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INTRODUCTION 

In  the closing decade of the n ine teen th  century the s tudy of 
evolution was  m arked  by invest igat ions of selective death  ra tes  
in na ture  and by discussions about  the types of var ia t ion  tha t  
were evolutionarily significant. In  one such discussion the bio- 
met r ic ians  W. F. R. Weldon ( 1 8 6 0 - 1 9 0 6 )  and Karl  Pearson  
( 1 8 5 7 - 1 9 3 6 ) ,  wi th  their  invest igat ions of death  ra tes  in na ture  
and their  laws of ancest ra l  heredity,  a t t empted  to uphold Dar- 
win 's  view tha t  the smal les t -seeming var ia t ions  could be evo- 
lut ionari ly crucial,  whereas  Francis  Galton ( 1 8 2 2 - 1 9 1 1 )  and  
Wil l iam Bateson ( 1 8 6 1 - 1 9 2 6 )  argued tha t  evolution was  essen- 
tially discont inuous and  due to the sudden appearance  of 
marked ly  va r i an t  individuals able to t r ansmi t  their  novelty to 
subsequent  generations.  

T H E  LOGIC OF DARWINISM 

If  we are properly to comprehend  the intel lectual  back-  
ground and historical  significance of this discussion, then  we 
m u s t  first apprecia te  the logical construct ion of Darwin ' s  theory 
of evolution by na tu ra l  selection. 

The keys to this are Darwin ' s  views on heredi ty and  var ia-  
t ion which  m a y  be crudely summar ized  as follows. Darwin  
believed tha t  a lmost  any charac te r  migh t  be inherited,  and also 
tha t  the usual  outcome of crossing was  a blend of pa ren ta l  
characters .  However,  he also held tha t  siblings were not  iden- 
tical, but  showed var ia t ions - - i . e . ,  divergences f r o m  the paren-  
tal average,  and  thereby f r o m  the species n o r m  too. He held 
tha t  the different types of var ia t ion fo rmed a cont inuous series. 
At one end of this series were the smal l  "individual  differences" 
which  m a d e  the m e m b e r s  of  a species dist inguishable,  and at  
tb ,~ other  were  the inf requent  "single var ia t ions"  which  could 
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be sufficiently marked  to b rand  their  bearers  as "sports," or 
monstrosit ies.  Between these two ext remes  all degrees of de- 
par ture  f rom the average specific fo rm were to be found,  and 
Darwin  implied that  the more  ex t reme the degree, the less fre- 
quent  it was.  All types of var ia t ion could be inherited. 

For  Darwin,  individual  differences were the building blocks 
of evolut ionary change,  and were character ized pr imari ly  by 
their  not  str iking the observer as render ing their  bearer  mark-  
edly different f rom the bulk of species members .  Into this 
category he appears  to have  included var ia t ions in the size, 
shape  and color of organs,  and also var ia t ion in the numbers  
of their  repeated parts .  Overall, Darwin 's  categorizat ion was 
phenotypic  and vague,  but  it is certainly clear that  the types of 
normal ly  distr ibuted var ia t ion tha t  Galton, Weldon, and Pear-  
son were la ter  to s tudy (e.g., var ia t ion in height  among  the 
m e m b e r s  of a popula t ion)  entered his class of individual  dif- 
ferences.  

The theory of evolution by na tu ra l  selection arose f rom 
the observat ion that,  in na ture ,  rates  of reproduct ion were so 
high that  anyth ing  approaching  populat ion stability could be 
main ta ined  only by the operat ion of a high morta l i ty  rate  
among  offspring. This  overproduct ion implied tha t  there was 
"in every case a struggle for  existence, ei ther  one individual  
with another  of the same species, or with the individuals of 
a different species, or wi th  the physical  conditions of life." I t  
was  probable  tha t  "variat ions useful  in some way to each being 
in the great  and complex batt le for  life should occur  in the 
course of m a n y  generations," and it was  virtually indubitable 
that  "individuals hav ing  any advantage,  however  slight, over 
others would have  the best  chance  of surviving and procreat ing 
their  kind." This  preservat ion of favorable  var ia t ions  and the 
allied destruct ion of injurious ones, Darwin  called '~Natural 
Selection" or the "Survival  of the Fittest." 1 

Because var ia t ion was inherited, i t  followed that  the nex t  
generat ion,  composed disproport ionately of the offspring of 
parents  bear ing "useful" variat ions,  would differ f rom the one 
tha t  preceded it. At successive reproduct ions new var ia t ions  
would be fo rmed and would enter  into the competi t ion for 
survival  and t ransmission.  The net  effect would be that ,  over 
a period of time, a considerable degree of change would be 
produced, yielding the emergence  of a new species. 

1. Cha r l e s  D a r w i n ,  The Origin of Species, a Variorum Text ,  ed. Morse 
P e c k h a m  (Ph i l ade l ph i a ,  1959), p. 164, s e n t e n c e  13. 
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When  first formulat ing his theory, Darwin had inclined to 
the view that  it was the marked  and rare single variations that  
were evolutionary significant. 2 New species, he had conjec- 
tured, would be formed by the accumulat ion by na tura l  selec- 
tion of these infrequent  variations. But later,  not ing that  
such variat ions often lacked adaptive qualities, and seeing that,  
given random mating,  they would soon be "swamped" by cross- 
ing with the more common normal  forms,  he turned increas- 
ingly to the view that  new species were formed by the accumu- 
lation, by na tura l  selection, of a much  greater number  of 
individual differences. In this latter view, the uni t  of evolu- 
t ionary change was the whole population. These populations 
would present  numerous  individual differences for na tura l  se- 
lection to operate upon, would be kept un i form by the inter- 
crossing of their  members ,  and would show a slow and inter- 
mi t tent  but  never  discontinuous change, which,  said Darwin, 
"accords perfectly well with wha t  geology tells us of the rate 
and m a n n e r  at which the inhabi tants  of this world have 
changed." 3 

The reject ion of all forms of saltative variat ion was com- 
pleted in the fifth edition of the Origin of Species (1869) ,  where 
Darwin showed the extent  to which he had moved toward a 
view of evolution as due to the natura l  selection of the individual 
differences borne by the members  of an intererossing popula- 
tion, by introducing the example of a bird which would be 
able to procure its food more easily if, counterfactually,  it  
were to have a curved beak. If  a single discontinuous var iant  
were born  having a very strongly curved beak, then it  would 
flourish, but  "there would be a very poor chance of this one 
individual perpetuat ing its kind to the exclusion of the common 
form." On the other  hand,  the format ion  of a whole race of 
birds with curved beaks would follow f rom "the preservat ion 
during ma ny  generations of a large number  of individuals 
with more or less strongly curved beaks, and f rom the destruc- 
tion of a still larger number  with the straightest beaks." 

It  is noteworthy that  Darwin's dismissal of saltative variat ion 
depended only part ly on his acceptance of a blending theory 
of inheri tance,  with its consequent  swamping of rare  variations. 
For  he felt  strongly that  each species was beautiful ly suited to 

2. C. Darwin and A. R. Wallace, Evolut ion by Natural  Selection (Cam- 
bridge, 1958). See the "Sketch of 1842." 

3. Daxwin, The  Origin of S~ecies, p. 202, sentence 227. 
4. Ibid., p. 178, sentence 95.11.e. 
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its env i ronment  and tha t  this snugness  of fit was  comprehen-  
sible on the supposit ion tha t  species had  been produced by 
the accumulat ion ,  by na tu ra l  selection, of innumerab le  small  
variat ions,  "each good for  the original possessor," but  tha t  it 
would be incomprehensible  if  it were supposed that  new spe- 
cies were produced by the addit ion of a smal ler  n u m b e r  of  
very marked  single variat ions.  The advocate of  evolut ionary 
discontinuity was censured with the point  tha t  

He will fu r the r  be compelled to believe tha t  m a n y  structures  
beaut i ful ly  adapted  to all the other  par ts  of the same crea- 
ture and  to the surrounding conditions, have  been suddenly 
produced:  and of such complex and wonderful  co-adapta- 
tions, he will not  be able to assign a shadow of explanat ion 
• . . To admi t  all this is, as it  seems to me,  to enter  into 
the rea lms  of miracle ,  and to leave those of  science. 5 

With  these points in mind,  it is wor th  r emember ing  tha t  
Darwin 's  class of individual  differences appears  to have  in- 
cluded all those var ia t ions  which observers would agree to call 
slight. Let us take the hypothet ical  example  of a m a m m a l  
having  a nonprehensi le  tail which is never  used as an aid to 
climbing. Then,  for  Darwin,  both  var ia t ions  in the length of 
the t a i l - - w h i c h  we migh t  suppose to be normal ly  distr ibuted 
about  some populat ion m e a n - - a n d  the appearance  of an  in- 
dividual showing a slight tendency to use its tail as an  aid 
while c l i m b i n g - - w h i c h  migh t  be regarded as a first step in the 
evolution of a prehensile t a i lmwou ld  be looked upon  as exam-  
ples of individual  differences. 

The problem which Darwin  did not  discuss fully was tha t  
of whether  or not  small  variat ions,  other than  in the weight  
or length of organs,  which introduced some novelty into the 
s i tuat ion (as  in the case of the m a m m a l  which used its tail)  
were sufficiently com m on  for his evolut ionary scheme with  
its emphas is  on populat ion-uniformity  ma in ta ined  by a blend- 
ing heredity 6 to be a credible explanat ion of the origin of spe- 
cies. 

In  summary ,  then, Darwin 's  theory had  two interlocking 
parts .  The first said tha t  all modern  species had  been derived 

5. Ibid. ,  p. 267,  s e n t e n c e  382.65.0.50.369.  
6. D a r w i n ' s  c h a n g e s  of  v i ew  o n  t h e  m a t t e r  o f  w h i c h  f o r m s  of  v a r i a t i o n  

w e r e  evo lu t iona r i l y  s ign i f i can t  a n d  h i s  r e a c t i o n s  to h i s  cr i t ics  a re  wel l  d e a l t  
w i t h  i n  Pe te r  V o r z i m m e r ,  " C h a r l e s  D a r w i n  a n d  B l e n d i n g  I n h e r i t a n c e , "  
Isis, 54 (1963),  371 -390 .  
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f rom a smaller number  of ancient species in a process of 
descent ~ with modification. The second said that  all modifica- 
tions in descent, or nearly all ( for  Darwin recognized evolu- 
t ionary mechanisms  other than  natural  selection), were pro- 
duced in a part icular  way:  that  is, by the natural  selection of 
innumerable  slight, advantageous variations. 

Darwin believed that  ancient forms had given rise to modern 
ones in a process of slow and never discontinuous modification 
of whole populations, each kept uni form by the intercrossing 
of its members.  He held, in effect, that, as a mat ter  of historical 
fact,  death rates in nature had on occasions been selective in 
respect  of dif ferent types of individual difference; e.g., in re- 
spect of longer or shorter legs. And also that  mos t  population 
changes f rom generation to generation were explicable by the 
laws of  heredity and variation 7 taken in conjunct ion wi th  "~n- 
itial condition" s ta tements  wh ich  described these selective 
death rates. 

Clearly, then, the theory included the following two asser- 
tions. (1 )  that, in nature,  death rates were often selective in 
respect of the different types of individual differences mani-  
fested by the members  of populations; (2 )  that  "single varia- 
tions" were evolutionary inconsequential.  Therefore, to demon- 
strate in some part icular  and unesoteric case that different 
types of individual differences did significantly affect their 
bearers '  chances of surviving to reproduce would lend support 
to Darwin's  view. But, either to show on the basis of a theory 
of heredity that  individual differences could not  play a sig- 
nificant evolutionary role, or to demonstrate  that  in certain 
cases "single variations" had been the cause of evolutionary 
change,  would be to exhibit the need for reformulat ion of Dar- 
win's theory. 

By 1892, the year  in which Galton published the second edi- 
tion of his Hereditary Genius, s considerable opposition had de- 
veloped to the idea that  evolutionary advance was due primarily 
to the natural  selection of individual differences. Fleeming- 
Jenkin, in 1867 ( among  other criticisms of Darwin's  ideas) ,  
had argued that, as a mat ter  of observable fact, there were 
rapidly discovered upper limits to the degree of change which 
could be produced by the selection of individual differences 
---because it appeared that  increasingly "improved" forms were 

7. Not explicable in the sense of being strictly predictable, for one of the 
central points about variation seemed to be that one could not tell in ad- 
vance what new features might be produced. 

8. Francis Galton, Hereditary Genius, 2rid. ed. (London, 1892). 
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increasingly likely to produce only offspring which varied in 
the direction of less ra ther  than  more "improvement."  

Although many  domestic animals and plants are highly vari- 
able there appears to be a limit to their variat ion in any 
one direction. This limit is shown by the fac t  that  new points 
are at first rapidly gained, but  af terwards more slowly, while 
finally no fur ther  perceptible change can be effected. 9 

Hugo DeVries, in his 1889 work IntraceUuIar Pangenesis,  lo 
had formulated his distinction between variat ion due to changes 
in the number  of pangens of a par t icular  type ("fluctuating 
variability," which included normally distributed var ia t ions)  
and variat ion due to the sudden creation of a new type of 
pangen ("muta t ion") .  The latter,  he wrote, was the only type 
of variat ion which could produce true evolutionary change, 
because it  was the only form of variat ion whose continuat ion 
was independent  of the nutr i t ional  conditions of life. Francis  
Galton, using his "quantum" notion of alternative positions of 
stability 11 (i.e., the notion that  only certain forms were inher- 
ently stable, and the intermediate  f o r m s - - s u c h  as might  be 
produced by the selection of normally distributed variations 
- -wou ld ,  in a few generations,  revert  to one stable position or 
another )  and misinterpret ing his own discoveries in regression 
(see below),  had argued that  evolution could occur only through 
the emergence of "sports." 12 

However,  before the appearance of Weldon's report  to the 
Evolution Committee of the Royal Society in 1895, there were, 
so fa r  as I have been able to ascertain, no published at tempts 
to defend Darwin's thesis by demonstra t ing that,  in nature ,  
different grades of individual differences did material ly affect 
their  bearers '  chances of surviving to reproduce. 

It  seems odd that  the study of death  rates should have to 

9. Fleeming-Jenkin, "The Origin of Species," North  British Review, 46, 
(1867), 285. Jenkin also criticized the notion of evolution having been 
brought about by the emergence of "'sports." For, believing in  a blending 
theory of heredity, he was able to argue that  any novelty of feature would 
soon be "swamped" by crossing with normal  forms. 

10. Hugo De Vries, Intracellulare Pangenesis (Jena, 1889), trans. C. S. 
Gager as Intracellular Pangenesis (Chicago, 1910). 

11. Francis  Galton, Natural  Inheri tance (London, 1889), pp. 18-34. 
Galton's presentat ion of these ideas is discussed in  J. S. Wilkie, "Galton's 
Contribution to the Theory of Evolution, with Special Reference to His Use  
of Models and Metaphors," Annals  of  Sclence, I1 (1955), 194-205. 

12. Galton, Hereditary Genius, "Prefatory Chapter to the Edition of 
1892." 
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await the 1890's and the coming of Weldon. Why, one is forced 
to ask, did attempts to confirm one of Darwin's leading hy- 
potheses have to wait until nearly 40 years after the publica- 
tion of the Origin? Apart from the effect of the publication 
of Bateson's Materials for the Study of Variation in 1894,13 
which argued that the natural selection of individual differ- 
ences could not account for specific differences and which of- 
fered a detailed catalogue of examples of naturally occurring 
discontinuous variations, there appear to have been at least 
three reasons for this delay. First, there is the biological spirit 
of the times which (in England, at any rate) was not encourag- 
ing to Weldon's and Bateson's type of work, G. S. Carter, in 
his A Hundred Years of Evolution, 14 shows that, particularly 
in the case of zoology, the dominating academic interest of 
the later nineteenth century was with phylogenetic morphology. 
This he explains in terms of a long-standing morphological 
tradition in England and a natur-philosophie tradition in Ger- 
many. Secondly, there is the matter of methodology (see n. 
53). In a period in which biologists were not noted for method- 
ological awareness, Weldon consciously promoted a phenom- 
enalistic philosophy of science. This stimulated him to seek 
out the observational content of Darwin's claims and to put 
these claims to empirical test. Thirdly, there is the matter of 
technical difficulty. To show that different grades of individual 
differences were associated with differing chances of surviving 
to reproduce was an extremely difficult matter, both technically 
and mathematically. Weldon was in a favorable position to 
overcome these difficulties. He was not only clever and hard- 
working, but had also read and understood the mathematics 
used by Galton (who had trained as a mathematician) 15 in his 
1889 anthropometric work Natural Inheritance, and when he 

13. Wi l l i am Bateson,  Materials for the Study of Variation, Treated wi th  
Especial Regard to Discont inui ty  in  The Origin of Species (London, 1894). 

14. G. S. Carter, A Hundred Years of  Evolut ion (London, 1958), pp. 78 -  
92. Quoting f ro m B. Bateson,  Wil l iam Bateson F.R.S. (Cambridge,  1928), 
p. 42, Carter i l lustrates  his  point  by showing tha t  Bateson found  it  difficult 
to obta in  p e r m a n e n t  employmen t  because  he  had gone "too fa r  afield" f rom 
morphological  work. Weldon,  before moving  to London in  1891, h a d  been a 
Cambridge lecturer  in  inver tebrate  morphology. 

15. See F. Gaiton, Memories of My Life (London, 1909), chap.  5. Weldon 's  
first paper  on selection incorporated ideas ra ther  s imilar  to those conta ined 
in  the section on "Natura l  Selection" i n  Galton's Natural  Inheri tance,  
pp. 119-124. It  should be noted tha t  Galton's p r imary  in teres t  was  wi th  
anthropology, not  wi th  biology, and  tha t  he  a lways operated as  a private 
citizen, never  as the holder of an  academic post. 
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subsequently applied Galton's techniques to purely biological 
problems he became a skilled statistician, striking up useful 
and inspiring friendships with Galton and with Karl Pearson, 
mathemat ic ian  at University College London. 16 

FIRST DEVELOPMENTS 

The first mathemat ica l  studies of individual differences were 
carried out by Francis Galton, who, as a prelude to eugenic 
propagandizing, at tempted to find laws which governed the 
inheritance of such normally distributed variations as the devia- 
tions in h u m a n  height f rom the mean  height  of a race. Galton 
believed that  whatever  could be shown for stature would hold 
also for intelligence. 

He found that, in respect of stature, sons regressed linearly 
on their fathers with a regression coefficient of I/3--i.e., he 
found that  for all fathers  whose deviation ( f rom the paternal  
m e a n )  was x ins., the mean  corresponding filial deviate ( f rom 
the filial m e a n )  was 1/3x ins. 17 And he interpreted this regres- 
sion as being not simply to the filial m e a n  (which in the case 
he studied was the same as the paternal  mean ) ,  but  to a con-  

s t a n t  rac ia l  m e a n  is or, as Pearson was later to put  it, a 
constant  focus of regression. At the same time however, Galton 
also derived (invalidly) 19 a law of ancestral heredity20 which 
had the following paradoxical  quality. As first derived, the law 
stated that  the most  probable value of a child's deviate was 
equal to the sum of half  the deviate of his mid-parent  ( an  
imaginary  individual having, for example, a height equal to 
half  the sum of the paternal  and adjusted maternal  heights)  
plus a quarter  of the deviate of his mid-grandparent ,  plus an 
eighth of the deviate of his mid great-grandparent,  and so on. 

16. Karl Pearson, "Walter Frank Raphael Weldon 1860-1906," Bio- 
rnetrika 5 (1906), 1-52, esp. pp. 17-19. This memoir is the only biography 
of Weldon. Pearson explains Weldon's adoption of biometric methods as 
partly due to the fact that, shortly before reading Natural Inheritance, he 
was working on morphological problems involving the idea of correlation. 

17. Galton, Natural Inheritance, pp. 95-100. 
18. F. Galton, letter to Nature, 55 (1897), 605. 
19. The invalidity is compound. Galton wrongly assumed that regression 

coefficients could be multiplied together, a false assumption discussed in 
Karl Pearson, The Life, Letters and Labours of Francis Galton (Cambridge, 
1914-1930), pp. ilia, 23-24. But, after this, his reasoning is invalid. This, 
and the relation between his statistical and physiological theories of 
heredity, are clearly discussed in R. G. Swinburne, "Galton's L a w - -  
Formulation and Development," Annals of Science, 21 (1965), 15-31. 

20. Galton, Natural Inheritance, pp. 134-137. 
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But,  as  a p p l i e d  b y  Ga l ton ,  t he  l a w  w a s  i n t e r p r e t e d  as  de n l i ng  
e x c l u s i v e l y  w i t h  d i s c o n t i n u o u s  a t t r i bu t e s .  F o r  e x a m p l e ,  h e  w a s  
ab le  to s h o w  t h a t  t he  c o m p o s i t i o n  of  l i t t e r s  of  b a s s e t  h o u n d s  21 
( d o g s  w h i c h ,  as  r e g a r d s  coa t  color ,  a l w a y s  f a l l  i n to  one  or  the  
o t h e r  of  two d i s t i n c t  c lasses ,  n a m e l y  " t r icolor"  a n d  " l e m o n  
a n d  w h i t e " )  cou ld  be  r e a s o n a b l y  a c c u r a t e l y  p r e d i c t e d  b y  as- 
s u m i n g  t h a t  a q u a r t e r  of  the  p u p p i e s  w o u l d  t a k e  a f t e r  t he  
m o t h e r ,  a q u a r t e r  a f t e r  t he  f a t h e r ,  t h a n  a n  e i g h t h  w o u l d  re-  
s e m b l e  e a c h  g r a n d p a r e n t ,  a s i x t e e n t h  e a c h  g r e a t  g r a n d p a r e n t ,  
a n d  so on. 

F a i l i n g  to a p p r e c i a t e  the  c o n s e q u e n c e s  of  the  a p p l i c a t i o n  of  
h i s  l a w  of  a n c e s t r a l  h e r e d i t y  to c o n t i n u o u s  v a r i a t i o n ,  G a l t o n  
w a s  ab le  to offer  s o m e  sc ien t i f ic  s u p p o r t  fo r  t he  p r o p o s i t i o n  
t h a t  evo lu t i on  p r o c e e d e d  by  the  s u d d e n  e m e r g e n c e  o f  m a r k e d l y  
v a r i a n t  i n d i v i d u a l s m " s p o r t s " - - w h o s e  o f f sp r ing  r e g r e s s e d  n o t  
to t he  old  r a c i a l  m e a n ,  b u t  to a n e w  focus  of  r e g r e s s i o n  de f ined  
b y  the  v a r i a n t  p a r e n t .  I n  o t h e r  words ,  these  spor t s  w o u l d  ac t  
as  n e w  r a c i a l  cen te r s .  22 I n  e x t r e m e  cases  t h e y  we re  the  f o u n d e r  
m e m b e r s  of  n e w  va r i e t i e s ,  p r o d u c e d  al l  of  a s u d d e n ,  w i t h o u t  
bene f i t  of  the  a e o n - c o n s u m i n g  g r a d u a l  a c c u m u l a t i o n  of  in-  
d i v i d u a l  d i f f e r ences  pos i t ed  by  D a r w i n .  Ga l ton  gave  l i t t l e  b y  
w a y  of  e x a m p l e  o f  s u c h  spor t s ,  f e e l i ng  p e r h a p s  t h a t  t h e i r  ex-  
i s t ence  w a s  t h e o r e t i c a l l y  n e c e s s a r y .  

T h e  s u p p o r t  fo r  G a l t o n ' s  thes i s  l ay  in  h i s  o b s e r v a t i o n  t h a t  
t he  coeff ic ients  fo r  the  r e g r e s s i o n  of  son  on  p a r e n t  a n d  fo r  t he  
r e g r e s s i o n  of  son  on  m i d - p a r e n t  ( c a l l  the  l a t t e r  b )  we re  b o t h  
l ess  t h a n  un i ty .  I t  fo l lowed ,  he  a rgued ,  t h a t  i f  a l i v ing  f o r m  
were  to be  so i m p r o v e d  b y  n a t u r a l  s e l ec t ion  t h a t  i t  c a m e  to 
h a v e  say ,  a h e i g h t  w h i c h  d e v i a t e d  f r o m  the  o r i g i n a l  r a c i a l  
m e a n  h e i g h t  by  z ins . ,  then this improvement  could not be 
maintained independently of continued selection.For, ff selec-  

21. F. Galton, "The Average Contribution of Each Several Ancestor to 
t h e  Total Heritage of the Offspring," PToe. Roy. Soc., 61 (1897), 401-413. 
Why Gaiton felt able to apply his law to discontinuous attributes when he 
had "derived" i t  from data for stature is a puzzling matter. Swinburne 
concluded that Galton's law was in fact derived from his physiological 
theory (see e.g., Natural Inheritance, 7-14, 192-198) and was "'merely 
tested later against the painfully accumulated data." This supposition 
would certainly explain Galton's amazing extrapolation if we further as-  
s u m e d  that he regarded discontinuous attributes as controlled by t h e  
development of a single hereditary particle (or linked group), and con- 
tinuously varying dimensions as controlled by a large number of inde- 
pendent particles, with the individual particles following the same 
inheritance pattern in each case. 

22. Galton, Hereditary Genius, p. xvii. 
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tion were to be completely relaxed, and inbreeding commenced,  
then successive generations of posterity would show mean  
deviates of (b~)z  ins., where i is the number  of reproductions 
which have occurred since the relaxation of selection. 28 Since 
b was less than one, argued Galton, it followed that  the effect 
of the selection of extreme values of individual differences 
could never become independent of continued selection. This 
result would follow only f rom the spontaneous emergence of 
a sport. 

However, as Pearson was able to show in 189524 and in 
1898, 2n Galton's a rgument  could hold true only ff the coeffi- 
cients for the correlation of a child with its father,  its grand- 
father,  its great grandfather,  and so on, ran  as r, r 2, r s, etc. 
If  they did so, then it followed that the law of ancestral her- 
edity was false. But, ff these correlations ran  as 0.3, 0.15, 
0.075, etc., figures which approximated quite well to the values 
found by Pearson in his investigations of the inheritance of 
stature, then the law of ancestral heredity, as stated in its 
application to continuously varying characters,  would be cor- 
rect. 26 This law, wrote Pearson, pointing out consequences 
which Galton had not noticed, implied that  after the relaxation 
of selection and the commencement  of inbreeding, there would 
be no fur ther  regression after the first reproduction. 27 Hence 
it transpired that, at least among those biologists who under- 
stood the mult inormal  probability distribution that  underlay 
Pearson's work (a  small group that  included Weldon, but  not 
Bateson),  Galton's arguments  for the necessity of discontinu- 
ous evolution were correctly evaluated as being invalid. 

It  is one of the curiosities of the history of science that, 
while Galton's views were often employed to support the notion 
that  evolution occurred in a series of discontinuous jumps- - see ,  
e.g., the works of Bateson and De Vries2S--his statistical 
techniques inspired W. F. R. Weldon (Professor of Zoology at 
University College London)  and Karl Pearson (Professor of 

23. Galton, letter to Nature, 1897. 
24. Karl Pearson, "Regression, Heredity and Panmixia," Phil. Trans. 

Roy. Soc., 197.,4 (1896), 253--318. 
25. Karl Pearson, "Mathematical Contributions to the Theory of Evolu- 

tion. On the Law of Ancestral Heredity," Proc. Roy. Sot., 82 (1898), 386- 
412. For a detailed account of Pearson's work see my 1970 M.Phil. thesis, 
Theories of Evolution of the Biometric School (University of London). 

26. Ibid., p. 396. 
27. Ibid., p. 401. 
28. Hugo De Vries, T h e  Muta t ion  Theory (Chicago, 1910),~pp. i, 104. 
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Applied Mathematics) with the idea of creating a new, mathe- 
matically based, and positivistically orientated evolutionary 
biology. These men, with their helpers, became known as the 
biometricians, and, seeing themselves as Darwin's true scien- 
tific heirs, adopted his doctrine of evolutionary continuity due 
to the natural selection of innumerable individual differences, 
each good for the original possessor. The flavor of their ap- 
proach is well transmitted by the following statement of prob- 
lems made by Weldon in 1893 and later described by Pearson 
as having "formulated the fundamental principles of biome- 
t r y .  ~, 2 9  

It cannot be too strongly urged that the problem of animal 
evolution is essentially a statistical problem: that before we 
can properly estimate the changes at present going on in a 
race of species, we must know accurately (a)  the percentage 
of animals which exhibit a given amount of abnormality 
with regard to a particular character; (b)  the degree of ab- 
normality of other organs which accompanies a given ab- 
normality of one; (c)  the difference between the death rate 
per cent. in animals of different degrees of abnormality 
with respect to any organ (d)  the abnormality of offspring 
in terms of the abnormality of parents and v i c e  v e r s a .  These 
are all questions of arithmetic; and when we know the 
numerical answers to these questions for a number of species 
we shall know the deviation and the rate of change in these 
species at the present d a y - - a  knowledge which is the only 
legitimate basis for speculations as to their past history, 
and future fate. 30 
Insofar as the biometricians divided their labor, Pearson 

devoted himself to formulating theories of heredity, whereas 
Weldon, by undertaking investigations of death rates in nature, 
attempted to demonstrate that evolution really did proceed in 
the manner  Darwin had suggested, namely, by the natural se- 
lection of innumerable small individual differences. 

r 

THE IDEAS OF WILLIAM BATESON 

To understand Weldon's work it is necessary to appreciate 
his intellectual orientation. It seems probable, although no 
readily available documents testify to this directly, that he at- 

29. Pearson, "Walter Frank Raphael VCeldon," 19. 
30. W. F. R. Weldon, "On Certain Correlated Variations in Carcinus 

raoenas," Proc. Roy. Soe., 54 (1893), 329. 
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t a c h e d  c o n s i d e r a b l e  p h i l o s o p h i c a l  i m p o r t a n c e  to D a r w i n ' s  thes i s ,  
w i t h  i t s  d o c t r i n e  of  s low p r o g r e s s  a c h i e v e d  by  n e v e r - e n d i n g  
s t rugg le .  Th i s  m a y  be  c o n j e c t u r e d  f r o m  h i s  hos t i l i t y  to s c h e m e s  
of  evo lu t i on  by  d i s c o n t i n u o u s  v a r i a t i o n ,  in  w h i c h  p r o g r e s s  is  
the  u n d e s e r v e d  o u t c o m e  of  c h a n c e ,  a n d  w h e r e  s t rugg le  is  the  
c o n s e q u e n c e  of  e v o l u t i o n a r y  a d v a n c e  ( i .e . ,  s t rugg le  b e t w e e n  
new,  d i s c o n t i n u o u s l y  f o r m e d  va r i e t i e s  a n d  e x i s t i n g  f o r m s )  
r a t h e r  t h a n  i ts  cause ,  a n d  a lso  f r o m  the  soc io log ica l  w r i t i n g s  
of  h is  g r e a t  f r i e n d  P e a r s o n ,  w i t h  w h o m  he  a p p e a r s  to h a v e  
b e e n  deep ly  s y m p a t h e t i c .  F o r  e x a m p l e ,  in  1884, P e a r s o n  w a s  
to be  f o u n d  a d d r e s s i n g  a n  a u d i e n c e  of  w o r k i n g  m e n ,  a n d  t e l l ing  
t h e m :  "You m a y  a c c e p t  i t  as  a p r i m a r y  l a w  of  h i s to ry ,  t h a t  
no  g r e a t  c h a n g e  ever  occur s  w i t h  a l eap ;  no  g r e a t  soc ia l  r econ-  
s t r u c t i o n  w h i c h  wi l l  eve r  benef i t  a n y  c lass  of  the  c o m m u n i t y  
is  eve r  b r o u g h t  a b o u t  by  a r evo lu t ion .  I t  is  the  r e s u l t  of  a 
g r a d u a l  g rowth ,  a p rog re s s ive  c h a n g e ,  w h i c h  w e  t e r m  a n  evolu-  
t ion.  Th i s  is  as  m u c h  a l a w  of  h i s t o ry  as  of  n a t u r e . "  81 Th i s  
a p p e a r s  to i n d i c a t e  t h a t  P e a r s o n  w a s  po l i t i ca l ly  a t t a c h e d  to 
D a r w i n ' s  e v o l u t i o n a r y  g r a d u a l i s m .  To a c c e p t  the  poss ib i l i t y  
of  evo lu t i on  b y  spor ts ,  one  m i g h t  suppose ,  w a s  to a d m i t  w h a t  
h e  d id  n o t  w i s h  to a d m i t - - t h a t  t he re  w a s  no  n a t u r a l  s a n c t i o n  
a g a i n s t  s u c c e s s f u l  r evo lu t ions .  

Th i s  w a s  the  poss ib i l i t y  w h i c h  W i l l i a m  Bateson ,  W e l d o n ' s  
f o r m e r  f r i e n d  a n d  pup i l ,  open ly  a d v o c a t e d  i n  1894 in  h is  
Materials for the Study of Variation treated w i th  especial re- 
gard to discontinui ty  in the origin of  species. 32 I n  th i s  work ,  
Ba teson ,  w h o  w a s  the  m o s t  ab le  of  the  a d v o c a t e s  of  evolu-  
t i o n a r y  d i s c o n t i n u i t y ,  p r e s e n t e d  s eve ra l  s t r o n g  ob j ec t i ons  to 
D a r w i n ' s  v iews  a n d  p r e s e n t e d  ev idence  which ,  he  hoped ,  w o u l d  
p rov ide  the  bas i s  fo r  a n e w  theo ry  of  evo lu t ion  by  d i s c o n t i n u o u s  
leaps .  I n  h i s  w r i t i n g s ,  W e l d o n  s e e m s  a l w a y s  to h a v e  in  v iew,  
as  a goal ,  the  r e f u t a t i o n  of  Ba te son ' s  a r g u m e n t s .  3z 

31. Karl Pearson, The Ethic of Freethought (London, 1887), lo. 320. 
32. Bateson, Materials for the Study of Variation. A good account of 

Bateson's pre-Mendelian work is given in chapter one of E. A. Carlson, The 
Gene:  A Critical History (London, 1966). See also W. Coleman, "Bateson 
and Chromosomes: Conservative Thought in Science," Centaurus, 15 (1970), 
228-314. Coleman is concerned primarily to explain Bateson's opposition to 
the ehromosome theory, but in so doing gives an account of the develop- 
ment of Bateson's thought patterns. 

33. Before his move to University College London in 1891 Weldon had 
been lecturer in invertebrate morphology at Bateson's Cambridge college, 
St. John's, and, according to Mrs. Bateson, was at the time Bateson's "most 
intimate friend." Weldon was instrumental in securing a grant for Bateson 
to study at the Chesapeake Bay Zoology Station under W. K. Brooks. Brooks, 

294  



B i o m e t r i c  D e f e n s e  of  D a r w i n i s m  

B a t e s o n  h a d  th ree  m a i n  ob j ec t i ons  to D a r w i n ' s  d o c t r i n e  of  
e v o l u t i o n a r y  cont inui ty84 ( i .e : ,  the  d o c t r i n e  t h a t  n e w  spec ies  
d id  n o t  s u d d e n l y  a p p e a r ,  b u t  we re  s lowly  b u t t  u p  by  the  n a t u r a l  
s e l ec t ion  of  i n d i v i d u a l  d i f f e r ences  over  m a n y  g e n e r a t i o n s ) .  
F i r s t l y ,  he  a r g u e d  t h a t  i t  w a s  a n  obse rvab le  f a c t  t h a t  spec ies  
cou ld  on ly  be  a r r a n g e d  in  a d i s c o n t i n u o u s  se r ies  a n d  cou ld  n o t  
be  a r r a n g e d  so as  to f o r m  a c o n t i n u o u s  one.  Spec ies ,  he  sa id ,  
d id  n o t  m e r g e  w i t h  t he i r  p h y l o g e n e t i c  n e i g h b o r s ;  t he re  w e r e  
m a r k e d  in t e r spec i f i c  d i f fe rences .  Th i s  w a s  h e l d  to be  i ncon -  
s i s t en t  w i t h  D a r w i n ' s  theory ,  w h i c h ,  p r e s u m a b l y  b e c a u s e  of  
i ts  e m p h a s i s  o n  c o n t i n u i t y ,  B a t e s o n  i n t e r p r e t e d  as  a s s e r t i n g  
t h a t  "specif ic  d ive r s i t y  of  f o r m  is  c o n s e q u e n t  u p o n  d ive r s i t y  
of  e n v i r o n m e n t ,  a n d  d ive r s i t y  of  e n v i r o n m e n t  is  t hus  the  u l t i -  
m a t e  m e a s u r e  o f  specif ic  f o rm . "  For ,  ff th is  w a s  the  co r r ec t  
v iew,  h o w  cou ld  i t  be  t h a t  w h i l e  d ive r se  e n v i r o n m e n t s  o f t e n  
s h a d e d  in to  e a c h  o t h e r  i n s e n s i b l y ,  f o r m i n g  a c o n t i n u o u s  ser ies ,  
t he  spec ies  w h i c h  we re  s u b j e c t  to t h e m  u s u a l l y  f o r m e d  a dis-  
c o n t i n u o u s  se r ies?  T e m p e r a t u r e ,  a l t i t ude ,  a n d  d e p t h  of  w a t e r ,  
h e  obse rved ,  we re  " c o n t i n u o u s  i n  t h e i r  g r a d a t i o n s ,  wh i l e  as  a 
ru l e  the  f o r m s  of  l i fe  a re  d i s c o n t i n u o u s . "  

I n  f a i r n e s s  to D a r w i n ,  i t  s h o u l d  be  p o i n t e d  ou t  t h a t  in  t he  
Origin he  h a d  d i s c u s s e d  a n  o b j e c t i o n  to h i s  t h e o r y  w h i c h  w a s  
ve ry  s i m i l a r  to B a t e s o n ' s :  "why,  i f  spec ies  h a v e  d e s c e n d e d  f r o m  
o the r  spec ies  b y  fine g r a d a t i o n s ,  do w e  n o t  e v e r y w h e r e  see 
i n n u m e r a b l e  t r a n s i t i o n a l  f o r m s ?  W h y  is  n o t  a l l  n a t u r e  in  con-  
fu s ion ,  i n s t e a d  of  the  spec ies  be ing ,  as  we  see t h e m ,  we l l  de-  
f i ned?"  85 B a t e s o n  d id  n o t  d i s cus s  D a r w i n ' s  so lu t i on  to th i s  
p r o b l e m ,  b u t  s u g g e s t e d  t h a t  the  d i s c o n t i n u i t y  obse rva b l e  i n  
n a t u r e  m i g h t  be  " in  t he  l i v ing  t h i n g  i t se l f" ;  t h a t  is  to say,  a 
r e f l ec t ion  of  t he  t rue  n a t u r e  of  s p e c i e s - f o r m i n g  va r i a t i on .  

Second ly ,  B a t e s o n  a r g u e d  t h a t  the  c h a r a c t e r s  w h i c h  v i s ib ly  

unlike Weldon, was not committed to the evolutionary insignificance of 
discontinuous variation, and it appears to have been during his American 
period that Bateson formulated his notions of evolutionary discontinuity. 
(See W. Bateson and others, "William Keith Brooks. A Sketch of His Life 
by Some of His Former Pupils and Associates," J. Exp. ZooL, 9 [1910], 
1-52.) Bateson's adoption of new ideas led to a rift with Weldon, for Mrs. 
Bateson records that "'extreme divergence of their views undermined this 
friendship which later dissolved in bitterness." Weldon certainly studied all 
that Bateson wrote, as instanced by his unfavorable review of the Materials 
in Nature, 50 (1894), 25-26. It is interesting to note that Galton wrote 
favorably of Bateson's work in his "'Discontinuity in Evolution," Mind, 
n.s., 3 (1894), 362-372. 

34. Bateson, Materials for the Study of Variation, pp. 1-17. 
35. Darwin, The Origin of Species, p. 321, sentences 6-7. 

295 



B . J .  NORTON 

differentiated species were not  as a rule "capi tal  fac ts  in the 
const i tut ion of vital  organs,"  but,  more  often than  not, were 
"just  those fea tures  which  seem to us useless and trivial, such 
as the pa t te rns  of scales, the details of sculpture on chit in or 
shells, differences in n u m b e r  of hairs  or spines, differences 
between the sexual  prehensi le  organs  and so forth." The force 
of this point  was  tha t  it seemed impossible tha t  these differ- 
ences could have  been produced,  as Darwin  suggested, gradu- 
ally, by the "accumula t ion  of innumerab le  slight variat ions,  
each  good for  the original possessor." For, in these cases, there 
seemed little reason for  supposing tha t  a species had  a bet ter  
chance  of survival,  under  any envi ronment ,  t han  did its phylo- 
genetic parent .  

Bateson's  third objection to the theory of evolutionary con- 
t inuity was based on the supposed imperfect ion of incipient  
structures.  Although it seemed fairly obvious tha t  m a n y  or- 
gans  were useful  to their bearers  when  in a perfected state, i t  
was  hard  to see how these could have  been of any advantage  
while in the incipient  stages they had  passed through if  they 
really had  been produced by the accumulat ion ,  by na tura l  se- 
lection, of individual  differences. 

Darwin  had,  in  fact ,  considered and replied to all of these 
objections to his thesis of evolut ionary continuity.  But Bateson 
did not  discuss these replies, and suggested tha t  the problems 
he had  raised migh t  be easily disposed of if  one supposed tha t  
"the discontinuity of species results f rom the discontinuity of 
variat ion." In  support  of this hypothesis  he presented,  in the 
Materials, a collection of records of cases of wha t  he te rmed 
"discontinuous variat ion."  This  act  of collection dist inguished 
Bateson f rom other sceptics. In  practice,  a "discontinuous vari-  
ation" was a rare  and noticeable deviation f r o m  the appropr ia te  
no rma l  f o r m - - B a t e s o n ,  in 1894, m ak i ng  no a t t empt  to equate 
these var ia t ions  wi th  the sudden product ion of a new type of 
genetic element.  

There  is no need here  to elaborate  upon Bateson's  classifi- 
cat ion of discontinuous var ia t ions  into meristic variations (i.e., 
var ia t ions  in the symmet ry  of creatures,  or in the n u m b e r  of 
their  repeated  pa r t s )  and substantive variations, which were 
var ia t ions  in the actual  const i tut ion or substance of the par ts  
themselves.  But it was  certainly the case tha t  some of the 
var ia t ions he found,  such as the four-jointed tarsus of Blatta 
americana, se and the tulip hav ing  its flower par ts  in mult iples  

36. Bateson, Materials for the Study of Variation, p. 63. 
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of four  ra ther  t han  of three, 37 did suggest  the sort  of perfec- 
tion which Darwin  had  been inclined to at tr ibute to the effect 
of long-continued selection. 

In  the concluding section of the Materials, Bateson s u m m e d  
up his position. He did not  suggest  that  any  of his examples  
were more  than  "such as go to the building of specific differ- 
ences," but  argued tha t  the existence of "sudden and discon- 
t inuous variat ion,"  the sudden appearance  of va r i an t  fo rms  
exhibi t ing the kind of perfect ion of s t ructure  which  Darwin  
had  invoked evolut ionary cont inui ty to explain,  "disposes once 
and for  all of the a t t empt  to in terpret  all perfect ion and definite- 
ness  as the work  of selection." His view, one supposes,  was,  
that  as a rule new species were fo rmed  ei ther  all at  once or 
by the accumula t ion  of a n u m b e r  of  discont inuous variat ions.  
I f  this were the case, then  one could unders tand  why species 
were somet imes  differentiated by "trivial differences of fea-  
ture." These would have  ar isen suddenly,  and, ff not  ha rmfu l ,  
would have  ma in ta ined  themselves  in the popu l a t i on - -g iven  
tha t  Darwin 's  view of heredity as a blending process was  not  
a lways a correct  one. 

This  then  was  the background  to Weldon's  discussions of 
selective dea th  rates. Exact ly  how m a n y  scientists supported 
Bateson's  view of evolution as an  essentially discont inuous 
process is pe rhaps  beside the point. The point  is tha t  in  his 
papers  Weldon seems often to be addressing those who agree 
wi th  Bateson, and,  in part icular ,  he seems anxious to refute  
the second and third of the a rguments  outlined. In  his work  
we find Weldon a t t empt ing  to show tha t  the smallest  and the 
mos t  unlikely var ia t ions  could m a k e  all the difference be- 
tween survival  and extinct ion in the struggle for  existence,  
and  that ,  accordingly, those who argued tha t  specific differ- 
ences could not  have  been fo rmed  by the slow accumula t ion  
by na tu ra l  selection of small  individual  differences were quite 
s imply wrong. 

WELDON'S DEFENSE OF DARWINISM 

Although the details of the events  tha t  led to its fo rmat ion  
are difficult to discover, it is cer ta in  tha t  in 1893 the council  
of the Royal Society appointed a Commit tee  for  Conduct ing 
Statist ical  Enquiries into the Measureable  Character is t ics  of  
Plants  and Animals ,  whose m e m b e r s  were Gal ton ( c h a i r m a n ) ,  

37. Ibid., p. 61. 
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Weldon ( sec re ta ry) ,  R. Meldola, E. B. Poulton, A. Macalister,  
and Francis  Darwin.  Wri t ing to Pearson  shortly af ter  Weldon's  
dea th  (1906) ,  Galton ~s said tha t  the first he had  heard  of the 
commit tee  was  f rom Michael  Foster, who told h im that  the 
council  of the Royal Society had  been asked to f o r m  o n e - - G a l t o n  
did not  say by w h o m - - a n d  tha t  they had  decided to do 
so on condit ion that  Galton acted as cha i rman ,  which he agreed 
to do. He wrote also tha t  his m a i n  reason  for  accepting had  
been the hope tha t  "the numerous  bodies engaged in horticul- 
tuxe and zoology migh t  in one aspect  of their  work, be coor- 
dinated by the commit tee  and tha t  research  of a scientific kind 
migh t  be introduced into the proceedings of each  of them."  
In  this hope he was to be disappointed.  Even the commit tee  
itself was  to suffer f rom a lack of proper  coordination. Pearson  
relates  39 that ,  at  the t ime of the commit tee ' s  format ion ,  Wel- 
don had  already begun to invest igate the death  ra tes  of the 
crabs in P lymouth  Sound. 

The commit tee ' s  first mee t ing  took place on J anua ry  25, 
1894, and, af ter  some inconclusive work, published as its first 
report ,  in 1895, the "Attempt  to Measure  the Death  Rate due 
to the Selective Destruct ion of Carcinus znoenas with Respect  
to a Par t icular  Dimension."  40 This  conta ined Waldon 's  ob- 
servat ions on the crabs in P lymouth  Sound, and the conclu- 
sions he drew f r o m  them,  and appended to it, was  his short  
note "Remarks  on Variat ion in Animals  and Plants,"  41 which  
contained a defense of Darwin ' s  thesis tha t  evolution was  a 
cont inuous r a the r  than  a discontinuous process. 

SELECTIVE DEATH RATES 

(i) First Attempts 

In  this first report ,  which  was  published in February  1895, 
Weldon under took the difficult task of ascer ta ining whe ther  
selection took place between bir th  and the adult  or reproduct ive 
phase  in the crabs found at Plymouth.  He proposed to do this 
by compar ing  "the f requency of abnormali t ies  at  var ious stages 
of growth with the frequencies  of the same  abnormali t ies  in 

38. Pearson,  The L i f e . . .  of Francis Galton, pp. ilia, 287. 
39. Pearson,  "Walter  F r ank  Raphael  Weldon," p. 24. 
40. W. F. R. Weldon,  "An At tempt  to Measure  the  Death  Rate Due to the 

Selective Destruct ion of Carcinus moenas with  Respect  to a Par t icular  
Dimension,"  Proc. Roy. Soe., 57 (1895), 360-379.  

41. W. F. R. Weldon,  "Remarks  on Variat ion in  Animals  and  Plants ,"  
Proc. Roy Soc., 57 (1895), 379-382. 
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adult  life, so as to de te rmine  whether  any evidence of selective 
destruct ion dur ing growth could be discovered or not." I n  other  
words,  he was  a t tempt ing  to compare  samples  of a local race  
taken  at  early stages of growth with  another  sample  taken  
f r o m  the adult  population.  This  is obviously a difficult th ing 
to do, because  one has  to allow for  all the changes  tha t  are 
brought  about  in growth; and in order to d raw any conclusions 
at all f r om his data ,  Weldon was obliged to make  assumpt ions  
about  the mode  of growth of the crab which  he was  la ter  un- 
able to confirm. For all this, it was  an imagina t ive  pape r  tha t  
laid the founda t ion  for  fu ture  work, and is well wor th  discuss- 
ing. 

Using size as his only criterion of age, Weldon collected 
about  7000 female  crabs vary ing  in length f r o m  7.0 to 13.95 
m m  (adul t  crabs,  he wrote,  were those "whose ca rapace  length 
is f rom 40-50 m m  or more" )  and in each  case measured  two 
dimensions;  namely ,  the crab 's  "frontal  breadth"  and its "r ight  
dentary  marg in"  (see Fig. 1). 

A' 
I ! 

B 

D 

Fig. 1. AA' is  the frontal breadth; A'B is the right d e n t a ~  margin; CD 
is the total carapace length. 

Each  d imension  was  then  measu red  in te rms  of a uni t  tha t  
was  4 /1000  of the ca rapace  length of the crab that  bore it. I t  
appeared  tha t  for  an increase  of 0.2 m m  in ca rapace  length,  
the m e a n  associated f ronta l  rat io always decreased by less 
t han  4 /1000 ,  d iminish ing  in growth f r o m  853 /1000  for  crabs 
of ca rapace  length of 7.1 m m  to 604 /1000  for  crabs of adult  
size. Accordingly, Weldon a r ranged  his crabs into 35 groups, 
wi th  the individuals of each  group differing by less than  0.2 
m m  in respect  of their  ca rapace  length. The  distr ibution of 
f ronta l  rat ios about  the m e a n  rat io did not  give a very saris- 
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fac tory  approx imat ion  to the no rma l  distribution in any of 
these groups, but  Weldon was able to offer a rguments  to show 
tha t  the discrepancies  were due to the smallness  of  the sam-  
ples. He concluded tha t  "the law of f requency of var ia t ion 
throughout  the whole series, may ,  as was hoped, be assumed 
to agree wi th  the ordinary law of chance." 

Table  1 
- -Quar t i l e  deviat ion of f ron ta l  b read ths  (Q) for  various magni tudes  o£ 
carapace-length (C) 

C. Mean  Q. 
thousandths .  

7.5 9.42 
8.5 9.83 
9.5 9.51 

10.5 9.58 
11.5 10.25 
12.5 10.79 
13.5 10.09 

(Adult) (9 .96)  

Source: Proc. Roy Soc. vol. 54. 

From Weldon's  point  of view the mos t  notable fea ture  of 
the accompany ing  table was  tha t  it seemed to show that ,  up  
to an age represented by a carapace  length of 12.5 ram,  the 
quarti le increased,  but  a f terwards  it  diminished.  He at tr ibuted 
the initial  increase in variabi l i ty to "the fac t  tha t  average 
young produce on the whole average adults,  while an imals  
that  exhibit  a deviat ion of a known am oun t  in  the young state 
exhibit  on the whole a greater  deviat ion wi th  advancing  age," 
but  admit ted  tha t  this was  a hypothesis  tha t  had  still to be 
tested; and while acknowledging the possibility tha t  the dim- 
inut ion in variabil i ty dur ing late adolescence migh t  be the 
no rma l  mode  of growth of the crab, decided to accept  provi- 
sionally the hypothesis  tha t  "the d iminut ion  in the f requency 
of individuals of given deviat ion is due to selective destruction." 
He also assumed that  in the cases of the P lymouth  crabs and 
of other fo rms  "which are sensibly in equil ibrium with  their  
present  surroundings"  the selection would act  symmetr ica l ly  
about  the mean ,  for  which value it would be at  a m in imum.  

This  led to the possibility of a "demonstra t ion"  of the opera- 
t ion of a selective dea th  ra te  dur ing growth. 

We were to suppose tha t  at the period of m a x i m u m  variabili ty,  
the distribution of the deviations f rom the m e a n  f ronta l  rat io 
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was representable by a normal  f requency curve of modulus c 1 
(see Fig. 2) .  Then,  ff/~1 was the height of the median  ordinate,  
the whole number  of individuals in the populat ion would be 
klV~-~ c ~. I f  the populat ion was then subjected an an (unmeasur -  
able in pract ice)  unselective destruction, the modulus of the 
f requency distribution would be unchanged,  but  the height  of 
the central  ordinate of the f requency curve would be reduced to 
some other  value/~2, and the total number  of crabs to/~2~/~r c r 
The selective destruction 42 that  took place during growth, 
Weldon argued, would have the effect of reducing the modulus 
of the f requency curve to some other value cz, and would leave 
the central  ordinate unchanged  at k 2. In  Fig. 2, the shaded area 
represents the "min imum number  of individuals which it is 

B C 

Fig. 2. DB _m/¢. The  i n n e r  curve h a s  a m o d u l u s  c~; The  outer  curve  h a s  a 
m o d u l u s  c 1. 

necessary to destroy, in order to affect this reduct ion in the 
modulus," a number  which is equal to k2x/~-~ (cl--c2). It  followed 
that  the ratio of animals selectively destroyed to animals surviv- 
ing all unselective destruct ion was equal to (cl.-c2)/cl; which, 
for  P lymouth  crabs would take the value (10 .79 -9 .96 ) /10 .79  ----- 
0.077, so that  

the hypothesis of selective destruction involves a death rate 
of about 77 per thousand between the ages corresponding to 

42. I n  VCeldon's terminology,  i f  a popu la t ion  representab le  by a f r equency  
curve  w i th  a m e d i a n  ordina te  Yl and  a s t anda rd  deviat ion (S.D.) ~1 w a s  

reduced  symmet r ica l ly  about  the m ed i an ,  to ano the r  w i t h  a m e d i a n  ordina te  
Y2 a n d  s t anda rd  deviat ion ~ ,  t h e n  thd death  ra te  would  be regarded  a s  
cons is t ing  of two p a r t s - - a  nonselect ive  p a r t  w h i c h  reduced the  popu la t ion  
Yl ~1 to the  popu la t ion  y~ ~1, and  a selective par t ,  respons ib le  fo r  r educ ing  
the  popu la t ion  Y2 ~ to the popu la t ion  Y2 cry. 
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12.5 ram.  in carapace  length and matur i ty ,  as a consequence 
of deviat ion in f ronta l  breadths ,  and in the group of structures,  
wha tever  they m a y  be which  are directly correlated with  it. 

Given Weldon's  hypothesis ,  dea th  ra te  was an easily determin-  
able funct ion of deviation. I f  we considered any ordinate ( H C )  
of the preselect ion curve, lett ing its abscissa ( B C )  be of magni-  
tude x, then  the n u m b e r  of individuals fal l ing in the interval ,  
x +_ 1/2 ~x, would be proport ional  to 

--X2/C12 
e ~x, 

but  af ter  selection it would have  dropped to being proport ional  to 

--X2/C22 
e ~x. 

I t  followed, if  one neglected the difference in constants ,  tha t  the 
rat io  between the n u m b e r  of individuals of deviat ion tha t  were 
selectively destroyed and the n u m b e r  surviving unselective de- 
stxuction was  given by 

- x2  /c1~ -x2/c22 x2(c22_cl 2)/c12c22 
e --.e 

= 1----e ---x2/c12 
e 

so tha t  i f  g was  the selective dea th  ra te  among  animals  of 
deviation x, then the dea th  ra te  var ied according to the equation, 

- h x  2 , 
g = 1 -  e where  h -- c1~-c92 

C12C22 

and, said Weldon,  in the case of P lymouth  crabs, h was equal  to 
"about  0.015." 

Applicat ion of the same  method  to the da ta  for  the r ight  
dentary  marg in ,  Weldon argued, yielded no evidence of selective 
destruction. He found that ,  a l though the quarti le did not  in- 
crease un i fo rmly  with  ca rapace  length,  the adult  quarti le was  
considerably greater  t han  tha t  of crabs of ca rapace  length 
12.5 ram. 

Turn ing  to Weldon's  appraisal  of his own results,  we find that  
he  was pleased to have  obtained one of the results  necessary for  
a de terminat ion  of the direction and ra te  of evolution, wi thout  
having  to introduce any theory of the funct ion  of the organs  
concerned.  
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K n o w i n g  t h a t  a g iven  d e v i a t i o n  f r o m  the  m e a n  c h a r a c t e r  is  
a s s o c i a t e d  w i t h  a g r e a t e r  or  less  p e r c e n t a g e  d e a t h  r a t e  in  the  
a n i m a l s  p o s s e s s i n g  it ,  t he  i m p o r t a n c e  of  s u c h  a d e v i a t i o n  c a n  
be  e s t i m a t e d  w i t h o u t  t he  n e c e s s i t y  of  i n q u i r i n g  h o w  t h a t  
i n c r e a s e  o r  d e c r e a s e  i n  the  d e a t h  r a t e  is  b r o u g h t  abou t ,  so 
t h a t  a l l  i d e a s  of  " f u n c t i o n a l  a d a p t a t i o n "  b e c o m e  u n n e c e s s a r y .  .3 

And ,  i n  the  a p p e n d i x  to the  r epor t ,  h e  a d d e d  t h a t  in  j u s t  the  s a m e  
w a y  as  the  i m p o r t a n c e  of  a g iven  d e v i a t i o n  cou ld  be  e s t i m a t e d  
w i t h o u t  i n q u i r i n g  h o w  i t  a f fec ted  the  d e a t h  r a t e ,  so, i n  a t heo ry  
of  he r ed i t y ,  a t heo ry  of  m e c h a n i s m  w a s  n o t  n e c e s s a r y  fo r  
one  to be  ab le  to p r e d i c t  the  v a l u e  of  t he  f i l ia l  d e v i a t e  w h i c h  
w o u l d  be  a s s o c i a t e d  w i t h  a g iven  p a t e r n a l  dev ia te .  

I n  the  s a m e  a p p e n d i x ,  W e l d o n  s u g g e s t e d  t h a t  h i s  r e su l t s  
s u p p o r t e d  the  v i ew  t h a t  specif ic  m o d i f i c a t i o n  was ,  a t  l e a s t  
gene ra l l y ,  a g r a d u a l  p roce s s  r e s u l t i n g  as  D a r w i n  h a d  m a i n -  
r a i n e d  f r o m  the  a c c u m u l a t i o n  of  i n n u m e r a b l e  s m a l l  v a r i a t i o n s ,  
" e a c h  good  fo r  the  o r i g i n a l  possessor . "  T h e r e  w a s  n o  n e e d  to 
t h i n k  t h a t  c h a n g e  i n  speci f ic  c h a r a c t e r  w a s  a n  e v e n t  t h a t  oc- 
c u r r e d  on ly  o c c a s i o n a l l y  "as  a c a p r i c i o u s  a p p e a r a n c e  of  spor ts . "  

As  m i g h t  be  expec t ed ,  W e l d o n ' s  p a p e r  w a s  h e a v i l y  a t t a cked .  
P e a r s o n  te l ls  t ha t ;  

T h e  ve ry  n o t i o n  t h a t  the  D a r w i n i a n  t h e o r y  m i g h t  a f t e r  a l l  
be  c a p a b l e  of  s t a t i s t i c a l  d e m o n s t r a t i o n  s e e m e d  to exc i t e  a l l  
so r t s  a n d  c o n d i t i o n s  of  m e n  to hos t i l i t y  . . . T h e  n e e d  fo r  
f u r t h e r  i n v e s t i g a t i o n  of  the  l a w  of  g r o w t h  h a d  b e e n  f r a n k l y  
a d m i t t e d  by  W e l d o n  i n  t he  r e m a r k s  i s s u e d  a t  the  d i s c u s s i o n  
of  t he  r epo r t ,  b u t  t he  c r i t i c s  d e c l i n e d  to w a i t  t i l l  f u r t h e r  
r e su l t s  we re  pub l i shed .  44 

M u c h  o f  th i s  c r i t i c i sm ,  a c c o r d i n g  to P e a r s o n ,  w a s  in  the  f o r m  
of  l e t t e r s  45 s en t  d i r ec t l y  to the  c o m m i t t e e ,  b u t  t he re  w a s  a lso  
a c o n s i d e r a b l e  c o r r e s p o n d e n c e  i n  t he  e o l u n m s  of  Nature .  Here  
W e l d o n ' s  r e p o r t  w a s  c r i t i c i zed  b y  R a y  L a n k e s t e r ,  46 by  Ka r l  
P e a r s o n ,  47 a n d  by  J. A. Cobb.  48 

43. Weldon, "Remarks on Variation," p. 381. 
44. Pearson, "Walter Frank Raphael Weldon," p. 26. 
45. In  the Galton papers, which are kept at University College London, 

there axe several letters from Weldon to Galton which mention other, 
critical letters sent to the committee by Bateson. These letters are not very 
instructive, and so far I have not succeeded in tracing the letters which 
Weldon refers to. I would like to thank the Librarian for permission to  
examine these papers. 

46. Nature, 54 (1896), 245, 294, 366, 413. 
47. Ibid., 460. 
48. Nature, 55 (1896), 155. 
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Lankester 's criticism was philosophical. He allowed that 
Weldon had shown the death rate among crabs to be selective, 
but  upbraided him for not having tried to establish whether  
change in frontal  breadth was the true cause of change in the 
death rate among crabs, or whether it was merely correlated 
with the variation of some other organ that  was the true 
cause of change in death rate. Weldon replied, quoting Hume, 
and arguing that  if one accepted that  philosopher's account  of 
causality, then, "the process of selecting one out of a group of 
universal antecedents, and calling that one alone the effective 
cause of the consequent, seems to me to involve precisely that 
knowledge that Hume and all his followers disclaim." How- 
ever, in a later work on death rates, in which he tried to 
show that change in frontal  ratio was a main  cause ( though 
not necessarily the only cause)  of change in death rate, Weldon 
relaxed his position to the extent that  he became prepared to 
discuss the relationship between only one of the "universal 
antecedents" and their consequent. 

Pearson, for his part, denied that Weldon had demonstrated 
the operation of a selective death rate, pointing out that  the 
report 's conclusions rested on assumptions about the crabs' 
mode of growth that were both unproven and improbable. J. 
A. Cobb showed that, by applying Weldon's mathemat ical  tech- 
niques to the statistics for the reciprocal of the ratio of frontal  
breadth of carapace length, one could obtain conclusions that  
were totally incompatible with Weldon's. 

But what  of the proposition to which Lankester had assented, 
namely,  that  Weldon had shown the death rate among crabs 
to be a selective one? We can see that  Weldon had assumed 
in the report that, if there had been no selective death rate, 
then the young crabs which he examined would have grown 
into a population of adults with a mean  ratio equal to that  
which he observed in the adults of Plymouth Sound, and with 
a quartile still equal to 10.97/1000. I f  these conditions were 
not met, then the mathemat ics  of the paper would have been 
without  foundation. 

In  the appendix to the report, Weldon admitted that he had 
assumed "a particular law of growth (which remains,  as is 
admitted, to be experimentally tested)." Pearson relates that  
a lot of Weldon's time was spent in investigating the mode of 
growth of crabs, and that  a report on this mat ter  was submitted 
to the Evolution Committee in 1897, 49 but was never pub- 

49. Pearson, "Walter Frank Raphael Weldon," p. 26. I would like to 
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lished. I have not succeeded in tracing this report, but judging 
from certain of Pearson's remarks, 50 it seems reasonable to 
suppose that Weldon found that the crabs' growth did not 
follow the simple pattern which he had assumed in the report. 
This perhaps is why, when delivering his presidential address 
to the zoological section of the British Association in 1898, ~1 
in which he gave account of further work on selection done 
with Herbert Thompson, Weldon requested his audience to 
disregard his previous report which "neglected several impor- 
tant facts which I now know." 

In this address, Weldon again sought to demonstrate the 
operation of a selective death rate among crabs. However, in- 
stead of comparing statistics for young and adult crabs, and 
trying to prove selection with the assistance of hypotheses 
about the mode of growth of crabs, he instead adopted the 
policy of first showing that samples of crabs taken in Plymouth 
Sound between 1893 and 1898 showed certain changes in their 
vital dimensions, and then arguing that these changes were 
the result of selection. The very nature of his method obliged 
him to employ those considerations of "functional adaptation" 
which he had previously (reasonably plausibly) been able to 
regard as unnecessary. 

In his address, Weldon argued that those who believed that 
"minute structural variations cannot in fact  be supposed to 
affect the death rate so much that the theory of natural selec- 
tion requires that they should," or that "many of the characters 
by which species are distinguished appear to us so small and 
useless that they cannot be supposed to affect the chances of 
survival at all" (surely a reference to Bateson and his follow- 
ers!) were mistaken. And he undertook to convince his audi- 
ence that, in the crabs taken from the beach below the Plym- 
outh laboratory of the Marine Biological Association, " . . .  
small changes in the size of the frontal breadth do, under cer- 
tain circumstances, affect the death rate, and that the mean 
frontal breadth among this race of crabs is in fact changing 
at a rate sufficiently rapid for all the requirements of the theory 
of evolution." 

t h a n k  the Librar ian  of the  Royal Society for permiss ion  to consul t  the  
m i n u t e  book and other papers  of the Evolution Committee.  

50. Ibid. I n  a footnote, Pearson  remarks  tha t  "no sumcient ly  general  
fo rmula  of growth can  yet be applied to allow of the complet ion of Weldon's  
work i n  this  direction." 

51. Report of the British Association for the Advancement of Science 
(1898), pp. 887-902. 
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As a first  step,  W e l d o n  p r e s e n t e d  Tab le  2 r e p r o d u c e d  below. 
I t  shows  tha t  the  f r o n t a l  b r e a d t h  of  P l y m o u t h  crabs  was  d im-  
i n i s h i n g  y e a r  by year .  Obviously ,  all  t h a t  the  table  by i t se l f  
showed  was  t h a t  i n  P l y m o u t h  Sound,  n a r r o w e r  c rabs  w e r e  be- 
c o m i n g  m o r e  c o m m o n .  W e l d o n ' s  t a sk  was  to show tha t  this  
c h a n g e  w a s  due  to a se lec t ive  d e a t h  r a t e  r a t h e r  t h a n  to o ther  
causes ,  such  as a co r r e l a t i on  of  fe r t i l i ty  and  n a r r o w n e s s ,  or  
the  i n v a s i o n  of  n a r r o w e r  c rabs  f r o m  s o m e w h e r e  outs ide  of  the  
Sound.  

Table 2 
The Mean Frontal Breadth Ratio of Male Carcinus mcenas from a 

particular patch of beach in Plymouth, in the years 1893, 1895, and 1898. 

Mean frontal breadth in terms of Carapace-length = 100O 

No. of 
Length of 1893 1895 1898 crabs in the 
Carapace (Thompson) (Thompson) (Weldon) 1898 group 

10.1 816.17 809.08 - -  - -  
10.3 812.06 804.82 w 
10.5 807-37 803-27 - -  - -  
10.7 808.96 801.69 - -  
10.9 805.07 799-27 - -  - -  
11 • 1 802.50 794 • 12 784.25 4 
11.3 798-18 792.38 787-36 11 
11-5 797.19 788.83 784.00 9 
11.7 794.28 785 -29 782.44 16 
11.9 791.45 786.53 780.09 11 
12.1 788-38 780.61 775-25 16 
12.3 783.98 779-50 773.42 12 
12.5 783.99 776.50 767.00 11 
12.7 783.58 773.43 772-43 14 
12.9 777.38 773.63 764-67 15 
13-1 776-63 771-61 760.13 16 
13.3 774.60 766.21 761.29 7 
13.5 766.91 763-96 759.56 16 
13.7 767.63 762-00 757-00 16 
13.9 763.73 759.40 756.10 I0 
14.1 758-94 757.00 742.00 13 
14.3 756.90 755.77 747.86 7 
14-5 762-60 754.45 744.44 9 
14.7 753.00 749.84 739.22 8 
14.9 751-32 748.03 742-83 6 

His  s t r a t egy  w a s  to propose  a hypo thes i s  and  to tes t  it. He  
asked  h is  a u d i e n c e  to cons ide r  the  r e c e n t  h i s to ry  of  the  Sound  
and  i ts  env i rons ,  p o i n t i n g  out  t h a t  fo r  the l as t  fo r ty  or  f if ty 
yea r s  a l a rge  b r e a k w a t e r  h a d  obscu red  i ts  e n t r a n c e ,  l e a d i n g  
to an  i n c r e a s e  in  the  q u a n t i t y  of  ch ina -c l ay  w h i c h ,  a f t e r  be ing  
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washed  down f rom Dar tmoor  by local rivers, fai led to get swept  
out to sea. The ne t  result  of this, combined  with  the increase  
in the amoun t  of sewage which  growing towns were  empty ing  
into the Sound, was  tha t  the wa te r  was  becoming  putr id  and 
the seabed silted. This  suggested that  the fine silt in the wa te r  
was  selectively destroying broader  crabs. 

Weldon had  exper imented  by keeping large number s  of crabs 
in vessels full  of sea wa te r  in which  was  suspended "a consider- 
able quanti ty" of ch ina  clay. He found  tha t  whenever  the clay 
was  as fine as tha t  carr ied down f rom Dar tmoor ,  "the crabs 
which  died were on the whole distinctly broader  t han  the crabs 
which  lived through the exper iment ,  so tha t  a crab 's  chance  
of survival  could be measured  by its f ronta l  breadth,"  and tha t  
when  the clay was  coarser,  "the death  ra te  was  smal ler  and  
was  not  selective." The corollary of the hypothesis  tha t  the silt 
in the Sound was  selectively destroying broader  crabs was  tha t  
i f  crabs  were raised in silt-free water ,  they would be on the 
whole broader  than  the crabs raised in the Sound. Accordingly, 
Weldon establ ished an  appara tus  of "some hundreds  of num-  
bered glass bottles, each  bottle being provided with a cons tan t  
supply of clean sea  wa te r  by m e a n s  of a sys tem of glass sy- 
phons,"  and into each  bottle he placed a crab taken  f rom the 
beach.  After  each  crab had  moul ted  once, it was  left  to grow 
a new shell and was  then  killed: i t  was  found,  as hoped, tha t  
on the average  the captive crabs were always broader  than  
their  fera l  fellows of the same  length. 

Weldon admit ted  tha t  the policy of judging age by size, and  
of a s suming  tha t  conf inement  did not  perver t  the growth of 
crabs,  could well tu rn  out  to be a mis t aken  one; but  he  was  
pleased tha t  all of his results  were in accord wi th  wha t  m igh t  
be  expected if na r rowness  helped crabs  to cope wi th  fine silt. 
To fu r the r  back  the view tha t  the observed populat ion changes  
were  the result  of selection, he now introduced cer ta in  ideas 
of "funct ional  adapta t ion"  which  in his previous paper  (above,  
n. 43)  he had  hoped to avoid. He had  found  that ,  in his china- 
clay exper iments ,  the gills of the dead but  not  of the survivors 
were covered with a fine white  mud;  and he thought  it  migh t  
be shown that ,  "a na r row fronta l  b read th  renders  one pa r t  of 
the process of fi l tration of wa te r  more  efficient t han  it  is in 
crabs of greater  f ronta l  breadth."  One should not  think of Wel- 
don as contradic t ing himself .  Previously, he had  argued tha t  
under  cer ta in  c i rcumstances  it was  possible to know the extent  
to which  a var ia t ion  affected death  ra te  wi thout  a theory about  
the way in which  it did so. Now he was  seeking to establ ish 

307 



B. 3". NORTON 

tha t  cer ta in changes  in populat ion dimensions  were the out- 
come of selection. Clearly, to do this, he was obliged to produce 
all the evidence he could find which supported the view tha t  
these changes  were due to selection and not  to other factors.  

In  his perorat ion he main ta ined  tha t  he had  presented a 
strong case for  thinking tha t  the d iminishing relative fre- 
quency of broad crabs was the outcome of a selective death  
rate,  due in turn  to the greater  filtering ability of the nar rower  
crabs. This  he took as support  for  Darwin 's  thesis of evolu- 
t ionary continuity.  The central  difficulty of the theory of na tura l  
selection, he argued, was in believing that  very small  var ia t ions 
could be sufficiently h a r m f u l  or useful  to mat ter .  This  diffi- 
culty could only be settled by conduct ing exper imenta l  inves- 
t igat ions of death  rates.  

Clearly, if  we accept  Weldon's  taci t  a ssumpt ion  tha t  the 
laws of reproduct ion for  P lymouth  crabs were such tha t  in the 
absence of selection at any  stage in growth, the crab populat ion 
would have  remained  stable in respect  of its f ronta l  ratios,  
then  we m u s t  accept his c la im to have demonst ra ted  the oper- 
ation of selection. We should be thankfu l  for  his a t t empt  to 
explain the existence of this selective death  rate.  I t  is not  the 
task of the scientist  s imply to show tha t  two sets of p h e n o m e n a  
are correlated (e.g., the sounding of a hooter in London and 
the emergence  of factory workers  in  Manches te r ) ,  he m u s t  also 
seek to explain the cor re la t ion- -usua l ly  by showing it to be 
a logical consequence of some higher-level general izat ion for  
which  there is more  evidence than  its own instances.  

(ii) Pearson's Contribution 

In  1900 Pearson  published the second edition of his Gram- 
mar  of Science. In  the two new chapters  on evolution, Pearson,  
a m o n g  other  mat ters ,  discussed the problem of de termining 
empir ical ly which  value of an organ  was  the "fittest," or, to pu t  
it another  way,  which value had  the best  chance  of survival. 

As early on as 1896 Pearson  had  pointed out tha t  the diffi- 
culties involved in discerning whether  or not  a populat ion was  
undergoing selection during growth were very great. One would 
have  to wa tch  a generat ion f rom bir th to the adult  stage, "care- 
fully preserving it f r om any fo rm of selective mortal i ty,  such 
as arises f r o m  the struggle for  existence," 52 and compare  
i t - - i n  respect  of the o r g a n ( s )  under  d i scuss ion- -wi th  a s imilar  

52. Kar l  P e a r s o n ,  Phil. Trans. Roy. Soc., 197.4 (1896), 257.  
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g e n e r a t i o n  ra i sed  i n  its n a t u r a l  s u r r o u n d i n g s .  The  effect  of 
select ion,  if  any ,  wou ld  be revea led  by  the differences ,  if  any ,  
b e t w e e n  the v a r i a t i o n  c o n s t a n t s  of the  two groups  at  d i f fe ren t  
s tages i n  the i r  growth.  The  p rob lems  were  great ,  a nd  i n  1900 
he r e c o m m e n d e d  tha t ,  for  the p resen t ,  i nves t iga to r s  shou ld  
conf ine  themse lves  to fo rms  of l ife i n  w h i c h  the adu l t  s tages 
were  c lear ly  ma rked ,  a n d  deal  on ly  w i t h  se lec t ion t ha t  took 
p lace  i n  t h a t  stage. 

Obviously,  i n  cases where  the reproduc t ive  phase  ex t ended  
over a n u m b e r  of years ,  se lec t ion ac t ing  d u r i n g  the  adu l t  yea r s  
could  p roduce  p o p u l a t i o n  c h a n g e s  as b e t w e e n  one  g e n e r a t i o n  
a n d  the nex t ,  w h i c h  i t  could  no t  i n  cases,  where ,  as i n  a n n u a l  
p l an t s ,  i n d i v i d u a l s  r ep roduced  only  once  i n  a l i fe t ime.  

P e a r s o n  sugges ted  t ha t  w h e n  t ry ing  to f ind  w h e t h e r  the  
dea th  ra te  was  selective i n  respect  of the va r ious  possible  va lues  
of a p a r t i c u l a r  o rgan ,  then ,  ideal ly,  a group of "adul t"  a n i m a l s  
wou ld  be m e a s u r e d  a n d  let  go free for  a t ime.  At  the e nd  of 
the period,  such  of t h e m  as were  sti l l  al ive wou ld  be recap-  
tu red  a n d  recorded,  a n d  the  d i f ferences  b e t w e e n  the  m e a n s  
a n d  the va r i ance s  of the two sets of da t a  ca lcula ted .  53 

I n  pract ice ,  however ,  he  t h o u g h t  t h a t  the  bes t  t ha t  could be 
done  would  be to sample ,  say, 1000 adu l t  m e m b e r s  of a popula -  
t ion,  a n d  to take  ano the r  s ample  of 1000 at  a l a t e r  date  a n d  
compare  the  two. We  would ,  of course ,  "choose our  type of 
l i fe  a n d  i ts  local i ty  w i th  r e a s o n a b l e  p r e c a u t i o n s  a ga i n s t  m ig ra -  
t ions  of any  k ind ."  Af ter  d r a w i n g  the co r r e spond i ng  f r e que nc y  
polygons,  one  could  t h e n  d e t e r m i n e  w h i c h  va lue  of the  o r g a n  
u n d e r  cons ide r a t i on  was  the "fittest." 

53. Karl Pearson, The Grammar of  Science 2nd ed. (London, 1900), 
p. 408. In this work Pearson expounded his phenomenalistic philosophy 
of science. VCeldon sympathized with Pearson's view that statements should 
be analyzed for their obsezvational content. (Pearson, for instance, zegarded 
scientific statements contA~u~ug "theoretical" terms referring to unob- 
servable entities--e.g., "atom"--as logically equivalent to a concatenation 
of statements which referred only to the sense impressions of some ob- 
server.) Thus we find Weldon consciously avoiding traditional Darwinian 
terminology, and instead of speaking of characters as being "useful" or 
"'adaptive," he speaks only of their effect on death rate. This methodologi- 
cal outlook is surely another reason for Weldon's undertaking death rate 
studies; it must have impressed him with the necessity for analyzing 
Darwin's statements about "the great and complex battle for life" for their 
observational content, and also for testing this content empirically. Cer- 
tainly the Biometzicians were characterized by a devotion to mathematics 
and to the formulation of a metaphysics-free science. See, for example, 
the editorial to the first number of their own journal, Biometril~a (1901). 
Pearson did not use the method he described in any field investigation of 
death rates. 
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The d iag ram of Fig. 3 gives, by the polygon 1,d,a,h,15, 
the distribution of the organ under  considerat ion at the t ime 
of the first sampling,  and by the polygon 2,e,b,g,14, its dis- 
t r ibution at  the second sampling.  Pearson  pointed out tha t  
that  the total dea th  ra te  reduces the original 1000 to 1/n of 1000, 
so tha t  to get the actual  distr ibution of the original 1000 adults 
af ter  selection we should have  to take 1/n ~ of the vert ical  ordi- 
na tes  of 2,e,b,g,14. Now, focusing upon  individuals with a 
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Fig. 3. Variation curves at different periods. 
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charac te r  value of 5, we see that  the chance  of such an  indi- 
v iduars  hav ing  survived is equal  to (e5/n) /d5.  I f  we now 
reduce the vertical  ordinates of the polygon 2,e,b,g,14 to 1/m tn 
of themselves,  so tha t  the new polygon, 2,f,c,i,14, falls just  inside 
the old one 1,d,a,h,15.----i.e., they touch at only c m w e  have  it 
tha t  

f5=e5/m, so that  e5/n = mf5/n;  

also that  f 5 = d 5 - - d f .  Whence  it follows that  the chance of such 
an individual  hav ing  survived is equal  to 

(m/n . (  dS-df)  ) /d5 = m / n - ( m / n ) . (  df/ds ) ) 
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And the corollary of this is tha t  the chance  of death  for  such an  
individual  is equal  to 

1-m / n + m  /n .df  /d5 5~ 

So, by inspection,  it can  be seen tha t  the chance  of survival  is 
greates t  at the point  c where  the two polygons touch. Thus,  
said Pearson,  in his example ,  i t  would be the organ  of size 9 tha t  
would be judged the "fittest." 

In  practice,  the value of n would be unknown  and all tha t  could 
be de te rmined  would be the relative selective dea th  ra tes  for  dif- 
fe ren t  sizes of organ. Tha t  for  an  organ  of size 5 is to tha t  for  an  
organ of size 1 1 as dr~d5 is to h i / h l  1. 

Pearson  acknowledged tha t  groups of organs  migh t  be gen- 
etically linked. I f  this was  the case, then  a correlat ion be tween 
the size of an  organ  and  dea th  ra te  migh t  in fac t  be due to 
the organ  being genetically l inked with  another  organ  tha t  was  
subject  to direct  selection. At the best,  he wrote,  "the determin-  
ing of the actually selected organs  will only amoun t  to a highly 
probable  guess." 55 

Two points  of interest  emerge  f rom Pearson 's  work. Firstly, 
we see the way  in which  his phenomenal i s t ic  methodology led 
h im to give an  empir ical  definition to another  Darwin ian  t e rm 
the "Fittest." Second, his work exposes the tautological  na-  
ture of the expression,  the "Survival  of the Fittest" for  those 
tha t  survive the best  just  are the fittest. 

(iii)Weldon's snails 

Pearson  as we have  seen, held back  f r o m  discussing the prob- 
l em of seeing whe ther  selection operated be tween b i r th  and the 
adult  stage, Weldon,  in his "A Firs t  Study of Na tu ra l  Selection in 
Clausilia laminata" (1901)56 found  a case in which  this could be 
done and aga in  showed that ,  cont rary  to Bateson's  views, the 
smal les t  and mos t  unlikely var ia t ions  could mater ia l ly  affect an 
individual 's  chances  of surviving to reproduce.  

Weldon's  special  case was  the snail  Clausilia laminata, whose 
shell is essentially a tube coiled about  an  axis, wi th  succes- 
sive coils in contact .  

54. Pearson spoke of the death rate as composed of two components:  
a constant part, (1-~/n),  and a selective part, (m/n.df/d5). 

55. Pearson, The Grammar of Science, p. 408. 
56. W. F. R. Weldon,  "A First Study of Natural  Selection in  Clausilia 

laminata," Biometrik.a, 1 (1901), 109-124. 
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The convenience of Clausi l ia  lies in its shell. The upper  
whorls of  an adult 's  shell represent  the condition of the young 
shell, f r om which the adult  shell was  fo rmed by the growth 
of addit ional whorls. This  m a d e  it possible to compare  the 
shells of young snarls wi th  the upper  whorls of the shells of 
adult  snarls, in order to see whether ,  in respect  of a par t icular  
shell character ,  the snails surviving to adulthood were a ran-  
dom or n o n r a n d o m  selection of young snails. 

In  his paper ,  Weldon discussed a large sample  of shells 
which he had  taken  f r o m  a lakeside in eas tern  Holstein. Both 
young and adult  shells appear  to have  been gathered at the 
same  time. 

The charac te r  he considered as a complex one. First  of all, 
he  defined the columellar  and per iphera l  spirals of the shell. 
"Peripheral  spiral" was  the n a m e  given to the line of contact  
of successive whorls along the outside of the shell; "columel- 
lar  spiral" was  the n a m e  given to the line of contact  along the 
axial  wall. This  done, he defined as a reference plane,  the 
plane pass ing through the axis of the shell tha t  conta ined a 
radius  of the columellar  spiral  exact ly 5 m m  in length,  i.e., 
A C  in  Fig. 4. By great  ingenuity,  and by sectioning 200 shells, 

[3 

D 

Fig. 4. S e c t i o n  o f  Clausilia laminata. Suppose AC = 5 mm. 
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he  w a s  able to d r a w  up  tables ,  g iv ing  fo r  y o u n g  and  adu l t  
sna i l s  the  m e a n  l e n g t h s  o f  the  p e r i p h e r a l  sp i ra l  l oca t ed  by 
r o t a t i n g  the  p e r i p h e r a l  r a d i u s  v e c t o r  t h r o u g h  f ixed n u m b e r s  of  
r i g h t  ang les  f r o m  the  r e f e r e n c e  p lane .  ~7 

I n  Tab le  3, a n g u l a r  d i s t ances  f r o m  the  r e f e r e n c e  p lane ,  i .e.,  
the  " S t a n d a r d  C o l u m e l l a r  Rad ius , "  t o w a r d  the  she l l -apex  are  
e n t e r e d  as n e g a t i v e ,  and  those  t o w a r d  the  she l l -mou th  as posi-  
t ive. 

Table 3 
Mean Peripheral Radius at ColTesponding Points on the Spiral of 100 

Young and 100 Adult Clausilia. 

Angular distance 
from standard 

Columellar radius 
in right angles 

Mean peripheral radius 

Adult Young 

19 0.8820 ram. 0.9022 ram. 
17 1-1251 1.1350 
15 1-3889 1.4044 
13 1.6820 1.6903 
11 1.9996 2.0229 

- -  9 2.3463 2.3630 
7 2.7336 2-7521 
5 3.1529 3.1666 
3 3.6265 3.6297 

- -  1 4.1397 4.1254 
+ 0-9810 4.7181 4.6952 

Source: Biometrika, vol. I. 

T h e  d i f f e rences  i n  m e a n s  were  i n  no  case  s igni f icant ,  a n d  
W e l d o n  c o n c l u d e d  t h a t  t he re  w a s  "no  e v i d e n c e  of  c h a n g e  i n  
the  m e a n  c h a r a c t e r  o f  the  p e r i p h e r a l  sp i ra l  d u r i n g  g rowth ."  
Th i s  l e f t  only  the  v a r i a n c e s  o f  the  y o u n g  and  adu l t  sp i ra ls  to  
be  c o m p a r e d .  

To  th is  e n d  he  w a s  able to c a l c u l a t e  the  s t a n d a r d  dev i a t i ons  
of  the  a r rays  of  p e r i p h e r a l  r ad i i  c o r r e s p o n d i n g  to f ixed v a l u e s  

57. The distance of the plane of section from the reference plane was 
detexanined as follows: Suppose that in Fig. 4 AC was not 5 rnrn but 
4.68 mrn long, and that the next columellar radius AC' was 5.27 mm long. 
Then,  assl~rn~ng that the columellax spiral was sensibly equiangular through 
180 ° , the angle between the section and the reference plane would be 

5 - -  4.68 
× 180 ° = 0.5424 X 180 °. 

5.27 - -  4.68 

Since all measures in any section were 180 ° apart, the position of one rela- 
tive to the reference plane determined that of an the others. 
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of the a n g u l a r  d i s t ance  f r o m  the re fe rence  p lane .  He f o u n d  
tha t ,  d u r i n g  the s ix r igh t  ang les  of r evo lu t ion  i m m e d i a t e l y  
above the r e fe rence  p lane ,  the excess va r iab i l i ty  of the y o u n g  
shells  over the old was  h igh ly  s ign i f i can t  ( T a b l e  4 ) .  

His  c o n c l u s i o n  was  t h a t  there  was  a selective dea th  ra t e  
d u r i n g  growth,  b u t  one  w h i c h  select ively e l i m i n a t e d  the  more  
ex t r eme  v a r i a n t s  on  e i ther  side of the m e a n  pe r iphe ra l  rad ius .  
Here  was  a case where  n a t u r a l  se lec t ion was  no t  so m u c h  
c h a n g i n g  the cha r ac t e r  of a local  race  as keep ing  i t  cr isply 
defined.  

Table 4 

Values of r~, % and % x/1 - -  r ~  for corresponding groups of peripheral 
radii in  young and in  adult-shells from Gremsmiihlen~ 

Angular 
d i s t a n c e  

~-rom 
Columellar 
radius in 

right angles 
Adult Young Adult Young Adult Young 

0.7527 0.7922 0.120849 0.140872 0.07956 0.08597 
- -  8 t o  - -  10 ~±0.0292 ±0.0251 ±0.00379 ±0.00412 

0.8068 0.8347 0-133731 0.153473 0.07901 0-08388 
- -  6 to - -  8 ~±0.0235 ±0.0202 ±0.00377 ±0.00402 

0.8534 0.8622 0.134119 0.154627 0.06991 0.07833 
- -  4 t o - -  6 ~±0.0183 ---0.0173 ±0.00333 ±0.00375 

0.8726 0.8782 0-146252 0.168564 0.07143 0-08062 
- -  2 t o  - -  4 ~±0.0161 ±0.0154 ±0.00341 ±0.00386 

0.9290 0.8800 0.156270 0.170469 0.05784 0.08096 
0 to - -  2 ~±0.0092 ±0.0159 ±0.00276 ±0.00388 

0.9415 0.9367 0.170046 0-173881 0.05732 0.06087 
0 to 2 ~±0.0077 ±0.0105 ±0.00273 ±0.00292 

S o u r c e :  Bk~rte~ka, voLI. 

He  also proposed t h a t  se lec t ion was  "pe r iod ic"  t h a t  is,  he  
t h o u g h t  t h a t  whi le  the p a r e n t s  of a g e n e r a t i o n  were  a lways  a 
se lec t ion  of adolescents ,  the va r iab i l i ty  of p a r e n t s  a n d  adoles- 
cen ts  wou ld  r e m a i n  c o n s t a n t  f r o m  one  g e n e r a t i o n  to the  next .  

W e l d o n  hypothes ized  t ha t  the  se lec t ion was  " i n d i r e c t , " m " . . .  
t ha t  is to say the l i fe  or dea th  of a n  i n d i v i d u a l  is deter-  
m i n e d  i n  each  case by  the va lue  of a (p robab ly  l a rge )  n u m b e r  
of cor re la ted  charac te r s ,  of w h i c h  l e n g t h  of the pe r iphe ra l  
r a d i u s  is on ly  one." 

F u r t h e r  suppor t  for  h is  v iew t h a t  the  l i fe  or dea th  of a n  
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ind iv idua l  could depend  on s t ruc tu ra l  differences as s l ight  as 
tha t  described,  was  provided by some observat ions  of the ecology 
of a beech  wood nea r  Monk's  Risborough in  Buckingshire .  
Here  he found  tha t  while  the closely re la ted  C. n igr icans  
could live in  the wood and  in  the su r rounding  hedgerows and 
meadows ,  i t  appeared  tha t  C. l a m i n a t a  could live only in  the 
wood; and  ye t  the differences be tween these two species were  
~ . . .  ( 1 )  a difference in  size; ( 2 )  a difference in  the p i tch  of 
the spira l ;  and  ( 3 )  o ther  s l ight  differences in  the shape of the 
shell  and  of var ious  organs."  58 Al though these differences 
seemed to be of l i t t le  impor tance ,  they were  demons t rab ly  
associa ted wi th  an  "enormous  difference in  suscept ibi l i ty  to 
ce r ta in  env i ronmen ta l  differences." Because this  was  the case,  
a rgued Weldon,  he was  just i f ied in  accept ing  evidence tha t  
poin ted  to a cor re la t ion  be tween va r i a t ion  in  dea th  ra te  and  
the va r ia t ion  of a cha rac te r  wi th in  the l imi t  of one species,  
even though he was,  for  the present ,  quite unable  to imag ine  
the  process  by which  this  cor re la t ion  was b rought  about. He 
had,  however,  demons t r a t ed  the essent ia l  Da rwin i an  po in t  tha t  
which  snai ls  l ived and  which  died was  not  de te rmined  by 
chance  alone. 

This  resu l t  robbed one of Bateson 's  a rgumen t s  of m u c h  of 
i ts  force. Bateson h a d  contended  tha t  new species mus t  of ten 
have  ar i sen  suddenly,  because  the differences be tween a spe- 
cies and  its phylogent ic  p a r e n t  of ten appeared  so unre la ted  to 
u t i l i ty  tha t  i t  seemed imposs ib le  to conceive tha t  they h a d  
been  produced  by the g radua l  accumula t ion  by  n a t u r a l  select ion 
of i n n u m e r a b l e  s l ight  var ia t ions .  Weldon 's  work  showed tha t  
the  mos t  ins igni f icant -seeming va r i a t ion  m i g h t  be associa ted 
wi th  differ ing chances  of surviving to reproduce,  a resul t  which,  

58. Weldon, "A First Study," p. 124. I would llke to thank Dr. 11. C. Olby 
of the University of Leeds for having drawn my attention to the work of 
H. C. Bumpus, who also studied death rates. See, e.g., his "The F.llm~nation 
of the Unfit as Illustrated by the Introduced Sparrow Passer domes~cus," 
Woods Hole Mar. Biol. Lab. Lect. (1898), 209-226. Bumpus's work is dis- 
cussed in chap. 7 of J. Maynard Smith's The Theory of Evolution (Penguin 
Books, 1958). His result was similar to Weldon's in that he found evidence 
of a selective elimination of extremes. With selection following this pattern, 
o n e  might expect the successive generations of a population to become less 
and less variable, but Smith explains why this process does not lead 
necessarily to genetic uniformity among a population's members. Weldon, 
in his paper, did n o t  m e n t i o n  the work of Bumpus. It is interesting to note 
that in his later paper, "Note on a Race of Clausilia itala," Biometrika, 3 
( 1 9 0 3 ) ,  299-307, Weldon reported that he had been unable to find evidence 
of selective destruction among the C. itala taken from Brescia. 
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w h e n  t a k e n  i n  c o n j u n c t i o n  w i t h  Pea r son ' s  r e f u t a t i o n  59 of  Gal- 
ton 's  theory  of  p e r p e t u a l  r eg ress ion ,  so w e n t  a l o n g  w a y  t ow ards  
d e m o n s t r a t i n g  the  poss ibi l i ty  of  the  t r u th  of  D a r w i n ' s  v iews.  

U n f o r t u n a t e l y ,  the  B i o m e t r i c i a n s  h a d  no  c o n v i n c i n g  rep ly  
to F l e e m i n g  J e n k i n ' s  ea r l i e r  c r i t i c i sm  of  the  D a r w i n i a n  the-  
sis, el t h a t  t he re  a p p e a r e d  to be  r ig id  u p p e r  l imi t s  set  by n a t u r e  
to the  degree  of  c h a n g e  w h i c h  could  be p r o d u c e d  by se lec t ive  
b r e e d i n g  f r o m  i n d i v i d u a l s  s h o w i n g  e x t r e m e  va lues  of  ind iv i -  
d u a l  d i f ferences .  As I hope  to show at  a f u t u r e  t ime ,  th is  prob-  
l e m  wou ld  r e m a i n  u n s o l v e d  un t i l  i t  was  r ecogn ized  t h a t  bio- 
m e t r i c  l aws  of  a n c e s t r a l  he red i ty  could  be  e x p l a i n e d  i n  Men-  
de l i an  te rms .  

Based on an M.Phil. thesis, Theories of Evolution of the Biometric School, 
which I wrote in the Department of History and Philosophy of Science, 
Chelsea College, University of London. My researches were carried out on a 
Science Research Council grant. I would like to thank Dr. M. P. Eaxles of 
Chelsea and Professor J. S. Wilkie of University College London for many 
helpful suggestions--but I would point out that any errors are my re- 
sponsibil ity alone. I would also like to thank the editor and referees for 
helpful comments on an eaxlier draft of this paper. 

59. See above, nn. 24-27. 
60. See above n. 18. 
61. See above, n. 9. Galton in 1879 (see above n. 18) had offered what 

was in effect a mathematical reformulation of Jenkin's point, but it was 
formulated in ignorance of the mathematics of multiple regression. These 
axe explained in C. E. Weathethurn, A First Course in Mathematical Sta- 
tistics (Cambridge, 1968), pp. 242-260. 
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