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CHAPTER FIVE

Did Eugenics Rest on an Elementary Mistake?

DIANE B. PAUL AND HAMISTHE . SPENCER

On the evidence of many genetics texts, ol books on biology and society, and ol
histories of science, cugenicists were guilty of an astoundingly simple mistake,
According to conventional accounts, which viny only in details, cugenics en-
thusiasts thought they could eliminate mental deficiency by segregating or ster-
ilizing alfected individuals, But a basic understanding ol the Hardy-Weinberg
principle sulfices to destroy that illusion.

Eugenicists in the 1910s and 1920s attributed most mental defect to a reces-
sive Mendelian factor {or in today’s parlance, allele). But it is evident from
the simple equation % +2pg + ¢* = 1 that if a trait is rare, the vast major-
ity of deleterious genes will be hidden in apparently normal carriers. Selec-
tton against the allected themselves will thas be inelfectual. For example, even
if all the affected were prevented from breeding, in a single gencration the
incidence of o trait at an inidal frequencey of 0.000000 would be reduced o
Just 0.000098 (and the allele frequency from 0.0100 o 0.0099). To reduce
the incidence to half’ its original value (i.e., 0.000050) would require somce
41 generations, or about 1000 years. Tables in numerous genetics textbooks
serve to make the point that hundreds ol generations are required before a
rare deleterious trait would disappear. Because a human generation lasts about
25 years, eugenical selection would be futile over any meaningful period. P. B,
and J. S. Medawar express a common view: the eugenicists were ignorant and
muddicd (as well as foolish and inhumane). “Only a minority of the offending
genes are locked up in the mentally delicient themselves,” they explain, “so
sterilizing them would not be effective” (Medawar and Medawar 1977, p. 60).

That sclection is slow when genes e mare s not a new insight. ndeed,
Roll-Hansen (1980) has noted that, as early as 1914, the Norwegian psychiatrist
Ragnar Vogt had cmphasized the difference between “posttive” (dominant) and
“negative” {recessive) hereditary diseases, noting that the former could be eradi-
cated by preventing those who have the disease froin reproducing, whereas the
fatter “are transmitted through one or more healthy intermediate links, and
only a small partof the discased individuals have discased parents. The socially
most important hereditary diseases, such as certain kinds of deafmuteness, fee-
blemindedness, and mental illiness appear to behave like negative (recessive)
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hereditary diseases, and one can therefore not achieve any appreciable eugenic
effe:c.t by preventing the diseased individuals from having children through pro-
hibition of marriage or similar means” {(Vogt 1414, pp. 4-5}. Yogt's poiut sc!;ms
not to have been appreciated at the time, but in 1917 it was indepenélemlv
apprehended by Harvard geneticist Edward Murray Fast. Fast'’s argument wins
then relined by RoCo Punnett of Canlbridge University, and Punnett’s \'v1's'ic;|A:
was popularized by J. B. S. Haldane in Britain and H. 8. Jennings in the U‘nlitcd

Slatcs. “To merely cancel the deficient individuals themselves — those actually
leebleminded — nrakes ahmost no progress toward getting rid of fccblfcniliml.cd)-
ness for later generations,” wrote the latter (Jennings 1927, p. 273; Haldane
1928 [pub. in 1932], p. 105). If the futility of sterilization and scgrcg;;lion were
exposed so early and often, it might seem that the numerous geneticists who
endorsed these policies were a remarkably dim-witted lot,

‘ Whatever their personal and political Lilings, this explanation is implau-
sxblc. R. A. Fisher was a social reactionary, as well as ardent eugenicist.l But
his “,vorstl enemies did not think him stupid. He unquestionably understood
the ]l]'lpllC';'lliO;l]s ol Hardy-Weinberg. Moreover, when Punnett first articulated
these {Inpilcations, he did so in an effort to expand eugenics' scope, not demon-
strate its futility. Indeed, in the 1920s and 1930s, ncurl‘y all gcnclicis’ls including
those traditionally characterized as opponents of eugenics, took i.t f;Jr ranteg
that “‘m.ental defectives” should be prevented from breeding. To sce \%hy few
geneticists of that period drew the conclusions that seem so obvious 1o their
present-day successors, let us review the original arguments about the threat
represented by carriers,

5.1 The *Real Menace” of the Fechleminded

In his 1917 essay “Hidden Feeblemindedness,” East argued that neither the
character norscope of the problem of mental defect had been fully appreciued
A]Lhougl‘l lauding eflorts to cut off the stream of “defective germplasm” throu' h.
segregation or sterilization of the affected, East thought the primary danger Ei
elsewhere in the vast mass of invisible heterozygotes. i ’
He had been influenced in this view by the American psychologist Hen
H. Goddard, author of The Kallikak Family: A Study in the Heredity of Feeblfminz
edr'eess (1912), an impressionistic study of a “degenerate” rural clan, and Feeblp-
Mindedness: Iis Causes and Consequences (1914), a much longer wo;k that disL
cussed the meaning of the data for theories of inheritance. In the latter book
F}oddard had argued that “normalindedness is dominant and is transmitted‘
m'ac.cordance with the Mendelian law of inheritance” (Goddard 1914, p. 556)
‘I“IIS views were widely accepted. Thus Punnett could write in 1925 tha’t n'o one'
who has studied the numerous pedigrees collected by Goddard and others
[coulc.l] fail to draw the conclusion that this mental state behaves as a simple
recessive 1o the normal” (Punnett 1925, p. 704). William E. Castle also praised
Goddard ’s. research and uncritically reported his results. “Goddard’s cxricll)czlt;c "
he wrf)te m.am influential textbook, “indicates that feeble-mindedness is ';1
recessive unit-character” (Castle 1927, p. 355}, As fate as 1930, Jenmings was
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able to assert that feeblemindedness was “the clearest case” of a recessive single
gene defect  Jennings 1930, p. 938). Although Paul Popenoe and R. H. Johnson
didl eriticize Goddard's assumption that feeblemindedness resulted from a sin-
gle genc, they accepted his claims that at least two-thirds of those affected owed
their condition direatly to heredity and that they numbered at least 300,000
(Popenoc and Johnson 1018, pp. 100, 175).

Biometricians such as David Heron of the Galton Laboratory in London
disparaged both the methods and logic used to reach this conclusion. In a
passionate response to the stream ol publications coming out ol Charles 1L
Davenport's Eugenics Record Office in Cold Spring Harbor, Heron attacked
almost every aspect of the Americans” work. Although his essay predated pub-
lication of Feeblemindedness, Heron’s critique was as applicable to Goddard as
Davenport. He concluded “that the material has been collected in an unsat-
isfactory manner, that the data have been tabled in a most slipshod fashion,
and that the Mendelian conclusions drawn have no justification whatsoever”
(Hevon 1913, po 61 Tieron anek the other biometricians were themselves arclent
eugenicists, with "the highest hopes for the new science” (p. 4). But they
feared that cugenics would be crippled at birth by the American Mendelians’
crude errors. Perhaps because of their unremiting anti-Mendelian rhetoric
and personal style of attack, the biometricians’ critiques were largely ignored
by Mendelian gencticists on both sides of the Atlantic (Spencer and Paul 1998).

Davenport was one ol the lew Mendclian geneticists 1o criticize the category
of feeblemindedness, which he characterized as a “lumber room” of different
{and scparatcly inherited) mental deliciences (Davenport 1912, 14915), He also
noted the illogic of expecting a socially defined trait — a feebleminded person
was considered “incapable of performing his dutics asa member of socictyin the
position of fife 1o which heis born® (Popenoc 1910, p. 32) — o be inherited as o
simple Mendclian recessive (Davenport 1912, p. 986 see also Holmes 1923, pp.
121-33; Wiggam 1924, pp. h6~-8). But these were minor quarrels, Until the mid-
1930s, Thomas Hunt Morgan was the only Mendelian geneticist consistently to
repudiate Goddard’s claim that social deviance was largely due to bad heredity
(Barker 1989). In the 1925 edition of Evolution and Genetics, Morgan argued that
much of the behavior tagged with that label was probably duc to “demoralizing
social conditions” rather than to heredity (Morgan 1925, p. 201). But Morgan’s
critique, like Heron's, had little impact.

East was thus one of many geneticists to conclude that feeblemindedness
was genetic and transmitted as a Mcndelian recessive. But he was the [lirst to
see the implications for cugenics. Even without benefit of Hardy-Weinberg,
FEast understood that the number of apparently normal carriers must be much
targer than those affected. Tn 1912 Davenport could offer the following advice:

Prevent the feebleminded, drunkards, paupers, sex-offenders, and criminalistic
from marrving their like or cousins or any person belonging to a neuropathic strain,
Practically it might be well to segregate such persons during the reproductive pe-
riod for one generation. Then the crop of delectives will be reduced to practically

nothing (Davenport 1412, 1. 286).



106 Diane B. Paul and Hamish G. Spencer

Two years later, a commiittee of the American Breeders Association con-
cluded almost as optimistically that two generations of segregation and steril-
ization would largely “eliminate from the racc the source of supply of the great
anti-social human varicties” (Laughlin 1914, p, 60), East realized tu these pre-
dictions were wrong. The “real menace” of the fecbleminded lay in the huge
heterozygotic reserve, which constituted about 7% of the American popula-
tion, or one in every fourteen individuals. He warned: “Our modern Red Cross
Knights have glimpsed but the face of the dragon” (East 1917, p. 215).

East’s point was echoed by Punncu, who carlier had suggested that fec-
blemindedness could be brought under immediate control. Like many other
geneticists, he felt “there is every reason to expect that a policy of strict segrega-
tion would rapidly bring about the elimination of this character” (Punnett 1912,
p- 137). But as a consequence of work for his influential 1915 book, Mimicry in
Budterflies, he changed his mind.

For his mimicry work, Punnett needed to know how fast a Mendclian fac-
tor would spread through a population (Provine 1971, p. 137; Bennett 1983,
pp. 8=10). e turned to his Cambridge mathematics colleague TLT. | Norton
for help. Norton prepared a table (which appears as an appendix to Punnett’s
hook) displaying the number of gencerations required to change the frequency
ol completely dominant or recessive factors at different selection ntensities
(Punnett 1915). From the table, Punnett learned both that selection could act
with surprising specd and that, when the recessive factor was rare, extreme slow-
ness. Two years alter Mimicry in Butterflies appeared, Punneu called attention to
the implications of the latter point for eugenics. Policies aimed at the affected,
he argued, would take a distressingly long time 10 work.

He employed a relatively well-undersiood condition o illustrate the nature
of the problem:

Albinism, for example, behaves on whole as a recessive. Nevertheless, albinos appear
among the offspring in an appreciable proportion of matings where either onc or
both parents are normal, and where no consanguinity can be detected. The same is
true of feeblemindedness. This becomes less difficult to understand when we realize
that the heterozygotes are bound greatly to outnumber the recessives whenever
these form a small proportion ol a stable population {Punnett 1917, p. 465).!

Although that argument had alrcady been made by East, Punnett was able
10 work oult its implications with much greater precision, Applying the Hardy—
Weinberg formula, he concluded that over 10% of the population carried the
gene Jor feeblemindedness, With Go T4 Fardy's help, he also estimated the
rate at which a population could be freed from mental defect by a policy of
segregating or sterilizing the affected. He found the results depressing. Fven
under the unrealistic assumption that all the feebleminded could be prevented
from breeding, their proportion in the population would only decline from

bin 100 to 1 in 1000 in 22 generations
1in 1008 1o 1 in 10,000 in 68 generations
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Tan 10000 10 1 in TOD, 0046 in 216 generations
Lin 100,000 to 1 in 1,000,000 in 684 generations.

In other words, given Goddard's (unchallenged) estinnue that about three in
every thousand Amecricans were feebleminded as a result of genetic defect, it
would take over 8000 years helore their numbers were reduced o 1 in 100,000,
Punnett thus concluded that eugenic segregation did not, contrary to his initial
belicf, offer a hopeful prospect.

Punnett, who served with Fisher on the Council of the Cambridge Univer-
sity Eugenics Society, did not intend to provide an argument against eugenics
(Bennett 1983, p. 12). Like East, he concluded that if “that most desirable goal
of a world rid of the feeble-minded is to be reached in a reasonablc time, some
method other than that of the elimination of the feeble-minded themselves
must cventually be found” (Punnett 1917, p. 464). That method would take
advantage of the phenomenon of partial dominance. East had noted that com-
plete dominance was rare among the characters studied by plant and animal
brecders. He speculated thit inteligence tests (which Goddard had introduced
to America in 1908) could be used to identify heterozygotes, who would likely
exhibit a lower mentality than the “pure normals.” Punnett took up the sug-
gestion, concluding his paper with a call Tor research w {ocus on carricrs of
defective genes.

Whatever his intention, Punnett’s claim about the inefficacy of selection was
scized on by critics of cugenic segregation and sterilization, For exatuple, in
1923 the Central Association for Mental Weltare issued a pamphlet opposing
sterilization, which itasserted “would have only a very inited effect in prevent-
ing mental deticiency™ (Central Association for Mental Wellare, 1923, p- 12).
In the sime year, the Section of Medical Sociology of the British Medical Asso-
ciation sponsored a discussion on the issue ol sterilizing mental defectives. The
opponents of such a policy were clearly familiar with Punnett’s argument. Thus,
Dr. Joseph Pridcaux, the mental and neurological inspector of the Ministry of
Pensions, argucd that il the proportion of mental defectives in the population
were 3 or 4 per 1000, it would be necessary to sterilize “some 10 percent of the
population, who were carriers of mental defect” (a policy he thought absurd)
and that, moreover, “no really good result would be forthcoming until a very
long period had clapsed” (Prideaux 1923, p. 231). Dr. H. B. Brackenbury, the
Section’s president, ended his sununary of the discussion by remarking that
the more the hereditary impact of rigorous segregation “was looked into the
maore certain aspeets ol i appeared to be disappointing,” and noting that it had
formerly been hoped that complete segregation or sterilization would rapidly
climinate the mentaily defective population, “but this was not so” {Brackenbury
1923, pp. 233-4).

R. A. Fisher (Fisher 1924} realized that Punnett’s calculations were mislead-
g and casily employed to subvert the cugenic goals that he and Punnett shared.
If the goal were to rid the world of the last few mental defectives, Fisher noted,
the fact that thousands of generations are required to reduce their number to
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one in a billion would be meaningful. But if the calculations were extended 1o
this point, “the reader would perhaps see the catch, and recognize that it would
not matter if it took ten thousand generations to rid the world of its lust lone fee-
bleminded individual!” (p. 114). Even on Punnett’s unrealistic assumptions of
a single gene for mental delect and random mating, Fisher argued, substantial
progress could be achieved in the first few generations if affected individuals
were prevented from breeding. Expressing the frequency of the defectives as
so many per HL000 casily demonstrates the point:

From 100 to 82.6 in 1 generation
From 82.6 to 69.4 in 1 generation
From 69.4 to 59.2 in 1 generation.

Hence, in the first generation alone, selection could remove more than 17%
of the affected persons.

Fisher'’s estimate is derived from Hardy's table, which represented an abstract
calculation of the effects of selection, given assumptions alrout the inital num-
her of alfected. But the starting figures were chosen for ease of presentation
rather than their assumed fit with reality. A standard estimate — and the one
used by Punnett — was that three insuthousand individuals were feebleminded,
Punnett’s tuble coutd have been even more dramatic had he the skill to recalcu-
late Hardy’s numbers based on the lower initial frequency. But he understood
little math. (In his 1916 referce’s report on Fisher’s classic paper, “The Correla-
tion hetween Relatives on the Supposition of Mendelian Inheritance,” Punnett
wrote that it was of little interest 1o biologists but addecd; "lrankly I clo not foliow
itowing lo my ignorance of mathematics” (Bennett 1983, p. 116, i, 12). If Fisher
had used Punnett’s estimate of the frequency of mental defect, the reduction
in the first generation would have been about 1092

Fisheralso examined the cffects of relaxing Punnett’s assumption of random
mating. This time, however, the result was more favorable to cugenies. Fisher
assumed that the feebleminded constitwed a kuger proportion (one sixteently)
ol a smaller subsection (5%) of the population whose members mated only with
others in that subsection. Hence, he incorporated a form of assortative mating
into the model. Although it seems reasonable to assume that the feebleminded
would tend to mate among themsclves, the 5% figure dramarically decreases
the frequency of carriers, thus increasing the efficacy ol selection. Even starting
from the standard frequency of 30 affecteds per 14,000 pcople, Fisher calcu-
lated that mental defect conld be reduced by 36% in one generadion (p. HD).
Nevertheless, Fisher had shown for the [lirst time that any form of assortative
mating could help the eugenics cause.

Fisher's arguiment is olien treated dismissively (see Kevles 1985, p. 165;
Barker 1989). But Fisher diverged from Punnett and Jennings only in claiming
that the afTected tended to mate with citch other (which would increase the [re-
quency of homozygotes and thus speed selection) and that the trait was mul-
tifactorial. Both claims were eminently reasonable and at least as defensible
as those of Punnett or Jennings — the conventional heroes of ihis historjcal
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fable — who were also more alarmist than Fisher, It was the progressive Jennings
who asserted that “a defective gene — such a thing as produces diabetes, cre-
tinism, feehlemindedness — is a frightful thing; it is the embodiment, the mate-
rial realization of i demon of evil; a living self-perpetuating ercature, invisible,
impalpable, that blasts the human being in bud or leal. Such a thing must be
stopped wherever it is recognized” (Jennings 1927, p. 274).

Fisher’s primary criticism was leveled at the use of Hardy's table 1o demon-
strate the inefficacy of selection. He was surely right in claiming that it was
deceptive. What mattered to most ecugenicists was the potential progress of
selection in the next few generations. Here, Fisher demonstrated that eugeni-
cal policics could make a substantial difference. Even on Punnett’s assump-
tion of random mating, a substantial reduction in a single generation was
possible.

In fact, all the gencticists agreed that the incidence of mental defect could
be reduced by about 10% in the first generation (and on the same reasoning, 19
and 26% by the second and third generations, respectively). Lven Haldane, who
regarded compulsory sterilization “as a piece of crude Americanism” thought it
“would probabiy cut down the supply ofmental defectives in the next generation
by semething of the order of 10 percent,” (Haldane 1938, pp. 80, 88). It some
degree of assortalive mating is assumed, the estimates would of course be higher.
According to Jennings, the ostensible critic: “A reduction in the number of
fecbleminded by cleven percent [on the assumption of random mating], or
still more, a reduction by thirty or forty pereent [ifmating is assortative ], would
be a very great achievement. And it could be brought about in no other way
than by stopping propagation of the feeble-minded persons” (Jennings 1934,
p- 242).

Why are the estiimies so highe 10is often sakd (that cugenics was based on
a4 mistake about the efficacy of selection against rare genes. Bult this was not
the cugenicists’ ervor. The erucial point is that feeblemindedness was not con-
sidered rare, at least in comparison with a trait like albinism. Thus, Davenport
wrote that eugenics was prompted by recognition of the “great proportional in-
crease in feeble-mindedness inits protean forms ~ a great spread of animalistic
traits — and of insanity” (Davenport 1912, p. 308). Indeed, the raison d’ctre of
the cugenics movenient wis the perceived threat ol swamping by o large class
of mental defectives. Numerous British and American studies and an increase
in the insttationalized population seemed to indicate that the problem was
rapidly worsening. In America it was commonly believed that from 300,000 1o
1,000,000 persons were feebleminded as a result of genetic defect (Popenoc
and Johnson I9E8); those figures tended o increase as mentl ests came into
wider use to evaluate students, prisoners, inmates of poorhouses and training
schools, immigrants at Ellis Island, and army draltees. In 1912, Goddard tested
New York City schoolchildren and estimated that 2% were probably feeble-
minded (Goddard 1912). The results of tests administered to army recruits
during World War I were cven more alarming, for they indicated that nearly
half (47.3%) ol the white dralt — and 89% of the black — was feebleminded
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(Yerkes 1921). Moreover, it seemed that the feebleminded were particularly
prolific. For example, the British Royal Commission on the Care and Control
ol the Feeble-Minded reported in 1908 that defectives averaged seven children,
whereas normal couples averaged only four; many other studies came to similar
conclusions (sec Paul 1995, pp. 78, 62),

Contemporary advocates of the futility of eugenics often mention Tay-Sachs
disease, phenylketonuria (PKU), or albinism. Selection against such diseases is
certainly futile. But these textbook examples are almost invariably rare con-
ditions whose effects are either lethal or minor. Both their frequency and
conscquences ensure that they would be of little interest to a eugenicist. In-
dividuals with Tay-Sachs and (with a few exceptions) untreated PKU do not
leave offspring. Albinos and treated phenylketonurics do reproduce, but these
conditions are not disabling. The frequent employment of albinism in texis is
probably an unconscious inheritance from Punnetts original ardcle. In 1917,
Punnett had few examples to choose among.

/\ppli('d to the listorical cugenics movement, the argument ahout the futiliey
ol selection against rare genes is simply irrelevant. Given widely shared assump-
tions about the causes and incidence of mental defect, cugenic policies could be
expected tosubstantially reduee the number of affected. nany case, geneticists
in the 1920s would generally have favored such policies whatever their exact
effect. In Heredity and Kugenics, Ruggles Gates summarized Punnett’s argument,
concluding that even il all mental defectives were prevented from reproducing,
“the most difficult part of the process of eliminating feehlemindedness from
the germ plasi of the population would scarcely have begun™ (1923, p. 159).
But he ends the same chapter with a call for “the prevention of reproduc-
tion on the part of undesirables, such as the feebleminded,” reasoning (hat,
*such measares are necessary, not so much for the bnprovement ol the race,
as for arresting its rapid deterioration through the multiplication of the unfit”
{p. 251}, Indecd, most gencticists would have assented w Jennings' claim that
“to stop the propagation of the [eebleminded, by thoroughly effective measures,
is a procedure for the welfare of future generations that should be supported by
all enlightened persons. Even though it niay get rid of but asmall proportion of
the defective genes, every case saved is a gain, is worth while in itself” (Jennings
1930, p. 238).

Like Jennings, Lancelot Hoghen is olten portrayed as an opponent ol eu-
genics. He did criticize some advocates of sterilization for exaggerating the
argency of the problem and the results they could achicve ~ fearing that over-
statement would harm the cause. He also invoked Fisher to argue that there
is no need to overstate potential results. That we cannot do everything “is not
# valid reason for neglecling to do what litile can be done™ (Hogben 1631,
p. 207). That point was echoed by Edwin G. Conklin, who like Jennings and
Hogben, criticized some eugenic proposals. Conklin once remarked that ster-
ilizing all the inmates of public institutions was “like burning down a house o
get rid of the rats” (Conklin 1916, p. 438). But he did not oppose sterilization
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of the feebleminded. On the contrary, he asserted that “all modern geneticists
approve the segregation or sterilization ol those who are known o have serious
hercditary defects, such as hereditary feeblemindedness, insanity, etc.” Conklin
asked of the American Eugenics Society’s proposed sterilization policy; “Can
any serious objection be urged to such a law?” (Conklin 1930, pp. 577-8). In
1930, this question was unambiguously rhetorical,

Nearly all geneticists of the 1920s and 1930s - including those tradition-
ally characterized as opponents of eugenics — took for granted that the “fee-
bleminded” should be prevented from breeding. Moreover, nearly everyoue
agreed on the scientific facts. Punnett, East, Fisher, Jennings, and even
Haldane made roughly the same estimates as to the speed and scope of eu-
genical selection. But in respect to social policy, the facts did not speak for
themsclves, They required interpretation in light of other assumptions and
goals. Thus, Haldane opposed sterilization, arguing that “with mental defects
as with physical defeets, if you once deem it desirable 1o sterilize 1think i is
aditde ditficult 1o know where you are o stop”™ (Haldane 1938, p. 89). That
is a powerful argument But it is a social, not a scientific one. Lionel Penrose
wis an even more vehement and consisteat cvitic of engenies, An expert in the
genetics ol mental deficiency, he stressed the heterogeneity of its causes and
the modest influence of eugenic measures in reducing its incidence. But his
nun argument wais ¢thical. Penrose maintained that (he best index of a soci-
ety's health is its willingness to provide adequate care for those unable to care
for themselves (Penrose 1949; see also Kevies 1985, esp. 151-63).

The Harvdy-Weinberg theorem meant dilferent things to dillerent people.
To those already disposed against eugenics, it proved that policies to prevent the
feeDleminded from breeding were not worth the effor. There s no reason th
those disposed in favor of cugenics should draw the same conclusion. Whether
a 10% reduction in incidence is large or small is not a question science can
answer. Indeed, one may concede that the percent reduction is small yet still
think it worthwhile. Thus, at the close of a long discussion of the implications
of Hardy-Wceinberg, Curt Stern remarked: “To state that reproductive selec-
tion against severe physical and mental abnormalities will reduce the number
of affected from one generation to the next by only a few percent does not
alter the faer that these Tew pereent may mean tens of twousiouds of unloru-
nate individuals who, if never born, will be saved untold sorrow” (Stern 1949,
p. 538). A similar point was made by the Swedish Commission on Population
inits 19306 report on steritization, Aler acknowledging the falsity of the earlier
belicf that sterilization would result in a rapid improvement of the population,
the anthors note that it wonld still result in gradual improvement while pre-
venting possible deterioration and that “whenever an eugenic sterilization is
carried out. ., in the specific case the operation will prevent the birth of sick
or inferior children or descendants. Owing 1o this, sterilization of hereditarily
sick or inferior human beings is still a justified measure, beneficial to the indi-
vidual as well as to society” (quoted in Broberg and Tydén 1996, p. 106). Thus,
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it may not matter if the reduction in absolute numbers is miniscule. Indeed,
if one assumes with Jennings that “the prevention of propagation of even one
congenitally defective individual puts a period to at least one line of operation
of this devil” and that “to fail to do at least so much would be a crime,” the rate
of selection is simply beside the point (Jennings 1927, p. 274).

We began by asking whether eugenics was based on an elementary mistake.
To the extent that support for eugenical segregation and sterilization was hased
on the assumption that “it would be possible at one fell stroke [to] cut off prac-
tically all of the cacogenic varieties of the race,” (Laughtin 1914, p. 47) a loose
definition of “feeblemindedness,” as well as acceptance of Goddard's shoddy
data and defective logic, the answer is yes. But it was possible to recognizce these
flaws and still remain a eugenicist, as the example of David Heron demonstratcs.
Moreover, what is usually characierized as the eugenicists’ most obvious error —
a failure to understand the implications of the Hardy—Weinberg theorem ~ was
a mistake few geneticists made after 1917, By the 19205, they well undersiood
that the bulk of genes for mental defects would be hidden in apparently normal
carriers. For most geneticists, this appeared a better reason to widen cugenic
clfforts than o abandon them.

It is often said that support for eugenics declined in the 1930s as its sci-
entific errors were exposed. But the eugenics movement grew stronger dur-
ing the Depression (see Paul 1995, pp. 72-90). In the United States, the num-
ber of sterilizations climbed. The procedure was legalized in Germany (1933),
the Canadian Province of British Columbia (1933), Norway (1934), Sweden
{1934), Finland (1935), Estonia (1936), Iceland (1938} and Japan (1940). Den-
mark, which in 1929 had legalized “voluntary” sterilization, permitted its cacr-
cive use on mental delectives in 1934, These Taws were generally applauded by
genelicists,

In 1918, Popenoe and Johnson wrote that “so few people would now contend
that two feeble-minded or epileptic persans have any ‘right’ to marry and per-
petuate their kind, that it is hardly worth while to argue the poini” (Popenoc
and Johnson 1918, p. 170). Assumptions we now take for granted they thought
too absurd even to require challenging. The inversion of these assumptions

in recent decades is best explained by political developments. Revelations of

Nazi atrocities, the wrend toward respect for patients’ rights in medicine, and
the rise of feminism have converged to make reproductive autonomy a dom-
inant value in our culture, In 1914, a commiuce of the American Breeders
Association asserted that “society must look upon germ-plasm as belonging to
socicty and notsolely to the individual who carries it” (Laughlin 1914, p. 16). Few
today would profess such a view. A change in values, and not the progress of sci-
ence, explains why contemporary Swedes would be unlikely to concur with the
1936 commission that criticized as “extremely individualistic” the concept that
individuals have a right to control their own bodies (Broberg and Tydén 1996).

Itis not our superior quantitative skills that explain why we today draw very
different implications from the Hardy-Weinberg theorem. There was nothing
wrong with most eugenicists’ math. Qur concept of rights, however, is much
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more expansive than theirs. That is why the same equation holds different
lessons for them than it does for us.
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APPENDIX

In this appendix we compare the efficicy of selection under Goddiud's single-
locus model with that under a simple quantitative model as suggested by Fisher.
The argument we use in examining the latter follows suggestions made to us
by R. C. Lewontin.

Let us first examine the dynamics ol the Mendelian model in which the
feebleminded are homozygous for a recessive allele, Let # be the proportion
of feebleminded in the population, and thus the frequency ¢ of the dysgenic
allele is the square root ol . On the assutaption that none of the feebleminded
reproduce (Lo, that cugenic selection is complete), the allde [requency after
onc generation is given by the equation

: 7

¢ = ——.
771 +q
Heunce, the percentage drop in the incidence of feeblemindedness is given by

100(F — FYF = 100(¢"” — ¢%)/q*
= —100¢(2+ ¢} (1 + ‘.0')2
— OOV F (2 + VIY(L+ VFY

This function is shown in Figure 5.Al. We can also use this model to see how
long cugenic selection takes (o reduce the proportion of {eebleminded by a
certain fraction, say 50%. The allele frequency after n generations of selection
is given by

—1y—1
Gn = (nt q Y
which can be rearranged to give

Y | -1
"—(]n -7 :
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Figure 5.A1. (a) The effect of eugenic selection against a recessive Mendelian t.rait in one
generation. (b) The time required to at least halve the frequency of a dysgenic recessive
Mendelian trait. (The stepped nature of the graph in b is because there is no integer so‘!ulmln
to the cquation; see text.) Note the logarithmic x-axis in both figures and the logurlllm'uc
y-axis in b. We have assumed that the cugenic sclection is complete (ie., no affected in-
dividuals have children). The frequency ¢ of the dysgenic allele is the square root of the

incidence .

Because halving the incidence of a trait reduces the allele frequency by a factor
of +/2, the number of generations required to halve the incidence is given by

(/N2 g7 = (V- VE

Because n will not in general be a whole number (especially for high inci-
dences), the number of generations required to at least halve the incidence is
given by rounding n upwards, that is [n+ 1]. This function is also shown in
Figure 5.A1.

Letus now examine the quantitative model in which individuals with a mental
ability below a threshold ¢ are considered to be the feebleminded. Suppose that
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Figure 5.A2. The distribution of mental abil-

ity modeled as a quantitative trait with mean

H. The feebleminded are those with mental

ability below the threshold ¢ and make up a
Y proportion F of the population equal to the
shaded arca under the curve,

t

t I

mental ability has a heritability of 1.0 and is determined by a large number of
additive loci, which are two assumptions most favorable to Fisher’s argument,
The trait will then be normally distributed, with a mean p and a standard
deviation 6. The proportion of [eebleminded in the population, #, is the area
under the normal curve to the left of ¢, as shown in Figure 5.A2. This value is
casily found from ables of the standard nocmal discibution. In symbols,

‘
F = / P(x) da,

in which ¢{x) is the normal density function. If all the feebleminded are pre-
vented from breeding, the mean in the subsequent generation, p°, will be larger:

no=p -+ A, —p),

in which 4% is the heritability of the trait, and ILs is the mean of the selected or
breeding population. The difference in parentheses is easily found from the
properties of the normal distribution, is well known to quantitative geneticists
(Falconer 1989, p. 191), and is usually denoted as §:

S=ps—p =09/ (1 - F)
Now, because the heritability is 1.0, the distribution of the subscquent genera-
tion will be normal with a mean py. That is, the distribution of mental ability

is moved a distance § to the right. The proportion of fecbleminded in the
subscquent generation, £/, is thus given by

F:f¢u—mm,

with the proportional reduction in the proportion of feebleminded given by
(F— Fyr.

Using the values relevant to Fisher’s argument, we find that if F = 0.01, then
G} = 0.0266 and § = 0.026%9c7, giving /' = 0.0093. The quantitative model
predicts a proportional decrease in feeblemindedness in one generation of
eugenic selection, therefore, of about 7% compared with the 17% reduction
predicted (rom the single-locus Mendelian model. The proportional changces
for other values of # are shown in Table 5.Al.
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Table 5.A1. Percentage Decrease in Peeblemindedness under

F Mendelian Model Quantitative Model
0.010 17.36 6.95
0.003 10.12 2.76
4.001 6.04 1.13
Notes

1. Indeed most texts continue to treat albinism — as Punnett did - as a single-locus
defect. Falconer (1989) is one of the few exceptions. Butithas long heen known that
albinism arises {rom the actions of recessive genes from at least two loci (McRusick
1992). Consequently, the incidence of homozygous recessives for a particular locus
is lower than maost texts suggrest, and eugenic selection against albinisn wonldd be
even less efficacious.

2. In emphasizing that his presentation was hased on Punnett’s assumptions, Fisher
traded on this weakness. A reader could easily presume that Fisher emptoyed as-
sumptions favorable to Punnett's case. He did not. “In a single generation,” Fisher
wrote, “the load of public expenditure and personal misery caused by feehlemind-
edness would be reduced by over 17 percent.” If based on the figures in Punncu’s
table, this estimate is correct but also misleading. Fisher did add that if the starting
point had been thirty instead ol a hundred (per ten thousand), the reduction in
one generation would be “over 11 per cent” (p. 114). But he failed to note that this
is the relevant figure. In fact, Fisher’s 11% figure is still inflated. The true reduction
is approximately 10.1%. Haldane (1938, p. 88) discreetly gives the covrect value —
*something of the order of 10 percent” - but less mathematically inclined writers,
such as Jennings (1930, p. 242), appear not to have noticed Fisher’s error.
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CHAPTER SIX

Can the Norm of Reaction Save the Gene Concept?

RATPHATLIL FALK

The term norm-ofreaction was born in the same year as that of the gene. In

June 1909, Richard Woltereck (1877-1944) presented his research Weitere experi-

mentelle Untersuchungen dber Avtverdnderung, speziell dber das Wesen quanidativer
Artunterschiede bei Daphniden (Further investigations on change ol species, specif-
ically on the nature of quantitative species-differences in Daphnides)to the
German Zoological Society. In it Woltereck declaved his objective w provide a
rejoinder to what he called the Mendcelian teaching in the footsteps of Weis-
mann and de Vries, or the de Vries—Johannsen conception of the origin of
specific types (specifickinds, biotypes)! by abrupt hereditary changes, that
is, by mutations rather than by continuous small changes (Woltereck 1909).
Woltereck's work was specificatly intended to be o contribution to the reestal»
lishment of the Darwinian conception of gradual and continuous evolution of
species as opposed (o the growing sentiment for evolution by saltations,

Ly his fde Alctationstheorie de Veies resuevected o typological conception ol
taxonomy, reaching down to the level of the individual organism. He claimed
that until the tme of Linnacus it was actually the genus (Galtang) that was the
unit of taxonomy: To avoid the lengthy and tiresome lists of variations that ac-
companicct the descriptions of such genera, Linnacus “raised” species {Arfen) to
the basic entities of xonomy (de Vries 1902-3, §. pp. 12-13). I so, there
was no compelling need to accept the species as the fundamental entity of
taxonomy, and the distinet segregating Mendelian unit-characters might be
the ones that denote the fundamental discontinuous #ype of taxonomy. It was,
however, Wilhelm Johannsen who threatened to consolidate a new typological
taxonomy on the foundation ollered by genotypic Mendelian discontinuity
versus apparent phenotypic continuity (Johannsen 1909). Johannsen's stud-
ies in pure lines were closely linked to his concept of grouping and classi-
Acation of natural entities. His notion was that the genotype, the “constant
form-type” of the pure lines, being the purest realization of the basic unit of
classification, was actuaily a direct implementation of Aristotelian typology
{Roll-Hansen 1978, pp. 221 {f.). The discontinuity between types (genotypes)
is biologically truc and meaningful. It reflects the discontinuous or saltational

character, as nppnm‘tl (o the eontinnons chonacter, of the Darwinian intra- as
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