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Chapter 3

T AT R

Separating Nature and Nurture

ELLIOTT SOBER

Plant-and animal breeders routinely attempt to disentangle the contri-
butions of nature and nurture when they think about what makes corn
grow tall or cows produce more milk. To apply the same concepts to hu-
man characteristics such as ihte]]igence and violence, however, is polit-
ically explosive. : :
The discipline of quantltatlve genetlcs separates the relative contri-
butions of genes and environment by deploying a set of technical con-
cepts. The main one is called “variance,” which measures how much a
trait varies in a population. Nature and nurture are analyzed by dis-
cussing variance in its different forms; there is phenotypic variance, ge-
netic variance, environmental variance, and variance due to gene-envi-
ronment interaction. Is it'solely political considerations that make some
people resist applying these humdrum scientific concepts to human be-
ings? Or are there purely scientific considerations that block the easy
transfer of these concepts from one domain fo the other? I do not pose
this question to disparage the significance of political questions; science
is a human activity; and whether a scientific question should be pursued
depends on what the consequences for human welfare would be of pur-
suing it. However, my goal in this chapter is to explain why the issue is
~ not purely political. Iam not going to argue that human beings and their
traits are somehow outsideé the scope of biology, whatever that might
mean. A human being develops a level of intelligence and attitudes to-
ward violence because of the genes he or she possesses and the envi-
ronments he or she inhabits. The very same thmg is true of height in corn
- plants and milk yield in dalry cattle.

FROM: GENETICS AND CRIMINAL BEHAVIOR
 Edited by David Wasserman and Robert Wachbroit,
Cambridge University Press, 2001, .
Pages 47 to 78.

I am grateful to Andre Ariew, Ned Block, Rlchard Lewontin, and Steve ()rzack for
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No, the problem is not that we are outside the biological realm. The
concepts of phenotypic, environmental, and genetic variance apply to
human beings just as much as they do to cows and corn. For any trait
we care to name, there is a fact of the mattér concerning what the heri-
tability of that trait is within this or that human population, whether we
want to know about that fact or not. The problem is that our current level
of knowledge frequently prevents us from ascertaining what the rele-
vant facts are. '

In what follows, I explain the relevant mathematical concepts in a
way that is both simple and general. The math involved never goes be-
yond the arithinetic you learned in elementary school. The explanation,
however, is quite general, applying as it does to any trait in any popu-
lation of organisms. I am hoping that this chapter will make the mean-
ing of heritability and related concepts completely transparent even to
those with serious cases of math phobia. After defining these quantities,
I explain two procedures that are frequently used for estimating the her-
itability of traits in populations of organisms. Once again, the discussion
of estimation procedures involves nothing more than simple arithmetic.
At this point in the exposition I explain why it is hard to find out how
heritable many traits are. '

The upshot of this discussion is not that there is a vitally important
property of a trait — its degree of heritability — that we unfortunately are
cut off from apprehending. Quite the contrary. In addition to explaining
what heritability is, I discuss the question of why it matters and why the
everyday concept of a trait’s being “inherited” differs in several respects
from the technical concept of its having a high degree of “heritability.”
Once we see heritability for what it is, the question arises of why the her-
itability of a trait is interesting; another question I ask is whether the her-
itability of a trait will become less interesting as science learns more
about its underlying genetics. :

THE ANALYSIS OF VARIANCE

Nuts and Boits

Consider a farmer who grows two fields of corn. In the first, the corn
plants are genetically identical —all have genotype G1 - and they receive
one unit of fertilizer (E1). In the second field, the corn plants also are ge-
netically identical, but they have genotype G2; in this second field, the
plants receive two units of fertilizer (Ez2). At the end of the growing sea-
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son, the farmer sees that the plants in the first field are one unit tall (on
average), whereas those in the second field average four units of height.
These observations can be recorded as two entries in a two-by-two table:

Genes
G1 Gz
Ei 1 -
- Environment
Ex - 4

The farmer wants to answer a question about nature and nurture: Do
the corn plants in the two fields differ in height because they are genet-
ically different, because the plants grew in different environments, or for
both these reasons? And if both genes and environment are responsible
for the differenee between the two fields, which mattered more? With
the data described so far, the farmer has no way to answer these ques-
tions. The reason is that the genetic and the environmental factors are
perfectly correlated; G1 individuals always inhabit Ex envnonments and
G2 individuals always live in E2 environments: -

The way for the farmer to make headway on this problem is to break
the correlation. Let him plant a third field in which corn plants have Gx
genotypes and receive two units of fertilizer; let him plant a fourth field
in which G2 plants receive one unit of fertilizer. This will allow him to
enter data in the other two cells in the two-by-two table just displayed.
From these data, the farmer can make an inference concerning how ge-
netic differences and differences in fertilizer treatment contributed to
variation in plant height. x

- The experiment just described might generate d1fferent observa’aonal :
outcomes. Here are four possibilities to consider: -

e se e | o
B iox B2 Bxx 3 Bxog

(i) (id) (iid} L (i)

In outcome (i), the genetic factor makes no dlfference, Whether the
plants have genotype G1 or Gz does not affect their he1ght 1t is the en-
vironmental factor — the amount of fertilizer the plants receive — - that ex-
plains all the observed variation.! Qutcome (iv}) is the mirror image of
(D). In (iv), the fertilizer treatmnent makes no difference; the genetic vari-
ation explains all the variation in height. Outcomes (i) and (iv) support
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monistic explanations of the variation in plant height; each suggests that
only one of the factors considered made a difference in the observed
outcome.

Qutcomes (ii) and (iii), on the other hand, support pluralistic conclu-
sions. Both suggest that genetic and environmental factors made a dif-
ference. They disagree, however, as to which factor mattered more. In
outcome (ii), changing the fertilizer treatment yields two units of change
in height, whereas chariging from one genotype to the other produces
only a single unit of change. In this case, the environmental factor makes

more of a difference than the genetic factor. By the same reasoning, we

~ can see that outcome (iii) suggests that genetic variation was more im-
portant than the environmental factor considered.

Although the four possible outcomes described so far differ in vari-
ous respects, they have something in common. In each of these data sets,
the change effected by moving from G1 to G2 does not depend on which
environmental condition one considers. Similarly, changing from E1 to

E2 has the same impact on plant height, regardless of which genotype.

the plant possesses. Results (i)—(iv) are thus said to be “additive” (or to
show no gene-envnﬁnment interaction”). This is not the case for the
following possible resﬂts

Gi1 G2 Gi Gz

E1 1 7 Ex 1 1

E2 7 4 . B2 1 4

) (vi)

In outcome (v), going from one unit of fertilizer to two increases plant
height for plants with genotype Gz, but reduces height for plants that
have genotype G2. In (vi), changing genotype has an effect on plant
height within one fertilizer treatment but not within the other.

This simple two-by-two experiment illustrates the method that stat-
isticians call the analysis of variance (ANOVA). By generalizing the
scheme just described, we can introduce some terminology to label the
relevant concepts. In the example just discussed, genotype and fertilizer
treatment combine to make a plant grow to a certain height. Height is a
phenotypic trait; amount of fertilizer is an env1r0nmental condition.
There are two possible causes and one effect: g

Genes \
/ Phenotype
Environment
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What, in general, do the words “gene,” “environment,” and “pheno-
type” mean in ANOVA investigations?

-.Itis hard to answer this question with precision and without circu-
larity. Phenotypes are often described as any feature of an organism’s
morphology, physiology, or behavior. However, psychological and cul--
tural characteristics also are parts of the phenotypes of some organisms;
knowing Korean and liking rock and roll are phenotypic traits, just as
much as an individual’s height and blood type. What is excluded from
the phenotype is the sequence of nucleotides found in the strands of
DNA in each cell of an organism’s body. In a sense, we can view the or-
ganism’s phenotype as all the traits it has that are caused by its genes
and/or its environment. This way of defining “phenotype” entails that
having a certain set of genes is not part of the organism’s phenotype,
and living in a certain environment isn’t either. It will be convenient in
what follows to think of phenotypes as quantitative features; they may
come in integer values (like number of fingers), or they may be contin-
uous (like height and weight).

Genes are possible causes of phenotypes. But there is also the contri-
bution of the environment. What does “environment” mean? Once
again, we must realize that the concept of environment is used in
ANOVA as a garbage can category; an environmental factor is anythmg
that is not genetic. The most important point to recognize here is that-
“genetic” is not synonymous with “biological.” This is a common con-
fusion in discussions of nature and nurture. Fertilizer is a “biological”
cause of corn plant helght but it counts as an environmental, not a ge-
neétic, factor.

If phenotype is defined by contrast with what is genetic, and if the
environment is defined by contrast with what i is genetic, how are phe-
notype and environment distinguished? Well, an ofganism’s environ-
ment causally contributes to the phenotype it has, but that is not a suf-
ficient- answer. After all, it also is true that the orgamsm lives in a
particular environment in part because of the phenotype it has. For ex-
ample, lizards, being cold-blooded creatures, seek out warm environ-
ments and shun cold ones. Where the organism livesis a consequence

‘ofits phys1olog1cal makeup.

It suffices for our purposes to dlstmgmsh phenotype and environ-
ment in the following rough-and-ready way: the: organlsm s phenotype :
includes only the traits it has in virtue of what is going on inside its own

skin (Sober 1984, sec. 1.5).2 The organism’s environment includes only

the traits the organism has in virtue of what is going on outside its own
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skin. Living in a warm place is an environmental trait; being cold- -

blooded is a feature of the organism’s phenotype (Dawkins 1982).3

In the corn plant example, there were two genetic conditions and two
environmental conditions. Let’s generalize. Each organism studied is in
one of m possible genetic states and experiences one of n possible envi-
ronmental conditions. An experiment that examines all combinations of
these genetic and environmental conditions will have n-times-m treat-
ment combinations. Organisms within each treatment cell are measured
for some phenotypic trait. As in the simpler two-by-two example, cell
entries record the average phenotype of individuals in each treatment.
To simplify exposition, I'll assume that each cell contains the same num-
ber of individuals:

Gt G2 Gz .. Gm
Ea Xep Xaz Xy e X | X,
E= Xa1  Xaz  Xpy e Xyl X
EII xru xnz. xn3 T Xnm &1
Xg X, Xy X, M

In addition to the x;; entries in the m-by-n table itself, the table also pro-
vides some nu.mbers that are written down along the margins. These are
called; appropriately enough, the marginal averages. They describe the av-
erage phenotype for individuals who experienced the same environment
{but different genes), or the same genes (but different environments). The
table also states, as a final entry in the lower right-hand corner, the grand
mean M —the average phenotype in the entire population of individuals.

The phenotypes represented in the m-by-n table — the different X;; en-
tries ~ display a certain amount of variation; the numerical values may
be tightly clustered or they may be spread out. The standard mathe-
matical measure of the amount of “spread” a phenotype has in a popu-
lation is given by the phenotypic variance (V). To compute this quan-
tity, one finds the difference between each X; and the grand mean,
squares this difference, and then computes the average of these squared
differences:

= —_ 2
V, =, (x; - MP/nm.
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Intuitively, the amount of variation present in this population can have
two sources, First, there is the fact that individuals live in different en-

~vironments; second, there is the fact that individuals have different

genes. This xdea is captured by the fact that we can decompose the total
(phenotypic) variance in the population into two parts ~ the genetic.
variance and the environmental variance:*

V=305~ MP/m.
V, =X, (x, ~M)?/n.

Each of these variances is computed by seeing how much the marginal
averages (the x s and the x, 's) vary from the grand mean.

Just to demystlfy this way of representing and decomposing varia- .
tion, let’s analyze a very simple data set, which the farmer might obtain

‘in his two-by-two experiment:

G Gz
Ei| 1 3
Ez2| 5 7

3 5 4

The marginal averages and the grand mean are duly recorded, from
which we can compute the three variances:

= [(1-4)* + 34 + 542 + (7-4)*)/4 =5
V. =[G4+ (47/2=1
V. =[(2~4)* + (6-4)")/2=4.

Note that in this example V, =V +V,. This defmes what it means for a
data set to be additive.

However, the sums do not come out this way in the following data
set, which involves an interaction:

G1t G2
Ei| 1 3
E2| 5 11

3 7 5
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Here are the values for the three variances:
V, =[(1-5)* + (35 + G5 + (11-5)°1/4 = 14
V,=l(G-57 + (7-5)21/2= 4
V, =[(2-5)* + (8-571/2=9.

In the present case, we introduce a quantity I to represent the difference
between V,,and V +V,. In this example, the gene-environment interac-
tion term has a value of unity.

As the various hypothetical data sets I have described make clear, we
should not assume in advance that the data produced in an experiment
will turn out to be additive. Rather, we should describe the total phe-
notypic variance as decomposing into three parts: ‘

Vo=V +V +1 (1)

The data we obtain may show us that I = 0. Indeed, it may turn out that
V. = o or that V_=0, as was true in data sets (i) and (iv}. These are em-
pirical matters, w]:uch will vary with the populatmn studied and the
trait considered.

Because V_and V_ are quantities that describe how much variance is
assocjated with the dlfferent genes and the different environments con-
sidered in the experiment, we may compare these two numbers to say
which of them mduced the larger amount of variation. It is customary
to do this by takmgratlos of each of these quantities, relative to the to-
tal phenotypic variance. If we divide both sides of (1) by V we obtain:

1=V, /V,+ V/V +1/V, (2)

The three right-hand terms describe, respectively, the proportion of the
phenotypic variance that is due to genes, to environment, and to gene-
environment interaction; they total 100 percent.

The first of the ratios in proposition (2) defines the concept of “heri-
tability”® h? = V,/V,,. A phenotype’s heritability is the proportion of
its variance that i 1s caused by genetic variance. Notice that heritability is
a property ‘of phenotypes, not genes. In ordinary parlance, we talk of
genes as well as phenotypes (like eye color) being “inherited”; however,
“heritable” and “inherited” are not synonymous. Genes are not herita-
ble. We examine other differences between the concepts of “heritable”
and “inherited” in the next section.

Notice that proposition (1) cites three possible causes of phenotypic
variation. This means that the genetic contribution to variation cannot
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be defihed as j:he confribution that is not environmental. Thus, the
analysis of variance provides a finer-grained representation of causal
contribution than the intuitive one with which we started. We began
with the idea that phenotypes are caused by genes and by environment,
where “gene” and “environment” are defined so that there is no other
type of factor that can cause an organism’s phenotype. Although this in-
tuitive picture is good enough when it comes to talking about the traits
of an individual organism, it is not adequate as a description of what can
produce phenétypic- variance in a population. For the latter task, the
mathematics of ANOVA requires that we recognize genetic variance, en-
vironmental variance, and variance due to gene-environment interac-
tion. We have moved from fwo causes to three.5

Some Philosophical Comments

~ The type of experiment just described can provide information about

the relative causal contributions of genes and environment to the phe-
notypic variation found in a population. However, that mformatlon _
must not be mlsmterpreted

" The analysis of variance can provide information about causality
only if the population exhibits variation in the effect term studied. Con-
sider a populaﬁon of human beings in which everyone has exactly two
hands. The grand mean is 2, and each genotype/environment treatment
has 2 as its average number of hands. There is no variation to explain;
and there is no pheno’cyplc variation due to genes nor any due to envi-
ronment; V_=V_=V_=o. This example shows another respect in which
“heritability” and “inherited” differ in meaning: Hand number may

. seem like an obvious example of an “inherited” characteristic; however,

its heritability in the population just described is not defined, since
V,/V,=0/o. .

What would happen if we considered a larger population in which
the number of hands does vary? We can construct an example of this
sort by augmenting a population of two-handed individuals with indi-
viduals who are born with a smaller number of hands. These individu-

* als may have one hand or none solely because they have some genetic

defect; alternatively, they may have been born without hands solely be-

-cause of a feature of their fetal environment (e.g:, perhaps their mothers

took a certain drug while pregnant). If the enlarged population includes
handless individuals solely of the first type, then hand number will turn
out to be highly heritable; if the enlarged population includes handless
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individuals solely of the second type, then hand number will have zero
heritability. And if both types of individuals are included, the resulting
phenotypic va.natlon will have both a genetic and an environmental ex-
planation.

This example provides an mterestmg lesson. It is possible to assess

the heritability of a trait without having any understanding of the de- -

velopmental processes that lead individuals to exhibit the trait. Even if
we know nothing about how an individual’s genes and environment
conspire to insure that he or she develops hands, we nonetheless can tell
whether variation in hand number is genetic or environmental or both.
This point was already visible in the farmer’s experiments discussed in
the previous sectiorn. He need not understand why a particular combi-
nation of genes and environment yields plants that average four units
of height. It suffices for him to observe that this has happened. The
analysis of variance permits one to infer how much a cause contributes
to an outcome without understanding how the cause manages to have
its effects. In part, this is because ANOVA aims to explain the variation
of traits in a population, not to explain why individual members of the
population have the traits they do.” It is a fact about development that
the genes in an organism’s body help explain why that individual ends
up with two hands; it is a quite separate matter whether genetic differ-
ences in a population help explain differences in hand number.
Perhaps the most 1mpori;ant point about interpreting ANOVA data as
evidence about causal éonfribution is that the inferences are specific to
the phenotypic trait considered, the range of environments and geno-
types studied, and the population studied. In the two-by-two experi-
ments contemplated before, we considered the results of a specific pair
of genetic traits (G1 and G2) and a specific pair of environmental vari-

ables (E1 and Ez). The results obtained in that restricted domain say

nothing about what would happen if some new genotype G3 were taken
into account, or if some new environment E3 were brought into the
problem. For example, it could turn out that the differerice between G1
and G2 makes no difference in plant height, but that G3 makes all the
difference in the world. The same could happen for the environmental
effect; the difference between one unit of fertilizer and two might not
matter, even though three units cross a threshold that matters a lot. In
short, an ANOVA experiment does not ascertain how much genes in
general matter, or how much the environment in general matters. What
the experiment investigates is a specific set of genetic factors and a spe-
cific environmental treatment.
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Another respect in which ANOVA yields specific results, not general
ones, is that the relative importance of genes and environment to a phe-
notype can change as a population ages. Suppose the farmer conducts .
his two-by-two experiment, computes the environmental and genetic
effects after the corn plants are three weeks old, and finds that most of
the variation is due to genetic differences. If he then follows. the plants
foran add1t10na1 three months, it may turn out that variation in height
at that later date is mainly due to environmental variation. Here we have
another d1fference between the technical concept of heritability and the

_commonsense 1dea of a trait's being inherited. According to the com-

monsense concept if you inherit a trait, it remains an inherited trait as
long as you haye it; however, the heritability of a trait, because it is a
property of a pbpulaﬁon, can change as the population changes.

Two more details are worth mentioning in connection with the fact
that ANOVA is specific to the range of environments and genotypes con-
sidered and the specific population under study. Different subgroups in
the same overall population may show very different patterns of genetic
and environmental variation. Imagine a four-by-four experiment; envi-
ronmental treafn1ents E1, E2, E3, E4 are paired with genetic conditions
G1, Gz, G3, G4. Let us consider two subsets of this entire experiment. In
the upper left- hand corner of the four-by-four data table we are imag-
ining, we find a description of what happens when E1 and E2 are paired
with G1 and Gz. In the lower right-hand corner; we find E3 and E4
paired with-G3 and G4. It is entirely possible that genes make a great
deal of difference to the resulting phenotype in the first case, but little
or no d].fference in the second. Nor is this possibility merely hypotheti-
cal. Suppose we were studying variation in skin color among various
populations in North America. Variation in skin color-will be mainly ge-
netic, if we focus on the people who live in New York City. But if we
compare people who live in North Dakota with people wholive in Utah,
the variation Wﬂl be mainly environmental (Block and Dworkin 1976).

The last wrinkle of this sort that I want to describe is this: even if
genes matter a lot and environment matters only a little within each of
two populations, this does not mean that the difference between the two
populations is mainly due to their being geneticaily different. Lewontin
(1970) illustrated this point by describing an expériment in which a ge-
netically heterogeneous collection of corn seeds is used in two experi-
ments. In the first, seeds are drawn from this collection and are planted
in standard potting soil; in the second, seeds are drawn from the same
collection and are planted in potting soil from which various trace ele-
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ments have been removed. Within each experiment, all the variation in
height will be due to genetic differences; however, the difference be-
tween the two experimental populations will be entirely environmen-
tal. This point was central to the controversy in the 1960s and 1970s con-
cerning how the observed IQ difference between American whites and
American blacks should be explained. Jensen (1970) argued that the be-
tween-group difference is partly due to genetic differences. Lewontin
(1970) replied that Jensen’s reasoning was fallacious - that one can’t con-
clude that the between-group difference has a genetic component just
from the fact that there is a genetic explanation of within-group varia-
tion, Jensen (1972) replied that his reasoning committed no such fallacy.

I now want to make a point that is specifically about the concept of

heritability. High heritability does not imply that a trait is difficult or im- .

possible to manipulate by changing the environment — an especially im-
portant point, because many individuals who have argued that IQ is
highly heritable have inferred from this that it is futile to look for envi-
ronmental interventions that boost IQ. One reason this is a fallacy con-

nects with a point I made before. Because ANOVA is specific to a given’

range of environments, nothing follows about how the trait would re-
spond to a new environmental variable, one not covered in the initial
analysis. For example, before the invention of eyeglasses, poor vision
was highly heritable. However, this did not mean that environmental
- interventions were bound to fail. As ifturned out, eyeglasses have done
wonders. In effect, this invention ¢reated a new environment, one that
had a profound effect on the ability to see (Goldberger 1979).
Another example of this sort is provided by PKU disease - phenylke-

tonuria. Individuals with two copies of the relevant recessive gene are -

unable to digest phenylalanine. The result of accumulating this sub-
stance is a severe retardation. However, if individuals with the genetic

condition are at birth placed on special diets that don’t include pheny--

lalanine, they develop normally. Before the disease was diaghosed and
all individuals had diets that contained phenylalanine, the retardation
was completely heritable; all the variation in phenotype was explained
by variation in genes. Once the disease was understood, a new envi-
ronment was created that had a profound effect on the phenotype. No-
tice that in this example understanding the genetic causes of a condition
opened the door for constructing a new environmental manipulation.
There is an additional reason why high heritability does not imply
that environmental change will make little difference in the resulting
phenotype. Even when we consider just the environments analyzed in
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an ANOVA stutfiy, high heritability does not mean that shifting a par-
ticular person &om one environment studied to another will have little
effect. Consider the following hypothetical data set:

Gt G2 G3 G4

CEx |1 2 3 4|17
E2 |1 2 3 2|2
E3 |1 2 3 3225
| 1 2 3 2 2

The phenotype described here is highly heritable; V. p=2/3andV, =1 / 2,
soh?= Vg/ V., =0.75. Notice thatindividuals with genotypes Gz, Gz, and -
G3 do not exhibit different phenotypes when their environments are
changed. However matters are quite different for genotype G4. It would
be a mistake to infer that environmental manipulation has little effect on
individuals W1th genotype G4 on the ground that the trait is l‘ughly her-
itable.

The reason that heritability provides little guidance about the effects

that environmental change will have on particular individuals is that

heritability is a summary statistic about the whole population; it distills
the n-times-m pieces of data in an ANOVA table into a single number. A
much better gmde to the issue of malleability is provided by the data in
the table itself. If you know an individual’s genotype, you can look
down the relevant column in the ANOVA table and obtain an estimate
of how changing the environment will produce changes in phenotype,
within the range of environments considered. This information is some-
times presented graphically, as in Figure 3.1, by plotting, genotype by
genotype, how an environmental circumstance induces-a particular
phenotypic condition; These graphs represent What is called the geno-
type’s norm of react:on .
Graphing norms of reaction prov1des a handy way: of summarizing
some of the concepts we have already -described in ANOVA. Imagine an.
ANOVA experi.tﬁent in which genotypes G1 and Gz are tested ina range
of environmental settings. We can predict the outcome of this experi-
ment from knowledge of the genotypes’ underlying norms-of reaction.
Graph (a) in Figure 3.1 depicts a situation in which there is no genetic
variance; all the phenotypic variation will be due to-environmental vari-
ation. In (b) we have the opposite situation.-Environmental variation
will make no difference; all the variation will come from the difference
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Gl, Gg GZ
) - ‘
Phenotype] ' ‘ ; G
Environment
(a) ®
G2
Gy
‘ e*
© = @

Figure 3.1. Hypothetical norms of redction for two genotypes, Gi and
Ga. '

in genotype. In (c), both genetic and environmental vanatxons make a
difference; because the norms of reaction are straight lines running in
parallel, the situation is additive. In (d), the phenotypic variation will be
due to genetic variation, environmental variation, and gene-environ-
mental interaction. Whether G1 usually has a higher phenotypic score
than Gz, or the reverse is true, or they come out with the same average
performance, will depend on how the environments investigated in
the experiment are selected. If they come entirely from points to the left
of e*, G1 will do better; if they come entirely from points to the right, G2
will do better; and if they are equally spaced around ¢, then there will
be a tie.

In an ANOVA experiment, it need not be true that all the individuals
in the same environmental treatment experience identical environments.
There is no way to ensure such uniformity. The plants in the corn ex-
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periment described earlier may be unequal distances from the barn; air
currents in the experimental plots may differ slightly in direction and
speed. No ANOVA study could be performed if perfect uniformity were
required w1th1n environmental treatments. It might be thought that ex-
perimenters are able to attain the more limited goal of having plants
within the same experimental treatment differ only in ways that have
no effect on the phenotype under study. But here again, the demand is
too strong. If we are studying the impact of fertilizer on height, we might
set up the experiment so that each experimental plot receives the same
amount of water. If there are 100 plants in a plot, however, it is practi-
cally certain that some plants will get a bit more water than others. If we
are studying the effect of fertilizer, then what is required is that varia- -
tion in other environmental factors that affect the phenotype be the same
across plots. | |

It is at this point that theoretical understanding impinges on an ana-

ytic technique that in many ways seeks to get by without the backing of

theory. I mentioned before that an ANOVA investigation can proceed
without an unjderstandi.ng of the developmental processes that lead in-
dividual organisms to end up with their phenotypes. However, there is
another type of causal information that is not so dispensable. You must
know whether differences in environmental treatments besides the one

under study are causally inconsequential for the phenotype under study.

There is no precise level of theoretical understanding that the exper-
iment must satisfy — no cutoff point that marks the boundary between
adequate and1 inadequate studies. Rather, the relevant consideration
needs to be stated as a matter of degree. The less you know about which
envn'onmental factors influence the phenotype besides the environ-
merital manipulation under study, the less certain you can be that your
study has the f)roper controls in place. Far more is known about the en-
vironmental factors that influence the height attained by corn plants
than is known about the environmental factors that influence the IQs at-
tained by human beings. Because of this difference, we must be more
circumspect 1n the human case'when we say that two individuals grew
up in envu'onments that were “the same.”

Symmetrlcal points apply to the concept of a gene’ac treatment in
ANOVA. In an ANOVA experiment individuals said tohave “the same”
genetic characteristic need not be genetically identical. Although desir-
able, and characteristic of studies that focus exclusively on identical
twins, the logic of ANOVA experiments dees not demand this.

Individuals have many genes. Suppose G1, Gz, . . ., Gm are alterna-
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tive states of a single gene, and we are doing an ANOVA experiment in
which these G conditions constitute the genetic variable under study. In-
dividuals alike in the G trait they have may differ with respect to other
genetic characteristics. Individuals who are all G2 may differ in whether
they have H1 or Hz, whether they have [1 or J2, and so on. Some of these
other genes may affect the phenotype under study. What is required is
that the individuals in one genetic treatment have the same distribution
of other genetic traits as the individuals in the other genetic treatments,
for ali the other genetic traits that may affect the phenotype.

In this section, T have made several points about how one goes about

interpreting the components of variance inferred from an ANOVA ex--

periment. These points do not show that ANOVA is useless as a device
for apportioning causal responsibility; rather, the message is that
ANOVA must be understood for what it is. ANOVA describes how
much of the observed phenotypic variation is due to environmental
variation and how much to genetic variation, for the phenotype con-
sidered, the range of environmental and genetic variation considered,
and the population at hand.

- BSTIMATING COMPONENTS OF VARIANCE

In the ANOVA procedure explained so far, investigators specify the var-
ious genetic and environmental traits they want to study. Once these are
identified, the procedure is to find one or more individuals in each of
the m-by-n treatment cells. To perform this type of study, we must know,
not just the phenotype of each individual, but its genetic and environ-
mental characteristics.

If we are interested in a phenotype as prosaic as height or weight,
which genetic traits should we examine? If we already know that vari-

ationin G1, Gz, . . . Gminfluences height, or that variationin Fit, Ha, ...,

Hm does not, there is no point in doing a study that will tell us what we
already know. On the other hand, if we don’t know which genes mat-
ter, how should we proceed? Do we simply move arbitrarily from one
array of genes to another, testing whether variation in a randomly se-
lected gene helps explain variation in height? The same question arises
‘with respect to environmental influences on height; if we know that an
environmental factor matters, or that it does not, we will learn little® from
an ANOVA study. On the other hand, if we focus only on environmen-
tal factors whose role is unknown, how do we decide which traits in that
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infinity of possjibi]iti_es are worth studying? Naive empiricism is not a
recipe for efficient inquiry. What alternative strategy will do better?
There are tWo standard alternatives to this strategy of hit-or-miss.
The first is to examine identical twins reared apart. The second is to com-
pare identical tw1ns and fraternal twins, both reared by their biological
parents. In these studies, one of course needs to-decide which pheno-
type one wishes to study. But having decided this, one does not need to
further spec1fy which environmental variables and which genetic traits
one wishes to consider. The reason is that these studies are designed to
éstimate the heritability of the trait with respect to the full range of ge-
netic and environmental variation found in the population as a whole.
This convenience, though enormous, also has its price. One need not
know which genes affect the phenotype in question to do a heritability
study, but the upshot is that the study does not tell you which genes
make a difference. Although heritability is defined in terms of concepts
drawn from ANOVA, there is a big differerice between the way causal
variables are treated in ANOVA studles and the way they are treated in
heritability studles ‘ -
Let’s now con51der how- hentabﬂ1ty in‘the whole populatlon is esti-
mated by exam.mmg pairs of identical {i.e., monozygotic} twins-who
were “reared apart,’ " meaning that the twins were separated-at birth or
shortly thereafter and raised in different environmerits. This procedure.
attempts to ascertam the genetic variance and the environmental vari-
ance of a trait in a population by looking at a very special subpopula-
tion. Here is an approximate statement of the idea behind such studies:
monozygotic twins have exactly the same genes, If they are reared apart,
and if they differ from each other phenoty‘pmally, then this difference
can be attr1buted ent1re1y to environmental causes. Af it turns out that
these twins usua.lly are more similar to esch other ‘than’ are-two ran-
domly selected individuals from the population, we can conchude that
thereis a genetlc cause of the phenotyp1c variation in the population as
a whole. | :
“Let us now examine this line of reasoning with' morecare. No new
mathematical concept will be introduced, and the ‘'only mathematics
that will occur in what follows is some- subtrachng :and replacing
of equals with equals I'll discuss the different types of variance that
were explained before - the quantities Vo Vg V -and T, Which describe
the population as a whole. In addition, I'll talk about the quantities
Vp(mono—twm), Vg(mono ~twin), V (mono-twin), and I(mono-twin),
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which characterize the subpopulation of monozygotlc twins reared
apart.

Our goal is to infer the genetic and environmental variances repre-
sented in proposition (1). Let’s begin by reminding ourselves of what
we actually observe in such twin studies and what we must infer from
our observations. Suppose the phenotype of interest is height. What we
observe is how tall various people are in the whole population and how
tall pairs of monozygotic twins are. From these numbers we deduce
values for V_ and of V_{mono-twin). V_{mono-twin} describes how

P P P
much difference there is in heightin the average pair of twins. These two
phenotypic variances are quantities that we know by observation. In ad-
dition, we know that monozygotic twins are genetically identical. We
want to use this information to infer what the relative contributions are
of genes, environment, and gene-envii'onment interaction. As stated,
the structure of this problem should be puzzling. Proposition (1) tells us
that an observational quantity, V,,, is the sum of three quantities whose

values we do not know by direct observation. How are we toinfer three-

theoretical quantities from the observed phenotypic variance? It looks
as if there are too few equations and too many unknowns.

We examine twins reared apart as a device for solving this problem
about the full population. Although proposition (1) describes what is
true in the population as a whole, the same set of relationships obtains
within the subpopulation composed of the monozygotic twins in our
study: :

Vp(mono-twin) = Vg(mono—’mrin) + Ve(rhono-twin) _
+ I{mono-twin). (3)

Notice that (3) by itself does not allow you to assign a value to V_(mono-
twin), based on the observed value of V (mono-twm) However, we
should take note of the fact that

14 (mono—twin) =0. : (4)

There is no genetic variation within pairs of monozygotic twins. Propo-
sitions (3) and (4) allow us to deduce that

Vp(mono-mrin) = V_(mono-twin) + I(mono-twin). (5)

Let us now assume that the relationship between gene and environment
in this subpopulation of twins is additive ~ that is, that the interaction
term is o :

I{mono-twin) = o. R O
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Pr0posmons (5) and (6)-entail that
v L(mono-twin) = V, (mono-th) ' '”_' . @

We now have solved for one of the theoretical ”unknowns in proposi-
tion (3). We began by knowing only what the twins’ phenotypie vari-
ance is; we now are able to assign a value to the environmental variance
that exists w1th1n the twin population.

How do we use this result to estimate genetic and env1ronmenta1
variances in the whole population? We begin by making another as-
sumption — that the variances are purely additive in the whole pepula-
tion:

I=o. 8

Proposition (8) combines with proposition (1) to yield:
V,=V +V, ' ©)

We now further assume that twins reared apart live in environments
that tend to be ]ust as varied as the environments occupied by two ran-
domly selected individuals in the whole population:

_ V (mono-twin) = V. , (10)*
' Proposition (g) combines with (10) to yield:
V V +V (mono -twiny), (x1)

Propositions (11) and (7) entail that _

| V,= V +V (mono-twm) {12)
Proposition (12) rearranges to yield

| V,= V Vv (mono -twin) (13)
and (13) and (95 imply that

| V.=V (mono th) - (1)

We are done. The last two-equations tefl s that the values for the genetlc
and the envuonmental variancesin the: Whole population are - identical
with phenotyp1c quantities that we can:measure'by ‘observation. All we
have to do is find out how height variesin the populauon asa whole and
how it varies in the subpopulation of ‘monozygotic. twins reared apart,
and we can calculate what the underlying theoretical quantities are.
Asthe reader may have guessed, I have placed asterisks besides two
crucial- assumpt;ons that are used in this derivation. Propositions (6) and
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(8) assert that the system is additive; proposition (10) says that twins
reared apart tend to live in environments that are jitst as similar as the
environments of two randomly selected people in the population‘. Both
these assumptions are open to question. {

Recall what the assumption of additivity means. Its means that shift-
ing from one environment to another “adds” the same change in phe-
notypic value for all individuals, regardless of their genotype. It is not
hard to see why this condition can fail. Again, let us consider the exam-
ple of height. Nutrition in early childhood affects height. But is it plau-
sible to think that shifting:from 1,500 calories to 1,600 calories per day
will have the same effect on everyone’s height, regardless of what their
genotype is? This could easily fail to be true. Individuals of different
genotype differ in their metabolism; genotypes therefore may differ in
how efficiently they convert additional calories into additional height.
Notice that the example of height is by no means unusual; just as addi-
tivity cannot be assumed a priori for a trait such as height, neither can
it be assumed for psychological traits such as intelligence or propensity
to violence. The claim of additivity is an empirical claJm, and must be
supported by evidence.?

I am not trying to propose an a priori argument for the claim that ad-
ditivity always fails to obtain. There can be no a priori argument on this
question, one way or the other. Maybe some traits in some populations
are additive. Figure 3.2 illustrates the fact that height fails to be additive

in a population of the plant Ackillea millefolium. My main pointis to warn-

against the idea that it is somehow a “safe” general assumption that the
trait one is studying is additive.

The assumption that V, = V_(mono-twin) is also problematic, but for
a reason that derives from the specifics of how human adoption agen-
cies work, not from general biological considerations. When monozy-
gotic twins are separated from each other, how are their new environ-
ments selected? Sometimes they are adopted into the homes of relatives.
At other times, an adoptlon agency places one or bothinio a new home.
1t is well known that adoption agencies give strong preference to adults
seeking to adopt who have high socioeconomic status. Both these con~
siderations suggest that V_{mono-twin} will be smaller than V, but by
an amount that is difficult to estimate.

The assumptions I have singled out for criticism ate very common’

ones in twin studies; however, the derivation I have descx_‘ibed does not
depend absolutely on their being true. By this, I mean not that the as-
sumptions could simply be removed and the derivation would still go
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67




Elliott Sober

through but that the assumptions could be replaced by other assump-
tions that are equally substantive. The assumption of additivity could
be replaced by assigning a value other than zero to the interaction term.
The same holds for the assumptioﬁ that V_ = V_(mono-twin); this'could
be excised from the argument and replaced by some other characteriza-
tion of how the two environmental variances are related. However, the
problem is not solved by stipulating a couple of new assumptions; rather,
it must be demonstrated empirically that the assumptions are plau.51b1e
for the case under analysis (Layzer 1972).

I now want to consider a second popular methodology for inferring
genetic and environmental variances. Instead of looking at monozy-
gotic twins reared apart, one compares fraternal (dizygotic) twins
reared together with monozygotic twins reared together. The rough idea
in this inference procedure is as follows: monozygotic twins have all
their genes in common, whereas fraternal twins on average share half
their genes. It is taken to follow that if monozygotic twins are more sim-
ilar to each other than dizygotic twins, then this difference furnishes a
valid estimate of the genetic contribution to the phenotyplc variance in
the population as a whole.

Let us now consider the details. As before, we assume that the inter-
action term for monozygotic twins reared together is zero; this, and the
fact that Vg(mono-twi.n) = 0, allow us to write

Vp(mono-twin); Ve(mono-twin). (15)

Because V_ (mono-twin) is a quantity we can observe, proposition (15)
tells us what value we should assign to the underlying parameter
V_(mono-twin). If we assume that the interaction term is zero for dizy-
gotic twins as well, then :

V,(di-twin) = V,(di-twin) + V(di-twin) + Kdi-twin).

reduces to
Vp(di-twin) = Vg(di-twin) + V_(di-twin). (26)

The question is how we can use (15) and. (16), which concern subpopu-
lations of twins, fo draw conclusions about the components of variance
in the population as a whole. '

We now introduce a further assumption — that the environments ex- |

perienced by monozygotic twins reared together are just as similar as
the environments experienced by dizygotic twins reared together:

V (mono-twin) = V_(di-twin). (17)*
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Propositions (16) and (17} entail that

V,(di-twin) = V/ (di-twin) + V (mono-twin). (18)
If we combine {15) and (18), we obtain

Vr_ (distwin) =V, (d1-tw1n) + V, (mono- twm) ' (19)
which rearranges to yield

Vé(dbtwm) = Vp(di—twin) - Vp(mono-twin). , (20)

Because the twé'phenotypic variances in (20) are observable, (20) tells
us what value ’cjo assign to the genetic variance for dizygotic twins. We
riow need to appeal to a genetic claim — that dizygotic twins differ ge-
netically from each other on average half as much as do randomly cho-
sen mdlwduals from the population at large:

vV (d1—tw1n) 1/ 2)V : (2.1)*

Proposrtlons (20) and (21) combine to yield a formula that shows how
the genetic variance in the whole population can be computed from the
difference between the observable phenotypic variances for the two
classes of twms

V.= 2{V (d1-tw1n) 174 (mono—twm)] : (22)
Finally, (22) combmes with () to yield a formula for estimating the en-
vironmental variance from the observed phenotypic variances:
V, =V, —2[V,(di-twin) - V_(mono-twin)]. (23)

In addition toj the familiar assumption of additivity, propositions (17)
and (21) are noteworthy. Proposition {z1) depends on the assumption of
random mating in the parental generation; this will often be false. For

example, for ma.ny phenotypic traits, similar individuals tend to pair up

to have chlldren this is true for height; socioeconomic status, IQ, and so
on. The effect of assortahve mating is to make dizygotic twins more than
twice as genetrcaﬂy similar as pairs of individuals drawn at random;
how much more depends on the intensity of the assortative process.
Another comp].lcatron that affects the assessment of proposition (21) is
that dizygotic twinning occurs more frequently: in-somie genotypes than
it does in others (Falconer 1981, 160). This is a:problem, because the ba-
sic idea of twin studles is that the population of twins-provides a repre-.
sentative sample of the genetic composition of the population as a whole.
Another problem arises in connection with. proposition (17). For
many psychological traits, it is questionable whether the environments
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of identical twins reared together are just as similar, on average, as the
environments of fraternal twins reared together. Perhaps parents treat
identical twins more similarly than they treat fraternal twins. For ex-
ample, identical twins have the same sex, but fraternal twins often do
not, and this may affect the way the twins are reared.'?

There is an observation that throws light on this question. We know
by observation that fraternal twins reared together are more similar in
IQ than are nontwin siblings reared together (Plomin and Fries 1980).
Because fraternal twins and nontwin sibs have the same degree of ge-
netic similarity, it follows (if the system is additive) that fraternal twins
experience more similar environments than do nontwin sibs. Of course,

we cannot deduce from this that proposiﬁon (17) is incorrect; compar- |

ing fraternal and nontwin sibs is not the same as comparing fraternal
and identical twins. Still, it would be naive simply to assume that (17)
is correct.

Just as was true in the discussion of identical twins teared apart, the

_point about the present procedure i$ not that (17) and (21) are essential;
other specific assumptions could be substituted for them and would al-
low the derivation to go through. Rather, the point is that assumptions
of these types are needed, and must be defended empirically, before es-
timates of her1tab111ty can be obtained by comparing identical and fra-
ternal twins.

In this section, T have emphasized the types of assumptions that need
to be made in using data from twin studies to estimate heritability. How-
ever, itis well to remember, in addition, how little one would know, even
if these assumptions were entirely correct. In a controlled ANOVA study
in which each individual is measured for its environment, its genotype,
and its phenotype, one can say which genes make a difference and how
much difference they make; one also can say which environmental treat-
ments raise phenotypic scores and which lower them. To be sure, the de-
velopmental processes that link causes to effects remain opaque. But at
least one knows, from such a study, something about the identity of the
causes. _ '

None of this information is provided by a twin study that estimates
heritability, even when that study is methodologically sound. If we in-
fer that h? = 0.6, we have no idea which genes make a difference to the
phenotype in ques’clon Nor do we know which environmental variables

are responsible for the fact that V,/V,, has the value it does. What one

knotwvs is that certain existence cla:ms are correct. There exist genetic dif-
ferences that help explain phenotypic differences and there exist envi-
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ronmental differences that do the same thing. The fact that one can as-

sign numbers: to these causal contributions should not obscure the fact

that these esti;nates say very little.

GENE ENVIRONMENT CORRELATION

In my explanatmn of ANOVA, I assumed that each of the m-by-n treat-
ment cells.contains the same number of individuals. This setup is ideal
in a controlled experiment, but the real world of natural populations
rarely confori:ns to this tidy arrangement. In reality, there often are cor-
relations between the genes that individuals have and the environments
they tend to occupy In this section, I want o explain how this fact fur-
ther complicates the task of estimating heritability.

Let’s begm with a simple example that illustrates how gene-envi-

“ronment correlahon can affect the total phenotypic variance. Consider
the fo]_lpwmg data that are drawn from a study of four hundred indi-

viduals.
Gi Gz
E1 1 ' 3
E2 3 5

If there are 100 individuals iri each of the four treatment cells, then the

phenotypic vjariance is 2. But now suppose that 199 individuals are in
the upper left cell and 199 are in the lower right cell; the phenotypic vari-
ance now has a value of approximately 4. On the other hand, if 199 in-
dividuals are in the upper right cell and 199 are in the lower left, the phe-
notypic variance will be close to o.

In this example, individuals in E2 have a higher phenotypic value
than individuals in E1; and individuals with G2 have a higher pheno-

typic value than individuals with Gz1. If higher-valued genotypes tend

to occur in hlgher-valued environments, we have a positive association
of genes and environment; this association tends to boost the total phe-
notypic varlance On the other hand if hlgher-valued genotypes tend to
occur in 1ower-va1ued environments, there is a negative association of
genes and environment, which tends to reduce the total phenotyplc
variance. ]

What this means is that proposmon (1) prov1des an mcomplete list of
the poss1b1e sources of phenotypic var1ance ‘Proposition (1) said that

V V+_V+I
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It should be replaced with the following:
| Vo= Vg +V, + 1+ 2Cov(g.e). : (1)*

Cov(g,e) is the gene-environment covariance. The covariance, which
measures the strength of association of genotypes and environment,
ranges from -1 to +1.

How does this complication affect the procedures for estimating her-
itability reviewed in the previous section? Just as twin studies often as-
sume that the interaction term I = o, they also often assume that there is

no correlation between genes and environment. The point made earlier

about interaction applies here as well. One cannot simply assume that
 the covariance is zero; one must estimate it empirically.

" With respect to traits such as IQ, the gene-environment covariance is
known to be positive (Falconer 1981, 121). Individuals with favorable
genes tend to grow up in favorable environments, due to the fact that
parents not only pass their genes along to their children but do a great
deal to structure the environments in which the children are reared.
However, if our goal is to estimate heritability, knowing that the co-
variance term is positive is not enough. We must be able to estimate its
value. This requires a type of theoretical understanding that the simple
data drawn from twin studies do not provide.

The so-called question of “nature” versus “nurture” or of “genes”
versus “environment” suggests that the inferential problem involves
saying how important fwo possible causes are. The idea that there are
just two causes allows one to think that the contribution of genes can be
viewed as a remainder; it is what is left unexplained by environmental

factors. Proposition (1)* shows that this suggestion is doubly mislead-
ing and has the effect of inflating one’s estimate of the importance of
genes. Only when the interaction and the covariance terms are both zero
will genetic variation explain everything that envn:onmental variation
fails to explain.

THE CONCEPT OF ENVIRONMENT

Earlier in this chapter, I adopted the rough-and-ready idea that an en-
vironmental factor is any property of the world that depends just on
what is going on outside the organism’s skin. The fertilizer treatment in
the farmer’s corn plant experiment was judged an environmental factor
for just this reason. I now want to explain how quantitative geneticists
a351gn a narrower meaning to the idea of an “environmental factor.”
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. Ibegin mtha simple example, due to Jencks et al. (1972). Suppose it
istrueina giveﬁ population of human beings that red-haired individu-
als have lower IQ scores than people with other hair colors and that this
is true solely because they are treated badly when they are young. It may
seem to follow from this description that the lower IQ is due to envi-
ronment, not genes For quantitative geneticists, this conclusion is not
80 stra1ghtforwdrd

- I'said that redheads have lower IQs because of how they are treated,
but I did not say who treats them badly. Let’s consider two scenarios. In
the firs, redheads tend to be born to parents who treat their children in
ways that reduce their children’s IQs. These parents, let us suppose,
abuse all their d'uldren regardless of what hair color the children happen
to have. The pomt is that red-headed children are born disproportion-
ately into such fanuhes In the second scenario, society as a whole treats
redheadsin ways that reduce their IQ scores. The parents of redheads are-
not especially abuswe toward their offspring; rather, society treats red-
heads badly. These two scenarios may be schematlzed as follows

(i) parents o L _' . .
' \_abused. .

{ii)y Gi1— (soc1ety) —)- abused

The difference between these scenarios is: that genotype causes an indi-
vidual to be abused in (if), but not in (i), In.(ii), society:abuses redheads
because they are red-headed, and redheads have red:hait because they
have genotype G1; in (i), it is not true that parents.of: redheads abuse
their children becuuse the children have red hair: o

‘In quanutatlve genetics, abuse counts as an. env1ronment ” factor
ifitis provided by parents but not if it is provided by society genera]ly
Notice that an adoptlon study will have quite different results in these
two cases. If redheads are removed from theirparents and:placed innew
homes, then they will sufferno deficitin 1Q, if (i} is true. However, if sce-

-nario (jii) is-in place, adoption will make no dlfference, redheads will

continue to show lower IQs. .

Quantitative genehmsts donotregard abuse asan envuonmental fac-
tor, if the s1tuat10n is of type (ii). The lower IQ.of redheads in scenario
(i) is said to be genetlc, rather than environmental, on the grounds that
individuals experience abuse because of their-genes (Falconer 1981). An
environmental factor is not just something that occurs outside the or-
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ganism’s own skin; in addition, an environmental factor is defined as a
factor that is not caused by genes. .

Let’s see how this mode of description applies to other examples.
Suppose we observe that the women in a given population like to knit
more than the men do. The question may then be posed of whether this
pattern is due to the genetic difference between the sexes or to differ-
ences in how boys and girls are reared (or to both}). One might have
thought that the only way to separate nature and nurture in this case is
to see what happens to XX individuals who are raised as boys and to
XY individuals who are raised as girls. Only by breaking the correlation
between genotype and rearing environment can nature and nurture be
disentangled. This assessment is not correct, according to the practice of
quantitative geneticists, if society tends to treat XX individuals one way
and XY individuals another. If the causal relationships conform to pat-
tern (ii), the correlation need not be broken. The conclusion will then be
drawn that there is a genetic explanation for why women like to knit
more than men.™ '

I hope the reader can infer from this discussion how societal racism
will be classified in the quantitative geneticist’s separation of genes from
environment. Suppose that the difference in IQ scores between blacks
and whites in the United States is entirely due to the fact that the United
States is a racist society — that people treat blacks worse than whites. It
might be thought that this hypothesis constitutes a purely environumen-
talist explanation of the IQ difference. Actually, this is not correct, ac-
cording to the standard framework of quantitative genetics. If blacks are
badly treated because of their skin color, and their skin color is genetic,
then the lower IQ will be assigned to genes, not to environment.

* It may be a bit surprising that quantitative geneticists use the terms
“gene” and “environment” in this way. However, as odd as this usage
may seem, it is not hard to understand why quantitative geneticists feel
driven to adopt it. Every gene has the effect it does becajlse of the am-
bient environment in which it acts. The so-called gene for eye color pro-
duces blue or brown eyes only as a result of the somatic environment in
which it acts. To say that eye color is genetic means that genetic varia-
tion at a particular focus, given the environment in which those genes exist,
causes variation in eye color. '

The same point can be illustrated by returning to the farmer’s two-
by-two experiment in which fertilizer is the environmental variable.
Suppose that G1 has a positive effect on plant height because G1 pro-
duces more of a particular gene product, one that repels an insect pest
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that happens tc%: be present in the fields in which the experiment is per-
_formed. G1 plants grow taller than G2 plants because G1 plants are
‘treated differently by the insect pests. It is not an objection to the claim

that genes make a difference in the determination of plant height that

61 and Gz make the difference they do only because the insect pest is

‘present, Adnﬁﬁedly it is quite possible that if a different pest had been

present, the Ve:j:y opposite result would have transpired; maybe a dif-
ferent pest would have been attracted by larger quantities of the gene
-product. ‘ '

In the plant ?kample, we view the insect pest as a background con-
dition and tend to focus on the difference in genotype as the genuine
cause. In the hair color example, we view an individual’s hair color as _
-given, and tend to focus on societal abuse of redheads as the genuine
‘cause. It is an‘li‘nterest:ing_psychological question why we find some
-causal factors n%flore salient than others. But from the point of view of
quantitative genetics, an environmental factor is one that is not caused
by genes. Abuse of redheads can arise by either pathway (i} or (ii). When
(i) obtains, abusje counts as an environmental condition; when-(ii) is in
place, abuse of redheads is not part of the environment but is an effect

.of genes. Wiﬂ‘l()ljlt this convention, it is hard to see how quantitative ge-

neticists would_})e able to say that genes ever have any effect.
Quantitative geneticists differ from the rest of us in the way they tend

. to use the term ’%’environment,” and this difference in usage will proba-

bly persist. This means that when quantitative geneticists say that the

- .variation in some phenotype has a genetic component, the rest of us

must be very cafeful. The reason is that a genetic cause, in the quantita- .
tive genetics senjse, may be what the rest of us would regard as an envi-
ronmental cause. As I explained earlier, a so-called genetic cause may be
changed just by changing the environment. If societal abuse of red-
heads, women, or blacks is changed, the “genetic” causes of the result-
ing phenotypes Ifnay entirely disappear. :

CONCLUDING REMARKS

The criticisms I made of the methodology used in twin studies does not
mean that such ‘ studies will never underwrite reasonable inferences
about componen;ts of variance and heritability. As we learn more about
the issue of genq-envhomnent interaction, and as we learn more about

the ways in which environmental factors influence various phenotypic

|
traits, the sophistication of twin studies will improve. The criticisms reg-
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istered here apply only to a certain “naive,” though pervaswe, approach
in twin studies; these studies rest on assumptions that are nothmg more
than assumptions. However, there is no reason in principle why a
groundless assumption should not someday be replaced by a statement
that is empirically well attested. The new knowledge that will facilitate
this improvement in twin studies will not come from surveys, which is
what twin studies are, but from theoretical work on how genes and en-
vironment work together to produce phenotypes.

The points I made about interpreting ANOVA and hentablhty have
a quite different status. For example, I have emphasized that high heri-
tability of a trait does not mean that it cannot be altered much by the en-
vironment. T also explained why we must be careful to separate the task
of explaining phenotypic variation within groups from the task of ex-
plaining variation between groups. These points will not disappear once
we learn more about genetics. They are permanent features of the con-
ceptual landscape of heritability and ANOVA.

As we learn more about genetics, what will happen to questions
about heritability? I have explained how ANOVA studies do not depend
on understanding the developmental processes whereby genes and en-
vironment conspire to produce phenotypes. The farmer can examine the
average height of corn plants in his m-by-n experiment and obtain a her-
itability estimate without knowing why one unit of fertilizer and geno-
type G1 combine to produce plants that average one unit in height. Twin
studies, which are stopgap measures that scientists use when they can-
not manipulate organisms or identify the relevant genotypes that they
want to study, also attempt to draw conclusions with little or no infor-
mation about developmental processes. My suspicion is that as we learn
more about these developmental issues, questions about heritability

willbecome increasingly marginalized. For example, why would a pop-

ulation statistic about the heritability of IQ matter to us, if we under-
stood why some interventions in the lives of individual children boost
theu'st while others do not? It is already perfectly clear, as a concep-
tual point, that high heritability does not mean that a trait cannot be
modified much by environmental change. I suggest that as we learn
more about the norms of reaction of different genotypes, and why geno-
types differ from each other in their norms of reaction, we will come to

- care less and less about assigning a number to a trait’s heritability. Iron- -

ically, the reason that heritability studies will suffer this displacement is
not that science will become convinced that radical environmentalism
is-true. It isn’t that we will lose interest in 42 because we think its value
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is lower than wé thought before. Rather, heritability will move to the pe-
riphery of scientific interest as we learn more about the details of genetic
processes. The real challenge to quantitative genetics is not the advocate
of nurture over nature, but the developmental geneticist who provides

 insights into underlying processes.

NOTES

|

1. Hereand in vivhat follows, I am ignoring the way in ‘which statistical infer-
ence enters into the interpretation of ANOVA data. One must ask whether
the pattern of variation is due to the factors considered or should be attrib-
uted to chance This depends on the number of individuals and on the
amount of vanahon that there is within treatment cells. For purposes of get-
ting clear on the bare bones of AN OVA, however, assume that there is very
little variation within cells and that the cells each contain a large number of
individuals.

2. The philosophical concept of supervemence plays a useful role here. Phe-
notypic traits supervene just on what is going on inside the skin; environ-
mental traits supervene juston what is going on outside.

3. This proposal goes against the quite reasonable idea that the web a spider.
weaves is part of its phenotype However, the distinction of phenotype and
environment we are proposing is a convenient one for understanding the
basics of ANOVA, and that is all that matters here.

4. There are other components of variance, which will be discussed in due

|
course.

5. This is the so-ca]led broad heritability. In some contexts, it is important to
decompose broad heritability into a sum of terms, one of which is the so-
called narrow heritability. The narrow concept will not be relevant to our
discussion.

6. In the subsequient discussion, we will move from three causes to four, by in-
troducing the concept of gene-environment correlation.

7. There are other contexts in biology in which a population configuration is
explained without explaamng why individual organisms have the traits
they do. I d1scuss this pattern in connection with the concept of natural se-
lectionin Sober (1995)

8. Evenifyou kI‘lOW that a genetic or an environmental factor positively affect.s
some phenotype, an ANOVA study will add at least some information: it
will tell you how much each of them matters, relative to the other. However,
the larger questlon of how important these two factors are, as compared
with other tra1ts that were not investigated, remains open.

9. More prec;sely, the additivity thesis must be tested statistically. The question
is whether relevant data deviate sufficiently from the predictions of addi-
tivity for this to justify rejecting the additivity hypothesis. “Sufficient devi-
ation” is defined to reflect both the size of the difference between predicted
and observed values and the sammple size.

10. Evenwhen the dizygotic twins considered are of the same sex, there may be
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other reasons why monozygotic twins tend to share environments that

differ in their degree of similarity from those occupied by dizygotic twins —

for example, parents may treat identical twins more similarly (or may en-
_courage differences).
11. This example is due to Dawkins 1g72; I discuss it in Sober 1984.
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Chapter 4

Genetic Explanations of Behavior:
: Of Worms, Flies, and Men =

'~ KENNETH F. SCHAFFNER

INTRODUCTION

For several hundred years scientists and philosophers have speculated
about the character and : scope of explanations of a particular type,
where that type might be, for example, “mechanical,” “chemical,” “elec-
trical,” and, more recently, ’blochermcal i ”molecular,” ”selecﬁonai i
“ developmenta@,” “adaptational,” and- “genetic.”! Extensive discus-"
sions about “mechanical” explanations are an interesting and useful
ana]ogous probiem to the one that is the subject of the present chapter,
especially in the context of nmeteenm-century debates about the reach
of mechanics, because it was thought for much of that century that all of
physms and, ult]mately, all natural science were susceptible to a reduc-
tive mechanlcal explanation.”? In a sense, in biology, genetics now
plays the part that mechanies did for nineteenth-century physics. Phi-
losophy of science in the twentieth century has been less interested in
general unificatory or in special-science explanations, though there are
important exceptions; including ¢ sofhe in recent philosophy of biology.

E. Nagel's a.nalyszs of “What is a mechanical explanation?” (1979,

1 53-—174) is one exceptlon that discusses a special-science expla:naﬁon,
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