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' H E N  CHARLES DARWIN pointed out 
tlie role that natural selection of certain 
genetic types has played in the evolutiori 
of uriiinal arid plant species, i t  was soon 

realizcd tliat modern ~nari  rrray be subjccted to similar 
selective influences. As a result, two slightly different 
considerations were advanced, each colnpleit~eritary to 
the other. One dealt with thc changes in  natrlral selee- 
tion that civilization has brought about. Darwin had 
strcssed the ruthlcss struggle, in  which tlie geneticaliy 
lcss fit has a poorer chance of reproducing his kind 
than tlie rnore fit. Did riot civilization reducc or elirni- 
nate this selection against the less fit by improving his 
chance of reproduction through charitable care, or 
artificial ren~edics? I l a d  not a n  orrririous situatiori 
beer1 created wliieli would lead to an inereasc in unde- 
sirable genetic constitutions? But  to counteract this 
pessimistic view :mother possibility fired the imagina- 
tion toward liopcful perspectivcs. Could not illall 
take tlic gcnetie fate of tlie specics into his owri hands? 
Could he not be rnore cficierit arid suecessful than 
nature, and by the use of his knowledge improve thc 
genetic qualitics of futarc  gcrierations? Francis Gal- 
ton coirred tlic word cuge?zi:s to cover tlie whb~e  "study 
of agencies under social control tliat nrny improve or 
iirrpair thc racial [mcariing hereditary] qualities of 
future gcricratioris, eithcr physically o r  mentally." 

I n  aceordanee with its two aspects, thc field of 
eugenics has often been subdivided into two branches, 
called negative arid positive eugcnies. Tlie first is con- 
cerricd with combating the inereasc or the presence of 
allcles or of genie combinations producing undcsirable 
phenotypes, tlie second with furthering the iricreasc of 
alleles or cornbiriations eausirig desirable phenotypes, 
or a t  least guarding against the decrcase of such 
genotypes. 

The faets that cugcriists use as  a basis for tlie dis- 
cussions are worthy of tlie rnost serious attcntion. 
While cstirnetes of the frequencies of subnormal traits, 
physical or mental, are not very accurate, tlie total 
riunlbcr of affccted individuals in  the United States 
al~rounts to many millions. Of coursc, only in sorrrc 
of these individuals are the subnortn;~l corrditions due 
to heredity causes, but the surn of gcnetically defeetiv4 
persons may well bc inueh larger than one million. 

I t  is eustoinary in  this conrrcction to emphasize what 
it costs the public to cnre for  dcfeetives. Some 
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dccades ago, a nulnbcr of studies were published of 
families who, in  the course of generations, had eon-
tributed a large nunlbcr of undesirable individuals 
to the population of tlie United Statcs. Tlie Jukes 
and thc Kallikaks-literary riairles assigned to thcse 
fa~nilies-becallre household words in  the discussiori of 
eugenic proble~trs. The rceurrence, gencralion after 
generation, of various types of criminality and of 
rnent;~l dcliciency was taken as  proof of tlie heredi- 
tary nature of tliese traits. It is now reeognizcd that 
tlic methods used in gathering tliese farnily histories 
were highly uncritical and that these studies thcrefore 
give a tlistorted picture. Rtoreover, cvcn if the data 
werc unbiased no valid conclusions regarding the 
genetic component of the traits in  these families can 
be drawn, since it  is impossible to judge scparatcly 
the parts  played by gcnetie factors arid by thc very 
unfavorable environincnts which persistcd generation 
after generation. As for  the cost to society of tlicsc 
familics, who instead of adding to its ccoriorrry re-
quired support frorrl i t  o r  were dircctly dcstruetivc to 
its assets, it was estimated as amounting over thc 
years to n~illioris of dollars. The sigriiticanee of such 
sums, howcver, must be judged in terrrrs of the total 
national cxpenditure. Although any unproductive ex- 
penditure is uridesirablc, the costs of e:rring for  defcc- 
tives are srnall relative to tlie sums involved in the 
wholc ecoriorny. 

I t  is often stated tliat physical defectives, and espe- 
cially the "insane," arc on the increase in Wcstern 
nations. I f  tliis imblics tliat tlie absolute numbers of 
such persons are incrcnsing, tliis rr~ay well be so, sirice 
populations have also irrcreased. A statcinerlt of this 
kind is rneanirigful only when it refers to the relative 
frequency of defectives in the population. When thc 
facts are stated in  rrlative terms it  is indced found 
tliat the relative number of paticnts in i n s t i t u t i o n s  

has steadily increased, but the iritcrpretation of these 
data is by no lnearis obvious. 

This rise rrray reflect a change in attitudes and 
in opportunities for  social care. Whereas in forrrrcr 
tiincs the rrreritally ill were kcpt a t  home, they a rc  
now 'sent to hospitals. Kettcr diagnosis and bcttcr 
rrrcthods of obtaining full reports also result in adding 
to the ccrisus of defectives. I n  Sweden, with its highly 
devcloped census system, 4 3 9  epileptic iridividuals 
liacl been registered in  1940. Medical examination of 
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all Swcdish men rcaehing tlic age for  conscription, 
however, placcd the total number of epilcptics a t  
21 bout 12,000, indicating that thc census had uncartlied 
less than 40 percent of thcin. Appakcntly thc aeeuracy 
of tlie census data dependcd on the willingness of 
people to divulge relevant incornlation to tlie authori- 
ties. Dahlbcrg, to whoin we owe this cxainple, eon- 
eluded that "there is plenty of rooin for  an increased 
frcqucriey through inrproved registration, even if the 
actual frequency of hereditary epilepsy were to de-
crease appreciably" ( I ) .  

One r~lore factor may be mentioned that enters into 
;lri iriterprctation of increased frequcr~eies of certain 

TABLE 1 

124~10OF TITI NET REI~RODTTCTIVI ~ P E C I H I C  ULLBANRATE FOR 
CLASSES TO TAR CORRESPONDING R A T I  FOR TliE TOTAL 

URlrAN WHITE POYTJLATION OB THE UNJTRD 
ST.&TES, 1988-l!33C,* 

E d ~ ~ c a t i o n  Reprodnctive ratio of rnot1lt.r 
~~.-~ ~ 

(lollege . . . . . . . . . . . . . . . . . . . . . . .  0.74 

n i g h  school . . . . . . . . . . . . . . . . . . .  0.97 

Seventh or ~~igh111 grad(, . . . . . . . .  1.23 

IJc2ss ttlan s(~\,c'r~th grade . . . . . . . .  1.39 

. - ~- - - -~ - --

* Aftcsr ICarpinos ant1 1Cisc.r ( I ) .  

t1cfcc.t~. Many pathological conditions, arrlong them 
crrtalri types of rrlental derangement, as wcll a s  or- 
girnie diseases like cancer arid diabetes nlellitus, tend 
to make their appearance in tlie later periods of life. 
\\rithout the recent proloriyation of irlan's avpragc life 
\pan, marly persons who now rcach an older agc and 
hrcoine affected forrr~erly would not liave lived to the 
necessary age and would not liave swelled the nunlbcr 
of recognized defectives 

The greatest concern cxprcssed by eugeriists is tliat 
the intclleetual genetic eritlowr~~cnt of Weitern popu- 
liltions is in  danger oC dccrcasing. This fear is bascd 
on the fact o l  diberential fer t i l~ty.  I f ,  for  instanve, 
thc population of the United States is subdlvitletl into 
diflerent categories, according to occupation, educa- 
t ~ o n a l  background, inroine, or in other ways, it  is 
found tliat the avcrage nuinber of children per fa~nl ly  
liclifferent fo r  the different group\. The stnkiny fact 
1-egarding the average reproduction of tlie different 
categories is that it  decreases with increasc in socio- 
t conomic status, as  shown in Table I. 

Thc differential fertilities oC groups of different 
5ocioeconomle status are of no concern to the geneti- 
c ~ i tif thc gcnetie endowr~~ents of the differcnt layers 
o l  the population are alike-that is, by and large, lf 
the same allele frequencies for  all loci hold for  the 
tliderent groups. I f ,  on the other hand, different 
Iiryers differ in their corporate genetic make-up, then 
cl~ffrwmtial reproduction constitutes a selective agent. 

We cannot say now with any ccrtairity whcther or 
riot tlifferent socioecorioinic groups are genetically 
differentiated. The difficulties of research in this iin- 
portant field are great. The conccpt of socioecorioit~ic 
levcls itself is subject to various definitions, involving 
occupation, social prestige, airlount of income, educa- 
tion, etc., and a sirrlple scale of levels does not repre- 
ient actualities satisfactorily. Thesc, however, arc 
111 nor diffieulties as corrlparcd to finding out whether 
different groups are or are riot genetically alike. I t  
right be not too dificult to obtain data on this prob- 

lerrl as rclated to various physical traits. But thc 
question is primarily conccrncd with lnental traits, 

TABLE 2 

AVERAGEI.&. I N  T H E  CHILDREN(18-64 >'ONTHS OLD) OF 
FATHERS 01" ~ ~ ~ ' ~ ' E R E N TOCCUPATIONAL IAEVEI~S 

IN THE UNITED STATES* 

Occnpatior~ of rattlers dv~,r:tgc*1.Q. 

I'rofessiorrnl . . . . . . . . . . . . . . . . . . .  125 

P.~rsin(%s, clericnl . . . . . . . . . . . . . .  120 

Slrillcsd workers . . . . . . . . . . . . . . . .  113 

Sclniskilled worB(~rs . . . . . . . . . . . .  108 

IJnskilled \vorkers . . . . . . . . . . . . . .  96 


~..-- . 

* After (:oodr~nough ( I ) .  

since these lllay possibly be corrcl:~tcd with the socio- 
ecoriorr~ic statirs of the individuals. .\Ierital traits arc  
expressed very dibereritly, according to cnvironmentnl 
conditions-in tlic widest scrlse of the tern1 environ- 
~rlent. Untlorlbkdly, a large pa i t  of thc v:iriability 
in n~ental  traits among h u l ~ ~ a r i  beings of diffcrei~t 
lcvels is thercforc attributable to difr6rcnc*es conncc.te(1 
with their being in tliflcrcnt erivironn~cnts as repre- 
sc~ritcd by these leve!s. Psychological tests whic.11 
llleasurc incrital diffcrenees are imperfect indicators 
of tlie genetic nature of such differcnces, since psy- 
chologists have not fully succeetled in devising tcsts 
t1i;it are equally inlelligible to individuals who have 
grown u p  in differcnt social surroundings. Ever] with 
these imperfections oC the tests in mind, ho~\rcver, t l~ere 
is cvidence thal. strongly srlggcsts hereditary influences. 

Intelligcnce tests of tlie children of parcnts bclong- 
ink to diffcrcnt soeioeconon~ic lcvels show :L rather 
c:onsistent pheno~rlenon, whether, fo r  instance, based 
on studi.es r~ladc in the United States (Tablc 'L), or in 
Sovict Russia (Fig. 1 ) .  The tnean scorcs dceline eon- 
sistently frorl~ groups of higher levels to those of 
lo~vcr levcls. Elow much of this decrease is environ- 
rucntally conditioned is difficult to ?valuate. Various 
lines of cvidence, howcver, particularly studies on 
twins reared togethcr as compared with otlicrs sepa- 
rated early in life, and on the intelligence scores of 
adopted children in relation to occypational status of 
the foster father and as  eornparecl with own cl-~ilclreu. 
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make it hard to avoid the conclusion that environment 
is not the sole agent and that there are mean differ- 
ences in the genetic endowment of different socio-
economic groups. 

At  each level scores vary greatly, much more than 
do the mean scores of the different levels. The result 

F I G .  1. Mean scores in intelligence tests administered in 
Charkaw (USSR) to pupils in grades 4, 5, and 6, according 
to environmental levels a s  judged by parental education. 
Environment I applies to childrcn of workers, one or both 
of whom were illiterate, VI children of officials who had 
university education ( 5 ) .  

of this intragroup variability is that a n  individual 
frorn a high level with a score a t  the average of his 
group will be surpassed by a great many individuals 
from a lower level; and, conversely, that a n  indi-
vidual frorn a lower level with a n  average score f o r  
his group will be superior to many individuals of a 
higher level. The fact that there is a wide spread in 
I.&.scores within each group mirrors to some extent 
the fact that different homes provide very different 
environments. Undoubtedly t6e spread in I.Q. scores 
is also owing to hereditary differences which express 
themselves in varying capabilities even within a single 
socioeconomic group. 

Investigations restricted to the subnormal categories 
of intelligence point to the same conclusion. I t  was 
found in several studies that the relative frequency 
of feeble-minded children wils considerably higher in  
the lower socioeconornic groups than in the upper 
ones. Thus the lower average I.Q. scores of the lower 
levels is  in correlation with the greater frequency of 
very low I.Q. scores among the children. This corre- 
lation undoubtedly has a n  environmental component 
in that the restrictions of a lower socioeconorrlic status 
tend to relegate a child of low intellectual potentiality 
to the feeble-minded group whereas the opportunities 
provided by a higher status would tend to shift  the 
same child into the range of better I.Q.'s. I t  seems 
unlikely, however, that such environmental factors are  
solely responsible for the high rate of feeble-minded 

children in the lower levels. I t  is rnore likely that 
the segregation of genetic constitutions involved in 
low I.&.scores in  the parents results not infrequently 
in  genotypes among the children that place them in the 
range of feeble-mindedness. Probably, too, expression 
of genetic constitutions involved in low scores niay 
vary frorn feeble-rnindedness on u p  and the same geno- 
type that in a parent perniits soniewhat higher intel- 
ligence may produce some feeble-minded children. 

To reach the conclusion that there are  probably 
genetic differences in intellectual endownlent of the 
different socioeconornic levels is one thing, but to 
determine the specific type and inagnitude of these 
differences is quite another. Undoubtedly, the differ- 
ences are not absolute in  the sense that any layer of 
a population is in the exclusive possession of alleles 
effective in the control of intelligence. There are no 
sharp boundaries between layers, since many indi-
viduals in each generation rise froiri a lower to il 

higher status, while others fall  fronl a higher to a 
lower status. Some of these shifts nlay be explained 
by genetic segregation-of better genotypes in the 
lower levels and of poorer genotypes in the upper 
levels-but even if this interpretation should be true, 
there is a lag brought about by environrrlept that keeps 
many with higher genetic endowment frorn rising ant1 
others with lower endowment from falling. 

Whatever the genetic details and however in1port:lnt 
they may be for  a coniplete insight, one fact is already 
apparent: I f  there are genetic differences between 
different socioeconomic layers, then differential fer- 
tility will result in  selective increase of some allele 
frequencies, and decrease of others in the population 
as a whole. Since the diflerential fertility acts in 
favor of high reproduction of the intellectually more 
poorly endowed groups, and against high reproduc- 
tion of the bettter endowed groups, a deterioration of 
the genetic endowment of the population should result. 

The degree of this deterioration from one generation 
to the next could be determined only on the basis of 
exact data on the genetic basis of th;? intelligence 
scores and their nature-nurture interdependence. 
Lacking such data, attempts have been made to calcu- 
late expected phenotypic changes-that is, in the I.Q. 
scores-in successive generations. Using the observed 
mean scores in different socioeconomic levels and the 
observed reproductive values of these levels, various 
authors have arrived a t  estimates fo r  the decrease in 
I.Q. fo r  the population as  a whole, from the present 
generation to the next. These estimates vary from 
about one to around five points. The calculations 
are  based on many uncertainties and cannot be 
checked with observation, since no actual tests of 
successive generations have yet been made. 
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Ilistoricully, differential reproduction, on a large 
scale, of the type under discussion is a rather recent 
phenorntenon. I t  is primarily the result of birth 
control, which becarne a n  important -social practice 
in the second half of the 19th century. Since birth 
control mcasures are  rllore frequent'y used by the 
upper and n~iddle groups of Western countries than 
by the lower ones, the limitation of births becornes 
a selective process. There is reason to believe that 
the use of contraceptive measures will spread over the 
population a s  a whole and that the cliffel-ential in the 
fertility of diRerent groups will be dir~dnished. Froin 
a eugenic point of view such a result is desirable. 

There is a possibility that the differential fertility 
of the different groups is less significant even now 
than it  appears. Sorne data indicate that the most 
successful members of the upper groups (success be- 
ing estimated in various ways) are  niore fertile than 
the less successful ones. The reasons for  this higher 
fertility may be related a t  least partially to the favor- 
able financial status of these successfi~l families, which 
permits thern to bring up  children under good con-
ditions without undue strain. I f  the relatively high 
fertility of the upper subgroups within the higher 
levels shoulcl. be a general phenornenon, and if success 
within a group is positively correlated with intellec- 
tual genetic endowment, then the higher fertility of 
the rnost successful would counteract, to an unknown 
degree, the low fertility of the groilp as a whole. 

No studies havc been lnade which give inforlnation 
on the fertility of different subgroups within the Inid- 
dle or lower groups. I t  does not see111 unlikely that 
here the correlation between success and fertility is 
again negative. I n  the upper subgroups of the lower 
o r  rniddlc groups, with their relatively sniall financial 
resources, the desire to provide for  one's children the 
niost favorable conditions may lead to particularly 
stringent birth lilnitation. 

I t  is likcly, thcn, that the present differential fer- 
tility of the different groups has a cllysgcnic cffcct in  
regard to inthlligcncc. But  the question may be raised 
whether there are desirable rncntal traits under gene 
control whose freqnencies ]nay be positively correlated 
with fertility. The upper layers of Western societies 
apparently have a relatively high frequency of genetic 
constitutions favoring intelligence, but they seem to be 
no better off than other strata in their frequency of 
alleles which lead to idiocy. Could there be still a 
third type of gcnetically controlled nicntal traits fo r  
which the upper groups are  relatively deficient, but 
which constitute assets to the individual and to so-
ciety? An answer to this qucstion cannot be given. 
I t  would depend on many fnctors, of which only a 
few rnay be mcntionecl. The iirst diffic~ilty arises in  

defining a desirable trait. Elnotional stability might 
be desirable, but it  is a trait that does not accompany 
rrlany types of genius which enrich civilization. Al-
truism may be another desirable trait, but acquisitive- 
ness and egocentric ambition have not produced misery 
exclusively but have also led to aclvances which have 
contributed to the welfare of the masses. I t  will be 
hard to agree on definitions of desirable traits-and i t  
is clear that the ideal does not lie in uniformity. 

Even if sorne agreenient could be reached, il second 
difliculty is that lneasures of the genetic component of 
men's variability in  regard to  these traits are not 
available. The social plasticity of nrankind is very 
great and different socielies and groups within socie- 
ties niold the attitudes of thcir nlenlbers in niost di- 
verse ways. 34any facts of psychology show that 
cooperativeness or aggressiveness can be produced by 
environmental influences acting on the sanie individ- 
uals, but these facts do not preclude the possibility 
that certain genetic colnponenls, yet unknown, rnay 
bring out one partic:ul:rr trait  rr~ore readily than 
cerlain others. 

There is some relevant evidence fro111 two geneti- 
cally different strains of laboratory mice. tinder cer- 
tain conditions, the lnalcs of orre strain react peace-
ably to  a strange rnouse and the nlales of the other 
strain are  highly aggressive. Yet within a few days 
specific training can transform both types of rrr:ce 
into either peaceful or fiercely fighting individuals. 

llre have stressed the tentative nature, and the fre- 
quent absence, of knowledge regarding the genetic 
basis of differences arnony hunlnn beings. Even if 
the information were rnore coi~iplctc we would still 
havc to make a detailed investigation of the effects 
selective agents would have on the genetic and pheno- 
typic colnposition of later generations, before we could 
fully understand the d~nani ics  of popnlations. A 
few theoretical situations will be discussed in which 
selcction for  or against various genotypes is active. 

The simplest situation is that of selection against 
a single factor, autosornal dorninant genotype DD or 
Dd, or conversely, selection for  a recessive genotype 
dd. Practically all persons c a r r y i ~ ~ g  a rare dominant 
allcle are heterozygous, so that we may restrict our dis- 
cussion to a population consisting of only Dd and dd 
individuals. I f  the do~l~ inan t  allele is fully penetrant 
and causes its phenotypic eiycct to appear before the 
reproductive age has bcen reached, thcn supprcssion 
of reproduction of all affected individuals will lead 
to clinrination of the dominant condition froin1 the next 
generation (Fig. 2, dotted line) except fo r  new rnuta- 
tions fro111 the recessive to the doillinant allcle. I f ,  
on t l ~ c  other hand, selcction, in tcrrrrs of supprcssion 
of reproduction of Dcl individuals, acts only on sorne 
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B'IG. 3. Con~pl(.te selection afi:linst ccrt:lin g(2notypes for fonr sncc(~ssive g (~u(~r ;~ t ions  selr,ctiom dnr- and cess;rtiom of 
img the follo~ving six g(~nerntioms. Kcc = honiozygons rccessivcs ; Kcc-lL(~- (1onl)le homozygotes (e.g. il~.4aR?R2) ; Dom-llec = 
(lominarrt l)h(.notyl)(~ in regard to or)(. prlir of nllelcs. recessive in r(*g:~vtl to n s(.coild 1):lir (c.g. Ad hh an(1Acrhh) ; Dom-l)om = 
(Ion~in:~nt  in rrfiartl fo two 1):lirs (e.g. AAnB, AnRI1, .4d El1 : t m d  AoN 0 )  ( 3 ) .~ ~ l ~ c - n o t ~ p ( .  

and not on all these individuals, either because pcnc- 
trance is incomplete or for other reasons, then a frac- 
tion of affected persons will reappear in successive 
generations. I f ,  fo r  instance, halC of the carriers of 
a donrinant allele are  selected against, while the other 
half reproduce a t  the rate of the genetically norrnal 
population, the numbcr of carrier individuals will he 
reduced to one-half in the first generation following 
selection, to onc-quartci in  the second, and in general 
to (4)'' oC the original numbcr where n equals the 
number of generations. 

Complete selection against a single dorninant factor 
is thus 100 percent cffcctivc in  a single generation, 
and even partial selection aecomplishcs much. E'or 
exan~ple, with a selection factor of one-half, the num- 
ber of dolninants is reduced to a little more than onc- 
tenth of the original number in  three generations, and 

has practically disappeared in ten generations. I f ,  
for  instance, all dominant chondrodystrophic dwarfs, 
or all individuals with dor~rinant juvcnilc cataract 
would not reproduce, then the unhappiness caused by 
the birth of affected individuals in these fanlilies would 
be eorr~pletcly rlirt~inated in one generation. F o r  donri- 
nantly inherited diseases like IIuntington's chorea, 
which often sets in after the rcproduetive age has 
began, the reproduction of the disease through cessa- 
tion oC proereation by phenotypically affected persons 
will follow the espcrir~rcntal decrease. 

Even with incor~~plctepenetrance of a dominant 
allele, a complete elimination in one generation coultl 
be accomplished if (111 children who had an affected 
parent remained childless, regardless of whether thcy 
\%.ere phenotypically healthy or affected. This would 
involve not only the D d  individuals who might later 
becoi~ic diseased, but also thcir dd sibs who are geneti- 
cally normal. Such a situation is fraught with 
tragedy. A person who knows that he is the carrier 
of a genotype that leads to a very serious discasc latcr 
in life will undoubtedly not wish to risk the chance of 
producing potentially affected children, but the per- 
sonal sacrifice in  remaining childless will appear very 
heavy if the potential parent finds out later in lice 
that he was free fro111 the dreaded allele. A illcalls 
of distinguishing between D d  and dd individuals when 
both arc still normal would be of great benefit to such 
people. 

Selection against a single-factor, hor~~ozygous, auto-
soma1 genotype dd,  or conversely, selection Cor a donli- 
nant DD or  Dd,  is less effective than the type of sclcc- 
tion just discussed. The decrease of dd individuals 
frorn one gcncratiorr to the nest  in  a population in 
which all d d  adults have been excluded frorn procrea- 
tion can be calculated on the basis of the known fie-
quencies of the alleles 11 and cl. I f  the two frequen- 
cies are p and q respectively (p+ q =1),then the 
fwrluencies of the t1irc.e gcnotypcs U D ,  I l d ,  and drl in 
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the original population are  p" 2pq, and q2. After 
corriplct(~selection against dd, new dd  can be produced 
only in Dd x Dd unions. The frequency of Dd in  the 
total population is 2pq. Since under complete selec- 
tion against dd only DD ( p 2 )  and Dd ( 2 p q )  con-
tribute to the next generation, the relevant frequency 
of Ild anlong the f ~ r t i l epopulation is 

2pq 2q 
-

p 2 +  2pq p t 2q 
TI hich, because p = 1- q, becomes 

2q
G. 

l'hercfore the frequency oC dd in the new generation 
as a re-ult of marriages of D d  x Dd,  amounts to  

1 ' 2  q2 
( q l ) 2 = a -(8) (1)=m 

The significance oC the formula becomes apparent 
if solrie specific values Pol. the initial frequency, q2, oC 
dd individuals are used. I f ,  fo r  instance, this fre- 
ciuency is 1percent then, after one generation of eonl- 
l'lcte selection against the affected individuals (ql)2 
alnounts to 0.83 percent. I f  the initial frequency is 
0.83 percent, selection in one generation will reduce 
it to 0.69 percent; iP  the initial frequency is 0.01 per- 
cent the reduction will lead to 0.009803 percent. 

These figures show two main facts: ( I )  that the 
lowering oC the frequency is only a Craction of any 
initial frequency and (2)  that the relative efficiency oP 
selection against recessives lessens with a decrease oP 
the initial frequency. The second point is well illus- 
trated by a colnlrarison between the first and last ex- 
amples. The reduction from 1to 0.83 percent repre- 
sents a lowering of the initial Prequmcy oC dd by 17 
p e r c ~ n t ,while the reduction Prom 0.01 to 0.009803 per- 
cent represents a lowering by  only 2 percent. 

This decrease in  the effectiveness of selection against 
recessives with a lowering oC the initial frequency is 
oC great significance iC one considers the results ex-
pected fro111 selection continued over many successive 
generations. I11 Fig. 2 (continuous line) the results 
of selection over ten generations are given, starting 
with a n  initial frequency of 1percent. I t  can be seen 
that the reduction in frequency of dd becoines less in 
each successive generation and that, a l ter  ten con-
secutive generations of total selection, it  is still nearly 
one-qua:rter oC the initial Crequency of 1 percent. 
To reduce it  to one-tenth, that is 0.1 percent, would 
require 22 generations. I f  the selection against re-
cessives is not complete but reduces the average repro- 
duction oP dd individuals to sollie fraction of the 
normal rate, then obviously the effect of the selective 
process is even less. 

Selection would be mom effective if i t  included not 
only the homozygotes themselves but also certain of 
their close relatives who are likely to bc heterozygotes. 

Tho inimediatc effect, however, would be very small, 
since in  the case of rare  alleles most marriages of 
hcterozygous persons arc  with homozygous normal 
ones. I t  is true, nevertheless, that for  any two 
heterozygotes who do not reproduce, two recessive 
alleles are  eliminated, and this elimination, on the 
average, is equivalent to the nonappearance a t  sorrle 
Puture time of one affected person. 

The foregoing analyses oC the effect oP selection 
against simple dominant or recessive traits apply pri- 
inarily to specific abnormal traits. From a ~ e n e r a l  
point oP view, the significance of these traits is small 
iP corripared to such traits as  intelligence, f o r  which 
a whole series of expressions exists and which are 
rightly of greater concern to the student of human 
genetics and to the sociologist. These quantitatively 
varying traits, insofar as their variation is genetically 
conditioned, are  the results of expression oP w ~ u l f i f a c -
tor genotypes. IC, for  instance, a trait is controlled 
by two pairs ol: genes A1, A2 and B1, B" then nine 
different genotypes may be present in the popula- 
tion : AIAIRIR1, AIAZBIR1, A1A1B1R2, A2A2U1B1, 
A1A1B2B2, A1A2U1B2, A2A2B1B2, A1A2B2B2, and 
A"2B%2. I1 AIAIBIB1 and A2A2B2B2 are pheno- 
typical extremes-for example, iC they represent the 
lowest and highest endowment in the population- 
and iP every substitution oC A V o r  A1, or oP B2 f o r  
B1 increases the endowment to a certain degree, then 
nine different degrees of endowment will exist. 

The results of selection against one or more of these 
~nultiPactor phenotypes are  different from those 
against single-Cactor genotypes. This may be seen in 
Fig. 2 (broken line), which shows the decrease of 
A Y 2 R 2 B 2  individuals during ten consecutive genera- 
tions of colnplete selection against this type. F r o n ~  
an assumed initial Crequency oC I percent the Cre-
quency drops after one generation to 0.83 percent- 
just as  in selection against a single-factor type 
dd. .  IIowever, in later generations the decrease oC 
A2A2B2B2is i~iuch less than of dd.  After ten genera- 
tions the A2A2B2B2 class still recurs in 45.5 percent 
oC its initial frequency, in contrast to 25 percent of 
the dd class. The slower progress in the transforma- 
tion of a population in case of inultiPactor as  opposed 
to single-factor inheritance is owing to the Pact that 
the popuIations contain different frequencies oP car- 
rier individuals. I n  single-factor inheritance only the 
lieterozygous 1ld individuals for111 a reservoir from 
which a dd  may be reconstituted. I n  two-factor in- 
heritance against A2AW2B2 a11 genotypes except 
AIAIUIR1 are carriers for  one or the other, or fo r  
both of the alleles AQnd U2 against whom selection is 
directecl. I n  a population which contains 1percent 
dd ,  18 percent are D d  carriers; but in a population 
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which contains 1 percent A2A2B2B" 77.1 percent 
are A1A2B1B1, A1A1B1B2, A2A2B1B1, A1A1B2BZ, 
A1A2B1B" A2A2B1B2, or A1A2B2B2. 

I n  single-Cactor inheritance with randoln mating, 
a change in nn allelic Creyuency as  a result oC selection 
immediately leads to the establishment of a new con- 
stant distribution oP the three genotypes DD, Dd, and 
dd. This is an expression of the Hardy-Weinberg 
rule, p 2  DD : 2 pq D d :  q2dd. This immediate establish- 
ment of a n  equilibrium implies that a lower frequency 
of dd attained after selection will reinain a t  i ts 
level after selection ceases. I t  was Weinberg himself, 
however, who realized soon after his discovery of the 
situation relating to one gene pair, that fo r  multiple 
pairs, if the equilibrium were disturbed, a new equi- 
librium would be established only gradually. This 
nlay be shown f o r  the A2AW2BVlass .  After one 
generation of selection this class is reduced from an 
initial frequency of 1 percent to 0.83 percent. I f  
selection is discontinued, reconstitution of the class 
from the large reservoir of carrier individuals leads to 
a new rise, which gradually brings its frequency u p  to 
0.91 percent-that is, to a recovery of nearly one-half 
of the originally lost frequency. 

This "comeback" phenon~enon in two-factor pair in- 
heritance is obviously not restricted to cases in  which 
selection ceased after one generation. Fig. 3 shows 
its existence and extent f o r  soine other examples, giv- 
ing the changes in  the frequencies of various pheno- 
types after colnplete selection had acted for  four  gen- 
erations and then ceased. 

Multifactor inheritance is usually based on many 
Inore than two pairs of factors. The fo~egoing  discus-
sions, inodiiicd, apply also to inheritance involving 
three or more pairs. Since in a population the fre- 
quency of individuals who are carriers fo r  a t  least one 
of the alleles concrrned in selection increases with the 
nulnber of loci, the speed with which selection perma- 
nently accomplishes specific results decreases with in- 
creasing number of loci. 

The nuinerical data presented for  selected cases of 
m~~l t i fac torinheritance are examples of the kind of 
information needed for  a detailed understanding of 
the effect of differential fertility in man upon the 
phenotypic and genotypic composition of later genera- 
tions. The hodel examples used. in our discussion 
cannot be regarded as representing adequately the 
still unknown genetic situation in respect to such traits 
as performance in intelligence tests, or other genetic 
con~ponents believed to participate in the variability 
that places different individuals into different socio- . 
economic layers. It already seems possible, however, 
to say that genetic changes brought about by selective 
nyvntn :(re ~u ln l l  froin one generation to the next, and 

that the effectiveness oC selection cannot be judged 
solely from a consideration of immediate phenotypic 
changes. 

The effectiveness oP selection has,been discussed Cor 
populations which a t  the beginning of the selective 
processes were in  equilibrium. Specific alleles or coni- 
binations of alleles, however, lrequently occur in rela- 
tively high concentration in "pockets" oP the popula- 
tion. The efficiency oC selection is increased if there 
is a relatively high concentration oP alleles in  isolates, 
o r  more than randoril frequencies of hornozygoks or  
of selected multifactor combinations. 

I n  another respect the effectiveness of selection inay 
often be lower than predicted a t  first. I f  an inherited 
trait  has a certain frequency in a randoin mating pop- 
ulation it  inust be ascertained whether the appearance 
of the trait  is due to alleles a t  the same locus i n  each 
affected individual or whether it  may be caused by dif- 
ferent loci. I f  the trait  is the result of two or more 
different genotypes based on different loci, then the 
effect of selection has to be considered separatcly f o r  
each genotype. 

This may be shown by an example. Assume a pop- 
ulation in which 1in 10,000 individuals is blind for  
genetic reasons-that is, a frequency of 0.0001. I f  
the blindness of all individuals were caused by the 
sanie homozygous recessive allele, then one generation 
of selection against the trait, according to equation I., 
would reduce its incidence to 0.00009803. On the 
other hand, if there were ten different, and equally 
numerous genotypes, each of which produces blind- 
ness, then the initial frequency of any one of them 
would be one-tenth of 0.0001 or 0.00001. Selection, 
for  one generation against each homozygous genotype, 
would reduce i t  to 0.000009937, so that the frequency 
of the suin of all individuals affected with any one of 
the ten genotypes is 0.00009937. Selection against the 
trait  would thus lead to a reduction of only 0.63 per- 
cent of the original frequency as compared to 1.97 
percent  when a single genotype is involved. This 
hypothetical example is probably representative of 
many actual situations, since many results suggest 
that similar or apparently identical hereditary pheno- 
types are the result of diverse genetic constitutions. 

The slowness of selective processes against recessive 
single factors and against multiple factors is both a 
blessing and a curse. I t  is a fortunate feature in  that  
it  forms a powerful buffer against sizable, undesirable 
effects of selection, as  in differential fertility directed 
against intellectually well-endowed groups. It is an 
unfortunate feature in  that selective measures aiined 
a t  eliminating undesirable traits are  rendered rela-
tively ineffective. I n  either respect the population a t  
large serves a s  >I huge reservoir fo r  alleles from which 
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the desirable and undesirable genotypes can be recon- 
stituted. 

I f  the hopes and fears of the eugenic movement 
seein greatly exaggerated in the light of a numerical 
treatment of the Ijroblems, it  should not be forgotten 
that the idealism which concerns itself with the genetic 
fate  of future generations has a sound core. To say 
that the loss of supposedly desirable genotypes in one 
or even many generations of differential fertility is 
small does not rriilove the fact that it  is a loss, which 
may be regrettable and possibly even have serious 
consequences. Although reproductive selection against 
severe physical and mental abnormalities will reduce 
the number of the affected froin one generation to the 
next by only a few percent, nevertheless these few 
percent may mean tens of thousands of unfortunate 
individuals who should not be born. Conversely, even 
a slight increase of desirable genotypes, throngh posi- 
tive eugenic measures, would be a social gain. 

Eugenic and dysgenic selection are concerned with 
genetic constitutions which under present physical, 
mental, and social circumstances may lead to desirable 
or undesirable phenotypes. Since many genotypes 
express themselves dilferently under dilferent environ- 
mental conditions it  is possible that new kinds of en-
vironments can make genotypes which now lead to 
undesirable phenotypes shift their developmental re-
actions so as  to result in desirable phenotypes. Thus, 
if a certain genotype formerly caused the serious dis- 
ease diabetes niellitiis, by way of a deficiency in inter- 
nally produced insulin, the same genotype can now be 
niade compatible with nearly normal living, by means 
of injection with insulin. Or  it may be assumed that 
one genotype gives its carriers, in their specific edu- 
cational and social environment, a lower I.Q. than 
another genotype gives to  other individuals in their 
different environment. I n  spite of these circum-
stances, i t  might be possible to bring the carriers of 
the ('lower" genotype to the same high achievement o r  
even higher than the others, by means of a particu-
larly appropriate environment. 

Does substitution of a special environment to inake 
u p  f o r  deficient gene function necessarily lead to a 
weakened constitution of mankind? This question is 
frequently asked, and if it nleans that man may be- 
come more dependent on his enviroriinent than he was 
when all deficient genotypes were wiped out by natu- 
ral selection the is yes, as far as the specific 
trait  is concerned. Such dependence on special envi- 
roninents, howevcr, did not start with the advent of 

civilization. Whcn, in earliest evolutionary times, nni- 
mals first developed, a new dependence of organisms 
on the environment arose. Instead of being able to 
synthesize their l?rotoplasrri f , o m  inorganic sources, 
animals had to rely on other organisins for food. 
When, much later, inan's ancestors lost most of their 
inamnialian body hair another, but this time minor, 
step was taken. &'Ian had to rely on f u r  from other 
mammals and on fire to keep his temperature a t  the 
n.ccessary physiological level. 

I n  no instance, however, has inan's greater depeild- 
ence on specific outside sources fo r  his survival been 
equivalent to degeneration. On the contrary, the de- 
pendence has often resulted in greater freedom from 
the restrictions of the external world. The loss of 
ability to use inorganic material fo r  food became cor- 
related with the evolution of nervous systems and 
sense organs, which inake 1)ossible l!ie many autono- 
mous adjustrilents of aninials. The dependence on 
clothing and fire enabled 1na11 to occupy regions of 
the globe where he could not have survived earlier. 
The passing of tlie primitive sttiges, in which each man 
was to a large extent independent of the help of 
others, gave rise to the con~plex interdependence of 
lnen in modern civilization. This new dependence has 
released man froril the physic:rl and riiental starvation 
of earlier times. It is true, box-ever, that man's free- 
dom from his inany limitations can persist and grow 
only if he retains and extends liis slowly acquired 
control over his environn~erit ant1 over hirnself. 

Human genetics concerns our own as well as future 
generations. Genetic coiinse!ing is largely devoted to 
individual prdblems, but the social inrplications of 
specific advice usually have not been disregarded. 
Eugcnic thinking has always elliphasized the well-
being of mankind, even thoagh much eugenic coun-
seling was based on inadcqiiate knowledge arid has 
been harmful. I n  the future more knowledge mill be 
galhered and will aid wisc planning. Then genetic 
and eugenic counseling will heconie the foundation of 
human genetic engineering. Although eugenic prob- 
lems are not as urgent as tlie pessiri~ists believed, their 
ultimate inlportaricc: can hardly be overestin~ated. 

References 
1. T)anl.nalra, G. AIrcthf~?naticoZ m c l h o d s  for 1)op~Z(1t ion  

crcnetics. New Yorlq : Intrrxricncr, 1948. Pp. 1-182. 
2. nonx, 11. F. Alilban7c Mcm.  P u n d  Qurcrt., 1947, 25, 350. 
3. I<OLI.EK, Z. l i o n ~ t j t u t l . ,1035, 19, 253.S. 
4. Osnonx, 11'. I't'efocc t o  ercyrnioa. Ncw Yo1.1i: IIarper, 

~ O ~ L I I.,,-.9iL) 


3 S ~ K I L I N ,  M. N c ~ I .& SO(., 1920, 30, 304 

This  arlicle ts a condensed version of the chapter on selection aid 

euge~zicsin Dr. Slerrh's forlhcoming boolc, Principles of liunmn ge-
netics, t o  be published by W .  H.  Freemall and Coiixpa?i?/an September. 

http:I<OLI.EK

