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Summary. Blood samples from 509 Macushi (3 villages) and 623 Wapishana
(11 villages) of Northern Brasil and Southern Guyana have been analyzed with
respect to the phenotype and gene frequencies at the following 12 poly-
morphic loci: ABO, Kell-Cellano, MNSs, Rh, P, Duffy, Kidd, Diego, Lewis,
Group-specific component, and the immunoglobulin allotypes of the Gm and
Inv systems. The data suggest that 5—69% of the Wapishana gene pool is
derived from non-Indians but only 1—29% of the Macushi. Inter- and
infratribal genetic distances between villages are calculated for these data in
an effort to understand gene flow between the tribes and to account for the
unusual distribution of a newly-discovered genetic polymorphism of erythro-
cyte esterase A thus far limited to these 2 tribes (Neel et al., 1977). The data
are puzzling and consistent with the possibility that both the Carib-speaking
Macushi and the Arawak-speaking Wapishana have derived the esterase A
allele in question from some third group now extinct or thus far undiscovered.
Intertribal genetic distances based on gene frequencies at 6 loci are derived for
20 Amerindian tribes (including these 2); the “central” position of these 2
tribes can in part be explained by the active migration matrix connecting
them.

In the previous paper in this series (Neel et al., 1977), we have described the
findings with respect to rare variants of 25 proteins of the blood serum and ery-
throcyte in a sample of 509 Macushi and 623 Wapishana Amerindians. The
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salient finding was the occurrence of a previously undescribed allele of Esterase A
(ESAP) in polymorphic proportions in both tribes. In this paper we report the
results of typings for 12 additional systems characterized by genetic poly-
morphisms. The primary use of the findings at this time will be an attempt to
analyze the genetic distances and the pattern of gene flow between the villages of
these 2 tribes (and from the ‘outside world’), in order to understand the
distribution of the Esterase A and other variants. We will also consider how these
new data alter the apparent positions of these tribes in a matrix of genetic
distances based on 20 Amerindian tribes. In subsequent papers the data will be
employed for an analysis of gametic disequilibrium and for an analysis of the
genetic relationships of the Amerindian tribes of Central and South America.

Material and Methods

The Macushi and Wapishana are 2 semi-acculturated Amerindian tribes located in the Roraima
Territory of Northern Brazil and in Southern Guyana. A brief history of the tribes and the
locations of the 3 Macushi and 11 Wapishana villages sampled will be found in the previous
paper in the series (Neel et al., 1977).

Typings were performed with respect to the following systems: ABO, Kell-Cellano (K-k),
MNSs, Rh (C, ¢, D, E, ), P, Duffy (Fy), Kidd (Jk), Diego (Di), Lewis (Le), Group-specific-
component (Gc), and the immunoglobulin allotypes of the Gm and Inv systems. The typing
procedures employed in this laboratory have been previously characterized (Gershowitz et al.,
1972). Specimens were collected in 1972 and 1974 in Becton-Dickinson vacutainers either
containing no anticoagulant or ACD solution, and kept chilled following collection until they
could be shipped on ice by air to Ann Arbor. The usual time from collection until receipt in the
laboratory was 5—7 days. Sera and erythrocytes were stored at —80° C or in liquid nitrogen
until typing. The findings in the 3 villages sampled in 1972 (26AB,26CD, 27A) have already been
presented in part (Ward et al, 1975), but will be reproduced here in the interests of a
comprehensive treatment.

Results

The findings with respect to phenotypes and gene frequencies are presented in
Tables 1 and 2.

Discussion

Comparability with Earlier Findings. Considered system by system, the present
findings exhibit the village heterogeneity so characteristically observed in studies
of Amerindian tribes, illustrating once again the need of a widely distributed
sample in any effort to estimate tribal gene frequencies. As noted earlier (Neel et
al., 1977), the sample of Macushi analyzed by Layrisse et al. (1963) was drawn
from the vicinity of Lethem, Guyana. Our results for MNSs, P, and Jk?® differ
substantially from theirs but there is satisfactory agreement as regards Rh, Fy?
and Di% we attribute the differences to the tribal heterogeneity mentioned above.
Two of the three areas in which Matson et al. (1968) drew their samples of



209

Genetic Studies of the Macushi and Wapishana Indians. II.

819 € 9 ¥8 ¥ S§ TE OL 1P 0T ¥9 79 €05 81T 961 68 [ei0L
091 ST %€ W ¢ 8 6 0z I L or LI €8 £ |4 61 q

86p 8¢ 8 9 8 b €2 0S5 0 €I ¥S  Sh 0Ty A A 0L 'q d
L19 €6 6 v8 ¥ SS rE OL W 0T P9 09 €05 81T 961 68 g0l

(44 Y Z — 1 I I 9 14 € 4 £ Ly 8¢ v S SN

S — — 1 - = = — 1 [ I 6 8 — 1 SSN

I - = 1 - = = = = - = — ré I { — SN

£ vlL o1 ¥ L 1 ST 81 9 I8y 3€1 $9 0s £ SNIN

101 6 A 2 ) S 9 £ £ 9 U 05 (54 L1 g SSNIA

0T I S I € L 4 e — LT vl I z SN

6¥1 o vl €1 11 LT 6 SN S | vL 0l 91 42 98 ve SN

€51 () S S 4 S Im or ¢ - © 2! ¥9 0T 6T Sl SSIN

199 € 81 € < € 4 I — ¢ 9 ¥ (4 € 8 I SW SSNIW
L19 € S6 ¥ I¥ §S TE 0L ¥ 0T ¥ 9 €05 31 961 63 jelo].

v — = 1 — z - - = 1 - — — - — — Y

€19 € S6 €8 ¥ € T 0oL W 61 ¥9 9 €05 81T 961 68 -X ¥
819 € 9% ¥& I¥ 0SS TE O ¥ 0T ¥ 79 €05 31T 961 68 Je10L

I e | - = — — — — — a'v

S - - = = - = = - - = — — — - q

S - = - ¢ 1 - = - - - — — — - ‘y

€1 £ - ¥ e | Z 3 — 1 — 1 — 'y

¥6S 0§ 9 08 8§ vs gEe 0L €€ 81 19 29 705 I¢ $61 68 0 04v
[e10], W 1 M H D d q a o) q v [e10], 049 a av

(17) eurysidep {97) ysnoepy  adAjousyd pue wsIshg

eueysidepy pue 1gsnoeJA Yl Ul swolsAs onauag g 10j sausnbaiy adArousyd I aqel



G 819 €S 96 ¥8 v S§ Te 0L Iy 0T $9 09 €08 81T 961 68 reoL

L2}

3 vl Tl € 6l L1 ST 91 6 YT v 1T I €81 €6 9 -q-e

Z €y Or €L §9 ¥ O0r 91 v LI 91 €& 8 0z€ sTr Tl €9 e

> I - = - = = = = = - - - = L

—_
L19 €5 S6 ¥8 Ip S TE O v 0T ¥9 09 667 81T 761 68 1oL,
€y L& €L T ¥ 9 LT TS SE 6l L ¥ 68¢ pLL OVl SL v
v8&I 91 C¢ T LI 61 S 8 9 I LI IT ot v TS vl w® ud
19 € S6 ¥8 Iy SS ze 0L ¥ 0T 9 09 €05 81T 961 68 feI0L
oc 11 ¢ 6 0r 8 S 6 L 6 1€ 0 102 w6 0L 6¢ v
ofy T €L $S 1T L T W ¥ Il €€ TS o€ 9z1 9Tl 0§ '
L19 € S6 ¥8 Iy S§ TEe 0L I 0T 9 09 €08 817 961 68 reI0L
0L 9 o1 1 6 € € T 8 ¢ I ¢ (& A 4 0z +q-e
e 81 66 TSI vl ST 6 9L I 8 I 1e 6 0L 9% qre
SIE  6c 9 1€ LI 8 vl 6 LI S ST b 0£2 €01 w1 € g g
819 € 96 ¥8 Iy S§ Te 0L I 0T 9 09 €08 81T 961 68 reioL
(¢ - - - - - - = — @ — = — - = - Qo
8¢ - 9 v 9 T — — T 1 9 1 I I - - QP
LL 6 91 L T S € ¥ I — I 6 w 6 8l ST aao
- - - = = = = = = = = = 1 I - = 4a0
Lz - T ¢ € v ¥ ¥ S — T — s s - - CleCo)
Lz 1 ¢ T o1 v 9 v ¥ — T = €1 8 C £ 24D
8¢ st 9 9% € € I ¥ 0T v 6 LT 922 €01 €8 or HAD
9 T € v £ 9 € 1 S T ¥ ¢ ¥ — ¥ - 2D
€81 91 0¢ 81 € I § € ¥ I 0T 181 19 68 3 «ad>
TOL W T X H 9 4 9 da O g V FL D44 dd 4V

(L7) eueysidepy

(97) msnor

adKyouayd pue waiskg

210

(ponunuo)) T AqeL



211

Genetic Studies of the Macushi and Wapishana Indians. IL

619 € 9 ¥8 T S§ TE« O Iy 0T ¥9 T9 L0S 0CT L61 06 feloL
891 91 81 0T L 1z L ol v1 ¥1 9T Sl STI 0L 4 I £
Lze z¢ 1S sv 9T oe o0t 9% 81 ¢ ST 6 LT 611 911 o €1
vel ¢ Lle 61 6 14 $ ve 6 I €1 8 LT 1€ Ly 6¢ (RN
619 € 9 v8 W S TE OL Iy 0T ¥9 9 L0S 0TT L61 06 [eloL
I — 1 - = = = = = = = — — — — Qe
1 - — 1 - - - - = = = - — — — 1qe
I - — - - - — — - 1 - - - - - - 910938
4 e e B 4 - = — — - — qe
€ - = — 1 e 4 - I — I — aJ
vI ¢ ¢ ¢ — T — T T — = = 8 I L - 198xe
L I — ¢ - - = I - — — — — - q3xe
I e S N | - — — — — — qe
4 e e S | I — - - — qye
01 ¥ — ¢ e | - - - — - — — qde
(47 € S S € S T 01 I I L I vl 14 8 4 19q3e
I e - - = = = = — - — - 0qse
€ - — = 1 - — 1 S | — 4 - 14 — q)dxe
6 - —  — f I S | — 1 £ 8 3 S — qj3e
€€ T 0S Tv 9T LTz Sl 8 IT O LE ST 80¢ 44! SIl 6 Sxe
661 I L& st 8 61 91 61 ¥l ¢ 91  o0¢ 91 89 LS 6€ e wp
4L €6 S$6 S8 s€ 9 T« 0oL W 0T €9 09 605 (444 L61 06 el
¥4 — € I z — ¢ - — = o 1 (4 — - - z
LI S ec 8 Tl 8 ¢ 61 L S ST € 19 Lg |44 3 [
€19 8¢ 65 99 IC 8 §T IS ¥E ST 8 8¢ 9P <81 vL L8 I 00




J. V. Neel et al.

212

adfjouoyd (—g-v)eT oy Jo Louonbaif a1 WoIJ PAUTUIINAP sem Aouanbaif ouad 27 oYL

PIr'0 96£°0 LPSO v6Y'0 TS0 SPEO 69¥0 0090 6EF0 SLITO 86£°0 PRYO ¢0S°0 IIP0 €€S0 9590 AUl L |
100°0 000" TO00 000" 000" 000" 000" 000" 000" STO0 000" 000 000" 000" 000" 000 91098

[00°0 000 000" 000" QOO 6000 000C 000" 000" 000" 000" 000 000" 000" 000" 000 SeoQ®

6¥0°0 LV0'0 8¥00 ¥SO'0 9€00 ¥90°0 910°0 980°0 LEO'0O 0S00 SSO0 9100 ¢c00 1100 8£00 110° eoq®

810°0 L¥O'O 000" €S0°0 000" 000" 000" 000" +CO'0 SZI'0 000 9100 000" 000" 000" 000 er0q®

LI00 000" 000" 000" 100 600°0 000" LOOO <TIOO 0SO0 LbOO TEOO ¥10°0  L00°0 8700 000 a

0bE'0 TTP'0 €EC0 9¥E0 SIVO PICO TLTO 09E0 €SE0 LIEO0 TLEO 6+C0 €680 8IY'0 66£0 9TE0 3xe

VLSO VB8P0 LI9O LYSO 8LF'O #09°0 TILO LPSO VLSO EEF'0 9TS0 LS9 1L6°0 $9S°0 6£6°0 €990 3e ‘wuH
0780 8580 ¥6L°0 T88'0 ILLO 0SL0 8780 980 SI60 SL80 TILO 86L°0 9£6'0 L16°0 LE60 €860 19D 2D
Ovr'0 ¥CS°0 TIS0 ¥#T60 9S€°0 8LV'0 €670 9SE°0 SETO €SS0 LTVO STSO L6E0 LPEO 6TVO 09V°0 edT  SIAMIT
910 vII'0 €TI0 €6T°0 SET0 1610 1800 8ET0 9L00 STO0 €rI'0 L8I0 LITO LOT'O 9¥I°0 T80°0 eI 0301
6Cv'0 ¥bS0 6IS0 TIF'0 TOC0 8TP'0 S09°0 9SE0 9SE0 6TED HOE0 8650 89¢0 0S£'0 TOV'0 8EE0 23If ‘PP
669°0 LIL'0 6890 6190 8650 8I80 TLY0 LO060 0I90 SISO I€S0 T1€8°0 £99°0 0690 60L0 LISO oA Ama
850°0 6100 8700 6V00 O9II'0C 180°0 8S0°0 8000 80I'0 SLI'0 0800 TEOO G00°0 <¢00°0 010°0 000 110 o4

6S€°0 SOP'0 S6£0 LSP'O TI€0 LPEO LIEO LSTO I€E0 STI'0 I8€0 TLE0 vLED 6TP0 POED £6E0 2|

LES0 99570 0ES0 €9%°0 8IS0 T6K'O 8SP'O 8190 6TH0 00L0 9050 L1650 109°0 $€S°0 1890 0650 12

9v0°0 0100 LTO0 1€0°0 SO0 0800 L9T'0 LSOO CTEI'0C 0000 €£0°0 000 0200 S€0°0 000 LIOO zd e
16V°0 89%°0 ILE0 88F°'0 6CTL'0 61970 OLFO SOY'0 T80 80F'0 S09°0 9L¥°0 P65°0 9SS0 €L9°0 8ESO 1id d
881°0 +CC0 LIT'O €TI0 9IT0 L600 SLOO PITO SOE0 890 6ST0 16270 L9C°0 SLEO PYLI'O 9ITO SN

SY0°0 1200 ¢SO0 8£0°0 €0I'0 $60°0 L600 0000 0000 TEOQ €SO0 97100 ¢S0°0 6,00 STOO LEOO SN

6L¥V°0 vLV'0 €8E0 STH'O 8IS0 6£S0 SES'0 6490 TT9O LOTO L6EOQ LTVO 6¥6°0 0TP'0 LSO SI9°0 S

88C°0 18T°0 8¥¥'0 PIPO £9C°0 0LT0 €6T°0 LOI'C €L00 €60 160 99T°0 ceErg 9CIo vrl'o Cero SIW  SSNIN
€00°0  000° 000" 9000 000" 810G 000" 000" 000 STO0O 000 000 000" 000" 000" 000" P! BICD |
0860 T1.6°0 0001 9.60 €960 1660 000 T 0001 L8380 6¥60 9,60 0001 6660 000°T L66°0 0001 0

§00°0 000" 000" 000" 000" 000" 000" 000" 9,00 000" 000" Q00 000" 000" 000" 000" 4

$00°0 000" 000" 000" L€0'0 6000 000" 000" TIO'O 000" 000" 000 000" 000° 000" 000 v

I10°0 620°0 000" %200 000" 000" 000" 000" STO'0 1ISO'0 +2O0 000 1000 000" €00°0 000 'y ogav
[eloL W 1 AL H D qd 4 a D 4 v [el0l  Ddd dO qav

(L) eueysidem

(927) wysnoep

Juod pue WIISAS

eueysidepsy pue TYSNORIA 9Y) UI SUIdIsAs onjauad g 10§ sarouanbalj o3[V T JqeL



Genetic Studies of the Macushi and Wapishana Indians. I1. 213

Macushi involve villages included in our samplings (26CD and 26DEF; Contéo
and Raposa, respectively). Given the lapse of time, the difference in sample size,
and the fact that the collection points do not completely overlap, there is
agreement between their earlier results and the present findings with respect to
the Rh, MNSs, P, Fy, Di, Le and the Jk systems. We also find, in agreement with
the earlier work, a very low frequency of non-0 types in the ABO system and the
absence of the K antigen of the Kell-Cellano system. With respect to the
Wapishana, there are again considerable differences between some of our results
(S of MNSs, Jk?) and those of Layrisse and Wilbert (1966) involving a sample of
Wapishana from Lethem, Guyana which, as before, we attribute to tribal
heterogeneity; we find more evidence for admixture with non-Indians than they
did.

Evidence of Admixture with Neo-Brazilians. Three systems are especially suitable
in providing evidence for the admixture of these 2 tribes with non-Indians: ABO,
Kell and Gm. From the first, we can get an estimate of combined Negro-
Caucasian admixture; from the second, of Caucasian; and from the third,
separate estimates of Negro and of Caucasian admixture. For all 3 systems, the
unmixed Indian populations of South America lack alleles present in Negro
and/or Caucasian poypulations.

As noted above, the preliminary results of others had shown no evidence of
non-Indian admixture involving these 2 tribes except for 2 non-0 Macushi
encountered by Matson et al. (1968), but the present data indicate otherwise. We
consider the Wapishana first. Using an estimate of a combined frequency of non-
0 alleles in the ABO system of 0.35 in the Negroes and Caucasians who entered
northern South America, the usual formula for admixture (Boyd, 1950), given the
present findings, yields an estimate of 5.7% for Negro and Caucasian admixture
combined. The Kell system, assuming Caucasians to be the sole source of the K
allele, with the frequency of 0.05, yields an estimate, for the Caucasoid
contribution, of 6.0%. Finally, assuming a frequency of 0.995 for the combined
Negro Gm haplotypes detectable in Indian populations (chiefly, ab®13, abs,
ab1c35), the data suggest a Negro contribution of 2.1%, and assuming the Gm(fb)
specificities to have been derived solely from Caucasians, where the responsible
haplotype has a frequency of 0.69, the Caucasian contribution is estimated to be
2.5%. Because of the extensive relationships among the members of this sample,
the errors to be attached to these estimates cannot be readily calculated but must
be considerable. We will settle for an estimate of admixture with non-Indians of 5
or 6%, with the Caucasoid contribution somewhat greater than the Negro. By
these same approaches, the contribution of Caucasians to the present Macushi
gene pool can be placed at about 1—2%; the Gm system provides no evidence of
Negro admixture in the Macushi.

These figures suggest that roughly 5 and 19 of the variants described earlier in
the Wapishana and Macushi, respectively, have been introduced into these tribes,
but that if any effort is to be made to correct for this possibility, there must be a
corresponding adjustment with respect to the number of Indian loci sampled.
Among the Wapishana, exclusive of the ESA, variant, 72 variants were observed
in 15396 determinations. Elimination of the variants of ADA and CAy from
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consideration, on the grounds that the case for their introduction by non-Indians is
rather compelling, reduces the number of variants to 67. A 5% reduction in the
number of determinations, to adjust for the non-Indian component of the
Wapishana, yields a figure of 14 626. The adjusted variant frequency becomes
4.6/1000, in contrast to the unadjusted figure of 4.7/1000. With respect to the
Macushi, we have earlier questioned whether a C-type variant of ACP, en-
countered in a single person may have been introduced. Elimination of this
variant, with a corresponding 19 adjustment in the number of examinations,
leaves the variant frequency, of 1.1/1000 determinations, unchanged. Clearly
these “adjustments” cannot be rigorously defended, since any or all of these
variants could conceivably be of Indian origin, but in the present effort to
develop a comprehensive picture of rare variants in Amerindians, this seems the
conservative course.

An Intervillage Genetic Distance Matrix for the Macushi and Wapishana and Its
Relevance to the Origin of the ESA? Polymorphism. Table 3 presents 2 matrices
of genetic distances within and between the villages of the Macushi and
Wapishana, the lower triangular matrix based on the allele frequencies of only 6
loci (Rh, MNSs, Fy, Jk, Di, Hp) (to be comparable with earlier publications),
the upper based on the maximum number of loci possible from these data (those
6 plus P, Lewis, G¢c, Gm, Inv, PGM,, ACP, and ESD). Distances have been
computed by the stereographic projection of Edwards (1971). There are a number
of salient points:

a. The mean, 6-locus intervillage distance for the Macushi is 0.209 and for the
Wapishana, 0.347. The corresponding figure for 7 Makiritare villages was 0.356
and for 7 Yanomama villages, 0.330 (Neel and Ward, 1970). These tribes are of
different linguistic stocks (Makiritare, Carib; Yanomama, unclassified). For 3
Xavante, 5 Cayapo and 2 Kraho villages (all 3 tribes Gé-speakers) the corre-
sponding intratribal, intervillage distances were 0.199, 0.223 and 0.208 (Salzano
et al., 1977). These smaller distances than for the Makiritare and Yanomama
were attributed to the larger size and greater temporal stability of the villages of
these Gé-speaking tribes. The 3 Macushi villages thus show about the same
amount of microdifferentiation as those of the Gé tribes, but the Wapishana
villages despite their acculturation and resulting village stability differ genetically
from one another as much as the villages of the unacculturated Yanomama and
Makiritare. The history of Wapishana admixture with other tribes is complex (cf.
Neel et al., in press). It is a reasonable working hypothesis that both this
admixture and that with Caucasians and Negroes has been non-uniform by
village, this resulting in the relatively large intervillage genetic distances.

b. Both the 6- and the 14-locus intervillage distances can supply a type of
evidence relative to the origin and flow of the ESAP allele. We note from Table 3
that the mean of the 33 intertribal village distances is 0.335 for the 6-locus matrix
and 0.518 for the 14-locus matrix. Now, the villages in which the ESAY allele
occur are 26AB, 26EFG (Macushi) and 27A, 27C, 271 and 27M (Wapishana),
although among the latter 4 villages, the trait is substantially represented only in
27A. The mean of the 8 intertribal village distances defined by these 6 villages is
0.349 (6-locus) or 0.506 (14-locus). The corresponding figure for the 25 remaining
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contrasts is 0.331 (6-locus) or 0.522 (14-locus). Thus in an across-tribe contrast
the villages in which the ESAP allele occurs are no more alike one another
genetically than the villages in which ESAP does not occur.

In the preceding paper, we pointed out that the frequency of the ESA; allele
was relatively low both in Macushi and their (mixed) descendants living among
Wapishana and in Wapishana and their (mixed) descendants living among
Macushi. Although the spotty distribution of the gene renders generalization
hazardous, this finding seemed more consistent with the origin of the gene from a
third (unknown) source than from either tribe. We now have the additional
evidence that the villages in which this gene is found do not exhibit any marked
genetic resemblance; this fact is neither consonant with a flow from one tribe to
another nor with flow from a third source.

c. There is one more potential piece of evidence regarding the nature of the
gene flow between the 2 tribes. Layrisse and Wilbert (1966) in discussing the
degree of admixture of the Wapishana with neighboring tribes, especially the
Macushi, noted a Di#frequency of 0.150 in a sample of 119 Wapishana, whereas
the other Arawak speakers they had studied usually had lower allele frequencies,
and wrote “. . . although an intertribal admixture of up to 509% (with Carib
Indians) is difficult to assume under other circumstances, we believe that
the evidence cited here justifies the assumption in the case of the Wapishana and
Guiana Indian tribes”. The present studies reveal a mean Di? frequency of 0.162
among the Wapishana, but village frequencies ranging from 0.025 to 0.293. Our
larger data set thus tends to confirm the findings of Layrisse and Wilbert (1966).
However, we note from Table 2 that Di®has a higher frequency in the Wapishana
than in the Carib tribe, the Macushi, with which admixture is best documented.
In this particular instance we thus have no evidence from this (or any other)
genetic system of the magnitude of incorporation of Macushi into Wapishana
(against which to contrast the ESAY allele frequencies). Indeed, the high Di?
frequency of the Wapishana can be viewed as evidence for major gene flow from a
tribe other than the Macushi, a tribe which could also have been the source of the
ESAD allele.

The obvious next step in unraveling this mystery is a study of the ESA?
frequency among the Northern Macushi. If the allele were lacking or in very low
frequency there, the case for the origin of the gene external to both tribes would
be strengthened. In addition, of course, a sampling of the tribes adjacent to the
Macushi and Wapishana should be expected to illuminate the situation.

A Revised Distance Matrix for 20 Amerindian Tribes. Earlier, when we had
studied only one village of the Wapishana and of the Macushi, we published a 20-
tribe genetic distance matrix, based on the Rh, MNSs, Fy, Jk, Di and Hp
systems, in which these 2 tribes were represented by those single villages (Ward et
al., 1975). Table 4 is a revised matrix incorporating the additional data of this
paper. There has been no substantial change in the position of the Macushi with
the addition of two villages to the original one, as measured by mean genetic
distance to the other 19 villages (old matrix, 0.348 units; new matrix, 0.296 units).
However, not unexpectedly, with the addition of 10 villages to the original one,
the position of the Wapishana in the matrix has altered more markedly, again as
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measured by mean genetic distance to the other 19 villages (old matrix, 0.391
units; new matrix, 0.276 units). Here is a striking demonstration of the need for
adequate tribal samples in any effort to demonstrate the relationships of the
Amerindian tribes to one another.

In the revised matrix of Table 4, the Wapishana now emerge as exhibiting a
smaller mean distance from all the other 19 tribes than any other tribe. This is
tantamount to the statement that they most nearly approximate the “average”
Indian. The Macushi also show a relatively small average distance. In this matrix
prior to the current revision, the Xavante and Cayapo exhibited the smallest
mean differences from the other tribes, and on this basis plus their consequent
central position in the isocline representation of Amerindian relationships in
Ward et al. (1975), we suggested that the gene frequencies of the Xavante and
Cayapo “are more representative of at least one of the stocks which originally
entered South America than the frequencies of any other defined group of
Indians” (Salzano et al., in press). The central position of these two groups is now
contested by the Wapishana and Macushi (Cayapo av. distance, 0.282; Xavante,
0.316). However, we may speculate that whereas the central genetic position of
the 2 Gé-speaking tribes is indeed attained through minimal differentiation from
one of the founding stocks, that of the Wapishana and Macushi results from
admixture which has tended to recreate the gene frequencies of the same stock.
The latter 2 tribes would represent the type of fusion event which necessitates
caution in equating a dendrogram to a phylogeny.

A subject of perennial interest to anthropologists and geneticists is the degree of
correlation of genetic distance with linguistic distance. With respect only to
Amerindians, Spuhler (1972), reviewing the available data on Indian tribes of
North and Central America, found that intertribal genetic distance was less within
linguistic families than across linguistic families but that for the total material there
was a negative correlation of —0.33 between the entries in a genetic distance
matrix and the entries in a matrix of elapsed time since tribal separation as judged
by glottochronology, a finding contrary to hypothesis. On the other hand,
Spielman et al. (1974) in an analysis of intratribal linguistic and genetic
differentiation among 7 Yanomama subpopulations, for whom both more genetic
and linguistic data were available than in Spuhler’s analysis, found a correlation
between corresponding entries in matrices of percent cognates (on which glotto-
chronology is based) and genetic distances of —0.36 (now and in the rest of this
discussion, a negative sign is consistent with hypothesis). When the analysis was
extended to a comparison of cluster structure within the matrices by several
techniques, correspondences at the 0.01 probability level were observed. More
recently, Salzano et al. (in press) have shown that the genetic distances between 3
Gé-speaking tribes of South America average 64% as great as those between some
20 tribes of Central and South America. For only 6 South American tribes were
data available on the 6-locus allele frequencies used in the derivation of our dis-
tances and the Swadesh list of 100 lexical items; the intertribal correlation between
the corresponding entries in the genetic and cognate matrices was —0.27. Error
terms cannot be attached to these correlations for several reasons. The present data
clearly demonstrate the need for extreme caution in this type of analysis. The
Wapishana by virtue of their admixture are completely unsuitable for inclusion in a
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study of the correlation between genetic and linguistic distance. Unfortunately, for
many tribes data on their admixture with other tribes are either unavailable or have
been overlooked.

Research supported by the National Science Foundation and the Energy Research and
Development Administration.
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