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W OULD  DARWIN have understood and appreci- 
ated MENDEL’S work had  he known of it? The 

question is often asked. But DARWIN was so convinced 
of the continuous nature of inheritance  that  he might 
not have been receptive. There is a  better  candidate, 
FRANCIS GALTON. In 1965 A. H.  STURTEVANT wrote: 
The question has often been raised: Would any biologist 
have appreciated Mendel’s work  if he had seen  the paper 
before 1900! My own candidate for  the most likely person 
to have understood it is Galton, because of his interest in 
discontinuous variation, his mathematical turn of mind, and 
his acceptance of Weismann’s view that the hereditary po- 
tentialities of an individual must be halved in each germ 
cell. 
GALTON lived long  enough to learn  about the redis- 
covery of MENDEL’S laws, but by this time his genetic 
work was largely finished. 

GALTON was the  founder of biometry. Regression 
and correlation were his ideas and he used them to 
study inheritance and  the similarity of relatives. He 
pioneered in the use of the Gaussian distribution,  and 
realized that  the  methods  developed to study meas- 
urement  errors were just what was needed to study 
biological variability. He showed that  one measured 
trait  after another was normally distributed, or close 
to it. He did  monumental  studies of stature, eye color, 
and hereditary disease in humans. From the extensive 
records of coat color in basset hounds  he  formulated 
his law of ancestral heredity,  a nice idea but 
superseded by Mendelism. He was the first to use 
twins to separate  genetic  from  environmental effects. 
Along the way, he developed  techniques  for classifying 
fingerprints,  interesting to him as  a  neutral  trait. 
GALTON’S high place in the history of genetics is shown 
by a biographical memoir and  portrait  (Figure 1) in 
the second volume of GENETICS, following MENDEL 
who was honored in the first. 

GALTON’S great work on  heredity and biometry 
came late in  his life. He published his Hereditary  Genius 
when he was nearly 50  and Natural  Inheritance when 
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FIGURE 1 .--FRANCIS GALTON, from a painting by C. Mr. FURSE. 
Reproduced from the frontispiece of  GENEPICS, Volume 2, I9 17. 

he was well into his 60s. The last third of  his long life 
was spent almost entirely  on  heredity,  biometry,  and 
eugenics, and it is these  for which he is known. Yet 
his earlier life and accomplishments are also remark- 
able,  although less  well known to geneticists, and I 
will mention some of them. Much  of this comes from 
his fascinating autobiography, Memories of My Life, 
published in  his 88th year. 

I have also been dipping  into  a four-volume, 15- 
pound biography comprising  1345 pages, plus fold- 
outs  and page after page of photographs. I t  was writ- 
ten by KARL PEARSON  (191  4,  1924,  1930a,b). In the 
preface  PEARSON says, “The indolent  reader will find 
much in this work  which he  does not want and which 
is of little interest to him . . . this work is not written 
to gain a public.” And in Volume 111 he says further, 
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“I will paint my portrait of a size and colouring to 
please  myself, and disregard at each stage circulation, 
sale or profit.” As the publishers later rued,  “This 
quaint notion of the author’s, which  some  would  call 
integrity, resulted in a  rather small  sale.” The over- 
stocked vender finally offered the  entire set for 
$17.50. A set now  sells for several hundred dollars. 

GALTON (1 822-191 1) was born  the same  year  as 
MENDEL (1 822-1 884). DARWIN (1 809-1882) and 
GALTON were  half-cousins, grandsons of ERASMUS 
DARWIN. GALTON was the youngest  of nine children 
and was carefully attended by a sister. She had a spinal 
deformity and was confined to  her bed, from which 
she directed his early studies. He was a precocious 
child. On his fifth birthday, uninhibited by false mod- 
esty,  he wrote, “I am four years old (sic) and  I can 
read any  English  book. I can say all the Latin Substan- 
tives and Adjectives and active  verbs  besides 52 lines 
of Latin poetry. I can  cast up any  sum  in addition and 
can  multiply by 2, 3, 4, 5, 6, 7, 8, [9], 10, [ 1 11. I can 
also say the pence table. I read French a little and 1 
know the Clock.” The numbers in brackets were 
erased from the letter; in  his exuberance he had 
claimed too much. In school he led  his  class, although 
there were comments, then and later, that he had 
neglected his  classics  in favor of natural history and 
science.  His intense curiosity about everything and his 
determination to experiment were apparent at  an 
early age and continued throughout his life.  His  con- 
viction that counting and measurement were the se- 
cret of success  grew  with the years. 

At  his parents’ urging he began medical  studies at 
age 16. He wrote feelingly about the brutalities of 
surgery-this was before anesthetics-and wondered 
why more patients were not made dead drunk before 
surgery, which  in one instance seemed to provide 
succor. Always the experimentalist, he decided to find 
out for himself the effects  of  all the medicines by 
taking very  small  doses. Going through  the list alpha- 
betically, he reached the  letter C; but even a minute 
dose of croton oil  was too much for him. He also 
flirted with  hypnotizing people and discovered, con- 
trary to the conventional wisdom of the time, that 
intense concentration on his part was unnecessary;  he 
was just as  effective  when he deliberately let his  mind 
wander. 

GALTON was admitted to  Trinity College,  Cam- 
bridge, and started to concentrate on mathematics. A 
high point was a study-vacation tour with mathematics 
taught by ARTHUR CAYLEY, inventor of matrix alge- 
bra. Unfortunately, GALTON’S plans for  further study 
were halted by illness. Later when he returned  to his 
studies, he  gave up his mathematical ambitions and 
settled for a medical degree. At about this time his 
father  died, leaving  him  with a  fortune sufficient to 

make  medical practice unnecessary, and immediately 
he abandoned it. 

The next few years  were spent traveling, mostly  in 
Africa. He rode on horses, oxen and camels, and on 
a barge up the Nile.  His trips included areas not 
previously traveled by Europeans. Everywhere  he 
went he made notes and measurements. Latitude and 
longitude were determined by astronomy and altitude 
by the  temperature of  boiling water. He wrote  several 
books about traveling, and for many  years was active 
in the Royal  Geographical  Society. 

Always,  even on trips, he read widely. He wrote 
frequent articles, often for Nature, on  all manner of 
subjects. He also was an inventor. He invented a new 
type  of heliostat, for sending signals by sun reflection. 
He made a  trip to Spain to study a total eclipse  of the 
sun  with a newly invented instrument for measuring 
temperature changes; it failed, but this, he  said,  gave 
him time to revel in the beauty  of the eclipse. He 
developed stereoscopic  maps, better to show relief. 
He experimented with trying to make breathing en- 
tirely voluntary, and almost succeeded, to his terror. 

He became interested in the ability  of  animals to 
hear frequencies too high for human ears and de- 
signed supersonic whistles to measure this. In order 
to measure the hearing of  zoo  animals  without  being 
noticed by human visitors,  he contrived a whistle  in 
his cane that he  could  unobtrusively  activate from the 
handle. The results, however,  were “disappointing.” 
He wondered why,  with  all the selection in dogs for 
special traits and bizarre shapes, no one had ever 
selected for intelligence; but he did not have the 
resources for a study and could not elicit interest from 
anyone else. He studied a calculating  prodigy and 
learned about the geometrical pattern in  which  this 
person arrayed numbers in  his mind. 

GALTON’S curiosity and efforts to satisfy  it exceeded 
all bounds. He once decided to study the efficacy  of 
prayer. To do this he studied mortality rates of  roy- 
alty, whose  subjects prayed for their health, and com- 
pared insurance charges for vessels  with and without 
(presumably praying) missionaries. 

Another of GALTON’S inventions was to combine 
photographs of different individuals into a single 
print. In this way he could wash out  the noise  of 
special features and reinforce the general ones. This 
enabled him more readily to perceive  familial and 
ethnic resemblances. As usual,  he invented a machine 
to make the composites. This foreshadowed modern 
computer programs for removing noise from images. 

This superficial  summary may  give the impression 
that these  various experiments were done casually, 
which is not true. Almost  always they  involved careful, 
repeated measurements, and were  usually  published. 
GALTON’S hard-working habits paid  off  in a list of  183 
articles and memoirs, including 12  books. 
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GALTON’S  most famous experiment is his  test of 
DARWIN’S pangenesis  hypothesis. In  the  later editions 
of  his  book DARWIN postulated that minute “gem- 
mules’’  pass from body  cells to  the germ cells, thus 
providing a mechanism for  the Lamarckian inherit- 
ance that he was increasingly drawn to. GALTON tested 
this by  massive transfusions in rabbits. The experi- 
ments involved  cross connections of the blood  vessels, 
leading to  a  thorough mixing. He praised the skill of 
his friends who did the tricky surgery; his  own part 
“was confined to inserting cannulae and  the like.” 
(GALTON always seemed to have friends willing to help 
him.) The results were unequivocal: there were no 
inherited effects  of the transfusions. DARWIN was not 
convinced. He said that gemmules need not travel by 
way  of the blood stream and  that his theory was 
supposed to apply  as  well to organisms without blood. 
GALTON was himself  largely  convinced  of the non- 
existence, or at least the non-importance, of  Lamarck- 
ian inheritance, although, perhaps out of respect for 
his  cousin, he kept an open mind. He  did, however, 
retain part of the pangenesis theory, but confined the 
particles to the germ line. If only he had understood 
Mendelian segregation and recombination! 

Another of GALTON’S lasting contributions was the 
development of fingerprints. At  this time BERTILLON 
was using  body measurements as a way of identifying 
people. GALTON pointed out  a fundamental error, 
that  the various measurements were not independent 
and  the simple  multiplication  of probabilities could 
give an erroneous impression  of  accuracy  of identifi- 
cation, the same  issue that sometimes  arises  today  in 
DNA  forensics. Looking for something better, GAL- 
TON had the idea of trying fingerprints, which had 
been used  by, among others, the ancient Chinese. 
GALTON’S great contribution was developing a system- 
atic way of cataloging fingerprints to permit ready 
comparison. His methods and derivatives therefrom 
are now standard. He was fascinated by this trait 
because  of  its apparent selective neutrality. How, he 
wondered, could  such  seemingly  useless patterns be 
so precisely determined, as evidenced by the regen- 
eration of the same pattern when the finger tip had 
been mutilated? GALTON had  originally thought of 
fingerprints as a way to aid racial  classification. They 
turned  out to be useless for this purpose, but far more 
important as a means  of  individual identification. 

Although GALTON did all  of these things, and much 
more, his deep interest in the last part of  his  life  was 
heredity. Increasingly he emphasized counting and 
measurement. His greatest accomplishments were the 
discovery  of  regression and correlation, the founda- 
tions  of biometry. Filial regression is  now so familiar 
that it is hard to imagine that its significance was so 
slow to be appreciated. GALTON noted  that  the prog- 
eny or other relatives  of  individuals  who deviated 

from the population mean  in either direction also 
deviated in the same direction but to a lesser  extent. If 
the parental measurement deviated by an amount x, 
say, the progeny deviated by an amount K x  (0 < k < 
1). The fraction k is the regression coefficient, re- 
markably constant for all  values  of x. This discovery 
solved the dilemma that had been bothering GALTON: 
if the progeny means  were the same  as the parental, 
the population should become more variable  each 
generation as extreme parents produced some prog- 
eny that were  still more extreme. Regression, he de- 
lightedly realized, prevented this. Thus the popula- 
tion distribution remained stable. 

GALTON  believed that regression  always tended to- 
ward an unchanging population mean, and this  would 
swamp out any effects of selection. He  therefore con- 
cluded that evolution depended on discontinuous sal- 
tations, or “sports,” and  that DARWIN’S continuous 
variation was not the basis  of evolution. 

In  the 1890s the biological  community was divided 
between advocates of  Darwinian  gradualism and those 
supporting Galtonian “evolution by jerks.” The con- 
flict  became more  bitter  after  the rediscovery  of  Men- 
delism  in 1900. GALTON was in the  honored, but at 
the same time delicate, position  of  being quoted and 
courted by both sides. The Mendelists  called attention 
to his  emphasis on discrete differences. The biometri- 
cians lauded him for  the invention of  biometry. He 
somehow  managed to retain friendships on both sides. 

In 1905, Nature refused to accept any more polem- 
ics on this subject. Yet the controversy continued, 
much longer than it should have,  especially  in  England 
(PROVINE 1971). The definitive  answer  came  with 
FISHER’S  famous 19 18 paper, which demonstrated the 
consistency  of the data with  Mendelian inheritance 
when dominance, epistasis, and assortative  mating 
were taken into account. But by this time  Mendelism 
had won and  the  argument had stopped. 

The two great innovations, regression and correla- 
tion, both involved  mathematical methods that were 
beyond GALTON’S skills.  Yet, he understood the prob- 
lems  clearly and was able to call on mathematicians 
for  the necessary  help.  GALTON was the first student 
of heredity to use the normal Gaussian distribution 
creatively. He expressed deviations from the popula- 
tion mean  in units of  half the interquartile range  (he 
objected to  the use  of the  “uncouth”  term, probable 
error). For each multiple  of  this  unit he could  calculate 
the  proportion of the population exceeding this  value 
from the normal integral. Here is one example, show- 
ing GALTON’S  cleverness but lack  of rigor. From the 
number of outstanding persons in various populations, 
by  his rather elaborate scheme  of  classification,  he 
calculated that British  ability exceeded that of  some 
races.  At  least he was not a chauvinist, for he classified 
the people  of  Scotland  as higher than those of  his  own 
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FIGURE 2.-A quincunx. In this example a  triangular block has 
been introduced to produce  a skewed distribution. (Reprinted by 
permission of the Quantum Company.) 

England.  From the large number of outstanding peo- 
ple (e.g., Plato, Socrates, Sophocles,  Arisophanes) in a 
small population he calculated that  the average apti- 
tude in ancient Greece was about 2 units (1.35 stand- 
ard deviations) above that of contemporary Britain. 
Viewed  by 1993 standards this seems  loose and naive. 
But it illustrates beautifully GALTON'S obsession  with 
measuring everything and using  whatever  trick he 
could think of. 

One of GALTON'S most appealing inventions was a 
device for dropping pellets through  a hole, where 
they bounced off  strategically  located  pins (Figure 2). 
At the bottom they accumulated in slots and gener- 
ated  a binomial distribution, which  became  Gaussian 
as the number of  pellets and slots increased. He called 
this a quincunx after  the geometrical pattern of the 
pins. By suitable modifications he could demonstrate 
selection, regression, and various  statistical  principles. 
The most  ingenious was  his  use  of a two-stage quin- 
cunx to demonstrate that  the sum of a number of 
normal distributions is  itself normal. 

GALTON'S delightful account of  how he  came to 
invent the concept of correlation was published in 
1890 and has  been reprinted with an introduction by 
STICLER (1989). For a discerning discussion of GAL- 
TON'S central role in the history of  statistics  see  STIG- 
LER (1 986). 

GALTON believed firmly in the importance of hered- 
ity, and reacted strongly against the prevailing view 
that mental traits were not inherited. "I have no 
patience with the hypothesis  occasionally  expressed, 
and often implied,  especially in tales  written to teach 
children to be good, that babies are born pretty much 
alike, and that  the sole  agencies in creating differ- 
ences . . . are steady  application and moral effort. It 
is  in the most  unqualified manner that I object to 
pretensions of natural equality."  His  books are full of 
statements that are today regarded as  excessively her- 
editarian or racist. There is a cottage industry of  books 
and articles critical  of  this.  But I say it is unfair to 
judge a Victorian Britisher, a  creature of his time, by 
political and social standards of the 1990s. I prefer to 
admire him for his  achievements. The subject  of  biom- 
etry is a lasting monument, unaffected by the chang- 
ing  winds  of  political correctness. 

My greatest debt is to STEVE STICLER who  has made a detailed 
study Of GALTON. I also thank CARTER DENNISTON and BILL ENGELS 
for helpful comments on  the manuscript and BRIAN JOINER for 
helping me find a quincunx. 
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