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ABSTRACT

Data are presented on the frequency of the following eight dental

traits in 635 Yanomama and 65 Makiritare Indians: upper central incisor rotation
or winging, shoveling of maxillary incisors, maxillary molar hypocone reduction,
Carabelli’s trait, mandibular molar cusp number, mandibular molar cusp pattern,
rotation of second lower premolar, and pattern of second lower premolar cusps.
Yanomama dentition is unusual in the high frequency of six cusps on the man-
dibular molars. There is marked dental microdifferentiation between villages;
significant agreement was observed between a matrix of pairwise “dental dis-
tances” based on six morphological traits and corresponding matrices based on
11 genetic systems and on geographic location.

One of the principal objectives of our
studies of the Yanomama Indians of South-
ern Venezuela and Northern Brazil has been
to evaluate the degree and pattern of micro-
differentiation between the demes (villages)
of this relatively undisturbed tribe. To this
end extensive data have been presented on
genetic traits (summary in Tanis et al., ’73;
Ward et al., ’75), anthropometrics (Spiel-
man et al., '72), and dermatoglyphics (Roth-
hammer et al., '73). A significant question
for those characterizing microdifferentia-
tion in subdivided populations is how well
the pattern revealed by one set of character-
istics agrees with the pattern revealed by
another; in the absence of significant cor-
respondence it would be difficult to regard
the microdifferentiation as corresponding
to meaningful biological diversification. As
a contribution to this question, the patterns
of intratribal differentiation revealed by
these traits in the Yanomama have been
compared with each other and with geo-
graphic location and linguistic subdivision
in a variety of ways (summary in Neel et al.,
"74; Migliazza and Neel, *74). In this com-
munication we present the results of studies
on dental morphology carried out in the
course of four different expeditions (1966,

AM. J. PHYs. ANTHROP., 44: 5-14.

1968, 1969, 1971), with especial reference
to village differences, and how well these
differences correspond to other kinds of dif-
ferences. Studies on oral hygiene, peridon-
tal disease, and caries will be presented
elsewhere. Although the bulk of the data
concern the Yanomama, a small amount
of information is reported on a neighboring
tribe, the Makiritare. The precise location
of these tribes together with a brief charac-
terization will be found in Chagnon ('68)
and Gershowitz et al. ('70).

PROCEDURES

Dental morphology was recorded either
by standard full-mouth impressions or wax-
bite impressions. A total of 811 impressions
were obtained of which 18% were full-
mouth. When taking wax-bite impressions,
a double thickness of wax was used anteri-
orly; the strength of the Indian bite in gen-
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eral resulted in relatively good impressions.
With either method, plaster casts were pre-
pared from the impressions. Although the
standard full-mouth impressions are of
course superior, the necessary cooperation
could not be obtained in the most remote
villages (whereas the wax-bite impressions
were a “game”). None of the traits reported
involve fine measurements such as tooth di-
mension, for which the wax-bite impressions
would not be adequate. Unfortunately, be-
cause of attrition, mixed deciduous and
adult dentition, or absence (usually trau-
matic, rarely because of caries), many teeth
could not be scored. On the other hand, as
the data will show, most impressions could
be scored for at least several of the traits.
In any instance where the impression was
not sharp, the trait was not scored. Decidu-
ous teeth were excluded from consideration.

THE TRAITS

Data are presented on eight traits, as
follows:

Upper central incisor rotation or wing-
ing. Upper central incisor rotation or
winging was scored in five categories, as de-
scribed by Dahlberg ('63a): 0, normal; 1,
unilateral counterwinging; 2, straight; 3,
unilateral winging; and 4, bilateral wing-
ing. An individual had to retain both inci-
sors to receive a score for this trait. The
asymmetric categories 1 and 3 were very
rare, so the data are presented with cate-
gory 1 combined with 2, and 3 with 4, re-
sulting in three classes. Although there
was occasional uncertainty as to the border-
line between classes 0 and 2, the distinction
between 2 and 4 was clear.

Maxillary incisor shoveling. Maxillary
incisor shoveling has been codified by
Hrdli¢ka ('20) and Carbonell ('63). We fol-
lowed the nomenclature as used on Dahl-
berg's widely disseminated “standard”
casts. Both medial and lateral shoveling
were coded as follows: 0, no shoveling (Dahl-
berg’s a); 1, trace shoveling (Dahlberg’s
b); 2, semi-shoveling (Dahlberg’s ¢); and
3, marked shoveling (Dahlberg’s d,f,g). The
decision as to the degree of shoveling was
based on visual inspection of the casts. The
very great anterior attrition seen in the
Yanomama made scoring of some individu-
als quite difficult and the category “semi-
shoveling” was difficult to standardize and
is thereby possibly under-represented. For

this trait and all other traits (except wing-
ing), each tooth was scored separately and
the counts given are for teeth, not individ-
uals. Thus, for central and lateral incisors,
each individual can be represented in the
tabulation by 0, 1, or 2 teeth.

Maxillary molar hypocone reduction.
Maxillary molar hypocone reduction was
scored for all three upper molars, following
the classification of Dahlberg ("49): 4, four
well-developed cusps; 4 , a reduction in
size of the hypocone; 3+, three cusps, but a
small distal cuspule; and 3, three definite
cusps (hypocone absent).

Our scoring of 4 was not identical to
Dahlberg’s. We scored any reduction of the
hypocone as 4-. Dahlberg ('49: p. 169,
plate 16) pictures M? and M?* hypocones
that we would have recorded as 4 - while he
scores them as 4.

Carabelli’s trait. Carabelli's trait of the
maxillary molars was scored essentially fol-
lowing Kraus ('59): 0, Carabelli’s trait com-
pletely absent, smooth surface; 1, pit; 2,
grooves or furrows; and 3, 4, 5, true tuber-
cle of some form. The occurrence of either
pits or pronounced tubercles was infrequent.
Because of this and because there is some
difficulty in scoring this trait on impres-
sions from wax-bites, the data have been
reduced to only two classifications, de-
rived from combining categories 0, 1 and
2,and 3, 4, and 5.

Mandibular molar cusp pattern. Man-
dibular molar cusp patterns were divided
into three categories: (1) Y pattern, the buc-
cal-distal cusp in contact with the mesial-
lingual cusp: (2) + pattern (the four main
cusps meet at a common point or the line of
contact was less than 0.1 mm); (3) X pat-
tern, the buccal-mesial cusp was in contact
with the lingual-distal cusp.

Mandibular molar cusp number. In the
scoring of mandibular molar cusp number,
the definitions present some problems. One
can require a sixth cusp to be separated
from the fifth cusp by a groove that runs
down the distal side of the molar. We did
not make such a requirement, in part be-
cause of the difficulties in scoring wax-bite
impressions. If the fifth and sixth cusps
are significantly smaller than the first four,
they can be considered cusplets. As Gold-
stein ('31) points out, some workers do not
count these cusplets in determining cusp
number. However, we did include cusplets
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and cuspules in our counts. A very few in-
dividuals had a cusp located between the
two lingual cusps, known as the seventh
cusp (Dahlberg, '45). This trait appeared
to have a low frequency but it is difficult
to score for its presence without full-mouth
impressions; we have ignored the possible
presence of this cusp in the scoring.

For this and the preceding two traits, the
third molar was so poorly recorded in wax-
bite impressions that only data for M, and
M. are presented.

Second lower premolar rotation. During
the scoring of the sample, it was noted that
the second lower premolars had a tendency
to rotate so that the mesial end of the sag-
ittal sulcus was more lingual than usual.
This trait was scored in three categories: 1,
no inward rotation; 2, slight rotation; and
3, rotation exceeding approximately 30°
from normal orientation. This trait was not
scored if either the adjacent first premolar
or first molar was absent, due to the fre-
quent “drifting” of the second premolar in
such cases.

Second lower premolar cusp pattern.
The relative position of the deuteroconid
and protoconid for the mandibular second
premolars was scored as described by Mor-
ris ('70): 1, deuteroconid mesial to the pro-
toconid; 2, deuteroconid medial to the pro-
toconid; 3, deuteroconid distal to the proto-
conid. Morris’ second category, as defined,
is unclear. Medial has been interpreted as
referring to the situation where the deuter-
oconid is neither mesial or distal to the pro-
toconid, but where both are in line. Only
the first two of Morris’ categories were ob-
served.

All traits were scored by one person.
Sofaer et al. (72) have emphasized the sub-
jectivity and the amount of nonreproducibil-
ity in the scoring of dental traits. We have
no doubt this is true of the present series,
but restricting the scoring to casts and to a
single individual at least helps to ensure
that observer bias is uniform.

THE FINDINGS

Data were collected in 25 different Yano-
mama villages and in three Makiritare vil-
lages. Most of the village samples were quite
small. The findings in the seven villages
presenting the largest numbers will be
given by village, to document the basis for
certain analyses to be presented below. The

findings in the remaining villages (03B,
03E, 03F, 03G, 03), O8E, 08F, 08G, 08H,
08K, 08N, 08Q, 11L, 11M, 11§, 11V, 11W
and 11X) have been summarized under a
“miscellaneous” category, and the findings
in the three Makiritare villages (10BD,
10C, 10F) have been combined. The loca-
tions of these villages are shown in Gersho-
witz et al. (70) and Ward ('72).

The raw data are presented in table 1.
To conserve space, no age (all estimated)
and sex breakdown is given, but these are
available to the interested reader. In gen-
eral, the data are based on individuals of
age 15-30; after that age attrition makes
scoring extremely difficult. Restricting the
data only to mouths in which all teeth could
be scored for all traits would have reduced
the numbers for each village to the point
where an analysis was scarcely justified.
Accordingly, the individuals scored for cen-
tral incisor winging and shoveling may not
completely coincide with those scored for
the molar traits, and with respect to the
latter, an individual may be represented by
one or two teeth. Since there may be corre-
lation not only between the patterns of cor-
responding teeth (r— ) but also between
the patterns of different teeth, there is non-
binomial variation in these data. In addi-
tion, the village samples contain biologically
related persons, introducing further non-
binomial variation. For these reasons, we
shall refrain from conventional statistical
tests of village differences.

A distance matrix based on the dental
traits has been derived for these seven vil-
lages by the formulation originally desig-
nated by Pearson (26; also Sokal and
Sneath, '63) as the Coefficient of Racial
Likeness. This is defined as follows:
€ X—-%2

D§(Y=i£1 S2i

ey

Xi =mean for trait i for village X

Y ; = mean for trait i for village Y

Si = pooled “standard deviation” over all villages
for trait i.

Because so many individuals could not
be scored for all traits, it was not feasible
to determine accurately the inter-correla-
tions of the various dental characteristics.
We have accordingly chosen for this anal-
ysis those six traits that exhibited the most
inter-village variability, and that appear



C. A. BREWER-CARIAS, S. L BLANC AND J. V. NEEL

) ) ) ) ) op) ) ) ®L) (£6)
(35) e€61° (BEL) S6B° (LIDBIT (TDSSI (LB L35 (9) 0T (B 9vs' (0L) €S2° (8€) 180 (13) 93T b+ €
(6v) Oy (S£9) 9.Lb° (89B)C8Y (SE)e6b (BS) €S (S3) 929 (IE)e0b (33) 188 (68) 008 (I9) 999 T+ 1
(ep) LLe° (LS%) 625 (891D O (SB)BSE” (88) oOge (6) Sg& (B BSo° (D 1100 (1) €10 (ID) s8I auoN N
dsnoa s 112qvan)
(69) (1£6) ) Gwv ) ) a9 Bmv n.mv )
(81) 19%° (S3D) S3I°  (€L) s9T° (#) €80° (L) <80 (OI) 36T’ 0000 () 850" (L) €11 (OI) 60T €
(81} L1T° (B68) ¥vIE (PET)€0E (9 BBI° (S1) €81 (£8)Bvb (95)9Gb° (6) O0€l’ (92) Z8e (Lp) SOS +€
(€€) 8LV’ (6b) TBY' (POB GO (8B) ILS' (0S) 019 (6I)99E" (BE)Sze (0S) SBL' (¥E) 00 (BE) whe -
€ €0 (S® 000 (18 0.0 (1) ¥z (01 23l 000" (€) 6¥0° (9) LSO 000" (B €bO 2R
@ID ) wnmmv ﬁmw ch (€9) oL wus) ®©L) [(119]
000° (9 €00° (@ €00° (1) BIO° (©) 13O 000 000 000 000’ 000 +€
(6%) 8ep' (L9P) 6L (9¥B) 1OV’ (S) 190" (0E) 80T (81) 838 (TE) IGk (91) BBL' (9b) 8T (69) 9LY" -b
(€9) £9g° (6SL) 919" (99€) 965 (9L) 486" (TID ILL (SB) &b (BP) 618 (IL) 918° (€€) 8IF (€8) ¥ae v W
uon
-onpas auod0dRH
) 0%6) Gnmv ) ) (81 ) (zg) ) 39
(® <St0° (ber) 9%  (89) BET" (9) 980" (33) €61 000" (BB Lov (b1) LT (¥1) 055 (0B) €IE (€) payxew
(81) GEL' (91€) €¥E" (96) 8IT (0€)63H (8%) 1By (1) 199 (F3)Skb (@) 068 (98) $IZ (8I) 18% (%) Twag
(0IT) 608 (91 BSH  (09%) 165" (3L LSH (0F) 1St (9) €ee (8) SpI' (TE) 06E (g8 €68 (91) 0ST (1) @2ex],
(9) b0 (#8) 6S0° (93) 680" (3) 830 (P Sg0° 000 0000 (B 6v0° (8 ¢e¥I° (O1) 98T (0) 3uoN
msom.nuﬂ.ﬂ ~§Luu3
(8e1) (POB1) ) ) wumﬁ ) &L SHWV (88) ¥6)
(81) 0Ll (BIL) 165 (PLB)99%" (GB)90€" (99) 00S° (83) 609 (BL)EL6" (P6) SS8° (3lL) 818" (b8) 6§ () poyrel
(P9) 16 (8E€) 183 (V6L 0EE (8€) 83S (BS) #6€ (OD)8¥E (3) L3O (91 SHI'° B 6SL° (9) #90° (3) Twag
(99) 60" (PST) 83T (081D $0% (D) 991" (B1) 901° (B) €HO° 000° 000" (B €30° () G&HO (1) ade1]
S10810UL LIUID
buaraoys
40sur fluvipnxo W
(g9) (S€9) ) (sp) (99) ) (8€) €9 [(42) (£9)
(L8) SI¥ (8ee) €£s”  (eeI) sy (0B bbb (3f) 8% (LB Sbt (9B b89° (PE) 1#9° (LB) ¥19° (68) 619 ($'e) paduim
(61) T6% (B0B) 8IE  (BOI)6SE” (LI)8LE (BG) €£€ (6) €ee (6) Lgg (1D 808 (¥1) 8IE (8I) 98% (3 ‘1) Wy3rens
(61) 6% (6) 0ST° (6b) €L1° (B 81" (BD) Z8I° (9 Zae (8) 6.0° (8) 1IST (8) 890" (9) S60° %ov%:oz
urbuim
L0$20Ul 1DLIUB)
axeje N U WOUE X rurewiouex H80 DUVE0 I1£0 HEo aso DEo veo redL
Tel0l 1etoL *OSTIN dnoxs

Y3323 21qr4028 Y} uo burpuadap ‘sauua g a0 ‘1 ‘g Aq payussaidas
9q Rvw. jonpraipul uanyb v ‘uvag 3saaf ayz 3ds0xa v 104 suvpuy MDYV pUv DWPUWOUD L Y] Buowep $31v43 103uap 1612 fo fouanbairf sy

T d719vL



GENETIC STRUCTURE OF THE YANOMAMA INDIANS

@8 (e6L) ) (sg) FL (gk) ﬁ @W &L oL
(98) €89 (+8€) S8 (IBL)¥SH (¥G) 989 (6€) LBS (91 188 (BB) 0SS (0E) 00S' (Zp) €8S (0€) 6€H repai
(98) L1€° (80B) SIS (BIB9bS (ID bIg” (89) €L (98)619° (8T)0SH (0€) 005 (0®) LIy (OF) 1LS _ww.zo
UL $n,
[0X:)} ®g6) (€£78) (99) (601) :va Bm.v Emv [()R) Sm.v
000" (98) 680" (ST) 630" (9 9.0° (B 610 (3 Svo' (3) 00I° (9) 880 000" (b) LSO juasazd
() vor (89D 091" (P9) 3BBI° (BI)BST (8I) 91U (BB 00S (B 00T (8) SIT" (8) iU (bI) 007 y3ns
(09 968" (0bL) 108 (bPP)6P8 (6F)BHL (68) 918 (0B ¥SH (91)008 (8) +6L° (39 988 (TS €L auoN
nﬁ.O.SUuom
ipjowasd
puoodas .2mojy
wmmv asy) ) (622K (128 sy ) (99) (89) nwv
) 131 (I€1) 61 (8L) 63 (BL)L8E (€) SL0° (9 €e1° (S1)89% (B) 080 (O1) LbU' (S OLO 9
(I1€) S€s° (108) $89° (BIB) 839 (1£) 188 (SB) SB9  (63) bb9° (8€) s.9° (B9) 686 (Lb) 169 (S9) SLL g
03) sve (66) SeU”  (6F) BP1° (D 3E0 (B1) 008 (01)3B%% (€) ¥80° (8 o0g0 (I 291" (11) ogr bW
(9g) aie) (99p) ﬁmv @@L ) ) QL) @) [¢:TA)]
(F1) 055 (09b) S0S' (boo) I8y (8) B%e (8%) 68 (91 18E” (19)9e8 (E€b) 88§ (88) ToS' (Sb) LLS 9
(gb) oSt (18h) g6 (o) 618" (8B)8LL (b) 119 (9B) 619 (B PIT° (bE) obb () 8Lv (€8) €3b s ‘"W
Lagquanu
dsno LSSN 12mo7
[¢12) @sL) (6€) ) [(+i2) ) ) [¢43) (c9) (89)
#2) T3S ($0S) 0L9° (LB BE9 (L3009 (38) 1IL° (LB P19 (P obs (PI) PIL° (3S) 008 (8S) €S8 X
(6I) €I¥ (€18) €8% (SEDOve (ED)68% (I ¥b3 (S IPE (6) 091" (SI) 8€% (O1) #SI° (9 €£L0° + -
© ¢90° (88) 9¥0° (SU) 880 (Q) IIT° (B ¥HbO (B SHO 000 (8) 8v¥0 (8 9p0° (9 €LO X W
©09) (z£8) ) ) ) p) Bmv [(7D) wmmv va
(1) obg (SID) 6e1° (LB o1 (I1)sse (18 $8% (L) SuU” (® ser (ID) 6bI° (8 L3I° (B) 080 X
(91) 0%e' (PBB) 69% (031)38% () L60° (OI) SeT° (3L 0oE (0B Sve (91) 915 (91) ¥S3 (LB 60% +
(%) obb' (e€6%) ©6S'  (692) 809 (LI) 8PS (£F) 189 (I8)ggs (0€) LIS° (Lb) SE9' (6€) 619 (LE) 099" A uwz
uLa1}
dsno unjow Lamo’y
L) ﬁmw asey) [0X:)] (98) oy 09 B@ (89) 98
000" (8 600" () L0O 000" (3) €70 0000 (I) 1100 (B 180 000" 000" v+ €
(31) 1L (D) 19T (19) SET' (11D e6T" (LI) 861" (9) 0ST (S1) 0SB (61) BT (B1) 161" (9 O0LO T+ 1
(8S) 638" (8SL) 0£8°  (L8E£)8S8 (9%) L08' (L9) 6LL° (PE)0SS (PP EEL (bF) LL9" (99) 608° (08) 0€6 uUON :zIN
SIBIIDEJN  PWIBWOUEX  BUlRWOUEX 8o DEV80 180 HEO aso €0 veo real
—duo.ﬁ Telol, .Umws nmﬁe.-mv

Y1333 I1GVL00S 3Y] U0 Burpuadap ‘satua g 10 ‘1 ‘0 Aiq pajuasardal

aq fivw onprarpul uanib v ‘NPvLy 341 3Y3 3daoxa 1Jp 104 ‘SUDIPU] 2UDILLIYDN PUD DULDWOUD X Y] BUOWLD S}pLT 10IUIP Y613 fo Rouanbarf ay ]

(‘pauo)) 1 ATAVL



10 C. A. BREWER-CARIAS, S. L BLANC AND J. V. NEEL

TABLE 2

Below diagonal: a distance matrix between seven villages based on the application of the Coeffi-
cient of Racial Likeness to six dental traits; above diagonal: a geographic distance matrix for
these same villages. Since the exact location of most villages is somewhat uncertain, distances
are given to the nearest kilometer. Further explanation in text

03A 03¢ 03D 03H 031 08ABC 08R
03A — 9 31 49 15 67 62
03C 0.643 — 22 40 23 70 69
03D 1.480 0.920 - 19 45 86 83
03H 1.217 0.853 1.102 — 61 96 101
03] 0.657 0.903 1.576 1.560 — 52 64
08ABC 1.134 1.102 1.445 1.578 0.671 — 108
08R 1.716 1.707 1.888 2.194 1.134 0.656 —

from the dental literature to be the most TABLE 3

independent of each other. In particular,
where the same trait can be scored for ad-
jacent teeth such as is the case for shovel-
ing or Carabelli’s trait, etc., data for only
one of these teeth were included in the
analysis. This is because the scanty data
indicate that the expression of traits in ad-
jacent teeth is correlated (Dahlberg, '63b).
The six traits chosen were as follows: wing-
ing of central incisors, shoveling of lateral
incisors, Carabelli’s trait of the first molar,
hypocone reduction of the first molar, first
mandibular molar cusp number and first
mandibular molar cusp pattern. For each
trait a numerical value (1, 2, ..., m) was
assigned to the categories shown in table
1, a mean and standard deviation derived
for each village, and the between-village
distances based on these means computed
with Formula (1). The resulting matrix is
shown in table 2. With this approach, con-
siderable variation in the distance between
villages is apparent, ranging from 0.643 to
2.194.

Recently we have devoted considerable
effort to the question of how well matrices
of “distance” between Indian villages based
on various biological traits correspond. In
all of the instances studied thus far (genetic
markers, anthropometrics, and dermato-
glyphics), the genetic contribution to the
trait has been more clearly defined than in
the case of the traits here under consider-
ation. Accordingly, a similar comparison
was thought to be of interest for these data.
Unfortunately, due to the exigencies of field
work, only for genetic markers among the
other biological traits do the data permit
such a comparison. In addition, geographic
distance is also available.

Spearman rank-order correlations between cor-
responding entries in village distance matrices for
dental traits, genetic markers and geographic

distance
Genetic
Dental traits markers
Genetic markers 0.5971 —
Geographic distances 0.492 2 0.310

1 p<0.001.
2 0.05>p >0.01.

Table 3 presents Spearman rank-order
correlations between the entries in the low-
er triangular matrix of table 2 and the cor-
responding elements in the matrix of ge-
netic distances based on 11 genetic systems
published by Ward ('72). It has been em-
pirically demonstrated that in such complex
circumstances (triangular matrix, multi-
variate distances), the error term appears
to be distributed corresponding to n-1 de-
grees of freedom where n is the number of
entries in the matrix, rather than the num-
ber of populations on which the matrix is
based (Lingoes, '73). The correlation be-
tween the corresponding entries in the den-
tal and genetic distance matrices is highly
significant, that between dental distances
and geography, less so. Interestingly, the
correlation between the genetic and geo-
graphic matrix entries, significant in other
studies (Spielman, *73; Neel et al., ’74), is
not significant here.

As a second measure of fit, we have em-
ployed the matrix superimposition tech-
niques of Schénemann and Carroll (’70),
using the measure of fit (S) developed by
Lingoes and Schonemann ('73), for which
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TABLE 4

Values of S for comparisons of dental trait, genetic
marker and geographic distance matrices. Genetic
marker and dental trait data transformed to two-
dimensional data by principal component method 1

Genetic
Dental traits markers
Genetic markers 0.442 2 —_
Geographic distances 0.394 2 0.559

1 See text for explanation of significance values.
20.05 > p > 0.01.

empiric significance values have been de-
veloped by Spielman (°'73). However, the
significance values are generated in an al-
ternative fashion to that employed earlier,
namely, by comparison with the distribu-
tion of fit for 250 pairs of 7-village sets
placed randomly in a unit hypercube of six
dimensions (cf., Spielman et al,, '74) (see
table 4). With this approach the corre-
spondence between the two matrices based
on biological data is again significant (but
barely so), the correspondence between the
dental and the geographic matrix again
also significant, but the correspondence
between the geographic and the genetic
matrices again non-significant.

As a third measure of fit, following Spiel-
man ('73) all possible dendrogram repre-
sentations of the seven villages contrib-
uting to the dental matrix were obtained
by the technique described by Cavalli-
Sforza and Edwards (67) and ranked in
the order of the total path length of the
net. The same was done for the matrix
based on genetic traits. The number of nets
in common among the 50 shortest nets for
each series was seven. Spielman (73)
through simulation has derived empiric
probabilities which permit the statement
that this number of nets in common will
occur by chance in between 12 and 15% of
such comparisons, i.e., a significant corre-
spondence is not observed in this contrast.

DISCUSSION

A comparison of the Yanomama
with other groups

While our concern is not to compare these
groups exhaustively with all other Indi-
ans, the data summarized by Dahlberg
(’49, '63a) as well as additional more re-

cent studies do allow us to determine in a
general way how these two groups fit with-
in the New World dental pattern. Winging
of the incisors is present in 53% of the
Yanomama and 42% of the Makiritare.
Contrasted with other American Indians, as
summarized by Dahlberg (°63a), this ap-
pears to be a higher frequency than that
of most North American Indian groups
(some of whom have some Caucasian ad-
mixture), although the Zuni have 49%.
However, this frequency is within the range
of South American groups, as the Pewenche
have 55.5% (Rothhammer et al., ’68), the
Diaguitas have 66.2% (Campusano et al.,
72) and the Jivaro have between 50-70%
(Wright, '41).

Shoveling of some form (including the
trace category) was found in all Yanomama
and Makiritare. The data on the central in-
cisors are in good agreement with those on
other American Indians (Dahlberg, 49,
’63a). The frequency of marked or semi-
shoveling in the lateral incisors of the
Makiritare is, however, exceptionally low
(cf. Dahlberg, '49; Rothhammer et al., ’68;
Bang and Hasund, ’71).

There is little reduction in the maxillary
hypocone of the Yanomama. The first molar,
as in many other populations, shows almost
no reduction. The second molars were typed
as either 4 or 4- in 55% of the specimens
(52% for the Makiritare); this is somewhat
higher than is common for most Indian
groups, e.g., 23% for the Tarahumara
{Snyder et al., '69), 25% for the Aleuts
(Turner, '69), and 28.9% for five groups of
Peruvian Indians (Goaz and Miller, '66),
but 57% for the Hopi (Tumer, '69) and
58% for the Pima (Dahlberg, ’49).

Some form of Carabelli’s cusp is very
common on the first molar of both groups.
As with other Indian groups, its expression
tends to be slight. Although presentin 77%
and 62% of the teeth, it was expressed only
as a pit or groove in 48% and 43% of the
first molars of the Yanomama and Makira-
tare, respectively. These frequencies are
somewhat lower than the average of those
given by Dahlberg ('63a) for other Ameri-
can Indian groups. The incidence of Y pat-
terns (either 5 or 6 cusps) on the first and
second lower molars also appears to be low.

The only really striking feature in this
study is the incidence of six cusps on the
mandibular molars in the Yanomama,
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which appears to be unparalleled in studied
populations. Over 50% of all individuals
had six cusps on M,. Although the liter-
ature is scanty for this trait, the 18.5% in-
cidence found for the Papago by Morris
('70) appears to be a high value for other
populations. While to some extent this ex-
treme value may result from our definition
of cusp (see above), we feel the incidence
of this trait to be high even when allow-
ance is made for scoring procedures.

No quantitative records were made of the
Yanomama’s dental attrition. However, on
a subjective basis, the degree of posterior
attrition of the Yanomama dentition is
quite marked, although it was probably ex-
ceeded by populations such as Southwestern
or California Indians. On the other hand,
the Yanomama anterior attrition is quite
extreme and not matched by any popula-
tions (including prehistoric) known to us.
In some individuals there is a complete lack
of incisor occlusion with a gap remaining.
This same conclusion was reached by Per-
eira ('72) who examined Brazilian groups of
Yanomarmma.

Inter-village variability in the
Yanomama

The number of different villages sampled
provides an opportunity to compare inter-
village variation lacking in most other stud-
ies (as well as a better estimate of the tri-
bal means). The impropriety of applying
the usual statistical tests such as a hetero-
geneity x* to a comparison of villages given
the qualifications mentioned earlier is clear.
However, inspection alone reveals some
rather striking village differences. Some
of the most marked variability between vil-
lages is seen for the shoveling trait. Village
03H (97% marked) is strikingly different
from O8R (31% marked). While much of
this variability is presumably real, some
may be a result of the difficulties in deter-
mining the degree of shoveling in teeth with
heavy attrition. Yanomama villages also
show marked differences in hypocone re-
duction, e.g., 03A (68% reduced for M!)
and 03D (18% reduced).

Less but probably significant inter-village
variability is observed for the degree of
winging, frequency of Carabelli’s trait,
mandibular molar cusp numbers, and man-
dibular molar cusp patterns. Low variability
is found for both PM, rotation and PM, cusp

patterns, although for the PM. rotation
trait village 031 was quite different from
the overall pattern; while 08R showed an
equal discrepancy for PM, cusp pattern.

How do these matrix correspondences
compare with other similar studies
of the Yanomama?

As noted earlier, similar 7-village dis-
tance matrices have been obtained and
compared for a variety of other Yanomama
traits, with the objective of testing the bio-
logical significance of the differences on
which the distance matrices are based; in
the absence of any correspondence one
would be forced to conclude the microdif-
ferentiation was more noise than signal.
The comparison has usually been limited
to seven villages for a very practical reason,
namely, that in one type of comparison, in-
volving dendrograms, one must generate all
possible dendrograms, and the difference
between the 945 possible dendrograms of
seven villages and the 10,395 possible den-
drograms of eight villages is formidable.
With respect to the correlation approach,
Spielman (’73) has reported for a set of
seven Yanomama villages quite variable
Spearman rank correlations between the
corresponding entries in marker gene, an-
thropometric and geographic matrices,
ranging from 0.73 (anthropometric-geo-
graphic) to —0.25 (marker gene-anthropo-
metric). He found that in a comparison of
these same seven villages by the Lingoes-
Schonemann-Spielman technique of matrix
superimposition, the anthropometric-geo-
graphic comparison was significant (p <
0.01) but the anthropometric-genetic mark-
er and the genetic marker-geographic were
not, and that in the comparison for “num-
ber in common among the best 50 dendro-
grams,” the number in common for an-
thropometric traits and marker genes and
for marker genes and geographic distance
was quite significant, but no significance in
the anthropometric traits-geographic dis-
tance comparison. Neel et al. ("74), employ-
ing the tau rank-order correlation of Ken-
dall (62), compared corresponding entries
in matrices based on genetic traits, anthro-
pometric, dermatoglyphics, and geographic
distance for an essentially different set of
villages from that employed by Spielman
(only three in common). Significance levels
very similar to the present were obtained
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for the comparison of genetic with anthro-
pometric matrices, genetic with dermato-
glyphic matrices, and for all three compar-
isons of biological distance matrices with
geographic distance, but no significant cor-
respondence in the anthropometric-dermat-
oglyphic comparison. With respect to matrix
superimposition, all six tests were signifi-
cant at the 0.05>p>0.02 level. Finally,
for the dendrogram comparisons, five of the
six were significant at the p <0.02 level.
The various problems in such comparisons
are discussed extensively by these authors.

The present results are quite preliminary,
presented as much to illustrate the ap-
proach as because of the conclusions to
which they lead. Because in prehistoric
material teeth are better preserved than
any other tissue, the potential usefulness of
establishing that dental distance matrices
correspond significantly with other mea-
sures of biological differentiation is clear.
Elsewhere (Neel et al.,, '74) we have dis-
cussed the many reasons why the Yano-
mama data are not ideal for comparisons
of this type, especially the smallness of the
village samples (imposed by village size)
and the fact that the individuals contrib-
uting to one set of measurements are not
always identical to those contributing to
another. We note in the present compari-
sons two still further complications, which
suggest caution in comparing these results
too explicitly with the results of other sim-
ilar comparisons of Yanomama village
matrices. Firstly, the degree of dental attri-
tion repeatedly interfered with scoring pro-
cedures and further reduced sample sizes.
Secondly, the villages in which the dental
studies were done cover a much smaller
portion of the Yanomama distribution than
that represented by the two previous stud-
ies of this type. The effect of this difference
in “sampling” — imposed by availability of
personnel — is not clear. At this point we
can only say that despite the recognized
imperfections of the data, the pattern of
microdifferentiation suggested by dental
traits is roughly comparable to that pro-
jected by other types of biological traits
whose genetic basis is more firmly estab-
lished. The manner in which the different
sets of data on various characteristics (blood
groups, anthropometrics, dermatoglyphics,
and now dental traits) reveal a similar pat-
tern of microdifferentiation suggests that a
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treatment combining all these character-
istics would provide a much better (and
more stable) picture of the biological rela-
tionships of villages to one another than a
treatment based on only one data set. Fur-
thermore, given our interest in the evolu-
tionary process in tribal-type populations,
we feel reinforced in the view that the vil-
lage differences we have been measuring
provide a point of departure for understand-
ing the origin of the phenotypic diversity
of Amerindian tribes (cf. Neel, '69).

There has been one other similar attempt
to compare a dental and genetic distance
matrix (Sofaer et al., '72). Data were avail-
able for only three populations (Zuni, Pima
and Papago), an inadequate number for
the types of analysis practiced in this paper.
A comparison based on their full battery of
traits (10) led to the paradoxical finding
that the Pima and Papago, most similar
genetically, were most dissimilar dentally.
Analysis based on various subsets of the
dental traits reduced the paradox. No ob-
jective criteria for measuring matrix con-
gruence were employed. Despite this, it was
concluded that “the value of tooth morphol-
ogy as an indicator of genetic differences
between populations can be viewed with
cautious optimism.” While we agree with
the conclusion, it is not one we could have
reached from their data.
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