , is  s ig n if ic a n t. I t  is  m y  
b e l ie f  th a t  a  re a c tio n  a g a in s t th e  c u r io u s ly  sw if t an d  
w id e s p re a d  p a r tia l  to  c o m p le te  a c c e p ta n c e  o f  th e  m u ta tio n
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th e o ry  a s  th e  su ff ic ie n t "w ay  o u t"  o f  o u r  tro u b le s  to  
e x p la in  th e  o r ig in  o f  n e w  sp e c ie s  w ill so o n  o ccu r. (S ee  
n o te s  2 4 , 2 5 , a n d  2 6 , th e  a p p e n d ix  o f  th is  c h a p te r , fo r  
re fe re n c e s  to  c e r ta in  re c e n t  c r it ic ism s  o f  th e  m u ta tio n  
th e o ry .)

In  c lo s in g  th is  c o n fe s se d ly  in a d e q u a te  
c o n s id e ra tio n  o f  th e  im p o r ta n t  w o rk  a n d  th e o r is in g  o f  de  
V rie s  w e  sh o u ld  n o t  fa il to  n o te  th a t  th e  m u ta tio n s  th e o ry  
is  in  s tro n g  c o n tra s t  to  an y  th e o ry  o f  s p e c ie s - fo rm in g  
b a s e d  o n  L a m a rc k ia n  p r in c ip le s  in  th a t  th e  n e w ly  
a p p e a r in g  d if fe re n c e s  in  o rg a n ism s  le a d in g  to  th e  
e s ta b lis h m e n t o f  n e w  sp e c ie s  a re  p u re ly  c o n g e n ita l : th a t  
is, th e  m u ta tio n s  a r ise  in  o n e  o r  b o th  o f  th e  sex  c e lls  an d  
o n ly  la te r  a p p e a r  in  th e  a d u lt  o rg a n ism . T h e re  is  n o  
q u e s tio n  o f  th e  tra n s fe re n c e  to  th e  g e rm -c e lls  o f  c h a n g e s  
in d u c e d  in  th e  so m a  b y  u se  o r  d isu se  o r  fu n c tio n a l 
s tim u lu s  in  su c h  a  w a y  as to  re s u lt  in  th e  p h o to g ra p h ic  
re a p p e a ra n c e  o f  th e s e  c h a n g e s  in  th e  o ffsp r in g . M u ta tio n s  
a re  tru e  c o n g e n ita l o r  b la s to g e n ic  v a r ia tio n s . "T h e  
m u ta tio n  th e o ry ,"  w e ll say s  C o n k lin ,27 "is a  th e o ry  o f  th e  
e v o lu tio n  o f  o rg a n ism s  th ro u g h  th e  e v o lu tio n  o f  th e ir  
g e rm -c e lls ."

T h e  m u ta tio n s  th e o ry  is  a lso  in  sh a rp  c o n tra s t  to  
th e  th e o ry  o f  s p e c ie s - fo rm in g  b y  g e o g ra p h ic a l iso la tio n  
(se e  c h a p te r  IX ). A c c o rd in g  to  d e  V rie s  many d is tin c t 
sp e c ie s  (d e  V rie s ia n  e le m e n ta ry  sp e c ie s )  c a n  a n d  d o  e x is t  
s id e  b y  s id e  in  th e  sa m e  ra n g e .In  fa c t  th e y  "a re  fo u n d  to  b e
h e a p e d  u p  in  th e  c e n tre  o f  th e ir  a re a  o f  d is tr ib u tio n , b u t  a re

28m o re  sc a tte re d  a t th e  p e r ip h e ry ."  N o w  a c c o rd in g  to  
W a g n e r , G u lic k , a n d  Jo rd a n  tw o  c lo se ly  a llie d  sp e c ie s , i. 
e, s to c k  a n d  o ffsh o o t, a re  fo u n d  p ra c tic a lly  n e v e r  to  
in h a b it  th e  sa m e  ra n g e , e x c e p t in  th o s e  c a se s  w h e re  a 
m ig ra tio n  o f  o n e  ty p e  in to  th e  te r r i to ry  o f  th e  o th e r  h a s  
ta k e n  p la c e  a f te r  th e  d if fe re n tia tio n  h a s  b e e n  e f fe c te d  (b y  
p re v io u s  se g re g a tio n ) .
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I t w o u ld  c a rry  u s  in to  to o  e x te n d e d  a  d is c u s s io n  to  
a tte m p t to  su m  u p  h e re  th e  p e r t in e n t  c r itic ism  th a t  h a s  
b e e n  d ire c te d  a g a in s t th e  m u ta tio n s  th e o ry . A s  a lre a d y  
in d ic a te d , th e re  is  p le n ty  o f  i t  a n d  o f  d is tin c tly  n o n -  
n e g lig ib le  c h a ra c te r . B u t  ju s t  n o w  i t  se e m s to  m e  su ff ic ie n t 
s im p ly  to  ca ll a tte n tio n  to  th e  e x tre m e  m e a g re n e s s  in  
q u a n tity  o f  th e  re a l s c ie n tif ic  e v id e n c e  fo r  th e  th e o ry  as a 
theory eapable o f explaining speeies-forming as a whole. 
T h e re  is  p ro b a b ly  n o  g a in s a y in g  th e  a c tu a lity  o f  th e  
o c c u rre n c e  o f  c e r ta in  m u ta tio n s  (in  d e  V r ie s 's  se n se ) n o r  
o f  th e ir  e s ta b lis h m e n t o f  c e r ta in  a p p a re n tly  f ix e d  n e w  
o rg a n ic  ty p e s  (d e  V rie s 's  e le m e n ta ry  sp e c ie s  o f  E n o th e ra ) . 
B u t th is  is  v e ry  fa r  f ro m  a c c e p tin g  th e  m u ta tio n s  th e o ry  as 
a  su ff ic ie n t c au sa l e x p la n a tio n  o f  th e  o r ig in  o f  th e  
h u n d re d s  o f  th o u s a n d s  o f  sp e c ie s  o f  a n im a ls  a n d  p la n ts  
th a t  a re  n o w  o r  w e re  fo rm e r ly  e x is ten t.

A s  fo r  th e  h e lp  th a t  th e  e s ta b lis h m e n t o f  th e  
m u ta tio n s  th e o ry  w o u ld  g iv e  th o s e  b io lo g is ts  w h o  re je c t

29th e  n a tu ra l se le c tio n  th e o ry  o f  sp e c ie s - fo rm in g , M o rg a n  29 

w rite s  as fo llo w s , su m m in g  u p  th e  a d v a n ta g e s  o f  th e  
th eo ry :

"I. S in c e  th e  m u ta tio n s  a p p e a r  fu lly  fo rm e d  f ro m  
th e  b e g in n in g , th e re  is  n o  d if f ic u lty  in  a c c o u n tin g  fo r  th e  
in c ip ie n t  s ta g e s  in  th e  d e v e lo p m e n t o f  a n  o rg an , a n d  s in c e  
th e  o rg a n  m a y  p e rs is t, e v e n  w h e n  i t  h a s  n o  v a lu e  to  th e  
race , i t  m a y  b e c o m e  fu r th e r  d e v e lo p e d  b y  la te r  m u ta tio n s  
a n d  m a y  c o m e  to  h a v e  f in a lly  an  im p o r ta n t  r e la tio n  to  th e  
life  o f  th e  in d iv id u a l.

"2. T h e  n e w  m u ta tio n s  m a y  a p p e a r  in  la rg e  
n u m b e rs , a n d  o f  th e  d if fe re n t  k in d s  th o s e  w ill  p e rs is t  th a t  
c a n  g e t  a  fo o th o ld . O n  a c c o u n t o f  th e  la rg e  n u m b e r  o f  
t im e s  th a t  th e  sa m e  m u ta tio n s  a p p e a r, th e  d a n g e r  o f  
b e c o m in g  sw a m p e d  th ro u g h  c ro s s in g  w ith  th e  o rig in a l 
fo rm  w ill b e  le s se n e d  in  p ro p o r tio n  to  th e  n u m b e r  o f  n e w  
in d iv id u a ls  th a t  a rise .
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"3. I f  th e  tim e  o f  re a c h in g  m a tu r ity  in  th e  n e w  
fo rm  is  d if fe re n t  f ro m  th a t  in  th e  p a re n t  fo rm s , th e n  th e  
n e w  sp e c ie s  w ill b e  k e p t f ro m  c ro s s in g  w ith  th e  p a re n t 
fo rm , a n d  s in c e  th is  n e w  c h a ra c te r  w ill b e  p re s e n t f ro m  th e  
b e g in n in g , th e  n e w  fo rm  w ill h a v e  m u c h  b e tte r  c h a n c e s  o f  
su rv iv in g  th a n  i f  a  d if fe re n c e  in  t im e  o f  re a c h in g  m a tu r ity  
h a d  to  b e  g ra d u a lly  acq u ire d .

"4. T h e  n e w  sp e c ie s  th a t  a p p e a r  m a y  b e  in  so m e  
c a se s  a lre a d y  a d a p te d  to  l iv e  in  a  d if fe re n t  e n v iro n m e n t 
f ro m  th a t  o c c u p ie d  b y  th e  p a re n t  fo rm ; a n d  i f  so , i t  w ill  b e  
iso la te d  f ro m  th e  b e g in n in g , w h ic h  w ill b e  an  a d v a n ta g e  in  
a v o id in g  th e  b a d  e ffe c ts  o f  in te rc ro s s in g .

"5. I t  is  w e ll k n o w n  th a t  th e  d if fe re n c e s  b e tw e e n  
re la te d  sp e c ie s  c o n s is t  la rg e ly  in  d if fe re n c e s  o f  
u n im p o r ta n t  o rg a n s , a n d  th is  is  in  h a rm o n y  w ith  th e  
m u ta tio n  th e o ry , b u t  o n e  o f  th e  re a l d if f ic u ltie s  o f  th e  
se le c tio n  th e o ry .

"6. U s e le s s  o r  e v e n  s lig h tly  in ju r io u s  c h a ra c te rs  
m a y  . a p p e a r  as  m u ta tio n s , a n d  i f  th e y  d o  n o t  s e r io u s ly  
a f fe c t th e  p e rp e tu a tio n  o f  th e  ra c e , th e y  m a y  p e rs is t."

F in a lly , th e  a tte n tio n  o f  s tu d e n ts  e sp e c ia lly  m a y  b e  
c a lle d  to  B a te s o n 's  in te re s t in g  s u g g e s tio n  th a t  m u ta tio n s  
m a y  b e  s im p ly  p u re  M e n d e lia n  re c e s s iv e s  a p p e a r in g  a f te r  
a  c ro ss in g . I t  w o u ld  ta k e  u s  to o  fa r  a f ie ld  to  a tte m p t to  
e x p la in  h e re  to  re a d e rs  u n a c q u a in te d  w ith  th e  M e n d e lia n  
p r in c ip le s  o f  in h e r ita n c e  ju s t  h o w  B a te s o n 's  s u g g e s tio n  h a s  
a  c e r ta in  p la u s ib ility . I t  m u s t  su ff ic e  to  say  th a t  M e n d e l, 
a n d  a f te r  h im  a  c o n s id e ra b le  n u m b e r  o f  p re se n t-d a y  
s tu d e n ts  o f  h e re d ity , h a v e  sh o w n  th a t  a f te r  a  c ro s s in g  
b e tw e e n  tw o  in d iv id u a ls  sh a rp ly  c o n tra s tin g  in  re g a rd  to  
so m e  p a r t ic u la r  c h a ra c te r , as  c o lo u r  o f  h a ir , a ll th e  
o f fs p r in g  o f  th e  f ir s t  g e n e ra tio n  m a y  a g re e  in  s h o w in g  b u t  
o n e  o f  th e  tw o  p a re n ta l  c o lo u rs  ( th e  d o m in a n t) , b u t  th a t  i f  
th e s e  f irs t  g e n e ra tio n  o ffsp r in g  a re  b re d  to  e a c h  o th e r, o r  
to  s im ila r ly  p ro d u c e d  in d iv id u a ls , th e  m e m b e rs  o f  th e  
se c o n d  g e n e ra tio n  w ill sp lit  u p  as re g a rd s  th e  c h a ra c te r  in
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q u e s tio n , so m e  sh o w in g  o n e  o f  th e  g ra n d -p a re n ta l  h a ir  
c o lo u rs , a n d  th e  re s t  sh o w in g  th e  o th e r  one . N o w  b re e d in g  
lik e s  to g e th e r , i t  w o u ld  b e  sh o w n  in  th ird  g e n e ra tio n  
g ro u p s  th a t  o n e  o f  th e s e  c o lo u rs , an d , n a m e ly , th a t  o n e  
c a lle d  th e  re c e s s iv e , w h ic h  d id  n o t  a p p e a r  a t a ll in  th e  f irs t  
g e n e ra tio n , w ill  a lw a y s  h e n c e fo r th  b re e d  tru e  w h ile  th e  
o th e r  c o lo u r  m a y  o r  m a y  n o t  b re e d  tru e  (d e p e n d in g  on  
w h e th e r  in  m a k in g  th e  m a tin g s  p u re  d o m in a n ts  o r  c ro s s ­
b re d  d o m in a n ts  h a p p e n  to  b e  u se d ) . T h u s  th e  su d d e n  
a p p e a ra n c e  in  th e  se c o n d  g e n e ra tio n  o f  th e  la te n t  o r  
re c e s s iv e  c h a ra c te r is tic , a n d  its  b re e d in g  tru e , a re  
o c c u rre n c e s  w h ic h  m ig h t re a d ily  b e  in te rp re te d  as th e  
a p p e a ra n c e  o f  a  m u ta tio n  o r  t ru e -b re e d in g  sp o r t b y  an  
o b s e rv e r  u n a c q u a in te d  w ith  th e  a n c e s try  o f  th e  in d iv id u a ls  
u n d e r  h is  eye.

Alternative Theories to Explain Seeondary Sexual 
Charaeters. —  B e fo re  c lo s in g  th is  d is c u s s io n  o f  th e o r ie s  
w h ic h  h a v e  b e e n  p ro p o s e d  as  su b s titu te s  fo r  th e  D a rw in ia n  
s e le c tio n  th e o r ie s  to  e x p la in  th e  ac tu a l c o n d itio n s  in  th e  
o rg a n ic  w o r ld  as  w e  see  i t  to -d a y , a n d  as w e  k n o w  i t  to  
h a v e  b e e n  in  p a s t a g es , w e  sh o u ld  m e n tio n , a t le a s t, th e  
fe w  a tte m p ts  to  fo rm u la te  a  su b s ti tu te  e x p la n a tio n  fo r  th e  
e x is te n c e  o f  se c o n d a ry  se x u a l c h a ra c te rs . T h e  d isc re d itin g  
o f  th e  se x u a l se le c tio n  th e o ry  as su c h  an  e x p la n a tio n  is  
c e r ta in ly  n e a r ly  c o m p le te . B u t  i t  is  in te re s tin g  to  n o te  h o w  
la m e  a n d  u n c o n v in c in g  a re  th e  p ro p o s e d  su b s titu te  
e x p la n a tio n s .

T h e  f irs t, a n d  m o s t  a p p e a lin g  o n e , is  th e  
e x p la n a tio n  th a t  th e  e x tra  p lu m e s , w a ttle s , h o rn s , th e  
u n u su a l d isp la y  o f  b r ig h t  c o lo u rs , e tc ., o f  th e  m a le s  a re  
s im p ly  th e  m a n ife s ta t io n s  o f  a n  e x tra  g ro w th - fo rc e  o r  
v ig o u r  e x h ib ite d  b y  th e  m a le  in  th e  b re e d in g  sea so n . T h e  
fe m a le  a lso  m a y  b e  e n d o w e d  w ith  e x tra  g ro w th -v ig o u r  a t 
th is  tim e , b u t  it  g o es , in  h e r  ca se , to  th e  fo rm a tio n  o f  o v a , 
to  th e  s to r in g  u p  o f  fo o d  in  o r  a ro u n d  th e  e g g  ce lls . T h e  
so n g s , th e  d a n c e s , th e  v io le n t  p la y  a n d  a n tic s  o f  th e  m a le s
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c o m m o n  to  m a n y  sp e c ie s  o f  b ird s , in se c ts , sp id e rs , e tc ., 
a re  a lso  a ttr ib u te d  to  th is  sp ec ia l o r  se x u a l v ig o u r.

N o w  w h ile  su c h  se c o n d a ry  se x u a l c h a ra c te rs  as 
c o lo u r , p lu m e s , w a ttle s , e tc ., m ig h t  p e rh a p s  w e ll e n o u g h  
se e m  to  b e  th e  o u tc o m e  o f  an  e x tra  g ro w th -v ig o u r , w h a t 
a b o u t su c h  sp e c ia l m a le  c h a ra c te rs  a s  th e  s tr id u la tin g  
o rg a n s  o f  m a le  k a ty d id s  a n d  c r ic k e ts , a n d  o th e r  s im ila r  
c o m p le x , h ig h ly  p e rfe c te d , a d a p tiv e  s tru c tu re s?  A  m a le  
c r ic k e t h a s  th e  v e in s  a t th e  b a s e  o f  o n e  w in g -c o v e r  
c u r io u s ly  a n d  c o m p le x ly  m o d if ie d  in  c o u rse  a n d  in  
s u p e rf ic ia l s tru c tu re , w h ile  th e  v e in s  o f  th e  o th e r  w in g -  
c o v e r  a re  a lso  m o d if ie d  in  a  w a y  d if fe r in g  f ro m  b u t 
e x a c tly  c o rre la te d  w ith  th e  v e n a tio n  o f  th e  f irs t  w in g , th e  
w h o le  sp e c ia lis a tio n  re s u ltin g  in  a  c o m b in a tio n  o f  file , 
sc ra p e r, a n d  v ib ra tin g  m e m b ra n e  to  fo rm  th e  e f fe c tiv e  
m u s ic a l in s tru m e n t o f  th e  in se c t. C a n  su ch  a n  a d a p tiv e  
s tru c tu ra l m o d if ic a t io n  b e  c o n c e iv e d  to  b e  a  su d d e n  
b u rs t in g  fo r th  o r  re s u lt  o f  s u p e ra b u n d a n t g ro w th -fo rc e ?  
A n d  m a n y  o f  th e  s e c o n d a ry  s e x u a l c h a ra c te rs  a re  o f  th is  
c la s s  o f  c o m p le x  a d a p tiv e  sp e c ia lisa tio n s . T h e  g ro w th -  
fo rc e  e x p la n a tio n  can , a t b e s t, e x p la in  b u t  fe w  o f  th e  
v a r io u s  c a te g o r ie s  o f  se x u a l d im o rp h ism . S o m e  
e x p la n a tio n  m o re  d ire c tiv e  in  its  c h a ra c te r  is  n e e d e d  fo r  
th e s e  o th e rs .

E v e n  m o re  re s tr ic te d  in  its  a p p lic a tio n , a n d  le ss  
c o n v in c in g  in  th e  a s su m p tio n s  a t  its  v e ry  b a se , is  th e  
c u r io u s  re p la c e m e n t th e o ry  o f  E m e ry .30 T h is  in v e s tig a to r  
b e lie v e s  th a t  s e x u a l se le c tio n  c a n  e x p la in  b u t  fe w  i f  an y  
c a se s  o f  se x u a l d im o rp h ism , a n d  w o u ld  e x p la in  th e se  
o th e r  c a se s  la rg e ly  b y  th e  su d d e n  a p p e a ra n c e  (m u ta tio n  o r  
sp o rt)  o f  a  se c o n d  fo rm  o f  m a le  o r  fe m a le , th e  p e rs is te n c e  
fo r  a  w h ile  o f  th e  tw o  fo rm s  s id e  b y  s ide , as n o w  
e x e m p lif ie d  b y  n u m e ro u s  d im o rp h ic  o r  p o ly m o rp h ic  (o r  
d i-  o r  p o ly c h ro m a tic )  sp e c ie s , a n d  th e n  th e  g ra d u a l o r  
su d d e n  d y in g  o u t (k ill in g  o u t b y  se le c tio n ? )  o f  th e  o ld e r  
o rig in a l fo rm  ( th e  o n e  re s e m b lin g  th e  o th e r  sex ), th u s
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le a v in g  th e  o n c e  d im o rp h ic  sex  re p re s e n te d  o n ly  b y  th e  
n e w e r  a b e rra n t fo rm . W h ile  su ch  an  e x p la n a tio n  m a y  
p o ss ib ly  e x p la in  a  fe w  c a se s  o f  e x tre m e  sex u a l 
d im o rp h ism  o r  d ic h ro m a tism , i t  c e r ta in ly  w ill n o t  d o  fo r  
th e  m a n y  c a se s  o f  s e c o n d a ry  se x u a l d if fe re n c e  c o n s titu te d  
b y  th e  e x is te n c e  in  o n e  sex  o f  so m e  o n e  o r  fe w  p a r tic u la r  
a d a p tiv e  sp e c ia lis a tio n s  fo r  m u s ic -m a k in g , sc e n t-  
p ro d u c in g , o r  w e a p o n -fo rm in g , n o t  p o s s e s s e d  b y  th e  o th e r  
sex .

31C u n n in g h a m  (a n d  a lso  a t a b o u t th e  sa m e  tim e  
W ig le s w o r th )  in  1898  su g g e s te d , o n  a  n e o -L a m a rc k ia n  
b a s is , th a t  se c o n d a ry  se x u a l c h a ra c te rs  w e re  d u e  to  th e  
s tim u la tio n  o f  p a r ts  th ro u g h  u se  o r  e x te rn a l v io le n c e  o r  
ir r ita tio n . C u n n in g h a m  w o u ld  e x p la in  a ll a d a p ta tio n s  as 
d e r iv e d  f ro m  v a r ia t io n s  a c tu a lly  in d u c e d  b y  re s p o n s e s  o r  
re a c tio n s  to  th e  e n v iro n m e n t. H is  th e o ry  o f  th e  o r ig in  o f  
se c o n d a ry  se x u a l c h a ra c te rs  w o u ld  s im p ly  b e  th e  
e x p la n a tio n  o f  th e  a d a p tiv e  d if fe re n c e s  b e tw e e n  tw o  
in d iv id u a ls  o f  a  sp e c ie s  o n  th e  sa m e  b a s is  as th e  
e x p la n a tio n  o f  th e  a d a p tiv e  d if fe re n c e s  b e tw e e n  
in d iv id u a ls  o f  d if fe re n t sp e c ie s . H is  a rg u m e n t is  su m m e d  
u p  as fo llo w s : "S e le c tio n  a s su m e s  th e  o c c u rre n c e  o f  
v a r ia t io n s  ; th e  v a r ia t io n s  m u s t e ith e r  b e  s im ila r ly  
in d e f in ite  a n d  p ro m is c u o u s  in  a ll c a se s , o r  th e y  m u s t  b e  
d if fe re n t in  d if fe re n t c a se s  —  th a t  is , in  d if fe re n t sp ec ie s , 
d if fe re n t sex es , d if fe re n t s ta g e s  o f  life . I f  th e y  a re  d if fe re n t 
in  d if fe re n t c a se s , th e n  se le c tio n  is  a  v e ry  u n im p o r ta n t  
m a tte r , fo r  th e  c h ie f  q u e s tio n s  a re  e v id e n tly  w h a t  a re  th e  
d if fe re n c e s  a n d  w h a t m a d e  th e m  d iffe r. T o  d e n y  th a t  th e  
v a r ia tio n s  h a v e  a lw a y s  b e e n  d if fe re n t  in  d if fe re n t c a se s  is  
to  d e n y  th e  m o s t  e v id e n t fac ts ; su c h  d e n ia l m ig h t b e  
p o s s ib le  w h e n  w e  c o n s id e r  o n ly  th e  d if fe re n c e  b e tw e e n  
sp e c ie s , b u t  i t  is  im p o s s ib le  w h e n  w e  s tu d y  th e  d if fe re n c e s  
b e tw e e n  th e  s e x e s  in  th e  sa m e  sp e c ie s  a n d  b e tw e e n  
d if fe re n t s ta g e s  in  th e  sa m e  in d iv id u a l. In  a ll c a se s  th e  
v a r ia tio n s  c o rre sp o n d  to  d if fe re n c e s  in  h a b its  a n d  m o d e  o f
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life , a n d  in  m a n y  c a se s  a re  o f  th e  sa m e  k in d  as th e  c h a n g e s  
k n o w n  to  b e  p ro d u c e d  in  th e  in d iv id u a l b y  sp ec ia l 
s t im u la tio n  o r  sp e c ia l a c tiv ity  o f  o rg a n s ; th is  is  t ru e  o f  
m a n y  a n d  p ro b a b ly  o f  a ll c a se s  o f  a d a p ta tio n . T h e  g e n e ra l 
c o n c lu s io n  is  th a t  a d a p ta tio n  is  n o t  p ro d u c e d  in d ire c tly  b y  
th e  se le c tio n  f ro m  in d e f in ite  v a r ia tio n s , b u t  d ire c tly  b y  th e  
in f lu e n c e  o f  s t im u la tio n  in  m o d ify in g  th e  g ro w th  o f  th e  
p a r ts  o r  o rg a n s  o f  th e  b o d y ."

W a lla c e "  h a s  su g g e s te d  th a t  th e  d if fe re n c e s  in  
c o lo ra tio n  b e tw e e n  m a le s  a n d  fe m a le s  a re  d u e  la rg e ly  to  
th e  n e c e s s i ty  o f  th e  b e tte r  p ro te c tio n  o f  th e  y o u n g  
p ro d u c in g  a n d  (in  th e  c a se  o f  b ird s  a n d  m a m m a ls )  y o u n g  
p ro te c tin g  a n d  c a r in g  fo r  fe m a le ,a n d  h e n c e  th e  
a c q u ire m e n t o n  h e r  p a r t  o f  a  d u ll in c o n s p ic u o u s  p ro te c tiv e  
c o lo u r-p a tte rn . W a lla c e 's  la rg e  a c q u a in ta n c e sh ip  w ith  
b ird s  a n d  b u tte r f l ie s  e n a b le s  h im  to  i l lu s tra te  h is  th e o ry  b y  
m a n y  a p p a re n tly  c o n f irm a to ry  e x a m p le s , b u t  as  so o n  as 
o n e  s to p s  to  c o n s id e r  th e  m a tte r  th o u g h tfu lly  th e  
im p o s s ib il i ty  o f  th e  g e n e ra l o r  e v e n  w id e  a p p lic a tio n  o f  
th is  e x p la n a tio n  o f  s e c o n d a ry  se x u a l c h a ra c te rs  is  a t o n c e  
a p p a re n t. I t is  n e c e s s a r ily  l im ite d  to  o n e  s in g le  c a te g o ry  o f  
se x u a l d iffe re n c es .

33B a rre t t-H a m ilto n  33 h a s  n o te d  th a t  b o th  se x e s  o f  
th e  s a lm o n  (OneJwrhynehus) b e c o m e  m a rk e d ly  
d isc o lo u re d  d u r in g  th e  s p a w n in g  seaso n . T h e  d isc o lo ra tio n  
is  a c c o m p a n ie d  b y  o v e rg ro w th  o r  h y p e r tro p h y , e sp e c ia lly  
o f  th e  ja w s . "I c a n n o t b e lie v e ,"  h e  say s, " th a t th is  is  o f  an  
a e s th e tic  n a tu re , s in c e  th e s e  p h e n o m e n a  te rm in a te  in  th e  
d e a th  o f  th e  fish . T h e y  seem  to  b e , in  fac t, m e re ly  th e  
o u tw a rd  sy m p to m s  o f  w h a t, as  I  h a v e  p e rs u a d e d  m y s e l f  
f ro m  p e rso n a l o b s e rv a tio n  in  K a m sc h a tk a , is  a 
p a th o lo g ic a l c o n d itio n  a c c o m p a n y in g , a n d  p e rh a p s  
re s u ltin g  fro m , th e  g ro w th  o f  th e  o v a  a n d  m ilt. I  re g a rd  th e  
w h o le  m e ta m o rp h o s is  as a  p u re ly  e x c re to ry  p h e n o m e n o n  
re s u ltin g  f ro m  th e  u p s e tt in g  o f  th e  m e ta b o lism  d u e  to  th e
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c o n c e n tra tio n  o f  th e  w h o le  v ita l fo rc e  o n  th e  e f fo r t  to  
p ro d u c e  th e  g re a te s t  p o s s ib le  a m o u n t o f  sp aw n .

"M ay  n o t  su c h  a  s ta te  o f  th in g s  b e  in v o k e d  to  
e x p la in  th e  n u p tia l c h a n g e s  o f  o u r  o w n  sa lm o n  so 
s tra n g e ly  a s su m e d  b e fo re  a n d  lo s t  a f te r  th e  b re e d in g -  
se a so n ?  Is i t  n o t  p o s s ib le  th a t  in  th e  p h e n o m e n a  d isp la y e d  
b y  th e  s p a w n in g  Onehorhynehus w e  m a y  h a v e  a  c lu e  to  
th e  o r ig in  o f  th e  h ith e r to  in e x p lic a b le  te m p o ra ry  an d  
p e rm a n e n t se x u a l c h a ra c te rs  o f  th e  v e r te b ra te s  a n d  e v e n  o f  
so m e  in v e r te b ra te s , o f  w h ic h  i t  m a y  b e  th a t  th e  o r ig in  h a s  
b e e n  p r im a r ily  e x c re to ry  a n d  o n ly  s e c o n d a r ily  p ro te c tiv e  
o r  a e s th e tic  ?"

T h e  p la in  tru th  is  th a t  th e  sa tis fa c to ry , a ll-  
e x p la in in g  e x p la n a tio n  o f  se c o n d a ry  s e x u a l c h a ra c te rs  an d  
se x u a l d im o rp h ism  as  a  w h o le  is  y e t  to  b e  fo rm u la te d .

A P P E N D IX .

1 A t so m e  t im e  b e tw e e n  1855 a n d  1865 , G re g o r  
J o h a n n  M e n d e l, an  A u g u s tin ia n  m o n k  in  th e  sm all 
A u s tr ia n  v il la g e  o f  B ru n n , c a r r ie d  o n  p e d ig re e  c u ltu re s  o f  
p e a s  a n d  so m e  o th e r  p la n ts  in  th e  g a rd e n s  o f  h is  c lo is te r . 
F ro m  th is  w o rk  h e  d e r iv e d  d a ta  th a t  h e  re a d ,to g e th e r  w ith  
h is  in te rp re ta t io n  o f  th e ir  s ig n if ic a n c e , b e fo re  m e e tin g s  o f  
th e  N a tu ra l H is to ry  S o c ie ty  o f  B ru n n , a n d  w h ic h , in  th e  
sa m e  y e a r  o f  th e ir  re a d in g , 1865 , w e re  p u b lis h e d  u n d e r  th e  
ti t le  " E x p e r im e n ts  in  P la n t-h y b r id is a tio n ,"  in  th e  
Abhandlungen (V o l. IV .)  o f  th e  so c ie ty .

M e n d e l w a s  th e  so n  o f  a  p e a s a n t  a n d  h a d  b e e n  
e d u c a te d  in  A u g u s tin ia n  fo u n d a tio n s  a n d  o rd a in e d  p rie s t. 
F o r  tw o  o r  th re e  y e a rs  h e  s tu d ie d  p h y s ic s  a n d  n a tu ra l 
sc ie n c e  in  V ie n n a , a n d  re fe rs  to  h im s e lf  as  a  s tu d e n t o f  
K o lla r . H e  b e c a m e  A b b o t o f  h is  c lo is te r , a n d  w a s  fo r  a 
tim e  p re s id e n t  o f  th e  B ru n n  N a tu ra l H is to ry  S o c ie ty . S u ch  
a re  th e  e s se n tia l d e ta ils  o f  th e  e d u c a tio n  a n d  s itu a tio n  o f
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th e  m a n  w h o s e  n a m e  w ill u n d o u b te d ly  liv e  fo re v e r  in  th e  
a n n a ls  o f  b io lo g ic a l sc ien ce . F o r  th e  o b se rv a tio n s , 
e x p e r im e n ts , a n d  c o n c lu s io n s  o f  M e n d e l o n  in h e r ita n c e  
h a v e  ta k e n  th e ir  p la c e  a lre a d y  as  m a tte rs  o f  fu n d a m e n ta l 
im p o r ta n c e  in  th e  s tu d y  o f  h e re d ity . I t  w o u ld  ta k e  u s  to o  
fa r  a f ie ld  e v e n  to  o u tlin e  M e n d e l 's  w o rk  a n d  d e r iv e d  
"p r in c ip le s  o f  h e re d ity ,"  b u t  th e  in te re s te d  re a d e r  c a n  f in d  
an  a d m ira b le  e x p o s itio n  a n d  d isc u s s io n  o f  th e m  ( to g e th e r  
w ith  tra n s la t io n s  o f  M e n d e l 's  o w n  p a p e rs )  in  B a te s o n 's  
"M e n d e l's  P r in c ip le s  o f  H e re d ity ,"  1902.

F o r  an  e x c e lle n t e x p o s itio n  o f  M e n d e l 's  w o rk  an d  
o th e r  s im ila r  w o rk  b y  b o ta n is ts , see  L o tsy . J. P ., 
"V o r le su n g e n  u b e r  D e s c e n d e n z th e o r ie n ," V o l. I, chap . 
V III. 1906.

C u e n o t, in  L'Annee Biologique, V o l. V II. fo r  1902 , 
pp . 5 8 -7 7 , g iv e s  an  e x c e lle n t r e v ie w  o f  th e  w o rk  o f  
M e n d e l, d e  V rie s , C o rre n s ,a n d  T sc h e rm a k ; a n d  a 
b ib lio g ra p h y , r e la tin g  to  th e  so -c a lle d  M e n d e lia n  la w s  o f  
th e  p r in c ip le s  o f  h e re d ity .

B a te so n , in  " P ro g re ssu s  re i B o ta n n ic a e ,"  V o l. I, pp . 
3 6 8 -4 6 8 , 1907 , g iv e s  a  c o m p le te  a b s tra c t o f  th e  n a tu re  o f  
th e  w o rk  a n d  its  re su lts  w h ic h  h a s  b e e n  d o n e  o n  th e  
M e n d e lia n  p ro b le m  fro m  th e  tim e  o f  M e n d e l to  th e  
p re se n t. T h e  b ib lio g ra p h y  in  c o n n e c tio n  w ith  th is  p a p e r  is  
p ra c tic a lly  c o m p le te  u p  to  th e  d a te  o f  its  m a k in g .

2 C o rre n s , C . G ., "U b e r  L e v k o y e n -B a s ta rd e , z u r  
K e n n tn is s  d e r  G re n z e n  d e r  M e n d e l 's c h e n  R e g e ln ."  Botan. 
Centralbl., L X X X IV , p. 97 , 1900; "U b e r  B a s ta rd e  
z w is c h e n  R a s s e n  v o n Z e a  M a y s ,"B e r . Deut. Bot. Ges., 
X IX , 211  (1 9 0 1 )  ;" B a s ta rd e  z w is c h e n  M a is ra s se n ,
B ib lio th e c a  B o ta n ic a ,"  H e f t  53 , 1 9 0 1 ;"U b e r
B a s ta rd iru n g s -V e rs u c h e  m it  M ira b ilis -S ip p e n ,"  Ber. 
Deut.Bot. Ges., X X , 5 9 4 -6 0 8 , 1903.

3 T. E . T sc h e rm a k , "U b e r  k u n s tlic h e  K re u z u n g  b e i 
P is u m  sa tiv u m , "Zeitsehr. f. d. Landwirthseh 
Versuehswesen, III, 4 6 5 -5 5 5 , 1900; "W e ite re  B e itra g e
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u b e r  V e rs c h ie d e n s w e r th ig k e it  d e r  M e rk m a le  b e i K re u z u n g  
v o n  E rb s e n  u n d  B o h n e n ,"  ibid. IV , 641 ff., 1901 ; "U b e r  
Z u c h tu n g  n e u e r  G e tre id e ra s s e n  m itte ls t  k ü n s tl ic h e r  
K re u z u n g ,"  ibid. IV , 1902 . "D ie  T h e o r ie  d e r  K ry p to n ie r ie  
u n d  d e s  K ry p to h y b r id is m u s ,"  Belhefte z. Bot. Centralbl., 
X V I, 25  p p ., 1 9 0 3 ;"W e ite re  K re u z u n g s s tu d ie n  an  E rb se n ,"  
Zeitselirift f  d. Landwrth-Versuehswesen in Oesterr, 106 
p p ., 1904.

4 S ee  D a rw in , "A n im a ls  a n d  P la n ts  U n d e r  
D o m e s tic a tio n ,"  V o l. I. ch ap . III. p. 104. "In  so m e  fe w  
in s ta n c e s  n e w  b re e d s  [ o f  sh eep ] h a v e  s u d d e n ly  o r ig in a te d ; 
th u s  in  1791 a  ra m -la m b  w a s  b o rn  in  M a ssa c h u se tts , 
h a v in g  sh o rt c ro o k e d  le g s  a n d  a  lo n g  b a c k , lik e  a  tu rn s p it  
dog . F ro m  th is  o n e  la m b  th e  otter, or aneon. a  se m i-  
m o n s tro u s  b re e d , w a s  ra ise d ; as  th e s e  sh e e p  c o u ld  n o t  le ap  
o v e r  th e  fe n c e s  i t  w a s  th o u g h t th a t  th e y  w o u ld  b e  v a lu a b le ; 
b u t  th e y  h a v e  b e e n  su p p la n te d  b y  m e rin o s , a n d  th u s  
e x te rm in a te d . T h e  sh e e p  a re  r e m a rk a b le  f ro m  tra n s m ittin g  
th e ir  c h a ra c te r  so  tru ly  th a t  C o lo n e l H u m p h re y s  n e v e r  
h e a rd  o f  'b u t o n e  q u e s tio n a b le  c a se ' o f  an  a n c o n  ra m  an d  
e w e  n o t  p ro d u c in g  a n c o n  o ffsp r in g . W h e n  th e y  a re  
c ro s se d  w ith  o th e r  b re e d s  th e  o ffsp r in g , w ith  ra re  
e x c e p tio n s , in s te a d  o f  b e in g  in te rm e d ia te  in  c h a ra c te r , 
p e rfe c tly  re s e m b le  e ith e r  p a re n t; e v e n  o n e  o f  tw in s  h a s  
re s e m b le d  o n e  p a re n t  a n d  th e  se c o n d  th e  o th e r. L a s tly , 'th e  
a n c o n s  h a v e  b e e n  o b se rv e d  to  k e e p  to g e th e r , se p a ra tin g  
th e m s e lv e s  f ro m  th e  re s t  o f  th e  f lo c k  w h e n  p u t  in to  
e n c lo su re s  w ith  o th e r  sh e e p .'

"A  m o re  in te re s t in g  c a se  h a s  b e e n  re c o rd e d  in  th e  
R e p o r t  o f  th e  J u r ie s  fo r  th e  G re a t E x h ib it io n  (1 8 5 1  ), 
n a m e ly , th e  p ro d u c tio n  o f  a  m e r in o  ra m -la m b  o n  th e  
M a u c h a m p  fa rm . in  1828 , w h ic h  w a s  re m a rk a b le  fo r  its  
lo n g , sm o o th , s tra ig h t, a n d  s ilk y  w o o l. B y  th e  y e a r  1833 
M . G ra u x  h a d  ra is e d  ra m s  e n o u g h  to  se rv e  h is  w h o le  
f lo c k , a n d  a f te r  a  fe w  m o re  y e a rs  h e  w a s  a b le  to  se ll s to c k  
o f  h is  n e w  b re e d . S o  p e c u lia r  a n d  v a lu a b le  is  th e  w o o l,

363



th a t  i t  se lls  a t 25 p e r  c e n t a b o v e  th e  b e s t  m e r in o  w o o l: 
e v e n  th e  f le e c e s  o f  h a lf -b re d  a n im a ls  a re  v a lu a b le , a n d  a re  
k n o w n  in  F ra n c e  a s  th e  'M a u c h a m p -m e rin o .' I t  is  
in te re s tin g , as  sh o w in g  h o w  g e n e ra lly  a n y  m a rk e d  
d e v ia tio n  o f  s tru c tu re  is  a c c o m p a n ie d  b y  o th e r  d e v ia tio n s , 
th a t  th e  f ir s t  ra m  a n d  h is  im m e d ia te  o f fs p r in g  w e re  o f  
sm a ll s ize , w ith  la rg e  h e a d s , lo n g  n e c k s , n a r ro w  c h es ts , 
a n d  lo n g  f la n k s , b u t  th e s e  b le m is h e s  w e re  re m o v e d  b y  
ju d ic io u s  c ro s se s  a n d  se le c tio n . T h e  lo n g  sm o o th  w o o l 
w a s  a lso  c o rre la te d  w ith  sm o o th  h o rn s ;a n d  as h o rn s  a n d  
h a ir  a re  h o m o lo g o u s  s tru c tu re s , w e  c a n  u n d e rs ta n d  th e  
m e a n in g  o f  th is  c o rre la tio n . I f  th e  M a u c h a m p  a n d  a n c o n  
b re e d s  h a d  o r ig in a te d  a  c e n tu ry  o r  two ag o , w e  sh o u ld  
h a v e  n o  re c o rd  o f  th e ir  b ir th ; a n d  m a n y  a  n a tu ra l is t  w o u ld  
n o  d o u b t h a v e  in s is te d , e sp e c ia lly  in  th e  c a se  o f  th e  
M a u c h a m p  race , th a t  th e y  h a d  e a c h  d e s c e n d e d  fro m , o r  
b e e n  c ro s se d  w ith , so m e  u n k n o w n  a b o r ig in a l fo rm ."

T h e  P a ra g u a y  c a ttle  a re  a  h o rn le s s  ra c e  w h ic h  is  
c o m p o se d  o f  th e  d e s c e n d a n ts  o f  a  h o rn le s s  b u ll w h ic h  w a s  
b o rn  in  P a ra g u a y  in  1770.

A  re c e n t in te re s t in g  c a se  w h o lly  p a ra lle l w ith  th o s e  
ju s t  re c o rd e d , is  th a t  o f  th e  P o lle d  H e re fo rd s  o r ig in a tin g  in  
1889  in  K a n sa s , U . S. A . (se e  G u th rie , W . W ., "H is to ry  o f  
P o lle d  H e re fo rd s ,"  in  Proe. Am. Breeders' Assoe, V o l. II, 
pp . 9 3 -9 5 , 1906).

"In  th e  fa ll o f  1889 , W . W . G u th rie . Sr., o f  
A tc h iso n , K a n sa s , n o w  d e c e a se d , d is c o v e re d  a m o n g  th e  
c a lv e s  th a t  h a d  b e e n  w e a n e d  a t h is  ra n c h  in  C h a se  C o u n ty , 
K a n sa s , o n e  w ith  H e re fo rd  m a rk in g s  w h ic h  w a s  p e rfe c tly  
p o lle d . In  h is  h e rd  w e re  p u re b re d  S h o rth o rn  as w e ll  as 
p u re b re d  H e re fo rd  co w s. T w o  p u re b re d  H e re fo rd  b u lls  
w e re  a t th e  h e a d  o f  th e  h e rd . T h is  c a l f  w a s  th e  p ro d u c t  o f  a 
th re e -q u a r te r  H e re fo rd  a n d  o n e -q u a r te r  S h o rth o rn  c o w  b y  
o n e  o f  th e  tw o  p u re b re d  H e re fo rd  b u lls , G ra te fu l 3d , N o . 
8 ,0 0 1 , a n d  T re a su re r , N o . 10 ,585 . D isc o v e ry , as  th e  c a lf  
w a s  su b se q u e n tly  n a m e d , w a s  a  w e ll- fo rm e d  a n im a l, w ith
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a  g o o d  lo in , a n d  w e ll-d e v e lo p e d  h in d q u a r te rs , a n d  h a d  th e  
H e re fo rd  c o lo u r  a n d  m a rk in g s , w ith  b o d y  m o re  o n  th e  
ty p e  o f  th e  S h o rth o rn . A t th re e  y e a rs  o f  a g e  h e  w e ig h e d , 
w ith o u t sp e c ia l fe e d in g , 1 ,9 8 6  Ibs.

"It th e n  o c c u rre d  to  M r. G u th r ie  th a t  b y  u s in g  th is  
a n im a l h e  m ig h t in  t im e  e s ta b lish  a  h e rd  o f  p o lle d  
H e re fo rd s , a n d  th a t  th e  e x p e r im e n t w a s  a t le a s t w o r th  
try in g . S h o rtly  a f te rw a rd s , h e  h a p p e n e d  to  m e e t  o n  th e  
tra in  C h a n c e llo r  S n o w , o f  th e  K a n s a s  S ta te  U n iv e rs ity , on  
h is  w a y  to  le c tu re  b e fo re  th e  A tc h is o n  H ig h  S ch o o l o n  
e v o lu tio n , a n d  d u r in g  th e ir  se v e ra l h o u rs  c o n v e rsa tio n  
d isc u s se d  w ith  h im  th e  p ro p o s itio n  o f  a n im a l a rc h ite c tu re . 
T h e  C h a n c e llo r  a g re e d  th a t  th e  p ro p o s itio n  o f  e s ta b lish in g  
a  p o lle d  H e re fo rd  h e rd  w a s  o n e  w o r th  c o n s id e r in g  a n d  M r. 
G u th r ie  d e te rm in e d  to  c a rry  o u t h is  id e a s  a lo n g  th is  line .

"W h e n  D is c o v e ry  m a tu re d  i t  w a s  fo u n d  th a t  h is  
c a lv e s  f ro m  h o rn e d  c o w s  w e re  a ll h o rn le ss . In  1893 , a 
tw o -y e a r -o ld  b u ll a n d  s ix  h e ife rs  w e re  s e le c te d  an d  
b ro u g h t to  A tc h is o n  C o u n ty , w h e re  th e  e x p e r im e n t w a s  
c a rr ie d  o n  u n d e r  th e  p e rso n a l su p e rv is io n  o f  M r. G u th rie  
a n d  w ith  v e ry  e n c o u ra g in g  re su lts .

"O n  O c to b e r  31 , 1898 , M r. G u th r ie  p u rc h a s e d  a t 
th e  K a n s a s  C ity  S c o tt &  W h itm a n n  sa le  fo u r  p u re b re d  
H e re fo rd  h e ife rs . T h e  c a lv e s  f ro m  th e s e  h o rn e d  h e ife rs  b y  
a  d e s c e n d a n t o f  D is c o v e ry  w e re  fo u n d  to  b e  in  ev e ry  
in s ta n c e  p o lle d , o n ly  tw o  s h o w in g  scu rs , sc a rc e ly  
n o tic e a b le , a n d  lo o se  in  th e  sk in . A  n u m b e r  o f  p u re b re d  
H e re fo rd  h e ife rs  w e re  la te r  o b ta in e d  f ro m  th e  F u n k h o u s e r  
h e rd , a n d  s till la te r  o th e rs  f ro m  th e  A rm o u r  h e rd . a n d  
e q u a lly  g o o d  re su lts  w e re  o b ta in e d .

"E ig h t h e a d  o f  p o lle d  H e re fo rd s  w e re  e x h ib ite d  b y  
M r. G u th r ie  a t th e  O m a h a  E x p o s itio n , an d , w h ile  th e se  
a n im a ls  d id  n o t  p re s e n t th e  f in is h e d  a p p e a ra n c e  o f  m o d e rn  
sh o w  ca ttle , n o t  h a v in g  b e e n  fo rc e d  f ro m  d a te  o f  b ir th , 
th e y  a ttra c te d  su c h  a tte n tio n  th a t  a r tic le s  o n  th e  h e rd  w e re  
p u b lis h e d  in  th e  n e w s p a p e rs  a n d  p e r io d ic a ls  th ro u g h o u t
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th is  c o u n try , a n d  e v e n  in  su c h  fa r -a w a y  la n d s  as A u s tra l ia  
a n d  N e w  Z e a la n d .

"T h e  d e s ira b ili ty  o f  H e re fo rd s  w ith o u t h o rn s , th e  
o n e  o b je c tio n  w h ic h  H e re fo rd  b re e d e rs  h a d  b e e n  w il l in g  to  
a d m it, b e c o m in g  a p p a re n t, o th e r  H e re fo rd  b re e d e rs  b e g a n  
to  ta k e  n o tic e  o f  an  o c c a s io n a l p o lle d  ca lf, f re a k s  o f  n a tu re  
as  th e y  w e re  c o n s id e re d , a p p e a r in g  in  th e ir  h e rd s , an d  
so o n  a  b r is k  d e m a n d  f o r  p o lle d  b u lls  d e v e lo p e d  a n im a ls  
b e in g  sh ip p e d  a s  fa r  n o r th  as S o u th  D a k o ta , a n d  
W isc o n s in , a n d  as  fa r  so u th  as T ex as . B re e d e rs  in  m a n y  
in s ta n c e s  h a v e  re p o r te d  th a t  in  th e ir  h o rn e d  h e rd s , a f te r  
sev e ra l y e a rs ' b re e d in g . n o t  a  s in g le  c a l f  h a d  c o m e  w ic h  
h o rn s , a n d  o n ly  o c c a s io n a lly  w o u ld  s lig h t scu rs , lo o se  in  
th e  sk in , a p p e a r ."

"In  D e c e m b e r , 1904 . fo u r  h e a d  o f  p o lle d  H e re fo rd s  
f ro m  W e s t  V irg in ia  w e re  e x h ib ite d  a t th e  In te rn a tio n a l 
L iv e  S to c k  S h o w  a t C h ic a g o  in  c o n n e c tio n  w ith  h o rn e d  
H e re fo rd s , a n d  d u r in g  th e  p a s t se a so n  a  la rg e r  n u m b e r  
f ro m  th e  sa m e  S ta te  w e re  e x h ib ite d  th ro u g h o u t th e  e a s te rn  
c irc u it  o f  fa irs . A t th e  A m e r ic a n  R o y a l C a ttle  S h o w  a t 
K a n s a s  C ity , la s t  O c to b e r , se v e n  h e a d  f ro m  th e  o rig in a l 
h e rd  w e re  e x h ib ite d . A s  a  re s u lt  o f  th e s e  e x h ib its , m a n y  
h o rn e d  H e re fo rd  b re e d e rs  a re  n o w  tu rn in g  th e ir  a tte n tio n  
to  th e  su b je c t o f  b re e d in g  H e re fo rd s  w ith o u t h o rn s , a n d  so 
g re a t  h a s  b e c o m e  th e  d e m a n d  fo r  a n im a ls  w ith  w h ic h  to  
s ta r t p o lle d  h e rd s  th a t  a t th e  la s t  m e e t  o f  th e  N a tio n a l 
P o lle d  H e re fo rd  B re e d e rs ' A s s o c ia t io n  i t  w a s  fo u n d  th a t  
th e  m e m b e rs  w e re  u n a b le  to  su p p ly  e n o u g h  y o u n g  b u lls  to  
m e e t th e  d em an d .

"Q u ite  a  n u m b e r  o f  p u re b re d  H e re fo rd  c a lv es , 
te rm e d  'f re a k s ' o r  'sp o rts ,' h a v e  b e e n  d ro p p e d  in  th is  
c o u n try , a n d  so m e  h a v e  b e e n  k ep t. T h e  P re s id e n t  o f  th e  
N a tio n a l P o lle d  H e re fo rd  B re e d e rs ' A s s o c ia tio n  h a s  a 
p e rfe c tly  p o lle d  co w , th e  p ro d u c e  o f  o n e  o f  h is  p u re b re d  
h o rn e d  H e re fo rd  c o w s  b y  a  p u re b re d  h o rn e d  H e re fo rd  
b u ll, a n d  h a s  la te ly  p u rc h a s e d  a  p u re b re d  p o lle d  H e re fo rd
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b u ll. T h e  o rig in a l h e rd  n o w  c o n ta in s  tw o  p o lle d  m a le s  a n d  
a  n u m b e r  o f  p o lle d  fe m a le s , d e s c e n d e d  d ire c t f ro m  
p u re b re d  H e re fo rd s . T h e  a b o v e  a n im a ls  a re  re g is te re d  in  
th e  A m e r ic a n  H e re fo rd  R e c o rd .

"D u r in g  a  tr ip  th ro u g h  E n g la n d  se v e ra l y e a rs  ago , 
M r. G u th r ie  m a d e  in q u iry  a m o n g  H e re fo rd  b re e d e rs  an d  
fo u n d  th a t, w h ile  an  o c c a s io n a l p o lle d  a n im a l h a d  b e e n  
c a lv e d , th e y  w e re  c o n s id e re d  as f re a k s  o f  n a tu re  b y  th e  
o w n e rs  a n d  b u tc h e re d ."  5 B a te so n , W m ., "M a te r ia ls  fo r  th e  
S tu d y  o f  V a ria tio n ,"  1894 . 6 K o llik e r , A . v o n , "U b e r  d ie  
D a rw in 's c h e  S c h o p fu n g s th e o rie ,"  Zeitsch. f. wiss. Zool., 
V o l. X IV , pp . 1 7 4 -1 8 6 , 1864 . 7 D a ll , W . H , 1877.о

G a llo n , F ra n c is , "N a tu ra l In h e r ita n c e ,"  p. 32 , 
1889 . 9 G a lto n , F ra n c is , loc. cit. p . 2 7 , "T h e  d is tin c tio n  
b e tw e e n  p r im a ry  a n d  su b o rd in a te  p o s itio n s  o f  s ta b ility  
w ill b e  m a d e  c le a re r  b y  th e  h e lp  o f  F ig . I, w h ic h  is  d ra w n  
f ro m  a  m o d e l I  m ad e . T h e  m o d e l h a s  m o re  s id es , b u t  F ig . I 
s u ff ic e s  i llu s tra tio n . I t  is  a  p o ly g o n a l s lab  th a t  c a n  b e  m a d e  
to  s ta n d  o n  a n y  o n e  o f  its  e d g e s  w h e n  se t u p o n  a  lev e l

ta b le , a n d  f i g . i

is  in te n d e d  to  i l lu s tra te  th e  m e a n in g  o f  p r im a ry  an d  
s u b o rd in a te  s ta b ility  in  o rg a n ic  s tru c tu re s , a lth o u g h  th e  
c o n d itio n s  o f  th e s e  m u s t  b e  fa r  m o re  c o m p le x  th a n  
a n y th in g  w e  h a v e  w its  to  im a g in e . T h e  m o d e l a n d  th e  
o rg a n ic  s tru c tu re  h a v e  th e  c a rd in a l fa c t  in  c o m m o n , th a t  i f  
e ith e r  is  d is tu rb e d  w ith o u t tra n s g re s s in g  th e  ra n g e  o f  its  
s ta b ility , i t  w ill  te n d  to  r e e s ta b lis h  i tse lf , b u t  i f  th e  ra n g e  is  
o v e rp a s se d  i t  w ill to p p le  o v e r  in to  a  n e w  p o s itio n ; a lso  
th a t  b o th  o f  th e m  a re  m o re  l ik e ly  to  to p p le  o v e r  to w a rd s  
th e  p o s it io n  o f  p r im a ry  s ta b ility , th a n  a w a y  f ro m  it.
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"T h e  u lt im a te  p o in t  to  b e  i l lu s tra te d  is  th is . T h o u g h  
a  lo n g  e s ta b lish e d  ra c e  h a b itu a lly  b re e d s  tru e  to  i ts  k in d , 
su b je c t to  sm a ll u n s ta b le  d e v ia tio n s , y e t e v e ry  n o w  an d  
th e n  th e  o ffsp r in g  o f  th e s e  d e v ia tio n s  d o  n o t  te n d  to  re v e rt, 
b u t  p o s s e s s  so m e  sm a ll s ta b ility  o f  th e ir  o w n . T h ey , 
th e re fo re , h a v e  th e  c h a ra c te r  o f  su b -ty p e s , a lw a y s , 
h o w e v e r , w ith  a  re se rv e d  te n d e n c y , u n d e r  s tra in e d  
c o n d itio n s , to  re v e r t  to  th e  e a r l ie r  ty p e . T h e  m o d e l fu r th e r  
il lu s tra te s  th e  fa c t  th a t  s o m e tim e s  a  sp o rt m a y  o c c u r  o f  
su c h  m a rk e d  p e c u lia r ity  a n d  s ta b ility  as to  ra n k  as a  n e w  
ty p e , c a p a b le  o f  b e c o m in g  th e  o r ig in  o f  a  n e w  ra c e  w ith  
v e ry  l i t t le  a s s is ta n c e  o n  th e  p a r t  o f  n a tu ra l se le c tio n . A lso , 
th a t  a  n e w  ty p e  m a y  b e  re a c h e d  w ith o u t  a n y  la rg e  s in g le  
s trid e , b u t  th ro u g h  a  fo r tu n a te  a n d  ra p id  s u c c e s s io n  o f  
m a n y  sm all ones.

"T h e  m o d e l is  a  p o ly g o n a l s lab , th e  p o ly g o n  b e in g  
o n e  th a t  m ig h t h a v e  b e e n  d e s c r ib e d  w ith in  an  o v a l, a n d  i t  
is  so  sh a p e d  a s  to  s ta n d  o n  a n y  o n e  o f  i ts  ed g es . W h e n  th e  
slab  re s ts , as  in  F ig  I, o n  th e  e d g e  A  B , c o rre s p o n d in g  to  
th e  s h o r te r  d ia m e te r  o f  th e  o v a l, i t  s ta n d s  in  its  m o s t  s tab le  
p o s itio n , a n d  in  o n e  f ro m  w h ic h  i t  is  e q u a lly  d if f ic u lt  to  
d is lo d g e  i t  b y  a  t i l t  e ith e r  fo rw a rd s  o r  b a c k w a rd s . So lo n g  
as  i t  is  m e re ly  t i l te d  i t  w ill fa ll b a c k  o n  b e in g  le f t  a lo n e , 
a n d  its  p o s it io n  w h e n  m e re ly  t i l te d  c o rre sp o n d s  to  a 
s im p le  d e v ia tio n . B u t  w h e n  i t  is  p u s h e d  w ith  su ff ic ie n t 
fo rc e , i t  w ill tu m b le  o n  to  th e  n e x t  ed g e , B  C , in to  a  n e w  
p o s itio n  o f  s tab ility . I t  w ill re s t  th e re , b u t  le s s  se c u re ly  
th a n  in  i ts  f ir s t  p o s itio n ; m o re o v e r , its  ra n g e  o f  s ta b ility  
w ill n o  lo n g e r  b e  d isp o se d  sy m m e tr ic a lly . A  
c o m p a ra tiv e ly  s lig h t p u sh  f ro m  th e  f ro n t w ill su ff ic e  to  
m a k e  i t  tu m b le  b a c k , a  c o m p a ra tiv e ly  h e a v y  p u s h  f ro m  
b e h in d  is  n e e d e d  to  m a k e  i t  tu m b le  fo rw a rd . I f  i t  b e  
tu m b le d  o v e r  in to  a  th ird  p o s itio n  (n o t sh o w n  in  th e  
f ig u re ) , th e  p ro c e s s  ju s t  d e sc r ib e d  m a y  re c u r  w ith  
e x a g g e ra te d  e ffec t, a n d  s im ila r ly  fo r  m a n y  su b se q u e n t 
o n es . If, h o w e v e r , th e  s lab  is  a t le n g th  b ro u g h t to  re s t  on
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th e  e d g e  C  D , m o s t  n e a r ly  c o rre s p o n d in g  to  i ts  lo n g e s t 
d ia m e te r , th e  n e x t  o n w a rd  p u sh , w h ic h  m a y  b e  v e ry  slig h t, 
w ill su ff ic e  to  to p p le  i t  o v e r  in to  a n  e n tire ly  n e w  sy s te m  o f  
s tab ility ; in  o th e r  w o rd s , a  'sp o rt ' c o m e s  s u d d e n ly  in to  
e x is te n c e . O r  th e  f ig u re  m ig h t h a v e  b e e n  d ra w n  w ith  its  
lo n g e s t d ia m e te r  p a s s in g  in to  a  p ro je c tin g  sp u r, so  th a t  a 
p u sh  o f  e x tre m e  s tre n g th  w o u ld  b e  re q u ire d  to  to p p le  i t  
e n tire ly  o ver.

" I f  th e  f irs t  p o s itio n , A  B , is  ta k e n  to  r e p re s e n t  a 
ty p e , th e  o th e r  p o r tio n s  w ill re p re s e n t  su b -ty p e s . A ll th e  
s ta b le  p o s it io n s  o n  th e  sa m e  s id e  o f  th e  lo n g e r  d ia m e te r  
a re  s u b o rd in a te  to  th e  f ir s t  p o s itio n . O n  w h ic h e v e r  o f  th e m  
th e  p o ly g o n  m a y  stan d , i ts  p r in c ip a l te n d e n c y  o n  b e in g  
se r io u s ly  d is tu rb e d  w ill b e  to  fa ll b a c k  to w a rd s  th e  f irs t  
p o s itio n ; y e t  e a c h  p o s it io n  is  s ta b le  w ith in  c e r ta in  lim its .

"C o n se q u e n tly , th e  m o d e l i l lu s tra te s  h o w  th e  
fo llo w in g  c o n d itio n s  m a y  c o -e x is t: (I) v a r ia b ili ty  w ith in  
n a r ro w  l im its  w ith o u t p re ju d ic e  to  th e  p u r ity  o f  th e  b re e d ; 
(2 )  p a r tly  s ta b le  su b -ty p e s ; (3 ) te n d e n c y , w h e n  m u c h  
d is tu rb e d , to  re v e r t  f ro m  a  su b -ty p e  to  an  e a r lie r  fo rm ; (4 ) 
o c c a s io n a l sp o rts  w h ic h  m a y  g iv e  r is e  to  n e w  ty p es ."

10 E m e ry , C ., "G e d a n k e n  z u r  D e s c e n d e n z -  u n d  
V e re rb u n g s th e o r ie ,"Biolog. Centralbl, V o l. X III , pp . 3 9 7 ­
4 2 0 , 1893.

11 K o rsc h in sk y , S., "H e te ro g e n e s is  u n d  E v o lu tio n ,"  
Naturw. Wochenscrift, V o l. X IV , pp . 2 7 3 -2 7 8 , 1899 ; a lso  
" H e te ro g e n e s is  u . E v o lu tio n ,"  Flora, oder Allg. Bot. Zeit., 
E rg a n z u n g s b d , 89 , pp . 2 4 0 -3 6 8 , 1901.

12 D e  V rie s , H ., "D ie  M u ta tio n s th e o r ie ,"  V o l. I, 
1901 , V o l. II ,1 9 0 3 .

13 D e  V rie s , H ., "S p e c ie s  a n d  V a r ie tie s , T h e ir  
O r ig in  b y  M u ta tio n "  (ed . b y  M a c D o u g a l) ,  1905.

14 D e  V rie s , H ., "D ie  M u ta tio n s th e o r ie ,"  V o l. I, p. 
150, 1901.

15 D e  V rie s , H ., "D ie  M u ta tio n s th e o r ie , V o l. I, p. 
3 6 2 , 1901.
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16 D e  V rie s , H ., "S p e c ie s  a n d  V a r ie tie s ,"  p. 6.
17 D e  V rie s , H ., "S p e c ie s  a n d  V a r ie tie s ,"  pp . 8 -9
18 D e  V rie s , H ., "S p e c ie s  a n d  V a r ie tie s ,"  p. 10.
19 D e  V rie s , H ., "S p e c ie s  a n d  V a r ie tie s ,"  p. 13.
20 F o r  an  e x c e lle n t e x p o s itio n  a n d  d isc u s s io n  o f  th e  

d e  V rie s  m u ta tio n  th e o ry  a n d  m u ta tio n s , see  L o tsy , J. P ., 
" V o r le su n g e n  u b e r

D e s c e n d e n z th e o r ie n ,"  V o l. I, c h a p s , X IV  a n d  X V ,
1906.

21 M o rg a n , T . H ., "E v o lu tio n  a n d  A d a p ta tio n ,"  pp. 
2 9 4 -2 9 5 , 1903 . 22 A s e v id e n c e  o f  th e  in te re s t  a n d  fa v o u r  
w ith  w h ic h  A m e r ic a n  b io lo g is ts  h a v e  re c e iv e d  th e  th e o ry , 
th e  s ix  a d d re s se s  o n  " th e  m u ta tio n  th e o ry  o f  o rg a n ic  
e v o lu tio n "  d e liv e re d  b e fo re  th e  A m e r ic a n  S o c ie ty  o f  
N a tu ra l is ts  a t P h ila d e lp h ia ,D e c e m b e r  2 8 , 1904 , m a y  b e  
e sp e c ia lly  re fe r re d  to .T h e s e  a d d re s se s  b y  n a tu ra lis ts  
d is tin g u ish e d  fo r  th e ir  w o rk  in  d if fe re n t p h a s e s  o f  b io lo g y , 
as  sy s te m a tic  a n d  o e c o lo g ic  b o ta n y , c y to lo g y , h u m a n  
a n a to m y , a n im a l o e c o lo g y , e tc .. a re  p r in te d  in  Science, N . 
S., V o l. X X I, pp . 5 2 1 -5 4 3  (A p ril 7, 1905). a n d  f ro m  th e m  
I q u o te  v a r io u s  p a ra g ra p h s  in d ic a t in g  so m e  o f  th e  p o in ts  
o f  v ie w  o f  th e  sp e a k e rs  a n d  so m e  o f  th e  a rg u m e n ts  
a d v a n c e d  in  f a v o u r  o f  th e  th e o ry .

"O n  th e  w h o le , i t  a p p e a rs  th a t  th e  fo rm a tio n  o f  
n e w  b re e d s  b e g in s  w ith  th e  d is c o v e ry  o f  a n  e x c e p tio n a l 
in d iv id u a l, o r  w ith  th e  p ro d u c tio n  o f  su c h  an  in d iv id u a l b y  
m e a n s  o f  c ro s s -b re e d in g . S u ch  e x c e p tio n a l in d iv id u a ls  a re  
m u ta tio n s"  (C a s tle , p. 524 ).

"M o d ific a tio n  o f  c h a ra c te r  b y  se le c tio n , w h e n  
s h a rp ly  a lte rn a tiv e  c o n d itio n s  (i. e,  m u ta tio n s )  a re  n o t 
p re s e n t in  th e  s to ck , is  an  e x c e e d in g  d if f ic u lt  a n d  s lo w  
p ro c e ss , a n d  its  re su lts  o f  q u e s tio n a b le  p e rm a n e n c y . E v e n  
in  so -c a lle d  'im p ro v e d ' b re e d s , w h ic h  a re  su p p o se d  to  h a v e  
b e e n  p ro d u c e d  b y  th is  p ro c e ss , i t  is  m o re  p ro b a b le  th a t  th e  
re s u lt  o b ta in e d  re p re se n ts  th e  su m m a tio n  o f  a  se r ie s  o f  
m u ta tio n s  ra th e r  th a n  o f  a  se rie s  o f  o rd in a ry  f lu c tu a tin g
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v a r ia tio n s . F o r  m u ta tio n s  a re  p e rm a n e n t: v a r ia tio n s  
tra n s ito ry "  (C a s tle , p. 5 2 4 ). "It is  to  m y  m in d  im p o s s ib le  
to  f in d  a n y  s u p p o r t fo r  a  th e o ry  o f  e v o lu tio n  b y  m in u te  
c h a n g e s  f ro m  th e  s tu d y  o f  a n a to m ic a l v a r ia tio n s . I  sh o u ld  
n o t  v e n tu re  to  say , o n  th e  o th e r  h a n d , th a t  th e y  g iv e  an y  
d ire c t su p p o r t to  th e  th e o ry  o f  m u ta tio n : b u t, a t le a s t, th e y  
a re  n o t in  d is a c c o rd  w ith  it" (D w ig h t, p. 532 ).

"It se e m e d  n e c e s s a ry  to  d is c u s s  e th o lo g ic a l 
c h a ra c te rs  a t so m e  le n g th  fo r  th e  p u rp o s e  o f  v in d ic a tin g  
th e ir  im p o r ta n c e . H a v in g  a tte m p te d  th is , I  m a y  say  th a t  
th e s e  c h a ra c te rs  se e m  to  m e  to  o f fe r  e v e n  fe w e r  
d if f ic u ltie s  th a n  th e  m o rp h o lo g ic a l c h a ra c te rs  to  th e  
a c c e p ta n c e  o f  th e  m u ta tio n  th e o ry , fo r  th e  re a so n  th a t  th e  
e th o lo g ic a l a n d  p s y c h o lo g ic a l p ro c e s s e s  a re  c o n c e iv e d  
p r im a r ily  as q u a lit ie s  a n d  n o t  q u a n titie s . T h u s  th e  
p sy c h ic a l e le m e n ts , i. e,  th e  s im p le  fe e lin g s , c ra v in g s , an d  
se n sa tio n s , a re  d isp a ra te  q u a lita tiv e  p ro c e s s e s  w h ic h  
c a n n o t b e  d e r iv e d  f ro m  o n e  a n o th e r  o r  f ro m  so m e  m o re  
u n d if fe re n tia te d  p ro c e ss . T h is  is  s till m o re  e v id e n t  in  th e  
c a se  o f  th e  c o m p le x  p sy c h ic a l p h e n o m e n a . S im ila rly , 
in s tin c ts , w ith  w h ic h  e th o lo g y  is  m o s t  c o n c e rn e d , w h e n  
re so lv e d  in to  th e ir  s im p le s t  c o m p o n e n ts  a re  se e n  to  c o n s is t  
o f  d is c re te  re a c tio n s  w h ic h  c a n n o t b e  sh o w n  to  a r ise  f ro m  
o n e  a n o th e r. A lth o u g h , o n  th e  o th e r  h a n d , th e  m e a s u ra b le  
in te n s it ie s  a n d  d u ra tio n s  o f  th e  re a c tio n s  a re  a n a lo g o u s  to  
th e  f lu c tu a tin g  s tru c tu ra l v a r ia tio n s , i t  is  e v e n  m o re  
d if f ic u lt  fo r  th e  p s y c h o lo g is t  to  c o n c e iv e  o f  a  p a r t ic u la r  
fe e lin g , c ra v in g , o r  se n sa tio n  as a r is in g  f ro m  th e  g re a te r  o r  
le s s  in te n s i ty  o r  d u ra tio n  o f  so m e  o th e r  p sy c h ic  p ro c e ss , 
th a n  i t  is  fo r  th e  m o rp h o lo g is t  to  c o n c e iv e  o f  th e  o r ig in  o f  
n e w  c h a ra c te rs  f ro m  th e  f lu c tu a tin g  v a r ia t io n s  o f  
s tru c tu re "  (W h e e le r , p. 539).

"M u ta tio n  is  e v e n  m o re  u rg e n tly  d e m a n d e d  fo r  th e  
e x p la n a tio n  o f  m a n y  o th e r  in s tin c ts , e sp e c ia lly  th o s e  o f  
sy m b io tic  a n d  p a ra s it ic  sp e c ie s  a n d  o f  sp e c ie s  w ith  
p ro fo u n d  a n d  su d d e n  m e ta m o rp h o s is . In  th e s e  c a se s , a
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p a r t ic u la r  a c tiv ity , o n  w h ic h  m o s t o tte n  d e p e n d s  th e  l ife  o f  
th e  in d iv id u a l o r  o f  i ts  p ro g e n y , h a s  to  b e  p e r fo rm e d  w ith  
a  h ig h  d e g re e  o f  p ro f ic ie n c y  a t its  v e ry  p h y lo g e n e tic  
in c e p tio n  o r  i t  c a n  b e  o f  n o  a d v a n ta g e  to  th e  in d iv id u a l o r  
th e  race . S u ch  c a se s , w ith  w h ic h  y o u  a re  a ll fa m ilia r , h a v e  
e v e r  b e e n  th e  in s u rm o u n ta b le  o b s ta c le  to  th e  e v o lu tio n  o f  
in s tin c ts  o n  th e  th e o ry  o f  f lu c tu a tin g  v a r ia t io n s  a n d  n a tu ra l 
s e le c tio n  T h e  th e o ry  o f  o rg a n ic  s e le c tio n  se e m s  to  m e  
m e re ly  to  c o n c e a l b u t  n o  to  o v e rc o m e  th e  d iff ic u ltie s . T h e  
m u ta tio n  th e o ry  f ra n k ly  a v o id s  th e  d if f ic u ltie s  e v e n  i f  i t  
fa ils  to  th ro w  a n y  lig h t o n  th e  o r ig in  o f  th e  m u ta tio n s  an d  
b u n d le s  th is  in to  th e  g e rm -p la sm a . I t  is , o f  co u rse , n o  
o b je c tio n  to  th e  th e o ry  th a t  i t  le a v e s  so m e th in g  u n d e r  th e  
h e a v e n s  to  b e  a c c o u n te d  fo r. T h is  is  r a th e r  to  b e  re g a rd e d  
as  o n e  o f  its  c h ie f  v ir tu e s . A s  w o rk in g  n a tu ra lis ts  w e  h a v e  
re a so n  to  b e  m o s t  su sp ic io u s  o f  th e  th e o r ie s  th a t  e x p la in  
e v e ry th in g "  (W h e e le r , pp . 5 3 9 -5 4 0 ).

"In  v ie w  o f  th e  a m o u n t o f  o rd e r ly  a n d  w e ll-  
a u th e n tic a te d  e v id e n c e  n o w  a t h a n d , i t  m a y  b e  re g a rd e d  as 
d e m o n s tra te d  th a t  c h a ra c te rs , o f  a p p re c ia b le  p h y s io lo g ic a l 
v a lu e , o r ig in a te , a p p e a r  in  n e w  c o m b in a tio n s  o r  b e c o m e  
la te n t, in  h e re d ita ry  se rie s  o f  o rg a n ism s , in  su ch  a  m a n n e r  
as  to  c o n s titu te  d is tin c t b re a k s  in  d e sc e n t"  (M a c D o u g a l. p. 
540).

23
23 S o m e  o f  d e  V r ie s 's  e x p e r im e n ts  a n d  

o b se rv a tio n s  o n  th e  L a m a rc k  p r im ro s e  h a v e  b e e n  re p e a te d  
(w ith  n a tu ra lly  so m e  v a r ia tio n )  in  th e  N e w  Y o rk  B o ta n ic  
G a rd e n , b y  M a c D o u g a l a n d  a ss is ta n ts . S ee  M a c D o u g a l, D . 
T .. " M u ta tio n  in  P la n ts ,"  Amer. Nat, V o l. X X X V II, pp . 
7 3 7 -7 7 0 , 1903 ; a lso , "M u tan ts  a n d  H y b r id s  o f  th e  
E n o th e ra s ,"  h y  D . T. M a c D o u g a l, a s s is te d  b y  A . M . V a il, 
G . H . S h u ll, a n d  J. K . S m all, P u b . N o . 24 . C a rn e g ie  Inst. 
o f  W a sh ., 1905.

I am  a w a re  o f  th e  ra th e r  sw e e p in g  s ta te m e n ts  m a d e  
b y  so m e  b io lo g is ts  to u c h in g  th e  probability o f  th e  o r ig in  
b y  m u ta tio n  o f  m a n y  sp e c ie s , o r  a t le a s t, ra c e s  o f  a n im a ls
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a n d  p la n ts . F o r  e x a m p le , C a s tle  (Science, N . S., V o l. X X I, 
p. 52 2 , 1 9 0 5 ) says: "S o  fa r, h o w e v e r , as th e s e  v a r io u s  
so rts  o f  e v id e n c e  go , th e y  in d ic a te  th a t  th e  m a te r ia l  u se d  
b y  b re e d e rs  fo r  th e  fo rm a tio n  o f  n e w  b re e d s  c o n s is ts  
a lm o s t e x c lu s iv e ly  o f  m u ta tio n s ."  A n d  D a v e n p o r t  
(Science, N . S., V o l. X X II, p. 3 7 2 , 1 9 0 5 ) says: 
"U n d o u b te d ly  m a n y , i f  n o t  m o s t, o f  th e  c h a ra c te r is tic s  o f  
th e  ra c e s  o f  d o m e s tic a te d  a n im a ls  a n d  p ro b a b ly  fe ra l 
sp e c ie s  h a v e  a r ise n  b y  m u ta tio n ."  H e  th e n  re fe rs , as 
e x a m p le , to  th e  q u a lit ie s  th a t  d if fe re n tia te  th e  ra c e s  o f  
p o u ltry  —  fe a th e re d  fee t, ro se  c o m b , e lo n g a te d  ta il, 
ta il le s sn e s s , s ilk y  fe a th e rs , f r iz z le d  fe a th e rs , c e re b ra l 
h e rn ia , p o ly d a c ty l fe e t, a lb in ism , a n d  m a n y  o th e rs . B u t I 
h a v e  b e e n  a ssu re d  b y  L u th e r  B u rb a n k , th e  m o s t 
e x p e r ie n c e d  a n d  d is tin g u is h e d  p la n t  b re e d e r  in  th is  
c o u n try , th a t  th e  m a n y  ra c e s  o f  p la n ts  a c tu a lly  p ro d u c e d  
b y  h im  h a v e  n o t  b e e n  d e r iv e d  f ro m  m u ta tio n s . B u t  o n  th e  
c o n tra ry , th a t  th e  se le c tio n  o f  sm a ll v a r ia t io n s  —  a  sp ec ia l 
a b u n d a n c e  a n d  v a r ie ty  o f  th e s e  v a r ia t io n s  u s u a lly  b e in g  
in d u c e d  b y  h y b r id is a tio n  a n d  b y  c h a n g e  o f  e n v iro n m e n t 
—  h a s  b e e n  h is  a lm o s t e x c lu s iv e ly  re lie d -o n  m e a n s  fo r  
p ro d u c in g  n e w  fo rm s  o f  p la n ts . A s  a  m a tte r  o f  f a c t  th e  
c a se s  a c tu a lly  a d d u c e d  b y  u p h o ld e rs  o f  th e  d e  V rie s ia n  
th e o ry  as su p p o rts  fo r  i t  a re  a s to n ish in g ly  few . C a s tle  
(Science, N . S., V o l. X X I, pp . 5 2 2 -5 2 3 , I9 0 5 )  ca lls  
a tte n tio n  to  th e  su d d e n  a p p e a ra n c e  o f  a  su p e rn u m e ra ry  
fo u r th  d ig it o n  o n e  o f  th e  h in d  fe e t  o f  o n e  o f  n in e  y o u n g  
p ro d u c e d  b y  a  c e r ta in  p a ir  o f  g u in e a -p ig s . " N e ith e r  o f  th e  
p a re n ts  h a d  su c h  a  d ig it, n o r  h a d  I  e v e r  h e a rd  o f  th e  
e x is te n c e  o f  su c h  a  c h a ra c te r  b e fo re , e ith e r  in  a n y  o f  th e  
w ild  C a v ie d a e  o r  a m o n g  d o m e s tic a te d  c a v ie s  o r  g u in e a -  
p ig s . F u r th e r , 1 h a v e  b e e n  a b le  to  f in d  n o  re fe re n c e  to  
su c h  a  th in g  in  th e  l i te ra tu re  o f  th e  g ro u p , th o u g h  I  h a v e  
se v e ra l t im e s  s in c e  fo u n d  tin s  sa m e  m u ta tio n  in  o th e r  
h e rd s  o f  g u in e a -p ig s . T h e  m o th e r  o f  m y  fo u r - to e d  p ig  
n e v e r  p ro d u c e d  a n o tlie r  s im ila r  in d iv id u a l, th o u g h  sh e  w a s
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th e  m o th e r  in  a ll o f  th ir ty  y o u n g . T h e  fa th e r , h o w e v e r , 
w h o  s ire d  in  a ll 139 y o u n g , h a d  f iv e  o th e r  y o u n g  w ith  
e x tra  to e s , b u t  th e s e  w e re  a ll b y  fe m a le s  d e sc e n d e d  f ro m  
h im se lf , so  th a t  i t  se e m s  c e r ta in  th a t  th e  m u ta tio n  h a d  its  
o r ig in  in  th is  p a r t ic u la r  m a le . B y  b re e d in g  to g e th e r  th e  
fo u r to e d  y o u n g  a n d  se le c tin g  o n ly  th e  b e s t  o f  th e ir  
o ffsp r in g , I  w a s  a b le  w ith in  th re e  g e n e ra tio n s  to  e s ta b lish  
a  ra c e  w ith  a  w e ll-d e v e lo p e d  fo u r th  to e  o n  e ith e r  h in d  
fo o t. T h is  ra c e  w a s  n o t  created b y  se le c tio n , th o u g h  i t  w a s  
improved b y  th a t  m e a n s ."  C a s tle  a lso  h a d  a n o th e r  
m u ta tio n  a p p e a r  in  a  se c o n d  fa m ily  o f  g u in e a -p ig s . "A  fe w  
in d iv id u a ls  w e re  fo u n d  to  h a v e  h a ir  a b o u t tw ic e  as lo n g  as 
th a t  o f  th e ir  p a re n ts  a n d  g ra n d p a re n ts . In te rm e d ia te  
c o n d itio n s  d id  n o t  o ccu r. L o n g -h a ire d  in d iv id u a ls  m a te d  
to g e th e r  w e re  fo u n d  to  p ro d u c e  o n ly  lo n g -h a ire d  y o u n g , 
so  th a t  a  n e w  b re e d  w a s  a lre a d y  fu lly  e s ta b lish e d  w ith o u t 
th e  e x e rc is e  o f  a n y  se le c tio n ."  C a se y  (Science, N . S., V o l. 
X X II. p. 3 0 8 , 1 9 0 5 ) p re se n ts  a  n u m b e r  o f  fa c ts  to u c h in g  
th e  su d d e n  a p p e a ra n c e  o f  c e r ta in  m o llu s c o u s  g e n e ra  in  
e a r ly  E o c e n e  s tra ta , a n d  in  c e r ta in  L o w e r  O lig o c e n e  ro ck s , 
w h ic h  se e m  to  b e  e v id e n c e  fo r  th e  m u ta tio n s  th e o ry . "A t 
lea s t, th e  m u ta tio n  th e o ry  is  e v id e n tly  th e  b e s t  th a t  h a s  
b e e n  a d v a n c e d  to  a c c o u n t fo r  th e s e  k n o w n  fa c ts ."  S co tt 
(Science, N . S., V o l. X X II. pp . 2 7 1 -2 8 2 )  a tte m p ts  to  m a k e  
o u t a  c a se  fo r  th e  m u ta tio n a l o r ig in  o f  n in e  k in d s  o f  N o r th  
A m e ric a n  b ird s  th a t, b e c a u s e  o f  th e ir  ra r ity  a n d  th e  
o b sc u re  c h a ra c te r  o f  th e  re c o rd s  o f  th e ir  o c c u rre n c e , a re  
m o s tly  ra th e r  p u z z lin g  to  o rn ith o lo g is ts . (T h e y  a re  all 
in c lu d e d  in  th e  "h y p o th e tic a l lis t"  o f  th e  A m e ric a n  
O rn ith o lo g is ts ' U n io n  C h e c k -L is t .)  B u t  th is  a tte m p t is  
ro b b e d  o f  m u c h  s ig n if ic a n c e  b y  A lle n 's  c r itic a l d is c u s s io n  
o f  i t  (Science, N . S.. V o l. X X II, pp . 4 3 1 -4 ,3 4 . 1905). 
M o rg a n  (Harper's Monthly Mag, V o l. C V I, p. 4 7 8 )  re fe rs  
to  th e  " ja p a n n e d "  tu rk e y s , a  k in d  o f  b ro n z e -s h o u ld e re d  
a b e rra tio n  th a t  a p p e a rs  o c c a s io n a lly  in  f lo c k s  o f  tu rk e y s , 
as  "m u ta tio n s ."  T h e se  tu rk e y s  a re  c a lle d  a tte n tio n  to  b y
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D a rw in  (" V a r ia tio n  o f  A n im a ls  a n d  P la n ts  U n d e r  
D o m e s tic a tio n ,"  V o l. I. p. 3 0 5 ). In d e e d , m o re  c a se s  o f  
su c h  m u ta tio n s  a re  re fe r re d  to  a n d  d e s c r ib e d  b y  D a rw in  
h im s e lf  th a n  b y  all th o s e  w h o  h a v e  a tte m p te d  re c e n tly  to  
a d d u c e  e x a m p le s , fo r  th e  su p p o r t o f  th e  m u ta tio n s  th e o ry , 
o f  an  a lle g e d  c a se  o f  su d d e n  a p p e a ra n c e s  o f  m o d if ie d  
a n im a ls  o r  p la n ts  th a t  seem  to  b re e d  tru e . B u t  th e s e  
in f re q u e n t p re p o te n t  sp o rts , o r  d is c o n tin u o u s  v a r ia tio n s , 
d o  l i t t le  to  fu rn is h  a n y  c o n v in c in g  fo u n d a tio n  fo r  de  
V rie s 's  th e o ry . F a r  b e tte r  th a n  a ll o f  th e m  a re  d e  V rie s 's  
o w n  lo n g  a n d  c a re fu lly  o b se rv e d  p r im ro s e  m u ta tio n s . 
H e re , b e s id e s  a  fe w  s in g le  m u ta tio n s , w e re  sev e ra l th a t  
a p p e a re d  in  c o n s id e ra b le  n u m b e rs , w h ic h  is  a  c o n d itio n  
a lm o s t im p e ra tiv e ly  n e c e s s a ry  fo r  th e  su c c e ss fu l 
p ro p a g a tio n  o f  a  n e w  o rg a n ic  ty p e .

A  re c e n t re c o rd  o f  a n  a lle g e d  c a se  o f  m u ta tio n  is  
S c h a ffn e r 's , "A  S u c c e ss fu l M u ta n t  o f  V e rb e n a  w ith o u t 
E x te rn a l Iso la tio n ,"  in  Ohio Naturalist, V o l. V II, pp . 3 1 ­
34 , D e c e m b e r , 1906.

A s  D a v e n p o r t  ("T h e  M u ta tio n  T h e o ry  in  A n im a l 
E v o lu tio n ,"  Science, N . S., V o l. X X IV , pp . 5 5 6 -5 5 8 , 
N o v e m b e r , 1 9 0 6 ) p u ts  it: "T h e  re a l a rg u m e n t fo r  
d is c o n tin u ity  in  e v o lu tio n  is  th e  o c c u r re n c e  o f  
c h a ra c te r is tic s  in  n a tu re  th a t  a re  d is c o n tin u o u s  a n d  w h ic h  
n e v e r  sh o w  in te rg ra d e s . T h e  m e re  fa c t  o f  d is c o n tin u ity  
b e tw e e n  sp e c ie s  o f  th e  sa m e  g e n u s  is  n o t  su ff ic ie n t to  
p ro v e  th a t  th e y  h a v e  a r ise n  b y  m u ta tio n . I t  m u s t b e  sh o w n  
th a t  th e  d iffe re n tia l c h a ra c te rs  a re  in  e s se n c e  
d isc o n tin u o u s . T h e  p ra c tic a l w a y  to  g e t  a t th e  tru e  n a tu re  
o f  c h a ra c te r is tic s , w h e th e r  c o n tin u o u s  o r  d is c o n tin u o u s , is  
b y  th e ir  b e h a v io u r  in  in h e r ita n c e . If, in  c ro s s -b re e d in g , a 
c h a ra c te r  te n d s  to  b le n d  w ith  th e  d is s im ila r  c h a ra c te r  o f  its  
c o n s o r t i t  m u s t  b e  c o n c lu d e d  th a t  th e  c h a ra c te r  c a n  b e  
f r a c tio n is e d  a n d  in te rg ra d e s  a re  p o ss ib le . If, o n  th e  
c o n tra ry , th e  c h a ra c te r is tic  re fu s e s  to  b le n d , b u t  c o m e s  o u t 
o f  th e  c ro ss  in ta c t, as  i t  w e n t in , th e  c o n c lu s io n  se e m s
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ju s t i f ie d  th a t  th e  c h a ra c te r is tic  is  e s se n tia lly  in te g ra l an d  
m u s t h a v e  a r ise n  c o m p le te ly  fo rm e d , a n d  h e n c e  
d isc o n tin u o u s ly .

"U s in g  th is  c rite r io n , I  h a v e  o f  la te  b e e n  te s t in g  th e  
a p p lic a tio n  o f  th e  m u ta tio n  th e o ry  to  a n im a ls  a n d  h a v e  h a d  
an  o p p o r tu n ity  to  e x a m in e  th e  e x p e r im e n ts  o f  o th ers . 
S o m e  o f  th e  w o rk  h a s  b e e n  d o n e  o n  th e  c h a ra c te r is tic s  o f  
d o m e s tic a te d  'ra c e s ,' o th e rs  o n  w ild  v a r ie tie s . T h e re  se e m s 
to  b e  n o  d if fe re n c e  in  th e  b e h a v io u r  o f  c h a ra c te r is tic s  o f  
d o m e s tic a te d  a n d  w ild  v a r ie tie s . T h e  re s u lt  is  th a t  m o s t 
c h a ra c te r is tic s , b u t  n o t  a ll, fa il to  b le n d  a n d  a re  s tr ic tly  
a lte rn a tiv e  in  in h e r ita n c e . I  in te rp re t  th is  to  m e a n  th a t  th e  
c h a ra c te r is tic  d e p e n d s  o n  a  c e r ta in  m o le c u la r  c o n d itio n  
th a t  d o e s  n o t  f ra c tio n ise . T h e  in fe re n c e  is  th a t  i f  th e  
c h a ra c te r is tic  is  in c a p a b le  o f  g ra d a tio n s  n o w  i t  h a s  a lw a y s  
b e e n  so  a n d  h e n c e  m u s t h a v e  a r ise n  w ith o u t g ra d a tio n s , i. 
e, d is c o n tin u o u s ly . E x a m p le s  o f  su c h  d is c o n tin u o u s  
c h a ra c te r is tic s  a re  th e  sp o ts  in  th e  e ly tra  o f  c e r ta in  b e e tle s , 
th e  c re s t o n  th e  c a n a ry , th e  fo rm  o f  th e  co m b  in  p o u ltry , 
e x tra  to e s , b la c k  p lu m a g e , a n d  c o lo u r  o f  iris . O n e  w h o  
see s  th e  s tr ik in g  fa ilu re  o f  th e s e  c h a ra c te r is tic s  a n d  m a n y  
o th e rs  to  b e  m o d if ie d  in  a n y  im p o r ta n t  w a y  w ill fee l 
c o n v in c e d  th a t  th e y  a re  n o t  c a p a b le  o f  fo rm in g  in te rg ra d e s  
a n d  h e n c e  c o u ld  n o t  h a v e  a r ise n  g ra d u a lly ."

24 C. B . D a v e n p o r t  ( "E v o lu tio n  W ith o u t  M u ta tio n ,"  
Jour. o f Exper. Zool, V o l. II, pp . 1 3 7 -1 4 3 , 1 9 05), in  a 
r e c e n t sh o rt p a p e r , a d d u c e s  fa c ts  c o n c e rn in g  th e  v a r ia tio n  
a n d  e v o lu tio n  o f  P e c te n s ,w h ic h  le a d  h im  to  c o n c lu d e  th a t  
th e  ra c e s  o f  P e c te n  in h a b it in g  d if fe re n t g e o g ra p h ic a l 
re g io n s  a re  c o n n e c te d  so  p la in ly  b y  in te g ra t in g  v a r ia tio n s  
h a t th e re  c a n  b e  n o  q u e s tio n  o f  m u ta tio n s  in  c o n n e c tio n  
w ith  th e ir  o rig in . T h e y  m u s t  h a v e  a r ise n  th ro u g h  e v o lu tio n  
b y  tr iv ia l v a r ia tio n . D a v e n p o r t  c o n c lu d e s  h is  p a p e r  w ith  
th e  fo llo w in g  su m m a ry : "T h e  p ro c e s s  o f  e v o lu tio n  h a s  
ta k e n  p la c e  b y  v a r io u s  m e th o d s  a n d  n o t  a lw a y s  in  th e  
sa m e  w a y . I t  is  n o t  m o re  ju s t i f ia b le  to  m a in ta in  th a t  all
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e v o lu tio n  is  b y  m u ta tio n  th a n  th a t  e v o lu tio n  h a s  a lw a y s  
p ro c e e d e d  b y  s lo w  s tag es . T h e  b e s t  e v id e n c e  fo r  s lo w  
e v o lu tio n  is  fo u n d  in  w id e - ra n g in g  sp e c ie s  w h ic h , w h ile  
d if fe r in g  g re a tly  a t th e  l im its  o f  th e ir  ra n g e , e x h ib it  all 
g ra d a tio n s  in  in te rm e d ia te  lo c a lit ie s  (Melospiza, Pecten); 
a lso  in  fo ss il s e r ie s  (Pecten eboreus a n d  P. irradians) 
w h e re  th e  c h a n g e  f ro m  o n e  h o r iz o n  to  th e  n e x t  is  o f  a 
q u a n tita tiv e  o rd e r. T h u s  e v o lu tio n  m a y  ta k e  p la c e  w ith o u t 
m u ta tio n ."

N a tu ra l is ts  w h o s e  sp ec ia l f ie ld  o f  s tu d y  is  
sy s te m a tic  a n d  fa u n is tic  r a th e r  th a n  m o rp h o lo g ic  o r  
e x p e r im e n ta l, se e m  to  b e  s lo w  to  f in d  m u c h  g o o d  in  th e  
m u ta tio n s  th e o ry . In d e e d ,s o m e  o f  th e m  seem  to  b e  q u ic k  
to  f in d  m u c h  th a t  is  ill in  it. F o r  e x a m p le , M e rr ia m  an d  
A lie n , d e a n s  o f  A m e r ic a n  fa u n is tic  s tu d e n ts  o f  b ird s  an d  
m a m m a ls , a re  b o th  s tro n g  a n ta g o n is ts  o f  th e  m u ta tio n s  
th e o ry . M e rr ia m , in  an  a d d re s s  as c h a irm a n  o f  th e  
z o o lo g ic a l se c tio n  a t th e  1905 m e e tin g  o f  th e  A m e ric a n  
A s s o c ia tio n  fo r  th e  A d v a n c e m e n t o f  S c ie n c e  (" Is  M u ta tio n  
th e  F a c to r  in  th e  E v o lu tio n  o f  th e  H ig h e r  V e r te b ra te s ? "  
Science, N . S., V o l. X X III , pp . 2 4 1 -2 5 7 , l9 0 6 ) , sh o w s  b y  
th e  u se  o f  i l lu s tra t io n s  d ra w n  f ro m  th e  d is tr ib u tio n  an d  
ta x o n o m y  o f  A m e r ic a n  c h ip m u n k s  a n d  g ro u n d  sq u irre ls  
th a t  th e  m u ta tio n s  th e o ry  c a n n o t b y  a n y  m e a n s  e x p la in  all 
sp e c ie s -fo rm in g . "M y  a rg u m e n t,"  sa y s  M e rr ia m , "is n o t  
th a t  sp e c ie s  o f  p la n ts  m a y  n o t  in  ra re  c a se s  a r ise  in  
p e rp e tu a tio n  o f  sp o rt c h a ra c te rs , as  d e  V rie s  b e lie v e s  th e y  
do , b u t  a d m ittin g  th is , m y  c o n te n tio n  is  th a t  th e  
o v e rw h e lm in g  m a jo r ity  o f  p la n ts , a n d  so  fa r  as  k n o w n , a ll 
a n im a ls , o r ig in a te  in  th e  g e n e ra lly  re c o g n is e d  w a y  b y  th e  
g ra d u a l d e v e lo p m e n t o f  m in u te  v a r ia tio n s . T h e  th e o ry  o f  
o r ig in  o f  sp e c ie s  b y  m u ta tio n , th e re fo re , f a r  f ro m  b e in g  a 
g re a t  p r in c ip le  in  b io lo g y , as so m e  se e m  to  b e lie v e , 
a p p e a rs  to  b e  o n e  o f  a  h u n d re d  m in o r  fa c to rs  to  b e  
c o n s id e re d  in  ra re  c a se s  as a  p o s s ib le  e x p la n a tio n  o f  th e
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o rig in  o f  p a r t ic u la r  sp e c ie s  o f  p la n ts , b u t  so  fa r  as k n o w n , 
n o t  a p p lic a b le  in  th e  c a se  o f  a n im a ls ."

C e r ta in  n a tu ra lis ts  e v e n  g o  so  fa r  as to  e x p re ss  
so m e  d o u b t a b o u t th e  v a lu e  o f  th e  m u ta tio n s  o b s e rv e d  b y  
d e  V rie s  in  th e  p r im ro se s . T h is  d o u b t to u c h e s  tw o  p o in ts . 
F irs t, th e  p o s s ib i l i ty  th a t  th e  m u ta tin g  p r im ro s e s  a re  n o t 
p u re  c u ltu re s , b u t  a re  h y b rid s ; se c o n d , th a t  w h e n  an  
in v e s t ig a t io n  o f  th e  w ild  p r im ro s e s  in  th e ir  n a tiv e  lo c a lity  
(so u th e rn  U n ite d  S ta te s )  is  m a d e  i t  m a y  b e  fo u n d  th a t  
th e s e  p r im ro s e s  in  tru e  w ild  c o n d itio n  d o  n o t  m u ta te . 
T o u c h in g  th e s e  tw o  p o in ts , i t  sh o u ld  b e  sa id  th a t  d e  V rie s  
h a s  c o n v in c e d  h im s e lf  th a t  h is  c u ltu re s  a re  p u re , a n d  h a s  
tr ie d  to  d is c o v e r  th e  ac tu a l c o n d itio n s  e x is te n t a m o n g  th e  
p r im ro s e s  in  th e ir  n a tiv e  h a b ita t. A s  a  m a tte r  o f  fac t, th e  
L a m a rc k ia n  p r im ro se  se e m s  to  b e  p ra c tic a lly  e x tin c t  as a 
w ild  sp ec ies . D e  V rie s  ( " U b e r  d ie  D a u e r  d e r  
M u ta tio n s p e r io d e  b e i (Enothera Lamarckiana," Ber. 
Deutsch. Bot. Gesell., V o l. X X III , pp . 3 8 2 -3 8 7 , 1 905) 
fo u n d  sp e c im e n s  o f  (Enothera Lamarckiana in  th re e  
b o ta n ic a l c o lle c tio n s  in  th e  U n ite d  S ta tes . T h e se  
s p e c im e n s  w e re  c o lle c te d  in  F lo r id a  a n d  K e n tu c k y . 
H o w e v e r , s in c e  th e s e  sp e c im e n s  w e re  ta k e n  ( th e  F lo r id a  
o n e s  in  1 8 6 0 ) th e  sp e c ie s  h a s  n o t  b e e n  o b se rv e d , p e rh a p s  
o n  a c c o u n t o f  la c k  o f  c lo se  o b se rv a tio n , p e rh a p s  b e c a u s e  
a c tu a lly  d isa p p e a re d . T h e re fo re  th e  q u e s tio n  w h e th e r  th e  
L a m a rc k ia n  p r im ro s e  m u ta te s  in  w ild  c o n d itio n  re m a in s  
u n d e c id e d .

25
25 T h e  m o s t  c o n s id e ra b le  c ritic a l d is c u s s io n  an d  

a n a ly s is  o f  th e  m u ta tio n s  th e o ry  is  th a t  m a d e  b y  P la te  in  
h is  re v ie w  o f  M o rg a n 's  "E v o lu tio n  a n d  A d a p ta tio n . (P la te , 
L ., "D a rw in ism u s  k o n tra  M u ta tio n s th e o r ie ,"  Archiv f  
Rassen und Gesellschafts-Biologie, V o l. Ill, pp . 1 8 3 -2 0 0 , 
I9 0 6 .)  In  th e  c o u rse  o f  h is  c r itic a l r e v ie w  o f  M o rg a n 's  
b o o k  (w h ic h  b o o k  is  a t o n c e  an  a tta c k  o n  D a rw in is m  an d  
an  u p h o ld in g  o f  th e  m u ta tio n s  th e o ry ) , P la te  p o in ts  o u t 
k e e n ly  a n d  s tro n g ly  th e  w e a k  p la c e s  in  d e  V r ie s 's  th e o ry .
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A s a  g e n e ra l su b s ti tu te  fo r  th e  n a tu ra l s e le c tio n  th e o ry  as 
an  e x p la n a tio n  o f  a d a p ta tio n  as w e ll as  sp e c ie s -fo rm in g , 
th e  m u ta tio n s  th e o ry  is  o p e n  to  m a n y  o f  th e  sa m e  
o b je c tio n s  as th e  D a rw in ia n  th e o rie s . P la te  ta k e s  u p , 
se ria lly , M o rg a n 's  c la im s  fo r  th e  m u ta tio n  th e o ry  an d  
re a d ily  sh o w s th e ir  u n c o n v in c in g  c h a ra c te r . I  q u o te  so m e  
o f  th is  a n a ly s is , as  fo llo w s:

"E s is t  v o n  In te re s se  z u  seh en , w e lc h e  G riin d e  
M o rg a n  b e s t im m e n d e r  M u ta tio n s th e o r ie  tro tz  ih re r  
fu n d a m e n ta le n  M a n g e l d e n  V o rz u g  z u  g e b e n  v o r  d e r  a lte n  
D a rw in 's c h e n  A u ffa s su n g . A u f. S. 2 9 8  z a h lt  e r  d ie  
'V o rz u g e ' d ie s e r  T h e o r ie  au f, d ie  a b e r  m e in e s  E ra c h te n s  
a lle  v o r  d e r  K r i t ik  n ic h t  s ta n d h a lte n .

" 'I. D a  d ie  M u ta tio n e n  v o n  A n fa n g  an  v o lls ta n d ig  
a u s g e b ild e t a u f tre te n , fa ll t  d ie  S c h w ie r ig k e it  fo rt, d ie  
A n fa n g s s ta d ie n  in  d e r  E n tw ic k lu n g  e in e s  O rg a n s  z u  
e rk la re n , u n d  d a  d as  O rg a n  s ic h  e rh a lte n  k a n n , s e lb s t w e n n  
es  k e in e n  W e r t  fu r  d ie  R a s s e  h a t, k a n n  es  d u rc h  sp a te re  
M u ta t io n e n  w e lte r  e n tw ic k e lt  w e rd e n  u n d  sc h lie s s lic h  e in e  
w ic h tig e  B e z ie h u n g  z u m  L e b e n  d e s  In d iv id u u m s  
e ria n g e n .'

"D ie  e rw a h n te  S c h w ie r ig k e it, d ie  A n fa n g s s ta d ie n  
n u tz l ic h e r  S tru k tu re n  u n d  O rg a n e  n a c h  d e r  D a rw in 's c h e n  
A u ffa s s u n g  z u  e rk la re n ,la s s t  s ich  n ic h t  le u g n e n , a b e r  s ie  
is t, w ie  ic h  in  d e m  o b e n  e rw a h n te n  B u c h e  g e z e ig t z u  
h a b e n  g la u b e  (S . 3 4 -5 1 ), z u  u b e rw in d e n , b e s o n d e rs  d an n , 
w e n n  m a n  in  d e r  V e re rb u n g s f ra g e  G e g n e r  v o n  W e is m a n n  
is t  u n d  a n n im m t, d a ss  e in  d u rc h  G e n e ra tio n e n  a u s g e u b te r  
R e iz  s ic h  in  se in e m  E f fe k t  a llm a h lic h  s te ig e r t  (P r in z ip  d e r  
O r th o g e n e s e )  u n d  w e n n  m a n  s ich  d a ru b e r  k la r  is t  —  w a s  
M o rg a n  v o lls ta n d ig  e n tg a n g e n  z u  sem  sc h e in t —  d as  d e r  
K o n k u r re n z k a m p f  z w is c h e n  z w e i A r te n  se h r  o f t  n ic h t 
so fo rt, s o n d e rn  im  L a u fe  v o n  G e n e ra tio n e n  b lo s s  d u rc h  
d ie  g ro s se re  F ru c h tb a rk e it  e n tsc h ie d e n  w ird , d ie se  a b e r  
k o rre la tiv  d u rc h  g e r in g fu g ig e  m o rp h o lo g is c h e  
U n te rs c h ie d e  u n d  u n b e d e u te n d e  A n d e ru n g e n  in  d e r
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L e b e n s w e is e  w e s e n tl ic h  b e e in f lu s s t  w e rd e n  k an n . D u rc h  
d ie  M u ta t io n s th e o r ie  w ird  a b e r  j e n e  S c h w ie r ig k e it  in  
k e in e r  W e is e  g e h o b e n , d e n n  e rs te n s  s te lle n  d ie  
M u ta tio n e n , w ie  a u c h  M o rg a n  z u g ib t, m e is te n s
g e r in g fu g ig e  A b a n d e ru n g e n  dar, w e lc h e  d ie  
m o rp h o lo g is c h e  B re ite  d e r  F lu k tu a tio n e n  n ic h t
u b e rtre ffe n .

M a n  k a n n  a lso  n ic h t  a n n e h m e n , d a ss  d as  S ta d iu m  
d e r  N u tz l ic h k e it  m it  e in e m  S p ru n g e  e r re ic h t w ird , d a ss  
e tw a  d e r  R o llru s s e l d e s  S c h m e tte r lin g s  p lo tz lic h  au s 
k a u e n d e n  K ie fe rn  h e rv o rg in g . E s  m u s s te n  a lso  e in e  
A n z a h l M u ta t io n e n  in  g a n z  D e s tim m te r  W e is e
a u fe in a n d e r  fo lg e n , w a s , w ie  e b e n  sc h o n  a n g e d e u te t 
w u rd e , n a c h  u n s e rn  je tz ig e n  K e n n tn is s e n  v o n  d ie se n  
re g e lu n d  r ic h tu n g s lo s e n  V a r ia tio n e n  u n m o g lic h  ist.

"'2. D ie  n e u e n  M u ta tio n e n  k o n n e n  in  z a h lre ic h e n  
E x e m p la re n  a u f tre te n  u n d  v o n  ih re n  v e rs c h ie d e n e n  S o rte n  
w e rd e n  d ie je n ig e n  s ic h  e rh a lte n , w e lc h e  fe s te n  F u s s  fa s se n  
k o n n e n . D a  d ie se lb e n  M u ta tio n e n  z u  w ie d e rh o lte n  m a le n  
a u f tre te n  k o n n e n ,w ird  d ie  G e fa h r , d u rc h  K re u z u n g  m it  d e r  
S ta m m fo rm  v e rn ic h te t  z u  w e rd e n , im  V e rh a ltn is  z u  d e r  
Z a h l d e r  n e u  a u f tre te n d e n  In d iv id u e n  g e r in g e r . ' D a ss  e in e  
n e u e  M u ta tio n  b e i ih re rn  e rs te n  A u f tre te n  so fo r t  in  
z a h lre ic h e n  E x e m p la re n  e rsc h e in t, is t  e in  a u s s e rs t  se lte n e s  
V o rk o m m n is . M ir  is t  au s  d e r  L ite ra tu r  n u r  d e r  e in e  F a ll 
d e r  W h ite s c h e n  W a s h in g to n -T o m a te  b e k a n n t, w e lc h e  
so fo r t  z u  100% au s  d e r  V a r ie ta t  A c m e  z w e i J a h re  
h in te re in a n d e r  a u f  d e rs e lb e n  L o k a li ta t  e n ts ta n d e n  se in  
so ll. D ie  M u ta tio n e n  d e r  G a r te n p f la n z e n  s in d  a lle  v o n  
e in e r  o d e r  e in ig e n  w e n ig e n  S ta m m e x e m p la re n  
a u sg e g a n g e n , w a re n  a lso  e x tre m e  S in g u la rv a r ia tio n e n , 
u n d  e rs t  d u rc h  I s o la tio n  u n d  S e lb s tb e fru c h tu n g  h a t  m a n  
g rö s se re  M e n g e n  v o n  In d iv id u e n  e rz ie lt. D ie  z o o lo g isc h e n  
M u ta t io n e n  w e ise n , so w e it  ih r  U rs p ru n g  b e k a n n t is t, 
im m e r  a u f  e in  S ta m m tie r: so  d a s  1791 in  M a s s a c h u s e tts  
e n ts ta n d e n e  O tte rsc h a f , d ie  1770  v o n  e in e m  h o rn lo s e n
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S tie r  a u sg e g a n g e n e  R in d e ra s s e  in  P a ra g u a y  u n d  d ie  R a sse  
d e r  M a u c h a m p s c h a fe , w e lc h e  1828  z u e rs t  in  e in e m  
L a m m , d as  v o n  M e r in o -E lte rn  ab  s ta m m te , au ftra t. 
S c h w a n z lo se  K a tz e n , Z ie g e n  m it  4  H ö rn e rn , M e n s c h e n  
m it  6 F in g e rn  s in d  w e ite re  B e le g e  d a fü r, d a ss  so lc h e  
sp ru n g a r tig e  A b ä n d e ru n g e n  g rö s s te  S e lte n h e ite n  sind . D a  
S e lb s tb e fru c h tu n g  im  T ie rre ic h  im  a llg e m e in e n  a ls  
a u s g e s c h lo s s e n  g e lte n  k a n n , so  k ö n n e n  so lc h e  F ä lle  n u r  
d u rc h  g rö s s te  In z u c h t u n d  s tre n g s te  S e le k tio n  z u m  R a n g e  
e in e r  R a s s e  e rh o b e n  w e rd e n . C o rre n s , d e r  s e lb s t g ro sse  
V e rd ie n s te  u m  d ie  E rk e n n tn is  d e r  M u ta t io n e n  s ich  
e rw o rb e n  h a t, s c h re ib t (S . 3 4 ) ü b e r  d ie  N o tw e n d ig k e it  d e r  
S e lb s tb e fru c h tu n g : 'E s  g e n ü g t a b e r  n ic h t, d ie  S a m e n  e in e r  
n e u  e n ts ta n d e n e n  F o rm  z u  sa m m e ln  u n d  a u sz u sä e n ; es 
m u ss  a u c h  d a fü r  S o rg e  g e tra g e n  w e rd e n , d a ss  d ie se  S a m e n  
a u s s c h lie s s lic h  d u rc h  S e lb s tb e fru c h tu n g  e n ts te h e n  o d e r  
w e n ig s te n s , w e n n  m e h re re  a b g e ä n d e r te  In d iv id u e n  
v e rw e n d b a r  sin d , d u rc h  In z u c h t. B e i d e r  B e s tä u b u n g  d e r 
a b g e ä n d e r te n  n e u e n  P f la n z e n  m it  d e m  P o lle n  e in e r  z u r  
a lte n  u n v e rä n d e r t  g e b lic h e n e n  F o rm  g e h ö re n d e n  P f la n z e , 
d ie  d e r  W in d  o d e r  d ie  In se k te n  a u s fü h re n  k ö n n e n , e n ts te h t 
e in  B a s ta rd  z w is c h e n  d e r  n e u e n  u n d  d e r  a lte n  F o rm , in d e m  
d ie  le tz te re  fa s t  im m e r  d ie  e rs te re  z u n ä c h s t so  v o llk o m m e n  
u n te rd rü c k t, d a ss  d e r  B a s ta rd  g e n a u  w ie  d ie  a lte  F o rm  
a u ss ie h t. D ie  n e u e  F o rm  k a n n  d a n n  z w a r  in  d e r  fo lg e n d e n  
G e n e ra tio n  d es  B a s ta rd s  w ie d e r  z u m  V o rs c h e in  k o m m e n  ; 
in  d e r  P ra x is  b e u r te i l t  m a n  a b e r  d ie  E rb lic h k e it  n a c h  d e r  
e rs te n  G e n e ra tio n .' W e n n  a lso  in  d e r  f re ie n  N a tu r  e in e  
e in z e ln e  M u ta tio n  a u ftr itt , so  w ird  s ie  a ls  R e g e l m it  d e r  
S ta m m fo rm  s ic h  k re u z e n  u n d  B a s ta rd e  e rz e u g e n , d ie  
e n tw e d e r  n a c h  d e m  M e n d e ls c h e n  G e se tz  w ie  d ie  
S ta m m fo rm  a u sse h e n  o d e r  d e n  n e u e n  C h a ra k te r  in  
a b g e s c h w ä c h te m  G ra d e  b e s itz e n . D ie  m e is te n  v o n  d ie se n  
B a s ta rd e n  w e rd e n  s ic h  w ie d e r  m it  d e r  u n v e rä n d e r te n  
S ta m m fo rm  k re u z e n , d a  d e re n  In d iv id u e n  w e ita u s  in  d e r  
M a jo r i tä t  s in d , u n d  so  m u ss  d e r  n e u e  C h a ra k te r  in  e in ig e n
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G e n e ra tio n e n  w ie d e r  a u s g e lö s c h t  w e rd e n , s e lb s t w e n n  e r 
in  d e r  e rs te n  Z e i t  in  e in z e ln e n  In d iv id u e n  ab u n d  z u  z u m  
V o rs c h e in  k o m m t. E s  g ilt  a lso  m e in e s  E ra c h te n s  fü r  d ie  
M u ta t io n e n  d ie se lb e  R e g e l w ie  fü r  d ie  F lu k tu a tio n e n : 
S in g u la r  "E x p e r im e n te lle  U n te rs u c h u n g e n  ü b e r  d ie  
E n ts te h u n g  d e r  A r te n  a u f  b o ta n . G e b ie t."  D ie s e  Zeitschr., 
I, 1904 , S.

2 7 -5 2 . W ie  m a n  sieh t, v e r tr i t t  C o rre n s  h ie r  d ie  
D o m in a n z  d e r  p h y le tis c h  ä lte re n  F o rm .

V a r ia tio n e n  sp ie le n  b e i d e r  E v o lu tio n  k e in e  R o lle , 
s o n d e rn  n u r  P lu ra lv a n a tio n e n , w e n n  w ir  a b s e h e n  v o n  
je n e n  v e re in z e lte n  F ä lle n , in  d e n e n  e in  g ü n s tig e r  Z u fa ll fu r  
d ie  Iso la tio n  d e r  S in g u la rv a r ia lio n  so rg t. W ä h re n d  a b e r  b e i 
d e n  F lu k tu a tio n e n  s ich  le ic h t  e in e  n e u e  R a s s e  b ild e n  k an n . 
d a  im m e r  v ie le  In d iv id u e n  n a c h  d ie s e r  o d e r  je n e r  R ic h tu n g  
v o m  D u rc h s c h n it t  a b w e ic h e n  o d e r  d u rc h  d ie  ä u ssc re n  
F a k to re n  in  g le ic h e r  W e is e  v e rä n d e r t  w e rd e n , lie g e n  d ie  
V e rh ä ltn is s e  fu r  d ie  M u ta tio n e n  se h r  v ie l  u n g ü n s tig e r .

3. W e n n  d ie  Z e it  d e r  G e s c h le c h ts re ife  b e i d e r  
n e u e n  F o rm  a b w e ic h t v o n  d e r  d e r  E lte rn fo rm , v e rm a g  sich  
d ie  n e u e  A n  n ic h t  m it  d e r  E lte rn fo rm  z u  k re u z e n , u n d  d a  
d ie se r  n e u e  C h a ra k te r  v o n  A n fa n g  an  v o rh a n d e n  is t, w ird  
d ie  n e u e  F o rm  b e s s e re  A u ss ic h te n  h a b e n  a m  L e b e n  z u  
b le ib e n  a ls  w e n n  d e r  Z e itu n te rs c h ie d  d e r  G e s c h le c h ts re ife  
e rs t  a llm ä h lic h  e rw o rb e n  w e rd e n  m ü ss te . M o rg a n  e rw ä h n t 
h ie r  e in e  g a n z  sp e z ie lle  F o rm  d e r  se x u e lle n  Iso la tio n . M a n  
b ra u c h t je d o c h  n ic h t  a n z u n e h m e n , d a ss  d ie se lb e  v o n  d en  
F lu k tu a tio n e n  a llm ä h lic h  e rw o rb e n  w ird ; s ie  is t  e n tw e d e r  
v o n  v o rn h e re in  da, d. h. d ie  n e u e  V a r ie tä t  w ird  in  d e r  
M e h rz a h l ih re r  In d iv id u e n  f rü h e r  o d e r  sp ä te r  
g e s c h le c h ts re if  a ls  d ie  S ta m m fo rm , o d e r  d ie se  S c h ra n k e  
tr i t t  ü b e rh a u p t n ic h t  au f. In  d ie se m  P u n k te  v e rh a lte n  s ic h  
a lso  d ie  F lu k tu a tio n e n  g e n a u  so  w ie  d ie  M u ta tio n e n .

" '4. D ie  n e u e n  A rte n , w e lc h e  e rsc h e in e n , k ö n n e n  
in  e in ig e n  F ä lle n  sc h o n  a n  e in e  a n d e re  U m g e b u n g  
a n g e p a s s t  se in  a ls  d ie  v o n  d e r  S ta m m fo rm  b e w o h n te ; in
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d ie se m  F a lle  w e rd e n  sie  v o n  A n fa n g  an  is o lir t  se in , w a s  
e in e n  V o rz u g  b e i d e r  V e rm e id u n g  d e r  s c h le c h te n  
E in f lü s s e  d e r  K re u z u n g  b e d e u te t. ' A u c h  d ie se  b io lo g is c h e  
Iso la tio n  g i l t  n a tü r lic h  in  d e m s e lb e n  M a s s e  fü r  d ie  
F lu k tu a tio n e n , j a  s ie  m u s s  b e i ih n e n  e in e  w e it  g rö s se re  
R o lle  sp ie len , d e n n  n a c h  d e r  D a rw in 's c h e n

A u ffa s s u n g  w a n d e rn  g e w is se  In d iv id u e n  
a llm ä h lic h  in  e in  n e u e s  W o h n g e b ie t  e in  u n d  p a s se n  s ich  
a u f  G ru n d  ih re r  V a r ia b il i tä t  an  d ie se s  im  L a u fe  v o n  
G e n e ra tio n e n  an. W e n n  a b e r  u n te r  d e n  E x e m p la re n  e in e r  
in  d e r  E b e n e  le b e n d e n  A rt p lö tz lic h  e in ig e  m u ta tiv e  
In d iv id u e n  a u ftre te n , w e lc h e  fü r  d a s  L e b e n  im  G e b irg e  
e in g e r ic h te t  s in d , so  is t  g a r  n ic h t  z u  v e rs te h e n , w ie  so lc h e  
M u ta tio n e n  so fo r t  d ie  ih n e n  z u s a g e n d e  W o h n s tä tte  resp . 
L e b e n s w e is e  a u ff in d e n .

" '5. E s  is t  w o h l b e k a n n t, d a ss  d ie  U n te rs c h ie d e  
v e rw a n d te r  A r te n  z u m  g ro s se n  T e ile  D if fe re n z e n  
u n w ic h tig e r  O rg a n e  sin d , u n d  d ie s  s te h t in  H a rm o n ie  m it 
d e r  M u ta tio n s th e o r ie , b i ld e t  a b e r  e in e  d e r  w irk lic h e n  
S c h w ie r ig k e ite n  d e r  S e le k tio n s th e o rie .

" '6. N u tz lo s e  o d e r  se lb s t  le ic h t  sc h ä d lic h e  
C h a ra k te re  k ö n n e n  a ls  M u ta tio n e n  a u f tre te n  u n d  s ich  
e rh a lte n , w e n n  sie  d ie  F o r td a u e r  d e r  R a s s e  n ic h t  e rn s tlic h  
b e e in f lu s se n .'

"M o rg a n  m u ss  s ich  w irk lic h  se h r  w e n ig  in  d ie  
D a rw in is c h e n  G e d a n k e n  e in g e a rb e ite t  h a b e n , w e n n  e r 
n ic h t  e in s ie h t, d a ss  d ie  S e le k tio n s th e o r ie  ü b e r  d en  
U rs p ru n g  d e r  V a r ia tio n e n  ü b e rh a u p t  n ic h ts  au ssa g t, 
so n d e rn  d ie se  e in fa c h  a ls  g e g e b e n  h in n im m t, m o g e n  sie  
n u r  d u rc h  a u s se re  F a k to re n  o d e r  u n b e k a n n te  in n e re  
U rs a c h e n  h e rv o rg e ru fe n  w e rd e n  u n d  m ö g e n  sie  n ü tz lic h , 
sc h ä d lic h  o d e r  in d if fe re n t  a u sfa lle n . In  d ie se r  H in s ic h t 
s te h t s ie  a u f  d e m se lb e n  B o d e n  w ie  d ie  M u ta tio n s th e o r ie , 
w e lc h e  g le ic h fa lls  d e n  U rs p ru n g  d e r  M u ta tio n e n  n ic h t 
a u fk lä r t, so n d e rn  d ie se  a ls  p lo tz lic h  v o rh a n d e n  an s ieh t. 
D ie  S e le k tio n s th e o r ie  su c h t u n s  n u r  k la r  z u  m a c h e n , w ie
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d u rc h  d e n  K a m p f  u m s  D a s e in  d ie  k o m p liz ir te n  n u tz lic h e n  
E in r ic h tu n g e n , d ie  A n p a ssu n g e n , a llm ä h lic h  e n ts te h e n  
k o n n te n , u n d  d a  n a h v e rw a n d te  A rte n  h ä u f ig  in  d e m  G ra d e  
d e r  A u s b ild u n g  so lc h e r  A n p a s s u n g e n  —  m a n  d e n k e  z. B . 
an  d ie  U n te rs c h ie d e  z w is c h e n  d e m  in d is c h e n  u n d  
a f r ik a n is c h e n  E le fa n te n  im  B a u  d e r  R ü s s e ls p itz e  u n d  d e r 
O h re n  —  v o n e in a n d e r  a b w e ic h e n , m a c h t s ie  b is  z u  e in e m  
g e w is s e n  G ra d e  a u c h  d e n  'o r ig in  o f  sp e c ie s ' v e rs tä n d lic h .*  
M o rg a n  w ir f t  in  se in e m  B u c h e  im m e r  u n d  im m e r  w ie d e r  
g a n z  u n b e re c h tig te r  W e is e  d e m  D a rw in is m u s  v o r , e r 
b e h a u p te  'T h a t a d a p ta tio n s  h a v e  a r ise n  b e c a u s e  o f  th e ir  
u s e fu ln e s s . ' S e lb s t d ie  e x tre m s te n  A n h ä n g e r  D a rw in s  
h a b e n  im m e r  n u r  g e sag t: g e w is s e  V a r ia tio n e n  b le ib e n  
e rh a lte n , w e il  s ie  n ü tz lic h  sin d , u n d  in d e m  e in e  n ü tz lic h e  
S tu fe  z u  d e r  a n d e rn  a llm ä h lic h  a d d ir t  w ird , e n ts te h e n  
sc h lie s s lic h  j e n e  a u ffa lle n d e n  E in r ic h tu n g e n , d ie  w ir  
'A n p a ssu n g e n ' n e n n e n . G e n a u  d e n se lb e n  S ta n d p u n k t 
n im m t d ie  M u ta tio n s th e o r ie  e in . A u c h  fü r  s ie  is t  d e r  
K a m p f  u m s  D a s e in  —  d ie se s  W o r t  w ie  b e i D a rw in  im  
w e ite s te n  S in n e  g e n o m m e n  —  d as  o b e rs te  re g u la to r is c h e  
P r in z ip  d e r  o rg a n isc h e n  N a tu r , w e lc h e s  d ie  d a u e rfä h ig e n  
M u ta t io n e n  v o n  d e n  s c h ä d lic h e n  so n d e rt, d a d u rc h  d ie  
E v o lu tio n e n  in  g a n z  b e s t im m te  B a h n e n  d rä n g t u n d  
la n g sa m  d ie  E n ts te h u n g  d e r  A n p a s s u n g e n  e rm ö g lic h t. 
D a d u rc h  d a ss  d e r  K a m p f  u m s  D a s e in  d as  'U b e r le b e n  d es  
P a s se n d s te n ' b e d in g t, s c h a ff t  e r  e tw a s  P o s itiv e s  u n d  m a c h t 
u n s  d ie  m it  d e m  W e c h se l d e r  L e b e n s w e is e  u n d  U m g e b u n g  
s te ts  w e c h s e ln d e n  F o rm e n  d e r  A n p a s s u n g e n  v e rs tä n d lic h ."

2 6  K le b s , th e  e m in e n t p la n t  p h y s io lo g is t , k e e n ly  
c r it ic is e s  th e  m u ta tio n s  th e o ry  in  h is  p a p e r  o n  
"W illk ü r lic h e  E n tw ic k lu n g s ä n d e ru n g e n  b e i P f la n z e n ,"  
1903 . S ee  a lso  C o p e la n d , E . B ., "T h e  V a r ia tio n  o f  S o m e  
C a lifo rn ia  P la n ts  1904. In  th is  p a p e r  th e  a u th o r  d e sc r ib e s  
so m e  s tr ik in g  a b e r ra n t fo rm s ,"  Botan. Gaz., V o l. 
X X X V III , pp . 4 0 1 -4 2 6 , o a k  a n d  fe rn  le a v e s , b u t  sh o w s
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th a t  b e tw e e n  th e s e  m u ta tio n - lik e  fo rm s  a n d  th e  m o d a l 
fo o frm s  in te rg ra d in g  S tep s  ex is t. C o p e la n d .

27 C o n k lin , E . C ., Science, N . S., V o l. X X I, p. 525 ,
I9 0 5 .

28 M o rg a n , "E v o lu tio n  a n d  A d a p ta tio n ,"  p. 2 9 2 ,
1903.

29
29 M o rg a n . " E v o lu tio n  a n d  A d a p ta tio n ,"  pp . 2 9 8 ­

2 9 9 . 1903.
30 E m e ry , C -, "G e d a n k e n  z u r  D e s c e n d e n z -  u n d  

V e re rb u n g s th e o r ie ,"  Biolog. Centralblatt, V o l. X IV ,p p . 
3 9 7 -4 2 0 , 1893.

31 C u n n in g h a m , J. T ., "T h e  S p e c ie s , th e  S ex , an d  
th e  In d iv id u a l, ' Natural Science, V o l. X III , pp . 1 8 4 -1 9 2 , 
2 3 3 -2 3 9 . 1898.

32 W a lla c e , A . R „  "T ro p ic a l N a tu re ,"  1878.
33 B a rre tt-H a m ilto n , G . E . H ., "N o te  o n  a  P o ss ib le  

M o d e  o f  O r ig in  o f  so m e  N u p tia l  a n d  S ex u a l C h a ra c te rs  in  
V e r te b ra te s ,"  Anatom. Anseig., V o l. X V III , pp . 4 7 -4 8 , 
1900.

385



CHAPTER XI. DARWINISM’S PRESENT 
STANDING.

A  RIVER r is e s  f ro m  a  p e re n n ia l sp r in g  o n  th e  
m o u n ta in  s id e ;g ra v ita tio n  c o m p e ls  th e  w a te r  to  k e e p  
m o v in g , a n d  ro c k  w a lls , in te rv e n in g  h ills , a n d  so f t lo a m  
b a n k s  d e te rm in e  th e  c o u rse  o f  th e  s tream . T h e  liv in g  
s tre a m  o f  d e s c e n t f in d s  its  n e v e r - fa i l in g  p r im a l so u rc e  in  
e v e r -a p p e a r in g  v a r ia tio n s ; th e  e te rn a l f lu x  o f  N a tu re , 
c o u p le d  w ith  th is  in e v ita b le  p r im a l v a r ia tio n , c o m p e ls  th e  
s tre a m  to  k e e p  a lw a y s  in  m o tio n , a n d  se le c tio n  g u id e s  i t  
a lo n g  th e  w a y s  o f  le a s t  re s is ta n c e . A lth o u g h  th e re  c a n  b e  
n o  m o d if ic a tio n , n o  e v o lu tio n , w ith o u t v a r ia tio n , y e t 
n e ith e r  c a n  th is  v a r ia tio n , w h a te v e r  its  c h a ra c te r  an d  
e x te n t, w h e th e r  s lig h t a n d  f lu c tu a tin g , la rg e  an d  
m u ta tio n a l, d e te rm in a te  o r  fo r tu ito u s , lo n g  c o m p e l d e sc e n t 
to  g o  c o n tra ry  to  a d a p ta tio n . A n d  th e  g u a rd ia n  o f  th e  
c o u rse  is  n a tu ra l se le c tio n . S e le c tio n  w ill in e x o ra b ly  b a r  
th e  fo rw a rd  m o v e m e n t, w ill c e r ta in ly  e x tin g u ish  th e  
d ire c tio n  o f  a n y  o r th o -g e n e tic  p ro c e ss , N a g e lia n , 
E im e r ia n , o r  d e  V rie s ia n , w h ic h  is  n o t  fit, th a t  is , n o t 
a d a p tiv e . D a rw in is m , th e n , as th e  n a tu ra l se le c tio n  o f  th e  
fit, th e  f in a l a rb ite r  in  d e s c e n t c o n tro l, s ta n d s  u n sc a th e d , 
c le a r  a n d  h ig h  a b o v e  th e  o b s c u r in g  c lo u d  o f  b a ttle . A t 
lea s t, so  it  se e m s  to  m e. B u t D a rw in is m , as  th e  a l l­
s u ff ic ie n t o r  e v e n  m o s t  im p o r ta n t  c a u so -m e c h a n ic a l fa c to r  
in  sp e c ie s - fo rm in g  a n d  h e n c e  a s  th e  su ff ic ie n t e x p la n a tio n  
o f  d e sc e n t, is  d is c re d ite d  a n d  c a s t  d o w n .1 A t le a s t, ag a in , 
so  i t  se e m s  to  m e. B u t  D a rw in  h im s e lf  c la im e d  n o  
Allmacht fo r  se le c tio n . D a rw in  m a y  w e ll c ry  to  b e  sa v e d  
f ro m  h is  frien d s!

T h e  se le c tio n  th e o r ie s  d o  n o t  sa tis fy  p re s e n t-d a y  
b io lo g is ts  2 a s  e f f ic ie n t c a u sa l e x p la n a tio n s  o f  sp e c ie s -  
tra n s fo rm a tio n . T h e  f lu c tu a tin g  v a r ia t io n s  a re  n o t
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s u ff ic ie n t h a n d le s  fo r  n a tu ra l se le c tio n ; th e  h o s ts  o f  tr iv ia l, 
in d if fe re n t  sp e c ie s  d if fe re n c e s  a re  n o t  th e  re s u lt  o f  an  
a d a p tiv e ly  se le c tin g  ag en t. O n  th e  o th e r  h a n d  th e  
d e c la ra tio n s  o f  K o rsc h in sk y , W o lff , D r ie sc h , a n d  o th e rs  
th a t  n a tu ra l se le c tio n  is  n o n e x is te n t, is  a  v a g a ry , a  fo rm  o f  
sp e e c h , o r  a  n e g lig ib le  in f lu e n c e  in  d e sc e n t, a re  
u n c o n v in c in g : th e y  a re  u n p ro v e d .

A n d  th e s e  b i t te r  a n ta g o n is ts  o f  se le c tio n  a re  
e sp e c ia lly  u n c o n v in c in g  w h e n  th e y  c o m e  to  o f fe r  a 
r e p la c in g  th e o ry , an  a lte rn a tiv e  e x p la n a tio n  o f  
tra n s fo rm a tio n  a n d  d escen t.

T o  m y  m in d  e v e ry  th e o ry  o f  h e te ro g e n e s is , o f  
o r th o g e n e s is ,o r  o f  m o d if ic a t io n  b y  th e  tra n s m is s io n  o f  
a c q u ire d  c h a ra c te rs , c o n fe s se s  i t s e l f  u l t im a te ly  su b o rd in a te  
to  th e  n a tu ra l se le c tio n  th e o ry .

H o w e v e r  in d e p e n d e n t o f  se le c tio n  a n d  D a rw in is m  
m a y  b e  th e  b e g in n in g s  o f  m o d if ic a tio n , th e  in c ip ie n c y  o f  
n e w  sp e c ie s  a n d  o f  n e w  lin e s  o f  d e sc e n t; ev en , in d e e d , 
h o w e v e r  n e c e s s a ry  to  n a tu ra l se le c tio n  so m e  a u x ilia ry  o r  
su p p o r tin g  th e o ry  to  a c c o u n t fo r  th e  b e g in n in g s  o f  c h a n g e  
c o n fe s s e d ly  is , th e  w o rk in g  fa c to r  o r  in f lu e n c e  p o s tu la te d  
b y  a n y  su c h  a u x ilia ry  th e o ry  so o n  f in d s  its  in d e p e n d e n c e  
lo s t, i ts  in f lu e n c e  in  e v o lu tio n  d o m in a te d  a n d  c o n tro lle d  
b y  n a tu ra l se le c tio n . A s  so o n  a s  th e  n e w  m o d if ic a tio n s , th e  
n e w  sp e c ie s  c h a ra c te rs , th e  n e w  lin e s  o f  d e sc e n t, i f  th e y  
m a y  c o m e  so  fa r, a tta in  th a t  d e g re e  o f  d e v e lo p m e n t w h e re  
th e y  h a v e  to  su b m it to  th e  te s t  o f  u tility , o f  f itn e ss , ju s t  
th e re  th e y  a re  p ra c tic a lly  d e liv e re d  o v e r  to  th e  te n d e r  
m e rc ie s  o f  se le c tio n . N o  o r th o g e n e tic  l in e  o f  d e s c e n t can  
p e rs is t  in  a  d ire c tio n  n o t  a d a p tiv e , th a t  is , n o t  fit, an d  
c e r ta in ly  n o  p re s e n t-d a y  b io lo g is t  is  re a d y  to  fa ll b a c k  on  
th e  lo n g  d e se r te d  s ta n d p o in t o f  te le o lo g y  a n d  a sc r ib e  to  
h e te ro g e n e s is  o r  o r th o g e n e s is  an  a u to -d e te rm in a tio n  
to w a rd  a d a p tiv e n e s s  a n d  f itn e ss . M o d if ic a t io n  a n d  
d e v e lo p m e n t m a y  h a v e  b e e n  p ro v e d  to  o c c u r  a lo n g  
d e te rm in a te  lin e s  w ith o u t th e  a id  o f  n a tu ra l se le c tio n . I
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b e lie v e  th e y  h av e . B u t su ch  d e v e lo p m e n t c a n n o t h a v e  an  
a im ; i t  c a n n o t b e  a s su m e d  to  b e  d ire c te d  to w a rd  a d v a n c e ; 
th e re  is  n o  in d e p e n d e n t p ro g re s s  u p w a rd , ('. e; to w a rd  
h ig h e r  sp e c ia lis a tio n . A t le a s t, th e re  is  n o  sc ie n tif ic  p r o o f  
o f  a n y  su c h  c a p a c ity  in  o rg a n ism s . N a tu ra l se le c tio n  3 
re m a in s  th e  o n e  c a u so -m e c h a n ic a l e x p la n a tio n  o f  th e  la rg e  
a n d  g e n e ra l p ro g re s s  to w a rd  f i tn e s s ;th e  m o v e m e n t to w a rd  
sp e c ia lisa tio n ; th a t  is , d e s c e n t as w e  k n o w  it.

B u t w h a t  D a rw in is m  d o e s  n o t  d o  is  to  e x p la in  th e  
b e g in n in g s  o f  c h a n g e , th e  m o d if ic a tio n s  in  in d if fe re n t  
c h a ra c te rs  a n d  in  in d if fe re n t  d ire c tio n s . A n d  a ll th is  is  
tr e m e n d o u s ly  im p o r ta n t ,fo r  th e re  a re  a m o n g  a n im a ls  an d  
p la n ts  h o s ts  o f  e x is te n t in d if fe re n t  c h a ra c te rs , a n d  m a n y  
a p p a re n tly  in  d if fe re n t d ire c tio n s  o f  sp e c ia lisa tio n . A s  to  
th e  o b v io u s  n e c e s s ity  o f  b e g in n in g s  n o th in g  n e e d  b e  sa id . 
W h a t  is  n e e d e d , th e n , is  a  sa tis fa c to ry  e x p la n a tio n  o f  th e  
p re -u se fu l a n d  p re -h u r tfu l s ta g e s  in  th e  m o d if ic a tio n s  o f  
o rg a n ism s : an  e x p la n a tio n  to  re lie v e  D a rw in is m  o f  its  
n e c e s s ity  o f  a sk in g  n a tu ra l se le c tio n  to  f in d  in  th e  
f lu c tu a tin g  in d iv id u a l v a r ia t io n s  a  h a n d le  f o r  its  a c tio n ; an  
e x p la n a tio n  o f  h o w  th e re  e v e r  c o m e s  to  b e  a  h a n d le  o f  
a d v a n ta g e  o r  d is a d v a n ta g e  o f  l ife -a n d -d e a th -d e te rm in in g  
d eg ree . W ith  su c h  an  e x p la n a tio n  in  o u r  p o s s e s s io n  —  
a n d  w h e th e r  a n y  o n e  o r  m o re  o f  th e  v a r io u s  th e o r ie s  
p ro p o s e d  to  fill th is  n e e d , su c h  as E im e r ia n  o r th o g e n e s is , 
d e  V rie s ia n  h e te ro g e n e s is , R o u x ia n  b a tt le  o f  th e  p a rts , o r  
W e is m a n n ia n  g e rm in a l se le c tio n , e tc ., g iv e  u s  th is  
e x p la n a tio n , m a y  b e  le f t  fo r  th e  m o m e n t u n d e b a te d  —  
w ith  su c h  a  sa tis fa c to ry  e x p la n a tio n , I  say , o n c e  in  o u r  
h a n d s , w e  m a y  d e p e n d  w ith  c o n f id e n c e  o n  n a tu ra l 
se le c tio n  to  d o  th e  re s t  o f  th e  w o rk  c a lle d  fo r  b y  th e  g re a t 
th e o ry  o f  d e sc e n t. A m o n g  a ll th e  d iv e rg e n t lin e s  o f  
d e v e lo p m e n t a n d  c h a n g e , in s t i tu te d  b y  th is  a g e n t o f  
b e g in n in g s , n a tu ra l se le c tio n  w ill c h o o se  th o s e  to  p e rs is t  
b y  sa y in g  N o  to  th o s e  th a t  m a y  n o t. A n d  th e  re s u lt  is  
o rg a n ic  e v o lu tio n .
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B u t a ll th is  is  e q u iv a le n t to  sa y in g  th a t  th e re  a re  
o th e r  im p o r ta n t  fa c to rs  in  d e s c e n t th a n  se le c tio n , a n d  th a t  
as  to  th e  b e g in n in g s  o f  d e s c e n t —  a n d  th is  is  sp e c ie s -  
fo rm in g  —  th e s e  o th e r  fa c to rs  a re  th e  m o re  im p o r ta n t  
o n es. W h ic h  I  b e lie v e  is  tru e . T h e  c a u se s  o f  v a r ia tio n  a n d  
th e  m e a n s  o f  se g re g a tio n  o r  iso la t io n  a re  th e  c h ie f  fa c to rs  
in  ac tu a l sp e c ie s -fo rm in g .

C e r ta in ly  th e  m u ta tio n s  th e o ry  is  n o t  y e t re a d y  to  
o ffe r  i t s e l f  as an  e x p la n a tio n  o f  a d a p ta tio n , h o w e v e r  
c o n f id e n tly  i t  m a y  c la im  to  b e  e n ro lle d  a m o n g  sp e c ie s -  
fo rm in g  fa c to rs . T h e  v e ry  sa m e  o b je c tio n s  th a t  h a v e  
se rv e d  to  to p p le  d o w n  se le c tio n  f ro m  its  h ig h  se a t o f  
h o n o u r , c a n  b e  d ire c te d  im m e d ia te ly  a n d  e f fe c tiv e ly  
a g a in s t th is  la te s t  c la im a n t fo r  re c o g n itio n  as th e  G re a t 
C a u se  o f  d e sc e n t. N o r  c a n g e o g ra p h ic a l iso la t io n  e x p la in  
m o d if ic a tio n  w h e re  a d a p ta tio n  is  in c lu d e d .

N o r  c a n  L a m a rc k 's  b e a u tifu l e x p la n a tio n  o f  
a d a p ta tio n  c la im  v a lid ity , u n til  th e  a c tu a lity  o f  its  
fu n d a m e n ta l p o s tu la te , th e  c a rry in g  o v e r  o f  o n to g e n ic  
a c q u ire m e n ts  in to  p h y lo g e n y , b e  p ro v e d .

A n d  so  w ith  B u ffo n  a n d  St. H ila ire 's  in f lu e n c e  o f  
th e  a m b ie n t m e d iu m ,a n d  E im e r 's  m o d ify in g  fa c to rs . N o r  
c a n  a n y  N a g e lia n  a u to m a tic  p e r fe c tin g  p r in c ip le  h o ld  o u r  
su ff ra g e  fo r  a  m o m e n t u n le s s  w e  s ta n d  w ith  th e o lo g is ts  o n  
th e  in s e c u re  b a s is  o f  te le o lo g y .

N o , le t  n o  a m b itio u s  s tu d e n t h e s ita te  to  ta k e  u p  th e  
s e a rc h  fo r  th e  tru th  a b o u t e v o lu tio n  f ro m  th e  n o tio n  th a t  
b io lo g y  is  a  re a d  b o o k . T h e  "O rig in  o f  S p ec ie s"  w a s  th e  
f irs t  o p e n in g  o f  th e  b o o k  —  th a t  th e  w o r ld  re c o g n is e d  a t 
le a s t ;p o o r  L a m a rc k  o p e n e d  th e  b o o k  b u t  c o u ld  n o t  m a k e  
th e  w o r ld  re a d  in  i t  —  a n d  th a t  t im e  w h e n  i t  sh a ll b e  
c lo se d  b e c a u s e  re a d  th ro u g h  is  to o  fa r  a w a y  e v e n  to  
sp e c u la te  ab o u t. W ith  O sb o rn  4 le t  u s  jo in  th e  b e lie v e rs  in  
th e  " u n k n o w n  fa c to rs  in  e v o lu tio n .''

L e t  u s  b e g in  o u r  m o tto  w ith  Ignoramus, b u t  n e v e r  
fo l lo w  i t  w ith  Ignoribimus. N o w  i f  w e  d o  n o t  k n o w , b u t
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w a n t to  k n o w , a n d  a re  w ill in g  to  m a k e  a n  a tte m p t to w a rd  
k n o w in g , w h e re  sh a ll o u r  e n e rg y  o f  e x p lo ra tio n  an d  
d isc o v e ry  b e  f ir s t  d ire c te d ?  5 T o  w h a t p a r tic u la r  p o in ts  o r  
a sp e c ts  o f  th e  c a u s e s -o f-e v o lu tio n  p ro b le m  sh a ll w e  g iv e  
o u r  f ir s t  a tte n tio n , w h a t  f ie ld s  o f  s tu d y  f ir s t  in v a d e  ? W h a t, 
in  a  w o rd , is  th e  p r in c ip a l d e s id e ra tu m  in  p re s e n t-d a y  
in v e s tig a tio n  o f  e v o lu tio n ?  I  sh o u ld  a n sw e r, th e  intensive 
study o f variability. N o t  a lo n e  o f  th e  s ta tic s  o f  v a r ia tio n  
b u t  o f  its  d y n a m ic s . In d e e d , a b o v e  a ll its  d y n a m ic s . T h e  
e x p e r im e n ta l s tu d y  o f  th e  s tim u li, e x te rn a l a n d  in te rn a l, 
th e  in f lu e n c e s , e x tr in s ic  a n d  in tr in s ic , w h ic h  a re  th e  
fa c to rs  a n d  c a u se s  o f  v a r ia tio n , —  th is  is  th e  g re a t 
d e s id e ra tu m ; th is  th e  c ry in g  ca ll to  th e  e v o lu tio n  s tu d en t. 
E x p e r im e n t in  v a r ia tio n  s tu d y  in c lu d e s  c o n tro lle d  
m o d if ic a tio n  o f  o n to g e n y  (e x p e r im e n ta l d e v e lo p m e n t)  an d  
c o n tro lle d  m o d if ic a tio n  o f  p h y lo g e n y  (p e d ig re e d  
b re e d in g ) . In  th e  s tu d y  o f  v a r ia t io n  s ta tic s , b io m e try  is  th e  
g re a te s t  a d v a n c e  in  m o d e rn  m e th o d s , a n d  th e  e s se n tia l 
b a s is  o f  b io m e tr ic  s tu d y , n a m e ly , q u a n tita tiv e  an d  
s ta tis tic a l d a ta , m u s t  h a v e  i ts  p a r t  in  th e  in v e s t ig a tio n  o f  
v a r ia t io n  d y n a m ic s . B u t  in  e n te r in g  th e  re a lm  o f  th e  c au sa l 
s tu d y  o f  v a r ia b ili ty , "w e  m u s t  n o t,"  as  R o u x  h a s  c le a r ly  
p o in te d  o u t, "c o n c e a l f ro m  o u rse lv e s  th e  fa c t  th a t  th e  
c a u sa l in v e s t ig a tio n  o f  o rg a n ism  is  o n e  o f  th e  m o s t 
d iff ic u lt, i f  n o t  th e  m o s t  d if f ic u lt, p ro b le m  w h ic h  th e  
h u m a n  in te l le c t  h a s  a tte m p te d  to  so lv e , a n d  th a t  th is  
in v e s tig a tio n , lik e  e v e ry  c a u sa l sc ie n c e , c a n  n e v e r  re a c h  
c o m p le te n e s s , s in c e  e v e ry  n e w  c a u se  a s c e r ta in e d  o n ly  
g iv e s  r is e  to  f re sh  q u e s tio n s  c o n c e rn in g  th e  c a u se  o f  th is  
cau se ."

I b e lie v e  th a t  th e  n e g le c t  o n  th e  p a r t  o f  th e  
s e le c tio n is ts  to  p a y  su ff ic ie n t a tte n tio n  to  th e  o r ig in  an d  
c a u se s  o f  th e  v a r ia t io n  w h ic h  is  su c h  an  in d is p e n s a b le  
b a s is  o f  th e ir  th e o ry , h a s  b e e n  o n e  o f  th e  m o s t  o b v io u s  
re a so n s  fo r  th e  p re s e n t  s tro n g  re a c tio n  a g a in s t th e  
s e le c tio n  th e o rie s . T h a n k fu lly  a c c e p tin g  th e  b r ic k s  an d
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s to n e s  h a n d e d  to  th e m  th e y  h a v e  b u ild e d  a  h o u se  o f  g re a t 
b e a u ty : b u t  w ith  s to n e s  o f  d if fe re n t  sh a p e  a  h o u se  o f  q u ite  
d if fe re n t a p p e a ra n c e  m ig h t h a v e  b e e n  b u ilt. Is i t  n o t  a 
c a u se  fo r  w o n d e r  th a t  th e  se le c tio n  m a so n s  h a v e  n o t  b e e n  
m o re  in q u is it iv e  c o n c e rn in g  th e  w h e n c e  a n d  w h y  o f  th is  
m a g ic a l su p p ly  o f  ju s t  th e  n e e d e d  so r t  o f  m a te r ia l  a t ju s t  
th e  r ig h t tim e ?  A s  a  m a tte r  o f  fac t. D a rw in  h im s e l f  g a v e  
se r io u s  a tte n tio n  to  th e  o r ig in  o f  h is  a lw a y s -re a d y  
v a r ia to n s ,b u t  h is  t re m e n d o u s  u n d e r ta k in g  w a s  to o  n e a r ly  
s u p e rh u m a n  a lre a d y  to  p e rm it  h im  to  a d d  to  i t  an  a d e q u a te  
a tte n tio n  to  th e  p ro b le m  o f  c a u ses . R u t  th a t  sa m e  e x c u se  
d o e s  n o t  a tta c h  to  h is  fo llo w e rs . A n d  i t  is , I  re p e a t, la rg e ly  
th is  n e g le c t to  s tr iv e  to  p e n e tra te  th e  so -fa r  u n re n t  v e il o f  
o b sc u r ity  ly in g  o v e r  th e  b e g in n in g s  o f  sp e c ie s  c h a n g e  th a t  
h a s  c o n tr ib u te d  to  th e  g ro w in g  re v o lt  a g a in s t th e  Allmacht 
o f  th e  s e le c tio n  d o g m a . W h o  w o u ld  in  th e s e  d a y s  h a v e  a 
fo llo w in g  fo r  h is  e x p la n a tio n  o f  sp e c ie s  o r ig in  m u s t 
in c lu d e  in  h is  th e o ry  so m e  fa ir ly  s a tis fy in g  e x p la n a tio n  o f  
th e  f irs t  v is ib le  b e g in n in g s  o f  m o d if ic a tio n .

T h e n , a f te r  th e  e x p la n a tio n  o f  th e  w h y  a n d  h o w  o f  
v a r ia b ili ty , c o m e s  th e  n e c e s s ity  o f  e x p la in in g  th e  
c u m u la tio n  o f  th is  v a r ia b ili ty  a lo n g  c e r ta in  lin e s , th e  f irs t  
v is ib le  is s u a n c e  o f  th e s e  lin e s  b e in g  as sp e c ie s , a n d  la te r  
b e c o m in g  m o re  a n d  m o re  p ro n o u n c e d  a s  c o u rse s  o f  
d e scen t.

T h is  e x p la n a tio n  h a s  g o t  to  b e g in  lo w e r  d o w n  in  
p h y le tic  h is to ry  th a n  n a tu ra l se le c tio n  c a n  b e g in . B e fo re  
e v e r  th e re  c a n  b e  u ti l i ty  a n d  a d v a n ta g e  th e re  m u s t  h a v e  
c o m e  a b o u t a  c e r ta in  d e g re e  o f  h e a p in g  u p , o f  c u m u la tin g , 
o f  in te n s ify in g  v a r ia tio n s . W h a t  a re  th e s e  fa c to rs  ? T h e y  
a re  p o s s ib ly  o n ly  tw o : (I) o r th o g e n e tic  o r  d e te rm in a te  
v a r ia tio n  as  th e  o u tc o m e  o f  p la sm  p re fo rm a tio n  o r  o f  
e p ig e n e tic  in f lu e n c e s , a n d  (2 )  th e  se g re g a tio n  o f  s im ila r  
v a r ia t io n s  b y  p h y s io lo g ic  o r  to p o g ra p h ic  c o n d itio n s . 
H e n c e , n e x t  to  th e  c a u se  o r  o r ig in  o f  v a r ia b ili ty  th e  g re a t 
d e s id e ra tu m  is  a  k n o w le d g e  o f  th e  m e a n s  o f  c u m u la tin g
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a n d  d ire c tin g  v a r ia b ility . A n d  b o th  th e s e  g re a t 
fu n d a m e n ta l n e e d s  o f  a  s a tis fa c to ry  u n d e rs ta n d in g  o f  
o rg a n ic  e v o lu tio n  se e m  to  m e  to  b e  w h o lly  u n re fe r re d  to  in  
th e  th e o ry  o f  n a tu ra l se le c tio n . T o  b e  su re  th e  c o n tro l an d  
c u m u la tio n  o f  su ch  la rg e  d if fe re n c e s  a m o n g  o rg a n ism s  
a n d  sp e c ie s  as  a re  p o s it iv e ly  su ff ic ie n t to  d e te rm in e  th e  
sa v in g  o r  th e  lo s s  o f  life  a re  e x p lic a b le  b y  se le c tio n . A n d  
th is  fa c to r  is  so o n e r  o r  la te r  in  a n y  p h y le tic  h is to ry  b o u n d  
to  s tep  in  a n d  p ro b a b ly  b e  th e  d o m in a n t one . B u t a 
sp e c ie s , o r  a  c h a ra c te r , w ill a lw a y s  h a v e  a  lo n g e r  o r  
sh o r te r  p re s e le c tiv e  e x is te n c e  a n d  h is to ry , a n d  i t  is  
p re c is e ly  th e s e  d a y s  b e fo re  th e  In q u is it io n  o f  w h ic h  w e  
d e m a n d  in fo rm a tio n . F o r  o f  o n e  th in g  w e  a re  n o w  ce rta in , 
a n d  th a t  is , th a t  e v o lu tio n  a n d  th e  o r ig in  o f  sp e c ie s  h a v e  
b o th  th e ir  b e g in n in g s  a n d  a  c e r ta in  p e r io d  o f  h is to ry  
b e fo re  th e  d a y  o f  th e  c o m in g  o f  th e  G ra n d  In q u is ito r , 
se lec tio n .

F in a lly  th e re  is  s till a n o th e r  d e s id e ra tu m  a n d  o n e  
w h o s e  se e k in g  w ill c a r ry  u s  in to  d a n g e ro u s  c o u n try . F o r  
w h ile  th e re  m a y  b e  a n d  a re  s e le c tio n is ts  w h o  m ig h t a llo w  
u s  to  fu m b le  a b o u t in  th e  d a rk n e s s  o f  p re s e le c tiv e  t im e  fo r  
f ir s t  c a u se s , th e re  is  p ro b a b ly  n o n e  w h o  w ill a llo w  u s  to  
q u e s tio n  h is  r ig h t to  e x p la in  th a t  o th e r  e le m e n t in  
e v o lu tio n  b e s id e s  sp e c ie s  tra n s fo rm a tio n , n a m e ly , 
a d a p ta tio n , or, as  th e  G e rm a n s  u n tra n s la ta b ly  p u t  it, 
Zweckmassigkeit. B u t  b y  n o  m e a n s  a ll b io lo g is ts  6 f in d  in  
n a tu ra l se le c tio n  a  su ff ic ie n t e x p la n a tio n  o f  a d a p ta tio n .

In  th e  v is ib le  e x p re s s io n  o f  o rg a n ic  e v o lu tio n  a re  
tw o  c h ie f  e le m e n ts , o n e  th e  v a r ie ty  o f  life  k in d s , th e  
e x is te n c e  o f  sp e c ie s , th e  re a l i ty  o f  l in e s  o f  d e sc e n t; a n d  th e  
o th e r  th e  a d a p te d n e s s  a n d  a d a p tiv e n e s s  o f  th e s e  life  k in d s .

T h e  v a r ie tie s  o f  o rg a n ic  k in d s  sh o w  th e m s e lv e s  
a d a p te d  in  s tru c tu re  a n d  fu n c tio n  to  th e  v a r ie tie s  o f  
e n v iro n m e n t a n d  life -c o n d itio n s .

H e n c e , th e  ta s k  o f  an  e v o lu tio n  e x p la n a tio n  is  a 
d o u b le  o n e ; i t  m u s t  e x p la in  n o t  o n ly  d iv e rs ity  o r  v a r ie ty  in
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life , b u t  a d a p tiv e  d iv e rs ity  o r  v a r ie ty . A n d  th e re  is  n o  
g a in s a y in g  to  th e  se le c tio n  e x p la n a tio n  i ts  c la im  to  s tan d  
a m o n g  a ll p ro p o s e d  e x p la n a tio n s  o f  a d a p ta tio n  as th a t  o n e  
le a s t  sh a k e n  b y  th e  c ritic a l a tta c k  o f  i ts  a d v e rsa rie s . 
H o w e v e r  m ig h tily  th e  s c ie n tif ic  im a g in a tio n  m u s t  e x e r t 
i t s e l f  to  d e liv e r  c e r ta in  d if f ic u lt  c a se s  in to  th e  h a n d s  o f  
s e le c tio n , a n d  h o w e v e r  so p h is tic a te d  a n d  la w y e r- lik e  th e  
a rg u m e n t f ro m  th e  s e le c tio n  s id e  m a y  b e  fo r  a n y  s in g le  
re f ra c to ry  e x a m p le , th e  fa c t  re m a in s  th a t  th e  s e le c tio n is t  
s e e m s to  b e  a b le  to  s tre tc h  h is  e x p la n a tio n  to  f i t  all 
a d a p ta tio n s  w ith  le s s  d a n g e r  o f  f in d in g  i t  b ro u g h t u p  
a g a in s t p o s itiv e  a d v e rse  fa c ts  th a n  is  p o s s ib le  to  th e  
c h a m p io n  o f  a n y  o th e r  so  f a r  p ro p o s e d  e x p la n a tio n . T h e  
e x p la n a tio n  o f  a d a p ta tio n  b y  n a tu ra l se le c tio n  s te e rs  w id e  
o f  te le o lo g y  o n  o n e  h a n d  a n d  o f  u n p ro v e d  a s su m p tio n s  
c o n c e rn in g  h e re d ity  o n  th e  o th e r. T h e  p ro to p la sm ic  
c o n sc io u sn e s s  o f  C o p e  a n d  th e  a u to m a tic  p e rfe c tin g  
p r in c ip le  o f  N a g e li  a n d  th o s e  o f  h is  m a n n e r  o f  
e x p la n a tio n , a re  o n ly  in d ire c t  w a y s  o f  a ttr ib u tin g  to  
n a tu ra l fo rc e s  v is io n s  a n d  a n tic ip a tio n s  o f  w h a t d o e s  n o t 
y e t  ex is t; w h ile  th e  in f lu e n c e  o f  th e  a m b ie n t m e d iu m  o f  St. 
H ila ire  a n d  o f  th e  e x tr in s ic  fa c to rs  o f  E im e r, a n d  th e  
im p re s s in g  p h o to g ra p h ic a lly  o n  th e  sp e c ie s  a n d  th e  
c a rry in g  o v e r  in to  p h y lo g e n y , w ith  a p p ro x im a te  id e n tity , 
o f  c h a ra c te r is tic s  a n d  m o d if ic a tio n s  a c q u ire d  
o n to g e n e tic a lly  b y  th e  in d iv id u a l as  a  r e s u lt  o f  fu n c tio n a l 
s t im u la tio n  —  all th e s e  a re  a s su m p tio n s  n o t  o n ly  
a p p a re n tly  u n p ro v e d , b u t  in  th e  l ig h t o f  o u r  p re s e n t 
k n o w le d g e  o f  th e  m e c h a n is m  o f  h e re d ity  se e m in g ly  
u n p ro v a b le .

Y e t th e  e x p la n a tio n  o f  sp e c ie s  tra n s fo rm a tio n  an d  
o f  a d a p ta tio n  b y  th e  in tro d u c tio n  in to  p h y lo g e n y  o f  
m o d if ic a tio n s  ( re a c tio n  e f fe c ts )  a r is in g  in  th e  in d iv id u a l 
d u r in g  its  o n to g e n y , h a s  to  i ts  c re d it a  c e r ta in  lo g ic a l 
p ro o f, o r  b a s is , w h ic h  h a s  g re a t v a lid ity  in  m y  m in d , an d  
y e t  w h ic h  h a s  e n jo y e d  li t t le  g e n e ra l re c o g n itio n  an d
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a lm o s t n o  e m p h a s is  f ro m  su p p o rte rs  o f  L a m a rc k is m  o r 
n e o -L a m a rc k ism . A s  th e  g re a t  s tre n g th  o f  th e  n a tu ra l 
se le c tio n  e x p la n a tio n  o f  sp e c ie s -c h a n g e  a n d  a d a p ta tio n  
l ie s  p re c is e ly  in  th e  lo g ic a l n a tu re  o f  i ts  p re m ise s  an d  
c o n c lu s io n s  ra th e r  th a n  o n  sc ie n tif ic  o b se rv a tio n  an d  
e x p e r im e n t, i t  c e r ta in ly  is  n o t  u n fa ir  to  e m p h a s ise  a n y  
s im ila r  k in d  o f  p r o o f  te n d in g  to  s u p p o r t th e  L a m a rc k ia n  
ty p e  o f  e x p la n a tio n .

T h e  lo g ic a l p r o o f  th a t  I  r e fe r  to  is  s im p ly  th is : I t is  
a  u n iv e rs a l ly  a d m itte d  fa c t  th a t  e n v iro n m e n t an d  
fu n c tio n a l s t im u la tio n  c a n  a n d  d o  m o d ify  o rg a n ism s  
d u r in g  th e ir  life tim e , a n d  th a t  th is  m o d if ic a t io n  is  u su a lly  
p la in ly  a d a p tiv e . I t  is  a lso  an  a d m itte d  fa c t  th a t  sp e c ie s  
d if fe re n c e s  o r  m o d if ic a tio n s  a re  o f te n  id e n tic a l w ith  th e se  
o n to g e n e tic  m o d if ic a tio n s .

T h a t is , th a t  u n d e r  s im ila r  e n v iro n m e n t o r  life  
c o n d itio n s  sp e c ie s  m o d if ic a t io n  o f te n  fo llo w s  th e  sa m e  
lin e s  as o n to g e n e tic  o r  in d iv id u a l m o d if ic a tio n . N o w  w h e n  
w e  re c a ll th e  p o s s ib il i t ie s  o f  th e  h o s ts  o f  w a y s  in  w h ic h  
th e  n e c e s s it ie s  o f  a d a p ta tio n  to  v a ry in g  e n v iro n m e n t m ig h t 
b e  m e t b y  se le c tio n  a m o n g  n e a r ly  in f in ite  fo r tu ito u s  
v a r ia tio n s . a n d  y e t  see  th a t  e x a c tly  th a t  m e a n s  o r  l in e  o r  
k in d  o f  a d a p tiv e  c h a n g e  o c c u rs , w h ic h  in  th e  c a se  o f  th e  
in d iv id u a l is  p la in ly  a n d  c o n fe s se d ly  a  d ire c t p e rso n a l 
a d a p tiv e  re a c tio n  to  v a ry in g  e n v iro n m e n t, is  i t  n o t  th e  
lo g ic a l c o n c lu s io n  th a t  th e  sp e c ie s  c h a n g e  a n d  a d a p ta tio n  
is  d e riv e d , n o t  b y  th e  c h a n c e  a p p e a ra n c e  o f  th e  n e e d e d  
v a r ia tio n , b u t  b y  th e  c o m p e lle d  o r  d e te rm in e d  a p p e a ra n c e  
o f  th is  v a r ia tio n  ? In  o th e r  w o rd s  w h e n  sp e c ie s  d if fe re n c e s  
a n d  a d a p ta tio n s  a re  id e n tic a l w ith  d if fe re n c e s  an d  
m o d if ic a tio n s  re a d ily  d ire c tly  p ro d u c ib le  in  th e  in d iv id u a l 
b y  v a ry in g  e n v iro n m e n t, a re  w e  n o t  ju s t if ie d , o n  th e  b a s is  
o f  lo g ic a l d e d u c tio n , to  a s su m e  th e  tra n s m u ta t io n  o f  
o n to g e n e tic  a c q u ire m e n ts  in to  p h y le tic  a c q u ire m e n ts , ev e n  
th o u g h  w e  a re  as y e t  ig n o ra n t  o f  th e  p h y s ic o -c h e m ic a l o r  
v ita l m e c h a n ism  c a p a b le  o f  e f fe c tin g  th e  c a rry in g  o v er?

394



H a s  n a tu ra l s e le c tio n 's  c la im e d  c a p a c ity  to  e f fe c t sp e c ie s  
c h a n g e , u n s e e n  by o b se rv e r , u n te s te d  b y  e x p e r im e n te r , a n y  
b e tte r  o r  e v e n  o th e r  p r o o f  o f  a c tu a lity  th a n  th a t  ju s t  o ffe re d  
o n  b e h a lf  o f  sp e c ie s  m o d if ic a tio n  as a  d ire c t re s u lt  o f  th e  
s tim u lu s  o f  v a ry in g  e n v iro n m e n t a n d  fu n c tio n a l e x e rc ise ?  
I  c a n n o t see  th a t  i t  has.

A n d  th is  k in d  o f  a rg u m e n t, b a s e d  h a l f  o n  o b se rv e d  
fa c ts  a n d  h a l f  o n  d e d u c tio n , m a y  b e  e x te n d e d  e v e n  fa r th e r  
o n  b e h a l f  o f  th e  th e o ry  th a t  sp e c ie s  c h a n g e  is  th e  d ire c t 
re a c tio n  to  e n v iro n m e n ta l c o n d itio n s .F o r  th e re  a re  m a n y  
o n to g e n e tic  v a r ia tio n s  p ro d u c e d  d ire c tly  in  re sp o n se  to  
e n v iro n m e n t th a t  a re  n o t p la in ly  a d a p tiv e ; m a n y , in d e e d , 
b e tw e e n  w h ic h  a n d  th e  e n v iro n m e n ta l c o n d itio n s  th a t  
p ro d u c e  th e m  n o  reasonable r e la tio n  is  a p p a re n t: n o  
re la tio n , th a t  is . th a t  w o u ld  b e  e x a c tly  e x p e c te d  o r  c o u ld  
b e  fo re to ld  u n til  e m p ir ic a lly  d e te rm in e d  In  o th e r  w o rd s , 
m a n y  a p p a re n tly  n o n -s ig n if ic a n t  o n to g e n e tic  d if fe re n c e s  
o r  v a r ia t io n s  a p p e a r  as d ire c t re s u lt  o f  e n v iro n m e n ta l 
in f lu e n c e  o r  s tim u lu s . F o r  e x a m p le , in d iv id u a ls  o f  c e r ta in  
sp e c ie s  o f  th e  C ru s ta c e a n  p h y llo p o d  g e n u s  A r te m ia  sh o w  
m a rk e d  s tru c tu ra l d if fe re n c e s  w h e n  g ro w n  in  sa lt w a te r  o f  
v a ry in g  d en s ity .

T h e se  d if fe re n c e s  a re  in  th e  s iz e  a n d  sh a p e  o f  th e  
p la te - lik e  la te ra l g il ls ,th e  se g m e n ta tio n  o f  th e  p o s t­
a b d o m e n , th e  le n g th  o f  th e  c a u d a l f l a p s  ( te lso n )  a n d  th e  
h a ir in e s s  o f  th e s e  f lap s . T h e  s ize  o f  th e  w h o le  b o d y  is  a lso  
a ffe c te d , in d iv id u a ls  d e v e lo p in g  in  w a te r  o f  h ig h e r  d e n s ity  
b e in g  m a rk e d ly  s m a lle r  th a n  th o s e  w h ic h  h a v e  b e e n  g ro w n  
in  le s s  d e n se  w a te r . N o w  o f  a ll th e s e  d if fe re n c e s  o n ly  tw o  
se e m  to  h a v e  w h a t  I  ca ll a  r e a s o n a b le  re la tio n  to  th e  
e n v iro n m e n ta l d if fe re n c e s . T h e  in - le a s e d  p ro p o r tio n a l s ize  
o f  th e  g ills  sh o w n  b y  th e  A rte m ia s  g ro w n  in  d e n s e r  w a te r  
a p p e a rs  to  b e  a  re g u la to ry  c h a n g e  c o n n e c te d  w ith  th e  
sm a lle r  a m o u n t o f  o x y g e n  in  th e  w a te r , a n d  th e  d e c re a se d  
s iz e  o f  th e  b o d y  m a y  s im ila r ly  b e  c o n c e iv e d  b y  so m e  to  b e  
an  e x p e c te d  c o n c o m ita n t o f  th e  d e n s e r  w a te r  c o n d itio n .
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B u t w h a t o f  th e  e x tra  a b d o m in a l se g m e n t, th e  lo n g e r  
te ls o n  p ro je c tio n s  a n d  th e ir  in c re a s e d  h a ir in e s s , a ll o f  
w h ic h  as  sh o w n  b y  S c h m a n k e w itsc h  8 (h o w e v e r  
m is ta k e n ly  th is  in v e s t ig a to r  m a y  h a v e  in te rp re te d  h is  
re su lts  as e x a m p le s  o f  a c tu a l sp e c ie s  m o d if ic a tio n )  an d  
A n ik in  9 fo r  Artemia s a lin a  a n d  b y  th e  w r i te r10 fo r  Artemia 
franciscanus, a re  th e  o n to g e n e tic  d if fe re n c e s  th a t  v a ry in g  
d e n s ity  o f  sa lt w a te r  a c tu a lly  p ro d u c e s  in  in d iv id u a ls  o f  a 
s in g le  A r te m ia  sp ec ie s . T h e se  d iffe re n c e s , th e s e  
v a r ia tio n s , a re  o f  th e  so r t th a t  I  am  c a llin g  n o n -s ig n if ic a n t, 
n o n -a d a p tiv e , n o n - re a so n a b le . T h e y  w o u ld  n o t  b e  
p ro p h e s ie d ; th e y  seem  to  h a v e  n o  re a s o n a b le  c o rre la tio n  
w ith  th e  c a u se s  w h ic h  p ro d u c e  th e m . B u t  th e y  a re  a c tu a lly  
th e  re su lts  o r  e ffe c ts  o f  d e te rm in e d  p ro x im a te  c a u se s  
w h ic h  a re  e x tr in s ic  o r  e n v iro n m e n ta l. I f  n o w  th e  lo g ic a l 
a rg u m e n t (b a se d  o n  id e n ti ty  o f  a d a p tiv e  m o d if ic a t io n  in  
in d iv id u a ls  a n d  in  sp e c ie s )  fo r  th e  tra n s m u ta tio n  o f  
o n to g e n e tic  c h a n g e s  in to  p h y le tic  c h a n g e s  h a s  an y  
v a lid ity , th e n  th e s e  n o n -a d a p tiv e , in d if fe re n t  m o d if ic a tio n s  
m a y  b e  tra n s m u te d  as w e ll  a s  th e  a d a p tiv e  o n es , a n d  th u s  
h o s ts  o f  tr iv ia l, n o n -a d a p tiv e  in d if fe re n t  sp e c ie s  
d if fe re n c e s  b e  e x p la in e d  o n  th is  L a m a rc k o -E im e r ia n  b a s is  
as  w e ll as th e  o b v io u s ly  a d a p tiv e  m o d if ic a tio n s . B u t I  am  
n o t  in s is t in g  o n  th is  so r t  o f  a rg u m e n t to o  s tro n g ly . I t  is  
e x a c tly  th e  so r t o f  a rg u m e n t u p o n  w h ic h  th e  th e o ry  o f  
n a tu ra l s e le c tio n  c h ie f ly  re s ts , a n d  I  h a v e  c e r ta in ly  tr ie d  to  
m a k e  e v id e n t in  th is  b o o k  m y  b e l ie f  in  th e  d a n g e r  o f  th e  
su b s titu tio n  o f  th is  so r t  o f  lo g ic a l o r  m e ta p h y s ic a l b a s is  o f  
b e l ie f  in  a  th e o ry  fo r  a  s c ie n tif ic  b a s is  o f  o b s e rv a tio n  an d  
e x p e rim e n t.

F in a lly , le t  u s  a sk  o u rse lv e s  w h y  w e  h a v e  a d o p te d  
th e  c o m m o n  b e l ie f  th a t  o u r  s e a rc h  fo r  a  c a u se  o f  
v a r ia b ili ty  is  a  s e a rc h  fo r  so m e  so  fa r  u n k n o w n , so m e  
q u ite  n e w  fa c to r  o r  fo rc e  in  b io lo g y  ? M a y  it n o t  b e  th a t  
th e  f a c to r  is  a lre a d y  fa m ilia r  to  u s ; so  fa m ilia r  in d e e d  
p e rh a p s  th a t  w e  a re  e s te e m in g  i t  to o  s im p le  a n d  to o
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o b v io u s  to  p la y  th e  ro le  o f  th e  G re a t D e s id e ra tu m , a  c au sa l 
fa c to r  o f  v a r ia b ility .

W h e n  o n e  a tte m p ts  to  p ic tu re  th e  p ro c e s s  o f  th e  
m a k in g  o f  a  n e w  in d iv id u a l, a n d  fo llo w s  th e  c o m p le x  
p h e n o m e n a  o f  fe c u n d a tio n , o f  e m b ry o lo g y , a n d  p o s t-  
e m b ry o n ic  d e v e lo p m e n t, is  i t  n o t  im p o s s ib le  to  c o n c e iv e  
o f  th e  p ro d u c tio n  o f  tw o  id e n tic a l in d iv id u a ls  ? In  a ll th e  
c o u rse  o f  th is  d e v e lo p m e n t, f ro m  th e  f ir s t  c le a v a g e  o f  th e  
f e r ti l is e d  e g g -c e ll on , i t  is  p ra c tic a lly  im p o s s ib le  to  re p e a t 
p ro c e s s e s  a b so lu te ly  id e n tic a lly , h e n c e  to  p ro d u c e  
a b so lu te ly  id e n tic a l o rg a n s , p a rts , ce lls . N o w  th e  g e rm - 
c e lls  h a v e  th e ir  v e ry  o r ig in  in  a  re p e a te d  c o m p le x  p ro c e ss , 
m ito tic  ce ll d iv is io n ; th e y  a re  p ro d u c e d  as n e a r ly  a lik e  as 
p o ss ib le , b u t  i t  is  n o t  p o s s ib le  to  m a k e  th e m  a b so lu te ly  
id e n tic a l.

D e v e lo p m e n t, w h e th e r  la rg e ly  e p ig e n e tic  o r  
la rg e ly  e v o lu tio n a ry , d e p e n d s  a t le a s t  p a r tly  (p ro b a b ly  
la rg e ly )  o n  th e  p h y s ic a l, i. c., s tru c tu ra l, c h a ra c te r  o f  th e  
g e rm -c e lls . S lig h t d if fe re n c e s  in  th e  g e rm -c e lls  th e n  w o u ld  
le a d  to  c o n s id e ra b le  d if fe re n c e s  in  th e  fu lly  d e v e lo p e d  
o rg an . I f  th e  d if fe re n c e s  in  th e  g e rm -c e lls  h a p p e n e d , as  
w o u ld  o c c a s io n a lly  o r  ra re ly  b e  th e  ca se , to  b e  
c o n s id e ra b le , th e n  th e  d if fe re n c e s  in  th e  a d u lts  w o u ld  b e  
v e ry  c o n s id e ra b le  (m u ta tio n s , sp o rts , m o n s te rs , e tc .) . W e  
k n o w  e n o u g h  o f  th e  c o m p le x  a n d  e p ig e n e tic  c h a ra c te r  o f  
o n to g e n y  to  see  p la in ly  th a t  id e n ti ty  a m o n g  in d iv id u a ls , 
e v e n  o f  th e  sa m e  b ro o d , is  im p o ss ib le .

V a r ia tio n , th e n , se e m s  th e  n e c e s sa ry , th e  
a b so lu te ly  u n a v o id a b le  o u tc o m e  o f  th e  c o n d itio n s  to  
w h ic h  th e  d e v e lo p in g  in d iv id u a l is  e x p o se d . In d e e d , a ll th e  
in d iv id u a ls  o f  a  sp e c ie s  m ig h t s ta r t (a s  fe r ti l is e d  e g g s)  
e x a c tly  a lik e , a n d  y e t I  c a n n o t see  h o w  a n y  tw o  c o u ld  
c o m e  o u t a lik e . T h e  in e v ita b le  s lig h t d if fe re n c e s  in  
p o s itio n , a n d  h e n c e  in  n u tr itio n , in  th e  re su lts  o f  th e  h o s t 
o f  d iv id in g  a n d  fo ld in g , in v a g in a tin g  a n d  e v a g in a tin g  
p ro c e sse s , th e  re la tio n s  o f  e a c h  in d iv id u a l, w h e th e r  in  th e
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m o th e r 's  b o d y  o r  o u t o f  it, to  e v e ry th in g  e lse  o u ts id e  o f  
i t s e l f  —  all th e s e  a re  c o n d itio n s  b o u n d  to  v a ry  a  little  
b e tw e e n  a n y  tw o  in d iv id u a ls . A n d  a s  w e  k n o w  fro m  th e  
fa c ts  o f  e x p e r im e n ta l e m b ry o lo g y  th a t  d e v e lo p m e n t is, 
p a r tly  a t le a s t, e p ig e n e tic  in  c h a ra c te r , i.e., d e p e n d s  o n  a n d  
is  in f lu e n c e d  b y  e x te rn a l fa c to rs , th is  in e v ita b le  v a r ia tio n  
in  in f lu e n c in g  c o n d itio n s  is  b o u n d  to  p ro d u c e  v a r ia t io n s  in  
th e  in d iv id u a ls .

Is  th e re , in d e e d , a n y  n e e d  a t a ll fo r  a s su m in g  (I) 
a n y  m y s te r io u s  " ten d e n c y "  o f  th e  g e rm -p la s m  to  v a ry ?  an d  
(2 ) th a t  th e  in d iv id u a l (c o n tin u o u s )  v a r ia t io n  d e p e n d s  
w h o lly  o n  g e rm -p la sm  s tru c tu re ?  W h y  c a n n o t th e  s im p le  
f lu c tu a tin g  o r  D a rw in ia n  v a r ia t io n s  b e  c h ie f ly  th e  re s u lt  o f  
th e  in e v ita b le  v a r ia t io n  in  th e  e p ig e n e tic  fa c to rs , w h ic h , 
w h e n  n o t  in tru d e d  o n  b y  e x c e p tio n a l d is tu rb a n c e s , w o u ld  
th e m s e lv e s  fo llo w  th e  " la w  o f  e rro r"  a n d  h e n c e  p ro d u c e  
" la w  o f  e rro r"  v a r ia b ili ty ?  A ll n o rm a l sw in g in g s  o f  th e  
v a r ia tio n  p e n d u lu m  in  a n y  p a r t  o r  c h a ra c te r , b e tw e e n  lo n g  
a n d  sh o rt, la rg e  a n d  sm a ll, ro u n d  a n d  a n g u la r , sm o o th  an d  
ro u g h , e tc ., e tc ., w o u ld  re s u lt  f ro m  th e  n o rm a l v a r ia t io n  o f  
th e  p ro c e sse s ; th e  la rg e r  (e x tre m e s  o f  ra n g e )  v a r ia tio n s  
b e in g  th e  fe w e r  b e c a u s e  th e  la rg e r  (e x tre m e s  o f  ra n g e )  
v a r ia t io n s  in  th e  o n to g e n e tic  p ro c e s s e s  w o u ld  b e  th e  
fe w e r. E x c e p tio n a lly  la rg e  e p ig e n e tic  v a r ia t io n s  w o u ld  
p ro d u c e  e x c e p tio n a lly  la rg e  v a r ia t io n s  in  th e  in d iv id u a l —  
sp o rts , m u ta tio n s .

K le b s ,11 as  a  re s u lt  o f  h is  m a s te r ly  e x p e r im e n ta l 
s tu d ie s  o n  m o d if ic a tio n s  o f  p la n t  d e v e lo p m e n t, c o m e s  to  
th e  c o n c lu s io n  th a t  th e  o n ly  p ro v e d  c a u se s  o f  v a r ia tio n  a re  
e x tr in s ic  in f lu e n c e s  s tim u la tin g , w o rk in g  th ro u g h , o r  
c o m b in e d  w ith , in tr in s ic  c o n d itio n s  (n o t v ita lis t ic , b u t  
p h y s ic o -c h e m ic a l) . S im ila rly , T o w e r ,12 f ro m  h is  p ro tra c te d  
s tu d ie s  o n  th e  v a r ia t io n s  in  c e r ta in  in se c ts , c o n c lu d e s  th a t  
a ll th e s e  v a r ia t io n s  a re  c a u se d  b y  e x te rn a l s tim u li w o rk in g  
o n  th e  g e rm -p la sm .
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I f  v a r ia t io n  is  th u s  s im p ly  th e  w h o lly  n a tu ra l an d
13

u n a v o id a b le  e f fe c t  o f  th is  in e v ita b le  n o n - id e n tity  o f  v ita l 
p ro c e s s  a n d  e n v iro n m e n ta l c o n d itio n , w h y  d o e s  n o t 
e v o lu tio n  p o s s e s s  in  th is  s ta te  o f  a f fa irs  th e  m u c h  so u g h t 
fo r, o f te n  p o s tu la te d , a ll-n e c e ssa ry , a u to m a tic  m o d ify in g  
p r in c ip le  a n te d a tin g  a n d  p re c e d in g  se le c tio n  w h ic h  m u s t 
e f fe c t c h a n g e , d e te rm in a te  th o u g h  n o t  p u rp o se fu l?  
N a g e li 's  a u to m a tic  p e r fe c tin g  p r in c ip le  is  an  im p o s s ib il i ty  
to  th e  th o ro u g h -g o in g  e v o lu tio n is t  se e k in g  fo r  a  c a u so -  
m e c h a n ic a l e x p la n a tio n  o f  c h a n g e . B u t  an  a u to m a tic  
m o d ify in g  p r in c ip le  w h ic h  re su lts  in  d e te rm in a te  o r  
p u rp o s iv e  c h a n g e ,th a t is , in  th e  c h a n g e  n e e d e d  as th e  
in d is p e n s a b le  b a s is  fo r  th e  u p b u ild in g  o f  th e  g re a t  fa b r ic  
o f  sp e c ie s  d iv e rs ity  a n d  d e sc e n t; is  n o t  th a t  th e  v e ry  th in g  
p ro v id e d  b y  th e  s im p le  p h y s ic a l o r  m e c h a n ic a l 
im p o s s ib il i ty  o f  p e r fe c t  id e n ti ty  b e tw e e n  p ro c e s s  an d  
e n v iro n m e n t in  th e  c a se  o f  o n e  in d iv id u a l a n d  p ro c e s s  an d  
e n v iro n m e n t in  th e  c a se  o f  a n y  o th e r  ? I t  se e m s  so  to  m e.

B u t I  d o  n o t  k n o w . N o r  in  th e  p re s e n t  s ta te  o f  o u r  
k n o w le d g e  d o e s  a n y  o n e  k n o w , n o r  w ill a n y  o n e  k n o w  
u n til, a s  B ro o k s  14 say s  o f  a n o th e r  p ro b le m , w e  f in d  out. 
W e  a re  ig n o ra n t; te rr ib ly , im m e n s e ly  ig n o ra n t. A n d  o u r  
w o rk  is ,to  le a rn .

T o  o b se rv e , to  e x p e r im e n t, to  ta b u la te , to  in d u c e , 
to  d ed u ce . B io lo g y  w a s  n e v e r  a  c le a re r  o r  m o re  in v itin g  
f ie ld  fo r  fa sc in a tin g , jo y fu l ,  h o p e fu l w o rk . T o  q u e s tio n  life  
b y  n e w  m e th o d s , f ro m  n e w  a n g le s , o n  c lo s e r  te rm s , u n d e r  
m o re  p re c ise  c o n d itio n s  o f  c o n tro l; th is  is  th e  re q u ire m e n t 
a n d  th e  o p p o r tu n ity  o f  th e  b io lo g is t  o f  to -d a y . M a y  h is  
g e n e ra tio n  h e a r  so m e  w h is p e r  f ro m  th e  S ph inx !

A P P E N D IX .

1 O n e  o f  th e  m o s t  se r io u s  a n d  d e ta ile d  c ritic a l 
a n a ly se s  o f  th e  se le c tio n  th e o ry , r e s u ltin g  in  c o n c lu s io n s
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to ta lly  a n ta g o n is tic  to  D a rw in is m ,is  th a t  o f  th e  M a rb u rg  
b o ta n is t , P r o f  A lb e r t  W ig a n d , c o m p o s in g  th e  th re e  
v o lu m e s  e n tit le d  ''D e r  D a rw in is m u s  u n d  d ie  
N a tu r fo r s c h u n g  N e w to n s  u n d  C u v ie rs"  (V o l. I, 1874 ; V o l. 
II, 1 8 7 6 ; V o l. III. 1 8 7 7 ) . F ro m  th e  "A n n o u n c e m e n ts"  a t 
th e  b e g in n in g  o f  e a c h  v o lu m e  Iq u o te  as fo llo w s:

F ro m  V o l. I. "D ie  h ie r  d a rg e b o te n e  K r it ik  d e r  
D a rw in 's c h e n  L e h re  w e is t  z u n ä c h s t  d u rc h  e in g e h e n d e  
P rü fu n g  d e r  h ie rh e r  g e h ö r ig e n  n a tu rh is to r is c h e n  
T h a tsa c h e n  n a c h , d a ss  w e d e r  d ie  V o ra u sse tz u n g e n , v o n  
d e n e n  d ie  T h e o r ie  a u sg e h t, n o c h  ih re  C o n s e q u e n z e n  m it 
d e r  w irk lic h e n  N a tu r  ü b e re in s tim m e n , d a ss  sie  d e m n a c h  
d e n  A n fo rd e ru n g e n  an  e in e  w is s e n s c h a f tl ic h e  H y p o th e s e  
n ic h t  e n tsp r ic h t. V ie lm e h r  e rw e is t  s ich  d ie se lb e  a ls  e in e  
p h ilo s o p h is c h e  S p e c u la tio n , w e lc h e  n ic h t  n u r  d ie  u n s e re r  
N a tu re rk e n n tn is s  v o rg e z e ic h n e te n  G re n z e n  ü b e rsc h re ite t , 
so n d e rn  v o r  A lle m  d ie  w ic h tig s te n  G ru n d s ä tz e  d e r  w a h re n  
F o rsc h u n g , w ie  sie  d u rc h  d ie  g ro s se n  M e is te r  a u fg e s te ll t  
u n d  in  d e r  b is h e r ig e n  E n tw ic k e lu n g  d e r  N a tu rw is s e n s c h a f t  
a llg e m e in  a n e rk a n n t u n d  u n b e d in g t  m a a s s g e b e n d  g e w e se n  
sin d , in s b e s o n d e re  d ie  P r in c ip ie n  d e r  C a u s a lita t  u n d  d e r 
o rg a n isc h e n  E n tw ic k e lu n g , a u fs  g ro b s te  v e r le u g n e t. 
D e m n a c h  e rk e n n t d a s  v o r l ie g e n d e  W e rk  se in e  
H a u p ta u fg a b e  g e ra d e  d a rin , d e r  b is  d a h in  b e fo lg te n  
F o rs c h u n g s w e is e  g e g e n ü b e r  je n e r  n e u e s te n  
N a tu rp h ilo s o p h ie  ih r  R e c h t  z u  w a h re n ."

F ro m  V o l. II. "V e rm itte ls t  d e r  h ie rd u rc h  
g e w o n n e n e n  K r ite r ie n  g e la n g t  d ie  U n te rs u c h u n g  in  B e tr e f f  
d e s  D a rw in is m u s  z u  fo lg e n d e m  E rg e b n is : D e rs e lb e  g e h t 
n ic h t  b lo s s  v o n  fa ls c h e n  V o ra u s s e tz u n g e n  au s, e rw e is t  
s ich  n ic h t  n u r  u n fä h ig  in  B e z ie h u n g  a u f  d ie  v e rs p ro c h e n e n  
L e is tu n g e n , is t  n ic h t  n u r  v e r fe h lt  d u rc h  d ie  p r in c ip ie lle  
U n m ö g lic h k e it  se in e r  A u fg a b e , is t  n ic h t  n u r  e in e  d e r  
N a tu r fo rs c h u n g  fre m d a r tig e , re in  sp e c u la tiv e  O p e ra tio n , 
so n d e rn  in d e m  d e rse lb e  d as  P r in c ip  d e r  C a u s a litä t  u n d  
E n tw ic k e lu n g  m it  d e m  Z u fa ll u n d  d e r  T e le o lo g ie  a ls
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E rk lä ru n g s g ru n d e  v e r ta u sc h t, e rs c h e in t e r  a ls  e in e  d e r  
N a tu r fo rs c h u n g  in  ih re r  F u n d a m e n ta lm a x im e  
w id e rsp re c h e n d e , d a ru m  d ie se lb e  g e ra d e z u  g e fä h rd e n d e  
V e r ir ru n g , u m  so  m e h r  a ls  e r  u n te r  ih re r  M a s k e  au ftritt. 
D e r  D a rw in is m u s  is t  e in e r  je n e r  V e rsu c h e , w e lc h e  im  
N a m e n  d e r  N a tu r fo rs c h u n g  d ie  N a tu r fo rs c h u n g  
v e rd e rb e n ."

F ro m  V o l. III. "D e r  v o r l ie g e n d e  d r it te  B a n d , m it 
w e lc h e m  d ie se s  W e rk  a b sc h lie s s t, h a t  z u m  G e g e n s ta n d  
n ic h t  d ie  d e m  D a rw in is m u s  z u  G ru n d e  l ie g e n d e  T h e o rie , 
so n d e rn  d ie  c o n c re te  G e s ta lt, in  w e lc h e r  d e rse lb e  a ls  e in e  
fü r  u n s e re  Z e it  c h a ra k te r is tis c h e  c u ltu rh is to r is c h e  
T h a tsa c h e  in  d ie  E rs c h e in u n g  tr itt. In s b e s o n d e re  w ird  
v e rsu c h t, e in  B ild  v o n  d e r  D a rw in s c h e n  S c h u le  a ls  d e r  
G e s a m m th e it  d e r  d ie  T ra n s m u ta tio n s th e o r ie  v e r tre te n d e n  
A u c to re n  u n d  v o n  d e r  A r t u n d  W e ise , w ie  s ic h  d ie  le tz te re  
im  L ic h te  ih re r  B e k e n n e r  d a rs te llt , z u  e n tw e rfe n . H ie rb e i 
e rg ib t s ich , d a ss  d e r  D a rw in is m u s  m e h r  in  e in e r  z ie llo se n  
Z e its trö m u n g  u n d  in  e in e r  w is s e n s c h a f t l ic h  n ic h t 
m o tiv ir te n  S tim m u n g  d e r  G e is te r  a ls  in  e in e r  b e s t im m t zu  
fo rm u lire n d e n  L e h re  b e s te h t, u n d  d a ss  d e rse lb e  b e re i ts  in  
se in e m  e ig e n e n  L a g e r  in  a lle n  w e s e n tl ic h e n  P u n k te n  
w is s e n s c h a f t l ic h  ü b e rw u n d e n  is t, u n d  z w a r  in  so lc h e r  
W e ise , d a ss  in  d e n  w id e rs tre i te n d e n  A n s ic h te n  d e r 
D a rw in ia n e r  d o c h  z u g le ic h  d e r  K e im  fü r  d ie  a lle in  r ic h tig e  
A u ffa s s u n g  d e r  o rg a n isc h e n  N a tu r , w e n n  a u c h  
g ro s s e n th e ils  u n k la r  u n d  u n b e w u s s t ,v e rb o rg e n  lieg t."

A  sp e c ia l a n sw e r  to  th is  e x h a u s tiv e  p le a d in g  o f  
W ig a n d  is  o f fe re d  b y  H . S p itz e r  in  h is  "B e itra g e  z u r  
D e sc e n d e n z th e o r ie  u n d  z u r  M e th o d o lo g ie  d e r  
N a tu rw is s e n s c h a f t ,"  1886.

H o w e v e r , th e re  s till ex is t, e sp e c ia lly  in  E n g la n d , 
th o ro u g h g o in g  D a rw in ia n s  w h o  see  n o th in g  se r io u s  in  all 
th is  c r it ic ism  o f  th e ir  g re a t  c o m p a tr io t 's  e x p la n a tio n  o f  th e  
o r ig in  o f  sp ec ie s .
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L a n a n k e s te r , o n e  o f  th e  m o s t  p ro m in e n t o f  E n g lish  
n a tu ra lis ts ,s a id  a t  Y o rk , la s t  A u g u s t  (1 9 0 6 ) ,in  h is  
in a u g u ra l a d d re ss  as p re s id e n t  o f  th e  B r i t is h  A s s o c ia tio n  
fo r  th e  A d v a n c e m e n t o f  S c ien ce : "U n d e r  th e  t i t le  
'D a rw in ism ' i t  is  c o n v e n ie n t  to  d e s ig n a te  th e  v a r io u s  w o rk  
o f  b io lo g is ts  te n d in g  to  e s ta b lish , d e v e lo p  o r  m o d ify  M r. 
D a rw in 's  g re a t  th e o ry  o f  th e  o r ig in  o f  sp ec ie s . In  lo o k in g  
b a c k  o v e r  tw e n ty - f iv e  y e a rs  i t  s e e m s to  m e  th a t  w e  m u s t 
say  th a t  th e  c o n c lu s io n s  o f  D a rw in  as to  th e  o r ig in  o f  
sp e c ie s  b y  th e  su rv iv a l o f  s e le c te d  ra c e s  in  th e  s tru g g le  fo r  
e x is te n c e  a re  m o re  f irm ly  e s ta b lish e d  th a n  ev er. A n d  th is  
b e c a u se  th e re  h a v e  b e e n  m a n y  a tte m p ts  to  g ra v e ly  ta m p e r  
w ith  e sse n tia l p a r ts  o f  th e  fa b r ic  as h e  le f t  it, a n d  e v e n  to  
su b s titu te  c o n c e p tio n s  fo r  th o s e  w h ic h  h e  e n d e a v o u re d  to  
e s ta b lish , a t v a r ia n c e  w ith  h is  c o n c lu s io n s . T h e se  a tte m p ts  
m u s t, I  th in k , b e  c o n s id e re d  as h a v in g  fa ile d ."

P h y s io lo g ie  fa c ts  c o n c e rn in g  th e  o r ig in  o f  sp e c ie s  
in  n a tu re  w e re  u n k n o w n  in  th e  t im e  o f  D a rw in . I t  w a s  a 
h a p p y  id e a  to  c h o o se  th e  e x p e r ie n c e  o f  th e  b re e d e rs  in  th e  
p ro d u c tio n  o f  n e w  v a r ie tie s , as  a  b a s e  o n  w h ic h  to  b u ild  an  
e x p la n a tio n  o f  th e  p ro c e s s e s  o f  n a tu re .

In  m y  o p in io n  D a rw in  w a s  q u ite  r ig h t, a n d  h e  h a s  
su c c e e d e d  in  g iv in g  th e  d e s ire d  p ro o f. B u t th e  b a s is  w a s  a 
fra il o n e , a n d  w o u ld  n o t  s ta n d  to o  d o se  an  e x a m in a tio n . O f  
th is  D a rw in  w a s  a lw a y s  w e ll aw a re . H e  h a s  b e e n  p ru d e n t 
to  th e  u tm o s t, le a v in g  m a n y  p o in ts  u n d e c id e d , a n d  a m o n g  
th e m  e sp e c ia lly  th e  ra n g e  o f  v a lid i ty  o f  h is  sev e ra l 
a rg u m e n ts . U n fo r tu n a te ly  th is  p ru d e n c e  h a s  n o t  b e e n  
a d o p te d  b y  h is  fo llo w e rs . W ith o u t  su ff ic ie n t w a r ra n t  th e y  
h a v e  la id  s tre ss  o n  o n e  p h a s e  o f  th e  p ro b le m , q u ite  
o v e r lo o k in g  th e  o th e rs . W a lla c e  h a s  e v e n  g o n e  so  fa r  in  
h is  z e a l a n d  a rd e n t v e n e ra t io n  fo r  D a rw in , as  to  d e sc r ib e  
as  D a rw in is m  so m e  th in g s , w h ic h , in  m y  o p in io n , h a d  
n e v e r  b e e n  a  p a r t  o f  D a rw in 's  c o n c e p tio n s .

"T h e  e x p e r ie n c e  o f  th e  b re e d e rs  w a s  q u ite  
in a d e q u a te  to  th e  u s e  w h ic h  D a rw in  m a d e  o f  it. I t w a s
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n e ith e r  sc ie n tif ic , n o r  c n tic a lly  a c cu ra te . L a w s  o f  v a r ia tio n  
w e re  b a re ly  c o n je c tu re d ; th e  d if fe re n t ty p e s  o f  v a r ia b ili ty  
w e re  o n ly  im p e r fe c tly  d is tin g u ish e d . T h e  b re e d e rs ' 
c o n c e p tio n  w a s  fa ir ly  su ff ic ie n t fo r  p ra c tic a l p u rp o se s , b u t  
s c ie n c e  n e e d e d  a  c le a r  u n d e rs ta n d in g  o f  th e  fa c to rs  in  th e  
g e n e ra l p ro c e s s  o f  v a r ia tio n . R e p e a te d ly  D a rw in  tr ie d  to  
fo rm u la te  th e s e  ca u se s , b u t  th e  e v id e n c e  a v a ila b le  d id  n o t 
m e e t h is  re q u ire m e n ts .

"Q u e te le t 's  la w  o f  v a r ia t io n  h a d  n o t  y e t b e e n  
p u b lish e d . M e n d e l 's  c la im  o f  h e re d ita ry  u n its , fo r  th e  
e x p la n a tio n  o f  c e r ta in  la w s  o f  h y b r id s  d is c o v e re d  b y  h im , 
w a s  n o t  y e t  m ad e . T h e  c le a r  d is tin c tio n  b e tw e e n  
sp o n ta n e o u s  a n d  su d d e n  c h a n g e s , a s  c o m p a re d  w ith  th e  
e v e r -p re s e n t f lu c tu a tin g  v a r ia tio n s , is  o n ly  o f  la te  c o m in g  
in to  re c o g n itio n  b y  a g ric u ltu r is ts . In n u m e ra b le  m in o r  
p o in ts  w h ic h  g o  to  e lu c id a te  th e  b re e d e rs ' e x p e rie n c e , 
w e re  u n k n o w n  in  D a rw in 's  tim e . N o  w o n d e r  th a t  h e  m a d e  
m is ta k e s , a n d  la id  s tre ss  o n  m o d e s  o f  d e s c e n t w h ic h  h a v e  
s in c e  b e e n  p ro v e d  to  b e  o f  m in o r  im p o r ta n c e  o r  e v e n  o f  
d o u b tfu l v a lid ity .

"N o tw ith s ta n d in g  a ll th e s e  a p p a re n tly  
u n s u rm o u n ta b le  d if f ic u ltie s , D a rw in  d is c o v e re d  th e  g re a t 
p r in c ip le  w h ic h  ru le s  th e  e v o lu tio n  o f  o rg a n ism s . I t  is  th e  
p r in c ip le  o f  n a tu ra l se le c tio n . I t  is  th e  s if tin g  o u t o f  all 
o rg a n ism s  o f  m in o r  w o r th  th ro u g h  th e  s tru g g le  f o r  life . I t 
is  o n ly  a  s iev e , a n d  n o t  a  fo rc e  o f  n a tu re , n o  d ire c t c a u se  
o f  im p ro v e m e n t, as  m a n y  o f  D a rw in 's  a d v e rsa r ie s , a n d  
u n fo r tu n a te ly  m a n y  o f  h is  fo llo w e rs  a lso , h a v e  so  o f te n  
a sse rte d . I t  is  o n ly  a  s iev e , w h ic h  d e c id e s  w h ic h  is  to  liv e , 
a n d  w h a t is  to  d ie . B u t e v o lu tio n a ry  l in e s  a re  o f  g re a t 
le n g th , a n d  th e  e v o lu tio n  o f  a  f lo w e r, o r  o f  an  
in s e c tiv o ro u s  p la n t is  a  w a y  w ith  m a n y  s id e -p a th s . I t  is  th e  
s ie v e  th a t  k e e p s  e v o lu tio n  o n  th e  m a in  lin e , k i l l in g  all, o r  
n e a r ly  a ll th a t  try  to  g o  in  o th e r  d ire c tio n s . B y  th is  m e a n s  
n a tu ra l s e le c tio n  is  th e  o n e  d ire c tin g  c a u se  o f  th e  b ro a d  
lin e s  o f  e v o lu tio n .
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" O f  c o u rse , w ith  th e  s in g le  s te p s  o f  e v o lu tio n  i t  h a s  
n o th in g  to  do . O n ly  a f te r  th e  s tep  h a s  b e e n  ta k e n , th e  s iev e  
ac ts , e lim in a tin g  th e  u n fit. T h e  p ro b le m , as  to  h o w  th e  
in d iv id u a l s tep s  a re  b ro u g h t a b o u t, is  q u ite  a n o th e r  s id e  o f  
th e  q u e s tio n "  (D e  V rie s , "S p e c ie s  a n d  V a r ie tie s ,"  pp . 4 -7 , 
1905).

T h e  d is tin g u ish e d  F re n c h  z o o lo g is t  (P ro fe s s o r  in  
th e  U n iv e rs i ty  o f  P a r is ) , D e la g e , le a d e r  a m o n g  F re n c h  
m o rp h o lo g is ts  a n d  e x p e r im e n te rs ,v o ic e s  h is  p o s itio n  
c o n c e rn in g  D a rw in is m  in  th e  fo llo w in g  c o n c ise  p h ra se s  
("L 'H e re d ite ,"  2 d  e d .,p. 3 9 7 , 1 9 0 3 ) : "L a  se le c tio n  
n a tu re lle  e s t  u n  p r in c ip e  a d m ira b le  e t p a r fa i te m e n t ju s te . 
T o u t Ie  m o n d e  e s t  d 'a c c o rd  a u jo u rd 'h u i su r  ce  p o in t. M a is  
o u  1 'on  n 'e s t  p a s  d 'a c c o rd , c 'e s t  su r  la  l im ite  d e  sa 
p u is s a n c e  e t su r  la  q u e s tio n  d e  sa v o ir  si e lle  p e u t 
e n g e n d re r  d e s  fo rm e s  s p e c if iq u e s  n o u v e lle s . 11 se m b le  
b ie n  d e m o n tre r  a u jo u rd 'h u i q u 'e lle  n e  Ie  p e u t  p as ."

4 "A  s tu d y  o f  th e  r e c e n t  d is c u s s io n  in  th e  
Contemporary Review b e tw e e n  S p e n c e r  a n d  W e is m a n n  
le a d s  to  th e  c o n c lu s io n  th a t  n e ith e r  o f  th e s e  a c k n o w le d g e d  
le a d e rs  o f  b io lo g ic a l th o u g h t su p p o rts  h is  p o s it io n  u p o n  
in d u c tiv e  e v id e n c e . E a c h  d isp la y s  h is  m a in  fo rc e  in  
d e s tru c tiv e  c r it ic ism  o f  h is  o p p o n e n t; n e ith e r  p re se n ts  h is  
c a se  c o n s tru c tiv e ly  in  su c h  a  m a n n e r  as to  c a rry  
c o n v ic tio n  e ith e r  to  h is  o p p o n e n t o r  to  o th e rs . In  sh o rt, 
b e n e a th  th e  su rfa c e  o f  f in e  c o n tro v e rs ia l  s ty le  w e  d isc e rn  
th e s e  le a d e rs  re s p e c tiv e ly  m a in ta in in g  as f in a lly  
e s ta b lish e d  th e o r ie s  w h ic h  a re  le s s  g ro u n d e d  u p o n  fa c t 
th a n  u p o n  th e  lo g ic a l im p ro b a b ili t ie s  o f  r iv a l th e o rie s . 
S u ch  a  c o n c lu s io n  is  d e e p ly  s ig n if ic a n t; to  m y  m in d  i t  
m a rk s  a  tu rn in g  p o in t  in  th e  h is to ry  o f  sp e c u la tio n , fo r  
c e r ta in ly  w e  sh a ll n o t  a r re s t  re se a rc h  w ith  a n y  e v o lu tio n  
fa c to r  g ro u n d e d  u p o n  lo g ic  ra th e r  th a n  u p o n  in d u c tiv e  
d e m o n s tra tio n . A  re tro g ra d e  c h a p te r  in  th e  h is to ry  o f  
sc ie n c e  w o u ld  o p e n  i f  w e  sh o u ld  d o  so  a n d  sh o u ld  a c c e p t
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as e s ta b lish e d  la w s  w h ic h  re s t  so  la rg e ly  u p o n  n e g a tiv e  
re a so n in g .

"T h e  f ir s t  s tep  th e n  to w a rd s  p ro g re s s  is  th e  
s tra ig h tfo rw a rd  c o n fe s s io n  o f  th e  l im its  o f  o u r  k n o w le d g e  
a n d  o f  o u r  p re s e n t  fa ilu re  to  b a s e  e i th e r  L a m a rc k is m  o r 
n e o -D a rw in is m  as  u n iv e rsa l p r in c ip le s  u p o n  in d u c tio n . 
T h e  se c o n d  is  th e  re c o g n itio n  th a t  a ll o u r  th in k in g  still 
c e n tre s  a ro u n d  th e  f iv e  w o rk in g  h y p o th e s e s  w h ic h  h a v e  
th u s  fa r  b e e n  p ro p o se d ; n a m e ly , th o s e  o f  B u ffo n , 
L a m a rc k , St. H ila ire , D a rw in , a n d  N a g e li. M o d e rn  
c r it ic ism  h a s  h ig h ly  d iffe re n tia te d , b u t  n o t  e s se n tia lly  
a lte re d  th e s e  h y p o th e tic a l fa c to rs  s in c e  th e y  w e re  
o r ig in a lly  c o n c e iv e d . D a rw in 's  'su rv iv a l o f  th e  f i t te s t ' w e  
m a y  a lo n e  re g a rd  as a b s o lu te ly  d e m o n s tra te d  as a  rea l 
fa c to r , w ith o u t c o m m ittin g  o u rse lv e s  as to  th e  'o r ig in  o f  
f itn e ss . ' T h e  th ird  s tep  is  to  re c o g n is e  th a t  th e re  m a y  b e  an  
u n k n o w n  fa c to r  o r  fa c to rs  w h ic h  w ill c a u se  q u ite  as g re a t 
su rp r ise  as D a rw in 's ."

"T h e  g e n e ra l c o n c lu s io n  w e  re a c h  f ro m  a  su rv e y  o f  
th e  w h o le  f ie ld  is, th a t  fo r  B u ffo n 's  a n d  L a m a rc k 's  fa c to rs  
w e  h a v e  n o  th e o ry  o f  h e re d ity , w h ile  th e  o r ig in a l D a rw in  
fa c to r , o r  n e o -D a rw in ism , o ffe rs  an  in a d e q u a te  
e x p la n a tio n  o f  e v o lu tio n . I f  a c q u ire d  v a r ia t io n s  a re  
tra n sm itte d , th e re  m u s t  b e , th e re fo re , so m e  u n k n o w n  
p r in c ip le  in  h e re d ity ; i f  th e y  a re  n o t  tra n sm itte d , th e re  
m u s t b e  so m e  u n k n o w n  fa c to r  in  e v o lu tio n ."  (O sb o rn , H . 
F ., "T h e  U n k n o w n  F a c to rs  o f  E v o lu tio n ,"  in  W o o d 's  H o ll 
B io lo g ic a l L e c tu re s ,p p . 79 , 80 , 81 , 98 , a n d  99 , 1 8 9 4 .)

5 D a v e n p o r t  C  B ., "A n im a l M o rp h o lo g y  in  its  
R e la tio n  to  O th e r  S c ie n c e s ,"  Congress o f Arts and 
Sciences, V o l. V , pp . 2 4 4 -2 5 7 , 1906 . In  th is  p a p e r  a re  
p o in te d  o u t  in  a d m ira b le  m a n n e r  th e  p re s e n t-m o m e n t 
p ro b le m s , in te re s ts , a n d  p o in ts  o f  v ie w  o f  e v o lu tio n  
b io lo g is ts .

6 H e n ry  d e  V a r ig n y , in  "L a  N a tu re  e t L a  V ie ,"  
1905 , say s  th a t  fo r  m a n y  a d a p ta tio n s  "il n 'y  a  p a s  a  se
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d is s im u le r  q u o , d a n s  b e a u c o u p  d e  cas , c e tte  e x p lic a tio n  [o f  
th e  a d a p ta tio n ]  e s t  p u re m e n t v e rb a le ; n o u s  c o n s ta to n s  u n  
re su lta t, n o u s  1 'e x p rim o n s  e n  e s sa y a n t de 
1 'in te rp re te r ;m a is  Ie  m e c a n is m e  re s te  o b scu r. .D an s  
b e a u c o u p  d e  cas, 1 'a d a p ta tio n  e s t  u n  p h e n o m e n e  q u e  1 'on  
c o n s ta te  san s  p e in e  m a is  qu i d a n s  1 'e ta t a c tu e l d e  n o s  
c o n n a is sa n c e s , re s te  sa n s  e x p lic a tio n "  (p. 184 a n d  p. 185).

K le b s , G e o rg , " W illk u rlic h e
E n tw ic k lu n g s a n d e ru n g e n  b e i P f la n z e n , "1 9 0 3 . A n
in te re s tin g , su g g e s tiv e , a n d  v a lu a b le  a c c o u n t o f
e x p e r im e n ts , a n d  th e ir  s ig n if ic a n c e , o n  a lte r in g  th e  
d e v e lo p m e n ta l p h e n o m e n a  o f  p la n ts . A lth o u g h  h e  is  
s tro n g ly  o p p o se d  to  a n y  v ita lis t ic  th e o ry  w h ic h  a ttr ib u te s  
to  life  an  in d e p e n d e n c e  o f  p h y s ic o -c h e m ic a l law s , K le b s
d o e s  n o t  a c c e p t th e  D a rw in ia n  e x p la n a tio n  o f
a d a p tiv e n e ss . D a rw in  " b e tra c h te t  d ie  Z w e c k m a s s ig k e it  
se lb s t a ls  d e n  w e s e n tl ic h s te n  F a k to r  d e r  A rtb ild u n g , in d e m  
n a c h  se in e r  M e in u n g  d ie  n a tu r lic h e  Z u c h tw a h l au s  d e r 
M e n g e  d e r  r ic h tu n g s lo s  a u f tre te n d e n  v a r ia t io n e n  n u r  d ie  
z w e c k m a s s ig k e ite n  M e rk m a le  z u r  A u s b ild u n g  u n d  
w e ite re n  E n tfa l tu n g  b r in g t. Daher stammt die früher so 
verbreitete und heute uns sonderbar erscheinende 
Meinung, dass die Deutung ernes Merkmales als ewes 
sweckmassigen schon als eine Erklarung fur sein 
Entstehen und seine Ausbildung angenommcn wurde. D ie  
G e ltu n g  d e r  D a rw in 's c h e n  T h e o r ie  m u s s  s e it d e n  A rb e ite n  
N a g e lis ,, d e  V rie s , u . a. je d e n fa l ls  e in g e s c h ra n k t w e rd e n . 
D a s  e ig e n tlic h e  P ro b le m  d e r  A r tb i ld u n g  m u ss , w ie  w ir  
sp a te r  se h e n  w e rd e n  in  a n d e re r  W e ise , fo rm u lie r t  w e rd e n "  
(p . 3).

F r ie d la n d e r  ( " E n td e c k u n g  e in e s  'A tla n tis c h e n  
P a lo lo , '"  e tc ., BioL Centralbl, V o l. X X I, pp . 3 5 2 -3 6 6 , 
I9 0 I) re fe rs  to  th e  D a rw in ia n  e x p la n a tio n  o f  
Zweckmassigkeit a s  fo llo w s:

"D e r g a n z e  D a rw in is m u s  im  w e ite re n , a lso  au c h  
v o rd a rw in 's c h e n  S in n e  d e r  D e s c e n d e n z h y p o th e s e , m it
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o d e r  o h n e  B e to n u n g  d e r  S e le k tio n s th e o rie , u n d  sa m t d en  
a lls e it ig  a ls  fe r tig  u n d  s ic h e r  f e s tg e s te ll t  g e d a c h te n  
S ta m m b a u m e n  a lle r  O rg a n ism e n , w u rd e , w e n n  a u c h  a lle s  
d a m it so n s t se in e  R ic h tig k e it  h a tte , u n s e re  
G e s a m te rk e n n tn is  k e in e s w e g s  in  so  u b e rm a s s ig e m  G ra d e  
b e re ic h e rn , w ie  m a n  f ru h e r  w a h n te  u n d  v o r  a lle m  n ic h t  in  
d e m  M a sse , a ls  d a ss  es s ic h  lo h n te , a u f  d ie  H e rs te l lu n g  d e r 
z u d e m  im m e r  p ro b le m a tis c h e n  S ta m m b a u m e  so n d e rlic h e  
Z e it  u n d  M u h e  z u  v e rw e n d e n . Z w e ite n s  a b e r  h a b e n  d ie  
n e u e re n  E x p e r im e n ta l- fo rs c h u n g e n  A rte n  d e r 
Z w e c k m a s s ig k e it  an  d e n  T a g  g e b ra c h t, w e lc h e  au s  re in  
lo g is c h e n  G ru n d e n  d u rc h  d ie  S e le k tio n s th e o r ie  d u rc h a n s  
n ic h t, a u c h  n ic h t  e in m a l sc h e in b a r , 'e rk la r t ' w e rd e n  
k o n n e n . N u n  is t  a b e r  d o c h  g e ra d e  d ie  v e rm e in tlic h e  
'E rk la ru n g ' d e r  o rg a n isc h e n  Z w e c k m a s s ig k e it  o d e r  so g en . 
'A n p a s s u n g s v o llk o m n ie n h e it ' d ie  H a u p ts ta rk e  d es  
e ig e n tlic h e n  D a rw in ism u s . W ie  d ie  S a c h e  j e t z t  lieg t, 
m iis s te n  d ie  V e r te id ig e r  d es  D a rw in is m u s  a n n e h m e n , d a ss  
d ie  o rg a n isc h e  Z w e c k m a s s ig k e it  z w e i v o llk o m m e n  
v e r s c h ie d e n e  W u rz e in  h ab e . D ie  e in e  w a re  d ie  a lte  
D a rw in 's c h e  o d e r  d a rw in is tis c h e  —  d a  n a m lic h , w o  d ie se  
lo g is c h e rw e is e  m o g lic h  ist; o b w o h l j a  a u c h  h ie r  d ie  
E rk la ru n g  d ie  n ic h t  r e c h t  b e f r ie d ig e n d e  F o rm  h a t, d a ss  
g e s a g t w ird , d ie  Z w e c k m a s s ig k e it  ru h re  d a h e r, d a ss  d ie  
w e n ig e r  z w e c k m a s s ig e n  F o rm e n  a u s g e s to rb e n  se ien . D ie  
z w e ite  W u rz e l d e r  o rg a n isc h e n  Z w e c k m a s s ig k e it ,  w ie  sie  
s ich  n a m e n tlic h  in  d e n  S e lb s tre g u la tio n s e rs c h e in u n g e n  
a u s s e r t  u n d  z w a r  a u c h  u n te r  so lc h e n  B e d in g u n g e n , d ie  in  
d e r  f re ie n  N a tu r  k a u m  je m a ls  v o rk o m m e n  u n d  d a h e r  fu r  
d a s  'B e s te h e n d e r  A rt ' n ic h t  v o n  irg e n d  w e lc h e r  B e d e u tu n g  
se in  k o n n e n  —  d ie se  z w e ite  W u rz e l d e r  Z w e c k m a s s ig k e it  
is t  d e r  e ig e n tlic h e  S te in  d es  A n s to sse s . D ie  T h a tsa c h e n  
s in d  h a r tn a c k ig , e in e  d a rw in is tis c h e  S c h e in e rk la ru n g  is t 
h ie r  u n m o g lic h  u n d  d ie  an  s ic h  d o c h  so  a u s se rs t  
in te re s s a n te n  E rs c h e in u n g e n , so w ie  d ie  g a n z e  
e x p e r im e n te lle  F o rs c h u n g s m e th o d e  is t  b e i d e n
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e ig e n tlic h e n  D a rw in is te n  n ic h t  in  g u te m  A n se h e n ; au s  
d e m  se h r  b e g re if l ic h e n  G ru n d e , w e il  j e n e  T h a ts a c h e n  fu r  
d ie  b e tre f fe n d e  R ic h tu n g  u n b e q u e m  sind . E in e  R e ih e  
s ic h e r  fe s tg e s te l l te r  T h a tsa c h e n  au s  d e m  G e b ie te  d e r  
so g en . S e lb s tre g u la tio n  b e w e is t  a lso , d a ss  e s  o rg a n isc h e  
Z w e c k m a s s ig k e ite n  u n d  o b e n d re in  ty p is c h e  B e is p ie le  v o n  
so lc h e n  g ie b t, w e lc h e  d e m  D a rw in 's c h e n  
E rk la ru n g s s c h e m a  v o llk o m m e n  tro tz e n . N u n  a b e r  h a t  d ie  
o rg a n isc h e  Z w e c k m a s s ig k e it  im  g a n z e n  e in  so  
e in h e itl ic h e s  G e p ra g e , d a ss  e in  d o p p e lte r  U rs p ru n g  v o n  
v o rn  h e re in  a u s se rs t  u n w a h rs c h e in lic h  ist. H ie ra u s  fo lg t 
d a n n  w e ite r , d a ss  d ie  d a rw in is tis c h e  B e tra c h tu n g s w e is e  in  
d e r  W irk lic h k e it  w a h rs c h e in lic h  a u c h  in  d e n  F a lle n  n ic h t  
z u tr if f t , w o  s ie  lo g isc h  w e n ig s te n s  d ie  M o g lic h k e it  e in e r  
E rk la ru n g  o d e r  Q u a s i e rk la ru n g  d a rz u b ie te n  sch e in t. 
E n d lic h  a b e r  so llte n  a u c h  d ie je n ig e n , d e n e n  d ie  B e d e n k e n  
g e g e n  d ie  d a rw in is tis c h e n  S c h lu s s fo lg e ru n g e n  n ic h t  re c h t 
e in g e h e n  w o lle n , n a c h g e ra d e  d o c h  w e n ig s te n s  d as  
e in se h e n , d a ss  d e r  T e il d e r  B io lo g ie , d e r  s ich  a lle n fa lls  im  
d a rw in is tis c h e n  S in n e  b e h a n d e ln  lie s se  o d e r  d o c h  in  S in n e  
je n e r  R ic h tu n g  n a c h  D a rw in 's c h e n  P r in z ip ie n  b e h a n d e lt  
w e rd e n  k a n n , —  d a ss  d ie s e r  T e il n u r  e in  k le in e s  u n d  
v e rg le ic h s w e is e  a u c h  u n w ic h tig e s  G e b ie t u m fa ss t."

7 J a c q u e s  L o e b , in  a  re c e n t  a d d re ss  ("R e c e n t 
D e v e lo p m e n t o f  B io lo g y ,"  Congress o f Arts and Sciences, 
V o l. V , p. 17, 1 9 06), ta k e s  th is  a tt i tu d e  to w a rd  th e  
p ro b le m  o f  sp e c ie s - fo rm in g : "T h e  th e o ry  o f  h e re d ity  o f  
M e n d e l a n d  d e  V rie s  is  in  fu ll h a rm o n y  w ith  th e  id e a  o f  
e v o lu tio n . T h e  m o d e rn  id e a  o f  e v o lu tio n  o r ig in a te d , as  is  
w e ll k n o w n , w ith  L a m a rc k , a n d  i t  is  th e  g re a t  m e r i t  o f  
D a rw in  to  h a v e  re v iv e d  th is  id ea . I t  is , h o w e v e r , 
r e m a rk a b le  th a t  n o n e  o f  th e  D a rw in ia n  a u th o rs  s e e m e d  to  
c o n s id e r  i t  n e c e s s a ry  th a t  th e  tra n s fo rm a tio n  o f  sp e c ie s  
sh o u ld  b e  th e  o b je c t  o f  d ire c t o b se rv a tio n . I t  is  g e n e ra lly  
u n d e rs to o d  in  th e  n a tu ra l s c ie n c e s  e ith e r  th a t  d ire c t 
o b se rv a tio n  sh o u ld  fo rm  th e  fo u n d a tio n  o f  o u r  c o n c lu s io n s
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o r  m a th e m a tic a l law s , w h ic h  a re  d e r iv e d  f ro m  d ire c t 
o b se rv a tio n s . T h is  ru le  w a s  e v id e n tly  c o n s id e re d  
su p e rf lu o u s  b y  th o s e  w r it in g  o n  th e  h y p o th e s is  o f  
e v o lu tio n . T h e ir  s c ie n tif ic  c o n s c ie n c e  w a s  q u ie te d  b y  th e  
a s s u m p tio n  th a t  p ro c e s s e s  l ik e  th a t  o f  e v o lu tio n  c o u ld  n o t 
b e  d ire c tly  o b se rv e d , as th e y  o c c u rre d  to o  s lo w ly , a n d  th a t  
fo r  th is  r e a s o n  in d ire c t  o b s e rv a tio n s  m u s t  su ffice . I  b e lie v e  
th a t  th is  la c k  o f  d ire c t o b se rv a tio n  e x p la in s  th e  p o le m ic a l 
c h a ra c te r  o f  th is  l i te ra tu re , f o r  w h e re v e r  w e  c a n  b a s e  o u r  
c o n c lu s io n s  u p o n  d ire c t o b se rv a tio n s  p o le m ic s  b e c o m e  
su p e rf lu o u s . I t  w a s , th e re fo re , a  d e c id e d  p ro g re s s  w h e n  de  
V rie s  w a s  a b le  to  sh o w  th a t  th e  h e re d ita ry  c h a n g e s  o f  
fo rm s , so -c a lle d  'm u ta tio n s , ' c a n  b e  d ire c tly  o b se rv e d , a t 
le a s t  in  c e r ta in  g ro u p s  o f  o rg a n ism s , a n d  se c o n d ly , th a t  
th e s e  c h a n g e s  ta k e  p la c e  in  h a rm o n y  w ith  th e  id e a  th a t  fo r  
d e f in ite  h e re d ita ry  c h a ra c te r is tic s  d e f in ite  d e te rm in a n ts , 
p o s s ib ly  in  th e  fo rm  o f  c h e m ic a l c o m p o u n d s , m u s t  b e  
p re s e n t in  th e  se x u a l ce lls . I t  se e m s  to  m e  th a t  th e  w o rk  o f  
M e n d e l a n d  d e  V rie s  a n d  th e ir  su c c e s so rs  m a rk s  th e  
b e g in n in g  o f  a  re a l th e o ry  o f  h e re d ity  a n d  e v o lu tio n . I f  i t  is  
a t all p o s s ib le  to  p ro d u c e  n e w  sp e c ie s  a r tif ic ia lly , I  th in k  
th a t  th e  d is c o v e r ie s  o f  M e n d e l a n d  d e  V rie s  m u s t  b e  th e  
s ta r tin g  p o in t."

S c h m a n k e w itsc h , A ., Zeitschr. f  wiss. Zool, V o l. 
X X V , p. 103, 1875 ; a lso  Zeitschr. f. wiss. Zool, V o l. 
X X IX , p. 4 2 9 , 1877.

A d e lu n g , Zool-Centralbl, V o l. V I, p. 7 5 7 , 1899. 
(A  re v ie w  o f  A n ik in 's  p a p e r , w h ic h  is  in  R u s s ia n .)

10 K e llo g g , V . L ., "A  N e w  A rte m ia , a n d  I ts  L ife -  
C o n d itio n s ,"  Science, N . S., V o l. X X IV , 5 9 4 -5 9 6 , 1906.

11 K le b s , G ., "W illk ü r lic h e
E n tw ic k e lu n g s a n d e ru n g e n  b e i P f la n z e n ,"  1003.

12 T o w e r, W . L ., " E v o lu tio n  in  C h ry so m e lid  
B e e tle s  o f  th e  G e n u s  L e p tin o ta rsa ,"  P u b . N o . 48 , C a rn e g ie  
In s ti tu tio n  o f  W a sh in g to n .
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"T h e  p h e n o m e n o n  o f  v a r ia t io n  p r im a r ily  o w e s  its  
e x is te n c e  to  th e  fa c t  th a t  c o m m u n ity  o f  d e s c e n t an d  
h e re d ity  te n d s  to  p ro d u c e  th e  e x a c t c o u n te rp a r t  o f  th e  
p a re n t  o rg a n ism s ; th e  p ro c e s s  o f  d e v e lo p m e n t, h o w e v e r , is  
n o t  c a r r ie d  o u t u n d e r  a b so lu te ly  c o n s ta n t o r  u n ifo rm  
c o n d itio n s , b u t  in  a  w o r ld  w h e re in  th e re  e x is t  c h a n g in g  
e n v iro n m e n ta l s ta te s  in  e n d le ss  p ro x im ity . T h is  re su lts  in  
th e  tu rn in g  a s id e  in  th e  lin e  o f  d e v e lo p m e n t f ro m  th e  
p a re n ta l s ta n d a rd , p e rh a p s  e v e r  so  l i ttle  o r  o n ly  in  o n e  
c h a ra c te r ; b u t  in  th is  w e  h a v e  d e v ia tio n  o r  v a r ia tio n "  (p. 
2 9 8 ).

"In  th e  e x p la n a tio n  o f  o r ig in  o f  v a r ia t io n  in  
o rg a n ism s  th e  o n ly  a s s u m p tio n  w e  n e e d  m a k e  is  th a t  th e  
o rig in a l u n i t  o f  o rg a n ic  m a tte r  w a s  p o s s e s s e d  o f  th e  
a ttr ib u te s  w h ic h  c h a ra c te r is e  o rg a n ic  m a tte r  to -d a y  —  
m o tio n , se n sa tio n , g ro w th , a n d  re p ro d u c tio n . T h is  
a s s u m p tio n  c a n n o t m e e t  w ith  a n y  se r io u s  o b je c tio n  u n le s s  
w e  c h a n g e  o u r  id e a s  a n d  d e f in it io n  o f  o rg a n ic  u n its . 
G ra n te d  th e  e x is te n c e  o f  o n e  s in g le  o rg a n ic  u n i t  e n d o w e d  
as  ab o v e , th e re  is  n o  re a so n  fo r  in tro d u c in g  fu r th e r  
c o m p lic a tio n s  b y  th e  e x p la n a tio n  o f  p h e n o m e n a  th ro u g h  
u n d e m o n s tra b le  h y p o th e se s , b e c a u s e  th e  fa c t  o f  v a r ia tio n  
in  o rg a n ic  u n its  c a n  b e  e x p la in e d  so le ly  th ro u g h  th e ir  
e x is te n c e  in  a  n a tu ra l w o r ld  s u r ro u n d e d  b y  v a ry in g  
c o n d itio n s  o f  e x is te n c e " (p . 2 9 9 ).

"In  th e  th ird  ch a p te r , w h e re  c o lo u r  c h a ra c te rs  a re  
u s e d  as su b je c ts , i t  is  d e m o n s tra te d  th a t  v a r ia t io n  is  
d ire c tly  p ro d u c e d  b y  s tim u li —  th a t  f ro m  re la tiv e ly  
in v a r ia b le  p a re n ts , s tim u li p ro d u c e  v a r ia b le  o ffsp r in g ; a n d  
a g a in  in  th e  f if th  c h a p te r  i t  is  sh o w n  th a t  v a r ia t io n s  a r is e  in  
d ire c t r e s p o n s e  to  s tim u li"  (p. 3 0 0 ).

"I m a in ta in , th e re fo re , th a t  a ll o rg a n ic  v a r ia tio n s  
a re  re s p o n s iv e  to  s tim u li, a n d  a re  n o t  d u e  to  in h e re n t  
te n d e n c ie s  o r  la te n c ie s , o r  th e  p ro d u c t  o f  m y s tic  e le m e n ts"  
(p . 300 ).
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13 M o n tg o m e ry , T . A ., in  a  re c e n t  b o o k  o f  m u c h  
in te re s t  ("A n a ly s is  o f  R a c ia l D e s c e n t  in  A n im a ls ,"  1906), 
e x p la in s  c le a r ly  h is  b e l ie f  in  th e  in e v ita b le  p ro d u c tio n  o f  
v a r ia tio n  (e v e n  th a t  c a lle d  b la s to g e n ic  o r  c o n g e n ita l) , an d  
th e  in f lu e n c e  o n  h e re d ity  ( th ro u g h  th is  v a r ia t io n )  b y  th e  
in f lu e n c e s  o f  e n v iro n m e n t.

14 B ro o k s , W . K ., "T h e  F o u n d a tio n s  o f  Z o o lo g y ,"  
p. 4 3 , 1899 . A  m o s t  th o u g h tfu l a n d  k e e n  d isc u s s io n  o f  
m a n y  o f  th e  c o n sp ic u o u s  p ro b le m s  o f  "p h ilo so p h ic a l 
b io lo g y ,"  w r itte n  in  lu c id  a n d  e p ig ra m m a tic  s ty le . In  m a n y  
w a y s  B ro o k s  s ta n d s  a t th e  h e a d  o f  A m e r ic a n  p h ilo so p h ic a l 
b io lo g is ts .
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