CHAPTER 4

The Inheritance of Behavior

GERALD E. McCLEARN!

To ILLUSTRATE A POINT concerning the inheritance of gestures, Darwin
(1872) quoted an interesting case which had been brought to his atten-
tion by Galton.

A gentleman of considerable position was found by his wife to have
the cunous trick, when he lay fast asleep on his back in bed, of raising
his right arm slowlv in front of his face, up to his forehead, and then
dropping it with a jerk so that the wrist fell heavily on the bridge of his
nose. The trick did not occur every night, but occasionally. . . .

Nevertheless, the gentleman’s nose suftered considerable damage,
and 1t was necessary to remove the buttons from his nightgown cuff in
order to minimize the hazard.

Many vears after his death, his son marnied a lady who had never heard
of the family incident. She, however, observed precisely the same pecul-
iarity in her husband; but his nose, from not being particularly promi-
nent, has never as vet suffered from the blows. . . . One of his
children, a girl, has inherited the same trick [pp. 33f.].

Probably evervone could cite some examples, perhaps less dramatic
than Mr. Galton’s, where some peculiarity of gait, violence of temper,
degree of talent, or similar trait is characteristic of a familv, and such
phrases as “a chip off the old block,” “like father, like son,” and “it runs
in the family” give ample evidence of the general acceptance of the no-

' 'The author 1s indebted to Drs. D. S. Falconer, J. Hirsch, R. C. Roberts, and
C. Stemn for their helpful advice and criticism. They are, of course, blameless for anvy
remaining errors. This chapter was completed while the author was a National
Academy of Sciences-National Research Council Senior Postdoctoral Fellow in
Physiological Psychology, at the Institute of Animal Genetics, Edinburgh, Scotland.
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tion that behavior traits may be inherited in the same manner as physi-
cal ones. The central purpose of this chapter is to consider the history of
scientific inquiry into these matters.

Behavioral genetics may be informally defined as that discipline
concerned with elucidating the degree and nature of genetic determina-
tion of similarities and differences in the behavior of individuals. Prog-
ress 1 this endeavor has necessarily depended upon prior progress of
genetics as well as of psychology. It will also be necessary, theretore, to
examine, In a modest way, the growth and development of the field of
genetics.

ANCIENT CONCEPTS

IT 1s usuaLLy extremely difficult, if not impossible, to pinpoint
the earliest expression of a view concerning any subject matter. The
present topic 1s no exception, but as a matter of general interest, we
may note that its origins must be very remote indeed.

The concept that “like begets like” has had great practical impor-
tance in the development of domesticated animals, which have been
bred as surely for behavioral as for physical characteristics. By extrap-
olation, 1t might be suggested that a ghimpse of the notion of inhernt-
ance, including inheritance of behavior traits, may have appeared in
human thought as early as 8ooco B.c., to which date the domestication of
the dog has been traced.

The workings of inheritance have been ot great interest to men all
throughout recorded history, and many interesting conjectures were
made (Zirkle, 1951). Most of these notions have little direct continuity
with the present topic, however, and we may turn shortly to the nine-
teenth century, pausing only to mention brieflv some examples of early
Greek thought on the subject.

One of the most familiar of the early statements is that of Theognis
(Roper, 1913, p. 32), in the sixth century B.c., who commented on con-
temporary mores:

We seek well-bred rams and sheep and horses and one wishes to breed
from these. Yet a good man is willing to marry an evil wife, if she bring
him wealth: nor does a woman refuse to marry an evil husband who is
rich. For men reverence money, and the good marry the evil, and the
evil the good. Wealth has confounded the race.

By implication, at least, Theognis believed that such marriages with
“evil” spouses would not generate “well-bred” oftspring.

The Spartans, as is well known, took direct and positive action to
eliminate those who were not “well-bred,” by the practice of intant ex-
posure. This infanticide was designed to eliminate those of unsound soul
as well as those of defective body, for as Roper (1913, p. 19) points
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out, ““T'o the Greeks, believing only in the beauty of the spirit when
reflected 1n the beauty of the flesh, the good body was the necessarv
correlation of the good soul.”

In The Republic (Davis, 1849, p. 144), Plato suggested a course of
action whercby the principles of imheritance of behavior could be used
to develop a more 1deal society:

It necessarily follows . . . from what has been acknowledged, that the
best men should as often as possible form alliances with the best
women, and the most depraved men, on the contrary, with the most
depraved women; and the oftspring of the former 1s to be educated, but
not of the latter, if the flock 1s to be of the most perfect kind. . . .
As for those vouths, who distinguish themselves, either in war or other
pursuits, they ought to have rewards and prizes given them, and the
most ample liberty of Iving with women, that so, under this pretext,
the greatest number of children may spring from such parentage.

The age of parents was also seen as an important factor, and Plato
suggested that men should procreate when thirty to fifty-five years of
age, while women should bear children when between the ages of
twenty and forty. If, by chance, children should be conceived past the
prime periods, thev should be exposed at birth.

Arstotle oftered less counsel on these matters than did Plato, but
he had some definite ideas concerning the proper age of parents and
the optimal season of the year for procreation. Eighteen and thirty-seven
were the recommended ages, for women and men respectively, to begin
reproduction.

[t 15 extremely bad for the children when the father is too young; for
in all animals whatsoever the parts of the young are imperfect, and are
more likelv to be productive of females than males, and diminutive
also 1n size; the same thing of course necessarily holds true in men; as a
proof of this vou may see in those cities where the men and women
usually marrv very voung, the people in general are very small and ill
framed . . . And thus much for the time which is proper for marriage;
but moreover a proper season of the year should be observed, as many
persons do now, and appropriate the winter for this business. [Ellis,

1912, PP. 233—4.]

Thus we see that both Plato and Armnstotle, who contributed so
much to subsequent philosophical thought, attached great importance to
the circumstances surrounding mating, including the nature of the par-
ents themselves.

ADVANCES IN BioLocy

BiorocicaL THOUGHT during the ensuing centuries was domi-
nated by Arnstotle’s pronouncements on natural history, and by the
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teachings of the Roman, Galen, concerning anatomy. Progress
in understanding biological phenomena was virtually halted during the
general stagnation of nontheological intellectual pursuits which typified
the Middle Ages. Then came the Renaissance. For biology, the Renais-
sance may well be described as beginning with Vesalius’s brilliant work
on anatomy in 1543 which, in contrast to the earlier work, was based on
actual painstaking dissection of the human body. Harvey's momentous
discovery of the circulation of the blood followed after a considerable
interval, in 1628. This finding was of far-reaching importance, for it
opened the way to the mechanistic as opposed to the witalistic view-
point, and thus to empirical research on phenomena of life.

The pace of biological research quickened, and many fundamental
developments in technique and in theory ensued in the tollowing cen-
tury. One of the cornerstones of biology was laid by Linnaeus i 1735,
when in Systema Naturae he described over 4,000 species of animals
and plants. Subsequent work in taxonomy, showing at the same time
the great diversity of life and the extent to which many groups appeared
to be variants of a common theme, suggested to some that various types
of organisms had developed or evolved from other types.

One of the dominant figures of this period was Lamarck, who
argued that the deliberate eftorts of an animal could result in modifica-
tions of the body parts involved, and that the modifications so acquired
could be transmitted to the animal’s oftspring. For example:

. we perceive that the shore bird, which does not care to swim, but
which, however, is obliged (a besoin) to approach the water to obtain
1ts prey, will be continually in danger of sinking 1 the mud, but wish-
ing to act so that its body shall not fall into the liquid, 1t will contract
the habit of extending and lengthening its feet. Hence 1t will result 1n
the generations of these birds which continue to live in this manner,
that the individuals will find themselves raised as if on stilts, on long
naked feet; namely, denuded of feathers up to and often above the
thighs [Packard, 1901, p. 234].

For various reasons, Lamarck’s and similar theories concerning evo-
lution were unsuccessful. However, the cumulative thought set the stage
for the most fundamental contribution to biological science yet made—
the evolutionary theorv of Charles Darwin.

Tue ErRA oF DARwWIN AND (GALTON

Darwin’s Theory of Evolution

NATURAL SELECTION. It was in 1859 that Charles Darwin yielded
to the persuasions of friends and published his monumental The Origin
of Species by Natural Selection as an “abstract” of his theory of evolu-



148 1 - BiorocicaAL FOUNDATIONS OF BEHAVIOR

tion. The essence of this theory was that species and genera had been
differentiated as a consequence of the “struggle for life.”

Owing to this struggle for life, any vanation, however slight and from
whatever causc procceding, if it be in any degree profitable to an 1n-
dividual of anv specices, in its infinitely complex relations to other or-
ganic beings and to cxternal nature, will tend to the prescrvation of that
individual, and will generally be inhernited by its oftspring. The oft-
spring, also, will thus have a better chance of surviving, for, of the many
individuals of anv species which are periodically born, but a small num-
ber can survive [Darwin, 1869, p. 61].

This principle was called Natural Selection, and it 1s clear that Darwin
considered that behavioral characteristics are just as subject to natural
selection as are physical traits. In The Origin of Species an entire chap-
ter is devoted to a discussion of instinctive behavior patterns, and 1n the
later The Descent of Man and Selection in Relation to Sex, detailed
consideration is given to comparisons of mental powers and moral
senses of animals and man, and to the development of intellectual and
moral faculties in man. In these discussions Darwin was satisfied that he
had demonstrated that the difference between the mind of man and the
mind of animals “is certainly one of degree and not of kind” (Darwin,
1873, p. 101 )—an essential point, since one of the strongest objections
to the theorv of evolution was the qualitative gult which was supposed
to exist between the mental capacities of man and of lower animals.
All the behawvior traits cited in support of this idea must be, by implica-
tion, inherited, since, for Darwin, 1t is onlv the inhentable traits which
have long-range evolutionary significance.

In an explicit summary statement, based largely on observations of
“tamily resemblance,” Darwin said:

So 1n regard to mental qualities, their transmission is manifest in our
dogs, horses, and other domestic animals. Besides special tastes and
habits, general intelligence, courage, bad and good temper, etc., are
certainly transmitted. With man we see similar facts in almost every
family; and we now know through the admirable labors of Mr. Galton
that genius, which implies a wonderfully complex combination of high
faculties, tends to be inherited; and, on the other hand, 1t 1s too certain
that insanitv and deteriorated mental powers likewise run 1n the same
familics [1873, Vol. I, pp. 106f.].

SOURCES OF VARIABILITY. It was most crucial for the evolu-
tionary theory that hentable variation be present in each generation, or
evolution could not continue. But, by the commonly accepted principle
that characteristics merged or blended in offspring, it was apparent that
variability of a trait would be roughly halved in each generation, and
would rapidlv diminish to a trivial level, were it not replenished 1n
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some manner. Darwin devoted much attention to the causes of vari-
ability (Darwin, 1868) and concluded that changes in the conditions of
life 1n some way altered the reproductive systems of animals in such a
manner that their oftspring were more variable than they would have
been 1n stable conditions. Ordinarily, this enhanced varnability would be
random—natural selection would then preserve those deviants which by
chance happened to be the better adapted as a consequence of their
deviation. Sometimes, however, particularly if continued for a number
of generations, an environmental condition might induce systematic
change—the environment directly inducing changes making organisms
more adapted to it.

Another source of variability was presumed to be the effects of use
and of disuse:

Increased use adds to the size of a muscle, together with the blood-
vessels, nerves, ligaments, the crests of bone to which these are at-
tached, the whole bone and other connected bones. So 1t 1s with various
glands. Increased functional activity strengthens the sense-organs. In-
creased and intermiuttent pressure thickens the epidermis; and a
change in the nature of the food sometimes modihes the coats of the
stomach, and increases or decreases the length of the intestines. Con-
tinued disuse, on the other hand, weakens and diminishes all parts of
the organisation. Animals which during many generations have taken
but little exercise, have their lungs reduced 1n size, and as a consequence

the bony fabric of the chest, and the whole torm of thc body, become
modifhed [1868, Vol. II, p. 423].

Likewise, with respect to behavioral characteristics, “. . . some in-
telligent actions . . . after being performed during many generations,
become converted into instincts, and are inherited” (1873, Vol. I, p. 36)
and “It is not improbable that virtuous tendencies may through long
practice be inherited” (1873, Vol. I, p. 377).

It should be noted that Darwin was not completely satished with
the doctrine that characters acquired by use, disuse, or environmental
modification could be transmitted to subsequent generations (see
Fisher, 1958, pp. 607). Yet such a mechanism seemed to be necessary
to explain some of the facts. As we shall see, a vigorous controversy has
persisted over this theory, which is generally described as Lamarckian.

Galton’s Contribution

The Origin of Species caused a violent reaction. Fierce denuncia-
tion came from those whose sensibilities were shocked by this contradic-
tion of the Biblical account of creation. There was opposition, too, from
other scientists, whose favorite theories were challenged by the new
conceptions. There were, however, some scholars to whom the argu-
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ments werc immediately compelling. Among this latter group was Fran-
cis Galton, Darwin’s half-cousm.

The Origin directed Galton’s immense curiosity and talents to bio-
logical phenomena, and he soon developed what was to be a central and
abiding interest: the mheritance of mental charactenstics.

Hereprrary Gentus.  In 1865 two articles by Galton, jointly en-
titled “Hereditary Talent and Character,” werc published in Macmil-
lan’s Magazine. Four vears later a greatly expanded discussion was pub-
lished with the title, Hereditary Genius: An Inquiry into its Laws and
Consequences.

The general argument presented in this work is that among the rela-
tives of persons endowed with high mental ability is to be found a
oreater number of other extremely able individuals than would be ex-
pected bv chance; furthermore, the closer the family relationship, the
higher the incidence of such superior individuals.

Applying Quetelet’s “law of deviation from an average,” at the
time a fairly recent development, but later to become familiar as the
normal curve, Galton distinguished fourteen levels of human ability,
ranging from idiocy through mediocrty to genius.

No satisfactorv wav of quantifving natural ability was available, so
Galton had to relv upon reputation as an index. By “reputation” he did
not mean notoriety from a single act, nor mere social or othcial position,
but “the reputation of a leader of opinion, of an originator, of a man to
whom the world deliberately acknowledges itself largely indebted”
(1869, p. 37). The designation “eminent” was applied to those individ-
uals who comprised the upper 250 millionths of the population (1.e.,
one in 4,000 persons would attain such a rank), and it was with such
men that the discussion was concerned. Indeed, the majority of individ-
uals presented in evidence were, in Galton’s estimation, the cream of
this elite group, and were termed “illustrious.” These were men whose
talents ranked them one in a million. .

On the basis of biographies, published accounts, and direct inquiry,
Galton evaluated the accomplishments of eminent judges, statesmen,
peers, militarv commanders, literary men, scientists, poets, musicians,
painters, Protestant religious leaders and Cambridge scholars, and therr
relatives. (Oarsmen and wrestlers of notc were also examined to extend
the range of inquirv from brain to brawn.) In all, nearly 1,000 eminent
men were 1dentified in the 300 families examined. With the over-all
incidence of eminence only 1 in 4,000, this result clearly illustrated the
tendency for eminence to be a familv trait.

Taking the most eminent man in each family as the reference
point, the other individuals who attained eminence (in the same or In
some other ficld of endeavor) were tabulated with respect to closeness of
familv relationship. Table 1, in which each entry i1s expressed 1n per-
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centage form, gives the principal results. These data give a uniform pic-
ture of decreasing likelihood of eminence as the degree of relationship
becomes more remote.

Galton recognized the possible objection that relatives of eminent
men would share social, educational, and financial advantages, and that
the results of his investigation might be interpreted as showing the ef-
tectiveness of such environmental factors. To demonstrate that reputa-
tion 1s an 1ndication of natural ability, and not the product of environ-
mental advantages, three arguments were presented. First, Galton
stressed the fact that many men had risen to high rank from humble
family backgrounds. Second, it was noted that the proportion of emi-
nent writers, philosophers, and artists in England was not less than
that 1in the United States, where education of the middle and lower
socioeconomic classes was more advanced. The educational advantages
im America had spread culture more widely, but had not produced more
persons of eminence. Finally, a comparison was made between the suc-
cess of adopted kinsmen of Roman Catholic Popes, who were given
great social advantages, and the sons of eminent men, and the latter
were judged to be the more distinguished group.

TABLE 1

INCIDENCE OF EMINENCE IN RELATIVES OF EMINENT MEN *

3
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Father 26 33 47 48 26 20 32 28 31
Brother 35 39 50 42 47 40 50 36 41
Son 36 49 31 51 60 45 89 40 48
Grandfather 15 28 16 24 14 5 7 20 17
Uncle 18 18 8 24 16 5 14 40 18
Nephew 19 18 35 24 23 50 18 4 22
Grandson 19 10 12 9 14 5 18 16 14
Great-grandfather 2 8 8 3 0 0 0 4 3
Great-uncle 4 5 8 6 5 5 7 4 5
First cousin 11 21 20 18 16 O 1 8 13
Great-nephew 17 5 8 6 16 10 0 0 10
Great-grandson 6 0 0 3 7 0 0 0 3
All more remote 14 37 44 15 23 5 18 16 31

* These figures express the incidence of eminence per 100 families. From
Francis Galton, Hereditary Genius, p. 317. Published in 1869 by MacMillan of
London, and used with their permission.
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In Galton’s view, men of mediocre talents might be supressed by
environmental obstacles, but inherited genius will out, regardless of
adversity, and no amount of social or educational advantage can serve
to raise a man to eminence unless he possesses inherited natural abihity.

POLITICAL AND SOCIAL IMPLICATIONS OF THE INHERITANCE OF EMI-
NENCE. Galton was keenly aware of the powerful implications of his
arguments. In introducing Hereditary Genius, he announced:

I propose to show in this book that a man’s natural abilitics are dernived
by inheritance, under cxactly the same limitations as arc the form and
phvsical features of the whole organic world. Conscquently, as 1t is
easy, notwithstanding those limitations, to obtain by carcful selection
a permanent breed of dogs or horses gifted with peculiar powers of
running, or of doing anything else, so it would be quite practicable to
produce a highly-gifted race of men by judicious marnages during
several consecutive gencrations [1869, p. 1].

Improvement of mankind in this way, by the application of princi-
ples ot heredity, was given the name “Eugenics” (Galton, 1383, p. 24)
and the furtherance of eugenic goals became the underlying theme
around which most of Galton’s work was oriented.

PIONEERING RESEARCH IN PSYCHOLOGY AND STATISTICS. 10 be
sure, the “highly gifted race” Galton envisaged would need to be physi-
cally sound, and much attention was given to measurements of health
and physique; but Galton was primarily concerned with the sound
mind, and focused his efforts on the problems of assessing mental char-
acteristics. In a prodigious program of research, he developed apparatus
and procedures for measuring auditory thresholds, visual acuity, color
vision, touch, smell, judgment of the vertical, judgment of length,
welght discrimination, reaction time, and memory span. In addition, a
questionnaire technique was emploved to investigate mental imagery,
and association of ideas was studied by introspection. One particularly
intriguing, although not especially successful, investigation involved the
use of composite portraiture, whereby the photographs of a number of
individuals could be superimposed to yield their common teatures.
These composite photographs were then used in an eftort to determine
what relationship, if any, existed between the facial characteristics of
certain groups and various attributes of their intelligence, personality,
morality, and health.

The problems of properly expressing and evaluating the data ob-
tained trom such researches were formidable, and Galton also turned
his remarkable energies to statistics, pioneering in the development of
the concepts of the median, percentiles, and correlation.

[t was, of course, desirable to have data from large numbers of in-
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dividuals, and various stratagems were employed to this end. For exam-
ple, Galton arranged for an “Anthropometric Laboratory for the meas-
urement in various ways of Human Form and Faculty” to be located
at an International Health Exhibition. Some 9,337 people paid four-
pence each for the privilege of being measured for various bodily and
sensory characteristics! On another occasion a contest was sponsored 1n
which awards of £7 were given to those submitting the most careful
and complete “Extracts from their own Family Records.” Thus did Gal-
ton obtain a large number of pedigrees which he could examine for
evidence of human inheritance.

TWINS AND THE NATURE-NURTURE PROBLEM. Of special rele-
vance to the present topic is Galton’s introduction (Galton, 1883) of the
twin-study method to assess the eftectiveness of nature (inheritance)
and nurture (environment). The essential question 1n this examination
of twins was whether twins who were alike at birth became more dissimi-
lar as a consequence of any dissimilarities in their nurture, and con-
versely, whether twins unlike at birth became more similar as a conse-
quence of similar nurture. Galton acknowledged two types of twins:
those arising from separate eggs, and those arising from separate germi-
nal spots on the same egg, vet he did not distinguish between the two
types 1n his discussion, except as they fell into his “alike at birth” or
“unlike at birth” categories. Gathering his evidence from answers to
questionnaires and biographical and autobiographical material, Galton
observed that, in thirty-five cases of twins who had been very much
alike at birth, and who had been reared under highly similar conditions,
the similarities persisted atter they had grown to adulthood and gone
more or less separate ways.

In twenty cases of originally dissimilar twins, there was no com-
pelling evidence that they had become more alike through being ex-
posed to similar environments.

There 1s no escape from the conclusion that nature prevails enormously
over nurture when the difterences of nurture do not exceed what 1s
commonly to be found among persons of the same rank of society and
in the same country. My tear 1s, that my evidence may seem to prove
too much, and be discredited on that account, as 1t appears contrary to
all experience that nurture should go for so little [1883, p. 241].

(GALTON'S WORK IN PERSPECTIVE. The ten years between Ori-
gin of Species and Hereditary Genius had not been sufhcient for the
idea of man as an animal to be digested. For many of those who ac-
cepted Darwin, of course, Galton was a natural and logical extension:
man differs from animals most strikingly in mental powers; man has
evolved as have other animals; evolution works by inheritance; mental
traits are inheritable.
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For those whose faith in the special creation of man remained firm,
Galton was unacceptable, atheistic, and reprehensible.

Even among those not arguing primarily on theological grounds,
there were wide differences of opinion as to the proper frame of refer-
ence for the study of man. In psychiatric theorizing, for example, some
views were based upon the concept that human behavior is determined
bv biological processes, and that no adequate theory of mental func-
tioning or malfunctioning could disregard man’s fundamentally animal
nature. On the other hand, there were those who chose to regard the
“psvche” as capable of investigation in and of itself, with organic proc-
esses ignored as irrelevant (see White, 1948).

There were also scholars whose inquiries stemmed, not from interest
in psvchiatric problems, but from a general desire to understand “mind.”
The philosophical approach was dominated by the British philosophers,
whose emphasis was clearlv on experience and thus on “nurture,” hav-
ing been inspired bv Locke’s seventeenth-century tabula rasa dictum
that ideas are not inborn, but come from experience. The role of ex-
perience was also emphasized by experimental psychology, which is usu-
allv dated from Wundt’s establishment of the Psychologisches Institut
in 189, just prior to Galton’s major works. In spite of the fact that
Wundt had come to psvchology from physiology, his approach was not
biological in the same sense as Galton’s, and the goal at Wundt’s insti-
tute was the identification, through introspection, of components of
consciousness. Individual differences, which formed the verv heart of
Galton’s investigations, were nuisances in this search for principles
which had general application to all. One notable exception to this gen-
eral trend was provided by an American named J. McK. Cattell, who.
as a student of Wundt, insisted on studving individual differences. After
Cattell left Leipzig, he worked for a while with Galton, and had his
belief in the importance of individual differences strengthened and con-
firmed. Cattell had an important influence on the development of
American psvchology, and, as we shall see later, inspired some of the
earliest experimental work in behavioral genetics.

From the foregoing it may be seen that Galton’s work was neither
completely in step nor completely out of step with the times. As 1t
happened, Galton lived in the greatest period of intellectual turmoil
which had occurred in biologyv. His work was both a product and a
causal factor of the advances made. Galton was not the first to insist
upon the importance of heredity in traits of behavior. We have seen ex-
plicit statements on this matter bv the ancient Greeks. Nor was Galton
the first to place his conclusions in an evolutionarv context. Spencer
had introduced an “evolutionary associationism” in 1855 (Boring, 1950,
p. 240). But it was Galton who championed the idea of inheritance of
behavior, who vigorously consolidated and extended it, and who gave 1t
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a substance and direction it had hitherto lacked. If it ever becomes of
moment to designate the “father” of behavioral genetics, Galton will
have no real competition for the title.

Theories of Inheritance

For Darwin and Galton the transmission of characteristics from
generation to generation was an essential concept. There was substantial
evidence of the importance of heredity, but its laws had proved ex-
tremely resistant to analysis. In particular, a vast amount of data had
been accumulated from plant and animal breeding. Offspring fre-
quently resembled one of the parents, or were perhaps intermediate to
both parents. But two offspring from the very same parents could be
quite unlike. As Lush described the situation even considerably later,
the first rule of breeding was that “like produces like,” while the second
rule was that “like does not always produce like” (Lush, 1951, p. 490).

Pancenesis.  The theory of heredity most successful in explain-
ing the confusion of facts at the time was the “provisional hypothesis

of pangenesis” as described by Darwin. On this view, the cells of the
body,

. . . besides having the power, as is generally admitted, of growing by
self-division, throw off free and minute atoms of their contents, that
1s gemmules. These multiply and aggregate themselves into buds and
the sexual elements; . . . [1868, p. 481].

Gemmules were presumably thrown off by each cell throughout its
course of development. With the uniting of gemmules from the male
and female parents, gemmules of the various developmental periods
would come into play at the proper times, and thus direct the develop-
ment of a new organ like that from which they had arisen.

If a body part were modified by use or disuse, the gemmules cast
oft by the cells of the body part would also be modified, and thus ac-
quired characteristics could be transmitted to the offspring. Of specific
interest to our present topic, we may note Darwin’s statement:

With respect to mental habits or instincts, we are so profoundly ig-
norant on the relation between the brain and the power of thought that
we do not know whether an inveterate habit or trick induces any change
in the nervous system; but when any habit or other mental attribute, or
insanity, is mherited, we must believe that some actual modification 1s
transmitted; and this implies, according to our hypothesis, that gem-
mulcs derived from modified nerve-cells are transmitted to the offspring

[1868, p. 472f.].

Galton took issue with some of the features of pangenesis, and per-
formed a long-range study which was a direct attempt to determine if
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gemmules from one breed of rabbit would affect the progeny of another
breed when transfused in the blood. This experiment, which, mnciden-
tally, was performed in collaboration with Darwin, had a quite negative
outcome. Galton also doubted the inheritance of acquired characteris-
tics. A substantial, but on the whole friendly, disagreement grew up be-
tween Darwin and Galton on these issues, with the latter publishing
extensivelv on a revised theorv. Galton’s revision foresaw many of the
later developments, but to Gregor Mendel must go the credit for pro-
viding the basic answer to the riddle of inherntance.

MENDEL’S EXPERIMENT AND THEORY.  Mendel was an Augustin-
ian monk who conducted his critical researches on pea plants in the
garden of a monasterv at Brunn, Moravia.

Much of the information concerning heredity available at the time
had been based on experiments on “plant hvbridization” involving the
crossing of plants of different species. Among the difhculties of this ap-
proach, two of the most important were that the offspring were fre-
quentlyv sterile or semi-sterile, so that succeeding generations were dith-
cult or impossible to obtain, and that the features which had been
investigated were generally too complex for clear analvsis. Mendel's suc-
cess can be attributed in large part to his method of dealing with these
problems. By crossing different varieties within the same species, Men-
del got viable and fertile offspring, and thus was able to proceed to
hvbrids of the second generation. Bv concentrating his attention on sim-
ple dichotomous characters, he was able to make a thorough analvsis,
uncluttered bv problems of measurement or distinction of categories.
Curiously, Mendel’s greatest innovation was evidently his 1nsistence on
counting all the progeny, and not being content with an attempt at a
verbal summarv of the tvpical result. This was, of course, made con-
ventent by dealing with dichotomous characternistics.

In all, some seven morphological characters were 1nvestigated, and
uniform results were obtained with respect to all. In the first-generation
hvbnd oftspring (later named the F; or first filial generation) between
plants differing with respect to anyv one of the characters, all plants were
uniform, and like one of the parents. That parental character which
appeared 1n the F; was called dominant; the parental character which
was not expressed was called recessive. \When the F, plants were allowed
to selt-pollinate, plants showing the dominant trait and plants showing
the recessive trait were found among the offspring (the F», or second
hlial generation) in a definite 3:1 ratio, but no plants were found which
were intermediate. Furthermore, it was found that the recessive plants
“bred true’'—their oftspring alwavs showed the recessive character. One
third of the dominant plants also bred true, but two thirds yielded
both tvpes of progenv.
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To account for these results, Mendel postulated that each parent
possessed two elements which determined tne particular trait. Each par-
ent would transmit one of its elements to its offspring. In the case where
the parents diftered in respect to a characteristic, an element contributed
by the one parent might be dominant over that contributed by the other
parent, and the offspring would resemble the former. Nonetheless, the
recessive element would not be contaminated in any way by its associa-
tion with the dominant element. When the individual offspring in turn
had oftspring, it would pass on the element which it had received from
each of its own parents to one half of its progenv—and the nature of
the recessive element passed on would not differ in any way from its
nature when transmitted from the onginal parent. Thus, the gametes
(sex cells) were regarded as pure and essentially inviolable. Now, when
such a hybrid oftspring (F,;) is self-pollinated (or more generally,
when two such hybrids are mated), the male and temale germ cells
(gametes) will each contain one of the elements only. The gametes will
unite at random. Thus if A represents the dominant element and a the
recessive, each hybrid is Ag, but each gamete produced by the hybrid
will be either A or a. When two hybrids are crossed, vielding an F» gen-
eration, the following combinations can occur: AA, Ag, and aa, and
these will occur in a 1:2:1 ratio. Because of dominance, the AA will
not be distinguishable from the Aq, except by examination of their off-
spring, so that the observable character will be displaved in a 3:1 ratio.
This was Mendel's first law, the “law of segregation.” Figure 16 shows
the relationships graphically.

The second major law was the law of independent assortment. This
principle was discovered when parents diftering in two or more charac-
teristics were crossed. For example, a pea plant having vellow, round
seeds was crossed with one having green, wrinkled seeds. The first gen-
eration hybrid plants uniformly had yellow, round seeds, since these
elements are dominant. In the generation resulting from the selt-
pollination of these plants, the characteristics were combined at random.
The elements for yellow and round were not bound together simply be-
cause they were associated in that combination in the “grandparents.”
The elements, indeed, were sorted out at random, hence the name “in-
dependent assortment.” A schematic illustration of this feature of Men-
del’s theory is shown in Figure 17.

DEVELOPMENT OF MODERN (GENETICS

MENDEL’S RESULTS AND THEORY were read to the Brunn Society ot
Natural Science 1n 1865, and were later published in the proceedings of
the Society. The crucial experiments had therefore been done and re-
ported prior to Darwin’s most complete statement of pangenesis, and
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The “big” parent is character-
ized by the two A elements. The
“small” parent has two a ele-
ments.

Each gamete formed can con-
tain only one element, and, In
this case, each parent can form
only one kind of gamete.

The gametes unite to form F;
individuals. Because of domi-
nance of A over a, the F, indi-
viduals are all like their “big”
parent.

The F.: individuals can each pro-
duce two kinds of gamete, A or
a, and these will be formed in
equal numbers.

If mating occurs between two F,
individuals, the gametes will
combine at random to form sev-
eral combinations.

Three kinds of zygote occur 1n
the F., in the ratio 1:2:1. Be-
cause of dominance, however,
AA cannot be distinguished from
Aa, and the ratio actually ob-
served will be 3:1.

The “small” and one third of
the “big” individuals can pro-
duce only one kind of gamete.
The other two thirds of the
“big” individuals can produce
two kinds of gamecte, as was
true of the F.. An a gamete
from one of the latter will not
be different from the a gam-
ete from the “small” individual

of the F..
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PARENTS

GAMETES !

A

TWO
INDIVIDUALS
ARE SHOWN

@@ GAMETES

Ficure 16. A schematic illustration of the Law of Segregation when
one element is dominant. The hypothetical character is indicated by the
size of the squarcs. Gametes are shown as small circles.
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The AA combination results in
a “big” individual, and the aa
combination results in a “small”
individual. BB results 1 a
“square,” and bb results in a
“diamond.” A i1s dommant over
¢, and B i1s dominant over b.

With regard to these characters,
each parent can produce only
one kind of gamete.

F, 1individuals are all alike:
“big” and “square.”

Each F, individual can torm
four kinds of gamete with re-
gard to these characters.

This diagram shows the result of
random combination of the gam-
etes of a female and of a male F,
individual. All possible combina-
tions ot “big,” “small,” “square,”
and “diamond” appear. The
grandparental combinations of
AABB and aabb occur no more
often than expected by chance.

Note that the ratio of F, pheno-
types 1s:

O

GAMETES FROM ONE F, INDIVIDUAL COMBINE AT 5

I
o ‘
oM WITH GAMETES FROM ANOTHER F, INDIVIDUAL

:@:B:@

]

l

A

,ll\
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Ficure 17. A schematic illustration of the Law of Independent Assort-
ment. T'wo hypothetical characters are considered, each of which acts in

a dominant fashion.
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before Hereditary Genius. But Darwin and Galton were not alone
overlooking Mendcl’s ideas. For thirty-four vears, the “Versuche tiber
Pflanzen-IIvbriden” (Mendel, 1865) remained almost completely un-
heeded. Then, in 1900, three investigators—Correns, de Vries, and von
Tschermak—almost simultaneously “rediscovered” Mendel's work, and
a period of intensive research was inaugurated in which the Mendehan
results were confirmed and extended. Some modifications ensued. Not
all factors displayed dominance; therc were cases in which the hybnd
offspring were intermediate to the parents. Nonetheless, the factors
cmerged from the hybrid unchanged. The “purity of gametes™ held 1n
spite of the superficial appearance of blending. Furthermore, 1t was
found that the law of independent assortment did not hold absolutely.
Sometimes assortment was not at random, but factors tended to stick
together in the gametes produced by an individual in the same relation-
ship as in the gametes which produced the individual.

The vigorously developing area of research came to be known as
genetics in 1909, and the name “gene” was proposed for the Mendelian
factors. At the same time, a fundamental distinction was made by Jo-
hannsen between the genotype, which i1s the genetic composition of the
individual, and the phenotype, the apparent, visible, measurable char-
acteristic. The importance of this distinction 1s that it makes clear that
the observable trait i1s not a perfect index of the individual’s genetic
properties. Given a number of individuals of the same genotype, one
might nonetheless expect difterences among them—difterences caused
by environmental agencies. Thus, two beans might be from the same
“pure line,” and have identical genotyvpes with respect to size, yet one
might be larger than the other because of differences in “nurture.” Nev-
ertheless, their genotyvpes would remain unaftected, and the beans of the
plants grown from these two beans would be of the same average size.
The inhentance of “acquired” characters obviously has no place 1n this
scheme.

THE PHYSICAL BASIS OF HEREDITY. Mendel was convinced that
his “elements” were material units located in the gametes, but with
the state of knowledge of cvtology at the time, it was not possible for
him to specify their physical nature in any greater detail. It was fortu-
nate that, for the purposes of establishing the basic Mendelian laws, the
“elements” or “genes” could be treated as hvpothetical constructs, and
no precise knowledge of their location or structure was necessary. There
was, naturally, considerable speculation, but the real breakthrough in
understanding the phvsical nature of the determiners of heredity
awaited critical developments in the field of cytology.

CytoLocIcAL piscOVERIES.  The studv of the cell and its con-
tents had progressed rapidly since the general acceptance, in the mid-
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nineteenth century, of the doctrine that cells are the structural and
functional units of living organisms. Aided in no small degree by ad-
vances 1n the chemistry of dyes, cytologists were able to develop means
of staining the contents of cells to render them more visible for study. It
was soon found that a portion of the cell, the nucleus, contains a num-
ber of small rod-shaped bodies which are called chromosomes (colored
bodies) because of their capacity to be stained by particular dves. The
number of chromosomes, with some exceptions that need not concern
us now, are the same 1n all somatic cells of an organism, and all individ-
uals of a species have the same number. The number ot chromosomes,
however, varies greatly from species to species. It was known that in the
process of growth the cells divide into two “daughter cells,” each of
which then later divides into two more, and so forth. Study of the
chromosomes revealed that a remarkable series of changes takes place
during this process of cell division, or mitosis. Prior to the splitting of
the cell, the chromosomal matenal doubles, and during the cell divi-
sion, half of the maternal goes into one daughter cell, half into the other.
The chromosomes are somewhat distinctive 1n shape and size, so that it
was possible to determine that each daughter cell receives an equivalent
chromosomal complement. This distinctiveness of chromosomes also
permitted the observation that chromosomes are present in pairs, and
that the chromosomal matenial in a cell could be viewed as consisting of
two comparable or homologous sets.

Quite independently of knowledge of the Mendelhan laws, evi-
dence was obtained that the chromosomes are, in some way, concerned
with heredity, and 1t was concluded that one set of chromosomes 1s con-
tributed by each parent. The process by which this 1s accomplished
(meiosis) consists essentially of the splitting of a cell into two without
the prior doubling of chromosomal material which i1s found in mitosis.
One member of each pair of chromosomes is drawn 1nto each daughter
cell before the division is complete. The set included 1n any one gamete,
however, is not necessarily the complete set which the individual had
received from its mother or from its father. A reshuffling takes place, so
that an individual transmits to its offspring some of the chromosomes i1t
received from its own mother along with some received from its own
father.

CHROMOSOMES AND GENES. This interesting behavior of the
chromosomes was seen to parallel the behavior of Mendel’s “elements™:
two elements, paired chromosomes; one element in each gamete, one of
each pair of chromosomes in each gamete. On this, and other evidence,
it was suggested that the genes are in fact particulate physical bodies
residing at specific loci on the chromosomes.

The advances in understanding of the chromosomal basis of hered-
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ity also allowed explanation of the exceptions to the law of independent
assortment which had been noted (see p. 160). It was evident that there
are more genes than there are chromosomes, and that theretore each
chromosome must contain a number of genes. If two characterstics
under studv are determined by genes on the same chromosome, 1t 1s
clear that these genes cannot assort independently. Such linkage was
experimentally demonstrated, but it was also discovered that linkage 1s
not a permanent, unbreakable bond. During one stage of gamete torma-
tion, the chromosomes line up pair by pair. Each member of each pair
separates into two. The adjacent members of this tetrad frequently
come into contact and exchange parts. This mutual exchange is usually
done with such precision that equivalent sections are traded—each of
the members participating in the exchange receiving the same loci that
1t g1ves.

Figure 18 1s a diagrammatic illustration of this process tor one pair
of chromosomes only. It should be remembered that the same events
may be occurring at the same time for all other chromosome pairs. In
Figure 18A are shown the two members of the chromosome pair. The
maternal chromosome, carrving the genes A, b, and C, 1s shown as
white, and the paternal chromosome with the genes g, B, and ¢ 1s shown
as grav. At one stage in meiosis each of the chromosomes can be seen
to be duplicate, as shown in Figure 18B. In Figure 18C the adjacent
members are shown as crossed over one another. During this stage the
chromosomes may break and rejoin, yielding the configuration of Iig-
ure 18D. Each one of these four members will be transmitted to one
gamete. Consider only the A-a and B-b locus for the moment. As shown
in Figure 18E, one gamete will carry the genes A and b as in the grand-
mother, one will carry ¢ and B as in the grandfather, and the other two
will carrv A with B and ¢ with b. For these last, recombination has
taken place. Crossing over of this kind does not always occur at the same
place, and the probability that recombination will occur 15 a function
of the distance between the genes involved. In Figure 18, for example,
the crossing over has not affected the relationship between the A-a and
the C-c loci. All gametes are either AC or ac, as in the grandparental
combinations, since the crossover did not occur between these loci.
Crossing over could occur between the A and C loci, but would be less
frequent than between A and B. Because of this, the crossover gametes
frequently occur less often than the non-crossover, and this forms an
exception to the law of independent assortment. Genes located on dif-
ferent chromosomes do, of course, assort at random.

AUTOSOMES AND SEX CHROMOSOMES. Detailed examination of
the chromosomes revealed that one pair was exceptional, in that the
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Ficure 18. Diagrammatic illustration of crossing over—the mutual
exchange of material by homologous chromosomes.
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members of the pair were of obviously different size and shape. Even-
tually, it was possible to relate this atypical pair of chromosomes to sex
determination. Whereas the situation differs in birds and some insects,
the mechanism in mammals, including man, 1s briefly as follows: Fe-
males have two similar-sized chromosomes which are called X. Males
have one X and a smaller chromosome called Y. Females obviously can
form onlv X-bearing eggs, but males form both X- and Y-bearing sperm.
If an cgg is fertilized by a Y-bearing sperm, the zvgote will be male; if
fertilization is by an X-bearing sperm, the zygote will be ftemale.

Genes located on the sex chromosomes give phenotypic results
which differ from the usual Mendelian results of genes carried on auto-
somes (chromosomes other than sex chromosomes), primanly because
the Y chromosome appears to be relatively barren. In humans, for exam-
ple, color blindness is due to a gene carried on the X chromosome. In
females it acts as a recessive, so that a woman will be color-blind only if
homozvgous. Frequently, the recessive gene will be paired with a domi-
nant, and such a heterozygote will have normal color vision. In males,
however, there 1s no corresponding locus on the Y chromosome, so
that a single recessive, present on the X, will be expressed. Thus, color-
blindness and other X-linked conditions are much more frequent in
men than in women.

CHROMOSOMAL ABNORMALITIES.  The delicacy and precision of
chromosomal events is marvelous, yet, as appears to be true of all living
systems, mishaps sometimes occur. Occasionally, chromosomes which
are not members of the same pair will exchange parts, with the result
that gametes may be formed which contain an extra allotment of some
genes and a lack of others; sometimes a segment of chromosome breaks
off and reattaches backward, or is lost, or attaches to the “wrong”
chromosome; sometimes gametes are formed in which the whole
chromosome set is present in duplicate; occasionally, the division of
chromosomal material in meiosis 1s not exact, and both of a pair of
chromosomes will go into one daughter cell, leaving another daughter
cell with one chromosome completely missing. This latter phenomenon,
which was first described in the fruit fly Drosophila (Bridges, 1913),
warrants further comment, since we shall have occasion to refer to it
later.

If an egg is formed which contains, say, two X chromosomes in-
stead of the usual one, and is fertilized by a Y-bearing sperm, an XXY
zygote will result. Likewise, if an egg which has no X chromosome at
all 1s fertilized by a Y-bearing sperm, the resulting zygote will be YO
(where O represents absence of a chromosome). In like manner, XXX

and XO gametes will be formed if eggs of these respective constitutions
are fertilized by X-bearing sperm. In Drosophila, XXX and YO flies
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usually die, but XXY are viable, fertile females, and XO are viable but
sterile males. These abnormalities of chromosomal distribution can oc-
cur with respect to autosomes as well as to sex chromosomes, and occur
in male as well as in female gametogenesis.

MobiriaBiLity oF THE GENES. Mendel's conclusion concern-
ing the “purnty of the gametes,” and Johannsen’s demonstration that en-
vironmental modification of a phenotvpe does not alter the genotype,
present a view of the genes as being highly stable and well insulated
from the effects of environment. There were, however, many observa-
tions which showed that the stabilitv of the genes is a relative matter.
On occasion, a given gene might undergo a more or less permanent
change, called a mutation. The reasons for this alteration in the nature
of genes are still incompletelv understood, but significant advances
have been made since the discovery in 1927 by Muller that irradiation
of corn and barley increases the rate of gene mutation. Since this dis-
covery of the mutagenic effect of X-ravs, other means of experimentally
inducing mutations have been discovered, including certain chemical
compounds and the application of extreme temperatures, and the
mutability of the hereditary maternal of other species has been demon-
strated. Thus, certain environments can bring about changes in geno-
type, but this situation differs greatlv from the old notion of inheritance
of acquired characters. Under that scheme, the environment was
thought capable of bringing about systematic changes, or else the or-
ganism, by use or disuse of bodv parts, caused a change, which made
the organism more adapted to the environment, and this adaptation
could be transmitted to subsequent generations. The mutations, how-
ever, iInduced by X-ray and other mutagenic agents, as well as those oc-
curring “‘spontaneously,” are apparently random—the mutation might
aftect eve color or wing shape or any of a large number of such charac-
teristics, but the organisms are not made more adapted for example, to
an X-ray environment. Actually, the mutations which occur seem much
more likelv to be deleterious than advantageous to the organism.

The capability of experimentally inducing mutations has proved to
be of marked value in genetic research, and has contributed greatly to
the elucidation of the molecular structure of genes and of the biochem-
1stry of gene action.

Progress in the understanding of mutations has also been of im-
portance to evolutionary theory. It may be recalled that Darwin took
great pains in considering the possible sources of heritable variation,
and somewhat reluctantly concluded that Lamarckian mechanisms are
among the important factors. Contemporary evolutionary theory views
mutation as an important (and perhaps the only) source ot the genetic
vaniability upon which natural selection operates.
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MEecHANISM OF GENE ACTION. At one level, gene action may
be described 1n terms of dominance, recessiveness, or additivity. Further
insights into the mechanism of gene action have been obtained by
certain experiments with fruit fhes. In Drosophila melanogaster there
arc four chromosomes and, of course, each flv has two of each. By proper
techniques, however, 1t 1s also possible to obtain flies with abnormal
numbers of a given chromosome. The eftect of varving “dosages” of
genes can then be studied. An example of the results of this kind of re-
search 1s given by the mutant gene “shaven,” which reduces the number
of abdominal bristles on the flv (see Wagner and Mitchell, 1955). Rep-
resenting the normal gene by S and the “shaven” by s, and letting <
mean “has tewer bnstles than,” we mav describe the three possible
tvpes of normal flies (each possessing two chromosomes) as follows:
ss < Ss < SS. By adding or subtracting chromosomes containing the s
gene, the following is obtained:

s ss<sss< Ss <SS

An interpretation of these findings is that the mutant gene 1s work-
ing in the same direction as the normal gene, but 1s simply less eftective.
This kind of mutant is described as a hypomorph. By similar expert-
ments (see Wagner and Mitchell), other types of mutants have been
described: antimorphs, which have an eftect contrary to the normal
gene; hypermorphs, which have an eftect greater than the normal gene;
neomorphs, which have an eftect unrelated to the normal gene; and
amorphs, which have no effect at all. All of these can be incorporated
into an explanatorv scheme if one assumes that genes produce some sub-
stance, and that 1t i1s through the substance produced that thev have
their ettect. The kev role of enzymes in biochemistry earlv led to the
notion that genes produce enzymes, and a great amount of research
brought forth the “one gene—one enzvme” hvpothesis which stated
that each gene produces a single enzyme. This is now thought to be an
oversimplification, but it is clear that genes confer specificity upon en-
zvimes, although several genes may be involved in determining specificity
of a given enzvme (Davis, 1954, p. 29). The enzvmes, of course, are cen-
trallv involved 1n the metabolic processes resulting in development and
functioning of the sensory, associative, and effector organs, and thus can
influence behavior through anv or all of these svstems. Figure 19 gives
a diagrammatic indication of the complexity of the intermediate steps
between the mitial gene action and the phenotypic expression. Here 1t
may be secn that alteration of any one of a number of difterent path-
wavs mav rcsult in change of a given phenotype, and that, conversely,
alteration of any one pathway may have consequences for a number of
difterent phenotvpes.

In view of the complexities suggested in Figure 19, 1t 15 no sur-
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prise that, in numerous cases, “modifier” genes have been described
which alter the effect of a major gene upon some character. Indeed, it
15 clear that describing any gene as “the” gene determining a character
1s only a convenient short-hand expression. All genes exert their influ-
ence 1n the context of the total genetic system, and identifying the
gene for “shaven,” for example, i1s simply an expedient way of saying
that the gene occupies a particularly strategic location in the network of
the genetic factors acting upon the formation of abdominal brstles.

THE COLLABORATION OF GENES AND ENVIRONMENT. One of the
most important principles to emerge from genetics research 1s that a
phenotype is the joint product of genetic and environmental factors.

PRIMARY INTERMEDIATE
GENE PRODUCT REACTIONS CHARACTER

D,
D,

Ficure 19. Diagrammatic representation of the complexity of gene
interaction in the production of a character. (By G. Ledyard Stebbins.)

This is easily made apparent by a reductio ad absurdum: if there 1s no
environment, no organism can develop to display any phenotype what-
soever. Likewise, without a genetic constitution, there will be no or-
ganism. It is clear that a question asking if a trait is due to heredity or to
environment is nonsense. Without both, there would be no trait at all.
A meaningful answer, however, may be sought to a question concerning
the relative contributions of genetic differences and environmental dif-
ferences to the variability of a characteristicc. We must not then seek
absolute answers to the question of the importance of heredity or of
environment in determining a characteristic. The answer obtained will
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depend upon the extent to which relevant genetic variability cxists
within the group being considered and upon the range ot environmen-
tal differences to which the individuals arc exposed. If genetic vanability
is chminated, or reduced drastically, and environment allowed to vary,
then environmental agencies will appear important. The average and
the variability of the phenotvpe will depend, however, on the nature of
thec common genotype. If environment is held constant and genotype
allowed to vary, then genotvpe will be seen as important, but the aver-
agc and the variability of the phenotype will depend upon the nature
of the common cnvironmental conditions. Hogben (1933, pp. 96f.)
presented a discussion of Krafka’s data on eve mutants which succinctly
demonstrates these principles. Two different mutants, “low-bar” and
“ultra-bar,” reduce the number of facets in a fly’s eves. The extent ot
reduction, however, depends upon temperature. Iigure 20 shows this
interaction. The distance AB represents thc phenotvpic difference be-
tween two stocks of flies, one homozyvgous for low-bar and the other
homozvgous for ultra-bar, when the flv larvae developed at 16° C. The
distance CD represents the phenotypic difference between the same
genctically different stocks, when development takes place at 25° C. It
is clear that the magnitude of effect of the genetic difference depends
upon the environment. The drops from A to C and from B to D repre-
sent the effect of environmental difference upon phenotype for low-
bar animals and ultra-bar animals respectively. Environment has an af-
fect upon both stocks, but the magnitude of the effect vanies with the
genotype. It may also be seen that, at any one temperature, the role of
genetic differences is emphasized, and conversely, for any one stock,
the role of environmental differences 1s stressed.

THE EXTENSION OF MENDELIAN THEORY TO QUANTITATIVE CHARAC-
1ERIsTICS.  Throughout the early period of enthusiastic research fol-
lowing the rediscovery of Mendel’s laws, Galton’s biometrical approach
to problems of the inheritance of continuously varying charactenstics
had been pursued vigorously, notably by Pearson. Rather than finding
mutual support in each other’s work, the Mendelians and the biometri-
cians came into acute conflict. It was difhicult for the Mendehians to rec-
oncile continuous variation with the tvpe of qualitative, discrete difter-
ence, mediated by particulate genes, with which they had worked. The
biometricians, on the other hand, supported the blending hypothesis,
and were inclined to regard the Mendelian tvpe of inhentance as an
unimportant exception to the general rule. With justification, they
pointed to the obvious importance of the smoothly continuous, quanti-
tative characteristics, such as height, weight, intelligence, and so on. It
was apparent, to the biometricians, at least, that the type of thing in-
vestigated by Mendelians—causing qualitative differences, and usually
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Ficure 20. Hogben’s plot of Krafka’s data, showing gene-environment
interaction in the production of eye facet number in Drosophila. (From
L. Hogben, Nature and Nurture, Figure 2. Published 1n 1933 by George

Allen & Unwin Ltd., and used with their permission. )
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abnormalities—could not possibly account for such continuous distribu-
tions.

THE MULTIPLE FACTOR HYPOTHESIS.  The groundwork for the
rcsolution of this conflict had been provided, in tact, bv Mendel him-
sclf, when he suggested that a certain characteristic might be due to two
or three elements. General acceptance of this idea, however, was not
forthcoming until the work of Nilsson-Ithle (1908) and of East and
collaborators (ltast and Haves, 1911; IK\merson and Fast, 1913). These
rescarchers showed that if one assumed a number of gene pairs, rather
than just one pair, each of which exerted a small and cumulative eftect
upon the same character, and took into consideration also the eftects
of environment, the final outcome would be an apparently continuous
distribution of the characteristic instead ot dichotomous categories such
as had been featured in the typical Mendelian researches. This was
quite different from the blending hypothesis for, in this multiple factor
hvpothesis, the hereditary determiners were not presumed to vary con-
tinuously in nature from individual to individual, thus determining a
sradation of the characteristic in the population. Rather, the genes were
acknowledged to occur in discretely alternative conditions (typically
two, sometimes more), but when a number of such discrete units bear
upon the same character, the final outcome 1s a continuous distribution,
just as the simultaneous tossing of a number of coins which can each
have onlv one of two “states”—heads or tails—can have a large number
of outcomes. Elaborate statistical development of this notion was pro-
vided by Fisher (1918) and by Wright (1921), and this work presented
convincing demonstrations that the biometrical results in fact follow
logicallv from this multiple factor extension of Mendel’s theory. The
blending hyvpothesis was gradually discarded, and as early as 1914 Bate-
son could remark, “T’he question 1s often asked whether there are not
also 1n operation systems of descent quite other than those contem-
plated bv the Mendelian rules . . . none have been demonstrated.” ?

AN ILLUSTRATIVE MODEL OF POLYGENIC INHERITANCE. To 1l-
lustrate the multiple factor, or, as it is sometimes described, the poly-
genic * type of inhernitance, we may consider the simple hypothetical
cxample of Table 2. For the moment, we shall disregard any environ-
mental contribution to variability of the trait. We assume that a charac-
teristic 1s influenced by genes at two loci (in actual cases many more loci

From K. Mather, “The Progress and Prospect of Biometrical Genetics™ in
L. C. Dunn, ed., Genetics in the 20th Century, p. 111. Copvright 1951 by The Mac-
millan Company, and uscd with their permission.

3 There are certain distinctions made between the terms “multiple factor’” and
“polygenic” in some usages. For present purposes, they may be considered synony-
mous.
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may be mvolved). Furthermore, we assume that two alleles, or alterna-
tive gene states, exist at each locus, 1.e., A or ¢ and B or b, and that the
alleles act additively within a locus and also between loci. If each allele
represented by a capital letter adds one unit to the trait, the various gene
combinations will yield the phenotypic values shown in Table 2a. Now,
suppose an AABB individual, with a score of 4, to be mated with an
aabb 1ndividual, with a score of o. All the offspring will be AaBb, and
all will have scores of 2. Each such F, individual will be able to generate
4 kinds of gamete. The genetic combinations which could result from a
mating of two F; individuals are shown in Table 2b, where the possible

TABLE 2a

PHENOTYPIC VALUES FOR VARIOUS GENOTYPES ASSUMING ADDITIVE
GENE ACTION

(See text for explanation)

GENOTYPE | AABB | AABb | AaBB | AAbb | AaBb | aaBB | Aabb | aaBb | aabb

PHENO- | #
TYPIC |
VALUE 4 3 3 2 2 2 1 1 O

TABLE 2b

GENOTYPES OF OFFSPRING OF MATING OF TWO F; INDIVIDUALS
PHENOTYPIC VALUES SHOWN IN PARENTHESES

GAMETES PRODUCIBLE BY FEMALE Fi1 PARENT

AB | Ab ' aB ab
GAMETES AB | AABB(4) | AABb(3) | AaBB(3) | AaBb(2)
PRODUC- - - |
IBLE BY Ab | AAB(3) | AAbb(2) | AaBb(2) | Aabb(1)
MALE F, —— —
PARENT aB AaBB(3) AaBb(2) aaBB(2) aaBb (1)
ab AaBb(2) | Aabb(1) | aaBb(1) | aabb(0)
|

gametes are shown in the margins, and the entries in the body of the
table show the genotypes which would result from the random com-
bination of the gametes. It can easily be seen that vanability will exist
in this F» generation. Tables 2¢ and 2d show the results of backcrossing
F, individuals to the AABB parent and to the aabb parent, respec-
tively. Under the simple model we have been using, the parents and F,
have no variability, while the backcross groups have some vanability, but
less than the Fo. With respect to averages, the F; 1s located halfway be-
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tween the parents, the F. mean 1s at the same point, and the backcross
means are intcrmediate between the F; value and that of the parent to
which the backcross mating was made. Figure 21a compares the differ-
ent groups with respect to these statistical features.

The very simple situation we have considered may be complicated

TABLE 2c

GENOTYPES OF OFFSPRING OF BACKCROSS OF F; TO AABB PARENT
PHENOTYPIC VALUES SHOWN IN PARENTHESES

GAMETES PRODUCIBLE BY F; PARENT

|
AB | Ab | aB ab

GAMETE PRO-
DUCIBLE BY AB | AABB(4) AABbH(3) AaBB(3) AaBb(2)
AABB PARENT |

TABLE 2d

GENOTYPES OF OFFSPRING OF BACKCROSS OF F; TO aabb PARENT
PHENOTYPIC VALUES SHOWN IN PARENTHESES

GAMETES PRODUCIBLE BY F1 PARENT

AB Ab ' aB ab

!

GAMETE PRO-
DUCIBLE BY ab AaBb(2) Aabb(1) aaBb(1) aabb(0)
aabb PARENT

TABLE 2e¢

PHENOTYPIC VALUES FOR VARIOUS GENOTYPES WITH ADDITIVE GENE ACTION
AT ONE LOCUS AND DOMINANCE AT THE OTHER LOCUS

| ]
GENOTYPE |AABB | AABb | AaBB | AAbb | AaBb | aaBB | Aabb | aaBb | aabb |
PHENO-
TYPIC 4 3 4 2 3 2 2 1 0
VALUE |

in various ways. Let us consider, for example, what would result if the B
alleles acted additively, while the A alleles displayed dominance. The
phenotypic values for the possible genotypes would be as shown in Ta-
ble 2ze. The F, of the cross between AABB (4) and aabb (o) would, of
course, be AaBb, as before, but under these conditions the phenotypic
value of such individuals would be 3 instead of 2. The F, and backcross
generations would also have the same genotypes as those shown in Ta-
ble 2b for the first example, but different phenotypic values would result
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for many of the genotypes. Figure 21b shows the distnibution of the trait
in the various generations for the new hypothetical case. The differences
in statistical values—means, standard deviations, skewness—under the
two conditions are apparent.

Another complicating teature, and one of paramount importance,
is that environmental factors will also contribute to the variability of the

aabb F, AABB
100 AR, 2 2
I Y e
80 %
/ ? AABB 40 0O %? 40 00
ol D1 1 Y
7 F, 20 00 \% 30 00
20 g ? aabb 00 00 %g 00 00
LY K \N%
40
> =
w 20 F, 20 10 L 2.5 1.25
O O
x O 14
L] Lt
o o
7
40 Backcross 40 7 Backcross
to 30 05 / to 35 0.25
20 AABSB cO % AABB
O O 7
40 40
>0 Backcross 0 05 50 Bactkcross & (o5
to : : y o : :
aabb // aabb
0 0 %
I . Lt [ 1 | |
01 234 01234
PHENOTYPIC PHENOTYPIC
VALUE VALUE
Ficure 21a. Distributions of AABB Ficure 21b. Distribution of AABB
and aabb parents and various derived and aabb parents and various derived
generations, assuming additive gene ac- generations, assuming additive gene ac-
tion and negligible environmental in- tion at one locus, and dominance at the
fluence. other. Environmental influence is as-

sumed to be negligible.

trait. When the environmental contributions are added to, or subtracted
from, the value that we would expect on the basis of genotype alone,
the result is a blurring of the boundaries between adjacent score values.
The distribution of the trait may be less symmetrical, may encompass a
greater range, and may in various other ways differ from the diagram-
matic neatness of Figures 21a and 21b. The effect of a simple pattern of
environmental action on the genotypic situation depicted 1in Table 2b 15
shown in Figure 21c. The latter was constructed by assuming a popula-



174

tion of ninctv-six individuals, composed of six representatives of each
genotvpe 1n Table 2b. It was further assumed that randomly acting en-
vironmental forces could aftect the scores by *2.0, 1.5, *=1.0, *o.5,
or o units. Assigning these environmental effects randomly to the ninety-
six individuals gave the outline frequency distribution of Figure 21¢. For
comparison, the shaded frequencv distribution shows the result to be ex-
pected on genotypic value only. It 15 easily seen that the environmental
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cffcects have blurred the symmetry of the genotypic distribution.
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_ Comparison of distributions of hypothetical F. popula-
tion 1gnoring environmental effect (shaded distribution), and assuming
random environmental effect described in text (outline distribution).




4 - The Inheritance of Behavior 175

Other complications include the possibility of one locus contribut-
ing more to the trait than others, linkage ot loci, and epistasis, or 1n-
teraction between loci, in which the effect of an allele at one locus is
dependent upon the nature of the alleles at some other locus.

As 1s readily apparent, the Mendehan procedures for mvestigating
single major genes are inappropriate in analvses of polygenic inhent-
ance. The theoretical developments by Fisher and Wright, and subse-
quently elaborated by them and bv other workers, have made possible a
statistical approach to the problem. By the analysis of various statistics,
particularly correlations among relatives and vanances ot groups of dif-
ferent genetic constitution, it is possible to assess the relative contribu-
tions of genetic and environmental factors, and the nature of action
(additive, dominant, epistatic, etc.) of the genes involved. (For recent
statements of the statistical approach to quantitative genetics, see Fal-
coner, 1960; Lerner, 1958; Mather, 1949; and Wright, 1952.)

MAJOR GENES, POLYGENES, AND BEHAVIOR. The success of the
polvgenic interpretation of quantitative characters is ot crucial 1mpor-
tance for behavioral genetics. A very large proportion of psychological
phenotypes is of the quantitative variety, and with reterence to Fig-
ure 20, must be regarded as being well over toward the right margin. At
least on the level of description and analvsis permitted by current knowl-
edge, intelligence and personality characteristics, for example, must
surely be resultants of the action of a large number of organ systems,
and consequentlv will be products of the genes influencing the various
contributing systems.

Searching for the gene of intelligence or temperament, then, 1s
likely to be a fruitless task, although the various subcomponents of such
phenotypes may quite possibly be subject to fairly simple genetic deter-
mination. This 1s not to say that single gene eftects are never to be
expected. Even in phenotvpes well established as polvgenically deter-
mined, it 1s sometimes found that a single gene pair may have potent
influence. In the case of normal variation in human stature, for example,
there is little doubt that a number of loci 1s involved. Yet a single gene
is known which causes chondrodystrophic dwarfism (see Stern, 1960,
p. 99). The same situation probably obtains in the case of intelligence,
with several known conditions of feeble-mindedness (to be discussed i
some detail later) providing examples of single genes overniding the
polygenic system which determines the “normal” variation in intelli-
gence.

DeveLoPMENT.  Any particular trait chosen for studv 1s sus-
ceptible to change during the life of the organism. Genetic and en-
vironmental forces begin their interaction at conception. The chemical



176 1 - BiorocicaL FOUNDATIONS OF BEHAVIOR

nature of the cytoplasm of the fertilized egg, and later the adequacy of
the placental attachment, for example, play cqually indispensable roles,
and are just as much part of the environment as the postnatal food the
organism cats and the air it breathes.

Analvsis of the long-term development of a characteristic may pro-
vide insights into the operation of the hereditary and environmental
forces which would be unattainable by study at only one selected de-
velopmental period.

Salient fcatures of the developmental process have been summa-
rized schematicallv by Waddington (1957) with reference to tissue de-
velopment. In Figure 22 an “epigenetic landscape” is presented. The

Ficure 22. Waddington's “‘epigenetic landscape”—a hypothetical
model describing gene-environment interaction in development. For
interpretation, see text. (After C. H. Waddington, The Strategy of the
Genes, Figure 4, p. 29. Published in 1957 by The Macmillan Co. and
George Allen & Unwin Ltd., and used with their permission. )

background corresponds to conception and the foreground shows dif-
ferent phenotyvpic values at some point in development. The path of
the ball, as it rolls downhill, represents the development of some particu-
lar part of the egg. The landscape is characterized by vallevs and hills,
and the particular contour of the landscape may be considered to be
determined bv genotvpe. Each individual of different genotvpe mav
thus have a different contour. Environmental forces act to move the ball
laterallv, and mav thus switch development from one channel to an-
other if applied at a critical juncture.
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Concerning this model, Waddington says:

Although the epigenetic landscape only provides a rough and ready pic-
ture of the developing embryo, and cannot be interpreted rigorously,
it has certain merits for those who, like myself, find it comforting to
have some mental picture, however vague, for what they are trying to
think about. For instance, it makes one reflect that there mav be re-
gions at upper levels which are almost flat plateaus from which two or
three different valleys lead oftf downwards. These, in fact, correspond to
what we know as states of competence, in which embryonic tissues are
in a condition in which they can be easily brought to develop in one or
other of a number of alternative directions. Again, the model 1mme-
diately suggests that one ought to consider the degree of canalisation
of any particular path of development. Has the valley a flat bottom and
gently sloping sides? If so, there will be only a rather slight tendencv
for a developmental trajectory, when displaced from the vallev centre,
to find its way back there again; the final adult character will be easily
caused to vary by minor fluctuations in the conditions under which de-
velopment occurs. On the other hand, it the vallev bottom 1s very nar-
row and the sides steep, it will be more difficult to push the trajectory
awayv from its normal course and it will quickly return there, unless
indeed it has been pushed over the brow of a watershed either into
another valley or on to a plateau which represents some aberrant condi-
tions intermediate between one organ and another * [1957, pp. 30-1].

In addition to its heunstic value, Waddington’s model provides an
instructive summary, for with this schema in mind, 1t 1s difhcult to for-
get the complexity of interactions, among genetic factors and between
genetic and environmental factors, which lead to the development of a
characteristic.

SUMMARY OF DEVELOPMENTS IN GENETICS. The foregoing ac-
count has been necessarily simplified, and vast areas of genetic theory
and research have been ignored completelv. The attempt has been
made to present a reasonably contemporary picture of those aspects of
genetic theory that appear to be most salient 1n relation to phenotypes
of behavior.

In the short span of half a century, genetics has metamorphosed
from a minor area on the outskirts of biological research to a central
area of paramount importance to all the biological and related fields.

We may now turn to a consideration of the import of genetics for
psychology. For convenience, the subject matter is divided into human
research and research on experimental animals. Within each of these
categories, the emphasis will be on the earlier research, from the turn of

* From C. H. Waddington, The Strategy of the Genes. Published by The Mac-
millan Company and George Allen & Unwin Ltd. and used by their permussion.
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the century until about 1930, with a briefer treatment of the subsequent
work.

HuMmaN RESEARCH

AvrtHOUGH MOsT of the major advances in genetics resulted from
research on plants and lower animals, many studies were made of the
inheritance of a wide varicty of characteristics in humans. Most of the
characteristics studied were abnormalities of one kind or another, and
in time, hereditarv defects were identihied in almost all organ systems
(see Gates, 1946). Now, practicallv anv organ or tissue, and particularly
components of receptor, eftector, and associative svstems, may play a
role in behavior, so that in a very real sense the discovery ot the genetic
basis for color-blindness, deaf-mutism, and certain forms of ataxia, for
example, have been contributions to behavioral genetics. At present,
however, we shall emphasize the developments in respect to those traits
that fall within the customary definitions of intelligence, aptitude,
mental deficiency, psychosis, neurosis, and personality.

Several general approaches to the problem may be distinguished:
pedigree analyses and family histories, correlations among relatives,
twin studies and foster-child studies. Some researchers have used com-
binations of these methods, but insofar as possible, we shall consider the
developments within each technique separately.

Studies on Eminent and “Degenerate” Families

EMINENT AND ROYAL FAMILIES. Several extensive surveys tol-
lowed Galton’s procedure of investigating the accomplishments of rela-
tives of notable people. Royal families provided particularly convenient
source material, owing to the easv availability of their genealogical
records ( Woods, 1906; Gun, 19303, 1930b). One disadvantage of this
line of inquiry, however, was the sometimes dubious correspondence of
legal and biological parentage. For example, Gun (1930b, p. 195) in
discussing King James I, remarks, “his characternistics have but little re-
semblance to those of any of his ancestors. This tact was so obvious that
from an early period doubts arose as to his parentage, some considering
that he was the son of Mary by David Rizzio, while others contended
that he was a changeling.” Nevertheless, Gun was convinced that the
family histories clearly showed the inheritance of certain traits. Thus the
Stewarts were said to be characterized by tactless obstinacy, which “ran
like a thread down the direct male line . . .” (1930b, p. 201). The
Tudors, on the other hand, were thought to be hereditarilly endowed
with love of learning.



4 * The Inhenritance of Behavior 179

THE “Juxkes” raMILy. Dugdale, on the other hand, had con-
cerned himself with the other end of the scale of social merit. As a mem-
ber of the executive committee of the Prison Association of New York,
Dugdale was named a committee of one to inspect county jails. In one
county he was impressed by finding six of the prisoners to be related.
Undertaking an intensive survey of this tamily, he was able to trace the
lineage back to six sisters, to whom he gave the pseudonymous label
“Jukes.” One of the six had left the country and was not traceable. The
remaining five had provided a most striking posterity, characterized by
criminality, immorality, pauperism, and feeble-mindedness. Dugdale
was primarily a social reformer, and was rather cautious in assigning the
causal role 1n this pedigree of sordidity to nature or to nurture. That
there was a social problem was clear enough. Dugdale (1877) estimated
the cost to the state, in welfare relief, institutional care, etc., to exceed
one million dollars over a seventy-five-year period. In 1911 some of Dug-
dale’s original manuscripts were found, which gave the real name of the
Jukes family. Estabrook (1916), acting upon this information, was able
to trace the family history over the forty years ensuing since the first
study. Estabrook summarized his study as follows:

FFor the past 130 years they have increased from 5 sisters to a family
which numbers 2,094 people, of whom 1,258 were living 1in 1915. One
half of the Jukes were and are feeble-minded, mentally incapable of
responding normally to the expectations of society, brought up under
faulty environmental conditions which they consider normal, satished
with the fulfillment of natural passions and desires, and with no amba-
tion or ideals in life. The other half, perhaps normal mentally and
emotionally, has become socially adequate or inadequate, depending
on the chance of the individual reaching or failing to reach an environ-
ment which would mold and stimulate his inhented social traits. . . .
Heredity, whether good or bad, has its complemental factor in environ-
ment. The two determine the behavior of the individual [1916, p. 85].

This conclusion was reasonably modest, assigning importance to
both heredity and environment, but the findings of the study were en-
thusiastically endorsed by the more ardent eugenicists, and came to be
regarded as proof of “morbid inheritance.”

Various criticisms have been leveled at the Jukes study, and at a
number of similar studies which followed. Perhaps the most cogent ob-
jection raised was that members of the families shared similar environ-
ments as well as a common lineage. Thus, while the more or less anec-
dotal evidence could be accepted as presenting a dismaying picture of
human degradation, there was no means of determining the relative
contributions of environment and heredity.
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THE “KALLikAKS.” In 1912 Goddard published an account of
a family which, 1n his view, provided a clear-cut resolution of the prob-
lem of disentangling nature and nurture. This family consisted of two
branches, each of which could be traced back to the same man. Accord-
ing to the report, “Martin Kallikak” (again, a pseudonym), while a
soldier 1n the Revolutionary War, had an affair with a feeble-minded
girfl whom he met in a tavern. When the girl gave birth to a son, she
named him “Martin Kallikak, Jr.” After the war, Martin, Sr. returned
home, married a girl of good family, and began the other branch of the
family. Among 480 descendants of the illicit affair, a very “Jukes™-like
picture was presented. Among the descendants of the marriage, almost
all were normal, good members of society.

These results were taken to demonstrate that feeble-mindedness,
which was regarded as the root of all the tamily difhculties, was inherited.
A discussion of Mendelian principles was provided in the report, but
judgment was reserved as to whether feeble-mindedness 1s a unit char-
acter, caused by a single gene.

The investigation of the Kallikaks was carried out largely by a field
worker interviewing members of the tamily and people who knew mem-
bers of the family. In discussing the general methodologv, Goddard
stated that although the evidence was occasionally ambiguous, and judg-
ment had to be withheld, the field worker could usually decide easily the
mentality of the persons interviewed. He also defended the assessment
of the intellect of deceased individuals by interview of acquaintances,
which was part of the procedures used in the study:.

CrITICISM OF FAMILY STUDIES.  As with the Jukes, the Kallikak
hindings were widely hailed 1n some circles, and vigorously criticized in
others. In 1942 Goddard wrote a defense of the study, replying to some
of the principal critics. To the criticism that assessment by a field worker
was unreliable, Goddard replied that the field worker was well trained,
and from familharity with institutionalized cases, could adequately judge
mental level. Furthermore, 1f doubt remained, a case was marked unde-
termined. To the objection that the evidence that Martin, Sr. was the
father of Martin, Jr. was scant, and would not be acceptable in a court
case, Goddard simply replied, “A strange statement. Courts have alwavs
accepted such evidence and still do. In this case there was not even a
doubt” (1942, p. 575).

These answers were not very satisfving, and one of the strongest
critics, Scheinfeld (1944), retorted in detail. Particularly, he remained
unconvinced that the evidence for Martin, Jr.’s paternity, “a single short
sentence, unaccompanied by any documentation or supporting evi-
dence” (p. 262), could serve the purposes of a scientific investigation.
It this particular point 1s not adequatelv demonstrated, of course, the
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whole study becomes meaningless. Scheinteld also remained unim-
pressed by the unsupported claim of accuracy in diagnosing the mental
condition of the living, not to mention the dead, Kallikaks.

But even if the above could all be allowed, there remained another
fundamental, and indeed a wvitiating, problem. This concerns God-
dard’s failure to consider seriously the possibility that differences in en-
vironment might have been strong factors in creating at least some ot
the disparity between the two Kallikak branches. “I'his possibility he
dismissed lightly by saying that the bad Kallikaks . . . are not open
to this argument,” and “. . . that we are dealing with a problem of true
heredity no one can doubt” (Scheinfeld, 1944, p. 262). Such a major
issue cannot be so easily disposed of, and, in fact, the impossibility of
separating genetic and environmental eftects renders the whole study
pointless.

The objections raised to the studies of eminent and degraded fami-
lies are telling, and by current standards we must judge that, whatever
their worth as sociological documents, these studies merely serve to con-
fuse the problem of determining the relative influence of nature and
nurture.

Pedigree Studies on Mental Defects”

Aside from the large-scale efforts described above, there were nu-
merous smaller pedigree studies involving the investigation of many
families with relatively fewer individuals studied per tamily. In a review
of the literature to 1912, Davenport (1912) was in fact able to present
data on musical ability, artistic composition, literary composition, me-
chanical skill, calculating ability, memory, temperament, handwnting,
pauperism, narcotism, criminality, and feeble-mindedness.

Most of these studies are susceptible to the same type ot criticism as
was applied to the Kallikaks, but in the subsequent research on one of
the topics, feeble-mindedness, the pedigree approach achieved its most
substantial success as applied to the problems of behavioral genetics.

One of the most influential of the earlv publications was that of
Tredgold (1908). In examining the family histories of some 200 cases of
“every grade and variety of amentia,” he concluded that there were two
basic causal factors: intrinsic (hereditary) and extrinsic (environmen-
tal), and he regarded the former to be of “immense importance,” ac-
counting for some 8o per cent of the cases. The roles of age ot parents
and of intoxication at the time of conception were specifically examined
and judged to be of trivial importance. Other conditions, however,
were thought to be very effective in bringing about deterioration 1n the

5 The terms ‘“mental defect,” “feeble-mindedness,” and “amentia” are employed
interchangeably in this discussion.
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ocrm cells. After discussing the Mendehan hypothesis that gametes are
unaffected by environment, Tredgold (1908, p. 36) rejected it as being
inconsistent with the experiences of phyvsicians.

With regard to the causation of amentia, I believe that there are certain
discases which bring about a dcterioration of the germ plasm. The
chicf of these are alcoholism and consumption. . . . In consequence,
there results a pathological change in that part of the offspring which
1s at once the most elaborate, the most vulnerable, and of most recent
development—namely, the cerebral cortex. This change consists in a
diminished control of the higher, and increased excitability of the lower,
centres, and is manifested clinically as neurasthenia, hysteria, migraine,
and the milder forms ot epilepsy. We may say that a neuropath has
been created. Should the adverse environment continue, or should
such a person marry one similarly tamted, then the nervous instability
becomes accentuated in the tollowing generation, and insanity, the
graver forms ot epilepsy, and early dementia, make their appearance

(1908, p. 37].

Thus the various traits mentioned, ranging from neuroses through
msanity to profound mental dehciency, were regarded to be all the out-
come of successive stages in a hereditary deterioration set in action by
some environmental factor.

T'wo vears after his study of the Kallikaks was published, Goddard
(1914) presented an extensive collection of pedigrees of mentally defec-
tive patients at the Vineland Traimning School. The Binet-Simon Meas-
uring Scale of Intelligence was administered to a number of the inmates,
but the remainder of the pedigrees werce primanly studied bv feld-
worker 1nterviews. After studving the pedigrees, Goddard concluded
that, ot 327 tamilies investigated, the mental defectiveness was inherited
in 164, and probably inherited in another 34 cases. The remaining cases
were described as due to accident (57), having no determined cause (3),
unclassified (27) and neuropathic (37). The latter group was composed
ot families in which there was little or no historv of feeble-mindedness
per se (apart from the institutionalized patient), but many other condi-
tions, such as alcoholism, paralvsis, suicidal tendency, nervousness, etc.,
were prevalent. For Tredgold this was the typical picture in imhented
mental deficiency. Goddard thought that the feeble-mindedness in these
families was probably not transmissible, and suggested that some might
be due to adversc influences on the mother’s “power of nutrition.”

In what Goddard called the hereditary cases, he concluded:

Since our hgures agree so closely with Mendelian expectation and since
there arc few if any cases where the Mendclian formula does not fit
the tacts, the hypothesis scems to stand: viz. normal-mindedness is, or
at least bchaves like, a unit character; 1s dominant and 1s transmmtted 1n
accordance with the Mendehan law of imheritance.
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The writer confesses to being one of those psychologists who find it
hard to accept the idea that the intelligence even acts like a unit charac-
ter. But there seems to be no way to escape the conclusion from these

figures (1914, p. 556].

In the ensuing years, a number of further pedigree studies were
published. Gates reviewed the evidence to 1933, and concluded:

. 1t may be stated that feeble-mindedness 1s generally of the in-
herited, not the induced, type; and that the inhentance is generally
recessive. Most often a single recessive gene appears to be involved; but,
as with other abnormalities, occasionallv the inheritance 1s of a difterent

type (1933, p. 265].

By this time the Mendelian principles dominated the conceptual
approach to the problem, but were still not universally accepted. Tred-
gold (1937), for example, in a revision of his earher text, considered
some of the evidence that feeble-mindedness was a recessive condition,
and acknowledged that this might be the case in certain special types of
defect, but maintained that for mental defect in general, it had not
been demonstrated.

We also find evidence of the still-lingering Mendelian-biometrician
dispute in a 1930 lecture by Pearson ( published in 1931):

Attempts have been made on very inadequate data, most madequately
handled, to fit insanity and feeble-mindedness into the Mendelian
theory. Of these attempts I shall hardly find time to say anything in
this lecture; 1n my opinion they fail hopelessly, for thev overlook es-
sentially the fact that insanity and feeble-mindedness are far from
being simple unit characters. The boundary between sanity and 1n-
sanity 1s a perfectly indefinite one. . . . There is no mental test which
will separate the normal from the feeble-minded child, the measure-
ments of intelligence show no breaks from one end of the scale to the
other [1931, p. 366].

To support the last point, Pearson presented his analysis of Jaeder-
holm’s data, which showed that when intelligence test scores of normal
children and of children classed as mentally deficient were superimposed,
the result was a smooth continuous distribution. There was no gap, no
separation into two discrete groups. Pearson saw the problem as even
more complicated, for not only was it impossible to separate clearly the
feebleminded from the normally intelligent, but feeble-mindedness
was also confounded with other defects. In a conclusion reminiscent of
Tredgold, Pearson stated:

. in feeble-minded stocks mental defect is interchangeable with
imbecility, insanity, alcoholism, and a whole series of mental (and
often physical) anomalies {1931, p. 379].
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Here, indeed, is a serious problem. If the different phenotypes can-
not be adequatcly distinguished, how can a pedigree study possibly yield
anv valuable result?

At about the same time, Crew (1932) reviewed the status of work
on the genctics of mental defect, and he, as did Pearson, called atten-
tion to the continuous distribution of intelligence.

Pcarson had concluded that the Mendelian approach was doomed
to failure because of the absence of a clear dichotomy. Crew did not
question the applicability of Mendelian theory, but emphasized that
there were probably many different genetic types of mental detect, and
that genetic analysis would need to consider the various types separatelv.
Furthermore, he stressed that the various types need not be subject to
the same type of genetic action—some might be dominant, some reces-
sive, some due to multiple tactors.

As a matter of fact, there had been an increasing attention to this
possibility with a growing tendency to investigate distinct syndromes,
and, especially in those conditions which involved gross nervous system
damage, there were encouragingly good “Mendelian” results. (See
Gates, 1946; Book, 1953.)

PHENYLKETONURIA. In 1934 Penrose published an essay the
purpose of which was to examine the available methods for the study of
human heredity. To illustrate a principle concerning the relatively high
frequency of cousin marriages among parents of oftspring showing rare
recessive conditions, he presented some data which he had collected on
an “unspecified type” of mental defect. In the same year Folling an-
nounced (1934) that the urine of some feeble-minded persons con-
tained an abnormally large amount of phenylpyruvic acid. Penrose
(1935a) thereupon tested soo feeble-minded patients and found one
case in which phenylpyruvic acid was excreted. This patient had a
brother who was also feeble-minded, although not institutionalized.
The biochemical peculianty was also found in this brother, but not 1n
two normal sibs or the parents. Returning to the first family, Penrose
(1935b) then tested the urine of the one surviving feeble-minded indi-
vidual, and found phenylpyruvic acid. By 1937 Jervis (1937) was able
to confirm the recessive nature of the condition, as had been suggested
by Penrose’s data, and numerous studies have since explored one aspect
or another of the condition, known variously as Folling’s disease, phen-
ylketonuria, or phenvlpyruvic oligophrenia. A number of hypotheses
have been put forward to account for the excessive phenylpyruvic acid
in the urine and some other related biochemical anomalies (Jervis,
1954 ). Jervis (1947, 1953) has provided strong evidence that the basic
biochemical deficiency is a reduction in the ability to convert phenylala-
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nine into tyrosine, due to a loss or deficiency of the enzvme 1nvolved 1n
that reaction. The reaction has been localized 1n the liver (Udenfriend
and Cooper, 1952), and the relationship of the reaction to other bio-
chemical substances has been traced (see Neel and Schull. 1954; Wag-
ner and Mitchell, 1955). Recently, there have been several clinical 1n-
vestigations into the effect of reducing the phenvlalanine content of the
diet of phenvlpyvruvics (e.g., Bickel, Gerrard, and Hickmans, 1954).
These studies have shown a reduction in biochemical defect while the
special diet i1s given, and a recurrence when an ordinarv diet 1s rein-
troduced. Observations on general behavior and tests of mental age
give promising indications that an improvement 1n intelligence also ac-
companies the special diet.

Another recent contribution to the understanding of phenvlketo-
nuria has been the demonstration (Hsia et al., 1956) that persons of
normal intelligence, who must nevertheless be heterozvgous for the gene
causing phenvlketonuria (e.g., parents of an aftected child), are distin-
guishable from homozvgotic normals by the chemical constitution of
certain bodv fluids. Apart from practical applications in genetic counsel-
ling, this finding illustrates a most important principle. namely, that the
mode of gene action mav difter at different levels of analvsis. At the level
of mental defect, phenvlketonuria provides a clear example ot a recessive
condition, vet at a biochemical level. the mode of gene action must be
at least partial dominance, for the heterozvgotes are discriminable trom
the normals.

Thus, in phenvlketonurna, we find the most complete genetic analy-
sis of a human behavioral phenotype: the mode of gene action 1s known
on the “Mendelian” level (1.e.. homozvgous recessives show the trait).
heterozvgotes are 1dentifiable biochemically, the gene action 1s known to
affect an enzvme involved 1n a specific reaction, the organ in which the
crucial reaction occurs has been identified, the relationship to other
biochemical processes has been described. and an environmental altera-
tion which modifies the trait has been discovered, offering a reasonable
hope that a full cure mav some dav be found.

In 1934 a review article (Jervis, 1954) listed 312 1dentihed cases. In
terms of the reference defective populations, this represents about six-
tenths of one per cent.

OTHER TYPES OF MENTAL DEFECT. The great progress in ana-
Ivzing phenvlketonuria has inspired vigorous examination of other varie-
ties of feeble-mindedness, and. while none other has as vet been as well
described, a substantial amount of information has been acquired (see
Book, 1953). Jervis (1952), in a review of the literature, discussed some
twentyv tyvpes of mental deficiencv concerning which some genetic intor-



186 1 - BiorLocicaL FOUNDATIONS OF BEHAVIOR

mation is available. Some conditions appear to be dominant, some
recessive, and for others various irregularities are reported. This same
author has also shown that the various syndromes can be classihed ac-
cording to the tissue affected (i.e., cutaneous or osseous) or the type of
biochemical deficiency involved (metabolism of lipids, amino acids,
carbohvdrates, or pigments).

There remains, apart from these delineated conditions, a large num-
ber of “undifferentiated” mental defectives. It 1s likely that refined
searches on the biochemical level might identify other unitary conditions
with a simple pattern of inheritance. Other conditions (as in the case of
Mongolism, to be discussed later) might prove to be due to quite un-
usual genetic irregularities. There will probably remain a “hereditary”
group, below the arbitrary division point in the distribution of intell:-
gence, which resists analysis by the pedigree method. These individuals
undoubtedly represent the lower tail of the distribution generated by
assortment of the polvgenes underlying “normal” intelligence, and
should no more be considered abnormal than those whose intelligences
are an equal distance above the mean.

Finally, we must not disregard the cases of environmental orgin.
Unquestionably, a variety of environmental factors acting either post-
natally (such as severe head injuries), or prenatally (such as infection of
the mother by rubella duning pregnancy) can eventuate in mental de-
fect. Advancement in understanding genetic factors in mental defect,
as well as in therapeutics and preventive measures, depends upon the
study of the “environmental” as well as the “genetic” conditions.

From the vantage point of current knowledge, we may judge that
Tredgold was correct in concluding that some cases of mental deficiency
were attributable to hereditary factors, and others due principally to en-
vironmental factors, but his ideas about the origin of the germ-plasm
damage and progressive degeneration must be judged wrong. Goddard
was tight in that some mental deficiency was a single-locus recessive
effect, but wrong in overgeneralizing to all feeble-mindedness, and 1n-
correct in concluding that normal intelligence was necessarily due to a
single locus if defective intelligence was. Pearson had a major and valid
point in the lack of a discrete gap between normal and abnormal, but
was too willing to judge therefrom that Mendelian analysis could not
succeed in any degree. Gates assessed well the evidence on hand, but
was overoptimistic concerning the likelihood of finding all cases of men-
tal deficiency to be of the Mendelian variety.

Thus, in this brief account of the development of theories concern-
ing inheritance of mental defect, we may see that the progress was not
made by a single penetrating discovery or pronouncement, but rather
proceeded by increments, with the contributors at various stages fre-
quently being both correct and incorrect in varying degrees.
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Correlations Between Relatives

The biometricians concentrated their investigations on quantita-
tively varying characteristics, and developed and employed the correla-
tion technique for use in their studies. The chief spokesman for this
approach was Pearson, who assumed that, since Galton’s work, the fact
of inheritance of mental characteristics could not be demied. The next
step was to determine if heredity 1s as potent in determining mental as
in determining physical characters. Arguing the impossibility of compar-
ing adult moral and mental traits with those of children, Pearson settled
upon the measurement of correlation between sibling pairs. Through an
appeal in a professional journal, Pearson got the cooperation of a num-
ber of teachers in supplying measurements or ratings of sibling pairs with
respect to certain physical characteristics—health, eye color, cephalic
index, etc., and with respect to certain “psychical” characters—vivacity,
assertiveness, introspection, popularity, conscientiousness, temper, and
ability. The average correlation for the physical traits was slightly in ex-
cess of .50 and the same was true for the psychical traits.

We are forced absolutely to the conclusion that the degree ot resem-
blance of the physical and mental characters in children is one and the
same. It has been suggested that this resemblance in the psychical
characters is compounded of two factors, inheritance on the one hand
and training or environment on the other. If so, you must admit that
inheritance and environment make up the resemblance in the physical
characters. Now these two sorts of resemblance being of the same 1n-
tensity, either the environmental influence is the same in both cases, or
it is not. If it is the same, we are forced to the conclusion that it 1s 1n-
sensible, for it cannot influence eye colour. If it is not the same, then 1t
would be a most marvellous thing, that with varying degrees of inhert-
ance, some mysterious force always modifies the extent of home in-
fluence, until the resemblance of brothers or sisters 1s brought sensibly
up to the same intensity! Occam’s razor will enable us at once to cut oft
such a theory. We are forced, I think literally forced, to the general
conclusion that the physical and psychical characters in man are 1n-
herited within broad lines in the same manner, and with the same 1n-
tensity {Pearson, 1904, pp. 155-6].

The logic of this procedure seemed at the time to be clear and
straightforward. The correlations between siblings on various mental
traits could be compared to the empirical value for physical traits (pre-
sumed to be highly hereditary), and with each other, and the relative
degrees of hereditary control of the various mental traits could thereby
be determined. It was with essentially this orientation that several
studies on intelligence were conducted. These represented an 1mprove-
ment over Pearson, in that objective measures of performance were ob-
tained rather than atings. Starch (1917), for example, measured the



188 1 - BrorLocicarL FOUNDATIONS OF BEHAVIOR

resemblance of siblings on a variety of “mental traits,” some of which
were presumably directly affected by school work (e.g., reading abihty,
vocabulary, spelling, arithmethical ability) and some presumably not so
affected (e.g., canceling of “A’s” in a page, rate of tapping). Large
differences in correlation values were obtained for the different tests,
but the values for traits supposed to be influenced by direct tuition were
not, on the average, higher than those for traits less subject to tramning.
This result was interpreted as support for the hereditary interpretation,
“since the resemblance is no greater in those traits which are more di-
rectly affected by environment” (Starch, 1917, p. 237). Thorndike hke-
wise used Pearson’s value of .so as a benchmark. Employing data ob-
tained from Institute of Educational Research Tests, applied to ninth
through twelfth grade pupils, he concluded that the sibling correlation
in the whole population would be about .6o0.

If we may accept Pearson’s results for the resemblance of siblings in

eye color, hair color, and cephalic index (.52, .55, and .49), and regard
.52 * .016 as the resemblance in traits entirely free from environmental
influence, we may infer that the influence upon intelligence of such
similarity in environment as is caused by being siblings two to four
years apart in age in an American family today is to raise the correla-
tion from .52 to .60 [Thorndike, 1928, pp. 52-3].

Fisher’s classic 1918 paper, and various contributions following 1t,
provided a theoretical basis for Pearson’s empirically obtained value, for
it was shown that, under certain conditions, the assortment of Mendelian
factors would generate a value of .so for parent-oftspring as well as for
sibling correlations. This would occur when (1) the genes involved
acted additively (i.e., heterozygotes were intermediate to homozygotes),
(2) mating between parents was random with respect to the trait, and
(3) environment had no effect upon the trait.

A substantial number of correlations was subsequently published,
and while there were differences from study to study, the values reported
tended to cluster around .so. Jones (1928), for example, presented
parent-child and sibling correlations of .51 and .49, respectively, on
Army Alpha and Stanford-Binet test scores. Roberts (1941) obtained
a sibling correlation of .53 1n intelligence measures.

It is very tempting to interpret these findings as indicating that the
genetic mechanism underlving intelligence is that specified in the as-
sumptions by which the theoretical value of .50 was obtained. Indeed,
this 1s one possible interpretation, but as we shall see, it cannot be
rigorously shown to be the correct one.

SOME DIFFICULTIES OF THE CORRELATIONAL APPROACH IN THE
sTuDY OF HUMANS. Consider first the assumption of additive gene
action. If in fact this assumption does not hold, the predicted correlation
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is changed, and the amount of change depends upon the degree of dom-
inance, the magnitude of epistatic effects, and the relative frequencies
of the alternative alleles in the population. If dominance is complete,
and the alleles are equally frequent, for example, and the other assump-
tions are valid, the predicted parent-offspring correlation (rpo) is .333
and the sibling correlation (ro0) 15 .416 (see Li, 1955).

Next, consider the assumption of random mating. This demands
that the correlation between parents be zero, which has been definitely
shown to be incorrect with respect to intelligence. Conrad and Jones
(1940) found a husband-wife correlation of .52 with respect to Army
Alpha scores, and Willoughby (1928), who administered eleven difter-
ent tests, found husband-wife correlations ranging from .20 to .65. This
positive association between parents will tend to raise both rpe and
ro0, and the amount of increment will depend upon the magmtude of
the parental correlation.

Finally, we may examine the assumption that environment has no
effect upon the trait. Although the empirical evidence on the eftects of
enriched or impoverished environments 1s rather ambiguous (see
Thompson, 1954, p. 220) it would be rash to argue dogmatically that
the assumption 1s valid for the kind of charactenstic we have been
considering. If the effective environmental factors are distributed ran-
domly, the correlation will be reduced to an extent dependent upon the
magnitude of the environmental eftect. But even this assumption that
effective environmental factors are randomly distributed throughout the
population is an improbable one. From general considerations 1t seems
likely that environmental factors are more similar within families than
between families. Furthermore, on objective grounds, it has been found
repeatedly that a substantial correlation exists between children’s intelli-
gence and various economic and cultural attributes of the home. Burks
(1928a) found a correlation of .48 between children’s IQ and a rating
of the home cultural level. Leahy (1935) found correlations of .51, .52,
and .45 between the IQ of the child and a cultural index, an economic
index, and the father’s occupational level, respectively.

It has been argued that such values demonstrate the efhcacy of the
environment in determining intellectual level. It is just as defensible to
argue that the parents with the better inherent intelligence provide
better environments for their children.

Such a correlation between genotype and environment, 1if 1t exists,
has rather complicated effects upon the correlations among relatives, de-
pending upon the proportion of additively acting genes and the degree
of genotype-environment correlation. Generally, rpo and roo will be
raised.

An additional possible complication was pointed out by Gray and
Moshinsky (1932~3), who found sister-sister correlations to be higher
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than either brother-brother or brother-sister correlations. They suggested
that this difference might be attributed to a greater uniformity of early
environments of female sibs than of mixed pairs or of pairs of brothers.

There are further pitfalls in the correlational approach, which arc
not directly related to genetic theory. We may illustrate some of these
by again referring to the literature on intelligence.

Thorndike (1928) gave clear expression to one of the difhculties—
biased sampling—in his study. In this project, two forms of a test battery
were administered, one year apart, to brothers and sisters 1n school.
There was a tendency to eliminate the poorer students from the sample,
because data could only be used from those who remained in school
during the one-year interval. Any such elimination of extremes will, of
course, have an eftect on the correlation coethcient by virtue of restric-
tion of the range of scores.

Another biasing eftect was due to the fact that only children in high
schools were measured, and only the intellectually abler students pro-
ceeded that far in their education.

Furthermore, since dull children could fail promotion, and bright
children could be accelerated, there would be a tendency for brighter
younger brothers and duller older brothers to be included in the surveyv.
This factor would tend to reduce within-family resemblance.

Jones (1928) overcame some of these sampling problems by admin-
istering tests to whole families, rather than just to pupils in school. Alert
to the possibility that what was found in one population might not
apply to another population, Jones's concern was to obtain a representa-
tive and homogeneous New England rural population. But selection of
a sample of restricted range may, in general, be expected to have a de-
pressing eftect on a correlation coefhcient. Cattell and Willson (1938)
therefore attempted to get a broad sample covering the total range of
intelligence. The mid-parent—-mid-child correlation thus obtained was
.70.

The correlational technique poses other vexing problems of a sta-
tistical nature (see Burks, 1923c), and corrections are frequently re-
quired. Many of the coethcients discussed earlier were, 1n fact, corrected
for one reason or another. The study of Cattell and Willson provides an
illustration of the types of correction used and of their eftect upon the
final reported value. Beginning with the raw correlation of .70, correc-
tions were made to compensate for age differences, lack of normality of
the distribution, range, and attenuation. The final correlation value re-
ported was .91. Obviously, the adequacy of the corrections made in the
various studies will have an important effect on their comparability.

The value of .91 is greatly in excess of the general trend of the
previously cited results. Cattell and Willson provided other corrected
correfations, as follows: one parent—one child, .84; pairs of siblings, .77;
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husband-wife, .81. These values are all greater than those previously
obtained, and the authors regard them to be nearer to the “correct”
values, because of the greater sampling range in their study, and be-
cause more adequate corrections were made. Thorndike (1944) tested
409 pairs of brothers at Columbia College, and found a raw correlation
of .41. When this value was corrected to estimate correlation in the
general population, a value of .73 was obtained. The data of the 1923
study were also re-examined, and a sibling correlation of .69 was ob-
tained. Thorndike concluded, in agreement with Cattell and Willson,
that the true value of family correlations is considerably higher than was
previously thought to be the case.

The greater part of the research employing correlations of relatives
has been directed toward intelligence, but a number of specific apitudes
and personality traits have also been investigated. As examples, we may
note the studies of May and Hartshorne (1928) and of Crook (1937).
May and Hartshorne studied cheating and deception by use of a number
of task situations where deception could be detected. Correlations be-
tween siblings ranging from .21 to .70 were obtained. Rejecting com-
mon environment as the sole factor in determining the similanty 1n
tendency to cheat, the authors concluded that genetic factors are about
as important in determining tendency to deceive as they are in deter-
mining intelligence.

Crook performed a study on certain personality characternstics, and,
drawing his conclusions from his own and previous work, concluded that,
with respect to traits of neuroticism, introversion, dominance, and selt-
sufficiency, the best estimate of parent-offspring correlation was .16,
and of sibling correlation, .18. These values were taken to indicate the
relatively lesser importance of genotype in determining individual differ-
ences in these personality traits than in intelligence.

From the above discussion, it is clear that the interpretation of
correlations among relatives is not a simple matter. If an adequate sam-
ple is available, and random mating within the population assured, or
the extent of husband-wife correlation known; if environmental factors
are known to be random, or their relationship to genotype known; and
if the test itself has adequate reliability—then empirically obtained cor-
relation coefficients could be used to reach conclusions concerning the
nature of the gene action.

Theoretically, these matters are all capable of accomplishment.
Practically, however, there are formidable difhiculties. One fundamental
problem may be singled out for special mention: it is practically impos-
sible to list exhaustively, let alone measure adequately, all the relevant
environmental variables. .

As it stands, then, a large number of difterent conclusions may be
deduced from the same obtained correlation values.
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Twin Studies

DEVELOPMENT OF TWIN-STUDY LOGIC.  Another principal tech-
nique which has been utilized in the study of the inheritance of mental
characteristics in man has been the investigation of twins, a procedure
first introduced by Galton.

The first major study to follow Galton’s example was that of Thorn-
dike (1905), who published a paper entitled “Measurements of Twins,”
several years after taking his doctorate under J. McK. Cattell.

A fairly lengthy discussion of the nature of twinning was presented,
and specific attention was given to the suggestion that there are two
kinds of twins; those arising from the same egg and always of the same
sex (“duplicate twins”), and those arising from separate eggs and either
like-sexed or of different sexes (“fraternal twins”). After assessing the
evidence, Thorndike rejected this hypothesis, and proposed that all
twins are of the same kind, but on a continuous distribution of degree of
resemblance. Therefore, in handling the data of this investigation, all
the twins were considered together. Fifty pairs of twins were located
from the New York public schools, and they were tested on efhciency 1n
arithmetic computations, naming word opposites, finding misspelled
words, and crossing out letters. The possibility of assigning quantitative
scores to each individual represented an advance over Galton’s original
work, where anecdotal evidence was relied upon. The logic of this
investigation, however, was essentially the same as Galton’s; if environ-
ment is important to the traits measured, twins should become more
alike the longer they are exposed to the same environment. Therefore
the correlation between twin pairs should be higher for twins twelve to
fifteen years old than for twins nine to twelve years old. Furthermore,
the less the difference between the correlation of sibling pairs and the
correlation of twin pairs, the greater the effect of environment. Finally,
nurture is important to the degree that the correlation between twins
in respect to traits judged “subject to home training” exceeds that for
traits not so easily subject to training. The results showed the twins to
be more similar to each other than were siblings, the older twins being
actually somewhat less similar rather than more similar than the younger,
and the correlations for traits subject to training were no greater than for
traits not susceptible to training. These results

. are easily, simply and completely explained by one simple hy-
pothesis: namely, that the natures of the germ cells—the conditions
of conception—cause whatever similarities and differences exist in the
original natures of men, that these conditions influence body and mind
equally, and that in life the differences in modification of body and
mind produced by such differences as obtained between the environ-
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ments of present-day New York City public school children are slight
. . . |[Thorndike, 1905, p. 9].

Thorndike cautioned, however, against confusing

. . two totally different things: (1) the power of the environment,
—for 1nstance, of schools, laws, books and social ideals,—to produce
differences in the relative achievements of men, and (2) the power of
the environment to produce differences in absolute achievement. It has
been shown that the relative differences in certain mental traits which
were found in these one hundred children are due almost entirely to
differences in ancestry, not in training; but this does not in the least
deny that better methods of training might improve all their achieve-
ments fifty per cent, or that the absence of training, say in spelling and
arithmetic, might decrease the corresponding achievements to zero

(1905, p. 11].

Twin study was then largelv neglected for about twenty years, fol-
lowing which a spate of studies was published within a short period.

Merriman, by 1924, was able to employ more refined test proce-
dures than had previously been used, and administered the Stanford-
Binet, Army Beta, and National Intelligence Test, in addition to obtain-
ing teachers’ estimates of the intellectual capacity of the subjects. Using
the same type of comparison as Thorndike, Merriman found that the
correlations between twin pairs ten to sixteen years of age were not
greater than those between twin pairs five to nine years of age. More-
over, Merriman reopened the question of whether there were two types
of twins. After reviewing current biological evidence, and relevant as-
pects of his own research, he concluded, Thorndike to the contrary not-
withstanding, that there are two classes. fraternal and duplicate. From
this, a new type of comparison was suggested:

The fraternal, being of the two-egg origin, should show no greater
resemblance than ordinary siblings, since each individual of the pair
develops from a wholly independent arrangement of the factors for
heredity in the germ cells. . . . The duplicate being of the one-egg
origin, should show a very much higher degree of resemblance than the
traternal because each member of the pair develops from substantially
the same arrangement of the factors for heredity in the germ cells
[Merriman, 1924, p. 3].

Now, a real dithculty was that, while all unlike-sexed twins could
be clearly identified as fraternal, some like-sexed twins would be frater-
nal and some duplicate. But, lacking a clear way of distinguishing the
two kinds of like-sexed twins, Merriman accepted the error that was
entailed, and compared the like-sexed pairs, consisting of fraternal and
duplicate cases, with the unlike-sexed pairs, composed solely of frater-
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nals. The correlations for like-sexed pairs were in every case higher than
for unlike-sexed pairs, and the latter quite reasonably approximated the
value of .50 which Pearson had found to be characteristic of sibling cor-
relations. Clearly, greater intellectual similarity accompanied greater ge-
netic similarity. Indeed, the correlations obtained for like-sexed twins
were 1n the neighborhood of .go, leaving apparently little variability to
be explained by environmental differences.

Lauterbach’s (1925) study followed almost immediately. The re-
sults on a number of intelligence tests confirmed Merrman’s findings
nicely, in that the correlations between older and younger twins did not
differ, and the correlations between like-sexed twins exceeded those be-
tween unlike-sexed twins. Wingheld (1928) contributed more evidence
confirming Merriman and Lauterbach, and went the further step of
separating out a group of like-sexed twins which appeared, to himself
and to the subjects’ teachers, to be physically identical. These “1denti-
cals” were much more similar to each other than were the remaining
non-identicals.

In the same year Tallman (1928) presented her results on Stanford-
Binet IQ scores of twins. As in the previous studies, like-sexed twins
were more similar than unlike-sexed twins. An “identical” group was
separated out from all the like-sexed twins, and the comparison of this
group with the non-identicals confirmed Wingheld's results.

TwiIN p1acNosis. It 1s obvious that general and subjective 1m-
pressions of similarity do not provide an adequate criterion for the
classification of twins. A refinement was offered by Siemens, who, in
1924, published his Die Zwillingspathologie, a book which inaugurated
a long series of twin studies on human pathological conditions by Ger-
man workers. Essentially, Siemens’ scheme (see Siemens, 1927) was to
determine various characteristics which almost always were the same in
identical twins, and only rarely so in fraternal twins. Any new set of
twins could then be compared with respect to a list of such traits (e.g.,
hair, eye, and skin color). The probability that fraternal twins would by
chance be alike with respect to all the traits, and thus misclassified as
identical twins, was quite small if a sufhciently large list was employed.
This, of course, involved a bit of circular reasoning, for it was necessary
hirst to 1dentify a group of identical twins in order to determine in what
traits they were alike and to develop criteria for classifving identical
twins.

The 1deal was to find good “Mendelian” traits, practically unaf-
fected by environmental differences, which were segregating in the
family of the twin pair. Then, if the twins were identical with respect to
all of these, they would undoubtedly be identical twins; if unlike in any,
they would be fraternals.
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Unfortunately, most of the human single-locus conditions then
known were of rare occurrence and could therefore be used only in ex-
ceptional cases. Nevertheless, the criteria of physical similarity which
were gradually evolved allowed reasonably unambiguous classification of
most twin pairs. (Later, a more definite set of cnteria was provided by
the discovery of the Mendelian basis for human blood groups, charac-
ters which are present in all humans and are essentially unmodihable
bv environmental factors. )

One of the major studies to come after the establishment of reason-
ably adequate criteria for identifying twin types was that of Newman,
Freeman, and Holzinger (1937), who were able to apply ten critena of
physical similarity in obtaining a group of fifty pairs of identical twins
and another of fifty pairs of fraternal twins. The fraternal pairs selected
were all like-sexed, because the identicals are necessarily so, and the
authors wanted to avoid any complications due to within-pair sex difter-
ences. In addition to physical measurements and various questionnaire
data on school history, interest, etc., each twin was tested with an
extensive battery of tests, including the Stanford-Binet, Otis Selt-
Administering Test, Downey Will-Temperament Test, and the Wood-
worth-Mathews Questionnaire.

Salient features of the conclusions from this large study are as
tollows:

In most of the traits measured the identical twins are much more
alike than the fraternal twins, as indicated by higher correlations. This
is true of physical dimensions, of intelligence, and of educational
achievement. The only group of traits in which identical twins are not
much more alike consists of those commonly classed under the head of
personality. For the rest it is obvious that the twins who have the same
inheritance are the more alike. By and large, this indicates, since the
environment is similar for both groups, that genetic constitution 1s a
large factor in physical dimensions (as well as appearance and quahta-
tive differences), mental abilitv, and educational achievement. This
conclusion seems clearly warranted.

The difference in resemblance of the two classes of twins, however,
is not the same in the different groups of traits. In general, the con-
trast is greater in physical traits, next in tests of general ability (intelli-

gence ), less in achievement tests, and least in tests of personalitv or
temperament.®

VALIDITY OF ASSUMPTIONS UNDERLYING TWIN STUDIES. AS we
found to be the case in the correlational approach, certain shortcomings

¢ From H. H. Newman, F. N. Freeman, and K. J. Holzinger, Twins: A Study of
Heredity and Environment, p. 352. Copyright 1937 by the University of Chicago.

Extracts here and following reprinted by permission of the Umiversity of Chicago
Press.
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of the twin method gradually came to light. In the first place, there was
some uneasiness regarding the very fundamental assumption that envi-
ronment is no more and no less effective in producing difterences be-
tween fraternal twins than between identical twins. Certainly, for exam-
ple, it could be argued that parents tended to emphasize the similarnties
of their identical-twin offspring by having them dress alike, etc., whereas
this tendency might be much less marked with respect to fraternal twins.
In addition, persons of different genotypes might well seek out different
aspects of a common environment.

In 1934 Wilson presented a direct investigation of the assumption
of equal environmental effects, by asking twins about the extent to
which their home, school, and play activities and preferences were
shared bv their co-twins. The conclusion was that both types of twins
had more similar environments than ordinary siblings, and that the en-
vironment of identical twins was much more similar than that of frater-
nal twins.

The findings of greater similaritv of environments for fraternal
twins than for siblings were supported bv Herrman and Hogben (1932-
1933 ), who found sibling correlation in intelligence measures to equal
.32, whereas the like-sexed fraternal value was .47 and the unlike-sexed
fraternal value was .51. It appears that the difference between fraternal
twin pairs 1s an inadequate reflection of environmental influence. For
that matter, the environmental range to which siblings are usually ex-
posed is relatively restricted, so that comparisons of identical twins and
siblings could hardly give an indication of the contribution of environ-
ment to intelligence differences in the population at large.

Other evidence has since been provided to show that prenatal envi-
ronment must also be considered in assessing twin data. Both types of
twins are exposed to such factors as differences in position in utero and
site of implantation. Onlyv identical twins, however, are susceptible to a
phenomenon called lateral inversion, which is presumably due to differ-
ences in the cytoplasmic matenal received by each twin. (See Price,
1950, for a thorough discussion of this phenomenon.) Fraternal twins,
on the other hand, are sometimes affected bv mutual circulation when
their placentae happen to fuse. Generally, these eftects are regarded as
making 1dentical twins less alike than would be expected on the basis of
the postnatal environments, and fraternal twins more alike than would
be expected on the basis of their genetic similarity.

With these complicating features of the role of environment, the
apparent easc of weighing the relative effects of nature and nurture by
twin studv vanishes. A greater disparity observed between fraternals
than between identicals may be interpreted as due to heredity or envi-
ronment or to some indeterminable combination of the two, depending
upon the predilections of the person making the interpretation.
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TWINS REARED APART. An alternative approach had been de-
veloping since 1922, when Popenoe gave an anecdotal account of a pair
of female 1dentical twins who had been separated in infancy. Over the
years they had visited each other occasionally and had corresponded,
but on the whole had been subjected to quite different environments.
One, for example, had had scant formal schooling, but the other had
completed high school and had done some university work. From the
account of one of the twins, they were not only very similar physically,
but had also shown remarkable similarities in interests and intellectual
abilities. Muller (1925) administered a battery of formal tests to the
girls when they were thirty years old. Despite the large difference in
education, the twins were remarkably alike on the intelligence tests. On
the tests of association and reaction time and on temperament and emo-
tions, however, the twins differed strikingly. Muller urged more research
of this kind, but identical twins reared apart are quite rare, and the
accumulation of cases was slow. Newman (1930) reported three more
cases, 1n two of which the twins had not even known of each other’s
existence until adulthood. In two of the cases, intelligence-test scores
showed no greater similarity than that of fraternal twins reared together,
but temperament and personality were judged to be rather similar. In
the third case, the intellectual resemblance was a bit better, but person-
alities were stated to differ substantially.

By 1937 Newman, Freeman, and Holzinger could report on nine-
teen cases, including Newman’s original three. An extensive battery of
tests was employed, consisting of the Stanford-Binet, Otis Self-
Administering Test of Mental Ability, Thurstone Psvchological Exami-
nation, International Test, Stanford Achievement Test, Woodworth-
Mathews Personal Data Sheet, Kent-Rosanoft Free Association Test,
Pressey Test of the Emotions, and the Downey Will-Temperament Test.
A large reference group of hfty i1dentical pairs reared together and fifty
fraternal pairs reared together was also tested.

We have already seen (p. 195) the conclusions which stemmed
from the comparison of identicals with fraternals. The following was
found when the average difterences between separated identical pairs
were compared with the average differences between identical pairs
reared together:

In one of the physical traits, weight, and 1n intelligence and school
achievement the differences are significantly greater, demonstrating
the eftect of environment on these traits. In height, head measures,
and the score on the Woodworth-Mathews test, on the other hand, no
significantly greater difference is found. This is important since it indi-
cates, as does the comparison of identical and fraternal twins, that some
characteristics are more susceptible to environmental influences than
are others [Newman et dal., 1937, p. 356].
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This study, therefore, demonstrated that environmental factors
could affect performance on intelligence tests. The magnitude of the
environmental eftect 1s, however, dithcult to assess. One of the major
difficulties 1s that of determining just how large the relevant environ-
mental differences between the separated identical twins actually were.
This was attempted by ratings of various aspects of the environment by
several judges. These ratings proved to be quite reliable, in that inter-
judge correlation was high. By the criteria used in these judgments, most
of the separated twins were not, 1n fact, subjected to grossly different
environments, so the greater difference obtained between separated and
unseparated twins provides a modest estimate of the environment’s capa-
bilities—not minimal, perhaps, but certainly not the maximal effect
which could be expected from the greatest conceivable environmental
difterences. On the other hand, in those cases judged to have the greater
environmental disparity, the phenotypic differences were greater. As
Woodworth (1941, pp. 26f.) has pointed out, two of the three authors,
when writing elsewhere, have concluded that relatively large difterences
in environment are required to produce substantial changes in the intel-
ligence quotient.

Perhaps some of the difhiculty stems from the basic problem of
determining how big 1s big. FFor example, the average difference in the
Binet IQ) scores of all the separated twins was 8.21. For the unseparated
twins, this difference was s5.35. The difference between the differences
1s only 2.86 points, which might be regarded as almost trivial. On the
other hand, the Binet-score difterences of the separated twins correlated
+.79 with the ratings of differences in excellence of educational aspects
of the environment, and by most standards this would be regarded as
a sizable relationship.

Co-twin coNTROL.  The difhculty of adequate specification of
environmental differences has been directly attacked in the co-twin con-
trol method which was introduced by Gesell and Thompson in 1929.
In this procedure the 1dentical twins are kept in environments as similar
as possible, except for one particular feature which is under the control
of the experimenter. Therefore, any differences which are found be-
tween the twins can be reasonably attributed to the known, specific en-
vironmental difference. In the Gesell and Thompson (1929) study, for
example, one twin was given extensive early training i certain motor
tasks. The other twin was given a shorter period of training later. The
general conclusion was that special training administrered pnior to the
attainment of a requisite level of maturation did not confer long-term
advantages in proficiency. Several other studies have appeared, dealing
with memory and motor performance (Hilgard, 1933), perceptual mo-
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tor tasks (Luria and Mirenova, 1936), vocabulary learning (Strayer,
1930), and language learning (Price, et al., 1944 ).

One of the major efforts in co-twin control studies (McGraw, 1935)
provides an object lesson in the importance of having adequate tech-
niques for determining whether twins are identical or fraternal. After
this study was well under way, it was discovered that the twin pair in-
volved was actually fraternal, thus renderning the studv essentially null
and void from the point of view of genetic interpretation.

OTHER TWIN STUDIES. It has been convenient to outline the
development of the methodology of twin studies with primary reference
to studies on intelligence. This should not be taken to indicate that other
areas have been neglected.

In personality traits, emotionality, and attitudes, the correlations
for both types of twins have been generally found to be lower than
those obtained for IQ). Nevertheless, identical twins have been found to
resemble each other more closely in personality characteristics than do
fraternal twins (Carter, 1933). McNemar (1933) applied the twin
technique to a study of motor skills and obtained identical-twin correla-
tions ranging from .73 for card-sorting to .95 tor pursuit rotor per-
formance. The fraternal twin-correlations were .so for both of these
tests. Jones and Morgan (1942) showed that the similarity in eve-
movement pattern of identicals greatly exceeded that of fraternals.
Lennox and co-workers (e.g., Lennox, Gibbs, and Gibbs, 1945; Lennox,
1951) explored the inheritance of epilepsy and brain-wave patterns by
the twin method. In EEG pattern, identical-twin and fraternal-twin
records were judged 1dentical 1n 85 per cent and 5 per cent of the cases
respectively. In epileptic patients who had twins, both were epileptic 1n
84 per cent of the identical-twin cases and in 10 per cent of the fraternal-
twin cases. Jost and Sontag (1944) found identical twins to resemble
each other more than siblings on measures of autonomic nervous-system
function such as respiration and skin resistance.

A wide variety of anthropometric, biochemical, and psychological
measurements has been taken on twins by Vandenberg and collabo-
rators (Vandenberg, 1956). The importance of the genotype in deter-
mining individual differences in each characteristic was assessed bv
the extent to which the difterences between fraternal pairs exceeded the
differences between identical pairs. In general the genetic contribution
was greater (1.e., the identical twins were relatively more similar) in the
anthropometric than in the biochemical or psychological vanables. It
was also shown that, within each of these general categories, some traits
were more “under genetic control” than others.

In this research, contrary to most earlier reports, some measures of
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personality (e.g., the Thurstone Temperament T'est: Vigorous) showed
as large a genetic influence as many of the intellectual measures (e.g.,
the WISC Vocabulary, the Standard Spelling Test, and Raven’s Pro-
gressive Nlatrnices).

A particularly large literature has grown up regarding psyvchoses
(sec Slater, 1953a and 1953b, for review). One of the most extensive
programs has bcen that of Kallmann, who has used twin comparnsons
in conjunction with studies of other family members. Some of Kall-
mann'’s principal findings with respect to schizophrenia, manic-depressive
psvchosis, and involutional melancholia are shown in Table 3. These
results are in excellent accord with a general hypothesis of genetic de-
termination, but, of course, are not exempt from the difhculties arising

TABLL 3

EXPECTANCY RATES FOR RELATIVES OF AFFECTED INDIVIDUALS ¥

Fraternal Identical

PSYCHOTIC CONDITION Half sibs  Full sibs twins twins
Schizophrenia 7.1 14.2 14.5 86.2
Manic-depressive psychosis 16.7 23.0 26.3 95.7
Involutional psychosis 4.5 6.9 6.9 60.9

* Table entries refer to percentage of relatives of given degree of genetic
relationship to affected individuals which also have condition during their life-

times.
Data taken from kranz J. Kallmann, Heredity in Health and Mental Disorder,

Fig. 36, p. 124. Published in 1953 by W. W. Norton and used with their per-
mission.

from the confounding of environmental similanties with genetic simi-
lanties. Kallmann has made specific interpretations regarding the
mode of mheritance of these psychotic conditions. Schizophrenia, for
example, 1s regarded as a single-locus autosomal recessive condition.
The evidence for this view i1s somewhat contradictory, however (see
Slater, 1953a), so these simple Mendelhan hypotheses must be regarded
as tentative. Slater (1953a) has provided another large twin study,
based upon case histories, in which various behavioral abnormalities were
investigated. Both twins were schizophrenic in 76 per cent of the
identical-twin pairs, and 1n 14 per cent of the fraternal-twin pairs. In a
relatively smaller sample of psychopathic and neurotic cases, the per-
centage of cases in which both twins were affected was low for identi-
cal twins, and not appreciably greater than for the fraternal twins. This
suggests that environmental forces play a predominant role in the last
named conditions. Eysenck and Prell (1951), however, determined the
scores of twins on a “neuroticism’” factor, extracted from a test battery
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by factor analysis, and found the identical-twin correlation to be .8s,
whereas the fraternal-twin correlation was .22.

This sampling of twin studies is far from complete, but will perhaps
serve to illustrate the tremendous effort which has gone into this particu-
lar method in the study of human behavioral genetics.

Adopted Children’

We may now turn to a consideration of the last general method of
study of nature and nurture in humans.

In studying family resemblances of “real” parents and children, the
hereditary and environmental factors are complexly interwoven—
siblings, for example, share a genetic background and environmental
circumstances. An adopted child, however, while sharing environment,
has no genetic relationship to its family. Comparing the relative mag-
nitudes of parent-offspring and sibling resemblance with parent-adopted
offspring and adopted-sibling resemblances, therefore, ofters an apparent
means of separating the variables.

Following some early studies, two major investigations appeared
simultaneously in 1928. One of these (Freeman et al., 1928) was con-
ducted at the University of Chicago, and the other (Burks, 1923a) at
Stanford University.

THE CHicaco stupy. The Chicago study used Stanford-Binet
and International Group Mental Test scores for children and the Otis
Self-Administering Test and a vocabulary test for adults. One group of
seventy-four children had been tested prior to adoption and again several
years after adoption. The average IQ of the group rose from 91.2 to
03.7, and examination of individual cases showed that those adopted
into “better’” homes (as judged by the ratings of field workers) gained
as much as five IQ points. Children in the less adequate foster homes
showed no gain. This result was taken to demonstrate the positive ef-
fects of environment.

Another group consisted of 125 pairs of siblings who had been
adopted into different foster homes. The sibling correlation obtained
was .25 or .34 (depending on the method of computing the correlations)
—Iless than the frequently encountered values of .5o for siblings reared
together. Of thirty-eight pairs separated after living together for five
years or more, the correlation was .49, while for forty-six pairs separated
before either had reached six years of age, the value dropped to .32.
Evidently the commonly shared environment had increased the re-

" In the literature of this area, “foster-child” and “adopted-child” are frequently
treated as synonymous, although contemporary usage would distinguish between full
legal adoption and the more temporary fostering arrangement.
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semblance of those who had lived together for a substantial period of
time.

In thirty homes there was at least one own child and one adopted
child. The correlation of adopted children’s IQ scores with the own
children’s scores was .34. There were also seventy-two homes i which
unrelated children had been adopted. The correlation between 1Q’s of
these children was .37.

THE StaANFORD sTUDY. In the study by Burks (1928a), the
Stanford-Binet test was given to 214 adopted children and their foster
parents, and to a control group of 105 children and their real parents.
The control group was closely equated to the adopted group in terms
of age of children, educational and occupational level of parents, etc.
The children were tested between five and fourteen years of age and, to
reduce the effect of pre-adoption environment, only children adopted
before the age of twelve months were studied.

The main results are shown in Table 4.

TABLE 4

CORRELATIONS OBTAINED IN BURKS’ FOSTER CHILD STUDY

CORRELATION BETWEEN Foster Control
IQ OF CHILDREN AND children children
Father’s mental age 07 45
Mother’s mental age 19 46
Midparent mental age .20 .52

The control correlations are in accord with the previous parent-child
studies and the differences between control and adopted correlations
argue for the important influence of hereditary factors.

By applying Wright’'s mathematical techniques, Burks concluded
that “Home environment contributes about 17 percent of the variance
in 1.Q. . . . The total contribution of heredity . . . is probably not
far from 75 or 8o per cent” (1928a, p. 303).

As a general summary statement,

Home environment in the most favorable circumstances may suffice to
bring a child just under the borderline of dullness up over the threshold
of normality, and to make a slightly superior child out of a normal one;
but it cannot account for the enormous mental differences to be found
among human beings [Burks, 1928a, p. 308].

The disagreement in the general tone of the conclusions, as well as
in the specific results of these two studies of adopted children, was
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examined by Burks (1928b), and she concluded that the factor of selec-
tive placement, whereby adoption agencies strive to place children of
“good parentage” in the better homes, can account for at least part of
the difterences. Other authors (e.g.,, Anastasi and Foley, 1949, pp.
356f.) have also pointed out the subtle ways 1n which such selection can
take place, even when specific knowledge of the child’s 10, or of that of
its parents, 1s unknown.

SDUBSEQUENT RESEARCH.  Leahy’s (1935) study on adopted chil-
dren was inspired by the discrepancies between the conclusions of
Burks and those of Freeman et al. The correlations obtained by Leahy
tor 1) scores were: adopted children—foster fathers, .19; adopted chil-
dren—foster mothers, .24; true children-true mothers, .51; true children—
true tathers, .51. These results on intelligence are in striking accord with
Burks’. There is also an agreement that personality and character traits
are more influenced by environment than is intellectual level.

Another long-term study of adopted children was conducted by
Skodak and Skeels (1949). These investigators concluded that the
mean IQ) of the adopted children was substantially higher than would
be expected 1n view of the intellectual level of their true parents, and
suggested that this represented a beneficial eftect of environment.
There was, however, a substantial correlation between the adopted
child’s IQ and that of the true mother. The magnitude of the corre-
lation was found to increase with age, being verv low at two years, and
rising until, at about six years, the correlation was approximately .3s.
Honzik (1957) has compared the Skodak and Skeels results on adopted
children with her results on “own” children. Figure 23 shows the com-
parison when educational level is used as an index of the mental ability
of the mother or foster mother. The striking feature of these data 1s
that the IQ’s of the adopted children correlated as highly with their
own mother’s education as did the own children’s 1Q’s with their own
mother’s education, in spite of the fact that the latter had been reared by
their own mothers and the former had not. The correlation of the
child’s 1Q) with the foster mother’s education 1s seen to be low at all
age levels. Honzik concludes:

The finding that the parent-child resemblance in ability follows the
same age changes in the two studies, even though the true parents did
not rear the children mn the Skodak-Skeels group, suggests that the
existing relationship 1s largely due to genetic factors which tend to be-
come manifest in the child during the later preschool years [1957, p.

227].

POSSIBLE BIASES IN STUDIES OF ADOPTED CHILDREN. In the inter-
pretation of studies of adopted children, many of the reservations dis-
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cussed with reference to other methods must be applied. Some specific
problems have also been identified.

We may note, for example, a basic difhculty in drawing conclu-
sions on the evidence of gain in IQ atter adoption. The circumstances
surrounding the pre-adoption intelligence testing might well have a de-
pressing eftect on the child’s performance. In like manner, the 1Q scores
of true mothers of adopted children are frequently obtained during the
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Ficure 23. Coefhcients of correlation at different ages between child’s
IQ and educational level of own or of foster mother. (After Marjorne P.
Honzik, “Developmental studies of Parent-Child Resemblance in In-
telligence,” Child Development, 1957, 28, Figure 2. Used with permis-
sion of the Society for Research in Child Development.)

stressful period prior to delivery of an illegitimate child, and may there-
fore be depressed.

We have already seen the possibility of selective placement,
whereby placement agencies may employ whatever information 1s avail-
able in placing children of superior genotype in superior home environ-
ments. The degree to which this factor influences the results has been
debated, and it is hikely that its effect varies from study to study. Insofar
as selective placement exists, of course, there 1s a genotype-environment
correlation which makes the accurate assessment of the relative con-
tributions of heredity and environment impossible.
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Woodworth has provided the following interesting summary of
studies of adopted children:

We have thought of them as studies of environment, but they are also
tests of the foster child’s heredity. When we say, as we are apt to do,
that children of “poor heredity,” placed in good foster homes, turn
out fairly well in spite of their heredity, are we not asserting the 1m-
possible? No one can achieve anything that is beyond his potentiality.
If a child, from whatever parentage, develops superior intelligence, we
know for certain that his heredity was good enough to make that
achievement possible. We have simply been misjudging his heredity.
The low economic and cultural level of his parentage has misled us.
We have forgotten that the oftspring of any given parents may difter
widely 1n genetic constitution, and we have forgotten that these par-
ticular parents because of their own early environmental handicaps are
probably tunctioning below the level of their hereditary potentialities.
The more we stress the importance of environment, the less are we
justihed 1n inferring a child’s heredity from the social status of his
parents, and the less are we entitled to speak of a child as having “poor
heredity” just because his parents are poor, uneducated, shiftless and
immoral. Placement of the child in a good home gives him a chance to
show how good his heredity really 1s. What the foster child studies are
doing when seen from this angle, 1s to check up on the heredity of the
offspring of certain classes of parents.®

Combined Approaches

In terms of logic and historical development, it is possible to dis-
tinguish among the various methods discussed above: pedigree, correla-
tional, twin study, foster-child study, etc. Yet, to a considerable extent,
the methods may overlap. Thus, a “foster-child” study may compare the
correlation of true mothers and children with that of foster mothers and
children; a “twin study” may involve the comparison of sibs, half sibs,
and foster children, as well as 1dentical and fraternal twins.

Insofar as each general approach can provide a unique source of
information, the advantages of a multiple approach to any particular
problem is apparent. Cattell (1953) has proposed a “multiple-variance”
method in which the variability of a number of difterent groups, of
differing genetic and environmental similarities, are simultaneously as-
sessed in one analytic framework. For example, the variances of
(1) identical twins reared together, (2) fraternal twins reared together,
(3) sibs reared together, (4) sibs reared apart, (5) unrelated individuals
reared together, and (6) general population, on various personality test
factors, were utilized in an analysis of components of variance to de-

8 From Robert S. Woodworth, Heredity and Environment, pp. 68—9. Publlshed
in 1941 by the Social Science Research Council, Bulletin 47. | L
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termine relative contributions of heredity and environment (Cattell
et al., 1955, 1957). These authors have discussed a number of other
groups which would provide relevant information (e.g., half-sibs reared
apart) and have considered the assumptions, similar to those already
described for correlational studies, twin studies, and foster-child studies,
which are essential to multiple-variance analysis.

Chromosome Numbers, Sexual Abnormalities, and
Mongolism

Moncorism.  This section will be chiefly concerned with
Mongolism, which 1s one of the more frequent conditions of feeble-
mindedness. It has been singled out for separate consideration because
of the varnety of procedures which have been employed in the attempt
to understand its etiology, and also because of the new techniques which
have been recently brought to bear in its study. The account of the re-
search on Mongolism also provides a clear demonstration of the inter-
play among seemingly diverse discoveries in the advancement of science.

A distinctive condition, MNongohsm (or Mongolian i1diocy), pre-
sents a complex of symptoms, in addition to the mental deficiency, of
protruding, furrowed tongue, presence of epicanthal fold of the eyes,
depressed nose, short stature, and a number of other physical char-
actenstics, including a certain conhguration of creases in the palm of
the hand. The brain of Mongoloids has been shown (Davidoft, 1928)
to be of small size, with relatively fewer cells than normal, and with an
“embryonic” convolutional pattern.

The name of the condition derives from a superficially oriental ap-
pearance of the affected individuals, and has no racial significance.
(Asiatics, 1n fact, regard them as Caucasian in appearance [Penrose,
1959, P-99]).”

Since the initial description of Mongolism in the middle of the
nineteenth century, an enormous eftort has been made to determine
the genetic and/or environmental causal factors. T'win studies (Jenkins,
1933; Macklin, 1929) have generally shown concordance among identi-
cal twins and discordance among fraternals. However, some cases of
discordance in putative identicals (e.g., van Beukering and Vervoorn,
1956) complicate the picture. In examinations of the families of Mon-
goloid individuals, cases have been found (Macklin, 1929; Penrose,
1934) of two, three, and even four aftected sibs in the same family. In

° The inappropriateness of the terms “Mongolian idiocy” or “Mongolism™ has
often been mentioned. A proposal has recently been made (Allen et al., communica-
tion to Lancet, 1961, Vol. 1, p. 775) that “Langdon-Down anomaly,” *‘congenital
acromicna,  ‘‘trisomy 21 anomaly,” or some other term be used to replace the older
designation.
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assessing the over-all evidence on familial incidence, however, Penrose
concluded that

. 1t 1s difhicult to produce convincing evidence that the familial
cases are due to familial concentration and not to chance sampling.
Moreover, in some of the familial instances the diagnoses are open to
doubt. . . . Furthermore, the occurrence of more than one case in a

sibship might not be genetical but due to a consistent peculiarity of
maternal environment (1949, p. 189].

A number of such maternal environmental factors, many of them
rather vague and unspecific, have been proposed: endocrine deficiencies,
“reproductive exhaustion,” mental or physical strain during pregnancy,
etc. (for reviews see Allen, 1958; Gates, 1946; Penrose, 1949). Whatever
the relevant variable or vanables, it became clear that they must change
with the age of the mother, for Penrose (1941, 1949) demonstrated a
striking increase 1n the incidence of Mongolism in the children of older
mothers. The risk of a mother forty-five to forty-nine years of age is, in
fact, about hity-five times as great as that of a twenty to twenty-four-year-
old mother. The genotype, and therefore the genetic constitution of the
gametes produced, 1s basically set at conception, and does not change
with age, whereas any number of environmental factors, such as those
mentioned above, could easily be visualized as doing so. This seemed to
indicate that environmental factors are responsible. There is some evi-
dence, however, obtained from rescarch on the fruit fly, that the fre-
quency of crossing over does increase with age. Crossing over “re-
leases” new combinations of genes, and in this sense a change in the
nature of the gametes that a fly can produce does, in fact, occur with
age. This mav or may not be true in human beings, so the relevance to
Mongolism 1s not known. Chromosomal abnormalities were also con-
sidered. Polyploidy (duplication of chromosomes) i1s known to be
more frequent in some somatic cells with increasing age. It is con-
ceivable that chromosomal alterations may also occur in reproductive
cells more trequently with increasing age. Penrose (1941) and Waarden-
burg (1932) both, 1n fact, suggested that chromosomal abnormalities
might underlie Mongolism.

It is clear from the foregoing that the demonstratlon of the effect
of maternal age in Mongolism does not absolutely rule out hereditary
mechanisms as important in the etiology. But the evidence from which
conclusions might be drawn has been confusing. There is little con-
sanguinity (mating of related individuals, such as cousins) among the
parents of Mongoloids (Penrose, 1949). This i1s an indication against a
recessive gene. On the other hand, the parents of Mongoloids do not
themselves show the condition. This observation rules out dominance.
Yet a single gene might be transmitted according to a simple Mendelian
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system, but not express itself 1n each person who received the “abnor-
mal” genotvpe, owing erther to environmental factors or to the eftects of
other genes present. On the other hand, a polygenic system could easily
account for the facts.

A most interesting observation was made concerning the patterns of
creases and ridges on the palms of the hands of Mongolian idiots. One
special pattern, common to Mongoloids, is present only in a small per-
centage of the population at large. In relatives of Mongoloids, however,
the incidence 1s greatly increased, suggesting that they are heterozygotes,
or arec homozygotes who by good environmental fortune have failed to
develop the more severe symptoms.

KLINEFELTER'S SYNDROME, [URNER'S SYNDROME, AND CYTOLOGY.
Before continuing with genetic findings regarding Mongolism, we must
turn to some cytological considerations. In 1949 a cytological difterence
was discovered between the neurons of male and female cats (Barr and
Bertram, 1949). This distinction was also found 1n man, and it proved
possible to determine “nuclear sex” by examination of the blood
(Davidson and Smith, 1954) and skin (Moore and Barr, 1955). These
new techniques were quickly applied to the study of certain human
sexual abnormalities which suggested intersexuality. One of these condi-
tions 1s Turner’'s syndrome, 1n which the individuals, always apparent
females, show sexual infantilism, dwarfism, and some other anomalies.
Suggesting that some tailure of sexual development was at fault, Polani
et al. (1954) tested for nuclear sex of three Tumer’s individuals, and
found them all to have characteristic male cell nuclei. Shortly there-
atter Riis et al. (1956) examined skin cells of two patients showing
Klinefelter's syndrome. This condition occurs in apparent males, who
have small testes, failure of spermatogenesis, feminine distribution of fat,
and development of the breasts. The two “males” examined showed
typical female nucler. These dramatic findings naturally gave rise to
speculation about the sex-chromosome constitution of the affected in-
dividuals. With the nuclear-sexing technique it was not possible to
examine the chromosomes directly, so the evidence brought forward
was genetic. By examining the incidence of color-blindness, a sex-linked
recessive condition in affected individuals, it was possible to infer that
Turner's “women’” actually had a chromosome constitution of XO or XY
(Polani et dal., 1956), and that Klinefelter's “men” were XX (Polani
et al., 1958). Plunkett and Barr (1956) had previously suggested an XX
complement in Klinefelter's syndrome, but also mentioned the pos-
sibility of XXY.

The direct examination of human chromosomes to test these sug-
gestions was not feasible until the introduction of new and improved
techniques by Tjio and Levan in 1956. With the improved procedure it
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was shown that the normal number of human chromosomes was forty-
six, and not forty-eight, as had long been thought to be the case ('T'jio
and Levan, 1956; Ford and Hamerton, 1956; see also Ford, Jacobs, and
Lajtha, 1958, for a review). Results from Klinefelter's patients showed
forty-seven chromosomes, however, and detailed examination showed
the Y chromosome to be present, along with an extra chromosome be-
longing to the size range in which the X chromosome 1s to be tound.
In all likelihood, then, some, at least, of Klinefelter’s “males” are XXY
(Jacobs and Strong, 1959). Ford et al. (1959b) and Fraccaro et al.
(1959) found only forty-five chromosomes in Turner’'s patients, and
provided evidence that the sex-chromosome constitution was XO.

Cyrorocy aND MoncoLisMm.  Returning now to considerations
of Mongolism, it may be remembered that Waardenburg and Penrose
had both suggested at one time that a chromosomal abnormality of
some kind might underlie the condition. Mittwoch (1952), working be-
fore the advent of the improved cytological techniques, examined tissue
from a Mongoloid individual, and reported “. . . the chromosomes
were not sufhiciently distinct from one another to make an exact count
possible; nevertheless, the approximate diploid number of 48 chromo-
somes could be made out 1n several cells” (p. 37). Penrose (1954), in a
review of the literature, accepted this evidence as ruling out gross
chromosomal abnormality at least.

After the dramatic findings on abnormalities of sexual development,
the issue was reopened bv two groups of investigators, Lejeune et al.
(1959) and Jacobs et al. (1959). Nine Mongoloid individuals were
examined in these studies, and in each case, forty-seven chromosomes
were found. The evidence strongly suggested that the extra chromo-
some was an autosome.

The crowning confirmation of the whole approach was presented
almost immediately by Ford et al. (1959a) who found forty-eight chro-
mosomes in the cells of an individual showing both Klinefelter's syn-
drome and Mongolism—the basic forty-six plus one extra autosome plus
one extra sex chromosome.

These fast-breaking developments have not, of course, provided an
“explanation” of Mongolism. They do clanty the irregularities and con-
fusions of the preceding genetic data, but still to be explained are the
increased incidence in the Mongoloid pattern of palm ndges in relatives,
the reason that the non-disjunction which results in the extra autosome
occurs more frequently in older mothers, and perhaps most basic of
all, the physiological events whereby the extra chromosome, with the
surplus genetic maternal 1t provides, causes the Mongoloid condition.
There can be absolutely no doubt, however, but that the cytological
work has opened up many new exploratory avenues, and thus tre-
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mendously enhanced the likelithood of an ultimate thorough under-
standing, which will carry with it the implications of remedial and pre-
ventive therapy.

It may be confidently predicted that in the future the cytological
approach will be applied vigorously to a great variety of human patho-
logical conditions. Whether the implications for behavioral genetics
will be great or small cannot even be guessed at the present time.

Summary of Human Studies

One of the principal problems of human behavioral genetics has
been that of definition and measurement of the phenotypes under in-
vestigation. It 1s generally acknowledged that any measurable attribute
of an individual 1s a legitimate phenotype, so there can be no com-
plaint, for example, about studying the rate of crossing out A’s on a
printed page, or reading comprehension, or ability to deal with verbal
analogies. The difhculty arises when a common term is used to describe
the trait being assessed by the various tests. Thus, different studies on
the inheritance of intelligence, say, may be dealing with quite difterent
phenotypes, and consequently may not be at all comparable. This prob-
lem 15, of course, a central problem of psychometrics, and, as we have
seen, the improvements in test design and standardization have at the
same time 1mproved precision of identifying phenotypes for genetic
studies. In like manner, improvement in diagnostic criteria and systems
of classification have led to greater clarity in research on the inherntance
of feeble-mindedness and neurotic and psychotic conditions. It is to be
anticipated that further progress in psychometrics and clinical classifica-
tion will be profitably utilized by students of the genetics of human
behavior in the future.

Another likely trend in future investigations is the greater use of
factor analysis, in which the factors common to a group of tests, rather
than a single test score, can be examined. This approach has been
urged recently by Thompson (1957) and R. B. Cattell (1953). The
latter author has provided concrete examples of such an approach to the
genetics of personality (Cattell et al., 1955, 1957).

These problems are, however, subordinate to the critical difhculty
of arnving at clear-cut, unambiguous determinations of the relative
influences of genetic differences and environmental differences in de-
termining the individual vanability in phenotypes. These difficulties re-
sult primarily from the failure of human circumstances to comply with
the assumptions of the logic underlying the methodological pro-
cedures, and this situation is basically attributable to the fact that man
1S not an experimental animal. It is not possible to assign various
genotypes randomly to various designated environments. Siblings can-
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not be separated deliberately and assigned to difterent types of homes
for rearing. Random mating cannot be guaranteed by assigning mar-
riage partners on a random basis.

This 1s a fundamental consideration. In a discussion of the inter-
pretation ot correlation coethcients, Falconer (1960, p. 164) considers
the problems introduced by assortative mating and by covariance due
to common environments, and savs, “For these reasons human correla-
tions cannot easily be used to partition the variation into its com-
ponents.” Neel and Schull have asserted, “In its present context, the
twin method has not vindicated the time spent in the collection of such
data.” ' Woodworth (1941, pp. 45f.) concluded, “On the whole we may
expect results of considerable practical value, but of no great scientific
precision, from the study of foster children.”

These judgments are indeed sobering, and indicate the necessity for
methodological advances in the study of the inheritance of human be-
havior. The only satistactory way of dealing with the problem would
appear to be the precise evaluation of the extent to which the basic as-
sumptions are not met, with proper compensation then being made 1n
interpretation of results. This will require much more extensive knowl-
edge concerning the important social, economic, educational, and cul-
tural determinants than i1s now available. Progress in understanding the
genetic basis of human behavior can occur only with concomitant prog-
ress in understanding the environmental bases.

ANIMAL RESEARCH

Selection

SELECTION FOR LEARNING PERFORMANCE. The anmmal re-
searcher 1s able to make use of techniques not available to those working
with humans. One of the most important of these 1s artificial selection.

Selection by natural agencies was, of course, the central theme of
Darwin’s theory, and “artificial” selection by man, as we have seen, has
been a practical art for centuries. The Mendelian discoveries and later
developments permitted a more rational approach to the practical as-
pects of plant and animal breeding, and allowed the development of
selection procedures as scientific devices for elucidating genetic mecha-
nisms. If the phenotypic differences shown in a population are de-
termined to any appreciable extent by genotypic differences, a selection
program in which animals from one extreme are mated together and
animals from the other extreme are likewise mated together, may be
expected over a number of generations to result in the establishment of
two distinct lines, differing substantially in the characternistic. On the

1 From J. V. Neel and W. J. Schull, Human Heredity, p. 281. Copyright 1954
by the University of Chicago. Used by Permission of The University of Chicago Press.
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other hand, as Johanssen had shown with his beans, if the differences
in the original population are duc solely to environmental differences,
such a sclection procedure would have no eftect. Thus the success of a
sclective breeding program demonstrates that at least some of the
phenotypic vanance m the onginal population was due to genotypic
differences.

TorLnaN's INITIAL sTUDY.  The application of selective breed-
ing to problems of the inheritance of behavior was reported in 1924
bv E. C. Tolman. We mav reasonably infer the indirect influence of ]J.
McK. Cattell 1in this work, since Tolman credited Professor Warner
Brown, who had been one of Cattell’s doctoral students, with pro-
viding the original mmpetus for the study. It is also of interest that
Barbara Burks was involved in the statistical evaluation of the results.
Tolman saw the genetic approach, and selective breeding particu-
larly, as a tool for “dissecting” behavioral characteristics:

The problem of this investigation might appear to be a matter of con-
cern primarily for the geneticist. Nonetheless, it is also one of verv great
interest to the psychologist. For could we, as geneticists, discover the
complete genetic mechanism of a character such as maze-learning abil-
ity—i.e., how manv genes 1t involves, how these segregate, what their
linkages are, etc.—we would necessarily, at the same time, be discover-
ing what psvchologically, or behavioristically, maze-learning ability
may be said to be made up of, what component abilities it contains,
whether these vary independently of one another, what their relations
are to other measurable abilities, as, say, sensory discrimination, nerv-
ousness, etc. The answers to the genetic problem require the answers
to the psvchological, while at the same time, the answers to the former
point the way to those of the latter [1924, p. 1].

As his own contribution toward this end, Tolman began with a
diverse group of eighty-two rats, which were assessed for learning
ability 1n an enclosed maze. Using as a criterion for selection “a rough
pooling of the results as to errors, time, and number of perfect runs,”
nine male and nine female “bright” rats were selected and mated with
each other. Similarly, nine male and nine female “dull” rats were se-
lected to begin the “dull” line. The offspring of these groups comprised
the first selected generation. These animals were then tested in the maze
and selection was made of the brightest of the bright and the dullest of
the dull. These selected animals were mated brother by sister to provide
the second selected generation of “brights”” and “dulls.”

The results were quite clear in the first generation, with the bright
parents having bright progeny, and the dull parents dull progeny. The
difterence between “brights” and “dulls” decreased, however, in the next
generation, primarily because of a drop in efficiency of performance of
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the bright strain. These second-generation results were, of course, dis-
appointing, and T'olman examined several possible explanations. In the
hrst place, the particular maze used turned out to be a not particularly
relilable measuring instrument. Secondly, it was suggested that the
mating of brother with sister might have led to what was known as
inbreeding degeneration—a phenomenon quite commonly encountered
In genetic work.

To facilitate further investigation, an automatic, self-recording
maze was developed by Tolman in collaboration with Jeffress and Tryon
(1929). With the new maze, which provided superior control of envi-
ronmental vanables and which proved to be highly reliable, Tryon began
the selection procedure again, starting with a large and highly heteroge-
neous “foundation stock” of rats. The energies of Tolman himself were
taken up in the development of his theory of learning, and he did no
further actual experimentation on behavioral genetics. Nevertheless,
he made a continuing contribution to the field by insisting on the im-
portance of heredity in his well-known H.A.'T.E. (Heredity, Age, Train-
ing, Endocrine, drug, vitamin conditions) list ot individual-difference
variables.

TrRyoN's aND HEerON's sTuDpIES. Tryon's (1940) results are
shown in Figure 24. It 1s clear that two different lines were established,
one clearly superior to the other in terms of errors made in learning
the maze. In fact, by generation 7 there was practically no overlap be-
tween the distributions for the two groups. The dullest bright rats were
about equal to the brightest dull rats.
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Ficure 24. The results of Tryon’s selective breeding for maze-bright-

ness and maze-dullness. (From data provided through the courtesy of
R. C. Tryon.)
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Heron (1935, 1941), at about the same time, was also selectively
breeding for maze performance, beginning with a different foundation
population and using a different (but also automatic) maze. This
study also vielded two clearly distinct strains. Yet another successful pro-
gram of selection for maze ability has been reported by Thompson
(1954 ). In this study the rats were presented with the Hebb-Williams set
of tasks, which increase systcmatically in complexity, thus providing
a closer analogue to human intelligence tests than did the previous
studies using only one maze pattern.

SELECTION FOR OTHER BEHAVIORAL CHARACTERISTICS.  Selection
has also been applied to phenotypes other than maze performance.
Rundquist (1933) selected for active and inactive strains of rats,
using the number of revolutions in a rotating cage as the selection
criterion. Hall (1938) used selection to derive an “emotional” and a
“nonemotional” strain of rats, where emotionality was defined in terms
of defecation and urination in a brightly illuminated open-field test.
More recently, Broadhurst (1958a) has reported another successful selec-
tion program for these behaviors. Frings and Frings (1953) have success-
fully developed several strains of mice which differ in susceptibility to
sound-induced convulsive seizures and also in the pattern of the
seizure, and Nachman (1959) has selectively bred for saccharin prefer-
ence 1n rats.

In a different phylum, Hirsch and Boudreau (1958) have de-
veloped two strains of Drosophila, characterized by different intensi-
ties of light-approaching tendencies.

Further Research on Behaviorally Selected Strains

By their success, the selection studies have demonstrated that
hereditary differences were important contributors to the individual dif-
ferences in behavioral phenotypes displayed in the foundation stocks
with which the studies began. By reasonable inference, these conclu-
sions may be extended to heterogeneous populations in general. In addi-
tion, the strains which were developed in the course of the breeding
programs have proved to be of the greatest importance to subsequent
research. Several examples may be taken from work with Tryon’s and
Heron's animals.

TrRYON's sTrAINS.  Trvon (1940) bred his “bright” rats with
“dull” rats, and the resulting I, generation was tested in the maze.
These animals were intermediate to the parent strains and, from this
and other evidence, Tryon concluded that a multiple factor genetic sys-
tem determined rat maze-learning ability. Krechevsky (1933) tested
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Tryon “brights” and “dulls” in a situation which offered both visual
and spatial cues, and found that animals ot the bright strain tended to
respond to spatial cues, whereas the dull rats responded to visual cues.
This outcome 1s in accord with the fact that the selection measure
employed by Tryon was spatial maze performance. The question re-
mamned as to whether the “brights” were generally superior, or
superior only 1n this specific tvpe of situation. Searle (1949) examined
this point directly by subjecting “brights” and “dulls” to a battery of
tests which measured learning under hunger motivation, learning un-
der escape-from-water motivation, activity, and emotionality. The
“brights” learned better than the “dulls” in the hunger-motivation prob-
lems, whereas the “dulls” were superior to the “brights” in the escape-
from-water situations. Furthermore, “brights” were more active in the
maze but less active in rotating wheels. Other differences were found
with respect to emotionality. “Brights” were more “emotional” in open
spaces, while “dulls” displayed emotional behavior with respect to cer-
tain of the mechanical features ot the maze. The selection program had
quite obviously resulted in strains which diftered from each other in
complex wayvs—not simply in abilitv to learn a pattern of responses in
the maze. In selective breeding, characteristics other than those de-
liberately sought may fortuitously become associated in the developing
lines. It 1s not possible, therefore, without further research, to determine
which of the constellation of behavior differences between strains are
fundamental to the principal behavior difterence, and which are only
incidental.

(GENES, ENZYMES, AND LEARNING.  Krech, Rosenzwelg, Bennett,
and collaborators (Krech et al., 1954, 1956; Rosenzweig et al., 1955,
1958a, 1958b) have systematically investigated the relationship among
genes, brain biochemistrv, and behavior in descendants of the original
T'ryon strains, which have been maintained without selection from the
twenty-hrst generation to the present. In a number ot learning situations
the descendants of the “brights’” have proved to be less stereotvped and
more flexible in behavior than the “dull” descendants. It has also been
shown that the “brights” have a higher level of cholinesterase (ChE)
activity in the cerebral cortex. This enzvme, ChE, determines the rate of
breakdown ot acetylcholine (ACh), which 1s involved in neural
transmission. Krech et al. (1956) proposed that the greater Chls activity
in the “brights” reflected greater ACh activity, and that this was related
to greater ethciency of neural transmission. However, these authors
recognized the possibility of fortuitous association, and undertook
to determine if in the present case the relationship between the char-
acters was only a matter of chance.
One approach was to mate animals from the separate strains to
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obtain an F,, and then to mate the F; animals inter se to obtain an
F.. In the I, there will be genetic reassortment. If there 1s no genetic
communality underlving the two traits, then the correlation between
them should be zero. It the traits have common genetic bases, in
whole or 1n part (or if there is linkage among relevant genes), there
should be a corrclation 1n the F.. With reference to the present prob-
lem, there should be a negative correlation between ChIE activity and
the number of crrors made. The actual outcome of this test, however,
was a positive correlation mn Fo—the animals with the greater ChE ac-
tivity tended to make more errors (Rosenzweig et al., 1958b).

Another approach was to breed selectively for cholinesterase ac-
tivity, without regard to any behavioral characteristics. Again, the re-
sults were contrary to the initial hypothesis. The animals selected for
high ChE activity performed more poorly, on the whole, than did
those selected for low ChE activity. These results have suggested that

. among strains or individuals the levels of ACh and ChE are de-
termined by independent genetic mechanisms. In this case, raising the
level of ChE activity and leaving ACh unaltered may cause too rapid
a breakdown of ACh for efficient synaptic transmission. Behavioral se-
lection, as 1in Tryon’s case, may have been made for both ACh and
ChE. To be certain about the level of ACh metabolism at the syn-
apse will require measurement of both ACh and ChE in the same sub-
jects [Rosenzweig et al., 1958b].

Recently reported results are congruent with this hypothesis
(Rosenzweig et al., 1960).

HeroN's sTRAINS.  Heron's strains were also subjected to further
investigation. Harris, for example (1940), showed that the learning
curve of the Heron “dulls” dropped from an initially high error score to
about the chance level of 50 per cent correct responses. This was shown
to be due to a decreasing tendency to make repeated entries into the
same 1ncorrect alley. The “dulls” never did learn to select the correct
alley of the two alternatives at each choice point, but simply learned
not to repeat errors. The “brights,” on the other hand, showed a sys-
tematic 1ncrease 1n percentage of correct choices of the proper alleys.
The Heron “brights” were also found to show a higher rate of bar-
pressing 1n a Skinner box (Heron and Skinner, 1940), and a faster
speed of running the maze than the “dulls” (Harris, 1940).

Comparisons of Strains Not Behaviorally Selected

In addition to the study of strains deliberately selected for be-
havioral differences, a very substantial number of researches have



4 * The Inheritance of Behavior 217

taken advantage of the existence of other strains, derived in the most
part without regard to their behavioral characteristics. These studies
have differed trom each other in several ways. Some have consisted
solely of comparisons between two, or among several, strains. For such
studies, the logic has been as follows. If two strains of animals of differ-
ent origins have been maintained separately, with no matings between
the strains having occurred, one may sately presume that the strains
differ genetically. (Indeed, under such circumstances, it would not be
possible for the strains to retain genetic identity). Therefore, if the com-
pared strains ditter in behavior, and the environmental circumstances are
similar, one may presume that the genetic differences account for the
behavioral difterences. Nothing whatever 15 revealed concerning the na-
ture of the genetic difterences. In other cases, the strains have been
mated to provide F; and further generations, sometimes with the
purpose of determining the presence of segregating Mendelian genes,
but more often to examine the means and variances of the derived gen-
erations with respect to the parent strains. From the study of denved
generations, it 1s trequentlv possible to determine something about
the nature of the genetic mechanism.

In the earlier work, particularly, it was possible to make only rather
vague distinctions between the strains. Thus “tame” laboratory rats were
compared to “wild” rats, and many of the mouse strains compared were
simply stocks from difterent pet shops, difterent laboratories, or even
different trapping sites. Gradually, however, the maintenance and breed-
ing of laboratory animals became more systematic. In the case of mice,
for example, a vigorous program of selection, largely for tumor char-
acteristics, provided a number of discrete identifiable strains. In many
cases, furthermore, the selected strains were subjected to intense in-
breeding, which has the ettect of greatly reducing genetic vanability
within the strains. The obtained (relative) genetic uniformity enor-
mously facilitates genetic interpretation of results. The gradual adop-
tion of these inbred strains has been one of the principal advances of
methodology in strain-comparison studies.

FAARLIER RODENT RESEARCH: RODENT ‘TEMPERAMENT.”  One of
the earliest studies on strain differences was that of Yerkes (1913), who
compared tame and wild rats for savageness, wildness, and timidity.
These characteristics were inferred from the observable behaviors of bit-
ing, gnashing of teeth, squeaking, jumping, hiding, excited running,
urination, detecation, cowering, and trembling, exhibited when the ani-
mals were taken from the cage. Rating scales from o to 5 were es-
tablished to describe the degree of the trait exhibited by each rat, and
Yerkes claimed high reliability for the observations. The observations
were made on wild and tame rats, on the F; obtained from mating tame
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female with wild male rats, and F. descendants. The wild rats received
ratings of 3, 4, or 5, indicating high expressions of all three charactens-
tics. ‘The tame rats received ratings of o or 1. Most of the IF; animals ob-
tained high ratings, but there was a moderate spread, with some F, ani-
mals being found in almost cvery categorv. In the F., the average
rating was lower and the vanability was greater than in the F,. In this
studv, Mendelian-like categorics, such as timid vs. non-timid, or savage
vs. non-savage, were not used. The use of rating scales acknowledged the
quantitative variation of the traits being investigated, but with the work
of Fisher and Wright still some years 1in the tuture, Yerkes had to con-
tent himself with the assertion, ““T’he results . . . prove conclusively
that savageness, wildness, and timidity are hernitable behavior-complexes.
It 1s hoped that the further study of these charactenstics in the third
generation hybrids, and in special matings from the first and second
generation hybrids, may yield more definite results concerning the
modes of transmission” (1913, p. 296).

A closely related study on mice, undertaken by Coburn (1922) at
the suggestion of Yerkes, was completed in 1914, although 1t was not
published for a number of vears. Utilizing behavioral indices very much
like those used by Yerkes with rats, Coburn examined wildness and
savageness of wild mice, tame mice, and the subsequent I'; and F- gen-
erations. For both wildness and savageness, the F. generation had a
greater variability than the F;. The tame mice all scored o on a Yerkes-
tvpe scale, and the wild mice all scored 4 or 5. The restriction of each
character to 5 grades, which imposes a perhaps artificial upper and lower
limit, makes comparison of the parental and F, variabilities dithcult, but
the greater vanability ot the F. generation was taken by Coburn to sup-
port a multiple-tactor interpretation of the inheritance ot both wildness
and savageness.

Yerkes, mm obtaining his F;, had mated tame females with wild
males, and the possibility existed that the outcome would have been
different had wild females been mated with tame males. In the first
place, the behavior of the tame mother might have provided quite dit-
ferent environmental stimulation to the young during their development
than would a wild mother. In the second place, the relevant genes
might be located on the X chromosomes, in which case the male oft-
spring would receive all the determining genes from their mother. Obvi-
ously, in this case, the “reciprocal crosses”™ would be expected to differ.
Coburn tested these possibilities in his mice by obtaining F,’s from both
crosses: wild males with tame females and tame males with wild females.
No difterences were found in the behavior ot the oftspring of these
reciprocal crosscs. The tactors determining wildness, savagencss, and
tameness thus are evidently not located on the sex chromosomes, and
the behavior of the mothers of difterent strains (or the quality of their
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milk, etc.) does not provide environmental stimulation which difteren-
tially affects the phenotype.

THE WisTArR rRaTS. Over a period of years, the Wistar Insti-
tute had developed an inbred strain of rats with brains of somewhat less
than normal weight, and J. H. Donaldson of the Institute had suggested
to J. B. Watson, of Johns Hopkins University, that the strain might be
deficient in abilitv to acquire habits. Watson encouraged Basset to in-
vestigate the matter. Two learning problems were used. The first was
the Watson circular maze, and the second was a problem box 1n which a
treadle had to be pressed to give access to food. These problems were
presented to animals of the low brain weight group, and also to a control
group of “normal” brain weight, and 1t was concluded that the rats wath
less than normal brain weight were slightly inferior to the normal con-
trols (Basset, 1914).

While Basset’s work was in progress, the Wistar Institute also sug-
gested a cooperative research program to R. M. Yerkes of Harvard.
Yerkes undertook some preliminary studies, and then turned the prob-
lem over to a colleague, Mrs. Yerkes. In a footnote to the paper, R. M.
Yerkes describes his interest in the research (and incidentally antic-
pated the later findings of Searle in regard to the Tryon strains).

In suggesting to Mrs. Yerkes a comparative study of stock and inbred
rats, I expressed especial interest in the attempt to analvze “the tem-
perament” of the animals, for certain previous observations in com-
parison with those rcported by Basset had convinced me that crude
measurements of modifiability, if directly compared, might lead to
seriously misleading conclusions because of differences in timidity,
savageness, aggressiveness, sensibility, ctc., in the two groups of organ-
isms under observation [A. W. Ycrkes, 1916, p. 267].

The Watson circular maze was again emploved, along with the
Yerkes brightness discrimination box. On the basis of the small num-
ber of animals available, it was concluded that the Wistar animals were
somewhat inferior to normal control animals. The tormer were gen-
erally slower than the latter, and this was believed to be due to timidity.

Utsurikawa (1917) at Harvard, presumably under the influence of
Yerkes, compared the Wistar rats with a control group, some of which
were obtained from a Miss Lathrop, and some of which were from a
second Wistar stock. A number of differences were described, with the
Wistar animals being less active than the control animals, more prone to
bite, more responsive to auditorv stimulation, and more “timid,” 1n
that they retreated to the back of the cage as the expenmenter ap-
proached. These results, in general, conirmed the work of A. W,
Yerkes, who had used a control group of similar constitution with which
to compare her Wistar rats.
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In 1929 Crozier and Pincus presented the frst of a series ot studies
on the mmheritance of geotropic orientation in rats. It was found that
threc strains of rats differed in the angle of ornentation adopted 1n
climbing an inclined plane. It was shown, furthermore, that the rela-
tionship of orientation angle to steepness ot the inchne diftered among
the strains. In various F; and backcross-generation tests, 1t was con-
cluded that vanability of response, as well as magmitude of response,
was inhented (Crozier and Pincus, 1932).

LearNING BY MICE.  Meanwhile, Bagg had made a study of
strain differences in learning bv mice. The influence of Cattell 1s ac-
knowledged by Bagg: “In the work here described an attempt has been
made to apply the methods of genetics to the study ot conduct. Such
work was begun bv Professor J. McKeen Cattell some fifteen years ago,
but the results obtained bv him and his students were not published
and the problem was given to me” (1916, p. 222). The 1nitial report
of this study was made in 1916, and a later report, on an increased num-
ber of subjects, was presented in 1920. Albino and colored mice (mainly
vellow) were presented with two learning situations, a two-choice
position discrimination problem and a multiple-choice problem. A con-
siderable strain difference was found, with the vellow mice being
poorer learners. In analyzing the records of mice within the same
families, Bagg was unable to find any particular resemblance. However,
it was noted that the quick learners exhibited a high degree of fiexibility
of behavior, as reflected in their quick masterv of the discrimination
problem when the situation was reversed, and the formerly incorrect
response was made correct. This relativelv greater flexibihity was later
found in “bright” rats, as noted above (p. 215).

[t should also be noted that Bagg, in a limited wav, had applied
some artificial selective breeding in his research. Two exceptionally
poor learners of the yellow strain were mated, and their oftspring proved
to be greatly inferior to the white mice.

Another studv on mouse learning was soon presented by Vican
(1921). The maze was an adaptation of the Cattell-designed maze used
by Bagg, and two different strains of mice were emploved—the Japanese
Waltzer and the Bagg albino. Both of these strains had been inbred
for nine or more vears, and consequently could be expected to be rela-
tivelv uniform genetically.

Several measures of performance were used—the number of error-
less trials, the number of consecutive errorless trals, and the running
time. With respect to the first two measures the strains were quite
similar, but the Japanese waltzers showed much longer running times
than the Bagg albinos.
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Turning to the I, hybnds, a surprising result is found: 10 percent of
the mice in this generation made more perfect trials than any parent
in either parent race; some individuals excel all those 1in the parent
races in the number of consecutive pertect trals; and the time aver-
ages, instead of being intermediate between those of the parent races,
are considerably lower, lower even than the averages for the albinos
[Vicari, 1921, p. 132].

Thus, hybrid vigor was identified in a behavioral characteristic.

A subsequent report (Vicari, 1929) gave the results for four highly
inbred mouse strains, their Fy’s and F.'s. In addition to the Japanese
waltzing mice and the Bagg albino strain, this study included a dark
brown strain and a brown strain with abnormal eyes (the eye abnor-
mality being due to a mutation experimentally induced by X-rays and
involving detects ranging from reduction in size to absence of one or
both eyes).

In examining the learning curves ftor reaction time, Vicari found it
possible to identity three types of curves: Tvpe I, a flat curve, e.g., the
dark brown animals’ curve in Figure 25; Type II, a gradually descending
curve, e.g., the Bagg albino curve mn Figure 25; and Type III, a descend-
ing-ascending curve which was displayed only by the Japanese waltzers.
When waltzers were mated with Bagg albinos, the Type II curve
characteristic of the albinos was found ftor the F; and F.. The F, ani-
mals were faster than either parent, and the F. animals were inter-

100

L 60
<
O
QO
0 40
;DARK BROWN
° ___..--:.__ .'Jf"“"-....--—"-'"“\'\'___..
- KF1“"'"'-'"" - TSNSl
O
2 4 6 8 10 12 14
TRIALS

Ficure 25. Difterent types of learning curve for running time for two
mouse strains and their Fy. (After Vicari, 1929).
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mediate to the parents. When albinos were mated with dark brown, the
dark browns’ Tvpe I curve appeared in Fy. This outcome is shown 1n
Figure 25. The average F» curve also resembled a Type I, but was 1r-
regular. Closer inspection led to the conclusion that thirty-iive F» ani-
mals showed Tvpe I and cleven showed Tvpe II—very nearly a 3 11
Mendelian ratio!

Finally, crossing abnormal-eved mice, characterized by a Type I
curve but with generally high reaction time, with a dark brown, also
with a Tvpe I curve but much lower reaction time, gave an F; which
was faster than either parent during the last half of the testing period
—once again Vicari had found hybrid vigor. The F2 resembled the
dark brown parental stramn.

In all three crosses the F, curve fell closest to the curve of the
fastest parent, suggesting dominance of fast reaction time over slow
reaction time. The hvbrid vigor in the waltzer albino F;, followed by 1n-
termediacy of the F», and the greater variance of F. relative to Iy,
suggested that these two strains differed in respect to muitiple factors.
For the albino X dark brown cross, where a 35: 11 F. ratio was
found, Vicari proposed that the parent strains differed with respect to
onlv one gene.

Generally speaking, the examination of individual family pedigrees
gave results in accord with these interpretations.

THE Dawson stupy.  In 1932 Dawson reported another mouse
study, dealing with what was termed wildness and tameness. T'wo
parental strains were obtained: one, the wild strain, consisted of
laboratory-reared descendants of wild trapped mice which were easily
excited, resisted handling, and were prone to bite. The other, tame stock
consisted of relativelv placid, easily handled mice obtained from various
sources. From these strains, reciprocal F,, F., and backcross genera-
tions were obtained.

The behavior measured was the time required for a mouse to tra-
verse an enclosed runwayv approximately twenty-five feet long. Wild
animals ran the runway much more quickly than did the tame animals.
No difference was found between reciprocal F,’s, and the F; mean
speed was nearly equal to that of the wild parents. The F» mean speed
was slightly less than that of the Fy, but closer to the wild mean than to
the tame mean, and F, variability was greater than F,; vaniability. The
backcross of F; to wild produced animals which ran as rapidly as the
wild parents, and the backcross to tame gave animals which ran almost
as slowly as the tame parents.

Dawson concluded from these results that the genes for “wildness”
(as defined) were almost completelv dominant, and that no maternal
effect existed. Examination of the results for the sexes separately gave
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no evidence of sex linkage. Two to three gene pairs were estimated to
account for the difference between tame and wild.

Dawson also applied selective breeding within strains for four gen-
erations. The fastest of the wild were mated, and the slowest of the
tame were mated. This selection had no eftect on the wild line, but pro-
duced progressively slower animals in the tame line. This result amply
demonstrates that considerable genetic vanability existed in the ornginal
tame stock, a fact which renders interpretation of the results somewhat
ambiguous.

RECENT MOUSE RESEARCH. Thus far, we have seen the pro-
cedure of strain comparison utilized in studies on learning and various
attributes of “wildness™ of rats and mice. In subsequent years there was
a marked increase in the tvpes of behavior pattern investigated and
also some improvement in the breadth of coverage of other species. The
large number of researches which have been performed makes it impos-
sible to do more than briefly list some representative examples.

AGGRESSIVENESS.  Scott (1942) found a strain of mice desig-
nated C3H to be more likely to initiate aggression than were Cs7BL
mice. Ginsburg and Allee (1942), however, showed that males of the
Cs7BL strain were superior to C3H in ability to win fights. The role of
environment was also considered 1n this study, and 1t was found possible
to make a given mouse either more or less aggressive by subjecting it to a
systematic series of victories or defeats. Fredericson (1952) then
showed that foster rearing of C57BL. and BALB/c animals did not at-
fect their aggressive behavior. Fcological implications of strain difter-
ences in aggressiveness were pointed out by Calhoun (1956), who
placed small samples of mice in rooms containing food and a water
supply and numerous nesting boxes. Cs7BL. mice were placed in one
room and DBA/2 mice in another. The DBA/2 mice were much less
successful than the C57BL in reproducing themselves under these con-
ditions. At least part of the difference was attributed to the fact that
DBA/2 animals fought more often and more intensely than the Cs7BL
animals. Occasionally, an aggressive DBA/2 was even tound to attack a
female, something which was never observed in the Cs57BL colony. Gen-
crally, the Cs7BL’s appeared more adaptable to the environment, mak-
ing quicker use of new food and nesting matenal, and, in respect to
fighting behavior, the Cs57BL pattern tended to become one of threats
and retreats, or relatively mild pushing about. Among the DBA/2’s, on
the other hand, the dominant male vigorously attacked subordinate
males at every opportunity.

The mouse has also been featured in studies on exploratory or loco-
motor activitv. Fredericson (1953) showed that, in an enclosed area,
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Cs7BL mice were more prone than C3H or C Bagg albino mice to
lcave the arca adjacent to the wall and to go to the center of the
field. Thompson (1953) tested a number of inbred strains on several
behavior traits, including the amount of locomotor activity displayed in
an apparatus which contained numerous barriers. C57BL and Cs57BR
sublines were very active, while BALB/c mice and mice of an A strain
were very inactive. Other strains were more or less intermediate. The
same general ranking of strain activity was later found (Thompson,
1956) 1n a Y maze, and in several other types of apparatus (McClearn,
1959 ), showing that the behavioral differences were not an 1diosyncratic
result due to the pecularities of any one apparatus situation.

LearNING.  Relatively few of the more recent studies have been
concerned with learning in mice. King and Mavromatis (1956) found
Cs7BL mice to condition more rapidly than BALB/c mice in a shock-
avoldance situation, but the BALB/c mice relearned more rapidly.
Other studies (McClearn, unpublished data) have shown Cg7BL to be
about equal to BALB/c mice in maze and discrimination learning,
and both of these strains are superior to C3H animals. Denenberg
(1959) has reported a difterence between the conditioning rates of
two Cs7 sublines which had been separated for approximately thirty
generations. The genetic changes which have occurred during this inter-
val are probably quite small relative to the total genotype, and the re-
sults appear to indicate, theretore, that changes in a relatively small
number of genetic factors may appreciably influence learning ability.

ALCOHOL PREFERENCE.  Strain differences have also been shown
in alcohol preference when animals were given a choice between plain
water and a 10 per cent alcohol solution (McClearn and Rodgers, 1959).
Cs7BL mice gradually come to drink most of their daily consumption
from the alcohol bottle, while animals from the A, DBA, and BALB/c
strains almost completely abstain. F;'s between Cs7BL and the non-
preferring strains show a mean preference higher than that of the non-
preferring parent strain, but considerably lower than that of the Cs7BL
strain (McClearn and Rodgers, 1961).

AUDIOGENIC SEIZURES. Another area in which mouse studies
have made important contributions is that of the genetics of audiogenic
seizures. Hall (1947) reported that DBA mice were much more prone
to convulsive seizures than were C57BL mice, when presented with a
loud auditory stimulus. In analyzing the responses of F;, Fs, and back-
cross animals, derived from these parent strains, Witt and Hall (1949)
concluded that susceptibility to seizure was determined by a single
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autosomal dominant gene. Ginsburg, Miller, and Zamis (1950)
mated a different Cg57BL subline to DBA and tound that the seizure
incidence of the F; was intermediate. In the F., seizure incidence was
about three-tourths of that in F,. These authors took these data to indi-
cate the presence of two or more non-dominant alleles. It was further
found that different sublines of DBA had different degrees of susceptibil-
ity, and that the F,’s and F.’s derived from crossing these sublines
with Cs7BL mice also differed. Ginsburg (1954) has emphasized, on
the basis ot difterential response to various metabolites, that different
genotypes underlie the seizure proneness of several susceptible strains
which he has investigated. Fuller, Easler, and Smith (1950) also re-
jected the single-gene explanation in favor of a multiple-factor hypothe-
S1S.

RECENT RAT RESEARCH: HOARDING, ACTIVITY, AND EMOTIONALITY.
In an investigation of rats, Stamm (1954) demonstrated large difter-
ences among three strains in food-hoarding behavior. The F; be-
tween a high-hoarding and low-hoarding strain hoarded as much as the
high-hoarding parent strain, and a backcross ot I; to the low-hoarding
strain was intermediate between these two groups (Stamm, 1956).
Broadhurst (1958b) studied five rat strains, including the three used
by Stamm, 1n respect to locomotor activity and emotionality, as defined
by detecation. Clear strain differences were tound in both types of be-
havior, which were not, however, significantly correlated with each
other. In comparing the strain characteristics with Stamm’s results, a cor-
relation between hoarding tendency and detecation was found.
Carr and Williams (1957) have also reported differences in loco-
motor (exploratory) behavior in an investigation of three rat strains.

DOMESTICATION, HORMONES, AND BEHAVIOR. A number of
studies have compared the inbred Wistar albino rats with wild rats, in
attempts to identify endocrine changes associated with the process of
domestication. Hatar (1914) showed that wild Norway rats had heavier
adrenals and gonads, but smaller hypophyses than the Wistar. No strain
differences, however, were found in thyroid weight. King and Donald-
son (1929) compared a group of gray rats, which had been in captivity
for ten generations, with both wild animals and with the Wistar
strain. Behaviorally, the gray line had become somewhat less savage, but
were still less tame than the Wistars. Relative to the wild rats, the
hypophyses, adrenals, and gonads of the gray rats were heavier, lighter,
and equal, respectively. Relative to the Wistar strain animals, these
glands were lighter, heavier, and heavier, respectively. In general, the re-
sults suggested a change in endocrine pattern of the gray rats toward
that of the Wistars. Farris and Yeakel (1945) utilized the criteria of
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tendency to defecate and/or urinate in an illuminated field 1in an effort
to objectifyv the behavioral differences between wild and Wistar rats, and
found the latter group to display much less emotional elimination.

Richter (1952) compared a line descendant from the original Wis-
tar strain with rats trapped in the wild, and reported smaller adrenals,
larger hvpophvses, and more quickly developing gonads in the domesti-
cated animals. Richter regards the changes as due to natural and artificial
selection in the laboratory setting, where there 1s protection against
predators, and an advantage given to the more fertile, milder, and
“better-adjusted” rats. The argument is extrapolated to man, and evi-
dence of similar changes during human “domestication” is presented
(Richter, 1952, p. 283).

The general impression from the above studies 1s that laboratory
selection, acting upon polygenic systems, has gradually altered the
endocrinic basis of behavior described as indicating tameness. Keeler
and King (1942), however, have summarized “character sketches” ot
various mutant stocks, and concluded that tameness mav be accom-
plished by a mutant coat-color gene. Reservations concerning this
interpretation have been expressed by Scott and Fredericson (1951).

AuUDIOGENIC SEIZURES. Rats have also been employed in the
studv of susceptibility to audiogenic seizure. Strain difterences have
been found (Farrs and Yeakel, 1943; Maier, 1943), and various experi-
ments were oriented toward the problem of determining the number of
genes involved. As was true in the case of the mouse research on this
topic, the interpretation changed from a simple dominant hypothesis
(Maier and Glaser, 1940) to a multiple-factor hypothesis (Maier, 1943;
Finger, 1943). Hall (1951), in reviewing these researches, has taken
the view that ambiguity in this case was due to the lack of genetic
homogeneity within the strains employed.

MvyEers stupy. We may close the consideration of studies com-
paring strains of rats with the remarkable investigation of Myers (1959).
In this experiment, which dealt with shock-avoidance learning, there
were five vanables: type of stimulus (CS) (buzzer vs. tone); type of
response (pressing a bar vs. rotating a wheel); time of testing (day vs.
night); shock condition (floor and three walls shocked vs. floor and all
four walls including manipulandum [bar or wheel] shocked); strain of
amimal (Sprague-Dawley vs. Wistar). When the data were analyzed 1n
terms of the relative increase in responses, above operant level, during
the period between CS and shock, a bewildering array of interactions
emerged. When the manipulandum was not shocked, Sprague-Dawley
rats were superior to Wistar rats when a tone CS was employed, but
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were inferior when a buzzer was used. Furthermore, under this condi-
tion, both strains performed better during the day testing when tone CS
was used, but more poorly when buzzer CS was used. However, when
the manipulandum was shocked, differences between day and night test-
ing were greatly reduced. The Wistars’ performance to tone CS was
better than the Sprague-Dawleys’, but for buzzer CS conditions, strain
differences were very small. Myers presented an ingenious explanation,
based on an assumed strain difterence 1n emotional startle responses to
the manipulandum, with the level of such responses increasing at night
in both strains. Whether or not this explanation proves ultimately to be
correct, the empirical data have provided an admirable demonstration

of the subtle ways in which genotypic differences may interact with en-
vironmental variables.

RESEARCH ON OTHER SPECIES. Sex drive was found to differ
among males of different guinea-pig strains (Valenstein et al., 1954),
and it was demonstrated that the administration of sex hormones to
previously castrated animals did not eliminate the strain differences
(Riss et al., 1955). Furthermore, the eftectiveness of various conditions
of social experience upon subsequent sexual behavior was found to vary
from strain to strain ( Valenstemn et al., 1955).

In rabbits, strain differences have been reported in nest-building
behavior (Sawin and Crary, 1953), and in aggression ( Denenberg et al.,
1958).

In mice of the genus Peromyscus, the study of various species
and subspecies has revealed difterences in climbing and jumping ability
(Horner, 1954), in maternal behavior (King, 1958), in activity on an
elevated maze (King and Shea, 1959), and 1n habitat selection
(Harritt, 1952). In some instances the various subspecies or races are
interfertile, and F, animals can be obtained for study. For example,
Harritt (1952) mated Peromyscus maniculatus bairdi, which selected an
artificial grass environment rather than an artificial tree-trunk environ-
ment, with Peromyscus maniculatus gracilis, which preterred the tree-
trunk habitat. The F; results suggested dominance of the genetic factors
determining grass preference, for the F, showed a strong preference for
this type of habitat.

The well-established dog breeds have also provided valuable re-
search material. James (1941) studied the behavior of dogs of a number
of breeds in classical Pavlovian conditioning situations. Many animals
were found to fall in one of two extreme behavior types: excitable or
lethargic. Many others were intermediate. Some breeds were almost ex-
clusively of one behavior type. For example, Basset hounds were all
lethargic and German shepherds were all excitable. Five Basset hound-

f



228 1 - BiorocicarL FOUNDATIONS OF BEHAVIOR

shepherd F,’s were also studied, and were found to be intermediate.
In seven I, animals the entire range from one extreme type to the
other was displaved.

In other dog studies, breed difterences have been shown in the
development of dominance hierarchies (Pawlowski and Scott, 1956),
response to different modes of rearing (Freedman, 1958), spontaneous
activity (Anderson, 1939), “emotional behavior” (Mahut, 1958), train-
ability (Fuller, 1955), specihc behavior characteristics such as trail-
barking propensity (Whitney, 1932), and aggression (l'uller, 1953).

Whereas research on mammals has been predominant, some in-
vestigations have been made of other taxonomic groups. Hinde (1956),
for example, investigated various threat, submission, and courtship be-
havior patterns in canaries, goldhinches, and green finches, and in Fy's
derived from these species. In those instances where both parents pos-
sessed the behavior pattern, it was found to be unchanged in the F;.
When only one parent showed the behavior, or when it was shown
in different degrees in the two parents, expression was intermediate 1n
the F;.

Differences in behavior among several Drosophila species have been
intensively investigated from the point of view of the reproductive
1solation ot one species from another (see Spieth, 1958; Santibafiez and
Waddington, 1958; Manning, 1958). Another example of insect re-
search is provided by Rothenbuhler (1958), who tfound one inbred line
of honey bees which quickly removed diseased brood from the comb,
and another line which did not. The F; resembled the last-named
line, indicating that the “hygienic” behavior pattern is recessive.

The above must be regarded as only a sample of the literature
available, but will perhaps serve to illustrate that clear evidence of
genetic influence has been obtained 1n a wide variety of behavior pat-
terns and at various phylogenetic levels.

THE SEARCH FOR SINGLE GENE EFFECTS. In view of the history
of genetics it 1s understandable that in many of the pioneer be-
havioral studies rather persistent attempts were made to interpret the
results 1n accord with simple Mendelhian hvpotheses. It is, of course,
legitimate, and, indeed, obligatory, to examine any results to determine
if they are susceptible to a single-locus interpretation. In the earlier dis-
cussion of genetic principles, however, 1t was pointed out that the de-
pendence of most behavior patterns upon many integrated organ sys-
tems makes a polygenic hypothesis a priort more likely. In fact, we have
seen that many of the simple interpretations had to give way later to
polygenic ones. On the other hand, the success of the human researches
in establishing the simple genetic basis of some mental-deficiency syn-
dromes provides a reminder that single genes, strategically located in the
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causal paths leading to a phenotype, may produce large eftects. Similar
reminders are available in the mouse literature, particularly in the studies
on neurological and labyrinthine disorders.

WALTZING AND OTHER ‘NEUROLOGICAL MUTANTS.”  As a matter
of fact, some of the very earliest behavioral genetics studies dealt with
one of these conditions, which is known as “waltzing.” Waltzing 1s a
periodic, extremelv rapid whirling movement, and was characteristic of
a strain ot mice called “Japanese waltzing” or “Japanese dancing” mice.
The syndrome also includes head-shaking and deatness.

Von Guaita reported (1898, 19o0) that mating waltzers with nor-
mal albino mice vielded oftspring which did not show the waltzing
characteristic. Darbishire (19o04) also mated waltzers with normal
albinos in a studv aimed at determining it coat color and waltzing were
inherited in a Mendelian manner. Two hundred and three F; oftspring
were obtained, none of which waltzed. When the F; animals were mated
to other I, animals, the resulting I, consisted ot 458 non-waltzers and
97 waltzers. Darbishire concluded that, while waltzing was recessive in
good Mendelian fashion in the I, the F. results were too discrepant from
the expected 3 : 1 ratio to support the notion ot Mendehan segregation.
In general, from the waltzing and coat-color data, Darbishire upheld the
biometrical insistence on a form of blending inheritance, and denied the
“purity of gametes.”

In 1907 R. M. Yerkes published a book devoted to a description of
the behavior and capabilities of the Japanese waltzing mouse. With re-
spect to waltzing behavior, Yerkes noted that one line of waltzers tended
to whirl to the left while another line consisted of lett-whirlers, right-
whirlers, and mixed-direction whirlers. He suggested that the “pure”
waltzer inherited a tendency to whirl to the left, and that this tendency
was obscured in the one line because its ancestry included some non-
waltzing mice. No attempt was made to relate this suggestion to
Mendelian genetics, although Darbishire’s results and Bateson's
Mendelian interpretation of them had been considered earlier 1n the
book.

Later research (summarized in Griineberg, 1952) has made it clear
that waltzing 1s a Mendelian recessive condition, and that the discrepan-
cies 1n F, ratio, such as were noted by Darbishire, are due to reduced
viability of the homozvgous animals, which results in the death ot some
of this group before they can be classified.

A number of other mutants have been found which give rise to
waltzer-like symptoms (e.g., jerker, fidget, shaker), thus illustrating that
similar phenotypes can result from the action of difterent genes.

Other “neurological” conditions, involving, variously, muscular
tremor, incoordination, abnormal posture, head-shaking, and deafness
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or auditory hvpersensitivity have also been described as single-gene
cffects.

DrosopHILA MATING.  Insect research has provided more exam-
ples of single-gene effects. Several studies (e.g., Reed and Reed, 1950;
Merrell, 1953) have shown that some conditions determined by a single
gene lower mating activity in Drosophila. Bastock’s (1956) research
provides an illustration of this tvpe of experiment. It had long been
known that mutant vellow males were less successful in mating than
were normal males. Bastock’s aim was to determine if this fact was due
to a behavioral difference which resulted from the presence of the vellow
gene, which is a sex-linked recessive. Thus 1t was important to obtamn
normal and vellow males which were highly stmilar in other genctic re-
spects. To accomplish this, heterozygous females were mated to yellow
brothers. The male offspring of this cross were vellow and normal 1n
equal numbers, and other genetic differences could be expected to be
randomly distributed between the two color groups.

The normal courtship pattern of the male Drosophila includes a
bout of wing vibration, which evidently provides important stimuli
which are detected bv the female antennae. It was found that the dura-
tion of the wing vibration bouts by vellow males is shorter than normal,
and this behavioral difference reduces the effectiveness of the court-
ship of the yellows.

The Lamarckian Issue

In general, the researches on behavioral genetics have not been
particularly involved in the development of concepts within the feld of
genetics itself. The over-all picture is rather one of the application of
already demonstrated principles and techniques to the particular sub-
ject matter of behavior. \With respect to the question of the 1n-
heritance of acquired characteristics, however, the behavioral studies
formed an important part of the evidence, and were centrally involved 1n
the controversy which took place. We have seen that the Mendelian
theory posited a “purity of the gametes” which was incompatible with
the idea that acquired traits could be transmitted. Nonetheless, “La-
marckism” persisted obstinatelv and was repeatedly put forward in spite
of much contradictorv evidence. The first negative study in behavior
was provided by Yerkes (1907) in his work, The Dancing Mouse. One
male and one female from each of two lines was taught a black-white
discrimination, and they were then mated. From their litters, one male
and one female were chosen for training, and were then mated, and so
on for a total of four generations. There was no indication that the oft-
spring benefited in learning ability bv having parents, grandparents,
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and even great-grandparents who had learned the problem. “There is
absolutely no evidence of the inheritance of this particular individually
acquired form of behavior in the dancer” (p. 283).

Grnfhth (1922) reported an experiment in which white rats were
rotated day and night in revolving cages for several months. When
the animals were released from the cages, they showed marked changes
1n posture and a characteristic circling movement. When these aftected
animals were mated with normal rats, some offspring were found who
displayed disequilibration. Detlefson (1923, 1925) soon reported similar
results. A number of defects of these studies were pointed out by
later workers, the most compelling of which was the possibility that the
animals had contracted a middle ear disease, aftecting the labyrinthine
mechanism. The accumulation of animal waste during the uninter-
rupted rotation of the cages would be favorable to the spread of a
disease organism. In the matings the imtection could be transmitted by
parents to offspring, and a superficial appearance of “inheritance” would
be given.

In the face of these and other objections (see Munn, 1950, p. 40),
the Grithth and Detlefson studies came to be regarded generally as in-
conclusive.

PavLov's ANNOUNCEMENT. A new round 1n the controversy
was dramatically begun by Pavlov, who stated in 1923 during a lecture
tour in the United States:

The latest experiments (which are not yet finished) show that the con-
ditioned reflexes, i.e., the highest nervous activity, are inhernited. At
present some experiments on white mice have been completed. Con-
ditioned reflexes to electric bells are formed, so that the animals are
trained to run to their feeding place on the ringing of the bell. The
following results have been obtained.

The first generation of white mice required 300 lessons. Three hun-
dred times was it necessarv to combine the feeding of the mice with
the ringing of the bell in order to accustom them to run to the feeding
place on hearing the bell ring. The second generation required, for the
same result, only 100 lessons. The third generation learned to do 1t
after 30 lessons. The fourth generation required only 10 lessons. The
last generation which I saw before leaving Petrograd learned the lesson
after 5 repetitions. The sixth generation will be tested after my return.
[ think it very probable that after some time a new generation of mice
will run to the feeding place on hearing the bell with no previous les-

son [1923, pp. 360-1].

Thus could conditioned reflexes, through a Lamarckian mecha-
nism, be converted into unconditioned reflexes!
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CONTRADICTORY EVIDENCE. Just a few months later, two re-
ports contradictory to Pavlov’s results were announced. Vicarl (1924),
using mice, and NacDowell (1924), using rats, found no evidence that
offspring of maze-trained ancestors lcarned the maze with any more
facility than did their ancestors. Another negative report came from
Sadovnikova-Koltzova, who examined her data on rats’ maze pertorm-
ance and concluded that “. . . we sce that the teaching of parents did
not increcasc the abilities of the offspring” (1926, p. 310).

McDougall felt that Darwiman natural selection was not sufhcient
to account for the evolutionary process, and that the Lamarckian prin-
ciple had to be invoked. Pavlov’s results were a bit too good to be true,
so McDougall had attempted to replicate them, with no success. He
had therefore written Pavlov concerning the matter, and Pavlov had re-
plied, “. . . bnefly stating that he no longer held his deductions from
his experiments to be valid” (McDougall, 1927, p. 271). Anrep, who
translated Paviov’s works into English, also told McDougall that Pavlov
had authorized him to make a retraction in the forthcoming Condi-
tioned Reflexes. This was dulv made 1n a footnote as tollows:

Experiments . . . upon hereditary facilitation of the development of
some conditioned reflexes in mice have been tound to be very com-
plicated, uncertain and moreover extremely difhicult to control. They
are at present being subjected to further investigation under more
stringent conditions. At present the question of hereditary transmus-
sion of conditioned reflexes and of the hereditary facilitation of their
acquirement must be left entirelv open [Pavlov, 1927, p. 285].

Razran (1958) informs us that there i1s no evidence that Pavlov
carried out his announced intention to repeat the experiment, and the
whole topic 1s conspicuously absent from Pavlov’s later publications.

McDoucaLL’s ResearRcH.  McDougall persevered, however,
and undertook a long-term investigation with Wistar strain rats. The
learning situation employed consisted of three parallel alleys 1n a water
tank. The animals were placed in the center alley, and upon swimming
its length could choose to turn either right or left into one of the side
alleys. Each side alley contained an escape platform and could be il-
luminated or left dim. The dim alley was the correct path. The plat-
form in the illuminated alley was electrified so that the rat would receive
an electric shock if it attempted to escape the water by that route. Each
generation was obtained by supposedly random selection from the
preceding gencration. The principal results were a decrease 1n the num-
ber of errors made in the thirtv-four successive generations, and the
gradual development of “photophobia.” The results were interpreted
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as demonstrating the inherntance of characteristics acquired by the ex-
perience of the ancestors (McDougall, 1927, 1930, 1938; Rhine and
McDougall, 1933).

Crticisms appeared at once (Hazlitt, 1927; Crew, 1930), directed
primarily to procedural matters. One of these cniticisms suggested that
there had been non-deliberate selection of faster learning animals as
parents. Furthermore, McDougall had unfortunately failed to maintain
an untrained control group from the same initial stock as the trained
group, but had relied upon animals newlv imported to his laboratory
for control observations. McDougall challenged some of the criticisms,
and undertook to select tor poorer learning ability. There was still 1m-
provement over a number of generations.

ATTEMPTS TO REPLICATE McDoucaLL’s REsuLts.  The issue was
of such importance that two repetitions of the costly experiment were
attempted. Crew (1930) also began with Wistar strain rats, and used an
apparatus similar to McDougall’s. In this study, however, a control line
was maintained from the outset. Some of the control animals were
tested 1n each generation to provide data for comparison with the trained
line, and other control line animals were retained, untrained, to pro-
vide the next generation. In the trained line, of course, all animals were
trained. Over eighteen generations, Crew (1936) found no convincing
evidence of a decrease 1n errors among the trained line, and they were,
in fact, not different from the untrained controls. In both groups there
were wide fluctuations from generation to generation.

Agar and collaborators (1948) likewise started with Wistar rats,
used an apparatus similar to McDougall’s, and maintained a control
line. In this experiment a progressive improvement did occur over
twenty-eight generations in the trained group, but this was followed by a
worsening in performance from the twenty-eighth to the thirty-sixth gen-
eration. More important, the results were remarkably paralleled by the
control group, in which the parents ot each successive generation had
never been trained.

It 1s not possible to establish definitely exactly what accounts for
McDougall’s results, but the failure of Crew’s and Agar’s attempts to
replicate them casts sertous doubt on the validity of the Lamarckian ex-
planation, and various alternative explanations have been advanced.
The small size of the breeding population, for example, could lead to
inbreeding depression, and all the cited researches agree that less vigor-
ous animals learn more quickly in this particular situation. Small breed-
ing populations are also susceptible to genetic drift, so that over a
period of time a line could change quite considerablv in genetic con-
stitution, even 1n the absence of any selection. The possibility ot gradual
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and systematic change in environmental conditions of rearing and test-
ing during the manyv vears involved in such an experiment is another
important possibility.

Failures to demonstratc unambiguouslv the Lamarckian phe-
nomenon, and the great successes of the genetical theory which pre-
supposes absence of Lamarckian effects, have brought Lamarckism
into general disrepute in modern genetics. ‘The only notable exception 1s
provided by Russian Lysenkoism. One very recent line of research, more-
over, has shown how apparent transmission of acquired characters may
be due to subtle selection for modifying genes (Waddington, 1957).

Summary of Animal Research

The general picture presented by animal behavioral genetics 1s of a
discipline which has established a base of operations by the demonstra-
tion of genetic influence in a wide variety of behaviors and 1n diverse
animal species. Over and above the establishment of the simple fact of
genetic contribution, some progress has been made in determining the
mode of gene action. In some cases 1t has been possible to demon-
strate single-gene effects. In some polvgenic characters, descriptions of
additive effects or of partial average dominance are available. There
have also been advances in describing the causal processes between genes
and behavioral characters.

In terms of application of current genetic theory and procedure,
behavioral genetics lags behind. For example, one of the central con-
cepts of modern genetics is that of heritability, which 1s defined as the
ratio of the variance attributable to additive gene effects to the total
phenotypic variance. This quantity represents the genetic contribution
which is “useful” in the sense that it provides for firm prediction of the
outcome of various matings (e.g., in a selection program). Eftects due
to dominance and epistasis, which are, to be sure, genetic, are dependent
upon the vagaries of combinations of genes, and consequently are less
predictable. As yet, onlv a few studies have attempted to estimate
heritabilities of behavioral traits (Hirsch and Boudreau, 1958; Broad-
hurst, 1959). Further development of behavioral genetics will require
the precise estimation of the heritabilities of a broad range of behavior
patterns.

Again, it is rather remarkable that in animal work, where the tech-
nique could be most appropriately applied, there has been so little work
on correlations among relatives. Only one study in which correlations
were the chief concern (Burlingame and Stone, 1928) has come to
the author’s attention. Other techniques have also remained untned.
For example, a very recent publication by Broadhurst (1959) provides
the first example of the use of diallele crossing in studying behawvioral
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traits. In this procedure F;’s are obtained among a number of inbred
strains, and the results provide estimates of heritability and description
of the relative contributions of additive, dominance, and epistatic eftects.

Another technique only recently introduced to behavioral genetics
is that of chromosome analysis in Drosophila (Hirsch, 1961). In this
technique specific chromosomes may be combined in desired combina-
tions, and the contributions of each chromosome to a particular type of
behavior can be assessed.

[t seems reasonable to judge that the foundation of behavioral
genetics 1s now suthciently stable to permit the future course of research
to be more detailed and refined explorations of the dynamics of genetic
determination of behavior.

BeEnAvioraAL GENETICS AND PsYcHOLOGY

To Tuis poiNT, little has been said ot the relationship which
studies in behavioral genetics have had to psychologyv in general. To a
considerable extent, of course, developments in behavioral genetics
were directed by contemporary trends in psychology. The great concern
with the inheritance of learning ability in animals, for example, reflects
the dominant role which learning theory has played in psvchology. Fur-
thermore, the techniques which could be utilized in the study of the
genetics of behavior have depended upon the refinements and improve-
ments 1 psychological procedures. The Watson circular maze gave way
to the multiple T-maze; assessment of intelligence in humans was made
ever more precise as new mstruments were developed, and so on.

The reciprocal mnfluence, that of behavioral genetics upon develop-
ments within psychology as a whole, has been limited by the predomi-
nantly environmentalistic orientation which has characterized psycho-
logical theory.

From the beginning, there have been vigorous opponents to any
suggestion that the composition of a man’s chromosomes could have any
determining effect upon his intelligence, personality, emotional stability,
or any other “mental or moral” characteristic. There ensued an intense
debate, which has come to be known as the nature-nurture controversy.

In all controversies of this type, apparently, the motivations of the
opposing teams are diverse and various, and this is clearly true of the
nature-nurture debate. For some, religious convictions may have played a
predominant role in shaping opinions. Political attitudes were also un-
doubtedly involved. Are not all men created equal? This was a self-
evident truth to the signers of the Declaration of Independence. Argu-
ments that some men are inherently wiser than others have appeared to
some to be inimical to the democratic ideal, and to imply the rightness
of a rule by the elite. The dominant political philosophy of a large part
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of Western culture during much of the nature-nurture controversy has
imsisted, on the contrary, that education and socioeconomic reform can
improve the lot of individuals and thereby the stature of a culture. Pas-
tore (1949) has presented a detailed defense of the thesis that sociopo-
litical allegiances have played a major role in determining opinion on
this issue. In the late 1930’s and the 1940’s, particularly, the horror at the
results of the Nazis’ perverted application of their pseudogenetics of race
differences led to a strong bias against any suggestion of inheritance of
mental characternistics.

Another factor which presumably acted to reduce interest in psy-
chological genetics was the dampening of the ardor of eugenicists. As
newly discovered genetic principles were brought to bear on the propos-
als of eugenics, it became clear that some of the early hopes for quick
improvement in human welfare through genetic alteration were overly
optimistic. Since eugenic considerations had directly or indirectly moti-
vated much of the human research, it was inevitable that the disenchant-
ment would have an adverse eftect on the vigor with which studies on
behavioral genetics were conducted. (See Scheintfeld, 1958, for a discus-
sion of changing views in eugenics.) Furthermore, as we have seen, there
1s considerable room for differences in interpretation of the evidence,
especially in the case of the human data.

But the most important factor was no doubt the development of
the “behavioristic” point of view which assumed a dominating role in
the developing discipline of psychology, particularly in America. With
J. B. Watson as the prime mover, behaviorism developed as a protest
against all forms of introspective psychology. Mental states, conscious-
ness, mind, will, imagery—all became taboo. Stimulus and response
were the only acceptable explanatory terms.

The instinct doctrine, which had been brought to its culmination
by McDougall (1908), was also attacked by behaviorists as being re-
dundant and circular. Instincts had been thought of as inherited pat-
terns of behavior in contrast to learned behavior, and with the rejection
of instincts, the whole notion of heredity influencing behavior was cast
into discard. The burden of explaining individual differences fell com-
pletely to environmental factors.

So let us hasten to admit—yes, there are hentable differences in form,
in structure . . . These difterences are in the germ plasm and are
handed down from parent to child. . . . But do not let these un-
doubted facts of inheritance lead us astray as they have some of the
biologists. The mere presence of these structures tells us not one thing
about function. . . . Our hereditary structure lies ready to be shaped
in a thousand different ways—the same structure—depending on the
way 1n which the child i1s brought up [Watson, 1930, p. 97].
Objectors will probably say that the behaviorist is flying in the face
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of the known facts of eugenics and experimental evolution—that the
geneticists have proven that many of the behavior characteristics of the
parents are handed down to the oftspring. . . . Our replv 1s that the
geneticists are working under the banner of the old “faculty” psvchol-
ogy. One need not give very much weight to any of their present con-
clusions. We no longer believe 1n faculties nor in any stercotyped pat-
terns of behavior which go under the names of “talent” and inhernted
capacities” [p. 99].

QOur conclusion, then, 1s that we have no real evidence of the in-
heritance of traits. I would feel perfectly confident in the ultimately
favorable outcome of careful upbringing of a healthy, well-formed
baby born of a long line of crooks, murdercrs and thieves, and prosti-
tutes. Who has anv cvidence to the contranv? [p. 103].

Then came the familiar and frequently quoted challenge:

I should hike to go onc step further now and sav, “Give me a dozen
healthy infants, well-formed, and mv own specihed world to bring
them up in and I'll guarantec to take anv onc at random and train
him to become anv tvpe of specialist I might select—doctor, lawyer,
artist, merchant-chief and, ves, even beggar-man and thief, regardless
of his talents, penchants, tendencies, abilities, vocations, and race of
his ancestors.” I am going beyond mv facts and I admit 1t, but so have
the advocates of the contrarv and thev have been doing it for many
thousands of years |[p. 104].

Woodworth (1948) has pointed out that this extreme environ.
mentalism was not a necessary consequence of the behavioristic philo-
sophical position, and suggests that \Watson's stand was taken, in part at
least, “to shake people out of their complacent acceptance of traditional
views” ? (1948, p. 92). For whatever reason Watson sought to exorcise
genetics from psvchology, he succeeded to a remarkable degree, and the
position taken in his Behaviorism soon became the “traditional view”
which was “complacently accepted” bv the majority of psvchologists.

[t is quite apparent from the account given above that this majorty
view was not without opposition. In fact, since Watson’s pronounce-
ment, no single vear has passed without publication of some evidence
showing it to be wrong. Collectively, these researches have demonstrated
the important role of the genotype in many kinds of organism and in
many varieties of behavior pattern. From the accumulated evidence, i1t
is obvious that genetic differences are fundamental to individuality, 1n
behavior as well as in phyvsical characteristics.

It would be rash to predict in any detail the effect which the impli-
cations of this generalization will have upon psychology in the future. It
does appear, however, from a striking increase in the rate of publications

2 From Robert S. Woodworth, Contemporary Schools of Psychology, Revised
Edition: Copynght 1948, The Ronald Press Company.
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in the past decade, that a growth of interest 1s under way. The hope
might be expressed that this growing interest presages a general under-
standing of the fallacv of the nature-nurture dichotomy, and an acknowl-
edgment of the mutual, interacting, and co-operative roles plaved by
the genes and by environmental agencies in shaping psvchological char-

acteristics.
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