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INTRODUCTION 

I t is difficult to specify precisely the steps involved in the complex 
merging of psychology and genetics that has resulted in the field of be
havioral genetics. Perhaps Calvin Hall's chapter on psychogenetics, which 
appeared in Stevens' Handbook of Experimental Psychology in 1951 ( 151 ) ,  
w as the first explicit sign of  the origin of  the field. Certainly the publication 
in 1960 of Behavior Genetics, by Fuller & Thompson (125), indicated a fully 
developed self-awareness of an important new specialty. The appearance of 
Annual Review chapters in 1960 (115) and 1966 (261) made clear that be
havioral genetics was now viewed, even by those not working actively in the 
area, as an interdisciplinary field of general interest and significance. 

Recent years have witnessed a variety of developments that attest to 
the continued vigor of activities in this area. Efforts are currently well along 
in the establishment of a behavioral genetics society which will have a broad 
and interdisciplinary membership. A journal entitled Behavior Genetics has 
also been initiated and will provide a unified outlet for animal and human 
behavioral genetics research. While at the beginning of this decade there 
were no formal graduate programs in behavioral genetics, there are now 
several such programs (University of Colorado, University of I llinois, 
University of Minnesota, University of Texas) and others are being initi
ated. A number of summer training institutes and conferences for graduate 
students and postgraduates have been conducted in recent years, as well as 
a variety of symposia and research conferences, e.g. Center for Advanced 
Study in the Behavioral Sciences (175), Rockefeller University (134), and 
Dorado Beach (3.3 8). Of special interest is the invited address to the annual 
American Psychological Association Convention by the distinguished gene
ticist Theodosius Dobzhansky (84). 

Examination of the literature during the past 5 years reveals a sharp and 
unmistakable increase in the number of relevant publications. It also ap-

1 The preparation of this review was partly supported by the following grants: 
NIMH #11774; 14076; 16899; NSF-USDP #GU-1598, and a grant from the Russell
Sage Foundation. We would like to thank]. M. Horn for valuable criticism and sug
gestions and the statistics on McKusick's volume cited in the section on single-gene 
defects. The review of the literature for this chapter was concluded late in 1969. 
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40 LINDZEY, LOEHLIN, MANOSEVITZ & THIESSEN 

pears that the research represented in  these studies has been broadened 
significantly and now extends from the molecular to the societal. The most 
noticeable shifts in research orientation have involved a reduction in the 
number of simple comparisons of inbred strains of animals, and an increase 
in quantitative genetic analysis at both the animal and human levels, molec
ular and physiological studies, single gene analyses, and a growing interest 
in evolution. 

Several major volumes and monographs appeared during the period 
covered by this review. Most of the research monographs will be referred to 
in the appropriate sections below. However, it may be useful to mention 
some publications of a more general nature at this point. While a few years 
ago teaching materials that could be used for undergraduate and graduate 
instruction in behavioral genetics were limited, there are now a number of 
appropriate volumes available: Parsons (307); Manosevitz, Lindzey & 
Thiessen (279); Hirsch (175); Spuhler (376); Glass ( 134); Vandenberg 
(410). The teacher faced with a classroom of students who have limited 
backgrounds in genetics should find Lerner's recent book (236) a useful 
means of giving students some familiarity with basic genetics. The instruc
tor teaching introductory psychology who wishes to introduce his students 
to behavioral genetics may find the elementary discussion by Hirsch & 
Ksander (181) helpful. 

Space limitations prohibit a comprehensive and detailed review of all the 
relevant literature during the past 5 years. We have attempted to comment 
upon those studies that are most significant, and at the same time we have 
tried to provide reasonable breadth of coverage. Several reviews of the 
literature in this area have been published (e.g. 35, 8 1 ,  91, 106, 137 ,  259, 
260, 287, 412) and the reader may wish to consult them for additional in
formation. 

This chapter is arranged in five major sections:  (a) pathways of gene 
expression; (b) sensory and cognitive abilities and learning; (c) personality, 
temperament, and social behavior; Cd) evolution; and (e) research meth
odology. 

PATHWAYS OF GENE EXPRESSION 

Ultimately many or all gene effects on behavior will be linked to DNA 
structure, action, and processes of development. This section is devoted to 
reviewing three selected areas in behavioral genetics that promise early 
success in identifying such associations. The first part deals with audiogenic 
seizure susceptibility; the second with alcohol preference and aversion; and 
the third, with studies of the influence of external environment upon gene 
effects. 

SEIZURE SUSCEPTIBILITY 

Several species including domestic and Peromyscus mice, guinea pigs, 
rats, rabbits, and man are known to convulse occasionally when exposed to 
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BEHAVIORAL GENETICS 41 

a loud auditory stimulus (351). Without a doubt, the most systematic work 
bearing on the genetics and physiology of audiogenic seizure susceptibility 
has been done with Mus musculus. This section will review these findings. 
Other reviews with different emphases are available (126, 167) .  

Genetic evidence.-The transmission mechanisms for seizure proneness 
have never been clarified since the earlier suggestions that one, two, or 
several genes control audiogenic seizure susceptibility. The highly suscep
tible dilute color DBA and nonsusceptible and nondilute color C57 inbred 
lines have frequently been the object of investigation. The dilute locus (dd) 
in linkage group II has received special attention because of its apparent 
association with seizure susceptibility (188) and its relation to reduced 
phenylalanine hydroxylase activity (58), a predisposing condition for con
vulsions in man. 

I t is apparent that no single genetic model can incorporate all the data. 
Fuller & Sjursen (124) detected seizing in 11 mouse strains tested, including 
DBA/2J, LP/J, 129/J, RF/J, AKR/J, LG/J, SJL/J, CBA/J, SM/J, 
BALB/cJ, and C57BL/6J. The phenotypic patterns of susceptibility 
differ widely. For example, the first six strains mentioned are seizure sus
ceptible beginning about 3 weeks of age, whereas the latter five first convulse 
around 4 weeks of age. It is unlikely that one particular genetic hypothesis 
would be valid for all strains. Moreover, Schlesinger, Elston & Boggan (350) 
point out that the genetic inference will vary for DBA/2J and C57BL/6J 
strains and their segregating groups depending on age and which aspect of 
the seizure is assessed (i.e. wild running, clonic or tonic seizures, or death). 
According to these investigators at least two separate genetic systems 
operate-one determining wild running and one affecting the tonic seizure. 
If a single locus is involved it cannot be the one associated with dilute coat 
color, as neither segregants between dilute and nondilute mice, nor inbred 
mice differing only at this locus, give the expected result (168, 350) . Re
cently another allele, asp, located at a locus in linkage group VIII, has been 
implicated (60). This double recessive apparently accounts for much of the 
variance between DBA/2J and C57BL/6J mice. The genetic situation is 
complicated by the fact that activity differences among animals within a 
strain (DBA/IJ) relate to death rate under auditory stress, and that nearly 
any inbred strain can be induced to seize with prior exposure to auditory 
stimuli during a critical age period. Strains are differentially affected by this 
treatment, again suggesting that the underlying genetics are complex. 

Physiological evidence.-Research in the past 5 years has turned from the 
study of energy cycles, oxidative phosphorylating systems, and endocrine 
factors to the investigation of neurotransmitter substances and the periph
eral processing of sensory data. Schlesinger and his associates have vigor
ously pursued the study of the neurotransmitter substances serotonin 
(S-HT), norepinephrine (NE), and gamma-aminobutyric acid (GABA) 
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42 LINDZEY, LOEHLIN, MANOSEVITZ & THIESSEN 

(35 1) .  Using a variety of genetic and pharmacologic techniques, 5-HT, N E, 
and GABA levels in the brain have been elevated or decreased in an attempt 
to associate seizure susceptibility to these transmitters. In summary, these 
investigators find that decreases in 5-HT and N E, either singly or in com
bination, elevate seizure susceptibility in both genotypes, whereas an 
increase in these substances and GABA decreases seizure susceptibility. 
Moreover, the manipulation of these brain substances also effects metrazol
induced and electroconvulsive-induced seizures in a similar fashion, leading 
to the suggestion that seizure susceptibility is merely another index of brain 
excitation. Similar hypotheses were held in earlier years. 

The second major strategy for investigating seizure proneness has been 
to subject mice to a "priming" auditory stimulus either before audiogenic 
seizures can normally be elicited or when the mice are anesthetized and can
not seize. Apparently any mouse strain subjected to auditory priming will 
seize at a later time when exposed to the same noise, including C57BL/6J, 
BALB/cJ, SJL/J, and various crosses between these strains (170) . DBA/2J 
is apparently at such a high convulsive level that priming does not enhance 
susceptibility. In crosses between DBA/2J and C57BL/6J strains, primed 
Fl offspring deviate in the direction of the C57BL/6J. Priming is ineffective 
before the ears become functional around 14 days of age and is maximally 
effective between the ages of 16 and 19 days (169) .  The priming effect is 
apparently long-term and can be restricted to one ear by temporarily block
ing hearing in the other during the priming interval (123,  169) . The ipsi
lateral effect and the fact that anesthetics that dampen the CNS have no 
inhibiting effect on priming strongly implicate peripheral mechanisms, pos
sibly in the ear itself. The generality of the findings point to a fundamental 
mechanism of control. Peripheral mechanisms may not only regulate the 
onset of seizing but also its inhibition, inasmuch as Ralls (323) demonstrated 
that DBA/2J and BALB/cJ mice lose much of their auditory sensitivity 
with age. 

ALCOHOL PREFERENCE AND AVERSION 

There have been several recent studies of the genetic and physiological 
mechanisms underlying alcohol preference and aversion in mice, rats, and 
man (100, 238, 259, 331,  349). Work has focused on the nature of the genetic 
system and metabolic variations that influence alcohol ingestion. 

Genetic evidence.-Both rats (99, 100) and mice (331, 349) respond to 
selection pressure with increases and decreases in alcohol preference. Selec
tion is effective over a number of generations, and heritabilities are low to 
moderate. Studies of this kind continue to support the notion that alcohol 
ingestion is polygenetically controlled. Fuller (1 18) points out that mouse 
strain differences are partly attributable to the drinking schedule imposed 
and the number of choice solutions available during the test. 

Sex differences are in some cases prominent in mouse and rat strains. 
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BEHAVIORAL GENETICS 43 

Eriksson & Pikkarainen (101) ,  for example, point out that female C57BL, 
but not CBA female mice, drink more than their male counterparts. Strain 
differences in males account for about 69% of the variance, and in females 
about 94% of the total variance. Similar differences have been found for 
rats selected for high and low preference (100). 

Other evidence indicates that Maudsley Reactive (MR) and Nonreactive 
(MNR) rat strains selected for emotional behavior in an open field also differ 
in their preference for a 5% ethanol solution (32) .  The MNR strain dis
played a higher preference score. A 2 X 2 diallel cross gave evidence for an 
additive genetic system with high heritability (about 70%). Interestingly, 
Brewster reanalyzed earlier data collected by McClearn & Rodgers (262) on 
the C57BL/Crgl and A/Crgl mice, and data by Fuller ( 1 16) on C57BL/6J, 
C3HeB/FeJ, A/J, DBA/2J,  and Fl groups, and found high estimates of 
additive variance (82% and 86% respectively) and evidence for incomplete 
dominance. In another study (95) "domestic hooded rats" and "wild pack 
rats" (genus Neotomo) were found to differ in the amount of absolute alcohol 
consumed under forced and choice conditions. 

Perhaps the most interesting recent genetic experiment is that by Fuller 
& Collins (122) .  Using C57BL/6J high-preferring mice and DBA/2J low
preferring mice, nonparametric analyses with Fl, F2, and backcross genera
tions revealed that for both total ethanol consumed and amounts relative to 
water, a two-unit model closely fits the data. This result contrasts with 
those discussed above but may indicate that a major portion of the pheno
typic variance in some strains is due to major gene effects. In view of recent 
biochemical findings (see below) this observation may be highly significant. 

Physiological evidence.-Early evidence suggested that mouse strain 
differences in alcohol preference corresponded to parallel differences in the 
liver enzyme alcohol dehydrogenase (ADH), with the C57 genotypes 
scoring higher on both variables than DBA and other strains (33 1) .  ADH 
activity is the first step in the metabolism of ethanol to acetaldehyde and 
therefore could be of critical importance. Although individual reports vary 
in their conclusion about metabolic differences between the C57 and other 
genotypes (206, 33 1 ,  349, 352) , it is generally agreed that ADH activity and 
voluntary consumption of ethanol are at least partially related and that 
strains do not drink beyond their metabolic capacity (333) . When, however, 
ethanol ingestion is high over long periods and coupled with lowered nutri
tion, striking pathologies appear in some strains (e.g. C3H/HeJ and 
C57BL/IOJ) that correspond to those often found among human alcoholics 
(333) . Obvious intoxication can be produced in C57BL/6J animals by re
stricting their intake to a short period of the day (1 18) . Mice tend to com
pensate for fluid deprivation by lowering their preference for this dipsogenic 
drug (387).  C57BL/Crgl mice, but not RIll mice, return toward their 
original preference when fluid balance is re-established by an ad libitum 
choice schedule or by injection of isotonic saline. 
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44 LINDZEY, LOEHLIN, MANOSEVITZ & THIESSEN 

Conversely, alchohol ingestion is increased severalfold when C57BL/Crgl 
females are nursing young (390) . This elevation is related to increases in 
liver size, metabolic capacity to dispose of blood alcohol, and the number of 
mice being lactated (391) .  Population density or other stresses, on the other 
hand, tend to decrease, not increase, alcohol ingestion (33 1 ,  332, 389), which 
casts some doubt on the common assumption that alcoholism and anxiety 
are positively related. In mice, at least, metabolic considerations pre
dominate. 

While previous research has concentrated on ADH as the rate-limiting 
enzyme, investigation is now turning to the enzyme responsible for the 
oxidation of acetaldehyde, namely aldehyde dehydrogenase (ACDH).  ADH 
and ACDH enzymes in  combination may account for the major restrictive 
pathway of ethanol breakdown through the citric acid cycle (349, 352, 362) .  
ACDH may assume the primary importance, as  drinking and nondrinking 
strains of mice differ by 300% in this enzyme (362) .  

I n  any case, it is interesting to speculate about the relation between the 
two crucial enzymes discussed and the two genetic units suggested by bio
metric analysis of the behavioral variance (122) .  

GENE REGULATION 

Recent developments in microbiology and developmental genetics offer 
behavior genetics new challenges. Not only must behavior geneticists con
cern themselves with transmission of genetic information but also with 
regulators of gene expression. Perhaps not more than 10% to 20% of the 
assembly of genes are active at any one time, depending upon the tissue and 
environment considered (21) .  Attention, therefore, is turning to models of 
gene regulation that may account for some of the dynamic qualities of be
havior (33, 286) . 

The regulatory mechanism best known involves the molting patterns of 
Diptera and midge (Chironomus) from larva through pupa and adulthood. 
The sequence depends upon the molting hormone, ecdysone, acting on loci of 
chromosomes I and IV (21, 57) .  Hormones in mammals which appear to 
stimulate messenger RNA production and protein synthesis probably un
derlie many important behavior processes (382) . 

Not many clear examples of gene induction and behavior are yet known. 
Environmental stimuli such as avoidance training can alter the kinds and 
amounts of RNA and protein formed in the brain ( 127 , 424) . Hyden (192) ,  
in  particular, details how environmental influences can alter primary genetic 
action. In one experiment "right-handed" rats were trained to use their non
preferred paw to obtain food. There were significant increases in RNA in the 
motor cortex associated with the change in preference, and the bases used to 
form RNA (adenine, guanine, cytosine, and uracil) showed unique changes. 
The (G+C)/(A+ U) ratio decreased from 1 .72  to 1 .51 .  Moreover, the 
nuclear RNA formed was said to have a DNA-like base ratio composition. 
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BEHAVIORAL GENETICS 45 

Apparently genes in neural centers appropriate to the behavior involved are 
differentially activated and expressed as messenger RNA. 

Studies using other techniques can be interpreted in a similar fashion. 
Drugs that selectively interfere with DNA transcription, RNA translation, 
or protein synthesis are known to disrupt learning, memory, and reproduc
tive functions (18, 1 10, 298, 392) .  Similarly, amino acid substitutions in the 
adrenocorticotropic hormone (ACTH) can limit extinction of an avoidance 
response in rats (28) . I t  is just such gene regulated changes that would be 
expected to influence behavior and evolutionary processes. 

Biochemical brain changes related to enriched or deprived environ

mental and social settings (especially those involving enzyme effects) 
strongly suggest a regulatory function at the level of DNA (1 1 ,  69, 340) . I n  
fact, the immense increase in the amount of DNA material i n  higher species 
without substantial change in the number of biochemicals present may be 
interpreted as evidence that such gene-level regulatory processes are of con
siderable importance in the process of evolution (33) . 

SENSORY AND COGNITIVE ABILITIES AND LEARNING 

I n  this section we will review studies which focus primarily on the 
genetic basis of behavioral capacities, ranging from single-gene studies of 
sensory functions in inbred mouse strains to general intelligence in man. 

SINGLE-GENE EFFECTS ON SENSORY AND MOTOR FUNCTIONS 

Locomotor coordination .-Behavioral observations on neurological mu

tant mouse strains have provided a useful tool for investigating locomotor 
behavior. Fox ( 1 1 1) ,  using a battery of reflexological and behavioral tests, 
has been able to classify mutants as static, in which vestibulocerebellar 
lesions can be detected early in the neonatal period (twirler and waltzer) , and 
progressive, in which the defect begins later and the condition of the mice 
deteriorates (ducky, dystonia musculorom, reeler, jumpy, and jittery) . Thiessen 
(384) has studied several developmental features of the 1J)abbler-Iethal mouse, 
concluding that behavioral observations can sometimes be used to identify 
the mutant before brain lesions (myelin degeneration) are obvious. Sidman 

et al (368) have developed a sensitive conditioned suppression method for 
studying auditory thresholds and have applied their technique to the study 
of pirouette, quaking, and reeler mutants. Pirouette mice have an elevated 
auditory threshold which accompanies a loss of outer hair cells in the 
cochlea. Lastly, in a careful series of studies, Erway, Hurley & Fraser (105) 
have demonstrated that a swimming disability of pallid can be rectified by 
supplements of manganese during prenatal development and is related to the 
re-establishment of otoliths in the vestibular portion of the inner ear. A 
phenocopy can be produced by a dietary deficiency of manganese. This is one 
of the rare cases in which the phenocopy-inducing agent has a reciprocal 
effect on the mutant itself. 
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Retinal degeneration.-I n  most C3H inbred stocks, as well as several 
other commonly used strains, photoreceptor cells degenerate by the second 
postnatal week (217, 366) , resulting in a 10-5 reduction in visual sensitiv
ity, although the spectral sensitivity curve is unaltered (365) . Unfortunately, 
the C3H line has been used in visual experiments by investigators unaware 
of the magnitude of the defect ; it appears likely that the major learning dis
abilities found can be attributed to this mutant gene (30, 31). It is probable 
that the peripheral lesion is followed by degeneration of higher visual 
centers (150) . Several lessons can be gained from a study of selected neuro
logical mutants, not the least of which is that subtle aspects of behavior may 
be understood better once major or gross relationships are identified. 

Albinism.-Albinism results from an inherited loss of melanin formation 
in skin, hair, and eyes. Oculocutaneous albinism in mice, and probably 
other species including man, is apparently due to the lack of tyrosinase 
synthesis and hence a failure of tyrosine to be converted to dopa, dopa
quinone, and melanin (433). At the C locus in mice, the allelic series, agouti, 
chinchilla, himalayan, extreme dilution, and albino, regulate the number and 
size of malanosomes and the amount of melanin deposited on each. Tyro
sinase activity is highest in agouti and totally absent in albino (433) . Several 
reviews of the genetic and physiological control of coat color in mammals 
are available (79, 322, 388) . 

Albinism in man has been known for over a century to result in  photo
phobia (109), and since the early studies of Keeler & King (219) it has been 
suggested that albinism and behavior are related. Mice, in particular, have 
become favorite subjects for investigation, because much is known about coat 
color variations in this species and mice offer possibilities for precise genetic 
control (433). 

Several experiments with mice and rats suggest that some strain differ
ences in behavior may be related to albinism (70, 83, 239, 240, 363) .  M uch of 
this research was stimulated by the finding of Winston & Lindzey (430) that 
albino inbred strains and albino mice derived from F2 and backcross genera
tions were deficient in water escape performance. The increased latency to 
escape water has been amply verified (119, 388, 420) , and it  is generally 
agreed that albinism is associated with reduced activity under bright, white
light conditions (75, 119, 171, 388) . I mportantly, such genetic differences in 
activity often disappear under red or dim light (75, 119, 388) , implicating 
photophobia as the primary mechanism of control. I n  strong confirmation, 
DeFries (73) selected for high and low activity from an Fa population con
taining albino segregants and found that he was concomitantly selecting for 
high and low frequency of albinism. 

Photophobia cannot account for all differences between albino and pig
mented mice, as many behavioral variations can be found in situations 
where vision is relatively unimportant. For example, albino F2 mice are in
efficient in active avoidance learning but highly efficient in passive avoid-
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ance learning (431) ; they also appear to be less sensitive in their geotaxic 
response to gravity (388) , and respond less readily to an audiogenic seizure 
stimulus (145). I n  other segregating populations albino mice show a fear of 
heights (3) and a slight advantage in sexual competition (242). Albinism 
even leads to a reduction in alcohol preference in a two-bottle water-alcohol 
preference situation ( 17 1).  Clearly the albino effect is extensive and cannot 
always be related to the absence of visual pigment. It would be interesting 
to examine all the alleles at this locus in an attempt to find a relation between 
tyrosinase activity and some of the behaviors implicated in the above 
studies. 

Screening on multiple measures.-A number of investigators have ex
amined inbred mouse strains on batteries of different behavioral measures. 
While for convenience these studies are considered here, many of the in
dividual measures could properly be discussed with studies of motivation 
and temperament later in this review. Abeelen (1) has studied a number of 
different behaviors in several groups of mice that differ at single loci. It is 
Abeelen's hope to construct an "ethogram" of natural behavior by observing 
natural units of behavior. Approximately 25 species specific behaviors were 
recorded for the following alleles: maltese dilution, pink-eyed dilution, loop
tail, jerky, and waltzer. The latter three are neurological mutants. Only the 
pink-eyed gene among the non-neurological mice had obvious effects on be
havior, among which was a reduction in reconnoitering, a decrease in lifting 
of one forepaw and tail rattling, and an increase in gnawing at a wall. 
Unfortunately the number of animals tested was often small and the back
ground genotypes were not standardized, so it is difficult to interpret these 
findings. 

Thiessen, Owen & Whitsett (388) have screened 14 genes segregating on 
the C57 background for open-field activity, negative geotaxis, water-escape 
latency, and wheel revolutions. As with many other studies, these loci are 
related to changes in coat color. The genes studied were black and tan, tanoid, 
intermediate agouti, yellow, viable yellow, brown, buff, himalayan, caracul-J, 
misty, white, steel-Dickie, tortoise shell, and dominant spotting. Both dominant 
and recessive genes were included in this survey, and several chromosome 
units were represented. Some gene specificity was evident, which gave the 
investigators hope that "behavioral genes" could be mapped on chromo
somes. 

Werboff, Anderson & Ross (420) studied brown, black, and albino litter
mates obtained from a four-way cross between inbred mouse strains. The 
animals were tested for open-field activity, visual and spatial learning in a 
water maze, submersion time in water, and amphetamine effects on submer
sion time and water escape. Albino mice with weights attached to their tail 
submerged less readily than black mice. and were poorer learners on visual 
and spatial problems. The results could indicate a pleiotropic effect on sev
eral homeostatic mechanisms. 
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NORMAL HUMAN ABILITIES 

The broad spectrum of human abilities which have received attention 
from the behavior geneticist during the period under review ranges from 
general intelligence to such simple sensory capacities as color vision and 
taste sensitivity. There have been a number of excellent reviews and discus
sions of this research (180, 190, 198-200, 378, 395, 406, 408, 409). 

General intelligence.-Perhaps the most important paper on this topic 
during the period under review is that of Burt (48) ,  who presents data on the 
resemblance in IQ of 53 pairs of identical twins reared apart, as well as sum
marizing his own work and that of others on the correlation in IQ of persons 
of differing degrees of relationship. Not only is his group of separated pairs 
the largest so far reported, but all twins were separated within the first 6 
months of life, and there was no selection for environmental similarity-in 
fact, there was a slight negative correlation between the socioeconomic 
status of homes in which separated twins were reared. This appears to have 
resulted from the scientifically fortunate circumstance that in many of his 
cases one twin was given up for adoption by impoverished parents unable to 
care for both, the one twin thus being reared in a relatively well-to-do envi
ronment, while the other remained in a lower-class home. The Stanford
Binet IQ's of the separated twins correlated .86. This is not very much 
lower than the figure of .92 obtained by Burt for 95 identical twin pairs who 
were reared together. In reply to critics (244, 381) ,  Burt (49) reports that for 
the subgroup of 27 pairs separated within the first month, the IQ correlation 
of .84 is essentially as high as for the entire group. [Along the same lines, 
Vandenberg & Johnson (414) reanalyzed data from separated identical 
twins in studies prior to Burt's, to show that twins who are separated rela
tively late do not turn out to be more alike in IQ than those separated rela
tively early.] Prenatal environmental effects are not ruled out as contributing 
something to the resemblance of the separated pairs in Burt's study, but if 
one places very much weight on prenatal environment as a cause of similar
ity, it creates difficulties elsewhere-for example, why should parent and 
child be almost as similar in IQ as siblings, and why are not fraternal twins 
more alike than they are? As for the cultural environment, B urt does not 
exclude its effects altogether; in fact, he presents evidence of a modest corre
lation of .26 between rated differences in cultural conditions and IQ differ
ences for the separated monozygotic pairs. (Note that such a correlation 
says nothing about the relative importance of heredity and environment : it 
merely indicates that the M Z  IQ differences that do exist-which are neces
sarily environmental-show some association with ratings of home condi
tions.) 

A number of studies during the period present data further supporting 
the well-established generalization that identical twin pairs tend to be more 
similar on measures of general ability than same-sex fraternal twin pairs. 
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BEHAVIORAL GENETICS 49 

Huntley (190) ,  with a composite vocabulary test given to 85 identical and 
135 fraternal pairs, obtained correlations of .83 and .66, respectively ; Nichols 
(300), with the National Merit Scholarship Qualifying Text (NMSQT) , 
obtained correlations of .87 and .62 for 315 and 209 male pairs, and correla
tions of .88 and .65 for 372 and 273 female pairs. Schoenfeldt (354), for a 
general intellectual factor from the Project TALENT battery, obtained 
correlations of .78 and .39 for 150 and 53 male pairs, and .81  and .52 for 187 
and 103 female pairs. Obviously there is some study-to-study fluctuation in 
these correlations, which could result from differences in the measuring in

struments, differences in the populations, differences in the accuracy of 
zygosity determination, and sampling error. As discussed in a subsequent 
section of this review, estimating heritability from twin data is a somewhat 
tricky business, but on typical assumptions these twin correlations suggest 
heritabilities a little lower than the .86 "broad sense" heritability suggested 
directly by Burt's data-perhaps more on the order of .75 (the authors give 
various estimates ranging from .60 to .88) . Since any heritability estimate is 
specific to a population and a measure, some variation is to be expected. 

Heritability coefficients do not provide much information about the 
nature of the genetic determinants of IQ. One potential source of such in
formation lies in studies of the effects of inbreeding. If a substantial propor
tion of the genes involved show dominance, then the mating of related 
persons will increase the probability of IOO.tching up recessive alleles. I f  the 
direction of dominance is predominantly toward high intelligence, the trait 
will tend to show "inbreeding depression" among the offspring of related 
marriages. Schull & Neel (355), who were carrying out large scale studies of 
the genetic effects of the atomic bombings in Japan, took advantage of the 
relatively high frequency of cousin marriages in that country to give a 
Japanese version of the Wechsler Intelligence Scale for Children (WISC) to 
2 1 1 1  Hiroshima school children, half of them the product of marriages of 
related individuals (in the range of first to second cousins) and half whose 
parents were unrelated. After controlling statistically for socioeconomic 
differences between the groups, they found an average depression of 3-5% 
in the offspring of first cousins, slightly greater for verbal than for perform
ance IQ. Thus there is some evidence for directional dominance of genes 
influencing intelligence within the normal range. It is also interesting to note 
that IQ proved to be one of the most sensitive indicators of inbreeding de
pression in their studies, which also included a variety of other psychometric 
and anthropometric measures. 

SPecial abilities.-Another way of trying to understand the genetic and 
environmental influences on general intelligence is to break it down into 
more specialized component abilities. A good deal of effort has been expended 
along these lines in the period under review. Nichols (300) reports an analy
sis of the subtests of the NMSQT after partialling out statistically the large 
general factor. While the results were rather erratic, there was some indica-
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50 LINDZEY, LOEHLIN, MANOSEVITZ & THIESSEN 

tion that the specific abilities were of about the same level of heritability as 
the general factor. There was no consistency across the sexes as to the rela
tive heritability of the specific abilities. For the Project TALENT twin 
sample, Schoenfeldt (354) reports data on three differential aptitude factors: 
visual reasoning, perceptual speed, and memory. He found somewhat lower 
heritabilities for these than for his general intelligence factor, with the 
median coefficient in the .50s ; again there was no consistency across the 
sexes. Vandenberg and various associates have been especially active in this 
field, examining the performance of high school age twins from the Louisville 
area on the Wechsler Adult I ntelligence Scale (WAIS) (26), the Differential 
Aptitude Tests (DAT) (27,409), the Primary Mental Abilities (PMA) (255, 
408), a battery of spatial visualization tests (411), Guilford's divergent 
thinking tests (416), and a variety of other measures. Some of the same tests 
have also been given to a small Atlanta twin sample by Osborne & Greger 
(305, 306). The results of all these studies may be summarized by saying 
that identical pairs are typically more similar than fraternal pairs on cogni
tive ability traits, and that there are no very clear indications that the 
similarity is consistently greater for some abilities than for others, when 
measured with equal reliability. The lack of agreement across the sexes in 
the Nichols and Schoenfeldt studies is perhaps best treated as a particular 
case of this general phenomenon, which surely constitutes a challenge for the 
theorist. We will encounter it again when we consider personality. 

Several studies with older (197, 311) and younger twins (113, 416) sug
gest that rather similar conditions prevail across the life span. 

In addition to analyzing the variance of single traits into genetic and 
environmental components, one can analyze the covariance between traits 
in much the same way; it is often instructive to ask whether what is shared 
by two correlated traits is primarily common genes or a common set of 
environmental influences. Furthermore, one can readily extend this logic to a 
factor analysis or other multivariate analysis of a whole matrix of covari
ances (or correlations). Analyses along these lines have been reported for the 
PMA tests (255, 405), the WISe (408), the DAT (27), and a Finnish test 
battery (311). In some analyses, a large general factor (Spearman's "g"?) 
emerged in the genetic covariance; however, this was not the case in others. 
Differences in method of analysis may have been partially responsible-but 
in any case, for dependable results these approaches probably require some
what larger sample sizes than have been used so far. 

Sensory capacities.-Active work continues with color VISIOn and the 
ability to taste low concentrations of phenylthiocarbamide (PTe). No at
tempt will be made here to provide a serious review of this extensive liter
ature ; an illustrative example or two must suffice. 

A good deal of recent effort has been directed toward mapping the fre
quency of color and taste insensitivities in various human populations, 
among which considerable variation exists. Interest in this area has been 
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stimulated by the suggestion of Post (320) that the relatively high incidence 
of red :green color blindness in long-civilized peoples may represent a relaxa
tion of selection against such defects in these populations. Evidence indi
cating a low incidence of color-vision defect in primitive peoples continues 
to be reported (e.g. 90, 326), but there are some discrepancies, and some 
strongly skeptical views persist (4). 

Research on sensitivity to the taste of PTC and other thiourea deriva

tives is being carried out on various fronts. A particularly extensive research 
program is that of Kaplan and his associates (summarized in 208), using 
6-n-propylthiouracil (PROP), a substance which has technical advantages 

over PTC but is otherwise similar. Taste thresholds for another unrelated 
bitter substance (quinine) and a sour substance (hydrochloric acid) were 
measured in the same subjects. A twin-sibling study (210) showed the thresh
old for tasting PROP, but not for the other substances, to be under a high 
degree of genetic contro!' Many variables affecting the taste threshold for 
PROP seem not to be closely related to the single taster gene. For example, 
the thresholds for the two bitter substances PROP and quinine were corre
lated across individuals and tended to behave similarly with respect to age 
and smoking, the menstrual cycle, and food preferences. An interesting ex

ception was provided by duodenal ulcer patients, who were relatively sensi
tive tasters of PROP, but not of quinine or hydrochloric acid (in comparison 
to gastric ulcer patients or normal controls) . 

MENTAL DEFICIENCY 

Two categories of mental retardation are often distinguished: severe 
retardation, with IQ less than 50, and mild retardation, with IQ from 50 to 
70 (or whatever is specified as the lower limit of normal intelligence) . Major 

chromosomal anomalies or single gene defects tend to produce severe 
retardation ; most mild retardation is taken as merely the low end of the 
normal distribution of intelligence, whose genetic basis is presumably poly
genic (for discussions, see 200, 438). After glancing at some studies of familial 
incidence of mental retardation, the present review will focus on the more 
severe forms, concerning which there is more genetic information. But even 
here the treatment will necessarily be brief. Fuller reviews and discussions 
are available (e.g. 20, 439) and other references are cited below. 

The massive study of Reed & Reed (325) began with the grandparents of 
289 Minnesota mental defectives initially studied between 1911 and 1918. 
More than 82,000 of the descendants of these grandparents were traced, 
some over as many as seven generations. The bulk of the Reeds' report con
sists of detailed pedigree charts of these kindreds, including a large number 
of persons for whom IQ scores were available through schools and other 
agencies. Summary data on the frequency of retardation among the off
spring of consanguineous unions and various types of marriages of normals 
and retardates are presented and discussed. There is also information on 
assortative mating, sibling and twin differences, and the relation between IQ 
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and family size (slightly positive, when childless individuals are properly 
taken into account) .  

Another study of  fertility and mental deficiency is reported by Akesson 
(7) ,  based on 7533 people living in a random sample of rural parishes in 
southern Sweden. He found 88 mild and 44 severe mental defectives in this 
population, or 1 .8%. The mildly retarded produced decidedly more offspring 
than a comparison group of normals. However, if the severely retarded 
group (who were "practically infertile") are added, the retarded appear to 
be only slightly overproducing. In  another population study, this time in 
west Sweden, Akesson (8)  found 105 cases of severe mental deficiency among 
17,303 inhabitants, or .6%, agreeing well with the previous study. About 
20% could be identified as to probable cause (with trisomy-21 the most 
common) ; the remaining 80% were of unknown etiology. 

Chromosomal anomalies.-After the dramatic discoveries of the preceding 
5 years, the last 5 have been relatively quiet. Still, a large literature is de
veloping in this area, which we cannot hope to survey in detail. Fortunately, 
there are available a number of excellent books, reviews, and bibliographies 
(51 ,  63, 209, 312, 380, 401, 436) . The major trisomies of autosomal chromos
omes 13, 18, and 21 appear to be firmly established, as well as partial dele

tions of the short arm of chromosome 5 C"cri du chat" syndrome), and of the 
short and long arms of chromosome 18. All produce severe mental defect, 
among other symptoms. Those that survive presumably represent relatively 
benign conditions. Some 20% of spontaneously aborted fetuses show chromo
somal anomalies (51, 404) , and the more gross aberrations may not even get 
to that stage. Many new syndromes are being reported, some with quite 
complicated chromosomal aberrations postulated, involving several breaks 
and insertions (e.g. 76). Some of these anomalies are balanced (i.e. merely 
involve a rearrangement of normal genetic material) and seem to have no 
obviou

'
s phenotypic effects, although they can lead to unbalanced condi

tions in offspring. Others are unbalanced (i.e. involve a duplication or 
deletion of genetic material) and do more or less severe damage, almost 

invariably including mental defect. Lejeune (234) has suggested than an ex
cess and a deficiency of particular chromosomal material may tend to have 
opposite somatic effects (e.g. a partial monosomy of chromosome 21 led to 
hypertony, a prominent nose, hypocanthus, a narrow pelvic angle, and other 
"antimongol" symptoms) ; mental retardation, however, shows up in either 
case. 

Anomalies of the sex chromosomes have less severe effects on intelligence: 
an extra X or Y is compatible with normal intelligence or mild retardation. 
However, a multiple duplication like XXXV or XXXX Cor more) usually 
leads to serious mental deficiency (234). For one ability, the capacity for 
visualizing spatial relationships, there has been discussion of a simple mode 
of sex-linked inheritance. Garron (129) provides an up-to-date review of the 
evidence on this topic. 
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BEHAVIORAL GENETICS S3 

Mosaicisms (i.e. mixtures of two or more cell lines with different chrom
osome complements) are increasingly often reported, particularly among the 
sex chromosomes, but for autosomes too. Such mosaicisms may vastly com
plicate interpretations, since the cell proportions may be quite different in 
different organs, and may change over time. But by the same token, transient 
mosaicisms should sometimes be capable of providing tests of hypotheses 
about critical developmental periods. 

Some chromosomal anomalies are inherited (via translocations), but the 
majority are sporadic, of unknown origin. An external environmental agent 
(radiation? viruses?) is often suspected (71 ,  330, 402) . Some such theories 
would predict an association between different chromosomal anomalies. 
While associations of this kind have been reported (401) ,  there is also nega
tive evidence (160). 

Single-gene defects.-Among the 1545 syndromes known or suspected to be 
due to a single gene which are described in the second edition of McKusick's 
Mendelian Inheritance in Man (268) , 134 have mental retardation listed as 
one of their symptoms. Seven of these syndromes involve autosomal dom
inant genes, 112 involve autosomal recessives, and 16 are X-linked. In total, 
McKusick's book lists 793 autosomal dominant, 629 autosomal recessive, 
and 123 X-linked syndromes. Thus those single-gene syndromes which 
include mental retardation constitute only about 1 % of the dominant cate
gory, while they account for 18% and 13% of the other two. No doubt the 
shortage of dominant syndromes is in part due to the difficulty of recognizing 
such syndromes in disorders which effectively prevent the reproduction of 
affected individuals, such as severe congenital mental defect. But it is con
ceivable that the mode of gene action is also involved: according to 
McKusick, recessive genes typically act on enzyme systems, dominant 
genes on structural protein-and this also might have some relevance to 
theories of intellectual development. 

Morton and his colleagues (82, 297) have attempted to estimate the role 
of major genes in the etiology of severe mental defect. After excluding cases 
due to known chromosomal anomalies, trauma, infection, and the like, they 
examine "high-risk" families, with more than one severe defective in a sib
ship. From the relative frequency of such sibships, and the degree of parental 
consanguinity, they arrive at estimates of the number of gene loci involved. 
Based on a Wisconsin population which involved 49 high-risk families, and 
Penrose's earlier Colchester data, they conclude: that on the order of 1 14 
recessive loci contribute to severe mental defect ; that these are maintained 
by mutation, not heterozygote advantage; and that they account for only 
about 12% of severe mental defect. The remaining 88% of sporadic cases 
must thus be due to other causes, perhaps including unrecognized exogenous 
factors, small chromosomal aberrations, and the heterozygous expression of 
usually I·ecessive genes. 

Space does not permit a systematic review of the literature on individual 
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single-gene defects producing mental retardation. Some examples may be 
found described and discussed in (14, 187, 293). And readers wishing to curl 
up with the literature on gangliosidosis, the Prader-Willi syndrome, or the 
oa sthouse urine disease can get a start in McKusick (268) . 

.ANIMAL LEARNING 

Maze learning.-Behavioral genetic studies of maze learning have used 
rats, mice, and dogs. Most of the studies have focused on strain differences 
and little work going beyond this has been reported (96, iSS, 263, 3 14) . 
Studies with mice have shown strain differences for T-maze reversal learning 
in four inbred strains, but no differences in performance as a function of 
intertrial interval (53). Heritabilities based on the four inbred strains ranged 
from .59-.70 for the various intertrial intervals. A study by Werboff & 
Anderson (419) on water maze learning evaluated the preference and use of 
visual or spatial cues in two inbred strains, A/J, C57BL/6J. Both strains of 
mice showed spatial preference but this was stronger in the pigmented 
C57BL/6J strain. 

Avoidance conditioning.-Of all learning studies, avoidance conditioning 
studies have been the most popular. Several studies to determine optimal 
parameters for avoidance conditioning in mice have been reported. Royce 
(342) found that 3-sec CS-US intervals, 120-sec intertrial interval, and 400 V 
levels were optimal for avoidance conditioning, but that considerable vari
ation exists around these parameters. There was also some limited evidence 
that CS-US interval may interact with genotype. 

Several studies have demonstrated strain differences in active and pas
sive avoidance conditioning (31, 52, 356, 425, 431). Bovet and his colleagues 
have reported a series of studies on genetic and environmental determinants 
of learning and memory. On the basis of studies using massed and distributed 
practice, extended training sessions with variable rest periods, one-trial 
avoidance learning, ECS, and various drugs, they suggest that a two-stage 
concept of memory storage, with the C3H/He as a "short term memory" 
strain and the DBA/2J as a "long term memory" strain, appeared to be a 
plausible interpretation. As discussed in a preceding section, the interpreta
tion of such experiments is complicated by sensory defects in some of the 
strains involved. Research by this group using light or tone as the CS in 
avoidance conditioning studies indicated that strains may respond differ
ently to various CS (303). Thus studies using various CS and genotypes 
would be useful. Data (from the DBA/2J inbred strain only) 6n active avoid
ance learning (jumping response) and passive avoidance, as reported by 
Wimer et al (425) , using massed and distributed practice and immediate 
post-trial etherization , are contradictory to those reported by Bovet et al 
(31) .  The nature of the conditioned avoidance response (CAR) and other 
procedural differences may be responsible for the inconsistency. One might 
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expect that considerable work in the next few years will be devoted to reduc
ing these differences. In a study (353) using seven inbred mouse strains and 
four Fl hybrids (males only), in which the CAR was jumping onto a shelf, 
strain differences and heterosis were demonstrated. I n  some of these studies 
the same inbred strains of mice were tested (31, 353). Although there are 
differences in procedures and the CAR being measured, there is some agree
ment as to which strains are fast and which are slow learners. Roberts' work 
(327) on the effects of electric shock on skin resistance (presumably a measure 
of arousal) in inbred mice showed significant strain differences in skin resist
ance. On the basis of his results, it appears that there are genetic differences 
in aversive ness of grid shock and that strain differences in avoidance condi
tioning could be partly a result of differences in shock aversiveness. In a 
study (431) in which subjects were given the option of avoiding actively or 
passively, it was shown that albino mice do not differ from non-albinos in 
avoidance conditioning. However, albinos differ in the response mode of 
avoiding aversive stimulation ; they usually avoid passively whereas non
albinos may avoid actively or passively. 

Further evidence on the importance of genetic factors in CAR has come 
from selection experiments. Bovet et al (31) reported progress after only 
three generations of selection for higher avoidance scores, starting with a 
heterogeneous SWR mouse base population. They do not report the method 
of selecting breeding pairs or the criterion by which high CAR subjects were 
identified. A selection study reported by Bignami (23) used a random bred 
foundation stock of Wistar rats. Selection progress was made in both high
avoidance (RHA) and low-avoidance (RLA) lines by the fifth generation. 
An experiment by Broadhurst & Bignami (37) tested the two lines for CAR 
and in the open field test of emotionality, to determine if avoidance condi
tioning was associated with open-field reactivity. In the Maudsley lines the 
reactive strain had been shown to be low in CAR, and the nonreactive strain 
to be high in CAR. These results could have been due to fortuitous joint 
selection or to pleitrophy. The association between avoidance learning and 
open-field emotionality was not found with the Bignami strains. Thus, the 
two selection experiments appear to have selected for different and non
correlated characteristics. A subsequent factor analytic study (182) using 
the RHA and RLA lines from the eighth generation showed that at least one 
difference between the two lines is in activity. 

PERSONALITY, TEMPERAMENT, AND SOCIAL BEHAVIOR 

I n  this section we will review studies which focus primarily on genetic 
factors that influence temperamental and motivational aspects of behavior 
and social interaction. The range is from insects to man, and from normal be
havior to pathological reaction. The reader is also referred to the earlier sec
tion "Pathways of Gene Expression" for relevant material on audiogenic 
seizures and alcohol preference. 
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ANIMAL STUDIES OF TEMPERAMENT, MOTIVATION, AND SOCIAL BEHAVIOR 

Emotionality.-Behavioral genetic analyses of emotional behavior have 
typically been concerned with open-field activity and defecation in mice and 
rats. Although other dependent measures of emotionality have been used by 
comparative psychologists, such measures have not been used extensively in 
behavioral genetic analyses. Strain differences in open-field behavior of mice 
and rats have been reported in previous Annual Reviews ( 1 15,  261) and 

additional reports of strain differences have appeared in the last few years 
(e.g. 5, 78, 374, 423) . 

A genetic analysis of repeated open-field tests using F2 and Fa mice (161) 
showed that h2 decreased on Day 2 for both defecation and activity, but the 
decrease in h2 of open-field activity was due to a decrease in VA and an in

crease in VE +VNA, while the decrease in the h2 estimate for defecation was 

largely due to a decrease in VA. Genetic correlations of Day 1 and Day 2 
activity and defecation measures showed that activity and defecation on 
Day 2 are influenced by some of the same genes, but defecation On Day 1 
appeared to be associated with different genes. 

Results from five generations of artificial selection for high and low open
field activity using mice were reported by DeFries & Hegmann (74) . 
Differences in defecation were associated with the significant differences 
obtained for activity. The results of their selection study were similar to 
those obtained in 'their preliminary genetic analysis based upon PI, P2, 
Ft, F2, BI, B2, and F3 generations. This study makes a valuable contribution 
by comparing various methods of estimating genetic parameters. 

Bruell's (43) diallel study of the mode of inheritance of defecation in a 
maze revealed that in both inbred and hybrid subjects males defecated more 
than females, and that inbred females defecated more than hybrid females, 
but that hybrid males defecated more than inbred males. Thus, the mode of 
inheritance was heterotic but in different directions for males and females. 
Exploratory activity in the maze was positively correlated with defecation 
in males but negatively for females. It was suggested that these results are 
not as puzzling as they may appear at first. The observed sex differences are 
consistent with an interpretation of defecation as a territory marking 
response. 

Broadhurst (36) summarized his previously reported dialIe! study of 
open-field defecation and activity using covariance-variance diagrams to 
present his results. Estimates of genetic parameters obtained through vari
ous techniques were compared, and genotype-environment interactions in 
developmental stability and change were investigated. He reported that for 
defecation heritability in the narrow sense decreased across the four daily 
trials. A finding similar to that of Hegmann & DeFries (161) was reported 
and in both studies it was suggested that this is a result of decreased additive 
variance. 

Henderson (164) also performed a diallel analysis of open-field defecation 
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BEHAVIORAL GENETICS 57 

and activity using four inbred mouse strains. I n  addition he used three levels 
of pretesting sti.mulation. He found that pretesting experiences influenced 
the overall mode of inheritance of open-field defecation (but not activity) , 
and that the pretesting treatments interacted with genotype. He suggested 
that inferences about mode of inheritance should be made with caution 
until a variety of pretesting experiences have been studied. 

A comprehensive review of the literature on perinatal factors that in
fluence emotionality showed that many pre- and postnatal factors affect 
emotionality and interact with genotype (203) . This review should be con
sulted for a discussion of the methodological problems and typical findings 
in the area. 

Hoarding.-A number of experiments, using various inbred and cross
bred mice, were conducted by Manosevitz and his associates on the deter
minants of hoarding (271, 272 ,  2 74, 275 ,  277,  278).  A major consideration in 
these studies was the interaction between genetic and experiential factors. 
Strain differences were demonstrated in several studies (246, 271 ,  274, 275) ,  
and genetic analyses were performed to estimate various genetic parameters 
(278) .  The only significant heritable component was additivity although 
there was some suggestion that dominance might be present. Coefficients of 
genetic determination were estimated to be 37 percent in the F2 generation 
and 49 percent in the parental lines (27 1) .  Heritability was estimated to 
vary between 29 and 54 percent (277).  These results suggest that a partial 
answer to Bindra's (24) question "What makes rats hoard?" may be found 
in the·genetic endowments of the subjects studied. 

Several studies on hoarding have been concerned with various events, 
such as water immersion, neonatal irradiation, environmental enrichment, 
and aperiodic feeding experiences, that could affect hoarding performance, 
and these have been summarized by Manosevitz & Lindzey (278). These 
studies have provided some indication of the magnitude and general nature 
of genetic and environmental factors influencing hoarding. The frequent 
presence of genotype-treatment interactions (273) indicates that environ
mental experiences do not equally affect all genotypes. 

Single-gene effects on motivation and temperament.-Studies relating single 
alleles of mice to temperament are those of Hawkins ( 158, 159) relating 
yellow lethal to reduced activity, Bartke & Wolff (19) implicating this same 
allele in estrus synchrony, and Iversen et al (194) correlating hairless to re
duced spontaneous activity. Keeler and his colleagues are attempting to 
relate color changes in foxes, presumably under simple genetic control, to 
tameness and drug response (218, 2 20). 

Recent efforts to identify single�gene influences on insect behavior are 
reviewed by Manning (270) , Thiessen, Owen & Whitsett (388) , and Wilcock 
(422).  With rare exceptions the work has not been extensive, which is un
fortunate in view of the fact that at least 675,000 species are available for 
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S8 LINDZEY, LOEHLIN, MANOSEVITZ & THIESSEN 

study-more than all other animal species combined. Rothenbuhler (341) 
summarizes his work on hygienic nest behavior of hymenoptera, demon
strating the influence of interaction of two genes-one influencing the open
ing of diseased larvae cells and the other influencing the removal of the 
diseased larvae. This work is a model of elegance and clearly demonstrates 
how a complex behavior can be resolved into individual parts and related to 
separate genetic units. 

A nimal social behavior.-A wide variety of behaviors are often con
sidered to be "social,"  including dominance, affiliation, and imprinting. 
However, these domains have not been extensively studied in a behavioral 
genetics context. This remains an area where important contributions could 
be made by behavioral geneticists. A number of significant investigations 
are identified in the volume edited by Glass (134) , and another valuable 
source is the report by Scott & Fuller (356) of their extensive study of social 
behavior of dogs. 

Strain differences in sociability have been reported (25 1),  and these 
differences in affiliation do not merely reflect differences in activity, explora
tion, fearfulness (defecation) , or freezing behavior. Social bonds formed 
through imprinting were studied using purebred and crossbred chicks (142) , 
and population heterosis was shown for all three components of the imprint
ing response. Several studies on social dominance in chickens were reported 
(65, 304) . A bidirectional selection study for high and low social dominance 
showed that large differences were produced in five generations of selection 
(66). I nbreeding reduced social dominance and aggressiveness (65). A further 
study of high and low socially dominant chickens showed that these differ
ences may be due to differences in physiological responsiveness to social 
stimuli (304). 

Social dominance in three inbred mouse strains (A, C3H/Bi, DBA/8) 
was measured by Lindzey, Manosevitz & Winston (247) using three be
havioral indices of dominance : tube dominance, food competition, and a 
measure of spontaneous fighting (aggression) . Large and reliable strain differ
ences in all three measures were observed. It appears that tube dom
inance performance is inversely related to food competition and aggression. 
A recent study using a group of random bred mice showed that food com
petition performance was associated with general activity and emotional
ity (276) . 

A partial replication and extension of an earlier study (250) on social 
dominance was reported using different sublines of the original strains 
(249). Mice from three inbred strains (A/], C3H/He], DBA/I]) were tested 
in the tube test of social dominance. The AIJ strain was the most socially 
dominant, defecated more in the open field, was less active in the open field, 
and was lower in total body weight. This study using different sublines did 
not replicate the social dominance differences observed earlier between the 
DBA and the C3H strains. 

A series of studies by Fuller on the effects of isolation and the post-isola-
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tion syndrome using beagles and terriers have shown large breed differences 
in the responses to social isolation (1 17 ,  121) .  

With an increasing emphasis on the importance of social behavior for 
evolution, we may expect to see a continued increase in the breadth and 
intensity of behavioral genetic research in this area. 

NORMAL HUMAN PERSONALITY, INTERESTS, AND SOCIAL BEHAVIOR 

During the past 5 years the total volume of available data on the in
heritance of normal human personality, interests, and social behavior has 
probably at least tripled. It would be pleasant to say that this influx of new 
data has settled conclusively most of the outstanding questions in the field. 
It would also be untrue. Still, some progress has been made, even if in many 
cases the best we can say is that things are a lot harder than we thought. 
There are several good reviews and general discussions of work in this area 
(254, 395-397, 406, 407).  

The largest body of new data is derived from questionnaire studies of 
adolescent US twins, including major studies by Vandenberg, Gottesman, 
Nichols, and Schoenfeldt. Other ages have not been neglected, however: 
Bruun and his associates have worked with adults in Finland, Koch and 
Scarr with US preschool and elementary school children, and Vandenberg's 
group and Freedman with US infant twins. 

Studies of adolescent twins.-Gottesman reports data from a sample of 
79 MZ and 68 DZ twin pairs from the Boston area on the Minnesota Multi
phasic Psychological Inventory (M MPI) and the California Psychological 
Inventory (CPI) (135,  136). Vandenberg and his associates have given vari
ous twin samples in the Louisville area several personality and interest 
questionnaires, including the Myers-Briggs Type Indicator, the Stern 
Activities Index, the Comrey personality and attitude scales, and the 
Minnesota Vocational Interest Inventory (415, 416) ; their sample sizes 
range from 40 and 2 7  pairs to 1 1 1  and 90 pairs. 

Nichols (301) mailed a battery of personality and interest inventories to a 
group of 1200 questionnaire-diagnosed MZ and DZ twins from among the 
large number of US high school juniors taking the nationwide National 
Merit Scholarship Qualifying Test in 1962, and received reasonably complete 
returns from both twins of about 70% of the group : 516  MZ and 334 DZ 
pairs. Included in the battery were the CPI, the Holland Vocational Prefer
ence Inventory, and a variety of other questionnaires, rating scales, and 
check lists. Schoenfeldt (354) obtained questionnaire diagnoses from 337 
MZ and 156 DZ pairs from among the 400,000 high school students studied in 
Project TALENT, and reports results for a number of personality and inter
est factor measures derived from the original test battery used in that 
study. 

Several fairly clear conclusions emerge from these investigations : 
1 .  There is ample confirmation of the fact that pairs of identical twins tend 
on the average to be more similar in their scores on personality and interest 
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60 LINDZEY, LOEHLIN, MANOSEVITZ & THIESSEN 

measures than do pairs of same·sex fraternal twins. Table 1 shows the 
median intraclass correlations obtained in various studies, for male and 
female identical and fraternal twin pairs. There is some variation, but over· 
all a correlation of about .46 for identical and about .28 for fraternal pairs 
may be taken as representative. 2. Twin pairs of the two sexes show no 
striking difference in general similarity of personality traits. There is some 
indication of higher female correlations among the fraternals in Nichols' 
data, but the other samples do not support this. 3. The correlations for 
either identical or fraternal pairs on personality and interest measures are 
substantially lower than those typically found for ability measures. This is 
no doubt partly due to the lower reliabilities characteristic of personality 
measurement. But even corrected for attenuation, assuming typical reli· 
abilities of around . 7 5 for scales of this kind, the resulting correlations of .61 
and .37 are lower than comparable figures from the ability domain. 4. En· 
vironment appears to carry somewhat greater weight than the genes in 
accounting for individual variation in personality traits. Holzinger's herit· 
ability coefficient based on the above corrected correlations is .38 ;  Jensen's 
is ,48. If one allows for a possible greater similarity of identical twin environ· 
ments, the heritability estimates would be lower than this. 5. On the whole, 
there is little solid evidence that some personality and interest traits are 
consistently more influenced by the genes than others are. For example, 
there is little agreement in trait heritabilities across the two sexes. Thompson 
& Wilde (397) report the rank·order agreement between the heritability 
estimates for males and for females in eight studies in the literature, includ· 
ing most of those covered in the present review. They obtained Spearman 
rho's from .04 to .26, with a median of . 15. Since a certain amount of purely 
artifactual consistency is to be expected, stemming from differences in the 
reliability of the scales, this level of agreement is not very impressive. 
Schoenfeldt (354) reports a similar lack of agreement between the sexes for 
the heritabilities of personality and interest factors in the Project TALENT 
data (not inCluded in Thompson & Wilde's survey) . These results might be 
interpreted as representing consistent sex differences in heritability but, alas, 
there is little empirical support for even this much consistency. Nichols (301)  
reports the correlations between the CPI heritabilities obtained in  his 
sample and Gottesman's for males and females separately to be - .22 for 
males and - .24 for females. (As Nichols remarks : "Perhaps the best that 
can be said about these two correlations is that neither is significantly differ· 
ent from zero.") Thus, for the present, the most economical interpretation 
of the data would seem to be that while the genotype may have an appre· 
ciable effect on personality, the network of causal pathways between geno
type and phenotype is so complex in this realm that the effect of genotype is 
spread almost evenly across the broad phenotypic measures that personality 
and interest questionnaires provide. 

Younger and older twins.-Are things simpler, earlier? Several studies 
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from the period under review used younger twins. Scarr (345, 346, 348) used 
a small sample of girl pairs of elementary school age, 24 MZ and 28 DZ, and 
obtained experimenter's ratings and observations in standardized interview 
and experimental situations, as well as mother's ratings on the Adjective 
Check List (ACL) . The median of the MZ and DZ correlations which were 
reported are .39 and .23 for measures and ratings based on the experiments 
and interviews, and .40 and . 11 for those derived from the mothers' ACL. 
On the whole, allowing for sampling differences, these appear comparable to 
the figures cited earlier for high school age twins. Koch's detailed study of 
5- and 6-year-old pairs (227) was chiefly focused on comparisons between 
different twin and non-twin groups, but she does report evidence that her 
identical pairs saw more resemblances between themselves and their twins 
than did fraternal pairs, and also that they shared more common experience 
and were psychological ly closer in various respects. 

Two studies report on even younger twins. Brown, Stafford & Vanden
berg (39) provide some preliminary data on a group of 140 twin pairs being 
followed longitudinally. Only the 74 oldest pairs, aged 3 to 6 years, had been 
blood-typed at the time of the report. Eight variables were assessed, based 
on interviews with the mothers. The identical twins were more alike on 
seven of the eight, most strikingly so on feeding and sleeping problems. The 
more personality-like variables such as readiness to smile, temper, and dom
inance ("takes toys from twin") tended to show lower heritabilities. Freed
man ( 1 13) worked with a small sample of 20 pairs during their first year. 
Diagnosis of zygosity at the end of the study revealed 9 to be identical and 
1 1  fraternal. Films of the infants in standard situations were rated by j udges, 
each j udge seeing only one member of a given pair. On two items of proto
typic social behavior, smiling and fear of a stranger, identical pairs were 
significantly more similar than fraternals. 

These data on younger twins, taken together, tend to support the com
mon observation that the greater resemblance of identical twins has early 
roots, but the data are insufficient to cast much light on the differential 
influence of heredity and environment on different traits, and thus to assist 
much in the interpretation of findings at later ages. A really large study of 
twins followed through the early years of life would be most welcome. 

Partanen and his associates (311) report correlations on several personal
ity traits in adult Finnish males, based on a questionnaire filled out by 157 
MZ and 189 DZ pairs. The identical twin correlations on each of four per
sonality measures were higher than the fraternal twin correlations ; the 
median of their correlations (corrected for unreliability) were .54 and . 36, or 
reasonably close to those found with US adolescent twins. 

Twins reared apart.-In sharp contrast to the statistical studies described 
previously is the detailed case-history information presented by J uel-Nielsen 
(205) on 12 Danish pairs of identical twins reared apart from infancy (or 
early childhood, for some pairs) . His personality measures were mainly pro-
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jective tests, which are reported and analyzed on a case-by-case basis. I n  
addition to these, the author reports his general i mpressions, based o n  inter
views, of the areas in which the separated twins showed most and least 
resemblance in personality. According to him, the twins showed little 
resemblance in their modes of interpersonal interaction, their views on 
religious and social issues, their fields of interest, and the sort of persons they 
married. The twins also tended to be different in ambition, aggressiveness, 
and emotional control, and in matters of taste and dress. By contrast, the 
twins of a pair displayed marked resemblance in expressive movements : 

TABLE 1. MEDIAN TWIN INTllACLASS CORRELATIONS FOR PERSONALITY AND 

INTEREST INVENTORY SCALES IN VARIOUS STUDIES 

Inventory Identical pairs Fraternal pairs Source Male Female Male Female 

CPI .53 .50 .25 .35 Nichols (301 ) 
CPI .45 .53 .30 .32 Gottesman" 

VPI .42 .42 . 19 .28 Nichols (301 ) 
TALENT .44 .43 .33 .33 Schoenfeldt (354) 
Comrey .42 .42 .22 .19 Vandenberg et al (413) 

Mean .45 .46 .26 .29 

• Data reported in (136) in another form. IntracJass correlations supplied in a 
personal communication. 

J uel-Nielsen reports being impressed repeatedly by similarities of gait, of 
carriage, of small gestures, of facial expression, of smiles and laughter, of tone 
of voice. A number of striking concordances in complaints of a psychoso
matic type were also noted. I n  other respects their personalities tended to 
show an intermediate degree of resemblance, with a mixture of similarities 
and differences, often related to life events. A large amount of detailed in
formation about these events is provided in almost 300 pages"of case-history 
material on the twins. For any researcher in search of hypotheses, there is a 
mine of gold here. 

PERSONALITY DISORDERS 

Psychiatric genetics during the past 5 years could easily qualify for a 
whole review of its own. Consequently, the present discussion is highly 
selective. The psychoses, especially schizophrenia, have received the lion's 
share of research attention and will receive most space here. 

Before becoming enmeshed in the details of particular disorders, we will 
mention a few items of broader interest. One is the volume on psychiatric ill· 
nesses of the handbook Humangenetik (20). Chapters by Zerbin-Rudin on 
the psychoses and Stromgren on the neuroses are of particular relevance 
here. Another item is a collection of Japanese studies in psychiatric genetics, 
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edited by Mitsuda (289) . A third item is a recent book by Rosenthal (337) 
on genetic theory and abnormal behavior. 

Finally, while the present review is organized under fairly conventional 
diagnostic labels, it should be made clear that how best to classify personal
ity disorders is a very controversial matter among genetically oriented in
vestigators in this area. Some use as their unit of analysis the presence of 
any psychiatric disorder. Others stick to classic Kraepelinian categories. 
Others subdivide these. Still others think in terms of a large number of 
highly specific genetic entities. To quote the population geneticist Morton on 
this point : "We may predict that in the future major genes (very likely as 
many different ones as have been identified in mental defect) will be found 
to account for many cases of m

'
ental disorders, leaving a component due to 

polygenes and nongenetic mechanisms that will defy analysis" (296, p. 183). 
Perhaps so. Only time (and the data) will tell. 

SchizoPhrenia.-The landmark publication in this area during the past 5 
years is clearly the Rosenthal & Kety volume on The Transmission of 
Schizophrenia (338), the proceedings of a 1967 conference at Dorado Beach, 
Puerto Rico, in which major US and European investigators from both 
genetic and environmentalist camps summarized their own research or 
reviewed relevant bodies of evidence. Included among the papers are reports 
of initial results from several important new studies, noted below. For some 
other major symposia and reviews in the past 5 years see References 61 ,  138, 
334, 437. The puzzle of genes and schizophrenia is far from fitted together, 
but during the period under review some critical pieces took fairly clear 
shape. 

The presence of a genetic predisposition to schizophrenia-like disorders 
may now be regarded as firmly established. Heston (172) matched 58 off
spring of hospitalized schizophrenic mothers, given up for adoption at birth 
between 1915 and 1945, with 58 control adoptees of non psychotic parentage. 
Extensive follow-up beginning in 1964 located 47 of the experimental group 
and 50 of the control group, then at ages ranging from 20 to 50. Five mem
bers of the experimental group had become schizophrenic; none of the con
trol group had. The frequency of schizophrenia in the experimental group 
was about as great as that expected among children of a schizophrenic 
mother reared in their own homes. There was a good deal of other assorted 
psychopathology in  the experimental group as well : 24 other members of this 
group showed evidence of sociopathic personality, mental deficiency, or 
neurotic personality disorder, as opposed to a total of 9 such cases in the 
control group. 

Support for Heston's main finding comes from studies of adopted children 
by Rosenthal, Kety, and their colleagues, preliminary results of which were 
reported at the Dorado Beach conference. The principal studies are being 
carried out in Denmark, because of the existence of superb medical and other 
social records there. One study (339) is essentially similar to Heston's, ex-

A
nn

u.
 R

ev
. P

sy
ch

ol
. 1

97
1.

22
:3

9-
94

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
 A

cc
es

s 
pr

ov
id

ed
 b

y 
U

ni
ve

rs
ity

 o
f 

W
as

hi
ng

to
n 

on
 0

9/
21

/1
7.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



64 LINDZEY, LOEHLIN, MANOSEVITZ & THIESSEN 

cept that children of either a psychotic mother or father are included, and in 
most cases the birth and adoption of the child occurred before the parent 
became overtly ill. At the time of report, 39 experimental subjects and 47 
control adoptees had been examined by psychiatrists and psychologists 
completely blind as to their status. The results confirmed Heston's. Seven 
subjects diagnosed schizophrenic or borderline schizophrenic came from the 
experimental group, and only one (a borderline) from the control group. The 
Danish results, however, did not support Heston's finding of a good deal of 
criminal behavior, mental defect, and the like in  the experimental group. 
Two other adoption studies by the same group (225, 418) , one carried out in  
Denmark and one in  the US, found considerable amounts o f  schizophrenia 
and related disorders in the biological families of adopted individuals who 
become schizophrenic, and little in their adoptive families. Another in
vestigator' Karlsson (213) ,  in a genealogical study in  Iceland, found similar 
results using the biological and foster siblings of adopted schizophrenics. He 
also reports adoption data consistent with Heston's and Rosenthal's. 

Taken together, these studies give clear confirmation of some degree of 
inherited predisposition to schizophrenia-like disorders. However, they sug
gest also that this predisposition does not always become manifest in clinical 
schizophrenia. More direct evidence on this point comes from the studies of 
monozygotic twins to be considered next. 

Early studies found quite a high incidence of schizophrenia in the 
co-twins of MZ schizophrenic index cases (Kallmann's figure of 69% is 
representative) . A trickle of lower concordance figures beginning to appear 
5 years ago is now a flood. The difference at least partly reflects a difference 
in method. Most of the early studies started with severe hospitalized schizo
phrenics; the newer studies have searched whole populations or started with 
milder psychiatric cases. Tienari (399) in Finland found only one clearly 
psychotic co-twin of 16 schizophrenics who were members of identical twin 
pairs, or 6% concordance. Adding four cases with some borderline schizo
phrenic symptoms raises the figure to 31%.  Kringlen (229-231)  in Norway, 
with 55 MZ pairs found concordance for 25%-38%, depending on definition 
of cases. Fischer et al ( 108) in Denmark found 25 pairs with 36%-56% con
cordant. Gottesman & Shields ( 139) in England, with a psychiatric out
patient series found 42% of 24 MZ pairs concordant. Finally, reports based 
on the large US veterans twin sample (319) indicate that in this group of 
twins (from which any early psychotics would be excluded) , out of 80 MZ 
pairs with at least one member diagnosed schizophrenic, in only 1 1 , or 14%, 
was the second twin also schizophrenic. The twins, age 38 to 48 when studied, 
were nearing the end of the risk period for schizophrenia. 

Taking all these results together, it is clear that the genetic predisposition 
to schizophrenia is of far less than perfect penetrance, since the same geno
type which leads to schizophrenia in the one MZ twin fails to do so in the 
other at least as often as not. Thus while a predisposition seems to be 
inherited, environment (in some form) obviously plays a large role in deter
mining whether it will be expressed as clinical schizophrenia. 
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BEHAVIORAL GENETICS 65 

I t  should not be concluded that the nonschizophrenic MZ co-twins of 
schizophrenics are perfectly normal. Some degree of schizoid personality, 
neuroticism, or general eccentricity is commonly found in such individuals, 
although a few apparently normal co-twins have been reported (229, 3 18, 
399). It  is tempting to consider these personality deviations as milder mani
festations of the schizophrenic genotype (1 73, 3 15), but some could con
ceivably reflect the effects of intimate association with the psychotic or 
prepsychotic twin. A small amount of critical data on this point is supplied 
by Mitsuda (290), who located in Japan eight cases of that very rare species 
identical twin pairs reared apart from infancy in which at least one member 
has become schizophrenic. Five of the eight co-twins were schizophrenic, 
two were said to be schizoid, and one was normal. Again, it appears that 
certain genotypes predispose to schizophrenia, but may be expressed in 
milder personality deviation, or even be compatible with normality. 

Discordant MZ pairs have been examined in several studies in the hope of 
identifying the environmental factors that have led to the difference in out
come (229, 318, 399). No conclusive results seem yet to have emerged. A 
rather characteristic finding is that the schizophrenic-to-be is the more sub
missive and introverted of the pair, but whether this is a contributory 
factor or merely an early symptom of the schizophrenia is not yet clear. 

Another promising approach to investigating the expression of the schizo
phrenic genotype has been taken by Mednick & Schulsinger (284, 285) . 
These investigators are following 207 offspring of Danish schizophrenic 
mothers. All subjects were given extensive initial tests and interviews. 
Perhaps half of these children, in their teens at the start of the study, are 
expected eventually to show some degree of socially deviant behavior, with 
about 30 becoming schizophrenic. After 5 years of follow-up, approximately 
20 subjects have shown some more or less severely deviant behavior, al
though none is yet unambiguously schizophrenic. Further developments in 
this study will be awaited with great interest. 

There is no evidence that anyone has given up his pet genetic hypothesis 
about schizophrenia during the past 5 years. Eloquent voices have been 
raised on behalf of a single partially dominant gene (97 ,  371) ,  a dominant 
and a recessive gene (2 13),  two recessive genes (47), a polygenic system 
(140) , and some sort of generalized genetic disharmony (25). The notion of 
schizophrenia as a heterogeneous group of genetic diseases has also been 
popular ( 102, 290) . Along this last line, Hanhart (153) has urged the study 
of schizophrenia in isolated human groups, where the chances of finding just 
one genetic variety would presumably be enhanced, He reports data from a 
Swiss isolate with considerable inbreeding and a relatively high frequency of 
schizophrenia, and suspects a recessive gene with reduced penetrance. 

Regrettably, the earlier cited evidence from discordant MZ twins con
cerning the varied and uncertain manifestation of the schizophrenic geno
type(s) suggests that, barring some biochemical breakthrough, none of the 
above genetic hypotheses is in imminent danger of extinction. 

Since schizophrenics tend to have fewer offspring than nonschizophrenics, 
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the gene(s) involved should be selected against. Yet they are apparently 
much more frequent than can be explained plausibly by new mutations. I t  
has been suggested that the schizophrenic gene(s) i n  other contexts may 
confer a reproductive advantage (191).  This idea has been widely discussed 
in the period under review (25, 103, 135 ,  207, 2 13, 232) but no solid evidence 
has yet emerged. Some data have been reported suggesting that the repro
ductive disadvantage of schizophrenics is rapidly diminishing (104) , due 
largely to modern treatment methods which allow the schizophrenic to 
spend more time in the community. The social implications of this trend 
deserve a tten tion. 

Affective psychoses.-While genetic research with the affective psychoses 
has been somewhat less active than that with schizophrenia, there have 
been several substantial investigations and some good reviews and symposia 
(62, 437) . Perhaps the most striking results from a genetic standpoint are 
those of Perris (313) .  He investigated the hypothesis of two different genetic 
entities in the affective psychoses, one marked by both manic and depres
sive phases ("bipolar"),  and the other by recurrent depressive (or manic) 
phases only ("unipolar"). Among the relatives of 138 bipolar index cases he 
found 58 bipolar and 3 unipolar cases, and among the relatives of 139 uni
polar depressive cases he found 44 unipolar and only 2 bipolar cases-a 
remarkably clear separation. (He only found 1 7  unipolar manic index cases, 
and they did not yield very c1earcut results. ) The two varieties of affective 
psychosis differed in several respects : most notably in age of onset, with uni
polar cases occurring later. In addition, the risk of psychosis among relatives 
was lower for the unipolar cases. In general the study appears to have been 
carefully done, but Perris did all his own diagnoses, and it is difficult to rule 
out the possibility of some contamination, particularly in the diagnosis of 
the relatives. 

In a similar study in Switzerland, Angst (15)  found most bipolar illness 
occurred among the relatives of bipolar probands, in agreement with Perris ; 
however, unipolar illness occurred fairly often among the relatives of both 
kinds of probands. Angst also confirms Perris's finding of a lower psychiatric 
risk among relatives of unipolar probands, as does Asano (16), in a Japanese 
sample restricted to cases with an early age of onset (under 40) .  I n  Great 
Britain, Hopkinson & Ley (183) found a lower risk of affective disorders in 
relatives of probands with relatively late illness, and some tendency toward 
a bimodal distribution of age of onset. However, in a substantial US study of 
affective psychosis by Winokur and his associates (427) there was no differ
ence in average age of onset between familial and non familial cases of affec
tive disorder, which is somewhat out of line with the other studies. Wino
kur's group did find that most of their cases displaying manic symptoms fell 
in a group with highly positive family histories (426) , which is consistent 
with Perris's results. 

Thus on the whole, despite some inconsistencies, there appears to be a 
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fair amount of support for the hypothesis of two fairly distinct entities 
among the affective psychoses, one marked by the presence of both mania 
and depression, a higher risk in relatives, and earlier onset, and the other by 
recurrent depression, less risk in relatives, and later onset. Winokur proposes 
that a dominant form of genetic transmission may be involved in the first 
type (426). However, Slater & Tsuang (372) failed to find support for dom
inant transmission in manic-depressive families, using a method based on 
the frequency with which cases are found only on one side of the family. 

Psychoneuroses and character disorders.-Shields & Slater (364) report 
higher concordance among identical than among fraternal twin pairs for 
anxiety states and for personality disorders, but not for other neuroses. 
Mitsuda and his co-workers (291)  found that none of 56 cases of neurosis 
diagnosed as hysteria or depressive reaction had cases of schizophrenia 
among their close relatives, as opposed to 23 such families among 100 cases 
of neurosis diagnosed as anxiety reaction, obsessional state, or oversensitivity. 
The possibility must be considered that some of the latter group represent 
milder expressions of genotypes which might under other conditions have 
led to schizophrenia. 

Guze ( 149, 432) reports an elevated incidence of hysteria in female rela
tives of hysterics, and in male relatives an excess of other psychiatric dis
orders, mostly sociopathy and alcoholism. The incidence of the latter dis
orders was even higher in the husbands of his index cases, suggesting the 
possibility that it is hysterical females, not hysterical genes, that drive men 
to drink. Substantially higher identical than fraternal twin concordance for 
criminality was reported from Denmark (157) ,  while studies of obsessional 
neurosis yielded somewhat mixed results ( 133, 193, 335, 344) . Some limited 
new twin data on homosexuality suggests the involvement of both genetic 
and environmental factors ( 174) . The US veterans twin sample gave a much 
lower MZjDZ concordance ratio for psychoneurosis than for schizophrenia 
(3 19) . On the whole, a mixed bag, with some evidence of the importance of 
the genes, but every reason to suppose that the environment plays a major 
role as well in these disorders. 

Single-gene and chromosomal defects . -M uch less is known about the 
influence of genetic and chromosomal anomalies on personality and social 
behavior than on intelligence. Two exceptions to this generalization will be 
discussed briefly. One concerns genetic and chromosomal effects on sex role 
identification. The other concerns the XYY chromosome constitution and 
criminal behavior. 

Representative of work on genetic and chromosomal sex is the research of 
Money and his associates (294) . A particularly illuminating instance is pro
vided by the testicular feminizing syndrome (292) . This condition, believed 
to be due to a single gene, appears to involve an insensitivity of the body 
cells to male hormones. Affected individuals, genetic males, have (internal) 
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male gonads, but the androgens secreted by the testicular tissue do not have 
their normal masculinizing effects, and the individuals develop as pheno
typic females, except that they do not have female internal reproductive 
organs, do not menstruate, and are of course infertile. The interesting fact 
about such patients from our present standpoint is that their sex role be
havior and attitudes appear to be entirely feminine : as little girls they show 
no signs of tomboyishness, and when they grow up they fall in love with 
masculine males, get married, and settle down to cheerful domesticity. They 
also tend to show the typical feminine pattern of cognitive abilities, with 
verbal abilities superior to perceptual-spatial ones (282). Thus their genetic 
maleness appears to have no direct psychological effects ; presumably it  
normally acts only via the male sex hormones. However, there may be a 
direct effect of Y chromosome genes in growth, since these girls tend to be 
somewhat taller than average. 

M uch research and legal and popular discussion have stemmed from the 
reports by Casey (54) and Jacobs (196) of a number of men with an extra Y 
chromosome found in special security institutions for mentally subnormal 
men with aggressive and criminal tendencies. It was noted that many of 
these individuals were exceptionally tall, and soon investigators on several 
continents were busily examining the chromosomes of tall prisoners and 
mental patients and finding some cases of XYY. Court Brown (64) and 
Kessler & Moos (224) provide good reviews of these studies, and Borgaonkar 
(29) provides an extensive bibliography. On the whole, it appears that if one 
surveys 100 penitentiary inmates over 6 feet tall he can expect to find two or 
three men with an XYY karyotype. I t is clear that this is well above general 
population levels : Court Brown found one XYY male in a survey of 1 185 
male births, and none in an industrial population of 371  adult males selected 
for a height of 6 feet or more (64) . Nine XYY cases were found among 8215  
males karyotyped in 15  French laboratories for a variety of  reasons (324) . 
Three cases in approximately 2000 male births were found in a US study 
(256) . A somewhat higher figure of 4 in 1066 male births has been reported in 
one study (361) ,  but even this is far below typical findings in  criminal 
populations. 

Obviously, only a small fraction of serious criminals have an extra Y 
chromosome. Furthermore, neither tallness nor mental subnormality nor 
criminal tendencies invariably accompany an XYY karyotype. Indeed it has 
recently been proposed (50) that there are at least two quite different XYY 
syndromes, one marked by various genital anomalies, but not by tallness or 
psychopathic behavior, and the other by tallness and psychopathic ten
dencies, along with normal genital development. Judging from estimated 
population frequencies, most XYY males fit neither syndrome, but lead 
ordinary lives in society (162) . One such individual, discovered by chance 
(421 ) ,  was 5/1 1t" tall, had an IQ of 97, was physically unremarkable, and 
had exhibited a cheerful disposition and a mild and law-abiding tempera
ment since childhood. 
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EVOLUTION 

GENE DIVERSITY AND ADAPTATION 

Many forms of behavior that are critical for individual survival and 
population adaptation are under genetic control. Mating speed and duration 
of mating in Drosophila species show extensive genetic variation (215, 309, 
3 10), and respond to directional selection (223, 258). Similar genetic deter
mination is evident for mating ability in chickens (369) , aggressive behavior 
in mice (212, 233, 239), nest building in rabbits (435) , and sex behavior in 
mice (264-267, 400). 

Dobzhansky and his collaborators have been the most effective in identi
fying genetic variation in Drosophila and relating this variation to population 
survival. Using mass screening devices developed by Hirsch, these investi
gators have identified positive and negative geotaxis and phototaxis in many 
strains of D. pseudoobscura and D. persimilis from various geographic local
ities (3'75) . Some strains are positive, others neutral, and still others nega
tive. D. pseudoobscura has been selected for high and low characteristics on 
both of these responses (84, 85, 88). Realized heritability of both traits was 
extremely low-8 to 10% for the phototaxic and 2 to 3% for the geotaxic 
behavior. In spite of this, clear separation of selected lines was obtained 
after 16 generations, and when selection was relaxed the populations again 
converged, almost as rapidly as they were separated (88).  Apparently geo
taxic and phototaxic neutrality are the optimal responses among these 
populations-any radical deviation in either direction is counterbalanced by 
natural selection. When only a few "migrants" are permitted between popu
lations separated for their responses to gravity and light, the migrants will 
alter the recipient populations in the direction of the donor populations, even 
though phenotypically the migrants are the most deviant individuals of the 
donor groups (87, 89) . I n  other words, the phenotype of the migrants is not a 
good index of their genetic architecture, in accord with the finding of low 
heritabilities for these traits. Dobzhansky views these experiments as models 
of social mobility that may have application to human populations. 

One explanation for the disproportionate influence of rare genotypes on 
population parameters is found in recent studies by Ehrman and associates 
(93, 94). Rare Drosophila males mate more frequently than males that are 
common. The phenomenon has now been observed in strains of D. melano
gaster, D. pseudoobscura, D. persimilis, D. tropicalis, D. willistoni, and 
D. equinoxialis, and in strains carrying different chromosome arrangements 
(AR and CH),  strains selected for different behavior, and in those containing 
mutant markers. For whatever reason, rare male genotypes are reproduc
tively more fit until the numbers of each in the population are equal, at 
which time mating becomes random. The effect is less pronounced for 
females. Obviously this mechanism could lead to balanced polymorphism 
without heterozygous advantage. The exact sensory mechanisms underlying 
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the phenomenon are unknown, although olfactory and tactual cues have 
been implicated (93).  

ETHOLOGICAL ISOLATION 

Genetic groups, especially sympatric populations, may become repro
ductively isolated because of behavioral differences. This is in fact one basis 
for speciation and is of increasing interest to behavior geneticists. Isolation 
may occur because of differential selection pressure in a diversified environ
ment (131 ,  141,  243), because of divergent evolution from founding stocks 
that contain few individuals with unique genotypes (184, 185, 308), because 
of inadvertent selection during domestication (321) ,  because of differences in  
reproductive behavior (222) and physiologies (40, 281 ) ,  because o f  different 
capacities for food utilization under population stress (237) , and because of 
assortative mating for various traits (13, 86). Obviously the various reasons 
for isolation are not independent and must be studied in their interactions. 
Like other traits, isolating mechanisms can come under the control of selec
tion in the laboratory (77, 221) .  As yet speciation has not occurred under 
laboratory conditions, but it  might be a reasonable goal. 

While isolating mechanisms are better studied in organisms with a quick 
turnover of generations, some work with higher organisms shows promise of 
revealing critical ethological factors. BrueH (44) has proposed designs for 
evaluating the effects of inbreeding on wild populations. Emphases are on 
comparisons between sympatric mouse popUlations in the wild and in the 
laboratory. Selander & Yang (359) have studied several rural populations of 
domestic mice using blood esterases and hemoglobin as genetic markers to 
evaluate geographic variations in polymorphisms. Significantly, isolated 
breeding populations with characteristic gene frequencies appear even 
within individual barns with no physical barriers. These "tribes," "demes," 
and other breeding units are apparently isolated by male territorial and 
aggressive behavior. Surprisingly, up to 25% inbreeding is tolerated within 
subgroups. Some investigators believe that research into ethological isolating 
devices and modes of adaptation is of paramount importance for the con
tinuing vigor of behavioral genetics (280, 385) . 

HETEROSIS 

The terms heterosis or hybrid vigor are used to refer to the observation 
that crossbred Pi offspring from two inbred parental lines either deviate 
significantly from the expected midparent value or exceed the extreme 
pa,rental value. Both definitions have been used by behavioral geneticists. 
There are several competing theories of heterosis, and behavioral geneticists 
have done little to resolve these issues. Hybrid vigor is negatively associated 
with inbreeding or reduced genetic variation ; indeed the opposite of hybrid 
vigor is called inbreeding depression. Falconer (107) suggests that when 
inbred lines are crossed the Fl offspring will show heterosis for those char-
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BEHAVIORAL GENETICS 7 1  

acters that showed inbreeding depression in  the inbred lines. I t  appears that 
inbreeding allows more deleterious recessive genes to be expressed, and thus 
crossing, which increases genetic heterozygosity, should mask more of the 
recessive deleterious genes (245), and this may be what one observes in 
heterosis. 

Hybrid vigor has intrigued geneticists for many years, and in agriculture 
and animal breeding extensive and valuable economic use has been made of 
this phenomenon. However, at this time the amount of research devoted 
directly to investigating behavioral heterosis has not been extensive. Reviews 
of this literature may be found in a chapter by Bruell (42) and Lindzey's 
American Psychological Association presidential address (245). 

Heterosis has been observed for many phenotypes including morpho
logical and reproductive characters such as : litter size, longevity, body size, 
egg size and production, and disease resistance, using a variety of organisms 
such as: chickens, mice, rats, silkworms, honeybees, and Drosophila (245) . 
Most studies that have shown evidence for behavioral heterosis have been 
concerned with simple nonsocial responses such as appetitive and aversive 
learning (59, 429), activity (41, 42, 295), emotionality (43),  and exploration 
(41).  A study by Barnett & Scott ( 17) was concerned with nest building, 
food and wood gnawing, and activity, responses that appear to be closely 
related to adaptation. The investigators found evidence for "behavioural 
vigour" or heterosis in activity, gnawing, and nest building. In studies of 
heterosis, both behavioral and nonbehavioral, those characteristics that 
show heterosis seem to be associated with adaptation to the environment, 
natural selection, and thus evolution. Regrettably, social behavior, which 
from an evolutionary perspective is most important, seems rarely to have 
been the object of behavioral heterosis studies. 

Evidence for behavioral inbreeding depression in man has been discussed 
by Spuhler (376) , but evidence for behavioral heterosis in man is difficult to 
obtain. An interesting study by Hulse (189) provides some limited evidence 
for morphological heterosis in humans. He found that offspring from mar
riages between members of different Swiss villages were taller and more ro
bust than offspring of within-village marriages. Lindzey (245) has discussed 
the evidence for inbreeding depression as a result of incestuous matings and 
consanguineous marriages. On the basis of the results presented in that re
view one could reasonably infer that heterosis for human traits, behavioral 
and nonbehavioral, should be observable under appropriate circumstances. 

A major publication on behavioral heterosis during the period under 
review was Bruell's chapter (42). In it he reviewed several diallel studies of 
heterosis, and discussed genetic mechanisms that may underlie heterosis, 
and the relationship between evolution and heterosis. He also provided 
several suggestions for the design of future experiments on behavioral 
heterosis. In another important paper, Parsons (307) reviewed several studies 
that used mice and Drosophila, and examined the relationship between be
havioral heterosis and homeostasis, i.e. reduced variability in hybrids. I t  

A
nn

u.
 R

ev
. P

sy
ch

ol
. 1

97
1.

22
:3

9-
94

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
 A

cc
es

s 
pr

ov
id

ed
 b

y 
U

ni
ve

rs
ity

 o
f 

W
as

hi
ng

to
n 

on
 0

9/
21

/1
7.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
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appears that heterosis is often associated with homeostasis and that this 
association is stronger when the hybrid crosses are between unrelated strains. 
Only a few studies (163, 164, 428, 429) have directly investigated the ability 
of hybrid organisms to withstand various environmental changes or stresses, 
which has been called buffering (235). Additional studies of this problem 
would be a valuable contribution to the study of behavioral homeostasis and 
heterosis. Since heterosis and inbreeding depression are so closely related to 
evolution it  can be expected that behavioral geneticists in the future will 
devote considerable experimental effort to these phenomena. 

RESEARCH METHODOLOGY 

I n  this section various techniques used in  behavioral genetic analyses are 
briefly discussed and a few comments are made regarding trends in the use of 
these techniques. Examples of substantive findings yielded by these methods 
have been presented throughout this review. 

SINGLE-GENE TECHNIQUES 

Single-gene methodology is currently drawing increased attention, and 
the mouse has established itself as the chief species for study. Three major 
reviews have appeared (261, 388, 422) and several discussions point to the 
usefulness of single gene analyses (1, 269, 288, 386) .  By substituting single 
genes within a population, an investigator can preset biochemical substrate, 
relate behavioral effects to chromosome positions, and correlate allelic vari
ations in physiology and morphology to phenotypic components of behavior. 

I n  a critique, Wilcock (422) described the major techniques of unifac
torial study and stipulated their limitations. The primary methods of assess
ment are (a) to trace backward in development a gene mutation u ntil its 
effects vanish, thus indicating the point of genetic influence (e.g. 384) ; 
(b) to compare single-gene variations at a particular point in time and assess 
the differences in the phenotype (e.g. 1) ; (c) to screen alleles on a battery of 
behavioral tests and look for patterns and specificity of influence (e.g. 388) ; 
and (d) to resolve biometrical traits into their separate genetic components 
(e.g. 176, 329, 341, 393) . Each approach has its special advantages as well as 
deficiencies. 

Genes of interest are maintained in stocks of animals by preserving 
spontaneous mutations in inbred lines, by introducing mutations in inbred 
lines with repeated backcrossing from a mutant source, and by crossing 
mutant and nonmutant stocks and recovering segregants in F2 or other heter
otypic generations (144) . The first method reduces the possibility of linked 
genes affecting the phenotype, while the second and especially the third 
method allow linked genes to influence the results. Several catalogs of single 
genes are available (e.g. 257 ,  379), and an annotated bibliography of mutant 
mice has been compiled (367) .  In the mouse, well over 300 mutant genes 
occupying more than 2S0 loci are known (143) . Of these at least S5 are non
lethal coat color genes (433), in many respects ideal for behavioral study. 
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BEHAVIORAL GENETICS 7 3  

Moreover, over 100 neurological mutants are recognized in  the mouse (367) 
affecting almost every conceivable biological function relevant to behavior. 
I n  Drosophila at least 479 loci have been identified (12) ,  and in man a 
minimum of 123 loci have been identified on the sex chromosome and more 
than 1400 loci are noted for non-sex chromosomes (268) . Here, then, is the 
genetic raw material for investigation, especially abundant in mouse, 
Drosophila, and man. 

Relatively little of the quantity and diversity of single genes has been 
explored experimentally. I nvestigations of neurological mutants in mice 
have been most productive, and we will focus upon these here. Other signi
ficant investigations are cited at the end of this section. 

Neurological mutants.-Neurological mutant mice can be classified 
roughly according to (a) the area of the central nervous system affected 
(367) ; (b) the level of defect (e.g. 365) ; (c) the age of onset (e.g. 1 1 1 ) ;  or 
(d) the type of behavior involved (e.g. 1 1 1, 248, 384) . I t  seems that most 
known mutant disorders arise during early development (e.g. before 30 days 
of age) and are associated with smaller brain and body size and are related 

to locomotor disabilities (especially swimming) . Often the defects are pleio
tropic to changes in coat color and spotting. 

The variety of neurological mutants affecting balance and locomotion is 
very great. A partial listing can be found in McClearn & Meredith (261) 
and a more or less complete cataloging of such mutants is available (367) .  
New discoveries and studies include dancer, ducky, dystonia musculorom, 
jimpy, jittery, Nijmegen waltzer, pallid, pirouette, quaking, reeler, retinal 
degeneration, rotating, shambling, Snell's waltzer, twirler, wabbler-lethal, 
waltzer, and whirler (2, 80, 1 1 1, 248, 343, 366) . 

Screening techniques.-Somewhat paradoxically, methods devised to 
understand polygenetically controlled behavior have introduced new means 
of studying and classifying single-gene differences. Hirsch ( 176) has devised 
elegant techniques of mass screening and genetic analysis that function in  
this way. He and his colleagues ( 176, 179, 181 ,  186, 3 16) have used genetic 
markers, chromosomal inversions, and balanced lethal systems to study 
geotaxis in Drosophila. As a result, negative and positive geotaxic behaviors 
have been related to three of the four fly chromosomes. This refinement, as 
Hirsch and others see it, is a prelude to resolving chromosomal influence into 
smaller and smaller units, much as Thoday (393) and others have done for 
bristle number in Drosophila. Eventually, individual genes may be isolated 
following this strategy. 

Seymour Benzer (22) , a Nobel laureate in genetics, has amplified Hirsch's 
mass screening techniques to study single-gene mutations in D. melanogaster. 
He induces the mutations with ethyl methane sulfonate (ENS) and screens 
the mutants and normals on successive light stimulus tests. The technique, 
which Benzer calls "countercurrent distribution," may offer a useful method 
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74 LINDZEY, LOEHLIN, MANOSEVITZ & THIESSEN 

for fractionating populations according to genetic diversity on a number of 
sensory-motor dimensions. Benzer's technique has been used by others (2 1 1) 
to study induced neurological mutants in D. melanogaster. Of the four dom
inant mutants examined (mapped on the X chromosome) which cause shak
ing following etherization, marked activity, increased wing scissoring and 
increased fly specking (defecation) following disturbance, none reacted in 
any abnormal way to a light gradient. 

An elegant yet simple single-gene method of great potential has been de
veloped by Adler (6) and his associates to study chemotaxis in E. coli bac
teria. A capillary tube containing a solution of a chemical attractant is 
pushed into a suspension of bacteria on a slide and the number of bacteria 
attracted is counted. Using this straightforward technique combined with 
specific monounit mutants, Adler was able to conclude that the periphery of 
E. coli contains at least five chemoreceptors which direct movements of 
flagella toward different chemical substances. These receptors respond to 
galactose, glucose, ribose, aspartate, and serine-chemicals of interest to 
bacteria. The receptor mechanisms are independent of metabolic processes 
needed for survival and membrane transport systems. The methodology 
could be applied to the study of other sensory systems. In general the re
search steps of Hirsch, Benzer, Adler, and others significantly advance the 
concepts of taxes and innate releasing mechanisms established by Loeb and 
European ethologists and promise new and exciting developments in the 
understanding of single-gene processes. 

DESIGNS AND MODELS 

Along with the growing use of single-gene analyses and mutants as tech
niques in behavioral genetic analyses there is continued use of a variety of 
crossing techniques. Genetic analyses using two inbred strains (PI, P2) , FI, 
F2, and backcrosses (Blr B2) to estimate components of variation, heritabil
ity, and other genetic parameters have been used by a number of investi
gators (e.g. 148, 278, 299, 394) . A c'omputer program which can be used to 
estimate the various genetic parameters and test the assumptions of the 
classical model is available (2 14) . In studies reported by Newell (299) and 
DeFries & Hegmann (74) various biometrical analyses were used and com
pared. Such comparative analyses of biometrical methods should be useful 
in future behavioral genetic research. In a study of audiogenic seizures (60) 

three additional segregating generations, BIF!, B2Ft, BIB2, were added to 
the usual generations. A goodness of fit test was used to assess the con
gruence between expected and observed proportions of seizures in each 
generation. 

The " Tryon effect."-The absence of greater phenotypic variance in the 
segregating F2 generation compared to the Fl generation was discussed by 
Hirsch (178) ,  and he suggested that this was due to inadequate sampling of 
the spectrum of possible F2 genotypes. Tellegen (383) has suggested that as 
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BEHAVIORAL GENETICS 75 

long as sampling of the F2 subjects is random, an unbiased estimate of the 
population variance should be obtained. He has also shown that as n, the 
number of relevant genes, increases, the probability of observing the Tryon 
effect increases, but as the degree of genetic variation relative to environ
mental variation increases, the probability that the Tryon effect will be ob
served decreases. The absence of the Tryon effect was reported by DeFries 
& Hegmann (74) and their discussion of this effect is similar to that provided 
by Tellegen. 

The diallel cross.-I n  the past 5 years there has been increased interest in 
the diallel cross as a technique in behavioral genetics. A variety of organisms 
have been studied with the diallel method including rats (34, 36) , mice (43, 
59, 164), and fruit flies (1 14, 307). Broadhurst (34) provides an introduction 
to the diallel cross and discusses the advantages, limitations, procedures, 
and inferences that can be made using the technique. He illustrates the de
sign from his own work on open-field behavior in rats. It is likely that this 

technique may be used more frequently in the future ; indeed, Henderson 
(164) has su,ggested that generally the use of inbred or random-bred mice 
should be "abandoned" and replaced by diallel designs. 

However, other promising new alternatives to the diallel cross are being 
proposed. The quantitatively oriented behavioral geneticist should find 
several papers by the Birmingham biometricians of considerable interest 
(e.g. 45, 202, 204, 2 16, 283). 

Although selection is probably the technique most generally identified 
with behavior geneticists, it  has not been used extensively in recent years. 
Broadhurst (36) and Roberts (328) have discussed some of the reasons for 
this. Broadhurst (36) , who in his own work has used artificial selection ex
tensively, writes " . . .  despite this widespread interest [in selection experi
ments ] the harvest yielded by so much work has been relatively barren" 
(p. 807) . Selection experiments have been carried out using diverse be
havioral phenotypes and organisms, e.g. maze learning, avoidance learning, 
activity, alcohol consumption, and emotionality in rats; aggressiveness in  
mice ; geotaxis, phototaxis, and mating speed in  Drosophila. Roberts (328) 
provides a discussion of genetic concepts that underlie selection studies. 

It should be noted that some interest is now being shown in using wild 
Mus musculus (44) and other noninbred and nondomesticated mice. Bruell 
provides cogent reasons for increased concern with organisms that are not 
peculiar to the laboratory. He has argued that domesticated inbred mice, 
commonly used, represent a highly selective sample of the total genetic vari
ation of mice. As behavioral geneticists become more interested in evolution 
and behavioral population genetics, continued use of domesticated inbred 
mouse strains will become more restricting. 

Genotype x environment interaction.-The frequent observation of geno
type x environment (or treatment) interactions, in a wide variety of be-
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havioral traits, raises formidable problems in the design and strategy of re
search and interpretation of research findings. One may view the ubiquitous 
G x E interactions as either trivial or else as a basic challenge to psychology 

as a science with general laws of behavior. Examination of these problems 
and some solutions and research strategies can be found in the reviews by 

Henderson ( 165), Manosevitz (273), and Vale & Vale (403). 

Psychologists have generally been concerned with the effects of specific 
treatments (main effects) upon behavior, while behavioral geneticists have 
typically been concerned with the effects of genes upon behavior. While 
some investigators have been directly concerned with genotype x environ
ment or treatment interactions, there have been few systematic programs of 
research on such interactions. Interested readers should find the following an 
adequate starting point for further inquiry into this area (72, 120, 132,  152,  

1 64, 165,  1 7 7 , 273, 307, 336, 378, 395, 396) . Suggestions have been made to 
show how uniformity within an array of complex interactions may be found 
(1 65, 403) , and a scheme for classifying the various kinds of interactions has 
been reviewed by Manosevitz (273). Suggestions found in the paper by 
Vale & Vale (403) for searching for the "underlying variables," "mecha
nisms, " or "processes" of the interaction should stimulate not only a new 
look at G x E interactions but also systematic studies in which these inter

actions are investigated and efforts are made to identify their bases. 

Genotype x age interaction.-Behavioral genetic research on genetic vari
ation and development has been concerned with (a) genetic differences in 
developmental rate ; (b) interactions between genetic factors and age of sub
jects at time of testing ;  and (c) interaction between genetic variation and 
early experience treatments. Genetic differences in developmental rate and 
behavioral stability have been studied by comparing strains or mutant 
stocks with respect to a variety of behaviors (38, 83, 1 12 , 358, 4 1 7 ) .  Generally 
it has been shown that genetic factors are important determinants of devel
opmental rate and behavioral stability. 

The importance of genotype x age interactions has been emphasized by 
Henderson ( 166) , and interested readers should find his review of these 
studies helpful. He has sll'ggested that investigators become alert to detecting 
genotype x age x treatment interactions in their research. Studies on the 
effects of early experiences and their interaction with genetic factors as 
determinants of adult behavior have been studied by several investigators 
(e.g. 1 64, 275).  Generally these studies show that responses to early experi
ence and the course of subsequent development of the organism are partly 
determined by genetic factors and the age of the organism when he is ex
posed to the treatment. 

Twin and family studies.-A number of methodological developments in 
human behavior genetics are noted elsewhere in this review in connection 
with substantive studies. The present section will discuss some general 
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BEHAVIORAL GENETICS 7 7  

methodological trends, and some particular issues o f  method not covered 
elsewhere. The reader's attention is also invited to a general discussion of 
twin methodology by Allen (9) , and to a symposium on the use of com
puters in human genetics (370) . 

An authoritative discussion of twin concordance rates is presented by 
Allen, Harvald & Shields (10) .  They distinguish between "pairwise" and 
"probandwise" concordance rates. The former (which is the definition used 
elsewhere in the present review) refers to the proportion of affected pairs 
that are concordant;  the latter, to the probability of having an affected 
co-twin. They note that the pairwise rate in a sample is a biased estimator 
of the corresponding population parameter, and present a method of correc
tion. A related discussion of twin models is presented by Gedda & Brenci 
( 130). 

A striking (and welcome) trend in twin studies is toward the use of large 
samples which are essential for quantitative estimates of heritabilities, or 
for multivariate analyses. A 1965 survey by the World Health Organization 
(434) counted 23 current or planned twin studies in the areas of "psychiatry, 
psychology, or normal development" in the US, Europe, and Japan. Seven
teen of these involve over 500 twin pairs, and six over 2000. Such large-scale 
studies usually require questionnaire diagnosis of twin zygosity, based on 
physical characteristics, mistaken identity, and the like. Several recent 
validations of questionnaires against blood typing methods have been under
taken, with reassuring results. Nichols & Bilbro (302), with the US 
National Merit Scholarship sample, found agreement between a mail ques
tionnaire and blood diagnosis in 78 of 84 blood-tested pairs, or 93%. Hauge 
and his co-workers (157) with the Danish twin sample found agreement on 
313  of 335 pairs, again about 93%. A study with a sample of twins from 
among US veterans (195) achieved approximately the same level of agree
ment for a mail questionnaire against a combined serological and morpho
logical criterion, for 232 pairs. Since blood tests themselves are typically 
97-98% accurate, and since the errors are probably reasonably independent, 
this suggests that the questionnaires are actually achieving around a 95% 
level of diagnostic accuracy, which should be quite satisfactory for most 
large-scale studies. 

A number of writers have discussed the estimation of heritability co
efficients from twin and family data (67, 140, 199, 200, 254, 300, 354) . As 
several have pointed out, this is only a special case of the more general prob
lem of assigning the phenotypic variance of a trait in some population to 
various genetic and environmental sources. The more recent approaches 
take into account (to varying degrees) such factors as assortative mating, 
nonadditive genetic variance, heredity-environment correlation and inter
action, and (for twins) the possible greater similarity of environments be
tween members of identical pairs than between members of fraternal pairs. 
Since it is clear that one cannot estimate all of these parameters from twins 
alone, more complex designs involving other family members as well are 
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being explored (98). Cattell's pioneering effort in this direction, Multiple 
Abstract Variance Analysis, has been criticized (253), and elaborated (55).  
I n  a major paper, J inks & Fulker (201) examine thoroughly the whole area 
of quantitative estimates of variance components in human behavior, from a 
biometrical genetics point of view. While it is possible to find fault with the 
assumptions underlying any particular one of these techniques, it is clear 
that there are many options open in designing quantitative studies of the 
genetic and environmental influences on human traits, options which repre
sent special cases of a very general approach. 

Two factors mentioned above which have come in for special attention 
recently are assortative mating and the equivalence of identical and fra
ternal twin environments. Anyone wanting to incorporate assortative mat
ing into a quantitative model will wish to consult a paper on its genetic 
implications by Crow & Felsenstein (68), which provides a simple Wrightian 
approach to Fisher's classic work. Other papers review assortative mating 
with respect to education (226), IQ (128), and physical characteristics (377) 
and discuss theories of mate selection (92) .  Work on assortative mating 
with respect to normal and neurotic personality traits has also been appear
ing (46, 56, 154, 228). 

The assumption that fraternal twins have just as similar environ
ments as do identical twins is basic to many methods of estimating herit
ability from twin data. I t  has been a major focus of attack for critics of such 
methods. Additional ammunition for the critics is provided in several recent 
studies showing that compared to same-sex fraternal pairs, identical twin 
pairs have more close friends in common (373), play together more as chil
dren (227), and are responded to more similarly by teachers and peers (360). 
Some evidence for the defense is reported by Scarr (347) , who suggests that, 
at any rate, parents' identification of twins as identical or fraternal may not 
be crucial. She looked at cases where parents were mistaken concerning the 
zygosity of their twins, and found that this seemed to make little difference 
in their resemblance. There were only 1 1  mistaken pairs in her sample, how
ever, so this approach deserves repetition on a larger scale. 

I n  general, the causal sequence in development is hard to unravel. Do 
identical twin pairs play together more because they are more alike, or are 
they more alike because they play together more? Studies of separated twins, 
or longitudinal studies, should be able to get some leverage on this distinc
tion. A statistical approach is also possible, if one assumes a constant increase 
in enviroOnmental similarity relevant to several traits of differing heritability 
(254). Stability of relationships across cultures may also provide a clue 
(146, 147). 

Potentially powerful tools for tearing apart complex causal influences are 
presented by multivariate statistical methods. For a sampling of such 
techniques applied to human behavior-genetic problems, in the realm of 
abilities, the reader is referred to the concluding section of Vandenberg's 
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BEHAVIORAL GENETICS 79 

recent volume (410) ; such techniques have also been applied in the personal
ity realm (252, 3 1 1 ,  398). 

IN CONCLUSION 

I t seems evident that the field of behavioral genetics has displayed an 
accelerating rate of growth that is matched by few psychological specialties. 
It provides a major point of intersection between psychology and the bio
logical sciences and in recent years has involved extensive exchanges with 
other behavioral sciences. The early mission of behavioral geneticists cen
tered about the demonstration that genetic variation was an important 
determinant of most (alI?) domains of behavior and, in large part, this goal 
seems to have been accomplished. Contemporary investigation is much 
more likely to be concerned with the mechanisms or pathways involved in 
genetic determination and the attempt to arrive at quantitative estimates of 
the magnitude of genetic influence under stated conditions. The literature we 
have reviewed provides clear evidence of the growing influence of both 
molecular biology and biD metrical developments upon research in this area. 
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