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Preface

Foundations of Behavior Genetics follows
our first book, Behavior Genetics, by nearly
twenty years. In 1960 when the original vol-
ume appeared, we hoped it might have a
catalytic effect on an area of investigation that
had aroused considerable interest but which
lacked focus. Since that time, a Behavior Ge-
netics Association has been organized,
which, together with the journal, Behavior
Genetics, founded in 1970, provides an op-
portunity for the presentation of research and
for discussion among individuals from many
disciplines. Many colleges and universities
now offer courses in the genetics of behavior.
The literature has burgeoned to the point
where complete coverage in a single volume
is impossible.

The result of our effort to survey the field
in the late 1970s is a book larger than the
first but at the same time more selective. In
our view the major goal of behavior genetics
1s to increase our understanding of the etiol-

ogy of individual and group differences. We

“have devoted more space to the behavioral

eflects of normal genetic variation than to the
consequences of inherited neurological de-
tects and chromosomal aberrations. Similarly
we have written more about insects and ver-
tebrates with their complex behavior than
about such invertebrates as Paramecium and
Caenorhabitis, whose behavioral repertoires

are rather simple. In the insects and verte-
brates we have concentrated more on be-

havioral variation of evolutionary significance
than on the exotic neuromotor mutants of
fruit flies and mice. Work in these areas is
important, but it is of greater interest to the
neurobiologist and pathologist than to the
ethologist, evolutionary biologist, and psy-
chologist for whom we are chiefly writing.

This book has four sections. Part I, Se-
lected Genetic Principles, is an introduction
to genetic topics most relevant to the analy-
sis of behavior. The core of the book, a de-
scription of and comment on research find-
ings, is divided into Part II, Experimental
Behavior Genetics, and Part III, Human Be-
havior Genetics. The methods used by work-
ers in these fields are based on common prin-
ciples, but their details differ enough to re-
quire separate chapters on techniques. Fur-
thermore, the behavioral phenotypes that
are studied in animals and in humans are
seldom directly comparable. There are ex-
ceptions; genes affecting taste aversion for
phenylthiourea are found in mice and peo-
ple. We do not, however, foresee family and
twin studies of verbal fluency and schizo-
phrenia in any species other than our own.
We do not hold that there are no unifying
principles that apply to animals and humans
alike or that the comparative method is
valueless. Thus Parts II and III are largely

arranged in parallel so that an instructor
using this book as a text can, for example,
take up Chapter 9 on animal learning and
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vi Preface

Chapter 14 on human intelligence in se-
quence. The arrangement also facilitates the
use of this text in courses that stress either
the experimental or the human studies. In
Part IV, Psychology, Biology, and Behavior
Genetics, we provide an overview and at-
tempt to project future trends. In writing
this chapter we found that much of the newer
research has strengthened the evidence for
concepts that were expressed by such pio-
neers as Dobzhansky in the 1940s and 1950s
and were summarized by us in 1960.
Though a specialty, behavior genetics is
also an integrative science. Its domain poten-
tiallv encompasses all aspects of animal and

human behavior relevant to our knowledge ot

(1) differences among individuals and groups
and (2) the DNA-guided processes that con-
vert a zygote to a mature adult with species-
specific behavior patterns. Research in both
of these areas identifies coactions and inter-
actions between genes and environments.
The reader will find in this book almost as
much discussion of environmental as of ge-
netic influences on behavioral individuality.
This is consistent with our belief that be-
havior genetics and developmental psychol-
ogy are simply two ways of looking at the
same phenomena. Workers in either field

must be aware of the concepts and findings
of the other.

We are grateful to the authors and pub-
lishers who granted permission tor the repro-
duction of copyrighted material. All such
sources are cited in the text or in the Bibli-
ography. W. R. T. was aided in the prepa-

ration of this book by a Senior Fellowship
from the Canada Council for 1972 to 1973

while on sabbatical leave trom Queens Uni-
versity. J. L. F. wrote two chapters while on
sabbatical leave from the State University of
New York at Binghamton in 1976.

Joseph M. Horn and James R. Wilson criti-
cally reviewed our original draft, and many ot
their recommendations have been adopted.
Helpful suggestions were received also from
other individuals, particularly Bruce C. Du-
dek and Peter J. Donovick. However, we are
fully responsible for all conclusions and any
errors that may remain.

We are grateful to Vicky Malcolm and Pa-
tricia Doloway, who typed the major portion
of the manuscript. Elizabeth Bouchard as-
sisted in compiling references and Sarah
Bottger in the development ot Chapter 9.
Mary Thompson provided moral support and
assisted in proofreading and checking refer-
ences. Ruth Fuller contributed editorial ad-
vice and aided in bibliographical research,
proofreading, and indexing.

John L. Fuller
William Robert Thompson
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1

Scope of behavior genetics

Behavior genetics is a science that has
aroused more than its share of controversy:.

Some disputation is inevitable in a develop-
ing field of knowledge because scholars in all
honesty interpret the same facts in different
ways, but in the field of behavior genetics a
more important source of conflict arises from
the social and political aspects of the subject.
Pastore (1949) has persuasively argued that
the attitudes of scientists on the issues are af-

fected by their liberal or conservative social
views. It is not a coincidence that genetics

has been the biological science most pros-
tituted in both Fascist and Communist states.
Men are difterent, but man has not always
been open-minded in seeking for the source
of these differences.

In our first book, Behavior Genetics (1960),

we wrote:

The vigor of the nature-nurture controversy has
declined in America since the 1920’s: thus fewer
scientists can be classified as “hereditarians” or
“environmentalists.”

We turther stated that the extreme views of
that period were now of historical signifi-
cance only. We were mistaken in our view.
In particular the issue of possible racial dif-
terences in intelligence is argued with heavy
political overtones. To deal adequately with
this topic would extend this book beyond rea-
sonable limits. Some of the flavor of the de-
bate can be found in Cancro (1971), Ehrman,
Omenn, and Caspari (1972), and Jensen

(1972). Further comment will be deferred to
Chapters 14 and 18.

NATURE-NURTURE PROBLEM

Perhaps at this time there is no one who
classifies behavior into two categories, innate

and learned. The dichotomy, carried to its

logical conclusion, would define innate be-

havior as that which appears in the absence of
environment, and learned behavior as that
which requires no organism. Verplanck
(1955) has exposed the absurdities of slightly
less extreme positions. The dichotomy is not
in the kind of behavior studied (the depen-
dent variable), but in the independent vari-
ables that are manipulated or observed. Here
a clear distinction can be made between ge-
netic factors that are transmitted from par-
ents to offspring in the gametes and nonge-
netic factors that are not. This distinction, of
course, limits the genetic contribution to ex-
tremely small packets of molecules in the
nuclei of sperm and ovum.

Three kinds of questions may be raised
with respect to the nature-nurture relation-
ship (Anastasi, 1958a). What are the effects of
heredity on behavior? How large are these
eftects? What mechanisms are involved? An-
swers to all these questions span the fields of
genetics, physiology, and psychology. The
purpose of this book is to present current
thought on all of them.

The development of any trait always in-
volves genetic and environmental deter-
minants, but the variation between individu-
als is sometimes almost entirely due to one or
the other type of factors. In common speech
and in many genetic investigations a three-
fold classification of the characteristics of an
organism has been used (Dahlberg, 1953).

1. A trait is called hereditary if most of the
variation within a population is associated
with differences in genetic endowment. As

an example, the agglutinogens of red blood
cells are directly controlled by genes with
which they have a one-to-one relationship.
Even here, cattle twins have the same blood
type more frequently than predicted from

3



4 Selected genetic principles

genetic theory. The proftered explanation is
the transfer of blood-forming elements
through a common circulation in the placenta
(Owen, 1945).

2. A nonhereditary or acquired trait has
little or no genetically determined variance.
Customs and language are conventional ex-
amples.

3. Variation in a third group of traits is sig-
nificantly affected by both genetic and en-
vironmental factors. Skin color, body size,
and most characteristics that vary quanti-
tatively over a wide range belong in this co-
action category.

The use of the convenient terms hereditary
traits and acquired traits should not lead to
the erroneous conclusion that they are funda-
mentally different trom coaction traits. An
organism develops from a deceptively sim-
ple-appearing cell containing complex mole-
cules in specific patterns. To produce a blood
cell antigen, a gene requires a supply of nu-
trients, oxygen, and other essentials. The
point is that genetic determination of anti-
gens js bound up so intimately with develop-
ment that it cannot be modified without
abolishing the organism. Thus the observable
variation of cellular antigens is almost wholly
genetic. On the other hand, it one were to
compare the acquisition of language in a pop-
ulation of normal children and children with
trisomy 21 (Down syndrome), one would find
most of the variance attributable to a genetic
defect. Although exposed to usually ade-
quate stimulation, the Down child fails to ac-
quire the behavior that fits him for ordinary
social living. The greater the demands ot his
culture for communication and abstraction,
the greater the extent ot his incapacity.

[t is important to note that allocating varia-
tion to heredity and environment is not the
same as evaluating the relative role of the two
kinds of factors in a particular individual.
What the geneticist calls the heritability of a
trait refers to a specific population in a par-
ticular situation. It is not a fixed value for a
trait and can fluctuate widely. This leads to

paradoxes such as these: a trait of low heri-
tability can be drastically affected by the mu-
tation of a single gene, and changes in en-

vironment can greatly alter a trait of high
heritability.

GENES, SOMATOPHENES, AND
PSYCHOPHENES

The visible and physical traits of an or-
ganism comprise its phenotype. Classically
the phenotypes chosen by geneticists for
study have been characteristics such as pig-
mentation, body size, or shape and more re-
cently molecules of protein or other organic
compounds. We shall reter to these as so-
matophenes (from soma, body, and phene,
appearance). Somatophenes may be divided
further into chemophenes (e.g., type of he-
moglobin) and morphenes (e.g., number of
ridges in a fingerprint). Since genes them-
selves are chemical structures, it has proved
easier to relate gene action to chemophenes
than to morphenes, even when the latter are
inherited in simple Mendelian tashion. We
shall often refer to behavioral phenotypes as
psychophenes. There is no implication in
such a separation of phenotypes that psycho-
phenes are somehow independent of a physi-
cal substrate. The term merely signifies that
psychophenes are measured directly or in-
directly from behavior. Again we recognize
two classes: ostensible psychophenes are
based on the occurrence, frequency, and in-
tensity of an objectively defined bit of be-
havior. An example is the number of fecal
boli deposited in an open field during 5 min-
utes by a rat. An investigator may choose in-
stead to measure an inferred psychophene,
rat emotionality, which is measured by a det-
ecation score either singly or in combination
with other measures. The distinction is an
important one in the study ot behavior gen-
erally.

The genetic portion of behavior genetics
is wholly conventional. Mendel's laws of seg-
regation and independent assortment, chro-
mosomal mechanics, DNA and RNA chemis-
try, and population and quantitative genetics
are the basic supports for this specialty, as
they are for other branches of genetics. But
behavior is not a coat color, hemoglobin mol-
ecule, or length of a bone. Once an organism
matures, these durable somatophenes re-




main relatively constant over long periods.
They can often be determined as precisely
in a dead as in a live animal. Many are ascer-
tainable from a sample of tissue or body fluid.

Psychophenes are very different. Behavior
Is a sequence of events, not a physical struc-
ture. Behavior, of course, is organized, but
explaining it in terms of psychological struc-
tures 1s a recourse to analogy that is not par-
ticularly helpful. An organism’s structure
places limitations on the kind of events in
which it can participate, but it does not com-
pletely determine them. Behavioral events
are joint functions of an organism and its sur-
roundings at a point in time. One cannot
measure the social dominance of a solitary
male mouse or estimate the I1Q of a sleeping
or drunken man.

Given the ephemeral nature of psycho-
phenes, one may ask if a behavior genetics
really exists. Obviously we believe that it
does, or this book would not have been writ-
ten, but we cannot minimize the problems of
using events rather than structures as pheno-
types. Even a complex somatophene can be

considered as an orderly aggregation of mole-
cules, which in turn are made up of atoms
and ultimately of subatomic particles. But
one cannot decompose a response to an item
in an 1Q test or a bout of fighting between
two male mice into molecules.

How can we deal with this matter? One
way is to take the outcome of a behavioral
test as an ostensible psychophene. Thus we
can carry out a genetic analysis of the number
of fights in paired encounters or the number
of correct items on an 1Q test. Frequently,
of course, such measures of performance are
regarded as representative of an inferred
trait. The IQ score measures intelligence;
success in fighting denotes aggressiveness.
Though convenient, this approach has obvi-
ous weaknesses. Transported to a radically
new environment, the “intelligent” person is
confused; the “aggressive” mouse runs from a

cat. But it its limitations are kept in mind, the
trait concept facilitates communication, par-
ticularly when validation of the trait in a vari-
ety of situations is successful. It makes good
sense to study behavior that will be predic-
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tive outside the limited area of the testing
room, and, if we can find genetic effects on
traits of wide generality, the results are likely
to be important.

An obvious pitfall in the trait approach is to
use it in an explanatory capacity. A mouse
does not attack because it is aggressive: it is
aggressive because it attacks. If now we can
find some somatophene such as body weight
or amount of testosterone in the blood that is
highly correlated with fighting success, we

may undertake a study of the genetics of this
correlated character. In doing so we will have

deserted behavior genetics proper, but the
results may be relevant to our understanding
of the behavior. The obverse of this approach
is the study of the behavioral correlates of a
well-defined heritable variation. There are
many studies of the behavior of phenylketon-
uric children (an inherited metabolic dis-
order), albino mice, and vellow-bodied fruit

and biochemistry of these conditions. Never-
theless, understanding the physiological and
biochemical substrate of such deviant indi-
viduals may lead to correction of behavioral
problems. Behavior-genetic analysis (Hirsch,
1967) can be a powerful tool in psychophysio-
logical research, supplementing such tech-
niques as brain lesions, drug administration,
and electrical stimulation.

Behavior genetics seems to offer more to
psychology than to genetics, since psycho-
phenes are inferior to somatophenes as mark-
ers for genes. The neglect of genetic factors
by psychologists can have serious conse-
quences. At the simplest level the genetic
specification of experimental animals can
eliminate sources of variability that may
cause discrepancies between experimenters.
Genetic variants of psychological interest
may not be duplicable by any other means.
Perhaps most important, acquaintance with
genetic diversity of man and other species is
essential tor an understanding of individual
differences. Individuality is not “error :

neither is it entirely a matter of differential
reinforcement. We are a long way from a

complete formulation of the laws of psycho-
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logical development that will explain it, but
certainly behavior genetics will play an im-
portant role in the achievement ot this
objective.

SOME CRITICISMS OF BEHAVIOR
GENETICS

Psychologists sometimes object to such
phrases as “the inheritance of aggressive-
ness’ or ‘the genetics of intelligence. It is
not a trait that is inherited, say the critics,
but some structure which in turn attects be-
havior through transactions with the environ-
ment (Kuo, 1929; Anastasi and Foley, 1948).
The point is well made, but there is an incon-
sistency in the critics’ reference to the inheri-
tance of body size or organization of the
brain. These characteristics are not transmit-
ted in the genes but arise tfrom gene-environ-
ment transactions. They are epigenetic. "In-
heritance of intelligence” implies a little
more than “inheritance of body size,” but not
much more. The really sticky problem is still
the boundary between physical structures
and psychic events, and bringing genetics
into the picture does not complicate this
matter.

The criticism is sometimes made that the
heritability of a behavioral variant cannot be
considered as proved until a gene has been
located and a specific physiological mech-
anism discovered. Such demonstrations are
certainly desirable, but it is doubttul that so
complete an explanation has been attained
for any complex morphological trait. The tri-

umphs of developmental genetics are yet to
come: molecules are easier to work with.

Progress in this direction poses another set of

questions at a more sophisticated level. The
delay in discovering a chemical basis for gene
action did not prevent genetics from moving
forward on the basis of statistical rather than
mechanistic associations between genes and
traits. In a parallel fashion psychology has
made great progress in relating behavior to
previous experience without success in ex-
plaining learning in physiological terms
(Lashley, 1950). Agranoft (1972), for exam-

ple, states that the detailed mechanisms of

behavioral plasticity are “the most obscure

frontiers and, accordingly, hypotheses run
wild.” Behavioral techniques may well prove
to be the most sensitive (perhaps the only)
method for detecting certain genetic difter-

ences, just as they are now the only way ot

determining whether a rat has learned a

maze.
It is an interesting speculation that gene

action and learning are fundamentally simi-
lar. The gene-controlled pattern of body torm
tends to remain constant throughout life in
spite of the rapid overturn of the constitu-
ent atoms (Schoenheimer, 1942). In this con-

stant resynthesis of protoplasm, the modifica-

tions that have been impressed by learning
are retained along with those determined by
genes. We remember our childhood with

molecules that were not in our bodies when

we experienced it. Learning may be some-

thing like mutation (Davis, 1954), and it
can be viewed as the process of completing
the differentiation of the nervous system in
greater detail and more adaptively than can

be accomplished through gene encoding
alone (Katz and Halstead, 1950; Hyden,
1970).

BEHAVIOR GENETICS AND THE
DOCTRINE OF INSTINCTIVE
BEHAVIOR

Behavior that seems to appear in relatively
perfected form without practice is popularly
called instinctive. Psychologists tend to avoid
the word “instinct,” partly because it has
been misused and partly because the kinds of
behavior that most psychologists study are
oreatly influenced by learning. Among in-
sects and the lower vertebrates, however,
many complex patterns of behavior are exe-
cuted without much evidence tor learning,
and even human babies are born with a
repertoire of coordinative patterns. The
neural programs for these behaviors must be
dependent on a genetically encoded pro-
oram. One might expect that the ways in
which the genetic coding becomes mani-
fested as a behavioral pattern and the de-

pendence of the process on environmental
stimulation would be a major enterprise ot
behavior geneticists. Actually, it has not




been so, but a start is being made. Studies
such as Marler’'s (1970) on the development
of song in the white-crowned sparrow (Chap-
ter 11) are not genetic in a narrow sense, but
they do illustrate that heredity may place ma-
jor restrictions on the capacity of an animal
to acquire a specific form of behavior.

PROBLEMS IN THE CHOICE OF
BEHAVIOR TRAITS TO STUDY

An infinite number of measurements may
be made on the body or the behavior of an
organism. In a sense each of them may be
considered as a character whose inheritance
may be studied. In practice the geneticist
selects characters that are convenient and
will provide maximum information concern-

ing other characters. Such a correlated set of

characters defines a trait. The choice is often
simpler among physical characters than it is
among behavioral characters. No theoretical
1Issues are raised when one studies the inheri-

tance of body length. The dimensions of

temperament and personality, however,
have not been standardized. Many psycholo-
gists have dealt with this question from a va-
riety of viewpoints, and a book larger than
this would be required to deal adequately
with the subject. (For sample discussions see

Murphy, 1947; Thurstone, 1947; Anastasi,
1943, 1958a; Cattell, 1955; and Allport,
1966.) Traits that have been used in behavior
genetics range from specific motor compo-
nents of fish courtship to susceptibility to
perceptual illusions and scores on Stanford-
Binet tests. Surprisingly, genetic effects have
been shown at both extremes of complexity.
We shall return to this subject in Chapter 18,
where we consider whether genetics can
assist in defining behavioral traits that cor-
respond to biological units.

SUBJECTS FOR BEHAVIOR
GENETICS

Success in biological research often de-
pends on proper selection of material. Ge-
netic studies require a variable species, one
which is prolific, easily maintained, and with
a small number of large-sized chromosomes
so that hereditary factors can be manipu-
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lated and directly observed. The fruit flies,
drosophilae, fit these specifications. Man fails
on all counts except variability. Yet because
of the particular interest in the study of man,
human subjects have been much more com-
monly used in behavior genetics than dro-
sophilae. .

An advantage of Drosophila, other insects,
fish, and, to a lesser degree, birds is that the
gene-behavior-trait relationship is more pre-
cise than is typically true of mammals. The
behavioral characters selected for study in
the lower phyla and orders are usually spe-
cific movements in response to specific stim-
uli. The advantage from the biological side
is countered by the difficulty in generalizing
to the kinds of individual differences that are
characteristic of man. Man is a mammal, and
there are many parallels between the devel-
opment ot behavior in subhuman mammals
and in human infants before the beginning
of speech. This probably explains the predi-
lection of psychologists for mammals as sub-
jects for behavior genetics. Biologists, less
concerned with generalization to man and
more interested in the evolutionary aspects
of behavior, have done most of the experi-
ments with the lower species.

Among nonhuman mammals, the house
mouse, Mus musculus, is now the favorite
subject for genetics. Over 200 named muta-
tions are known, many distinctive inbred
strains are available, and the chromosomes
are individually identifiable. The behavior of
mice has been fairly well studied, though
not nearly as thoroughly as that of rats. Com-
pared with their larger cousins, mice are less
convenient for some psychological and physi-
ological procedures. The formal genetics of

rats is less well known than that of mice, but
it is questionable whether knowledge of the
mode of inheritance of coat color and devel-
opmental anomalies is as valuable for behav-
lor genetics as information on the physio-
logical correlates of behavior. On the whole,
rats and mice have equal advantages from a
scientific point of view. For experiments in
which either species would be satisfactory,
mice may be tavored for economic reasons.

Cats and dogs are the oldest domestic ani-
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mals. The worldwide distribution ot these
species and the existence of many specialized
breeds provide a ready-made source of ma-
terial for behavior genetics. These carnivores
give an impression of greater individuality
than rodents, but this impression may reflect
our greater intimacy with them. Dogs have
considerable use (Scott and Fuller, 1965) be-
cause of their highly developed social behav-
ior. Cats have not been used in behavior
genetics to our knowledge, although the ex-
tensive knowledge of feline neurophysiology
should make them useful for certain prob-
lems. Scattered references will be found to
behavior genetics research on other species
of mammals, but these reports are incidental
to other studies. Subhuman primates would
seem to have advantages for research on the
inheritance of intelligence, but the dith-
culties of laboratory rearing and the rela-
tivelv low fecundity have discouraged at-

tempts in this direction.
To what extent is it possible to formulate

general principles from genetic experiments
performed on diverse species? The problem
is similar to that faced by Tolman (1932) in
writing Purposive Behavior in Men and Ani-
mals and Beach (1947) in his cross-species
survey of sexual behavior. When a sutficient-
ly large spectrum of species is observed,
principles emerge that would not be evident
in more limited studies. Fortunately the
mechanisms of gene transmission are prac-
tically identical in all the organisms we shall

consider. The primary physiological action ot

genes is also believed to be broadly similar in
all species, though more complicated struc-
tures involve more steps between primary
gene action and the completed character.
There is no reason to expect that the specific

gene systems controlling courtship behavior
will be the same in rats and dogs, but the

manner in which control is exerted is prob-
ably as similar as the ettects of hormones on
the behavior in the two species. It is sate to
conclude that the problems of generalizing
from comparative genetic studies are of the

same order as those encountered in syn-
thesizing results of experiments in ditterent
species on the effects ot early experience or

brain lesions.

SOME METHODOLOGICAL
PROBLEMS

In this section we shall be concerned with
some of the broader methodological prob-

lems of behavior genetics. In general, hered-

ity as an independent variable can be incor-

porated into the design of a psychological

experiment just as one introduces physio-
logical or experimental factors. The de-
pendent variable can be any form ot behavior
that interests the investigator. The simplest
experiment is to take two groups of difterent
heredity, treat them alike in all other re-
spects, and administer a behavior test. The
results are compared against the prediction
from the null hypothesis that the groups dit-
fer no more than two independent samples
drawn from the same population. If the null
hypothesis is not supported, evidence for
heritability of the behavior variation has been
obtained.

But although logically identical with other
experimental procedures in psychology, be-
havior genetics has certain peculiarities. The
differential treatments (distribution ot genes)
precede the existence of the subjects of the
experiment. In fact, genetic control may ex-

tend back many generations before the birth
of the actual subjects of an experiment. The

need for long periods of treatment (selective
breeding and/or inbreeding) is inherent in
this area. Another feature is the impossibility
of manipulating genes directly. The distribu-
tion of genes to subjects is essentially ran-
dom and is controlled by the experimenter
only in a statistical sense. Since genes are
not observed directly, their presence is de-
duced from their effects. At first thought, the
argument for their existence may seem circu-
lar. Traits are ascribed to genes whose pres-
ence is proved by the existence of the trait.
Fortunately, the gene theory rests on a
more ample foundation, which is described
briefly in Chapter 2. The worker in behavior
genetics must understand chromosomal be-
havior as well as organismic behavior in order
to design his experiments.

Two major strategies have been employed
in behavior genetics (Scott and Fuller, 1963).
The genotypic approach starts with a known



difference in heredity and evaluates its influ-
ence on behavior. A gene substitution or a

chromosomal variant is analogous to other

kinds of treatment used by experimental
psychologists. In the phenotypic approach an
attempt is made to discover the genetic fac-
tors (it any) responsible for observed varia-
tion in behavior. The two strategies tend to
involve different methodologies: the geno-
typic approach leads to developmental and
physiological investigations of the pathways
between genes and behavior. The pheno-
typic approach tends to emphasize the quan-
titative interactions of genetic and environ-
mental influences in populations. Claims
have been made that one or the other strate-
gy is the more productive (Wilcock, 1969
1971; Thiessen, 1971). Actually both strate-
gies have limitations, and neither alone will
solve all the problems in this area.

The heredity of an organism is fixed at the
moment ot fertilization. This imposes a limi-
tation on experimental design. One can pre-
sent stimulus A before or after stimulus B
and can train subjects before or after a corti-
cal ablation, but genes cannot be changed in
the middle of the life span. Thus there is no
way of teasing apart the effects produced by
~the genic control of contemporary metabo-
lism and the effects due to genic determina-
tion ot growth and differentiation. The latter
eflects are inevitably confounded with condi-
tions during development.

A special concern of behavior genetics is
the avoidance of nonrandom association be-
tween environmental and hereditary factors.
The fact that human families share experi-
ences as well as genes clearly leads to diffi-
culties of data interpretation. The problem
also occurs in experimental behavior genet-
ics, at least in birds and mammals that give
parental care. Uteri, compared with the ex-
ternal world, may provide protection against
many stimuli, although recent experiments
(Thompson, 1957a; Joffe, 1969) have re-

opened the question of effects of prenatal ex-
perience on later behavior. Differences in
postnatal family environment are of even
greater potential significance. Cross-foster-
ing of the voung of one strain to the dam of
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another permits evaluation of effects of differ-
ent nutrition and type of maternal care. Ex-
perimental regulation of litter size can be
used to control the nature of early experi-
ence, degree of competition, and the like.
Statistical corrections can be applied to allow
for the fact that members of a litter share
experiences unique to that litter. These tech-
niques have their parallels in human studies,
but they cannot be applied with the same
rigor.

Concern for the environment in behavior
genetics research goes beyond avoidance of
heredity-environment correlations. Simply
providing the same defined, controlled envi-
ronment for each genetic group is not enough
tor good design. Conditions must not only be

uniform for all groups, but also favorable to
the development of the behavior of interest.

An unsuitable rearing system may modify or
even completely suppress the manifestations
of a genetic difference (Howells, 1946:
Freedman, 1958; Henderson, 1970: Fuller
and Herman, 1974).

Perhaps the most important conclusion to
be drawn is that research in behavior genet-
ics cannot be isolated from research in the
development of behavior, the area tradi-
tionally known as genetic psychology. He-
reditary-environment interactions are more
than a statistical abstraction. They can be ob-
served and analyzed in experiments in which
genetic and experiential factors are varied
simultaneously in controlled fashion.

APPLICATIONS OF BEHAVIOR
GENETICS

Behavior genetics has relationships with
both parent sciences. Behavioral characters,

because they are so environment sensitive,
are unsuitable for most research of interest to

tormal genetics. Nevertheless, some applica-
tion has been made of behavioral tests to the
detection of genetic differences not discern-

ible from morphology (Reed, Williams, and

Chadwick, 1942; Kaplan and Trout, 1969).

Considerable effort has been expended on
mating behavior, particularly in Drosophila,

because of the importance of sexual selection
in evolutionary theory. Human geneticists
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have been concerned with the inheritance ot

mental deficiency and psychiatric disorders
in order to provide genetic counseling. To a
minor degree behavior genetics has tound
applications in applied animal breeding.
Undoubtedly, more research in this area
has been motivated by interest in behavior
than by interest in genetics. Even investi-
gators who consider individual ditterences a
nuisance use littermate controls, co-twin
controls, and purebred stocks to reduce ge-
netic sources of variability in their material.
More significant for our purposes are at-

tempts to employ genetics as a research tool

(Scott, 1949). Such uses go beyond the
demonstration of heritability of a particular

kind of behavior.
The repetition of a procedure with difter-
ent strains is a means of extending or limit-

ing generalizations based on a single type ot

experimental animal. Comparisons between
domesticated and wild rats, for example,
have demonstrated important psychophysio-
logical differences within the same species

(Richter, 1952, 1954).
The argument has been made that empha-

sis on the genetic variability within organ-
isms (both interspecific and intraspecific)

>

leads to a “fatal overparticularization (Thies-
sen and Rodgers, 1967). Yet it can be as-
serted that only generalizations robust
enough to be manifested in spite of individu-
al variation deserve to be called general laws
(Vale and Vale, 1969).

The use of mutant stocks or of strains se-
lected for special behavioral characteristics
provides material for physiological psy-
chology that cannot be duplicated by sur-
gery, electrical stimulation, drugs, or other
techniques. Inherited factors are perhaps
more likely to contribute to our understand-
ing of individual difterences in intact organ-
1SmS.

Finally, behavior genetics has a potential
contribution to education, psychiatry, clini-
cal psychology, and other protessions that
deal firsthand with a variety of human prob-
lems. Heritability of a deleterious deviation
does not mean that it cannot be ameliorated.
If heredity does play a role, recognition ot
the fact and understanding of the intermedi-
ate physiological mechanisms may be the
most direct way to a satistactory treatment.
A behavioral disorder associated with a cor-
rectable metabolic defect would call for a ra-
tional rather than a symptomatic therapy.
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Iransmission of genetic information

Although the application of hereditary
principles to the development of various va-
rieties of domesticated plants and animals
goes back into prehistory, a comprehensive
theory of inheritance is the product of the
twentieth century (Dunn, 1951). Present-day

genetics represents the fusion of two lines of

Investigation, one dealing with the processes
of cell division and fertilization, the other

concerned with crossing variant types and
analyzing the characteristics of the offspring
by statistical methods.

Chapters 2 through 5 contain an elemen-
tary account ot selected topics in genetics
that are particularly important in behavioral
studies. Among these topics, some areas such
as selection theory and the genetics of quan-
titative characters are underrepresented in
elementary biology courses.

Major areas of genetics that have only a
peripheral relationship to behavior have
been omitted in this brief summary. Obvi-
ously our choice is arbitrary, and those who
are stimulated to seek a more complete ac-

count are advised to find it in one of several

excellent general or specialized textbooks
listed in the Bibliography (Falconer, 1960:

Watson, 1970; Cavalli-Sforza and Bodmer,
1971; Stern, 1973; Levine, 1978).

ORGANIC PATTERNS AND LIFE
CYCLES

The fertilized ova of different mammals ap-
pear much alike under the microscope and

can be identified only by a trained micros-
copist. It it were possible to provide ade-
quate nourishment and protection so that
development would proceed on the micro-

scope stage, these cells would be observed to
divide, to increase in mass until a micro-

scope could no longer be used, and to di-

verge in form until their identities as hu-

man, seal, horse, or rat would be apparent.
The result of the developmental process
identifies the source of each ovum because it
is a biological axiom that each species repro-

duces its own kind.
The regularity of the development tempts

the observer to compare it with the unfold-
ing of a predetermined form, as exemplified
in the Chinese paper flowers that expand into
intricate patterns when placed in water. But
the analogy is incorrect. The process is not an
unfolding but the carrying out of a series of
reactions that are encoded in the genes and
perhaps in other cellular elements. The re-
sult is a structure that adheres to the charac-
teristic pattern of its species but varies in de-
tail from other members of the species. Both
the constancy and the variability of the over-
all organization have their basis in the func-
tions of genes.

Patterns are observable in living organisms
at many levels from size factors expressed
over the whole body down to the configura-
tion of protein molecules. It is convenient to
begin a consideration of genetics at the inter-
mediate level of the cell. Every higher or-
ganism is an aggregate ot cells, some of which
are highly specialized in structure and func-
tion. The central, denser-appearing nucleus
is more unitorm in different tissues than the
outer portion, which is known as cytoplasm
(Fig. 2-1). This cytoplasm may be stretched
into a nerve fiber several feet long special-
ized for conducting electrical pulses or com-
pressed into a cube in the thyroid gland,
where it is the site of hormone synthesis. Ex-
periments on separation of nucleus and cyto-
plasm have shown that the nucleus is essen-
tial for the continued existence of the cell as
an organized system. Apparently it controls

11
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Fig. 2-1. Diagram of cell division and mitosis. C, Centriole; N, nucleus; CY, cytoplasm; CH,

chromosome: K, kinetochore; S, spindle. (From Principles of human genetics, 3rd ed., by
Curt Stern. W. H. Freeman & Co., San Francisco. Copyright © 1973.)

the synthesis of molecules that are necessary
for cyvtoplasm. The nucleus also plays a
unique part in the process of cell division
known as mitosis.

Chromosomes and mitosis

At the time of cell division the nucleus
undergoes complete reorganization, and in
this period it is possible to observe elongated
bodies known as chromosomes (colored bod-
ies), which have the capacity to absorb cer-
tain dyes. Each species has a characteristic
number of chromosomes: the mouse, 40; rat,
42: dog, 78; corn, 20; Drosophila melano-
gaster, 8; potatoes, 48; and man, 46.

In sexually reproducing species the chro-
mosomes occur in pairs, with certain excep-
tions related to sex determination. For ex-
ample, in the human female 23 pairs match
in size, shape, and banding when examined
by fluorescence microscopy. In the human
male we find 22 of the same pairs (collective-
ly called autosomes) plus 2 unmatched chro-
mosomes, the larger designated X, the small-
er., Y. The X chromosome is found to corre-

spond to the unique pair in the temale. Fig.
2-2 shows a photograph ot the chromosomes

of a male arranged to demonstrate these
facts. In humans the complements ot each
sex may be summarized as:

Female 44A + 2X = 46 total
Male 44A + X + Y = 46 total

In standard nomenclature the number of
chromosomes in one complete set is the hap-
loid number (23 in humans, 4 in D. melano-
gaster); the total of two sets is the diploid
number (46 in humans, 8 in D. melano-
gaster). Later we<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>