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ABSTRACT Anthropometric data on 12 variables in 19 villages of the 
Yanomama Indians demonstrate significant heterogeneity in physique among 
villages of this tribe. Mahalanobis' distances (Dz) calculated from the data lead 
to the tentative conclusion of a general correspondence between anthropometric 
and geographic distances separating villages. The mean stature of the Yano- 
mama is smaller than that of most other South American tribes which have 
been measured, and the Yanomama are genetically distinct from the other 
small Indians as shown by genetic distances based on allele frequencies for a 
variety of genetic markers. 

Since some subjects were measured more than once by the same and by dif- 
ferent observers, i t  was possible to calculate approximate estimates of variance 
within and between observers. Univariate analysis indicates that face height 
and nose height are especially susceptible to systematic differences in technique 
between observers. The variances obtained in this field study compare favorably 
with those of some classical laboratory studies described in the literature. It 
was found that measurement error nevertheless probably makes a substantial 
contribution to anthropometric distance between villages. The median error 
variance as a fraction of that of Herskovits ('30) is 0.62 for the seven measure- 
ments in common with this study. The median value of the error variance 
for the 12 variables in this study is between 16% and 17% of the total variance. 

The biological differences among hu- 
man groups are produced by a complex 
mix of biological and cultural determi- 
nants. Within a tribe of relatively undis- 
turbed slash-and-burn agriculturalists, the 
extent of this biological differentiation of 
sub-groups may be studied unconfounded 
with the influence of modern civilization. 
The Yanomama Indians of southern Ven- 
ezuela and northern Brazil, who have only 
recently entered into permanent contact 
with non-Indians, are one of the largest 
and least acculturated such tribes in 
South America (Zerries, '55;  Chagnon, 
'68). Living in 100-150 villages of approx- 
imately 40 to 250 individuals, they provide 
an unusual opportunity to study the social 
and population structure which probably 
characterized many human groups for the 

greater part of human evolution (Neel, 
'72). An extensive biomedical and genetic 
study of the Yanomama has already re- 
sulted in an examination of the variation 
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in genetic traits among villages (Ward, 
'72). In addition, we have collected an- 
thropometric data on adult men and 
women in 26 villages for a comparison of 
genetic and morphological differentiation 
of villages, and for the study of metric 
variability in its own right. 

For traits determined by alleles at a 
single locus, the extent of genetic varia- 
bility among socially and geographically 
defined subunits of primitive or recently 
acculturated groups has been documented 
repeatedly (Workman and Niswander, '70; 
Ward and Neel, '70; Sinnett et al., '70; 
Friedlaender et al., '71; Ward, '72). The 
magnitude of this microdifferentiation (see 
Neel and Ward, '70) contrasts with the 
impression, apparently intuitive and anec- 
dotal, of relative homogeneity in some 
remote tribes (referred to in Neel and Sal- 
zano, '67). Despite the demonstration of 
village heterogeneity in traits determined 
by single loci, it might be suspected that 
metric traits, influenced by many genes 
and susceptible to environmental varia- 
tion, would be less subject to genetic drift 
or other dispersive effects (Workman and 
Niswander, '70: 43) so that differences 
between villages would not exceed those 
ascribable to random variation. In this 
paper we present the data and summarize 
the evidence for anthropometric differ- 
ences among Yanomama villages, greatly 
in excess of random differentiation. 

We have also extensively investigated 
measurement error in our data. The mea- 
surements reported here were taken by 
four observers (identified as A, B, C, and 
D). It is often necessary to combine mea- 
surements made by several observers in 
large studies carried out over several years 
of field trips. As Neel et al. ('70) have 
emphasized, the interpretation of small 
differences between groups always re- 
quires a knowledge of measurement error. 
When in addition, different observers mea- 
sure in different groups, the opportunities 
for systematic errors are particularly great. 
Although some attempt has been made to 
specify measurement error in previous 
anthropometric studies (Herskovits, '30; 
Davenport et al., '34; Steggerda, '42; Ma- 
jumdar and Rao, '60: 88-90; Neel et al., 
'70), the contribution to total difference 
between groups, based on several variables 
has not been examined so far as we are 

aware. We have therefore added to this 
presentation of the data a detailed treat- 
ment of measurement error and an assess- 
ment of its contribution to observed village 
differentiation. 

POPULATION AND METHODS 

Figure 1 shows the location of villages 
where measurements were obtained. Sam- 
pling within each village was of necessity 
haphazard, but we tried to include all men 
of estimated age between 18 and 45 years, 
and all women between 16 and 45. From 
an original list of 17 anthropometric mea- 
surements obtained in the field, we have 
reduced the data on each individual to 
those 12 variables (in addition to age and 
sex) most easily defined with precision 
and believed to be least subject to inter- 
observer variability: stature, sitting height, 
head circumference, calf circumference, 
forehead height, face height, nose height, 
nose breadth, head length, head breadth, 
bizygomatic breadth, and bigonial breadth. 
The definitions follow Hertzberg et al. 
('63) and Schull and Neel ('65). To reduce 
the role of non-genetic influences on the 
anthropometric traits examined, we have 
excluded weight which we presume to be 
especially sensitive to nutritional variation. 

Although a complete comparison (e.g., 
factorial) design of the four observers' 
measurements was not possible, data were 
obtained which permit some treatment of 
both intra- and inter-observer error for 
three observers. Observers A and C mea- 
sured the same series of subjects in one 
village (IIABC); in another, observer A 
measured subjects originally measured 
by B three years earlier. In addition, ap- 
proximately every tenth subject measured 
by A or B was measured twice to permit 
an estimate of intra-observer variability. 
It was not possible to estimate inter- or 
intra-observer error with data obtained by 
observer D. The analysis of measurement 
error follows the presentation of the 
results. 

Preliminary screening of the data for 
extremely implausible measurements re- 
vealed three men and four women each 
with a single measurement more than four 
standard deviations from the mean for 
that measurement in their sex. These 
seven "outliers" were removed from the 
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analysis. After outliers and individuals 
outside the age limits were eliminated, 
there remained 316 men and 260 women 
in the 19 villages with more than 15 mea- 
sured subjects. Gene frequency data for 
14 of these villages have been published 
(Gershowitz et al., 72; Weitkamp et al., 
'72; Weitkamp and Neel, '72). In this an- 
thropometric study the closely related vil- 
lages 03A and 03B of the previous reports 
have been combined to form the first of 
the 19 villages, because too few adults 
were measured in 03B to use it separately. 

Anthropometric data from five previously 
unreported villages are included. Gene 
frequencies for these groups are also 
available (Layrisse et al., in preparation; 
Tanis et al., in preparation). 

The multivariate statistic used to mea- 
sure and test the significance of differ- 
ences in this study is Mahalanobis' Gen- 
eralized Distance, or D2 (the square of the 
Euclidean distance in a space obtained by 
transforming the original variables to un- 
correlated standardized variables; Rao, 
'52). For each pair of villages, this mea- 
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sure combines the contribution of differ- 
ences in each of the 12 variables, and 
weights each difference in proportion (in- 
versely) to both its variability within vil- 
lages, and its correlation with the other 
11 variables. A brief consideration of a few 
statistical properties of this measure will 
give some feeling for the significance to 
be attached to the values which follow. 

Although the distribution of *D2 
approaches x2 (Chi-squared) with df equal 
to the number of variables, it is convenient 
to evaluate a function of D2 which is dis- 
tributed as F: 

where N1 and Nz are sample sizes, p is the 
number of variables, and k = N1 + N2 
- p - 1.  To test the statistical signifi- 
cance of a difference between two popula- 
tions we convert the D2 between them to F. 
For example, the F corresponding to D2 of 
6.272 for two independent random sam- 
ples, each of size 15 on 12 variables, is 
2.38. This value is referred to the F dis- 
tribution with 12 and 17 degrees of free- 
dom, where it is exactly the 5% critical 
value. All the D2’s to be tested will be 
referred to the F distribution. The preced- 
ing calculation shows that a comparison 
of the kind specified requires D2 > 6.272 
for a difference to be significant at the 
5% level. For two samples of 30 each, 
Dz = 1.876 reaches significance at the 
5% level (Morrison, ’67). 

Ultimately the goal is to use the dis- 
tances as a metric of morphological dif- 
ferences among villages, not to test the 
statistical significance of such differences. 
Provided that some differences are large 
enough to be clearly distinguishable from 
random variation, and that departures 
from the statistical assumptions are not 
so great as to invalidate the use of dis- 
tance as such a metric, our concern with 
the statistical significance of the differ- 
ences may be minimal. A matrix of dis- 
tances like table 3 (presented later) might 
consist entirely of non-significant entries, 
yet still be informative as a metric of rela- 
tive differences between villages. 

Elsewhere (Spielman, in manuscript (a)) 
we describe a method for combining mea- 
surements on men and women from the 

same village. Within each sex, all mea- 
surements are expressed in standard de- 
viation units from the mean for that sex. 
After the difference in each measurement 
attributable to mean sex differences is 
removed in this way, men and women from 
the same village are in general much more 
similar than men and women from differ- 
ent villages. The within-village resem- 
blance justifies pooling the data on men 
and women from the same village after 
expressing all data (for each sex) as stan- 
dard deviations from the mean for the 
appropriate sex. Throughout this paper, 
data for the calculation of distance were 
pooled after standardization. Since the 
adjustment of the data is a linear trans- 
formation which does not affect general- 
ized distance within sex groups, the dis- 
tances remain directly comparable with 
those based on measurements of a single 
sex. 

RESULTS 

The pooled data, adjusted for differences 
due to sex, are given in table 1,  which in- 
cludes additional information on villages 
sampled. The entries for means are in 
standard deviation units, exactly as used 
in the distance calculations. Approximate 
village means in original units (centi- 
meters) may be obtained using the tribal 
means and standard deviations given at 
the bottom of the table. The variance- 
covariance matrix for the data is given in 
two forms in table 2. The correlations de- 
rived from the pooled within-group covari- 
ance matrix appear above the principal 
diagonal. The variances and covariances 
of the sex-adjusted variables as actually 
used for distance computation are given 
in the lower triangle and on the principal 
diagonal; i.e., they represent the disper- 
sion matrix inverted in the multivariate 
analysis. 

Anthropometric distances 

Table 3 gives the 171 distances for all 
possible pairs of 19 villages. The guide- 
lines for statistical hypothesis-testing in- 
dicated earlier may be used in a cautious 
way with this table. Since the sample sizes 
are all greater than 15, a D2 value greater 
than 6.27 may be declared statistically 
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significant. There are 100 such. values 
among the 171 distances. Note however 
that the sampling is not strictly random, 
and the observations (individuals) are not 
independent in the statistical sense, so 
that the significance level is at best a very 
rough approximation. The effect of non- 
independence of observations within a vil- 
lage, the result of including related indi- 
viduals, is to inflate the significance of 
the F test by exaggerating the degrees of 
freedom in the denominator; but even if 
the degrees of freedom are reduced to only 
10 or 11, the largest distances in table 3 
remain highly significant . 

Generalized distance (D’) is a summary 
statistic which conceals the relative im- 
portance of the component variables. To 
identify the measurements which make 
the largest contribution to overall dis- 
crimination, we have used the multiple 
stepwise discriminant analysis program 
BMD07M (in the Biomed series, distrib- 
uted by the Health Sciences Computing 
Facility, U.C.L.A.), described briefly by 
Rightmire (‘70). Of the 12 measurements, 
the six which are jointly most important 
for discriminating among villages are, in 
order of decreasing contribution: head 
breadth, bigonial breadth, forehead height, 
face height, nose breadth, and sitting 
height. 

In order to assess the possible genetic 
significance of the observed anthropo- 
metric differentiation, we need estimates 
of the heritability of the traits involved. 
Although in principle, heritabilities cal- 
culated for one population from twins 
need not apply to another, we have fol- 
lowed McHenry and Giles (’71) and used 
as a measure of heritability the ratio of 
dizygotic to monozygotic twin pair vari- 
ances, calculated by Osborne and De- 
George (‘59) for a sample of U. S. twins. 
Of the measurements reported here for 
the Yanomama, only forehead height is 
absent from the twin study; only the 11 
measurements in common are considered 
for heritability. Head breadth, which con- 
tributes most to discrimination in the 
Yanomama, has the highest DZ:MZ vari- 
ance ratio for the twin sample, and hence 
presumably the highest heritability. The 
ranks in DZ:MZ variance ratio of the 
other measurements important for the dis- 
crimination are: fifth (bigonial breadth), 

seventh (face height), eighth (nose 
breadth), third (sitting height). To the 
extent that inference from heritabilities 
based on U.S. twins are applicable to the 
Yanomama, it appears that at least one 
major discriminating trait is highly herit- 
able, but that evidence from the literature 
for the heritability of the other major dis- 
criminating variables is ambiguous. 

Measurement error 

We have not been able to find in the 
literature analyses of measurement error 
for field data like ours, or using a multi- 
variate approach. For this reason, and 
because the results from this error study 
will be important for a later comparison 
of village differences in genetic markers, 
anthropometrics, and dermatoglyphics, we 
devote considerable attention here to such 
an analysis. The errors made in an an- 
thropometric study may be conveniently 
divided into two kinds. Random error, 
which increases the variance of a set of 
observations without affecting the mean, 
is the less serious type, in the sense that 
it may reduce apparent significance but 
does not introduce bias. Systematic errors, 
on the other hand, occur when the same 
measurements taken on different occa- 
sions differ consistently. Random errors 
contribute to both intra- and inter-ob- 
server differences, and set an absolute 
lower limit for each; systematic errors are 
presumably more likely of the inter-ob- 
server than the intra-observer variety in 
this study. 

The error study is based throughout on 
measurements of the same individual 
made twice, which we call “repeats” when 
made by the same observer, and “dupli- 
cates” when made by different observers. 
After a preliminary check for heterogene- 
ity among observers, repeats by observers 
A, B, and C were combined and duplicate 
measurements made by A and B, or by A 
and C, were combined. Although eight 
apparent outliers were found, (pairs of 
measurements differing by more than 
four times the standard deviation of the 
difference between pairs), none was ex- 
cluded from the repeats or the duplicates 
by A and C;  it was thought self-defeating 
to eliminate the worst errors from an error 
study. The A-B duplicates are a special 
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case, however. The remeasuring for these 
was done three years after the initial mea- 
suring, with attendant opportunities for 
change of the true measurement by aging, 
or even mis-identification of the subject. 
Among the A-B duplicates, we have there- 
fore excluded from the error study two 
individuals, each with a duplicate mea- 
surement five or more standard deviations 
from the mean difference between dupli- 
cates, on the grounds that these differ- 
ences represent a kind of variation not 
due to measurement error. (The removal 
of the two outliers reduced the A-B dis- 
tance, which will appear later in table 5, 
by 14% -from 3.185 to 2.668.) There 
remains a total of 42 repeats (20 by A, 
17 by B, and five by C) and 17 duplicates 
(six by A and B, 11  by A and C). 

Table 4 presents a partition of the total 
(not the within-group) variances. This 
must be considered a rather crude ap- 
proximation, since to make inferences ap- 
plicable to the entire sample of Indians, 
we must assume that each of the error- 
study samples, repeats and duplicates, is 
strictly representative of the larger group. 
This assumption is embodied in the esti- 
mation procedure (see table 4): the vari- 
ance between repeats has been subtracted 
from the variance for duplicates to give 
an estimate of true variance between ob- 
servers. Similarly, the sum of variance 
between repeats and variance between 
observers has been subtracted from the 
total variance to give an estimate of true 
variance between subjects. For these pur- 
poses, the total variance is based on all 
576 subjects in 19 villages, not just on 
those included in the error study. The 
median value for the error variance (due 
to repeats and duplicates) as a fraction of 
the total is about 17%. The component 
of the variance due to duplicates (third 
and fourth columns, table 4) indicates that 
only two variables, face height and nose 
height, are highly susceptible to system- 
atic error. 

The size of the component of variance 
ascribable to differences between observers 
led us to recompute the pairwise distances 
tentatively excluding face height and nose 
height. If systematic differences between 
observers for these two variables make an 
important contribution to differences be- 
tween villages, we should expect to find 

that excluding them would reduce the 
variability among villages measured by 
different observers more than it reduces 
that among villages measured by the same 
observer. There is, fortunately, a rigorous 
formulation of this question. The sum of 
squares of deviations (distances) of n vil- 
lages from the overall mean is exactly the 
sum of the n X (n - 1)/2 pairwise squared 
distances divided by n (Edwards and Ca- 
valli-Sforza, ’65). We may calculate the 
fractional reduction in variance among 
groups measured by a single observer 
(pooling over observers) due to removal of 
the two variables; it is about 13%. Com- 
pare this with the reduction in variance 
among groups measured by two different 
observers (pooling again over observer- 
pairs): 9 % .  Since the two questionable 
variables apparently contribute less vari- 
ance to groups measured by different ob- 
servers than to those measured by the 
same observer, there is no support for the 
inference that inter-group distances are 
spuriously inflated by this kind of observer 
variance in the data. 

It is also desirable to combine such uni- 
variate results into composite figures 
which incorporate variability in all vari- 
ables at once. The distinction between 
intra- and inter-observer variability is 
easily maintained when the analysis is 
thus shifted to a multivariable setting. 
Treating a set of individuals measured on 
one occasion (or by one observer) as a dif- 
ferent “village” from the same set mea- 
sured on another occasion, we can find 
the distance between repeats or between 
duplicates, and compare its magnitude 
with the inter-village distances obtained 
earlier. The 19-village pooled within-group 
covariance matrix based on deviations 
from each sex-mean was used. Table 5 
gives such distances, now using de- 
rived from comparisons with six or more 
cases available. While the distance be- 
tween repeats is smaller than any inter- 
village distance in table 3 (upper triangle), 
the inter-observer Ds, especially those 
between As and B’s measurements of the 
same six subjects, are large in comparison 
with the inter-village Ds. 

If the large inter-observer distances are 
due to the systematic error in face height 
and nose height identified in table 4, 
recalculation excluding those variables 
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TABLE 4 

Measurement  error: components  of variance (in o m 2 )  f o r  twelve 
anthropometric  measurements  in the Y a n o m a m a  

353 

N =42 N=17 

VR Fraction 

1. Stature 
2. Sitting height 
3. Head circumference 
4. Calf circumference 
5. Forehead height 
6. Face height 
7. Nose height 
8. Nose breadth 
9. Head length 

10. Head breadth 
11. Bizygomatic breadth 
12. Bigonial breadth 

0.44 0.02 
0.48 0.06 
0.08 0.05 
0.04 0.02 
0.05 0.09 
0.05 0.15 
0.02 0.16 
0.01 0.09 
0.01 0.03 
0.00 0.02 
0.03 0.14 
0.03 0.10 

VD Fraction 

N.C.‘ - 
0.75 0.09 
0.32 0.19 
0.35 0.14 
0.04 0.08 
0.10 0.32 
0.06 0.50 
0.01 0.17 
0.01 0.05 
0.00 0.02 
N.C.’ - 
0.04 0.14 

N = 576 

Vg Fraction VT 

21.49 0.98 21.93 
6.76 0.85 7.99 
1.29 0.76 1.69 
2.15 0.84 2.55 
0.44 0.83 0.53 
0.17 0.53 0.32 
0.04 0.34 0.11 
0.05 0.74 0.07 
0.21 0.93 0.23 
0.17 0.97 0.18 
0.22 0.86 0.25 
0.23 0.76 0.30 

VD not calculated when MSR. > MSD. MSR is used as an estimate of VD + V R .  
Definitions: V, variance; MS, mean square; B, between subjects (Indians); D, between duplicates; R, between 

repeats; T. total. 
VT = MSs = V g  + VD + VR 
VR = M S R  
VD = MSD - VR = MSD - MSR 
Vg = MSg - VD - VR = MSg - MSD 

should reduce the off-diagonal entries in 
table 5 appreciably. These supplementary 
values, given in parentheses (table 5), pro- 
vide only partial support for such an ex- 
planation. Exclusion of the two face mea- 
surements reduces the A-C distance by 
almost 5 0 % ,  but the reduction of the A-B 
distance is only about 16%, just what we 
expect after eliminating two out of twelve 
approximately equally variable measure- 
ments. 

We have been able to locate in the lit- 
erature only two studies in which observer 
error has been evaluated as in this study. 
Seven of our twelve measurements were 
also used by Herskovits (‘30) in a sample 
of 100 individuals measured by the same 
two observers. The median value of our 
error variance as a fraction of theirs is 
0.62. Using the sum of duplicate and re- 
peat variances in the present study for 
comparison with the “mean square devi- 
ation” of Herskovits, we find that in only 
one of the seven measurements does our 
error variance exceed theirs. 

Steggerda (‘42) asked 21 professional 
anthropometrists to measure Mrs. Steg- 
gerda, as she accompanied him on visits 
to other laboratories. The resulting data 
are not quite so comparable with our own 
as those of Herskovits, but we present a 
comparison for the sake of completeness. 
Eight of our measurements were used. In 

TABLE 5 

Inter- and  intra-obseruer anthropometric  dis- 
tances,  expressed as  0. Main entries are Gal- 
culated on all 12 variables; entr ies  in parentheses 
are calculated with f a c e  height  and  nose height  
excluded,  a s  described in text .  

Observer A B 

A 0.329 (0.250) 
B 3.185 (2.681) 0.285 (0.254) 
C 1.421 (0.726) 

four, the error variance reported by Steg- 
gerda is larger than ours, and the median 
ratio of our error variance to theirs is be- 
tween 0.87 and 1.01, Unlike Herskovits’ 
subjects and Mrs. Steggerda, the Yano- 
mama were relatively uncooperative sub- 
jects, measured under field conditions, 
greatly increasing the probability of vari- 
ous clerical errors. 

The analysis of inter- and intra-observer 
error shows that differences between ob- 
servers and imperfect replication by a 
single observer contribute an appreciable 
error to studies of this type, especially 
when several observers participate, and 
they are unable to compare techniques. 
To the extent that this study is represent- 
ative, one must conclude that morpholog- 
ical differences found in large bodies of 
anthropometric data collected by workers 
trained in completely independent tradi- 
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tions should be evaluated relative to mea- 
surement error. 

DISCUSSION 

Even the approximate significance test 
used here shows clearly that some of the 
differences between villages are highly 
significant; the differentiation in morphol- 
ogy is not merely random variation. It 
would be desirable to establish whether 
the Y anomama villages are unusually 
highly differentiated morphologically, as 
has been shown for allele frequencies 
(Neel and Ward, in press). Unfortunately, 
comparable data from similarly undis- 
turbed groups are not available. 

When the relative magnitudes of the 
anthropometric distances in table 3 are 
compared with the geographic location 
and distances (see map), the general cor- 
respondence of geographic separation with 
anthropometric distance is apparent. Two 
villages (08E and 08F; see figure 1) are 
very remote geographically and linguis- 
tically (Migliazza, in preparation) from the 
rest of the 19 represented here. They are 
also clearly the most different from the 
rest anthropometrically (cf. rows and col- 
umns 8 and 9, table 3). Villages in close 
geographic proximity, like 03AB, 03C, and 
03D (villages 1, 2, and 3) are also “close” 
anthropometrically. With a technique de- 
veloped for use with multivariate data 
(Spielman, in manuscript (b)), the com- 
parison of the patterns of geographic and 
anthropometric differentiation of villages 
has been extended to all 19 villages. Un- 
derlying the method of comparison is a 
measure of similarity of between sets of 
data usually represented by dendrograms 
or trees of relationship. The complete 
analysis, which includes a comparison of 
anthropometric and genetic distances, 
indicates that there is highly significant 
agreement among geographic, genetic, 
and anthropometric relationships of vil- 
lages (Spielman, in manuscript (b)). 

Because of their small stature, the 
Yanomama are distinctive in physique 
when compared with other South Amer- 
ican Indians (see also Zerries, ’59; Diaz 
Ungria, ’60). Among 28 tribes represented 
in Comas’ compilation (‘71), the Yano- 
mama males are smaller in mean height 
than all but three, the Irapa, Motilon and 

Kuaiker. Of these three, the Irapa and the 
Motilon are subdivisions of the Yupa of 
East Zulia in northwest Venezuela (Lay- 
risse and Wilbert, ’66). As a result of sub- 
stantial differences in allele frequency at 
several loci (Rh, MN, Jk, Fy, Di, Hp were 
used), the Yupa and Yanomama are placed 
on different branches at the first split of 
the phylogenetic trees for Indian tribes 
constructed by Fitch and Neel (‘69). The 
genetic distance between these two groups 
calculated by the method of Cavalli-Sforza 
and Edwards (’67) is 0.406 distance units. 
The third group in Comas (‘71) smaller 
than the Yanomama in mean stature is 
the Kuaiker of southwest Colombia. Their 
frequencies of I* and I* (close to 0.01 
for each) suggest non-Indian admixture, 
but frequencies for other alleles seem not 
to be available. Another tribe of small 
Indians of South America for whom both 
anthropometric and genetic data are avail- 
able is the Cashinahua of eastern Peru. 
Johnston et al. (’71) give the mean height 
of a group of 38 adult men as 154.7 cm. 
Using allele frequency data from Johnston 
et al. (‘68) and Johnston et al. (‘69) for 
the six loci listed above, we find that the 
genetic distance of the Cashinahua from 
the Yanomama is 0.496, almost 25% 
greater than that for the Yupa. There are 
thus at present no data to suggest an es- 
pecially close relationship of the Yano- 
mama to these other small-statured In- 
dians of South America. Furthermore, we 
do not find in the distributions of the 12 
metric traits used in this study, any indi- 
cation of the four physical types recog- 
nized by Zerries (‘59) in some of the same 
villages where our data were obtained. 
Consequently, we find no evidence for his 
inference that the Yanomama are the de- 
scendants of several distinct tribes. 

We have illustrated the use of the pres- 
ent body of anthropometric data for com- 
parisons of pattern in geographic, genetic, 
and anthropometric differentiation. We 
might also ask: “Is inter-village anthro- 
pometric differentiation reflected in men 
and women of a village in similar ways?” 
The approach to this question has been to 
partition total anthropometric D2 into 
components which correspond to differ- 
ences in size and differences in shape. It 
can then be shown that in spite of sub- 
stantial differences in size between the 
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sexes, men and women from the same 
village are more similar in shape than 
men and women of different villages. This 
finding is interpreted as an indication of 
fundamental genetic homogeneity within 
villages, corresponding to genetic micro- 
differentiation betrveen villages (Spiel- 
man, in manuscript (a) ). 

We have documented the anthropo- 
metric microdifferentiation of Yanomama 
villages and suggested the distinctiveness 
of the tribe. The data presented here also 
provide direct access to issues in popula- 
tion genetics and anthropology. In con- 
junction with additional data from the 
Yanomama, the anthropometric measure- 
ments may be used to investigate in detail 
the character of village differentiation in 
a tribal population. 
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