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A comparison of mental ability of fos- 
ter children with that of their biological 
and their adoptive parents was first re- 
ported in 1924 (1), and 1 year later H. J. 
Muller presented the first case report of 
intellectual resemblance in monozygotic 
(MZ) co-twins who had been separated 
in infancy (2). In the succeeding half- 
century, studies of adopted children and 
separated identical twins have had a cen- 
tral role in research on genetic and envi- 
ronmental determinants of cognitive 
abilities. The resultant data have gener- 
ated a continuing controversy (3), and its 
resolution may require new research de- 
signs. 

The families of adult identical twins 
provide a new paradigm of particular 
promise for behavior-genetic study (4). 
In this report we describe the paradigm 
and illustrate its application. 

In Fig. 1 the multiple parent-offspring 
relationships found within families of 
adult identical twins are diagramed. Chil- 
dren in each of the nuclear families de- 
rive half their genes from a twin parent, 
those genes being identical with genes of 
the parent's twin sister or brother (the 
children's "twin aunt" or "twin uncle"). 
Since the children and the twin aunt or 
uncle do not live in the same households, 
their relationship is somewhat com- 
parable to that between foster children 
and their biological mother or father. In 
this way, studies of children of MZ twins 
provide a parallel to studies of adopted 
children, with two important advan- 
tages: (i) There is no disruption of the nu- 
clear family milieu; the children are 
reared by their biological parents in their 
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own homes. (ii) In adoption studies bio- 
logical fathers are rarely available for 
study (5): the relationship of nephew or 
niece to twin uncle parallels that of foster 
children to their biological father. 

The environmental covariance of a 
nephew or niece and the twin aunt or 
uncle will be markedly less than that of a 
parent and child living in a common 
household. It may not be zero, however, 
because MZ twins may select or create 
similar postmarital environments. An es- 
timate of such effects can be obtained 
from the resemblance of nephew or niece 
to the spouse aunt in kinships of male 
twins and to the spouse uncle in kinships 
of female twins. In the absence of as- 
sortative mating, the children share nei- 
ther genes nor a household environment 

own homes. (ii) In adoption studies bio- 
logical fathers are rarely available for 
study (5): the relationship of nephew or 
niece to twin uncle parallels that of foster 
children to their biological father. 

The environmental covariance of a 
nephew or niece and the twin aunt or 
uncle will be markedly less than that of a 
parent and child living in a common 
household. It may not be zero, however, 
because MZ twins may select or create 
similar postmarital environments. An es- 
timate of such effects can be obtained 
from the resemblance of nephew or niece 
to the spouse aunt in kinships of male 
twins and to the spouse uncle in kinships 
of female twins. In the absence of as- 
sortative mating, the children share nei- 
ther genes nor a household environment 

with the spouse aunt or uncle, and any 
behavioral resemblance would therefore 
suggest an environmental covariance 
common to all members of the kinship. 

Because their twin parents have iden- 
tical sets of nuclear genes, children of 
MZ twins are genetically related to one 
another as half-siblings; socially, they 
are reared as cousins in separate homes. 
Further, in contrast to conventional half- 
siblings resulting from divorce, death of 
a parent, or illegitimacy, MZ half-sib- 
lings are expected to be of the same age 
and size. Accordingly, offspring of MZ 
twins afford a unique human parallel to 
methods employed in animal genetics, 
where controlled matings of sires to mul- 
tiple dams yield estimates of genetic, en- 
vironmental, and maternal effects from a 
nested analysis of variance of the full- 
and half-sib progeny. Better still, half-sib 
progeny occur with equal frequency 
among maternal and paternal MZ twins, 
providing a balanced research paradigm 
that cannot be achieved in lowe: animals 
even with controlled matings. To illus- 
trate the paradigm, we here present a 
study in which it is applied to the Block 
Design Subtest of the Wechsler In- 
telligence Scales. 

Wechsler's Block Design Test is an 
adaptation of one introduced in 1923 by 
Kohs (6), who presented evidence that 
results from his test correlated highly 
with results from the Stanford Binet but, 
unlike the Binet, had only a modest rela- 
tion to level of education. Research with 
Wechsler's adaptation supports Kohs's 
assertion that the block test provides a 
measure of general intelligence. Across a 
wide age range, block design is highly re- 
lated to the general factor common to all 
Wechsler subtests (7); it is the most re- 
liable of the nonverbal subtests, and no 

with the spouse aunt or uncle, and any 
behavioral resemblance would therefore 
suggest an environmental covariance 
common to all members of the kinship. 

Because their twin parents have iden- 
tical sets of nuclear genes, children of 
MZ twins are genetically related to one 
another as half-siblings; socially, they 
are reared as cousins in separate homes. 
Further, in contrast to conventional half- 
siblings resulting from divorce, death of 
a parent, or illegitimacy, MZ half-sib- 
lings are expected to be of the same age 
and size. Accordingly, offspring of MZ 
twins afford a unique human parallel to 
methods employed in animal genetics, 
where controlled matings of sires to mul- 
tiple dams yield estimates of genetic, en- 
vironmental, and maternal effects from a 
nested analysis of variance of the full- 
and half-sib progeny. Better still, half-sib 
progeny occur with equal frequency 
among maternal and paternal MZ twins, 
providing a balanced research paradigm 
that cannot be achieved in lowe: animals 
even with controlled matings. To illus- 
trate the paradigm, we here present a 
study in which it is applied to the Block 
Design Subtest of the Wechsler In- 
telligence Scales. 

Wechsler's Block Design Test is an 
adaptation of one introduced in 1923 by 
Kohs (6), who presented evidence that 
results from his test correlated highly 
with results from the Stanford Binet but, 
unlike the Binet, had only a modest rela- 
tion to level of education. Research with 
Wechsler's adaptation supports Kohs's 
assertion that the block test provides a 
measure of general intelligence. Across a 
wide age range, block design is highly re- 
lated to the general factor common to all 
Wechsler subtests (7); it is the most re- 
liable of the nonverbal subtests, and no 

Fig. 1. Parent-off- B 
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mon environment ........ Spouse aunt or uncle-nephew/niece 
with their spouse illustrated for spouse aunt 
aunt. In a parallel 
manner. offspring of identical twin brothers genetically relate to their twin uncle as closely 
as they do to their own father but offspring in a maternal half-sibship share neither common 
genes nor a common environment with their spouse uncle. 
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Table 1. Regression and correlation analyses of Block Design Test scores and fingerprint ridge 
counts.* 

Block design scores Ridge count 
Relationship 

Coefficient N Coefficient N 

Regressions 
Son or daughter on father or mother 0.28 + 0.04 572 0.42 + 0.05 564 
Nephew or niece on twin uncle or aunt 0.23 ? 0.06 318 0.37 ? 0.05 310 
Nephew or niece on spouse uncle or aunt -0.01 + 0.06 241 -0.06 + 0.07 247 
Offspring on midparent 0.54 ? 0.07 254 0.82 + 0.07 254 

Correlations 
Monozygotic twins 0.68 + 0.06 65 0.96 + 0.03 60 
Full siblings 0.24 + 0.08 297 0.36 + 0.08 296 
Half-siblings 0.10 + 0.12 318 0.17 + 0.12 310 
Father-mother 0.06 + 0.10 102 0.05 + 0.10 98 

* The regressions and correlations for all genetic relationships differ significantly from zero; those for the two 
nongenetic relationships, the spouse correlation and the regression of nephew or niece on spouse uncle or 
aunt, do not. Sample sizes for most of the estimates are modest, however, and confidence intervals are quite 
large. 

measure of cognitive ability except vo- 
cabulary has lower error variance (8). 
Block design correlates highly with the 
vocabulary and information subtests, yet 
in contrast to these verbal tests is but 
weakly correlated with education (9) 
and, perhaps as a consequence, is not 
influenced by assortative mating (10), 
again in contrast to the verbal scales. 

To serve as a genetic guide for the 
analysis of block test scores, we have an- 
alyzed the fingerprint ridge counts of the 
study population. t'lotal ridge count is a 
well-documnented example of polygenic 
inheritance (11) that is largely unaffected 
by postnatal environmental influences, 
the number of ridges being fixed about 
the 12th week after conception. 

The block test was administered to 550 
members of 65 MZ twin kinships (12). 
The regression and correlation results 
for block design and total ridge count are 
sumlmarized in Table 1 (13). For both 
traits, familial resemblance appears to be 
a direct function of shared genes. The 
parent-offspring regression is compar- 
able in magnitude to that between twin 
uncle or aunt and nephew or niece (14) 
but in the absence of shared genes nei- 
ther trait exhibits significant familial ag- 
gregation. There is no resemblance be- 
tween spouse uncle or aunt and nephew 
or niece nor between husband and wife. 
Neither environmental covariance nor 
assortative mating appears to influence 
either trait. 

The parallel pattern of results for 
block design and for ridge counit pro- 
vides evidence of significant genetic vari- 
ation in nonverbal intelligence. We em- 
phasize that the evidence is obtained 
from normal children reared in their nat- 
ural homes by their biological parents, 
children who differ in no known way 
from the larger population to which we 
wish to draw inferences (15). Table 2 
presents heritability estimates for both 
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traits that can be derived from the data. 
The estimates show remarkably close 
agreement across the multiple genetic 
relationships contained within each kin- 
ship, but the reader is cautioned that 
they are not statistically independent. 

Our analyses suggest that substantial 
variance in Block Design Test scores is 
genetic in origin (16). An equivalent con- 
clusion, of course, is that substantial var- 
iance in those scores is attributable to 
nongenetic influences, and the twin-fam- 
ily methods which establish genetic vari- 
antce can also identify systematic sources 
of environmental influence on nonverbal 
IQ. Our methodology enables us to as- 
sess uniquely one potential source of en- 
vironmental variation, that of maternal 
effects. A nested analysis of variance of 
the offspring data permits a direct com- 
parison of the relative similarity of ma- 
ternal and paternal half-siblings. In this 
prelinlinary sample, we find no evidence 
of maternal effects in block design data, 
although such influences are present in 
verbal IQ scores (17). Independently, 

Table 2. Heritability estimates for Block De- 
sign Test scores and total ridge counts.* 

Estimated h2 

Relationship Block Total 
design ridge 
scores count 

Midparent-offspring .54 .82 
Parent-offspring .56 .84 
Twin uncle or aunt- 

nephew or niece .46 .74 
Full siblings .48 .72 
Half-siblings .40 .68 

*The ratio of additive genetic variance to total 
phenotypic variation defines the heritability, h2. 
From the composition of phenotypic covariances, 
the regression or correlation of relatives can be ex- 
pressed as estimates of h2 (19). Interpretation of the 
estimates should take into account the imprecision 
of the coefficients on which they are based, the re- 
stricted range of variation in our sample, and the fact 
that possible effects of common environmnent and 
dominance variation have been ignored. 

however, a prenatal environmental influ- 
ence has been demonstrated by contrast- 
ing MZ twins classified into mono- and 
dichorionic placental types (18). 
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Since the variance of midparent values is half 
the variance of individual parent values, the re- 
gression of offspring on midparent provides a di- 
rect estimate of h2. If effects of dominance varia- 
tion and common environments are ignored, the 
correlation of full siblings also estimates h2/2, 
that of half siblings h2/4. For details, see refer- 
ences cited in (13). The correlations of MZ twins 
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The Cheetah: Native American 

Abstract. Two North American fossil species of large felids, hitherto regarded as 
Late Cenozoic pumas (mountain lion), are in fact closely related to the living chee- 
tah, Acinonyx, of Africa and Eurasia. A new subgenus (Miracinonyx) is proposed for 
the American species. Cheetahs and pumas may have had a common ancestor in the 
Miocene of North America. 
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Fossils of Puma-like cats are relatively 
common in the Late Cenozoic of North 
America (1). One species of supposed 
Puma, "Felis" studeri, from the Plio- 
cene of the Texas panhandle, has long 
been recognized as distinct from Puma 
concolor because of morphological simi- 
larities with Old World cheetahs, but 
previous work has attributed the similar- 
ities to parallel evolution (1, 2). Excava- 
tions at the Late Pleistocene deposits of 
Natural Trap Cave, Wyoming (3), in- 
dicated that another species previously 
referred to Puma, "Felis" trumani (4), 
also possesses several characters of den- 
tition, skull, and limb architecture that 
are remarkably "cheetah-like." Again, 
the similarities were attributed to paral- 
lelism, and "F." trumani was styled as 
the "cheetah-like cat" (3). Continued 
excavations at the Wyoming site have 
yielded hundreds of bones of this felid 
(5), and more recent work (6) has re- 
vealed numerous shared derived charac- 
ters that link "F." studeri and "F." tru- 
mani to Old World Acinonyx. Other 
work (7) has utilized multivariate com- 
parison of upper and lower tooth rows to 
group the two American species; evolu- 
tionary affinities with Old World chee- 
tahs were also suggested. 

Except for size differences and several 
features which are interpreted as re- 
tained primitive characters, the fossils of 
"F." studeri and "F." trumani are al- 
most identical with Old World Acinonyx 
species (6). The points of similarity are 
so extensive and of such a complex na- 
ture that a hypothesis attributing their 
origin to other than common genetic de- 
scent would require pushing the concept 
of parallel evolution to an unprecedented 
extreme. 

The systematic paleontology follows: 

Family: Felidae 
Genus: Acinonyx 

Miracinonyx subgen. nov. 

Derivation of name. From Latin 
"mirus": surprising, amazing; and 

Acinonyx: Old World cheetah. 
Diagnosis. Distinguished from Puma 

and other medium-sized felids by elonga- 
tion of distal limbs (radius-ulna, tibia-fib- 
ula, calcaneum, metapodials); braincase 
short and expanded; postorbital con- 
striction wide; frontals broad and flat; in- 
ternal nares enlarged; orbital shelf (zygo- 
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matic process of maxilla) short; skull 
highly arched; coronoid process of ra- 
mus weak, slopes noticeably posterior; 
canines weak; short mandibular diaste- 
ma; protocone reduced or absent; audi- 
tory bulla elongate and flattened ante- 
riorly. The latter character distinguishes 
Miracinonyx from Old World cheetahs 
(8). Acinonyx studeri may be distin- 
guished from A. trumani by greater over- 
all skull size and elongate, widely spaced 
occipital condyles (2). Old World chee- 
tahs (subgenus Acinonyx) are distin- 
guished from the subgenus Miracinonyx 
by a prominent anterior or anterolingual 
cusp on P3, inflation of frontal sinus and 
auditory bullae, and greater develop- 
ment of the medial anteroposterior ridge 
of the basioccipital. 

Geographic distribution. Western 
United States: Texas (2), Nevada (4), 
Wyoming (3). 

Temporal distribution. Middle Blan- 
can to Late Pleistocene. 

Type species. Acinonyx (Miracinonyx) 
trumani (Orr, 1969) (4). 

Included species. Type species and 
Acinonyx (Miracinonyx) studeri (Savage, 
1960) (2). 

Description. The skull of Miracinonyx 
is highly arched, with the facial and cra- 
nial regions sloping anteriorly and poste- 
riorly from the interorbital area of the 
frontals. Shortening of the facial region 
and enlargement of the P3 have reduced 
the upper diastema and crowded the P2 
tightly between the P3 and canine. Both 
upper and lower canines are reduced, the 
lower premolars are relatively narrow, 
and the protocone of the upper carnas- 
sial is greatly reduced or absent. The 
zygomatic process of the maxilla, which 
in Puma forms a distinct shelf in the orbit 
floor, is reduced. Shortening of the cra- 
nial region of the skull gives a bulging ap- 
pearance to the braincase; the anterior 
portion of the zygomatic arch is short- 
ened, and the postorbital constriction is 
widened. The frontals are greatly wid- 
ened and flat, with the orbits set far apart 
and high on the face. The postorbital 
process of the frontals is distinct and of a 
sharp angular shape; because of frontal 
sinus inflation the postorbital processes 
of Old World Acinonyx appear more 
rounded. Dorsally, the skull of Acinonyx 
is readily distinguishable from Puma, 
which has a prominent postorbital con- 
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