
QUANIITA-TIVÉ GÉNETICS

In oul example we can see that S : 5 - 3, or 2 phenotypic nnits.
The respoÍs€ (R)to this selection differ€ntial is shown in Fig.12.sb,

and mav be measured as the difference between the mean of the
progeny {YR, and lhe meJn or  rhe parcnta l  populaÙon t tpr .  Thui :

(Eqn 12.s)

In our example, R = 4 - 3, or 1 phenoOTic unit.
We €an also pr€dict the response (R) of the population from the

(Eqn 12.6)

On reflection, this last equation should be intuilively obvious. The
heritability (h'zN) is a measurc of the sinilarity ofîhe progeny îo their
parents, and ifwe multiply rhis by the selection differential (S)we can
predict tÌìe o!€rall change in the phenotpe (or response. R). In oÌrr
example. R = 0-5 x 2, or 1 phenotpic unit, which is the same es
that pr€dicted by [qn 12.5. Thus, the or€rall ph€not]?ic score will
change, or in this cale increase because R is positìve, by 1 phenotypic
unit. The a\€rage phenotypic score ofthe progeny should be one unit
laîger than ihe m€an scor€ of the parents, i.e. 3 + 1 = 4. ù,hi€h is

When we repeal the operation, we see that rfter a second genera-
tion ofselection at the same intensity (S = 2), the average phenotypic
score of the population has increas€d by one more unit and now is'2
units larger than the original populatioD (Fig. 12.5c). Thus, the potr
ulation responds to sel€ction generation after generation, and the
response is directly relared rc (he heritabiliry {h'z\)rnd the sele(rion
differential (5)being applied. If th€ heritability had been low€r, the re-
sponse ro selection would ha\€ been lower. For example ifh'zN was 0.2s
and S = 2 units, the mean phenol?ic score would have increased by
0.25 x 2 or 0.5 units each geDeration, rather thaù the 1 unit obsèwed
in Fig. 12.5. Note, that unless the heritability = 1.0, the mean phenc
tlTic score ofthe progeny will lie somewheÉ bet\.veen the pherct'?ic
score ofthose selected as parcnts (ys)and th€ overau ph€notlpic lcorc
of the parental population (ip). This stipping back toward the ov€rall
mean is lctown as l€gression (toward the mean)-

Empirical examples of selection of
ouantitative characters

Perhaps the best example of controlÌed, long-term selection ìs an ex"
periment on the oil content of corn seed. The €xperiment was started
in 1896 (er€n beforc the rediscoi€ry ofMendelb laws) at the lllinois
Exp€ mertal Station using a base population of 163 com ears with
oil contents ranging from 4% to 6%. Two expedmental lines were
started, one sel€ctìng for high oil content and the other for low oil
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shown (Fig. 12.6).
Ìr did not rake long for the oil content of the rwo lines to bc

weìl outside of the originaì range of oil content. 
'lhe 

low line has

.hanged less tlÌan the high line becàrse you cannot hav€ àrì oil corr

tent of below z€ro- A carctul cxamirution of tlìe trends shows tlìat

tlìc ratc ofchange was fastest during the fìrst 10 to 20 gencrations of

selection, but the ìines are still divergiDg and so the additivc geneti(

varian.e lìas stilt not been exhaùsted. Presumably, at some stage all

lhe indrv idual \  wrrh in r  I inc wi l l  Lonìe ro hdv.  tnc . . l l Ìe  gcnory?e fo l

oil content, and the h€riîabiliry (h'zN) will be zero becaùse there is no

additive geneticva ance (v^). ̂ t this point therewill be no turther re-

sponse to artificial selection ùnless th€re ar€ new mutations affecting

oil conteÍt. Heritability has declìned to about onèthird ofits iÍitial

value in both lines lTabl€ 12.3), but will take some time to decÌine

ro zero becaus€ there are at least 20 genes that affèct oiì coDtent.

Sele€tion is rot always directional, it is ofteÍ against the phe_

notytic extremes and intermediate phenoir?€s have higher fitness

Sùch selection is called stabiliziÍg selection, becaúse no change may
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Table | 2.3 i th. h.litability ofoit @n&ot in om i.e<! rid diftMr ruG
bea of gEtreralioB of s€letioD ir the nlinois cm erp€riú.nt ill$tr.ted
iD lia, 126

Heriiab fy oir orlcontent

G€n€ra ons High line

t 9
r0  25
26 52
51 76

0.50
0.23
0 .  t 0
0 .  t 5

0.32
0.34
0 . | l
0. t2

Sorrce: Reprinted from Dudley, J. W in ftoc€cdirgs oJ rùe Inlsr-
',otional Confîrerce on Qrontiloliw Cettelics (eds. E. Pouock, O.
Xempthorne and T. B. Bailey), pp. 459-73, Copyright 1972
with permission of lowa State University Press.

be seen in the phenotypic score generation after generation, e\,€n
though there may b€ strcng selection pr€ssures on the character in
question. A good example of this type of selection is seen in human
birth weights (Fig. r2.7). where there is strong selection agaiost large
and small babies and the a\arage birth weight is similar to the opti-
mum predicted flom infaùt moÌtality. A similaf patr€rn ofstabilizing
selection is se€n in clutch size in birds (sec Chaptcr 16) where inter
mediate clutch size! gilr rise to largest number of sunivors.

lt.c I Intelligence, race and societal class

In recent decades there has been a conÉove$y about the reasons for
differerces in lq(itrt€llig€nc€ quotient) scores betw€en difrerent seg-
ment! of society, particularly in North America. For example, Jensen
(1969) and Herrnstein and Murray (1994) have presented ovErwhelm-
ing eviderce that the airrage Iq scores of people of difler€nt colour,
and of different socioeconomic classes, are very different. The issue
they rèise can be stated quite simply: do€s thc lour IQin some r:cial
groups, or in some lower socioeconomic classes, have a genetic or
an €nvironmental basis? Thus, we ar€ examining afr example of th€
classic nature (i.e. genes) versu nurture (i.e. €nvironment) debate. In
tlle fouowing discussion v,E will concent$te on racial differences, bè
cause the argùments apply equelly to socio€conomic class difelences
and, in any case, there is ftequeltly a strong association betw€€n race
and socioeconomic class.

How do we de6ne intelligence? lt is highly questionable whether
IQ scores give an unbiasd and total assessme$t of int€llig€nc€ be"
cause some things, such as musical slills, aft not correlated witt IQ,
Hqrever, Iqtests do evaluate a large rang€ ofskills, and the scores cor-
relate realonably w€lÌ with the scholasiic success of Ceucasians, and
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so ilìcy DÙy servc in cducalidul pnryolc. Thc form of thc prcscnt
lq tcsls wis devcloped sooD ifìcr 1900 by Allied llitrrl, r lrcnch
psycholo(ist, to ideDtily school.hildrcn who would bc ìikely to hnvc
di l f i . r l ty  r r  school .  f l ìe  Bin( ' t  kst  was rev iscd in  1916. t  s laniòf t j
UDivcrs i ly ,  rnd subscqtrcnt ly  rcv isrd rgnin ìD 1937. ìnd 1960.  I t  is  lhc
staDdrrd ìQtest  in  Nor lh  ̂ nrcr ic i ' .

IDlcrcfingly, rhe 1916 Stînfod-AiDer ler indi(ated thiìl boys lìrd
highcr lQ\ than girls lhis w:|s intcrpreted rs r bias fivouring malos,
becîusr of thcir (liff(rcDt expcricnccs. ralhcr lhan any inn:rte tcn-
dency for nralcs ro b€ lì)orc intelligeDt thrn fbmales. lhc rest wrs
reviscd to crclude querions whe,e one sex or lhc otbcr pcrlormcd
better. aDd so present tesrs givr ilmost idcDtical IQdistributions for
malcs .ìnd femal€s. lr is interestirìg that lhrre hrs beeD no successtul
attenrpt to clininîtc qu€slions wlìcre dìcre rr€ difftrcrìt scores for
othcr  ( ì i l lc rcDr r r f ì r l .  cu l rura l  or  so,  ioc.ononr.  Bror tp\ .

Thc lest involves nDswering a larg. nunìber of questioDs. The an-
swers irc s.ored înd th€ scores are sumnìed foreach individual. Thcse
scores are transfonned into an IQ t€st scorc for each individuaÌ by i
process of standardizilìon, nì whi(h the meaD f'or a largc populariolr
has a vrlue ofr00 and the standard deviation for tb€ population is 15.
Thrs. rhe population has a normil distribution oflQs, such that 67%
of th€ populalion has IQscorcs berween 85 and 115,95% oflhe popùla-
tion h.rs IQscores between 70 aDd 130, and 99% of the popìrlation hat
Iqscores between 55 aDd 14s. Naturally, differcnt tesls arc giver to
children ofdifferent ages.Thc results ofdiffcrent tests overshort time
int€rvals are similar. but the correlalion betw€en tests declines as the
time irìtcrval iÍcreascs- Some !tudies have shown tlìal iDdividual lqt
vary little betwe€n Ihe ages of 2 and 18, but other studjes show that



QUANTITATIVE GENETICs

they vary over this time period. For example, one study of Swedish
schoolchildren showed that the lQs of students test€d at 12 ,rars of
age increased by an average of 'lt points at th€ end ofhigh school, if
they had been subjected to a deúanding curricùlum. Thus. Iqscores
are not perfecdy stable with ag€, and .an be increas€d with appro-
priat€ schooling.

Tnere have b€en many studi€s to dctermine the h€ritability of IQ
scorcs to assess the g€netic and non€eneîic aspects ofthis measure.
Hovrever, there are problems if one uses the parent-offspring regres-
sion technique {see Fig. r2.4)be(aose relatives reared together cannot
provide data that disciminate betwe€n gen€ti€ transmilsion of the
trait and environmcntal trans ission from parent to child. Th€se es-
limates of heritability are likely to be too high because 'good' gen€s
and good'environments are likely to be highly corrclated with one
another- Better estimates can be made by using the technique ofesti-
mating the correlations b€tw€en monorygotic twins that have be€n
r€ared apart.l There are four such studies proùding esrimates of0.86
(cyril Burt), 0.77 0. shields), 0.73 {JùelNielson). and 0.69 (N€wman,
Freenan and Holzinger). These give a combined estimate of 0.81,
which is where the widely quoîed €stimatc ofE0% for the heritability
of IQ has been derived. However. wE now know that Burtt dat! are
fraudul€nt the made up most of his data) and shieldl data are l€ss
than ideal becaus€ over twcthirds ofhis sample were raised by close
relatives. The r€maining t!!o €stimates are based on small sampìe
sizes, and so their combined estimate of 0,71 is Éther uncertain, Fi.
nally, studies based on the resulrs ofadopted children have provided
estimates of beiw€en 0.45 and 0.65. Thùs, th€ claim that IQ is 80%
heritable is certainly an inflated estimate, Ànd more reasonable esti-
mates would be som€where in the range of45% to 7O%, or ev€n lower
(F€ldman 1992). Howpve!, as wE will see. the precise range ofheritabil-
ity éstimates for lqdoes not impair our ability to evaluate whether
the differences betwe€n groups halr a g€netic or an €nvironmenlal

Numerous studies have shown that th€ averaSe Iqofblacks in the
L'SA is 10 to 20 poinrs (average 15 points) below ihat of us whites
fig. 12.8).lfwe ignore th€ question ofhow the authors ofthese stud'
ies defined 'white'and 'black people, this r€presents a considenble
differ€nce betwcen the tvro groups, equivalent to one fandard deùa-
tion of the distribution of white lqs. Similarly, the average Iq of peG
ple in lower socioeconomic clas!€s is below that of people in higher

How do we explain these differences? A gmup comprising mair y
psFhologists, called h€rcdita.ians, argles that the differ€nce b€-
twe€n Sroups is largely genetic in origin. In their vieq onel IQ
is mainly innate. and no 3mount of environmental change will

I !Íonozygoii( lsins nrybedÈiined dr lwo indiv ùnls ùrat evelot by rhcljlisionxnJ
n'prrrtion .l . rìngk icúilized qF lrtó rwo !cncîicilìy idcmticrl |lrts ii.. id.nrì.rl
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eradicate the d i f f t rcn(c belween groops-  In cxsc yoù th iDk l l ì r t  rh is
is  mrrc ly  a ra( is t  argurnrnt  fbr  thc Scnet ic  supor ior i ty  o l  Cau(nsinns.
you shoul.i bc awlre th:rt rr leasl onc hercdirlriîn, Willirlì1 Ruslìron
of t h!' u niversily of'Western Ont.ìrio, shows lhrt tbe rvemgc lqofpcc
plc o l  Ar ian or ig in is  h ighcr  than thnt  of  CnLrcnsians.  OD tbe otbc l
hand. ùrrny biologisrs hxve rrgurd thaÌ the difterenccs arc nuinly
duc lo  cnvi roDucnta l  fncnDs.  togcrhcr  wi th (Lr l tura l  b iascs in  the lq
test  qucst ions thr t  tavol r  whi tes.

'lhc her€ditîrirns nìain nrgùlrcnt is tlìat the diftèrcD(e iD lQb(.
rween rhe two rxcial groups is mofly gcneric in origirì, bccause lQhirs
à h igh hcr i t rb i ì i ty  ìn  both b lacks and wl ì i l€s.  I r  o thcr  words,  hcfcdi -
tar ians bc l ievc thrr  IQ is  nra in ly  seDct ica l ly  determincd ( rs  much ls
80%). and so this nìust bc thc rersorì fòr thr differcD(e b(wecn the
rwo groups.  This is  a la ìh( ious nrgt lùrenr  ns the fo l lowing 'drought
cxpclinÌe'ìts mak€ cler':

Imagine we have a popùlalion ofdogs which vary grcatìy in sire.
and may be bhck, grey or whilc (the blÀ(k nnd while allelcs are
codonìiDant). Notc that this imaginary geneti( syst€n for bodycoldrr
is si'rìply to nìak€ iI easy to crcalc pùre-brecding groups of ìrliìck
or white dogs. Dog sizc is a polygcnic trait with a heritability of
0.8, a'ìd therc is no asr)ciation bctween dog size and (olour In the
firsr experiment we takc r group of yoùng whitc puppics and Ièed
them on a rich diet. At ndùlthood, thesc dogs have a body lcnglh
that is normalìy distributed with a Dìean of 100 cm and a randard
devi:rtion of 1s (Ill. Tlìe srme is true with thc oflspring ofthese dogs.
we îlso take a groùp of young black puppies ard fecd thenì on a
reduced diet. At adulrhood, these dogs have r body lcngth thrt is
also normally distributed, but with a mean of85 cm and a standard
deviation of ls cm. Thc same is true for their offsprirrs. Tne slopc
ofrhe p3rent-{ftipring resression for body l€D8îh was 0.8 (= h,\) in
both groups, but the regression line for black dogs was below rhat of
the white dogs. Obviously, w€ would attribute the difference in size
between the two groups of dogs to the difference in their diets. i.e.
environmental factols, ev€n though dog size has a high heritability.
Thus, cven though the vrriation in dog siz€ lrirliTt each groùp wat
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mainly due to additive genetic effects (i-€. v^ is 80% of vp), this was
not the reason for the differcnce between the two groups- We can also
note that dog size had nothing to do with their coloùr, even though
whire dogs were rignificantly larger than black dogs.

ln the second imaginary experiment, we select a group of whit€
dogs for increased size. and simultaneoùsly select a groùp of black
dogs for smaller siz€. After a few generations ofselection we obsen€
that the two groups have diverged in average size. We th€n take dÌe
two grotrps and grow them in the same area, îhereby €liminating
pot€ntial environmental differences between tlìem. we are not sur-
prised that the white dogs are largar on average than the black dogs,
and would altribute this difference to genetic differences in the two
lines. As a result of the selective prccess, we night find that tlìe
heritability of dog size was reduced to apprcximately 0.3 in each of
the two lines (see Tabl€ 12.3). Thus, even thouglì the variation in
dog size within each group was mainly a result of a combination of
non-additive gen€tic effects and environnental effects, the diff€rence
b€tween the two group! had a genetic balis.

Th€se imaginary expe ments demonstrat€ that there is no foun-
dation to the h€reditarian argìrm€nt: that iflQhas a high hedtability.
th€ differences in lqscores betlveen diflerent population groups must
h:ve a genetic basi!. However, elrn though we have lhown that tlìe
main heîeditarian argument is based on a fallacy, this do€s not set-
de the question as to whether the difference in lq between groups
has an envircnmental or a g€netic basis. This r€quircs more direct

Three types of evidence suggest that most of the difference bÈ
tw€en groups is a result ofenvironmental factors.

1. Studies that compare the Iq of different mces usually have poorly
matched samples. The samples rot only differ in mc€, but also diF
fer in socioeconomic status, the type of schooling available to the
childrcn, and so on. Thus, differences between grcups could be a
result of àssociated environmental differences rather than racial
diffeîences. Nichols and Anderson {1973i reduced some ofthe eÌrvi-
ronmental differ€nces in their study by comparing different ethnic
groups ofchildren whose parents had the same occupations, edu-
càtion and income {socioeconomic statùs). They tested two samples
ofseven-yearcld childrcn ofblacks and whites in th€ Uniled States:
one group of high socioeconomic status ftom Boston, and one
group of relativeìy low socioeconomic status fiom Battimore and
Philadelphia. The Boston whites and blacks had mean IQs of 104.2
and 100.0, rcspectively. and the Baltimorc-Philadelphia whìtes and
blacks had mean lqs of9s.3 and 91.2, respectively. Thus, the 10 to
20 point diff€rence in Iq between blacks and whites, foùnd in
most studìes (s€e above), was effectively reduced to about 4 points
simply by strati4/ing the sample design so that potential racial dif-
ferences were not confound€d bl7 differences aúsing as a resùlt of
socioeconomìc factors.
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2. If the hereditarian view is correct, children of black and white
parents should ha\€ lqr intermediate between the tlvo groups,
but this is not the case. There was no differcnce in the average
IQ of illegitimate children of black and lvhite Amedcan service
men and German women after the Second World War. Similarly,
îizard O97a) lound that nixed-race and white English childrcn
who had spent part of their early life in institutions had sim_
ilar lQ scores, allhough those of the mixed-race children were
marginally higher. Finally. the IQof children of mixed marriages
is reported to correlate more with the IQof the Ìrother than the
father, sùggesting that cultuÉl traits transmitted to the child dur-
ing infancy and early childhood arc important, because it G th€
mother who nornally has the major illflueu€e on the child at this
stage.

3. Evidence for eDvironmental effects transmitred by the adoptive
parents is also proùd€d by children adopted soon after birth. Ihe
€ffccts ar€ qnite general and apply equally to the question ofracìal
differences in Iq as well as differences in lq relnted to socioeco-
nonic class. A study by Skodak rnd skeels (see Bodner and Cav€lli
Sforza 1976) tested rhe lqs of 100 childrcn, born to white, unmar-
ri€d mothers from lo er classes, that were adopted into middlÈ
class families. The children's lqs show€d a higher corr€lation with
those of the bioÌogical mothers than with their adoptive par€nts,
shov/ing a strong genetic effect on Iq However, the average Iqof
the biological motherswas 85 whereas the average for the children
wa! 102 The lq of the biological fathers was unknown, but it is
unlikely lhat alì ofthe 22 point difference was ftom that sourc€.
Probably the increase in Iq was ftlated mainly to th€ favourable
academic environment offered by the fost€r homes. Finally, a study
ofblack children adopted by white famiìies in Minnesota showed
rhat they had lqi similàr to those ofwhite controls, which suggests
rhat there are no genetic differences in lQ between the races.

Irom this discìrssion, we can conclude that the hereditarian argu-
ment, which states that differen€es in Iq betweeD diferent popula-
rion groups is mainly r result of genetic differcnces among groups,
is based or a misunderstanding of qÉntitative genetic theory. The
available evidenc€ suggests that most, if Dot î11, of ihe differeDces
among groups arc a rcsult of environmentaÌ influen.es.

w}lat if we had discovered that mùch of the difference in lQ be
tween groups had a genetic basis? Would the gen€tic fatalism of the
heredita ans, aÍd the belief that group differences in Iq cannot be
changed, be justified? The simple answer is no. Collsider tne case of
phenylketonuria, a genetic disease which, among other effects, caùses
severe mental retardation.At one time tlere was no treatnent for the
condition, and in the 1960s it accounted for almost 1% ofall severely
retarded parients in institutions. Phenylketonuria is a metabotic
defect rcsutting from the absence of an enzyme €alled phenylala-
nine hydrcxylase, which con!€rts the amino acid pheÍylatanine to
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2. If the hercditarian view is correct, children of black and wlìite
parents should have lQs interm€diate between the two groùps,
but this is not the case. There was no difîerencc in the average
lq of illegitirnate chìldren of black aùd white Amedcan seflice-
men and German women aft€r the Second World War. Sìmilarv
Tizard \1974J foùnd that mixcd-race and white English children
who had spent part of their early life jn instiîutions had sim-
ilar Iq scorcs, although those of the mixed'race childreD wer€
marginally higher Finally, the Iqofchildren of mixed maniages
is reported to correlate morc with the lqof tlìe mother thar the
father, suggesting that cultural traits transmitted to the child dur-
ing infancy and early childhood are important, because it is the
moth€r who normally has the najor iDfluence on the child at this
rrage.

3. Evidence for environmeDtal €ffects transmitt€d by the adoptive
parents is also provided by children adopted soon after birth. The
effects are quire general and apply equally to the question ofracial
diffcr€nces in Iq as wcll as differ€nces in lq relat€d to socioeco-
nonic class. A study by Skodak and Skeels hee Bodm€r and Cavelli
Sforza 1976) tested the lQs of 100 children, born to white. unmar-
ried mother! from lower classes, that were adopted into middle
class families. The childrens lqs showed a higher corr€lation with
those of th€ biological mothers thàn with their adoptive par€nts,
showirg a strorg genetic cffect on Iq However, the average lqof
the biological mothers was 85 whereas the average for the childrcn
was 107 The lq of the biological fathers was unknown, but it is
unlikely that all of the 22 point differ€nce was from that source.
Probably the increase in Iqwas related mainly to the favourable
academic envìronment off€red by the foster homes. Finally, a study
ofblack €hildrcn adopted by white families in Minnesota showed
thaÌ ihey had lqs similar to those ofwhil€ controls, which suggests
that there arc no genetic differences in Iqb€Me€n rhe rac€s-

From this discussion, we can conclÌide that the hereditarian argu-
ment, which states that differences in lqbetwe€n different popula-
tion grcups is mainly a result of genetic differences among groups,
is based on a misunderstanding of quantitative genetic theory The
available evidence suggesrs that most, if not all, of the differences
among gfoups are a resúlt of environmental influences.

What if we had discovered that much ofth€ diff€rence in lqs be-
tw€en groups had a genetic basis? Would the genetic fatalism of the
hereditadans, and the belief that group differences in lqcannot b€
changed. be justified? The simple answer is no. Consider the case of
phenylketonuria, a genetic diseas€ which, among other effects, causes
severe mental retardation. At one time there was no tr€atment for the
condition, and in the 1960s it accounted for almost 1% ofall sei€rely
rctarded patients in institutions. Phenylketonuria is a metabolic
defect resulting fiom the absence of an enzyme catled pherylala-
nine hydroxytase, which converts th€ amino acid phenylalanine to
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tyrosine. The ph€notypic €ffects of the condition, only expressed in
homozygoùs recessive individuals, are the result ofan excess ofpheny-
lalanine and its derivatil,Es. The genetic condition can be Eeated try
rcstricting th€ dietary intake of phenylalanin€. lndividuals that are
identified soon after birth with the condition, before the classical
phenotypic effects are expressed, and who adopt a rigoroudy con-
trolled diet can live a normal life. Treatment will not reverse the
effects of th€ disease once they harr been express€d. Note, however,
that phelylketonuria has a close to 10096 heritabllity. and ]'et an en-
vironmental chang€ (of diet) can effectir€ly ebolish iB effect on lQ

Finally. my vigorous attack on the hereditarian position of ascrib-
ing the differences in average IQ between racial groups to genetic
differences may have led some to conclude that there b no genetic
basis to Iqand that only th€ environment is important. However, al"
though appropriate mental stimulation is necessary to dewlop our
Iqto its tull potential, some ofus will have a higher Iqthan others.
We cannot all be as clever as Albert Einstein or Madame Curie, our
genetic constitution is ako important.

nil Summary

When a t.ait is dctemined by nany gene loci rheE m.y be i continuum o!
a wry la.ge numbcr ofpossible phenotnèr. The ph€notypic variation of
polySenic t.rits cm b€ pa.titior€d into envimnmental and Fn.ti.
component!, and the latter tu her psrtitioned into additive. dominrnce
and épistatic grnctì. effect3, by luitable breeding exp€rim.nts.

'Ille respons€ to sel(tion is poritiwly correlated with the p.oportion of
the ortrall pherotypic valiation (yp) that t del.mincd by tb. rddiive
teretic etrectr (V^). The hea3uR v^/Vr is calle.ì th€ herit:bility ltr the
naúw sense ofa tEit, and wh€n e trait i! 6ubjected to inte c selection its
heritability de.Ras.r rs inf.rio. dlclcs ffÉ eliminat d. This probably
exphinr why ùait! that are closely related to gtness tènd to hare low
helitabilities. whereal tdvial ch.nd.6 tend to hàr€ high h€dtabilitig.

llè rel.tionrhip bete€er IQ.nd race i3 examitred in som. dètail as rn
example ol the genes veFus envircnmènt debaÈ. rh her€dita.ian
al8rlment that tb. diff.Enes in IQ betwe€n Smups must haì/€ a tenetic
basis (beause the heritabiliry of rhé traìt is bigh) is shol{ll to be based on a
bisunderrarding of quantitativÉ g€îetic tbeory Th. available aiden è
suSiSrst! that most, if not rU, of the dttrerences b€tweèn groupr ar€ th€
Ésult of enúrcnmertal influences. HoeElrr. the geneti. consiitùrion of
individuals has a sFong effect on Iq

rz.a I F;biems
1. Tm highly irbÉd lin€r of micé aÉ.lorséd arld giw ! Eriane of 2.s

units in tail leryth id the Fr gereration. Ilìe valiance in the r,
Senention ir 12.5 units, aúd the pdnt-offspdng regE$ion fo. tail


