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ard therefore “ne amino acid) 15 ven frequent. reaching

% of all known mutants de"-"m:mc

agpproaemanely 70

e disease Its distrizunon in Eurcpe is shown in figure
2.14..0 The frequency at bith of the disease 1tse!f 1
less well known, but is feund, on the average, in 1 of
2000 of sl birtdhs z'r E_rope. It varies somewhat fror“
cunmy 1o county, tut the frequency of a genetic disea
is neot aiways easy to eshimale accurately,

Verv recent data indicate that the relative frequency of
commen allele for eystic fibrosis (A F-308) is espe-

iy high in a relativeiy small sample of Basques (ses

Eg 2.14.10,. The geograchic spread of the frequent allele
is cuite similar to the first synthetic map for Europe and
therefore o that of the Mesolithic (pre-Neolithic) Euro-
pear gene pool. The conclusion would be that the mos:
cornmon cys:ic fibrosis allele in Europe is older than the
spreac of agniculture and must have been especially fre-
quent among Mesoiithics. while most other alleles come
from the M:iddle East or originated in Europe after the
Neolithic diffusion.

Marny of the polyvmorphisms confemng
maizria and other diseases mayv be rel 5
out the great majonty of pelvmorphic ailelss that we
nave studied in secticns 2. 10 and .
nearly all continents and .herefore must have aredatec
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the spreac of am.h. Oniv 3z few are k:c-v.r_ ar e
DNA level. and it is impessible to say er-
ent mutations are hidden behind the same e.E'. T'

100 RFLPs studied in secticn 2.4, however, are m.s.)
to have had a unique murtaticnal origin, ard the grea
mzjorty of them are found in all ceontinents (excen:
the Americas which have not vet been studied for
these polymorphisms). There are reasons tc think that
most human polymorphisms are much oider than the
date of spread from Africa. Theoreiically. in the ab-
sence of selection. the average age of poiyvmorghisms
is comparable to that of the species. An estimate of the
average time of appearance of the mutant allele of tial-
lelic human RFLPs is 700,000 years (Mountain et al
unputl.).

2.15. A BRIEF SUMMARY OF HUMAN EVOLUTION

The analysis of phylogenetic trees has used many
different sets of data: nuclear polymorphisms tested by
electrophoresis or immunological techniques, restriction
fragment polymorphisms of nuclear genes, and mito-
chondnal DNA. All methods show a somewhat greater
difference between Afncans and non-Africans than be-
tween other human groups. and offer some informatior.
on dates supporting the interpretation that the origin of
modermn humans was in Africa. from which an expan-
sion 1o the rest of the world started about 100 kva. The

interpretation rests on the assumption that evoluticnary
rates are reasonably constant. Some further comfort s
derived from the consideration that the rates involved
in the evolution of polymorphisms of nuclear genes and
those of mIDNA are different; the first are determined
mostly by differences in gene frequencies separating (WO
populations, and the second by numbers of mutations
separating two individuals. The dates to which they lead
for the bifurcation of Africans and non-Africans are
different, being of the order of 100 kya and 200 ky3
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w=spectively. Civen the wavs in which these datss were currently a biank from an archaesciogical point of view
~praipet. this differenze should be expezied. wuh the VWe hope that new discovenies wili niiominaie o AU th
.econd being greater than the Arst by ar amount that nas moment. the [ng:cauons are thar

ated on

~ct been deterunec. ©
o 3, thersis

1ne basis
sasic agreemen:
and with nugiear markers. 1
setail. It is womh remembenng Inal naming
shoncrial ancesior "Eve” has generated the false bejief
:hat there was a time when there was only one woman
alive.

On the guesticn 2f piace of ongin. the archaeological
field is divided. A number of paiecarthropoiogists believe
that modern qumans originated in Afnca. from which they
spread to the res: of the werld beginning about 100 kya.
This is in agresment with the genetic data. A fairly large
number of anthropologists reserve their opinicn. Another
group believes that the evclution of Hemo saziens, and
perhaps ever its predecessor M. erecius proceeced in par-
allel al, over :he Old Worid. and there was no gxpansion
from Africa. The mircchoncmal data are. at this point, the
most usefus ir helping 10 reject s hypothesis, given that

the origin of extant types of Asian miDY A
3

finesrel.

than this hyoothesis wouid impiv
" §

It is not ve: pcssibiz. howey
a partal pariaipaton of archaic H.osapiens

World, New cata and methocds of analyvsis may heipin
this direzticn. Whatis very Sifficuitio concerve 1s a par-
ailel evcidtion aver such a vast expanse of jand. given

the limited genel: exchange that couild have pceurted
in earlier times. The capacity of (ne human 2enus 10 €X-
pand rapiciy over a iarge fracuon of the Earth's surface is
more in wn the c2a of specific expansions frem a
nuc.ear arec of ongin. Such expansions must have been
determined 5+ some imponant advantage, biclogical or
cultersl. It is not diffcult 10 accept the idea that the
expansion of modern humans must have been strongly
influenced by :he possession of greater skills in commu-
nication by language. This increased ability to commu-
nicate is likely to have been extremely useful in favoring
exploration and travel to unknown lands. Other technical
improvements may have favored a trend (o expansion.
Although modern humans have now been found to have
lived outside of Africa (in the Middle East) by about 100
kya, humans of this time in both Africa and the Middle
East were biologically very similar to modern humans
but culturaily much less developed than at the time the
real expansion began. perhaps 50 or 60 ky later. Many
things may have happened in the meantime. in terms of
cultural maturation and, perhaps. forward and backward
movements between Africa and West Asia. Neanderthals
are found in the Middle East after the earliest local ap-
pearance of modern humans in the same areas, and 1t has
been suggesied that they may have gained. or regained.
lost ground in that period. The time between 100 and 30
kya (or. perhaps more exactly. between 90 and 60 kya) 1s

vtk
2 wiln

at the end of the blank
period modem humans emerged with a new siene !
nclogy and started a radiation that tcex them
rope, Australia and New Guinea. and Amenca. Whether
they parially mixed with or totally suppiaried eariier
inhabitants —for exampie. Neanderthals in Eurcpe and
archaic H. sapiens in East Asia—is difficult to staze pre-
ciseiv on the banis of present knowledge.

Linguistic anc culwral diversity incrzasec conspicu-
ously after that time, and the major linguistic families
probably began less than 30 kya. Most of them are be-
tween 25 and 5 ky old. Genetic dating of hnguistic famui-
lies can only be approximate, but it agress with ideas ex-
pressed by a few linguists. Moreover. the archasologica
record shows increasing diversification. probabiv parallei
with that of language.

An unsolved probiem 15 determining the route by
which the East was reached. Differences between Eas:
Asia and Scutheast Asiz make it reasanabie to hypcthe-
size that there migh have been two routes. one through
Ceniral Asia and one through South Asia. Very littie,
if any. evidence of them exists today (Ag. 2..5.1). The
occupation of Australia and New Guinea was the major
success siory of the southern route. but it eventuaily ied
to an evolutionary cul-de-sac, as the separation betwesn
Qceaniz and Scutheast Asia increased with the nsing of
the sea levels 1n the times after the last glaciation. It was
only with the development of new nautical skilis. 3000-
6000 vears ago. by South-East Asian populations who
were also good farmers, that the Pacific routes were in-
creasingly used In the last 3000-3300 vears. the expan-
sion that generated the colonization of Polynesia begar.
most protatly oniginating in a nuclear area in Scutheast
Asia,

There are two weaknesses in the present analysis,
which will certainly require future work. One of them is
the very shor branch linking Caucasoids anc. in partc-
ular, Europeans to the phylogenetic tree. One hypothesis
is that they might have originated from an admixture
between their southwestern and northeastern neighbors,
Africans and Mongoloids, between which Europeans
are sandwiched. One cannot completely exclude other
hvpotheses. Particularly serious is the possible bias re-
sulting from the fact that almost all known genetic poly-
morphisms have been detected in Europeans. It will be
important to remove this bias. especially in future data
collections. Another area-of doubt is the relationship be-
tween New Guineans + Australians, Southeast Asians
and Northeast Asians. Our results have not settled this
question unequivocally. It seems likely that the uncer-
tainty arises becavse Southeast Asia is poorly known and
may be heterogenzous, with some populations having an
important genetic component in common with northem
Mongoloids and others with peopie from Oceania. The
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Fig. 2.18.1 Poscz e nisiory and reutes of expansion of meodem

o

glerogeneily may be in part due to ancient admixtures,
ard the arow of northern Mongoleids pointing south in
2,13 1express these consideraticns. There are also
scme undeniable physical similariies between north-
ern and scuthern Mongoloids. lead:ng one to wender
whether :hey have more in common than shown by the
trees of sections 2.3 and 2.4, In other werds. a fully di-
chotomceus tree may be unsatisfactory in this part of the
wor!d, but more abundant and better evidence would be
necessary for developing this explanation further.
The passage from Asia to America was later than that
t¢c Ausiraiia or Europe. perhaps because it Arst required a
genetic and cuitural adaptation to the more rigid climates
of Northeast Asia. Genetic data, however, seem to agree
with an earlv arrival, perhaps around 30 kya; possible
uncerainties are discussed further in chapter 6.
Throughout the Paleclithic, population numbers re-
mained small, leaving greater chance for random ge-
netic drift 1o produce considerable diversification. Pop-
ulation size of a continental or subcontinental area at
the beginning of expansion may have been on the order
of 50,000-100,000 individuals. In the late Paleolithic,
much of human action was in Asia, and the occupation
of the rest of the world proceeded from this continent.
Given the greater limitations on life in the north. Asia
was like a refatively narrow, large landmass developed
more in Jongitude than latitude. Because genetic diver-
gence was subject more to random than selective forces.
much of the gradient of the human gene pool goes from
"west 10 east. The first principal component therefore

volved in the adaptation of body build and bodily surace
charactenistics. which noteriouslv respoad te climaie. A
dichotormy is thus observed between geneuc data and
observations based on the physical censtitution, which

is delectable also on modern and fossii bones. This ¢x-
plains the discrepancy between the evolutionary hisicnes
reconstructed from data on genes and on skulls {or. 1n
general, anthropometric data).

Only in the tast 10 ky, perhaps under increasing pcpu-
lation pressure and climatic changes, did humans de-
velop new food technologies, culminating in severzl
differsnt agricultural developments. These innovations
caused the beginning of more rapid population growth,
and in some cases of local expansions, which extended
to ecologically similar areas, allowing the exploitaticn of
domesticated plants and animals developed in the three
major nuclear areas of agriculture. The conseguent in-
creases of population densities began a progressive freez-
ing of drift effects. Farmers’ expansions, followed by
those of nomadic pastoralists. contributed in an impor-
tant way to changing the patterns of gene geography.
In spite of this, opportunities still remained for the sur-
vival of much local diversity, especially in refugia. few
of which have been well examined.

A major cenclusion is that linguistic and genetic evo-
lution are closely related. In this chapter we have seen
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this relationshoy 2t the giobal ieveal. but several invest-
gations On spezific regions thal we examing
in the foilowing chapters have given similar results. The
main reason for tne relanonship is that the evolution of
poth depend crn the same histonc and geograpmc fac-
tors. We have seern inot discrepancies are ool impossi-
ble. givea thal genes can D& pariia.y or even almoest
completely replacec urnder cemain conciters, and lan-
guages can 2.50 be reciaced. Languzge replacement is
more likelv 10 happen. pernaps. in recent hustory. and
there are well-known exampies of it One can also ex-
press the necessity of a relationship between genetic and
linguistic evoiution (and. more genemally, centain types
of cultural evolunon of which the evolution of language
is a key exampie). considering the similarty of the rel-
evant mechanisms of ransmussion. Genes are clearly
tmnsmited frem carents to children: in traditional soci-
eties, especially in tne absence of schools, culural trans-
mission funfarunately a pooriy invesiigated supject; see.
however, Cava'li-Sforza and Feidman 1981 Hewlett and
Cavalli-Sforza 19847 also takes place mostly from par-
ents to children. as does. presumaziy. ths rransmission
of languzge from generation (o generation. Two prencm-

ena transmitied in basicaily the same way are bound 10
a

Ry

per (Cavalli-Sforza et 2!, 1G8§). we
expressed the SI0Ng CORVICLON hat langrage must have
been a great asse: 1hat considerabiv helped mocem hu-
nans in their exparsion. and that it also may have hmited
or prevented acmixiure with other forms of humans that
were jess dzeeloped Hrguistically. The linguisuc infen-
ority of the Neanderthals {Lieperman 1975, 1989 is con-
woversial (Falk 1973). Nevertheless, the extreme <om-
clexity shared by all existing human languages seems
iikely 1o be a product of a final step in linguistic evolu-
tion. which peaked in a.m.h. and was spread by them to
the whole world. An interesting relationship has been ob-
served by Foiey {1991). Using the genetic tree (Cavalli-
Sforza ef al. 1988 and information on the numbers of
languages per family given by Ruhlen {1987), he has
shown that there is a very strong linear relation (r =
0.91) berwesn genetic distance between two groups sep-
arated by a node of the genetic tree and the number of
languages spoken by the two groups together (see fig.
2.15.2). Althougk this evidence is indirect, and the cor-
relation coefficient is biased upwards because the nodes
of the tree are not independent, it adds to the persua-
sion that linguistic evolution goes hand-in-hand with the
spread of modern humans.

The analysis of the genetics of human populations re-
quires an enormous mass of information. Unfortunately.
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Fig. 2.15.2 According to Foley {1991, ther
re.ationship betwesn human genetic vananon
tic groups. showing that genes and lorguages m2 R
diverge tr similar ways. 1f genetic civersily i
of the successive major groupings (op) of
populations is piotied against tne number of |
spoken by those groups, a strong linear refat.onsnip 8
obtained ‘botiom).

its retrieval has rarely been organized in an effizient wal,
and the data base available is the result of thousands of
more or less haphazard collections and analyses of blcce
samples. An essential requirement of a sounc analysis it
that a large number of genes be thoroughly studied ir.
parzllel on all populations of interest. Today, there have
been substantial advances in the techniques of analysis.
unfortunately accompanied by nontrivial cost increases.
The number of populations that can enlighten us or the
past history of humanity is shrinking continuously. Only
perhaps one or two decades remain in which we still
have access to these populations. From the point of view
of genetic history. we are an endangered species, and
it is essential to avoid delay before taking the neces-
sary steps to preserve this impornant knowledge about
ourselves.
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6 AMERICA

61 6.9 Phyloze
£ L 6,10 Phyvisg )
6.3 6.11 Companisen of g
6.4 geography
6.5, Development in L2 .12, Gecgrephic maps of singiz genes
6.6. Development in South Ar .13, Syntheus maps of Amezncl
& 7. Physical anthropel 6.1+ Summan of the gemeic nistery of Amenaa
6.8, Linguistics
£.1. GZ2CGRAPHY AND ENVIRCNMENT

The Amerczs. Normh and South. form (67 and 2% Cordilieras 'n the svest reach altutuide

surface. respectivel, and their sumulatine extend from Alaska 0 Mexico anc in the re
less than that of the largest conument. maximur width, near the ferueth pardl

ciz. wrnon comprises 259 of the Earb's surface. Bt

ecav's total population of the Americas i3 only about

i~z renaberigires) of the inhzhitants of the

world, less than a guarter that of Asa tanich s 60%
t the

At the sime of Ziscovery. the pepulation level was ¢om-
parative’s TuTh Ower but 15 not precisely known. Al
that tme. imporiant popuiation densites existed oniy in
\{exizo ané ‘n the northemn and central Andes. Three
maior ¢emegrephic changes took place alter discovery
(McEvedy and Jones 167%). The natire population de-
creased practically everywhere and is now about 3% of
the toial population (much less in North America) 1t
alsc uncerwent considerable admixture in many areas.
‘and the mestizo population may be almost 20%. White
immigrants and their descendants became the absoiute
majority of the population in North America (the United
States and Canada) and in the southern part of South
America. African slaves were imported for work on the
plantations staring in 1650 and grew in numbers in Most
cases. especially in Brazil. Descendants of slaves now
represent 15%-20% of the American population glob-
ally, an estimate mace very imprecise by the extensive
hybridization that took place. As usual, we confine our
attention to the native populations living in the Americas
before 1492, and begin by describing the environment.

[

North America. Two chains of mountains of very un-
equal aititude run along the eastern and western ¢oasls
of Nonth America: the Appalachians in the easl have
been comsiderably flauened by erosion, whereas the

zhout cne-thi ;

The rest of Norh America is relativ
shield i the miccie is 1400 feer {427
erage. but it descends in altituce beth inth IwET
Hudson Bayv and in the scuth and southeast, ewirs the
lowlznds and the Great Lakes region. The nortnem fans
of the lowlands have been marked by mcraines aciummu-
lated in four major glacial advances: the southerm part
cemained ice free and was moiced by rivers, of whiat
the Mississippi is the most imporiant.

Because the continent spans latitudes from €5 woa
few degrees above the equator. chimate and vegelangcn
are very diverse. The Arctic is mestiv a cold deser.
with only two months in which temperatures exceed the
freezing point. Below the Arctic. in southern Canada. the
climate is temperate and cool with frosty winters, shont
springs. and moderately humid and warm summers. The
continental United States has cold to mild winters. de-
pending on latitude, and hot summers with ample rain-
fall. The western United States is very dry except on the
coast, which enjoys, especially in its southern part, @
Mediterranean climate. Central America has Little vana-
tion in temperature with the seasons and has a mild cli-
mate with zbundant precipitation, except in central areas.
which can be very dry.

Two-thirds of Nonth America was once forested. "he
type of trees depending on temperature and humiday
The rest of the continent is drier, w.th grassland of desert.
In the Great Plains of North America. tallgrass prai.es
formed the habitat of the bison (often called puffaiot for
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Ts some exten:. South Amenca is
a rirror image of Norih America. Here 100 the wesi-
ern mountains border the Pacific and reach astounding
heights: they go from the exireme north io the ex-
treme south and are wider in the middle. Olc. flattened
highlands occur in the east in northern Guiana and in
southern Brazil. Berween these highlands 1s a very wide
towland. the Amazon basin. The Amazon basin occupies
all the nontheastern part of the continent and is covered
by tropical min forest. having very abundant precipita-
tion and little change in rain or temperature throughout
the vear, A relatively small fraction, about 10% of the

South America.

6.7 PREHISTORY: OCCUPATION OF AMERICA

The prehistory of America is shoner than that of any
other continent. and its beginnings are more obscure
despite €normous interest among scientists who have
contributed to the research. Thus. there is considerable
uncenainty regarding the ongins of native Amencans
and. as is often the case, uncertainty generates discus-
sion to the point of passion.

nasin, is excelien: for agriculiure (“varzea') because u
s fooded veariy when the rivers are high. but is ret
continuousiy submerged. so that it is naturaily feruizel
every vear. bu: the rest (“terra firme™} lends itself Jess 12
agriculture. Where the precipitation 1s not so heavy, the
temperatures are higher and the seasons change, gener-
atng trcpical savannas common (0 the Orinoco basia.
just northwest of the Amazon in the Brazihan plateau.
Earmther south is érv forest and stll more 10 the south
lies the basir of another great river, the Parana. Mzjor
grassland areas are the Pampas of northemn Argeniina.
farther south lies the Patagonia desert.

The Andes vary in climate and flora, depending on zl-
titude and local conditions, from tropical forest 1o grasses
and plants of small and medium height {"paramos™), t0
steppe (“puna”) that reach the snow line. The extreme
south. at a latitude of 567, has glaciers and mountains,
and a frigid climate.

DOI1 02180

There is essential agreement on the idea that the
peopling of Americas took place with the passage of
nomadic Siberian hunters from Northeast Asia to Alaska
(Fagan 1987). Other hypotheses have pasited extraordi-
nary journeys—for instance. from Africa to Amenca or
from America to Polynesia—but they are not supportec
bv hard evidence (Bellwood 1979). One problem, how-



\ —~
- ~

[

ever. 1S that amonZ 'he oilest sites those that are less

in dispute 1tut cemainly net ennrely accepled) are in

ca. Moreover thers are cnlv a few Siberian

sites that mav have been inhabited by pionesrs who

Jater occupiel North Amernica Weil-established Siberian
<

na

Scuth Amer

sizes are mmore recent than the oldest Amercan sites
wrich are few and difficult e date. The oldest American
sii2s are nof accesiec Oy some archasciogists. whem oth-

w

ers accuse Jf mainimning unreasonably mgn standarcs
(Brav 1988,. Briefty siatec. thers is strong disagreement
between archaeciogisis who believe that the eariiest en-
Uy nto Nerh America was 30-35 kva (thers have even
been claims of earlier sites). and those who are prepared
to accept, cn the basis of present evidence a frst date
of entrv of 15 kya. We briefly review here some of the
maior Ards that are generally accepied and indicate the
TE;Of COTtraversies,

There :s suasiantial agreement o0 the lack of evidence
of archaic Homo saprens o1 earlier thpes in Amernca.
All wide.r acceped Amerncan site detes follow the dis-
appearznce ¢f Neandennas in Eurcpe and in Northeast
Asia, and there are no fnds scpporing the migraticn to

g

America of human types precscing anatcmically modem

4]

- [ b M
kumans (a.m. R
a

urted 20-12 kva. with 2 peak a

3 g v ang environment ¢f Amenca and

mhem Asiz whern the migretion from Siteria 1o Amer-

' o :ce was different from

agial tmes (g, £.2.1). glaciers occupied
f

roday Inlaie gl
a.mcst ail of Caneca and par of the nomth-central United
States. Temperate anc tropical climates were found in

<
Norh Amernica at much jower lantudes than at present

Gazzaecarea

ne wopieal forest had a somewhat smaller extension,
especizliv in Scuth America

An ice-free comdor is believed 10 have exisiel De-
the easiem edge of the Rockies zr
mense g.ociers occupying the central and

of Carada, but the environmenial conditions

doubtezly fairly fngid in the cormider. Perhaps

portantly, at the presumed time of the ¢rossing,

iine was iower, due to water being retained in the polo
ice. This exposed the continen:al shelf along the coas,
causing the temporary disappearance of the Benng sira t.
A wide and flat land bridge. Beringia, replaced the sirat
connecung Asia and America. and is believed o Rana
existed between 25 and !5 kva. It is not compieisly

was prakbabiv a largely treeless land with grasses, !
birch, and shrubs, a mosaic of steppe and tundra It
was ccld and dry with strong wirter winds, Nevente-
less, there were mammoth. biscn, herse. antel:

Without 1t, the passage would have had 1o have besn
mace by boat, but direct archazciogical evidence of i
sage by water is gifiicuit to find and, in this
not been discovered.

Condiuons that permitted crossing from Asia w0
Armenca dv land existed for seme time and mav have
favored the passage of different groups in differar: pen-
oCs. seme by land and some along the coast, The climare
in Berngia was probably never 100 attractive, alt=ough
perhaps not very different from that of the Siberan r2-
gions of erigin. and it may have senved as an incentive

Expcses conrentai shet
Tanea

Taga

Tempensta ri.n forest

Temoenale Seciducus forest

Unc:iteremtigied praing, grassiand
scrt, stepoe and desent

Uncterermaled aipne formauons

Desan

% Urgiifterentiated tropcal deeGuous
Ny Trosccal ram forest

AR

HEMmmogALLIL

Uncit'erentigted Canboean formations

Scn.t stegpe

Fig. 6.2.1 Glacial environment in the

NE

Americas about !5 kva {Jenn'ngs g8
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o contnue migrat.on onoan easiern and, Anally southem en Russian steppes normth of the Black Sezr among ke
direction latter. the best known lived at Mezinch on tne Dniecer

Severz! Siberian sites could have besn homes of the i8~14 kva (Fagan i987,. Some of their 12c's are similar
ancestors ¢f the garly Americans. 1o the "microblades” made in Northeast Asiaarthatii~s

. Abour 20 vz, in Malta and Afocniova, in southem 2. At the cave situated near Dyukia (230 soellsd
Sibera (see Fg. 5.2 J nd rein- Diuk:at), rear the Aldan River arn affuern: of the ‘L:na‘
deer hunters simi.ar (o the mamme:h hunters of the west- a culture was found that was dated at i+iZ kya. By

14 kya, this culiure had already spread even farther
north, up to the Arctic Tgean where a mammeth buryv-
ing ground was found ar 71° latitude (o Berelekh. The
discoverer belienes its beginning to be eariier and trace
the origin of these people to northern China. The Diuk-
tai people used microblades but, unlike Malta people,
a:so made bifacial tools {Fagan 1987). Microbiades were
used for inset 100l5 and appeared in northemn China 30—
15 kya; they became common in Japan and perhaps Ko-
rez in the later part of this period.

3. A third site is Ushki Lake ir Kamchatka where the
oldest dates are arpund 14,000 8.C. The early Ushxi cul-
wres used stone-tipped spears, perhaps bows and arrows.
The late Ushkr colture (12,000-16.000 8.C.1 is similar o
the Diuktai cuiture, but more advanced, and has pecu-
liarities of its own. A burial of a husky cared 1o 11 kya is
the oldest northern find of a domesticated dogz and mav
have been cornected with the use of dog sleds. Mary
sites farther noth on the Chuckehi peninsula isee fiz
6.2.2) seem 1o belong to the late Ushki culiure and show

A some intermediacy with Alaskan sites (Dikov 1588,

g: gy?::“ca The earlies: archaeclogical scenario in Norh America

D. Berelex~ irciudes sites in cenral Alaska (fg. 6.2.2) and oth-

. Usti -zue ers in the continentai United States (in the panms tha
Fig. 6.2.2 Arsnzeniogical sites :n Paleolithic Sibenia and were net glaciated at the time) and Mexico (figs. 6.2.2,
Alaska Fagor (5870 Dikov 1688 6.2.3). Tooi finds at Old Crow Flats in the northem

ke Snee!
T ca 1812
e 12kp2

Ong Crom
Biuefish Caves

ATLANTIC DCEAN
Meacowernh Rocksheiter
Lage Sat Sorrg

£l Jobo

Prkimachay

Peara Furada

At Boe’ -
Monts Verde

e AL-CIOMMONE

PACIFIC OCEAN

Fig. 6.2.3 Palec-Indian sites in Amenca
(Fagan 1587; Guidon 1587).
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306 CHAPTER 5

Yuker (Canacaj near the Alaskzn border are undcubt-
eciy human. but the date ¢f 27 kv claimed for them is
disputed because it comes from animal bones. ard the-e
is no consensus that they were “modiSed” by humans.
A hwman artifact made of bone that had an older care
nas been redated to 13.9 kva. Arcther site close 1o Old
Crow. Blue Fish Cave, has nones with dates of 15.5 kva
and 12 kya. . acdition 1¢ humar arifacts, including mi-
crovlades sim:lar 1o those of the Diukiai caves. A lower
laver at Blue Fish has oroken bones dawea 8.000-10.000
vears earlier, but signs of human Occupation are not as
clear as for the jater jayers.

Mary sites in Alaska have besn dated 1o 12-10 kva:
they cortain bifaces and/or microblades reminiscent of
the Siberian cultures (Denalj cemplex. Dry Creek. Ak-
mak). In summary. there is no evicence on which agree-
ment has deen reached that Alaska was occupied by hu-
mans befors 15 kva.

In the ceniral United States, there was 3 major explo-
sien of archaegiczicz! finds marked by projectile poin:
ramed alter the Clovis site. whick is dated 1o the pericd

I 2-1i kya. There ars. however severa) finds olcer
then Clesis. A conservative analvsis by Fagan (1987;
hists a few places that are pre-Clovis and in his view more
sausfaciery (see locanon of sites in fig. 6.2.3): Fort Rock
Cave, Oregen—~13.25 kya; Wilsor Butte Cave, Idaho—
13-14.5 kva: Meadowcrof: Rockshelter, Pennsvivania—
mcre then 12 kya fup to {6,173 kyva; Adovasio et al.
5821 Lirtle Salt Spring. Florda— 12 kyva.

According o MacNeish (19785 Mexico has dares
greater than 30 kya associated with chopping-chopper
‘ools. fcilowed oy a phase 30-13 kva with bone tools and
a unifacial industry (see criticism in Fagan 1987). Other
archaeciogists also believe dates ezriier than |3 kva for
Mexico and South America (ses ajso Lynch 1990). Here
we cite four major examples of early dates for South
American sites,

The Pikimachay Caves in Peru have a more reliable
later occupation at 14 kva and ar older one at 20 Kva
considered less reliable.

Dates of i4.200=1150 at Alice Boer Site in south-
central Brazil are more reliable than those of earlier
tools from 2 Jower laver at the same site, dated to 2010
kya. Pecra Furada in the northeasiem Brazilian plateau
(Guidon 1987) has yielded various layers with signs of
human occupation, the oldest of which was dated to 32
kya. Monteverde (south-central Chile) is an open sertle-
ment with excellent conservation. The people there were
mammoth hunters living 12-14 kya.

It is difficult for nonarchaeologists 1o form a final
opinicn at this stage, but wide disagreement obviously
exists among specialisis. It is understandable that there is
lirtle tendency 10 rely on radiocarbon dates especially if
they are unique, have high standard error. or come from
samples that could have been contaminated with older
matenal. Other often-cited objections are thar the strat-

—

:fzztien is imperfez:.
irplements Lneeananm,
anc totally satisfacten,
one of the motives for the mesisrance -
aniemerto 14 kya or 18 Kva sears in
Amerca. The idez "nat there s 190 5

could well have coveresd disiancas of mary n
miles in a period of 1000 vears. In facr, :h
nev from the extreme normh 1o the exireme south mighe

have 1aken about that long (Marin 1972} The zronlems

that arise from accepting the hypothesis of this exirzmely
rapid displacement are of two kinds: the hunters =azd o
tle time to adjust to new environments 1 they mave
so quickly from nomh 1o scuth across suck a2 wide
diverse continen!, and they must have reprocuced ar g
high rate in order not 1o dilute themselves oo muck in
the race toward the south. Afproxima: ]
cate. however, that (ke Ayvpethes:s of m
not ynacceptable (Cavalli-Sforza 1e84n 2z of ze
netic consequences of this rapic adhance are ¢discascad
In e last section of the chapter. The preblem :
HOR 10 new eavironments mus: Have besn simpls
the availability of the same orey {mammorth,
anc probably others) throughout 12

that South America was occupied h ‘
from the Pacific or the Atlantic Qcear. is more 2 i
‘0 accept. Whatever trace of African gerss a2 ofoond

amcng hiving people. it 1s much more likgiv 1o havs
originated frem admixture with African slaves after the
sixteenth century. The Pacific islands closes: 1o Sauth
America are quite far away anc were ccoopied only ven
late. in the last two thousard vears.

There is no problem with the essentials of the Clo-
vis culture, which developed around 1!.5 kva or the
Great Plains of North America and lastec for abaur 500
years. It is marked by mammoth and biscn butcher-
ing places, where bones of other animais are also ceca-
sionally found. The mammoths were kijled with spears
headed with projectiles that had characterisuically futed
stone points and were given additional thrust By using
spear-throwers (known as arlarf). This culure takes is
name from Clovis, one of the IMpOortant sites; it was sup-
ported by a scarce and scattered population. Its origin s
uncertain: its end coincided with the disappearance of
mammoths from the plains. Shonily thereafter, these an-
imals disappeared from all of America along with sev-
eral other large mammals that became extinct between 12
and 10 kva, inciuding the mastodon (ancther elephant].
the saber-toothed cat. the horse. several camels. giart
sloths. and others (Grayson 1987). One large mammal
that survived and was stjl] flourishing on the Great Flains
until a few hundred years ago is the bison.

The disappearance of the big mammals has reseived
different interpretations. Martin (1973) suggestec that it

¢ connnent
efore the n

1. “i

s
£
H
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startzd i Normh Amezrca and
Americz by funters tnal oclu-
f amenzs in pursuit of this pren This

veo s ceriaimny simphsic
een advanced as an explana-

xincuons that happe-ad 3 abowt

was due o
was ConnnL
pied the wo
hypothesis. b

leistceens .
tion for any simlar

. . s s mf tma ] JOT T | .
this time 11 many pans &7 INe WA AD0uEn Sverount-

i

ing may have besn = parial cause. it seerns lixely ihat
i the postglacial pericc also had a
strong impas: by causing crofound ecological acerzhions.
Evidencs that it affecred the fauna comes from the ob-
servation that large extinctions of birds alsc cccurred at
the same time. whereas small mammals survived and
changed their range. Moving to other, more acceptable
envircaments was cenainly @ mode cf adaptation ¢ cli-
matic change Gravson 1987) that was not equally open
10 large animal:. The bison. however couid survive be-
cause it was not hound by its digestive sysiem 0 el
only the :zll ha:z praimes but also the
shom grass that replaced iR postglacial times. After
the disappezrance of the mammoths, bison-nuniing be-
¢ame the majcr source of cther commoditias
(bones. hides. e ;. Weapons changed somewhat. and
new projectile points were developed from the Clovis
points There was some slow evownon in the hunting
techn guzs, tutim the Piains the bisorn remained the ma-
jer scurze of foce for millennia Oniv the introduction
of the Rosse anc the gun after the Spanist conguest in
the ezriv six:eenth century generated a dramauc change.
The mison tmen came very close [0 extinguon and was
saved only OV protellion In gOVErnmen: resenes atth
Beginning of s centurny

Whatever the first date of entn, betweer 33 and 13
kva. it is clesr that thers was more than one migraton.
The ingwistic and biological evidence 1s discussec n
sections 6.8 and 6.5-06.1

The oldest migrzticn from Siberia was that of the
Palec-Incians. to which the above ciscussion refers, anc
jed to the peopling of the entire continent. There may
have been 2 series of migrational waves, not simply one,
or there may even have been a continuous flow. The other
two migrations were both later and ied to the occupation
of more limited ané well-defined areas in the north.

Another migration, presumably a second one (15-10
kva) is namec after the Na-Dene family of languages
spoken by these peopie. They settled in southern Alaska
and on the northwestern coast of North America, perhaps
only a liztle later than the Paleo-Indians. Much more re-
cently. at the beginning of the present mitlennium. some
Na-Dene groups migrated farther south.

The third migration was that of the Eskimo-Aleut {ca.
10 kva), whc Kkept to their Arctic and sub-Arctic habi-
tats. with the Aleuts occupying the Aleutian islands and
the Eskimos occupying Alaska and the northern coast
of Nont America. spreading later as far as Greenland.
There are still a few Eskimos in the extreme northeast

)

(SRR 5

L g

time of orgin {
what longer. It 1
Aleurs had common ongins in Asia,

Dikov (1958, has suggested that the late Ushki cul-
ture. dated 10-12 kva and located or the eastern coast
of the Kamchatka peninsula, shows simianties with cul-
tres of Alaska and British Columbia and mav have
contribuied 0 the Eskimo or the Na-Dene pogpulations
or both. Dikov also discoversd a culure on the
easten Chuxchi peninsula at Puturak Pass. in
proximity to the Bering Sea, that has a tzchnol
different from other Asian cultures and simi.ar o th
of the Gallagher Flint station ir the Brooxs Range of
northern Alasxa. It is dated to 10.549= 130 years age
ard also has similarities with the cuiture of Anangu.z
(fig. 6.2.21, a smail island in the Aleutians near Umnax
Island. The Ananguia culwre is the oldest xnown in the
Aleutians (dated ar 3.7 kya). Laughlin (19880 suggested
thar Eskimos and Aleuts both come from Anangula an
that the occupation of the Aleutian [slands began from
it. proceeding poth westward and eastward from thers,
The earliest cccupanssy of the western and easier ends
of the chain of isiands is currently dated to 3000 vears
ago. but the most interesting early sites of these fsher-

[

first known date of occupation of Anangula has also been
suggestad {Lacghlin 1980) as the date of separation of
Aleuts and Eskimos. Fagan (1987) indicated more zon-
servative'v a date before 400C vears ago. While Aleuts
remained on the islands that carry their name and mostly
maintained their primary skills in hunting sea mammals,
Eskimos developed transportation skills across the Arctic
and hunted not only sea but also land mammals (musk ox
and caribou). The Dorset culture (Jennings 1983) rarged
from the Northwestern Termitory in Canada to the Hud-
son Bay. Lasrador, Newfoundland. and Greenland by
1000 B.C., on the average, but there are signs of earlier

" occupancy of these regions by a pre-Dorset culture.

The difference in origin of Na-Dene and Eskimo-Aleut
remains 10 be clarified. The coast of the Pacific North-
west was colonized by Na-Dene speakers, but the exact
time sequence is not clear. Queen Charlotte Islanc. off
the coas: of British Columbia, was continuously inhab-
ited between 7000 and 5000 years ago, but the area may
have been occupied earlier. The populations of the north-
west coast developed a special way of life, reaching high
densities especially at the mouths of rivers where saimon
was easy to catch. Their cultures at the time of European
contact allow us to place them amone the world’s mOst
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successiul foragers. and they were the subsec: of classical

research in cuturab anthropelogy.

The easiern coast of Greenland was seniad by Vikings
corr.ingf \ur\»a\ and [celand inthe ninth ortenth cen-
wry Ao oout e Viking settlement lesi contact with Eu-

rope anc disz p eared in the fifteenth centurv. Perhap
thas eariy ume. and probabiv later after the Danes seik e:‘
in C: ...'am. hecinmIng iNAD. 172 there was some de-
gree of admixiare with people of Eurcpean onigin

In sumrr‘r‘. there is little agreemen: zbout .he first
occupation of the Americas, possibie Jates vary from 35
to 15 kya. There is agreemert that inis first migrauon
came from Siberia via Beringia and was followed by
the rapicd occupation of the whole ccntinent by “Paleo-
Incians.” The next settlement, on the northwestern coast

6 3. BECZ.,NNINGS OF ACRICULTURE

hl

The develozment of hueman pepulations was very un-
gual in the varous regiens of The Pajes-
Indiar nuntere accupied the cor T with extrzordinary
rapicity; there later deve cped loca. hunting waditicns
that lasied for millennia in seme areas. though inevitabiy
with more or \ess continuous cuhural changes and peo-
ple displacements. The pesi-Pales-Irdian penod is often
cailed the Archaic Pericd or later hunting-and-foraging
pericc.
he mansitien ¢ foed procducticn from the forag-
\-t wat cs. the huming gathenng and. near
—is sometimes called the
Form-me Peri cd. it oc~urred at very different umes an
n differeﬂ. wavs in the varous regions. In the periods
prececing agniculture or in its early development. pop-

jng Con

u]anon density increased somewhar. a stimuius to tech-
nological advance in food procuction. The development
of domesticated plants and animals and their adeption as
staple food was alwayvs a relatively slow process. espe-
cially in the Americas. for reasons that depend in part on
geography anc in part on the nawre of the domesticates
themselves. Compared with Europe and East Asia, dif-
fusicn of agriculture to neighboring regions was slower
and more limited. Therefore, at the time of European
contact, piants had been cultivated for almost 10 millen-
pia in areas like Mexico and the western part of South
America, where imporrant empires with large popula-
tions had developed. In many other regions, however,
large numbers of American natives were sull hunter-
gatherers. This was true in particular of the Nerthwest
coast North American Indians, the Na-Dene, and of
Californians; but in both regions relatively high popu-
lation densities had been reached at the time of contact
ane complex societies }ad developed, especially among
the Na-Dene. The density and. according to some, so-
cial complexity of these hunter-gatherers were greater
than in other pans of North America that offered only

of North America. was hetweer [8and 0w
tributec to Na-Dene-specking peccie The o

10 k\a or later. leﬂ 1 the occu

N
3

: 2
0 g8

couon of the

pos=d oy C'een'ﬁerv etal (1935 . seg 2l

and Ruhlen (19921, Ttis based on tin
genenc irformation. as we shall see in
chapter. A group of hinguists (sec. 6.8
poses the interpretation of hngu!
Greenberg isee Ruhlen [987.
Wright i1,

Other useful referen ces are
(1985), Aikens (1990,
chapters 34 and 35 of the Ca:::ndge Ercyeicpes
Archaeoiogy.

(3%

Kirk and Szav
d Runlen (1690, as =«

marging. re g
been adogted as a pariial sc o!' :'ooc. ‘:3:’ o sTaes
dexejopr. ent.

The beginnings of agriculiure in
siightly later than those in the M ""I Eﬁc. : :
By the year 9000 a3 p. Midcle Eastern agnouiiure was
aireacdy a complex economic system using
and plart domesticates that could be expermed 10 nearty
regicns with a somewhat similar ezoiogs. Initial ¢
opments in Mexico and the nerthem and ceria
took place in an environment ard with domesuca:
wicely represented outsice the crigirnal area. Few 7
of the criginal ¢crops had the potential of being easily 2x-
ported 10 a wide area around that of origin heicre seng
more fully developed. unlike the Middle Eastern domes-
ticates of wheat. barley, sheep, goats. and catt’e. In ad-
dition. agriculture in America began in areas Like central
Mexico and the western part of South Amernica (mesty
Ecuador and Peru), which were 1o some exieni unigue of
isolatec. The Mexican plateau enjoyed a temperate Zii-
mate not found in much drier northern Mexico nor in tae
tropical forest of the southern part of Central America.

The Andes were another unique environment in which
extreme differences in altitude at a short distance pro-
vided a great variety of small niches, each suitable for
very different types of economic activities. In time. this
variety was cleverly used by what is called a “vert:cal
pattern” of exploitation. namely by foraging, cultivaung.
or breeding very different plants and animals at different
altitudes, often very close together, and exchanging these
products by a complex network of trade and communi-
cations. Systerns of seasonal migrations also ceveloped.
similar but not entirely comparable 10 “transhurmnance’™ in
the Old World. It took time. however, before tae social
and political conditions of these populations were such
that the extraordinary variety of available environments
could be tumed into a source of wealth.

hoth amimal
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Native Amercans developed 2 grex! rumzer of do-
mesticatsd piants for a vanely of ‘
Heises 1977, Marny of them. like maize. potatoes. and
omataes, were exponed o Europe afier thair Ciscovery
in the New Worid and acquired pnmary imporianse as
stape focd in the Olo World. Other American piants like
manioc were exponed 1o trogical Afnea ang redicany al-
teed the local fooc customs. The first plan: domesticated
in America mav have been the bowe gzerd (Lathmap
19773, at least 9500 but passibly 11,000 years age, be-
cause of its usefuiness as a waler CORtainer. Maize was
domesticazed from local plants in Mexicc at Tehuacarn
and Tamaulipas arcund 9500 years ago. but imtally—
and for many thousands of years—it remained a small
component of the diet. Originally, maize cobs wers one-
tenth or less the size of moderm cots Cob size grew
with remarkable regulanly Oover tne muilennia. presum-
ablv because of artficial selection exercised consciousiy
or subccnscicusly by the bresgers. who mzy have been
sysiematically choosing the best cobs for reproduciion.
Al tae ume of the Spanish congues of Mesxico. agr-
cul'ure Sormed an imporiant part of the food supply.

which was auzmented by the produtts of huriing anc
gathenng. [t 1s more of less arpuraniy assumed that
S

mcuirare became 1 major source of food suppiy at a
meical” ume apout <000 vears ago. At that nme. the

s drst appeararie then. much
Asiz. and almos: cemainly inde-
nendentls Beans were also domesticated early in Mex-
co. with the Arst examples 9000-10.50C years olg; they
are a good compiement !

1

s

o the maize dist because they
supply essential amine acids geficient in maize. Squash
was soon acded 1o maize and beans. formung the Amer-
«car Indian triac of staple foods famous for being nu-
tritionally well balanced. Potatoes probably came frem
Coombia (10 kva,. Cotton was grown for use as a tex-
tile. Most of these crops could not grow in tropical envi-
ronments, such as the lowlands of South America, where
instead manioc was firs: domesticated. It later spread 1o
otrer areas of tropical forest outside the continent.

Few animals were domesticated; however, the use of
dog meat for food may be 6000 years olc. The turkey
is first found in Mexico from 300 B.C. In the central
Andes considerable use was made of domestic camelids
{llamas, alpacas). which became increasingly common
in the last 8000 vears for transportation and meat. Guinea
pigs were domesticated in Colombia and Peru for meat
probably in the last 4000 years. Figure 6.3.1 shows the
sites of earliest domestication in America (Bray 1980).

At the time of European contact, Amencan natives
were still in the ston: age: the oniy widely used metals.
gold and silver, had almost entirely omumental appli-
cations. Some native copper was used for weapons and
omaments. Even so, at the time of contact. two major
empires with large populations had developed in Mexico

Tamau zas 3
Caxzza )
Tenvazan / ;
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e I \
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W ‘
.
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W
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|
o | sizgcleary cormesucaron ot planis ant anmas
Nemrge Gmeozimanze CUvalon
| alm2ime of Tororean fories

Fig. 6.3.1 Distriounion of probabie piaces of sarly
domesuzaticn (Bray 1530

ard Peru Elsewhere, population density was sti, low
although it had increased in the last miilennia over the
very low censities characteristic of the initial penod.
The high mobihity of the Paleo-Indians aliowed them
to occupy the whole continent rapidly. but later popu-
latior, growth was slow sntil the iast two or thres mil-
lennia and increased aimost exclusively in areas where
previous imponant agricultural development had oc-
curred. The number of American aboriginals at the time
of contact is very imprecisely known and varies greally
with the authors. Early estimates by Kroeber (1936) and
Mooney (1928) (whose estimates differ little from Kroe-
ber's) give a total of 1.2 million for all of North America,
of which the largest components {(in thousands of indi-
viduals) come from California (260), Canada (190), the
Gulf States (115). and the Plains (100). Later estimates
are higher. up to 5 million for the United States (Russel
1987) and 300,000 or more in Canada (Charbonneau
1984). Meso-America was the most densely populated.
with perhaps 6-25 million people (McEvedy and Jones
1978}, For central Mexico, Cook and Borah (1971) sug-
gested a population of almost 17 mitlion in aD. 1532
down to % million in ap 1548 and 1 million in 1608,
but Zambardino (1980) corrected the 1548 estimate 10
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The uncemzinty of these estimates shoulc adt be sur-
prising Censuses are difficult evern under ¢
diticns: a; :ne me of conguest. they were rare even .
Europe ard "nere was neuler encugh inferesinor tech-
nical skills fo them out in the colonies. the oc-
cupatics of which remained incomplee for a leng time.
In anv case. oo ve 2vidence shows that populaton
numbers dec..n2d rapicly after the cenguest, with the
spread of epicemics brougnt by the zonguerars and ine
destruction of the preexisiing civiiizatons, Later cen-
suses are therefore of little use.

Abonginal population densities largely reflected the
degree cof Zevzlopmert of agriculture and social orga-
nizatior, be:nz migher where the history of agricultural
development »as olcer An eXCTERUON &S North Amer-
ica. where the nonagricultural societies of the west had
relat;vzlyv high densities because cf exceptionally faver-
able environments anc advanced sccioculiural adagpta
tione. Bv contrast. central and eastern Norh Amenca
hac orlv 2 5 jculrural nisicry and had not reached

nigh ¢ensines at the ume of contact.

=
n
i.)
P
(11e]

S 8.7y, the onset of

‘cpment is of cen-

S
agricultute and 1§ suCCessine d

tgn gen ir. that the transiuon from foed coliection 1o

foec mroduotan usually increased populaticn Censity and
v decreased the effect of rancem genetic
‘o~ arered the pattern of migmation in mam
ways. ussaily reducing ingividual mugraton by causing
the populanien fo become mere sedentary. But migrauon
was alwavs sigher in eariv agricultural times because ini-
tial agricuiture was of the shifting tvpe (moving 10 new
Relds as soil fersility was falling or for other reasons} and
in mary areas sull remains at this stage. Population satu-
ration foliow:ng initial growth is expected 10 cause cen-

ifygal migration toward new unexploited fields, when
these are av2-lat.e. setting in a slow wave of advance of

6.4, DEVELOPMENT IN NORTH AMERICA

Agricuiture arrived late in North America from Mex-
ico, and never reached the western coast during the pre-
contact pericd. For a general overview of the pre- and
post-agricultural development, it is convenient to dis-
tinguish four large areas: the West, the Southwest, the
central region (the Plains). and the East.

1. The West includes for our purposes California, the
Great Basin (Nevada and Utah), and the Plateau (1.Jaho.
eastern Washingten, and northeastern QOregon). Here, 2as
elsewhere. the more immediate descendants of the Palec-
Indian hunters had to cope with an environment that was

the agricuitural population toward les
wave of advance ¢f farmer
where culiivated crops B
food. and where strong phys:
or desers did not impeds migralcn.
occurred relatively late in Amenga.
Penod and therefore after 2000 years e
whether rapid increases of pcpulation density in .»\rr_cr;
ica caused major demic exparsicns as they didin Eu
or Africa. Mexican agriculiure was bomn in the highl
and expanded late to the nomn. sutitis net clear it
was a demic component. the nerthern Mexican
must have acted as a buffer that slowed northwar
pansions. Agriculture probabiy spread from Mexice ©©
the sou:n. but there may well have been retrograce Sow
The development that took place in Meso-Americe Tes
much ir common with that 1 the nonthern Andes. Paies
are probably not known in encugh detail 1o al.ow sty
of the spread to the south. Lathrap (18770, however
has given tentative dates anc cirechions of exparsicn for
Ceriral and Seuth America. The Andean hpe
omy was suitable for the partic
Andes. and much of it remained conin
manicc cultivation. which had an
tropical agriculture. may have orginated
near the central Andes. The namral way of
ton in the South American plains was 2.on
it is nct surprising if spread in thus naiural
fast (Lathrop 1977),

As a direct consequence of the ecoromic msiony w2
have cutined —mainly the iate and limited expans:en of
agriculture —and its highly localizec development. pOt-
ulation density remained low in most areas. and the so-
cial structure staved fragmentary, leading to mgh genenc
drift and. with it. high local variation. In the following
sections. the development of various regions before and
after agriculture is briefly outlined. Surveys of the sub-
ject ard references can be found in Jennings (1 1983) and
in chapter 36 of the Cambndge Encvclopedia of Archas
ology.

(@9

w

becoming warmer and drier. Seven thousand vears
the climate was already similar to the modern on¢. But
even by 9000 years ago, there was some evidence of 2
beginning of local differentiation of cultures. A substan-
tial development of the foraging population, accompa-
nied by a trend toward population increase. began only
about 3000 vears ago but 500 years later in the interict
(Aikens 1983). Tt was once believed that the social s¥§
tem was extremely simple, especially in California, but
this view is being corrected. Without increasing sophistt:
cation. they would not have eventually reached relatively

20.
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. sinv and focal wealth, The foraging peoples in
ihe West were Tighly selentary. and there was svsiemalc
exchange and trade between local popuiaticns.

' from Mexico mioved first ¢ its near-
est neighborn the Sowthwes:. Defined geographically in
various ways, it usually includes Anzora. New Mex-
ico. Coloraco, and southern Lizh It is a very dry anc
almost deser area, but 'n the Archaic Period. and some-
umes ever. duning the Paleo-Indian Peniod in the sastern
moiety of the Southwest, there developed cultures of
foragers that lasted for millennia. until the beginning of
a secentary-heruicuttural mode of hiving in the Formative
Period. The introduction of some cultigens from Mex-
ico. like maize, may be as oid as 3000 years B p or more:
a safer date is 2500 8. (Lipe 1983). The beginaing of
a radicallv new cuiturs fsee fig. 6.4.1) 1s seer wath the
Hohokam cclture in southern Amzona, siamng about
2000 vears 2go. According to some. the Hohoxam were
migrants from nonhem Mexico: to others, they were lo-
cal inhanitants who were under culral Mesc-Amencan
influence (Lipe 1987, They grew maize, beans. squash
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Gulf of
Mexico

Fig. 6.4.1 Geographic location of the major Nonh American
agricultural groups (from Whitehouse and Whitehouse 1975:
Griffin 1980). A, Fremony; B, Anasazi; C, Hohokam:

D. Mogollon. E. Middle Missouri: F. Central plains: G.
Southern plaing: H. Onrot2; 1, Caddoan Mississippian:

1. Plaquemine: K, Middle Mississippian: L. Fort Ancient,
M. Appaiachian Mississippian: N. Hurona: O, Iroquois;

P. Monongahela. 1, Hopi: 2. Navaho: 3. Zuni. 4. Apache;
5, Pima: 6. Papago.

and cotion. made ceramics, and wih imagaten
10 colonize a vas: area. The Honckam are bel:

ancestral to the Pepago and Pima. who

same genera! region. The case for conunun
from the Hokcham to the Pima-Pagage s
Sirong. '

North of the Hohokam, the Arcsazl culture may have
developed directiv from an eariier Archaic culure tha:
iasied through the millennia (the Oshara}, prodatily with
the contribution of migrants. Maize. beans. and sguash
are well documented by a.p. 600. ar which iz the pepu-
lation. originaily rather diffuse, began to collectin small
separate set:lements. Betweern a0 900 and 1100, large
villages of Pueblo-type appear at Chace Canyon in north-
western New Mexico. There were cycies in which large
villages {Pueblos) were formed, then abandonec collec-
tivelv when the population moved 1o other places, oftzn
to form larger pueblos. It is believed thar the increase
in village size made 1t possible to engage in imgauon
works of greater magnitude. Conflicts with immigrants
10 the area like the Apache and Navajo were earlier be-
lieved to have besn responsible for the movement of
the pueblos. but it is now known that these Na-Derz
speakers arrived in the area after aD 1200 Many new
settlements were built and suddeniy abandered sheriy
thereafter, at dates that are accurately known thanks 12
the studv of deadrochronology. the sequence 2f MAgZs in
trees. The reasons for movement are less clear Among
the current explanaticns for the abandonment of pue?
1s the recert discovery of cooling and drying of the laca.
ciimate around a D 1100, leading these peopie 10 search
for areas more suitable for agriculture beczuse more
water was available. The descendants of the Anasaz
are the modemn Pueblo Indians (Hopi. Zuni. et
Lipe 1983).

Another culture, the Mogolion, started eas: of the Ho-
hokam and at about the same time, reached its maximum
extension around A D. 900, It was eventually absorded
into the western Pueblo culture under the influence of
the Anasazi. Other groups that developed a farming cul-
ture in the area, and that are not easily identified with
modern descendants. include the Freemont in Utah. the
most notthern group in the Southwest.

3. Unlike the Southwest, which is dry, the Easr enjoys
considerabie rainfall, which favored the development of
a rich flora and fauna. This area includes the valleys of
two major rivers (the Mississippi and the Tennessee).
the Appalachian region. and extends farther northeast.
In the Paleo-Indian Perivd, the Clovis hunters were the
dominant culture, followed by the Dalten culture. which
clearly derives from the Clovis, but is adapted to 2 new
target, deer. In Paleo-Indian and Archaic times the popu-
Jation was probably scarce and diffuse. made up of small
mobile bands with no capacity for food storage.

The transition 1o a sedentary life was spread over a
long period, and domestication of some native plants,
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like surower and amaranth. may have preceded e n-
rodusnen of cuiticens of Mexizan crigin. An nnosa-
vion is the buiiding of large mounds as at Poverty Point.
Lovisiana, w..h dates rar rom 1700 ¢ §70 8¢
meound (o diameter
dicates that a 3 Gegree ¢f social complexity
had teen recched thal made ssible to build such
monumental works. Smaller mcun:s. usually burais.
are vver:, cermmon. Dcmes:ica sg:ash is known frem
the area. bui could nct have formed an impornant pan
of the fooo supply: maiTe came semewna: larer Pouery.
rare in the beginning. was widespread by 700 s.c. The
population clearly became more sedentary during this
period, usually called the Hopeweihan. but enly later
(1.0, 700-1000; did clear signs of shifing agncuiture
ap"ear (the Mississippian peried). sull combined. 25 18
usual in initial periods, with hunting and gathering. The
principal site is Cahokia, near the Mississippi River. al-
most oppesite St. Louis. Missoun. Procuctior of maize
and sguash increased. and beans were ad dded around A D

100C. Communities tanged in 512° f'om OO 10 I“CO and
the larcer cres showel atifica-
ticn, with chiefs or priests cirecting :ﬂ'errtor:als‘ mc-ur.d
consiructicns, and agnculiural operanors. This culture.
Onecra. spread nerth to north-western [llinois and south-
e Wiscorsin after aD 1000 224 had connecuions
with other nearsy cultures. Viiages were often fortified

(Jennings .

(44

6.5 DzveLopMENTIN CENTRAL AMERICA

The early development of agriculture at centers hike
Tenuvacin. south of Mexico City, aré Tamaulipas, north-
wes: of the capital, has already been described. The slow
emergence of an urban civilization reflects the long time
necessary to develop an efficient agriculture in a chal-
lenging env.ronment where techniques of irrigation were
necessary in most of the area. The first indication of wa-
ter control is in Tehuacdn 6000 years ago. Places dis-
cussed later are shown in figure 6.5.1.

In the Formative Period (2500 8.c.—a.D. 300}, the ba-
sis of the Meso-American civilization was laid through
the development of intensive imrigation, astronomical
observations. ceremonial centers and architecture, and
hieroglyphic writing. The first grear civilization was
the Olmec (1200-600 B.c.) which developed its great-
est monuments (the colossal stone heads of La Venta,
San Lorenzo, and others) in an area of the Gulf coast.
But the Olmecs established an exchange system that
greatly extended and unified smaller-scale systems
existing before in their area and in other areas of
Meso-America. thus favoring the spread of cultural
diffusion and trade throughout all Meso-America. After

4 Retuesn n2 <

< Y
whicn afier the disappeaninc
B P be’:xr‘e Wi

umbe.. of bl sen
also fluctuations in en
chaecicgical record ;roca:'._» Or the same reason. .%:
Gap. the arc‘,aeoiogi:al complexes follew one ancirer
with few ¢h m 11.000 ¢ 8000 vears ago: afrer
that nme. a chimate Hana may have setn. At Mummy
Cave. Wyoming. there are 38 cistinct fertile levels ::'C,:':‘,
9300 years go 10 a0 1580, inCicating imtermitien:, ner-
haps sezsonal. occupations for long perieds of tme t/en.
nings 1983} Agmu!u.rn] activity with dependence on
maize in the eastern Plains (the Plains Village Tradi Hon
appeared between A o 600 a..d 1000 in South Daketz ¢

2 End

nearty regions. The bison remained important, rot oxiy
as a food source: bison scapulae were used a3 hoes. There
were cultumel contacts with the Puebios and with the Cac-
doan Mussissippian. and many villages were forifzd.
In summary. quoting from the Cambridge Znc clzpe-
dia of Archaeclogy (chap. 37. which. alorng with len-

nings | .,V-} 15 a good sune\ of the pencd:, "zl Nont

caily and were demec from pnor a;pea:arce:
Meaxico anc further south.” The socienes of the scru:h-
gast reached the greatest dezree of sociai complexity and
develcpment.

the ¢zcline of the Olmecs. imperarnt cultures and so-
cieties developed in the valley of Mexico (Cuicuiico
first, then Teotthuacdn) and in the salley of Oaxac2
(Monte Albdn), where major ceremonial centers were
built. In Teothuacdn (200 Bc-aDp. 800), the popu-
latior. in the later period mayv have been as high as
100,000 for the whole valley of Mexico. most of it :n the
capital.

The lowlands of Yucatdn and Guatemala were occu-
pied by Mayas, who extended also to the highlards n
Guatemala. The conditions for agriculture in the Mayan
regions were quite similar to those of the Gulf coast
where the first urban civilization, that of the Oimecs.
had earlier developed. These regions were exceilent for
sedentary. but not intensive, agriculture with two Crops
of maize a year. Soil fertility, however, is a serious prob-
lem: it is not clear how the Mayas solved it, but they may
have employed several different solutions to make siash-
and-burn farming more efficient (Jennings 1983). Cer-
emonial centers like Tikal in the Guatemaian low.ands
and Kaminaljuyu in the Guatemalan highlands began
developing in 30 and 500 & ¢ , respectively. The Mayan
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11 S00 “or unknown reasons.

The abandonmenr and destrucuon of Teouhuacdn
started a compelizion between Mewidan regional <er-
ters. in whizh the Toirecs. from the auty of Tolian near
Tula in the central Plateas north of Teotihuacdn, even-

6.6: DEVELOPMENT IN SOUTH AMERICA

We have already discussed the difficuliies associated
with the very early dates of some South American sites.
Clovis projectiles. indicating the Paleo-Indian Period, are
found in most of South America as far south as Patag-
onia; in the north, at El Jobo, they may even antedate
those found in North America. The beginnings of agri-
culture can be traced to a period between %000 and 7000
p.p, mostly in the northern and central Andean region
{fig. 6.6.1). There is no single, contained nuclear area,
but a wide strip all along the northwestern coast that
later radiated 1o other parts of the continent. By contrast,
the tropical forest of the Amazon basin had a somewhat
later, secondary. and less marked development, but hints
of major novelties are aiready apparent.

There is broad consensus that maize came 10 the north-
ern Andes from Mexico, along with perhaps squash and
beans. but a number of plants were certainly domesti-

{from ©'Shea 1980)

tealiy gained control and became the Arst miliansi.l
state of Meso-America. Their influence lasied from a2
900 1o 1200 and extenced as far as northem Yuzatdn.
where Chichén Itzd (ended in ap 1224) pecame the
most important center in the so called “Posiclassic pe-
dod” (4D 9C0-1520) Tula had been destroyec 2 it
eariier. Powe- fell into the hands of the Alrecs. who
came from the nomh to found a city al Tenochut.an,
where Mexica City is located. They were in power 17
1519 when Heman Conés conquersd Mexico. A survey
of the period and region with additional references can
be found in chapter 58 of the Cambnidge Encyclopedia
of Archaeology

(2]

cated locally in the early period in a varety of differ-
ent environments. The rich marine fauna rermained an
important source of food on the coast, but it was later
supplemented with agricultural products, and irrigation
was developed in arid coastal regions. From the dry
highlands came tubers like potatoes, while from higher-
altitude forests or the eastern side of the Andes other
products emerged, including apparently manioc. which
later spread to the Amazon basin. As already mentioned.
animal domesticates played a lesser role than in the Old
World: however. in the south-central Andes the domest:-
cation of camelids provided an important contribution in
terms of meat, wool, and animals of burden {for trans-
portation). Around Lake Titicaca in sou.hern Peru there
were, at the time of conguest, some 500,000 camelids
(llamas, alpacas). These animals had been food for high-
land hunters since very early times. Their natural range
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is anove 3000 m and their domestication may have begun
verv eariy ‘80CC 3 2 Bray 1980)

gric.iure piaved only a seccncary role compared
with ‘orzging unul about 3000 B . but after this date
larger settiements supported by agriculture began 1o ap-
pear. Sites iike Real Alto and San Pablo. on the Ecuadcr-
lan coasi. are large stable preceramic farming villages:
for example. El Paraiso had a population of 3000—000
(Brav :580). Pouttery appeared around 5000 vears ago
at sites as diverse as Puerto Hormiga, near Canagena.
' Colombia. and Valdivia, Ecuador.

Irrigation was practiced early and its sophistication
increased to remarkable levels. Terracing of the steep
Andean slopes was quite common and greatly improved
water control and productivity. Cotter (possibly a local
domesticate) and the manufacture of textiles soon ac-
quired considerable importance. Improvement in trade
networks made it possible to redistribute a variety of
materials at long distances, and socioeconomic advances
allowed people to make excellent use of the variety of
microenvironments present in this region. Through eth-
nic and kin relations, in addition to trade. it became
possible to deveiop the already mentioned pattern of a
“vertical” economy whereby the same people had access
to products made in very different environments, from
the coast to the highest altiplanos. In the Andes with
a day's walk. it is possible to go from one to another
of 1 number of different ecological niches. By wise al-

liarces or other social devices, an &
of econcrmy was created which gave |
communities access (0. or ownership
IM a grezt variely of areas.
Population censity must have risen steacily in thi

pericd. and it is not too surprsing that the /nca emoin
which 2t the time of conguest extenced from sc"_::-.-:
em Colomiva to south-ceniral Chile, may have bees
made up of 12 million pecple. Even 1f this esim
vanes greatly according to sources, the area must have
been veryv densely inhabited, perhaps as much as centma)
Mexico. Complexity of society probably reached a new
height ascut 3000 vears ago, as shewn by the nigh rare
at which a new sophisticated art form. that of the Chasy.;
culture (northern Peru). spread over a vast area, w:theu:
any evidence of political or military occupaticns. The
Moche site pictures of the north coast of Paru (200

mulitary acuvity. A major influences was exargised ;
Tictuancco culture, located on .he southem rim of |
Titicaca {1000 8 C. to .0 10007, There was pro: :
development of ceremonial c2nters and true impenz. §ta-
tus was ¢7guired in the last phases. At the peak. the ur-
ban population mav have been 20.000—=0.0C0 1]
1582). This culture certainly had ar impcmant impact
on the central Andes. probabiy Initiating or acvanding
economic imnovations later adopted by the Incas. Al
ter the collapse of the Moche. the Huer! culture under
Tiahuanaco influence established. probably through mii-
itary conguest (Mormis 1980), an empire that lasted until
A.D 80C. Other states {e.g., Chima, capital Cran Chan:
perhaps 25.000 people) existed at the time in the ceniral
Andes. The only great South American empire stared
developing after 1438 when. near Cuzco.the Inca won 2
battle against a nearby state. They adopted an extreme!ly
effective military policy and by building an extensive
network of excellent roads {15.000 km) across verv dif-
ficult terrain. hundreds of road stations and state stare-
houses, and a well-trained army, they rapidly cenguered
an extensive territory. Called Tawantinsuyu (“Land of
the Four Quarters™) it was one of the greatest empires of
the world. Inca was the name of the hereditary menarch.
The nobility, the priests, and the bureaucrats formed 5%
10% of the population. The rest was a rural population
on whom several types of taxes were levied, despire the
lack of a currency. Of the agricultural products, roughly
two parts of three went for the state and the nonprocuc-
ing part of the population, and the rest was distibuted
by the village chief among villagers. Textile products
were made by the women for the state. Time in the army
and laber for the state were required of the men under
the “mit'a” system. which was inherited and periected
from earlier states. It made possible very rapid rlitary
conquests and the monumental buildings decicated 10
ceremomnial and civil purposes for which the Incas are
famous. Products taken by the state — food and texules—
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and indivicazin
organ.zzt:on. T.Le "kr'pt.
of obscure onig: sc ved \h pu';oses b

and ascounting in

The encrmous ]m_ empine msred abcut a cenury; at
the time of corquest. the empire sparned 3%
from near the prPse : Equader-Colombiz berdert
ce~rmal Chite. including much of the Ance
Bolivia, It was destroved by 230 conguisx
Perv »v Pizarre inan 1537 The Spnn ards were great!
helpeZ by epidemic ciseases ilke smalipox and measies
that they Lr\olun anly mporci 'o PC'.J a'r’ de imated
and disorg
exploited B \i‘. unrest.

The remarkatie poptlation density and degree of
comrplexity and organization of the Arcean states and
empires were unmaiched in the rest of South Amernca.
bu: a -e.atively dense populatien developec inthe Ama-
zon forests in spite of the difficulues mer by farmers

in muich of this area. New crops were nefzssan for
the wat soil and camate of the Amazen: the most suc-
cessful of them was manioc. This plant exias in two
vaderes. sweer and bitier; the sweet vanel was prota-
biv domesuzazed 4rst. The bitter type r2quires 2 specid
fermeniation rextment for destroving 2 peisonous sub-
s1apce chot generorss cvanide. Manioc cuttings can be

lanteZ. and propagation 1S exiremely simple.
sitaie for tropical envirorments and
n starch but poer in protins, so I
mus: 22 with other food. Since manioc sezels
are not used. it is ZifRcelt to trace it arthazologicaily:
good clues are Vais anc specia; bow! s emploved to make
chicha heer from it. or graters. Munioc may have been
domesticated at an eariier date farther north. but the ear-
liest well-cated fnc is from Yannacocha on the upper
Ucayal: River in northern Peru (about 4000-3-00 vears
ago). In the same area and tme was also found the
first pottery. probably denved from the Valdivia types.
The Ucavali River is a tributary of the Amazon, and
it has been suggested that there were close connections
between Amazonic and the Andes during the Chavin
culture. This would explain the Chavin paintings of
tropical animals and plants that do not exist where this
culture developed. The finding of pottery on the lower
Armazon. and even at the mouth of the river (island of
Marzjo, Ananaruba culture, for location see fig. 6. 6.1;
date 980 B.C) has suggested that cultural adaptations
to the tropical environment. developed on the upper
Lcavali River and other tributaries of the Amazon near
the Andes, were spread downstream by colonists. There
were also later migrations upstream, as in the case of the
Omagua and Cocama tribes of the middle Amazon. At
the time of European contact, the Omagua had villages
of 300-300C inhabitants. at short distances from each
other. and the first visitors were impressed by the quality

of pottery. Eiz
very favarable
NVes were soon
killed by cisez

Even today
exist tnibes :‘.:u

Yanomame ard the Ma&;r:mre—haxe besn the su'oje:::
of intensive ticlogical invesiigations by Nee: {1878,
1980, Neel et al. 1877) and his group. including

many others, population genet:icists P Smouse. R Spizi-
man. and R Ward. hnguist E. Migiiazza. and culiurz!
antnropolegist N. Chagnon. The bibliography 1s 100
extensive for a complete listing, which can be found
elsewhers (Chagnon et al. 1570: Smouse 1982 Cha
1983). The Yanomame are vopical gardeners who aiso
relv on hunting-gathering acuvity. Like och:r hunter-
gatherers ther have a low number of births, because
of long birth :ntervals. Despite their low r':r' v, they
are at the mement in a period of demographic growth.
Their present location is shown in figure 6.€.1. Tre
historv of Yanomame villages shows several fissions anc
fusions. Fissions reflect hostilties betwesn groups anl
oftzn take place along kinship iines. Ak.h ugh tenden-
tiaily endogamous. there is migratory exchange bemwzen
viilages of the same tribe anc, 10 2 mu:': lesser e
tent. with other Incian tnbes of the region. There wers
only two documented instances of exchange {Negl, pers
comm ) one was due (o the capturs of two Maxinzare
women (Chagnon et al. 1970; and the other was Zuz 12
the absorption of a few surviving members of a it
thar had come upon hard times (Weitkamp and Chagnon
1968). The genetic exchange between Yanomams vii-
lages, in spite of the fusion-fission history. is sufficiently
limited that there is considerable genetic heterogen=iny
between viilages. as described in detail in the onginal pa-
pers. In particular. the tendency to fissions following kin-
ship relationships (linea! fission pattern) has the effect of
reducing the effective population size of the village anc
therefore increases the effect of drift over that expectec.
assuming random fissions. Further strengthening of
random genetic drift is due to the high polygamy of
village chiefs. The Yanomame move frequently, often
under pressure of hostile relationships within the tnbe
and with other tribes, and are currently drifting slowly
southward. They occupied a part of the forest still suf-
ficientlv undeveloped at the time of the Neel study that
they could keep to their traditional customs, a situation
that is rapidly changing now.

The findings in other populations in southern
Venezuela or in northern and central Brazil are simi-
Jar 10 those of the Yanomame, but there are differences
between tribes depending on their economy. Saizaro
and Callegari-Jacques (1988) have compared groups that
they cal] stage-A tribes (hunters-gatherers with incipient
agriculture, like the Yanomame, Trio, Cayapo. Xavante
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Cortemporary but fragmerrzony informaticn from other
ferest peopie ¢f the Amazon-Onnceo 2asin shows that
mos: are settiing under pressure frem govemments. but
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6.7. PHYSICAL ANTHRQPOLOGY

Phvacal znthropelogist C. S, Coor {1965 distin-
visheZd perwesn Eskimes and Aleuts. orn the one side.
nd Amencan Inc on the other The Arst two De-

t goicics and ¢ame by a later
ird...“s are stated tc be Mongoloid
e . “despite some ¢f
their peculianties 0 blood groups™ ard are “"more uni-
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ferm racizils than anv ciher group of people occupying
an egually ~ast area. but they are Morngoiods of a par-
ueular kind.”

Tre orgin of Morgoloids {see chap. 4} is believed 10
be either in northemn China ¢r north of i, According
Alexsesv (15675, the maximum cevelopment of Mer-
goleid features is found in ceniral and southemn Siberia
especially among: (1) the Tungus-Manchu people of
central Sibema. Kamchatka, and the lower parr of the
Amur Vallev: (2) Turko-Mongolic pecple of scuthemn
Sibera and the Yakuis {(middle lena River), (3) the
Nivkhs (= Gilvak). a smail group in the northern pan
of Sakhzlin and the mainland opposite it: (4} northern
Asians hike ‘he Nganasan (Taymyr peninsula), Dolgans
. (a small group south of the Taymyr peninsula). Yukaghir
(a small group east of the Lena River). and western
Chuckchis. These people have somewhat variable pig-
mentation in skin and eyes, the lightest being the second
group followed by the fourth and then the others. They
all have extreme Mongoloid features, mostly reflected in
the conformation of the skull and soft pants of the face,
which include large cranial and facial dimensions, flat-
tened face, nasal bones, and nasal bridge. It is difficult to
give a “nuciear area,” especially because the geographic
distribution of Siberians has changed considerably in the
last three centuries. Although Eskimos and Aleuts have
peculiarities of their own. they tend to follow the same
general pattern. Like most Mongoloids (with the excep-
tion of the Ainu), they have very little, if any, body and
factal hair, but abundant and coarse dark hair with rare
balding and late. if any, graving. Browridges are small.
if any; the eyveballs are wide apart and smalier than in

cases. Moivements and adwmix
local econcmic cevelopment,
ing. anc rocad tuydmg are 2
ment. Temperar
ard ir o1 fecs \
7on socleties and bodes [ , ! .

tions. The extansive d=<'— non of the '"o'ﬂs. fellcw
the opening of roads and modern agriculiumi and inils-
mial planis credie dangers thar go well beyond he heasy
damege 10 the jocal popuiations. '

Surveys relevant 10 this period and additional refs:
ences can be fourd in chamiers 39 and 40 of the Com-
bridge Encyciopedia of Archaecicgy.

ron-Mengolcids. placed forward in the crbiz: the one

opening s narrowed 10 a siit Ty evefoids, with the inner
edge of the eve covered by ihe Mongehan or epican
thic eye foid in a percerniage of individual

especially high among Sibeﬂ'ans. The |
the orbit lies fazther forward anc tre 5
prorrude ferward and lateraiiv. generating
1stic “high cheek-boned” aprearance. The nasai bnidge
1s usually low and flat, but there are also aguilne noses,
with little. if any, intermediate forms.

Amercan Indians have less flat faces thar Siderians
and often prominent, somelimes convex neses. THIS i3
perhaps the main difference. but. as just menucned. the
American Indian tvpe of nose is also fourd in Asia
Coen {1963) cited the Tibetans and the Nagans of As-
sam. Pigmertaticn is usually darker among Amercan
Indians, but there is also varation ameong Siberars.

The mean stature of American Indians (Johnsicr and
Schell 1979) varies considerably. being highest at high
latitudes (Canada and Patagonia) and lowest in the trop-
ical forests (Guatemala. Brazil}. This follows the osual
pattern of climate adaptation. In South Amenca. mean
stature was mapped for 43 tnbes (Saizano and Callegan-
Jacques 1988) and there is a slight difference berweer. the
northwest and the central-southeast {157 cm vs. 161.3
cm).

Of special interest are the studies of dental character-
istics by Turner (1987,1989). Most northern Mongoloids
have shovel-shaped incisors, which are also found in fos-
sil skulls as far back as Chinese Homo erecrus. This and
other cranial peculiarities have been a major reascn for
claiming independent speciation of Mongoloids (Coon
1965: see also Wolpoff et al. 1984). The genetic ex-
change at various times and places between local human
types. even archaic, and immigrant H. sapiens sapiens
is a possibility worth considering. but the picture of
migrations from Asia to America developed by Tumnern
and based essentially on dental clues, is unreiated 10
this question. It is important. however. that on the basis
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of this eviZence, it was staled that a swrong &:fference
exisss betwssn East Asians from northerm China and
the .>out=‘e.15' Asizn tvoe. FOU INstance, norhern Mon-

goloids (“sirodonts” ording :mer) have &0% -
892% shoveling, as aga: c ] = Mon-
goicids s_.._ad::‘. h refer ¢

different populaio e ke Jomon
pe'icd (chap. 4 show the iowest per:sntages. and, to-
gether with the Ainu, I classified by denial critena
among the southern Mongoloids, wiih Thalland, Malay-
Java. and Poiyresia Two other traits showing major dif-
ferences between remtherT and southern Mongaloids are
the number of cusps anc the number of roots an molars.

Tummer's anaiysis 1s based on the premise that dental
characteristics are highlv inherited, stable in evolution.
and not sensitive to evolutionary changes as z function of
adaptation to different types of foods. These hvpotheses
reguire incependest confirmation. Unquestiorably, teeth
have the 3dw~tags of beirg reacable in fossi samples
and perhaps a:sc of offening greater derail than bones.
Using dertal microevoiution Turner caiculated | 2 kvaas
the date of the frst crossing of the Bering land bricge by
the Paleo-Incians. He aiso postulated that the Na-Dene
migration was r:‘e:e nder: of that of Palec-Indians and
that it cecurred :+—12 Kya. just before ine land bridge
of Beringio was complsrely submerzed [r additien,
he hypothesizel tnzr the Na-Dene moy have originated

The noninguis: who approaches the field of the clas-
sification of Amencan Incian languagess can only be
shocked by the segregalion of linguists IR0 tw0 groups
that hotd aimost diametncally opposed beliefs: one,
more numerous. refuses 1o recognize unitv in these
languages znd chooses 1o list 2 large numbe: of essen-
tially unreiated small families or isolated languages, the
interrelztionships among which are considered beyond
recognition: the other much smaller group proposes three
families, corresponding to the three major migrations
that are also recognized by other criteria. namely. in time
sequence, Amerind, Na-Dene, and Eskimo-Aleut. One
cannot faii to see this as the most dramatic exampie of the
usual division between “splitters” and “lumpers,” which
has besn cbserved repeatedly in almost every classifica-
tion, be it of living organisms or inanimate objects. To
increase the dismay, the group of splitters uses extremely
strong language against the author of the unification of
Amerind languages, Greenberg {1987) who has eamed
enormous respect from the whole linguistic community
for all his other work. The diatribe has been the subject
of articles of popular science {two rather extensive sum-
maries by P. Ross in Sciensific American and R. Wright
in Arlantic appeared in April 1991). Another summary

from the late Dickiai culure (Ag. 6,22, pass
the southern edge of Benngia to Kodiax islan
o the Norhwest coast of the Pacific He

hat the third migration. that of the Esk:ma-,
rnﬂd Just before the bridge was severed. bu.
Na-Dene. Thesz conclusions agree well w |
dependent spurces of evicence (Greenber g el 2
arnc, apart from dates, with our genet:c araivs:s (sez. 6.3
el seq.).

As we have arready briefly indicated in ch.":::e' 2 den~
12l data on northern Asia, southeast Asia, and the
icas are generaiiy In excellent agreement with bc
single genes. How much further back this agreemen: w
g0 remains to be seen. The question of how much furA
ther back dental data can take us in human svoiction
also a matter of conjecture. Apart from the urknown role
of natura! selection and of dietetic customs —believed o
be negligible by Tumer—and the unknown level of h -
itabiity, an important consideration is the number of
depencernt genes that can be detected by this a;;roacl.
Jhls 15 also unknown; only whern this number 1s realin
large are conclusions insensitive (o the additon of fur
ther informaticn. Statements based on dental arzivsis are
very interesting. but it would be unwise 1o rely on them
alene urtil more is known about the problems just mer-

tioned. especially if and when they disagres with other
sources of evidernce.

(b J’

[

(]

of the dispu'e 1s 1n a Postseript to the 199 edition
Run len (1987

Ruhler (1 98' anc references therein) summanzes the
history of classification of Amenind languages. dividing
it into three phases. The first was started by the famous
anthropologist Alfred Kroeber {1876-1960), who. at the
beginning of the century collaborated with R. Dixen to
reduce the number of families of North American lar-
guages by combining some previously recognized tax-
onomic units. Edward Sapir carmried this effort further,
and in 1929 the number of North American families was
six, two of which wers Eskimo-Aleut and Na-Dene, the
languages of the Pacific Northwest. This began a second
phase, which can be called a “revolt,” and the dismem-
berment of Sapir’s families; after a 1976 conference, the
number of independent units of North American lan-
guages was back to 63. The list of the results published
in 1979 was stated to be “conservative and not very
controversial” representing “current received opinion.”
The third phase was opened by the linguist J. Green-
berg. who made the claim that there exist only three
families: Eskimo-Aleut, Na-Dene, and Amerind (1987).
The Amerind family includes most North American lan-
guages and all Central and South American languages.
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v olimited anal-
. the infermatien
2%ters rather than

“ge )
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gerslic 1o mean
g’ for genet-

forming “super-
hence some of
ilies are no longer :‘» highest gcne'ic unit,
guists, like the authors of ine present book, ¢an-
not make a contribution to a discussion Uasec‘.‘ on linguis-
tic arguments. From a general scizntific point of view.
the methocological anaiysis feund in the recent book
Language 1n the Americas by Gresnberg (1987) is con-
vincing. We accer: r‘r{:“""*’" s work as 3 very seri u.1~
altempratac
ready achi
the same 'r

'is:;nguish:ng
L totally inde-

I3
%)
w
s
o oo
1
}
(RS
O
(.1
o1
P
2
ll\
7
UI
o
e

pendsnt scurces. E n cherges
the furure. it supeh ‘ 1 pro-
vide¢ oy the exiren :il'_- iragmeniany s sup-
pored oy other auth As G'e"" cl\ corvine-
ingly shows, the dif:’i:.:}:;e - the exireme
spiitters are m 'ho:clogic:: by compar-
ing two languages ala ime meiyv cetaijed

more than a
conclusion
is }irr.;ts: 10 the s:'e""c" he pair 15 either “re-
lated™ or “nect relaied.” omn:'.mg an estimate of a de-
gree of relationship. without which 1T is impossidle 1©
build a classifcaticn that goes bevond the recognition
of scattered relationships. The decision on relatedness
is based on extremely rigercus crilena. with which, ac-
cordirg 10 Greenberg. it would be impossible 1o recog-
nize zven the unity of the Indo-Evropear familv, a step
backward by universal consensus. One of these cne-
ria is the belief that “sound correspondences™ (rules of
change of sounds established on the basis of historical
examples) must be followed without exception. Green-
berg uses a method of multilateral companisons, in which
many languages are compared for a number of words and
other criteria selected for their evolutionary stability. We
limit our treatment in the rest of this section to sum-
marizing Greenberg's classificatior, as given by Ruhlen
(1987).

We refer to the three families suggested by Greenberg,
called phyla by Ruhlen, as families and to their subdivi-
sions as subfamilies. The geograpkic distribution of the
various subfamilies 1s shown in figures 6.8.1. A and B.

The Eskimo-ALeuT family comprises 10 languages and
85,000 speakers; Aleut is presently spoken by 700 peo-
ple in the Alewian islands. Three Eskimo languages are
spoken by 600 inhabitants of the USSR. The Asian Eskimo

[

ges: 5
. Thcs: are o"ﬂr, :owc‘»-n‘
k

A"n"ra ang corsisis of two : K
speaksrs of a total 2000 Hada. living on Quesrn O
lotte and Vanccuver isiands? and Thngit (2000 speciers
of Tingit. out of 10.000 la\irc cr. the coast norh of the
Haida'. as weil as the Athabasxan subfamily mads op
of 30 languages The Athebaskan languages are l
by a northern group of some 70,000 speakers in
Alaska and ali of western Canada. a few {mosty
groups in California and Cregor. and a southern

of abour 120.000 speakers. the Apache and Nava

The Angrino family conta
by | & miilicn speakers. They are
perg 19871 as follows tsez alse
6815

2ins :S:

[ Northern Anterind includes as sunfamiies A mosan
Keresicuan, Penutcn, and Hekar,
Al Almgsan consists of Kuterz: g

2ic tAlgoncuizn and wo isointed
Yurek: and Mosan (Mzkashan, Sab
it covers mos: of Canada south of the ores ooy
bv Eskimos (the Arctict and the Na-Dene inorhae
Canacds anc central Alaska: It a
west scuth of the Great Laxes arc o \:a England

AL Keresionan incluces Kerss (essentiaily 2 single lan
guage) and the Siouan. Irogueian, and Caddean am .-
hes: it covers the rest of the Migwest almost o the At-
Lantic coast.

B. Penurign s a nerthern group including much of Oregern
and California. with outliers ‘! Tsimsh:an) as far nomh as
Canada: in southeastern Nonh America. a Culf groap
includes the Muskogean fam:ly and a few :solated lan-
guages: in New Mexico, Zun:: 3 southern group 1s found
in Mexico (Huava, Mixe-Zoque. Totonacan. and ihe
Maya in Yucaidn and Guatemala).

C. Hokan is a northern group with small clusters in noth-
emn and southern California, Baja California, and pa-ts
of Arizona; a southemn group in nonheastern Mexico and
Texas.

1I. Cenrral Amerind includes three distinct subfamilies:
Tanoan, Utc-Aztecan, and Oto-Manguean
A. Tanoan includes Tewa (Arizona and New Mexico} and

Kiowa (Oklahoma).

B. Uto-Azrecan is in most of the Southwest. including the
Hopi and Pima groups.

C. Oro-Manguean is found in southern Mexica. especially
the southwest; also includes the Zaporecan. Chirante-
can, Mixtecan, and Mazatecan.

111. Chibchan-Paezan includes the Chibchan and Paezan

families

A. Chibchan languages are found on the southwestern
coast of Mexico and in almost ail of Ceantral Amer<a
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Fig. 6.8.1 Geographic distribution of
linguistic families and subfamilies in
(A) North America and (B) South
America (Ruhlen 1987).

south of the Yucatdn, other clusters in Venezuela and
Brazil include the Yanomame.

B. The Paezan languages formerly found in northem
Florida (one ianguage, now extinct). now survive only
in South America afong the coast of Colombiz and
Ecuador and farther down in the Chilean Andes: there

are 2150 splinter groups in the Braziban forest and on the

nortnern coast of Soutl” America.
V. The 20 Andean languages. of the 583 Amerind lan-
guages, account for half of the Amerind population be-
cause of the great diffusion of Quechua and Aymara in

the central Andes. The Inca empire, and perhaps zalso the
Spanish influence, were responsible for the spread, which
is therefore recent. Thare are also a large number of
speakers in the southern Andes, including the Mapuche

( = Araucanians). Three small areas in the northerm Aades
also speak. or spoke. Andean languages.

V. Equearorial-Tucaroan includes the Equatorial and the
Macro-Tucanoan subfamilies.
A. Macro-Tucanoan is found in nine geographic ¢lus-

ters, mostly in western Brazil, with a few in eastern
Brazil.
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test number 128%, of ail
widesgreac from west 0
Caribbear “slands o Uruguay, in

; .ard ceniral and
z languages is due 12
frwe important susfamilies, Arawakan

and Top-Ouamant

VI, Ge-Pzro-Car:b includes Macro-Ge. Macto-Parnoan, and

Macro-Carib.

A Mzoro-Ge was very widespread. utoniv a few lan-
guages survive, mastly in southern Brazl, in the high-
lancs arc fanther south. The Kaingang language belongs
te this roup.

B. Mzcro-Panoan once extended from Peru to Uruguay:
many I2Nguages are now exiingt.

6.9 PHYLCGENETIC ANALYSIS OF AMERICA

Cin anifrepologicai and linguistic evidence poirts de]
three majcr groups that may have represented distinct
' il frem Norheast Asia The Paleo-Indians

hough theiwr catz of entn s uncemain, be-
5 ensus for jzter

! e:o..!g.‘: un e:a:nh that arn :af'icr one must be
he

2m Amercan

ag s they speax
rex\, as indicated also by their remain-
re northern area. The Eskimo-Aleut were the
lates:. and inhakbit oniv the extreme nonhemn regicn both
10 Amera and Asia. The presence of some Eskimos in
Asia is beiieved 1o be a retrogression from the Amencas
o Asia. ratner than an aboriginal Asian population. The
cate of entry of the last two grousns is probably 15-10
kya.

The question of whether the th.rcc migrations can be
dist:ngu:shed on the basis of biological characteristics
has recently received some tentative answers, all ba-
sically positive. In addition 10 Turner's (1987, 1989)
dental analvsis discussed in section 6.7, there is a study
of Arctic populations by Szathmary (1981; see also
1985}, who used data from 14 genetic loci and found
the Athapascan (Na-Dene) are more similar to Eskimos
and Chukchi than to northern Algonquians (non-Na-
Dene North American Indians). Williams et al. (1985)
collected GM and KM data from the Apache and Navajo
{southern Na-Dene), and the Pima, Papago, Hopi, and
Walapai (non-Na-Dene from the North American South-
west) and showed that these two groups differ geneti-
cally. The difference, however, is not striking and con-
¢lusions based on a single genetic sysiem, even one as
informative as GM, are unsatis®actory. In a more sys-
tematic analvsis based on data from a larger number of
genes and populations, Zegura (Greenberg et al. 1986)
_tentatively recognized the three migrations, but acknowi-

L we

C. Macro-Csrib languas
gions of South Amesica, = cs.!_\ onthe ¢
bia, Venezieia, th
outilers farther south.

Geographically, Almosan and Keresicuzn
enly in Norh America: Penutizn. Hoxan. ani (e
tral Amerind are founc n North and Ceriral Ame-e
Paezar, Chibchan, and Equatonal in Centrzl
America: and Andean. Macro-Tucanoan, Me
Macro-Panocan, and Macra-Ge oniy in Sou.: Am
An importart point is that the gecgraphic disint
Amerind lancl.aoes 15 extremely fragmeniary,
in Scuth Amenca.

ecged ihe existence of diffculies for drawinz <nz
corciusions.

In our paper (Cavalii-Sferza eral. 1688), which sum-
manzes some of the peint h
Na-Cene were collecied in one zrcus and the rest of
tral, and South America. The Central gro
on a lingwistic basis, taking the Ceriral
family. which 1s actually parly in f\o nh Amenca and
does not incluce all pecpie from Central Amerzz. In
that analysis, Eskimos clustered with Chukchi and with
Turkic-speaking populations of northern Asia. forming 2
small subcluster of the Northeast Asian cluster. while all
American Natives including Na-Dene formed a separate.
major subcluster of Northeast Asia. Na-Dene speakers.
however, inciude two major groups, northern and south-
emn. The southern Na-Dene are essentiallv the Apache
and Mavajo. Although the exact time of their migration
from Canada is not known, it was probably late, and they
are believed to have arrived in the Southwes: around a2
1200. Until recently, there was a splinter Apache group
in Kansas.

In the analysis of this section, the major criterion
for grouping populations is linguistic. In view of the
special linguistic interest, we also added Chukchi ard
Koriak in order to test possible similarities with Eski-
mos. Within a few linguistic groups. in particular the
Na-Dene, we use a further subdivision on the basis of
geography. Because subfamilies are dispersed in widely
different areas, it would be especially interesting to dis-
tinguish subareas in other subfamilies; but unfortunateiy.
even after the pooling of individual tribes into linguistic
groups, there are not enough data to form as many ge0-
graphic subgroups as would be desirable. Eliminaung
groups because they rake unexpected positions would
of course be unacceptable. The procedure adopted was 10

Amennd sob-
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eliminate s¥stemat.zany groups or sebgraups that had
fawer markers. Hzrz2. as in other chapters, we have (ried
to ilmit gaps 1o not more than 30% in the data mainx.
Populations for which t-"er: were clear signs of admix-
ture with either Cam soid or Afncan people, accord-
ing "o the authors who coliected the genenc data, were
eliminzted. We thought it useless to carmy out a direct
analvsis of admixiure considening that extreme dnift in
many American Natve groups has generated exceptional
gene-frequency vanauon. There 1s no assurance for any
of the mos: informat e markers, even some RH alleles,
that they were truly absent in the orivinai Amenican Na-
tives and carn therefore be used o7 inferring admixture
We are reassurec by the results of another study that
the possible Caucasoid or Africar admixture of some
data we used is not misleading: Salzaro and Callegari-
Jacques (1538} used 17 non-RH alleles potenually use-
ful for evaluating the proportion of non-Indian genes
and compared them with resuits using RH alleles, which
might be beter markers of admixture. There was a cor-
relazion. but it was doubtful whether the estimares of
admixiere zocic ‘:" considersd guantitatively vaid. Of
38 tmbes. orlv 5 had estimated admixtures of over 23%

1 berween (0% a"” 25%. Trees from populations be-
Heved o have less than LOC- admixture gave results very
simiiar 1o those obtained using the general sei. As [0
our own ¢a:2, we fAad there is a clear effect of admix-
ure oniy In Nenh Amenca. as shown by synthelic maps
{sec. 6.13

bt
&
be

Am

% the number of markers was

2
R
o a._e_i'..ate r

considers are hs\e below, together with the
~ames of e mzjor wides that formed them. In almost
were some other, less well-

#very case. hawewver thers
' el tribes that are rot named below but are listed
in Il“c :zbulations: data from the tabulatons were used
to calculare the mean gene frequencies of each group.
In ¢his way it was possible to increase the representa-
tiveness of the cata. at least for those genes for which
data- are more abundant. Such genes. because they are
represenzed in more groups, inevitably have a more im-
porant influence on the final conclusions than genes
more rarely investgated. Restricting the analysis exclu-
sively to these genes. however, would have reduced its
power.

In the list below, the tribes that are named are those
that have supplied the most imporant part of the in-
formation. having been tested for more traits. We repeat
here that, especially in the Americas, and not only in the
southern part, there was enormous drift in many popu-
lations. generating great variation from one population
to another. This is clearly visible, for instance, in the
geographic maps of principal components (Suarez et al.
1985). The avera jing over populations ¢an help reduce
the effects of drif: of individual populations, as alrezdy
explained in chapter 2.

T

Figure 6.8.1 shows tne g ographi
linguistic groups. and able 691 ¢
tances among groups. The 23 ibes or ‘
mibuted most to the genetic data used :n th
are listed below. with the three-jferrer svmic!

table.

I Eskivc-ALELT
A. Eskimos: U.S.A. other thar Tnuir (EUS,, U.S A, Inut
{Ei}Y Canadian Inuit /ECAY; Cresniand Inuit 'EGRY

B. Aleutsioniy U.S.A.; USSR Aleuts had too few markess

and tended to agsociate with Asian populaticns:
II. Na-Dene
A, Nonhern Na-Dene (ron-Athabascant: Haica, Tiingit
INDN

B. Canadian Na-Dene (Athabascan): Dogrit, Siave,
Chipewyan {NDA)

C. Southern Na-Dene {Athabascan}: Apache. Navajo

II. AmeriND (NDS)
A Northern Amerind
1. Almesan (NAL}Y Blackfoot, Cree, Makah, Mon-
tagnais, Micmac - Penobscots. Naskapi, Nootka.
Ojibwa, Salish + Mukleshoot — Flathead = Quu
~ Okanagan
. Keresiouan (NKE: Cacéoan {Caddo = Wichita =
Pawnee}, Cherckes
3. North Penutian: Seminole (= Muskogee). Zurn!

4. South Penutian: Eastern \13\3 Il Kekshi,
Cakchique!, Kiche), Mayva, Totonaca, Tzeitala
(Tzehal = Toztil). Yucatecan

Note that Penutian were tested jointiy (PEN;. and Mokan
were sliminated because of sirong admixiure

B. Cenirai Amerind (CAN): Chiapaneca, Choluteza,

Nahua, Papago. Pima. Tarahumara. Zapoteca

C. Ch:bchan-Pae:an
. Chibchan (MCC): Guaymi. lca. Misumalpan (Payz.
Lcnca Miskito, Sumo). Rama. Talamarca (Cabeczr
Bribr, Boruca. Teribe, San Blas), Tarascan, Tunedo.
Yanomame

2. Paez (MCS): Atacameno (=Kunza). Cavapa

(Ecuador). Choco, Colorado, Noanama, Paez, Warao
D. Andean (SAN): Alacaluf, Aymara, Mapuche, Ingan2
(Colombian Quechua), Quechua
E. Equarorial-Tucanoan

1. Equatorial (SEQ): Arawakan (Goajiro, Arawak, Pa-
raujanc), Baniwa, Bari, Campa (Maiperen), Chane.
Chipaya, Emerillon. Guayaki, Jivaroan (Jivaro.
Aguaruna, Yaruro, Cofan, Shuara), Maue. Oyampt.
Pacas Novas (Chapacuna). Palikur, Parakana, Piaroa,
Piro. Siriono, Wapishana, Zamucoan (Ayore, Imoro.
Chamacoco)

2. Macro-Tucanoan {(SMT): Siona, Ticuna, others

F. Ge-Pano-Carib

1. Macro-Carib (SMC): Carib, Galibi, Macushi, Maki-
ritare {= Yecuana), Panare, Pemon, Tric. Wayana,
Yupa (= Northern Motilon)

2. Macro-Panoan (SMP): Cashinahua, Choroti. Chulupi.
Lengua, Mataco, Shipibo. Toba

3. Macro-Ge (SMG): Caingang, Cayapo. Craho, Xa-

vante

)
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Table 6.9.1. Genelic Distances {in tha lower lefl rianglo) and Their Standard Errors (in the uppor right triana'e) of American Tribaes, Grouped Mostly Linguistically {all valuas x 10,000)

PEN CAN CKC CKO CKR ECA EGR EIN EUS ESH MCC MES NDA NON  NDS  NAL_NKE_SAN  SEQ SMC SMG SMP SMT
PEN O 76 B4 2080 200 234 3J0U 329 224 478 92 70 M0 171 50 104 {39 40 37 A 099 28 115
CAN 199 0 259 386 246 139 320 265 245 207 85 138 133 124 ag 79 39 6D 7L 4B 126 M5 126
CKC B96 968 0 170 537 220 198 359 244 B4 265 250 313 366 178 RS 257 220 180 247 184 2m1 247
CKO 1241 1367 335 0 678 204 264 62T S48 210 413 206G 495 AP0 263 2/5 333 364 250 362 241 405 06
CKR 1202 1051 960 1414 0 150 376 290 105 201 340 37 25 28 223 193 310 204 angn 207 221 N2 348
ECA 956 769 656 1070 621 0 B6 5 69 66 2/6 231 191 128 231 /5 193 267 197 226 245 257 195
EGR 1286 1152 682 1232 1067 | 30 0 B4 69 56 296 405 314 180 345 247 333 357 290 214 411 307 25A
EIN 1430 1211 1370 2015 1494 | 326 27 0 95 183 404 460 119 300 245 200 318 369 324 360 409 457 288
EUS 1033 977 562 1227 456 | 259 330 M 0 14t 320 360 106 127 210 67 217 263 259 359 285 2329 31i
ESR 978 1002 246 680 583 | 407 677 __ 799 351 0 364 385 247 190 238 151 200 289 291 304 237 370 347
McC 436 350 1389 1871 1732 1267 1312 1548 1372 1669 0105 211 362 N7 208 92 103 55 79 134 61 161
MCS 334 451 1462 1857 1851 1454 1638 2129 1743 1708 468 0 311 53 123 116 68 125 148 96 180 93 288
NDA 744 734 1178 1587 1267  S19 1054 492 GBI 930 1106 1742 [~.0 63 142 411 16 126 129 191 172 213 206
NDN 744 589 1136 1516 1238 645 690 B72 505 746 1265 995 | 37770 89 217 289 263 327 401 196 400 451
NDS 266 240 756 1019 B92  B3G 1220 1051 710 707 &G0 655 | 426 4257~ 0 52 102 73 6B B1 144 t45 149
NAL 335 419 618 963 950 367 831 814 669 704 737 634 | 483 736 217~ 0 100 167 10F 100 111 92 141
NKE 257 146 1002 1136 1406 873 987 1263 703 B899 401 P37 700 719 39 295 0 4t 61 87 153 94 116
SAN 168 280 4151 1586 1437 1144 13087 1374 1367 1305 304 508 OG5 1094 350 417 204 0 60 62 110 41 140
SEQ 195 230 1089 1522 1671 1072 1293 1450 1292 1437 264 352 006 1109 415 461 219 | 335-..0 7 93 05 87
SMC 174 275 1208 1661 1471 1133 1109 1652 1390 1399 297 340 1067 1193 354 457 300 | 296  987T~_0 133 95 1/
SMG 381 525. 1118 1489 1449 1242 1722 1940 1268 1157 543 578 1118 1054 671 565 524 | 484 387 496~ 0 170 197
SMP 505 404 1430 1839 1878 1372 1362 1697 1460 1689 393 393 1037 1410 680 304 403 | 270 341 410 6507~ 0 220
SMT 524 540 1429 1926 1910 1073 1179 1329 1676 1724  GO6 733 1075 1234 773 690 468 | 574 _ 380495 _ B11__ 734~ 0

Nale.— PEN, Penutian; CAN, North Central Amatind, CKC, Chukchi; CKQ, Koryak, CKR, Rteindeer; ECA, Canadian [slomos; FGH, Gresnland Eskimas; £IN. Inupik Eskimas EUS, Yupik Fskimos; ES5H, US55
Eskimos: MCC, Cenirsl Macro-Chibchan; MCS, South Macro-Chibchan, NDA, Canadian Na-Dene. NON. Noith Na-Done; NDS, South Na-Dene, NAL, Almosan; NKE, Korasiouan SAN, Andean, 5t O,
Equatorial, SMC, Macro-Catib; SMG, Macio-Ge; SMP, Macro-Parroan; SMT, Macto-Tucancan Trianglas indicata more compact gioups  Trbos includod in the groups ara listad in the lext

* USSHA Eskimos had 100 faw markors and were not usad in (he trea of Figure 6.9 1. thoy 1ond 10 nssocialo wilh Chukchi
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Fig. 6.9.1 Geneus ir2

American inhes groupel

oz ~n £ae 3 0 limguistic tmiena
L . . _ Gerenz Disiarce

trae ob:; ne:’ en the rou sii2 0'0;;5 farmel clusions are ir agreement with those reacheld By sudying
fr:m suhiam the matrix of genetic distances. The average disrance of
01, hern Na- Dere 1o the twQ nofthe Nz-Dene erosps

g7o p (Cana_mar an d L S A yis 0.037 7 -\c”:"‘-:ren:e net
significant): but the northern and southormn Na-Deang show
the Eske-

average distances of 0. D693 and 0.0937 from h
mos. Tﬂo!e § 9.2 shows the distances perween the nonh-

g 0 ern Na-Dene and southern Na-Dene ¢n the one sile, 27
n Inéizns other thar Eskimos on the four mos: :vpizal Northern Amernnc groups of the

e other The \': Der.e separate info two groups. the e
most norhem joining the Eskimo arnd Chukchi cluster Tt is clear from the above distances that the Apache-
2nd the souiner cnes the Amerind ciusier These con- Navajo. forming the southern Na-Dene. must have had

NUPIK ESKIMT

ARCTC

SOUTH AMERIND

CANADIAN NA-DENE

MAZARO.TUCANCAN
& N. NA-DENE
[
&| wmacrRoLHIBCAN ; | GREENLAND ESKIMO
2 P . 1
g CENTRAL NORTH CANADIAN ESKIMO
O MAZRC-PANDAN AMERIND
E : ALASKAN ESXIMO
”E‘ EQUATQRIAL /' C. AMERIND, .
£ | wacsc.c e o B e
NADENE .

z n PENUTIAN ‘
N .

5. PENUTIAN .
MACRC- MACRC-GE : RENDEER CHUKCHI
CHIBCRAN | USSR ESKIMO
50UTe ' |

. Fig. 6.9.2 Principal-compaonen: mag of
Americ.n tribes grouped by linguisii
KQRYAK -LHUKIHRI subfamilies.

1st Pnncical Cocrdinate |
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Table §.3.2. Geneuc gistances (x 1,208 ameng Nonhern of
Southern hNa-Teng and Other American Natves {rem Northern and
Cantal Amenca

N. Na-Jens S. Na-Dene
Almosan 6C5 217
Kares.cuan 712 A3
Northern Fenutan 738 266
Norh Cemma &manncian 82 244

consicdemable admixiere with nonkerm Amennds. It is
also poss:bie that the northern Na-Dene have had some
acdmixiure with northem Amerinds, but the data are in-
sufficient 1o show it.

This observation can also expiain why in our earijer
world tree ‘chap. 2) a group made by averaging nonh-
ern and :ou‘.:em Na-Dene tended 1¢ ioin the Amerinds.
stiitting from them. however at an apparently very eany

ume. We xnow that mixires tend 10 auach 10 an aver-
age linkage ee at a hthf level than the actual time
ar which the mixiure occurred. The atachment of Na-
Dere o other Amerinds indicates that the ccmponent in
the mintore due 10 the latier 5. on the average. srong
enough thal it outweighs an onginal. unknown, COmpo-
nert resporneble for the difference hetween Am e*‘nd and

Tre fSre E<k;mo groups are reasonably clustered in
the tree, with Asiatic Eskimos showing greawer similar-
thother "‘csc gecgraphic neighbors, the Chukehi.
th tie American Eskimos. USSR Eskimos are
v small greup and the separation sufficently long
thar this resu]\ is not surprising. Furthermere, there are
I stiz connections between the Chukchi and Eskimo
languages. strengthening the case for a relanvely recent
commer crigin of the Eskimo and Chukchi.

Boctstrapping shows that the separation of the two
major clusiers 1s clear-cut.

Cf 50 bootsiraps, 19 show the identical first split of
the tree of figure 6.9.1. This may seem a low proportion,
but in the cther 31 bootstraps, deviations from the tree
of figure 6.5.] are almost always minor.

In 14 beotstraps, the main change is the addition to the
Arctic group of the southern Na-Dene: given the strong
similarity between the southern Na-Dene and the nonh-
e Na-Dene this is not surprising. In 6 of these 14
bootstraps also, the Almosan follow the southern Na-
Dene in joining the Arctic cluster. Because Almosan is
the Amerind group geographically closest to the Eskimo
and northern Na-Dene, the potential for admixture is not
negligible

In 17 bootstraps, one or two populations leave the
Arctic cluster; they are, 11 times of 17, the pair of
northern Na-Dene and Canadian Na-Dene, which almost
always stay together and join the southern Na-Dene in
the Amerind ciuster. In the other 6 cases. Chukchi or the

Reirdesr Chukchi. or more rarely, the USSR Z4
join the Al erind cluster

Even though the USSR Eshimos are 'o:ﬁ; -
lar g= .,ema“_\ 10 the Chukchy then o
moes. tre olc relaticnship s stil visit
The similanities with Almosan seem ™
MIXIUre Wwas probabfv not a masor one.

The sm"amw of nomhem 2n¢ S\.Ux""‘ﬁ \a Dere inc
their other associarions are a:so <learly visible in:
detaiis of the bootstrap behavier. The o'CJp formed o
Haidz. Tlingit. and a few Athabascans on the ccast g
fmr]y similar genetically 10 the Canzdian Athabas
and they almost never part. Scuthemn Na-Dene
their affinity with the nerthern .\'a-Dene. but the:
an even greater affinity with Almosan. which m
itself in painng with Almcesarn in 2: of 50 beo
while theyv pair with one or the other or bct'.". nc.".‘r.-
ern Na-Dene in 13 of 10 bootsiraps: they show almos
no tendency to pair with anv other single pcoulancn
This ndicates that the admixture of Navalo-Apasne wir
Amerinds probably happened mostly in sarhzr 1 mes in
Canada before the move scuth,

The Amerind cluster has an ntemal subcoicse
sever Norh. Centrall and Scuth American subizm:
Two pairs of subtfamilies. one certmal-scuthem
cther northermn are next Gc and Tucarcan are the out-
hers.

As meniioned more than once before, an cutier in
tree has several possible explanaticns. Assuming o
evolutionary rates are constant, one can frust the U
structure to correspond to the order of separaticn of
branches. and thus p'obab v to the order of theu T

an omher is a very small population that de erpc\. ina
highly isolated area. the assumpuion of constart evolu-
tionary rates is difficult to accept. as one would expect
1t to show a long branch because of high dnf:. In this
case it seems more likely that outliers did not separate
particularly early, but being of small size had a very high
evolutionary rate because of extreme drift.

In order to avoid the consequences of extreme drift
for individual small tribes, we have grouped them. 'n
this case, according to linguistic subfamilies. If linguis-
tic families are formed of groups with grearer internal
genetic similarity than randomly formed clusters, the
pooling of wibes in linguistic groups ¢an help rzduce
the effects of extreme drift. Although we did not know
whether averaging by linguistic family would be truly
useful, we attempted it nonetheless. We are currently
not aware of better alternatives.

If drift of individual tribes is very high, one may need
to average many tribes 10 obtain a substantial recuc-
tion of variation. This has no always been possible here
because of a lack of adequate data. In fact, the two worst
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outliers: Mazro-Ce. and Mazro-Tocanoan are made up
of onlv f3ur and two popuiztorns. respecusely. More-
over, the rumber of individuals in these mbes s small
The Ge ars mastiv reprecented 3} the Caingang /7000
in Brazi . Cavape 3700 in Braz nd Xavante (3CC0
in Brazi.. The Tuzano are repre sen:e: oy the Ticuna,
who numner 25 GO0 in Brazil, Peru. and CL.,. 1bia com-

s

—m mm Intime Vit
Sined. Facn ool poselaiior s lik to be a smail

el
fraztion of tre :otal for the 'whe w né 1o have limle or
no contact with ciher spuinters of the tribe locaied in
other. ofizn distan:. regions. Thess outl.ers are ther
fore likelv ¢ be cases of very high anit. The next
South Amernican outlier, Macro-Pancan. is represented
by seven tribes. with numbers of individuass compars-
ble to those above: Central Chibchan-Paezan is repre-
sented by 10 tnbes. It seems that the greater the number
of wrines. the less extreme is the position of the family 1n
the tree. This seproms the idea thar cmft 1s impor-
tant 10 this case. "_r.':e: 2. idence that high dnft is
involved tom ; k muliivariate maps.
and {rom other dan in later secucens.
which snow '
neightors.

A thig FCss:

axireme

olanation for outhers is an agglom-
erative ongin. contmbations from many groups De-
longing tc ~erv ¢ifferent sources. In urban cnilizations.
this is oitzr chserved in copitals that have re:ewec‘ immi-
grants from wicely different regions They show, there-
win many 0"'16' regions ui""cut fcmir:

u.
(T
n
- w
~
- lﬁ-‘

be 2 ‘ 3. t.“,e presen: case for fcres: popu:a..on:
rme Tucano. who live (at leas: todzy)
a: a lo oz leve: n isolated arsas The safzst
general conciusion frem the tree. 23 we discuss later.
is that. aithough the major ﬁssuons of the tree are 1r
gocd agreement with information from other sources.
seems dificult 1o reconsiruct a reasonable genetic ‘nis-
torv from 1t as far as the Amerinds of South America
are concerned e see in more detail in section 6.11
that this conclusion is ¢orrect. This does not necessar-
ily mean that grouping by linguistic families leads 0
wrong corclusiens. but simply that it was not adequale 10
improve on 2 difficult siuation.

The PC map (fig. 6.9.2) is more useful. at least in
showing the effect of geography: the first axis sepa-
rates the Arctic populations at the right, puts all north-
ern Amerinds in the center, and the central and southern
Amerinds at the extreme left. It is thus in good agree-
ment with basic geography. Arctic. northern Amerinds
¢cluster neatly, whereas southern Amerinds show three
major clusters: Tucanoan, Central Chibchan, Panoan;
Carib. Equatorial, Andean: southern Penutian. southern
Chibchan, and Ge. These results differ somewhat from
those obtained with the tree, but they are based on two
dimensions only.

o
e
£
'

At this point, we C2r 25k the Most iMponant quesiicn,
does the proposed three-migration theory agree with the
results of genstic analysis? The answer is Cleariv pos-
itive. The two major clusters of the tree, Awcuc and
Amennd, ccu.d zemainly be interoreizd as separals
grations. anc the Arcic cluster does contain a secondan
split into Na-Dene and Eskimo. the other two pestulatze
migratiors. Thus. the tres is compaibie with the three-
muigrations thecry of Greenberg etal (1987, as is the PC
map. The anaiysis may aiso suppert the idea that the two
later migrations, Na-Dene and Eskimo. had a relate d ori-
gin in North2zast Asia. in the sense of having come from
a common ethnic group in that region. The separation
of the Eskimo-Chukchi-nonthern Na-Dere cluster from
the Amerind cluster is also visibie in the first princi-
pal componert of the PC map. The separation of north-
ern Na-Dene from Eskimos is also seen in the seond
compenent, though not as clearly. The Na-Dene and Es-
kimo may have migrated independently 10 Amenca. ¢r
they mayv have separated in Beringia. or even in Alaska:
it is impossibie 1o solve this problem with the present
data.

The quesiion of dating these major migrations may
be reconsidersd again here. In our 1588 paper (Cavaill
Sforzaetal, 1988), the divergence betue:n al. Amennds
and all northern Morngoloids is in slightly better agres-
men: with the first date of entry propesed, about 35
kva. than with the second Using the constant cai-
culated in table 2.5.1 we obtain here the date of 3i
kva. However, normhemn Mongolowds are a very di-
verse population, which underwent consideradiz in-
ternal movemen® in the last three centunes (Alexesy,
pers. comm.). With mixtures and other compiicatiors.
the divergence between the average Siberian and the
average Amering is likely to be greater than the -
vergence of Amerinds and their direct Asian ances-
tors. It is also likely that some of the Siberian popu-
lations that remained in Siberia were exposed to more
severe environmental conditions ancd decreased in size.
undergoing even greater drift. In any case. our attempts
at identifying one Siberian group closer to Amerincs
have not been successful. On the basis of relatively few
markers {6 loci), Spitsyn (1985) found that among all
Siberian peoples, the Tungus. Even, and Yakut located in
the northern part of central Siberia are genetically clos-
est to the Athabaskan. The Asian ancestors of Amerinds
may have come from a relatively small region, and their
Asian descendants may now be diluted by admixture
with other less closely related ones, to the point that
they are no longer easily recognizable. It is also possi-
ble that the majority of the Asian ancestry of the Amer-
jcan pioneers has effectively left Asia, as happened. for
instance, for Eckimos. All these considerations, and the
expectation of high drift in regions of very low cansity
like Siberia. would tend to increase the distance between
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mate of the ume

these are dates ©

2 ete conf

ciear.s within the range suggested by archaeciogy.
Frem the tree in figure 59 1 e genetic separa-

tion berseen Na-Dene anc Esximo is a little more than

halfway berweesn the separaiion of the Arziic group and

the Amerind group. If the ﬁrst is tak“n as representing

the separzuon berwesn Amerinds and Northeast Asians.

6. 10, PAYLCOENETIC ANALYSIS OF INDIVID

they remain the . 2up wil fewes
Thre Arcric ciuster =as the same structure as before.

with nomhem Na-Dene iAthchascan and Dogrib) con-
nected 1z Zsximo. but separating from them in the first
split: USSR Eskimos are the most perphera: of the Es-
kimo cluster

w

gure 5.10.2 the same geretic caia are presented

as a PC map which accounts for 59% of the onginal

geretic varaton. The clusters indicared are linguistic

groups and are discussed further in the next section.
The analvsis was repeated for 30 populations from

“South and Central Amenca, including Central Amen-

for which we have anet compeelely

(21 kva: discussed atove. then iR
'*e'w*v \* Dene and Esk:rr.o. 570!
t

eniry to .-\'"ema of one. !he C(L-.er.
mav precede entry. which may te

g
The tribes were grouped ‘n this secticn accordin
1tenon P10 SCTE SXIEnI by a2
3 rowe CO']S]CE' the Tmmey
ene:nca)‘._\. mnaependent of the
gmsrxc groupmg uscd in this section. for North and Scuin
Amenca.

LAl TRIBES

Ingu s:'}c g ups becau se oi the ex ensive | ’ingu's:i:

Difficult probiems anse in the interpreiaticn of this
tree The PC map from the same Zata irot g
not briag ary clarificanen. No simple geograghic or
linguistic correlaton is found at frst sight. a

discussed furmher The amourt of genetic <nft that has
been going on for 10 kv has not abated even roday,
given nat population densities in most of the arez are
still very small and may even have become smaller in
some cases. There has clearly been an extensne
graphic movement of tnbes, as shown by, ameng
things. the fragmentation of the linguistic map. and also
by modern ethnological cbservations. There also must
have besn in the past, and there centainly is 2t present,
a complex network of genetic exchanges within and
between tribes. which has been studied in detail only for

geo-
ath

thar
[IRLa

—————  Inupik Eskime
—  Greeniand Esximc
i ——————  Alaskan Eskimc

—_— ———— Canadian Eskmo

USSR Esxumo

Athabascan
Dognb

~—— Cjibwa

Cree Naskap:

i

Navajo

—_— Pima
T Papage

Nahua
Zuni
Cherckee

Guaymu

c1D 035

——  —  Eastern Mayan
0
]

Fig. 6.10.1 Genetic (ree of 17 single tribes
or geogrphic groups of tnbes from Norih
Genetic Distance and Central America
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Tabie 610 1. Genelc dintances (in ihe lower Jell triangle) and ther standard errors {1t

Tnanghes indicate telabively homogeneous groups.

wr upper right ki

angle) among North American tribes or smalk groups of them {

all vatues x 10,000).

ECA FGR EIN EUS  ESH  ANN ANP AP

(CA 20 ] 5 74 63 303 142 139
FGH dur T 0 83 77 140 305 3y 210
1IN 326 270 T~ 0 95 187 420 56 mr
£ US 450 330 AT 0 133 2a7 21 241
SR “an/ 627 189 95T~ 0 194 247 178
ANN [I£] Gua” 205 675 875 a8
ANP 951 1304 15049 o5 1209 _ 32
Al 14 90 1228 900 865 104 =~ 0
MSG 1482 1710 2615 2013 1952 iy 705
NGO 775 1113 734 913 4290 1399 1145 1065
NAT 754 746 992 676 BU9 066 B10 791
NNA n7? 1253 10/2 650 B1/ 297 66 295
ACN 535 1133 1117 939 930 406 33 340
AOJ 619 9 12049 7y 75 I 611 504
KCH 177 1168 1726 959 127! 170 266 314
Psu 1049/ 1008 15213 1761 150 ERY 210 160
1342 1725 1037 840 278 347 317

1ME 12648

Nota.- ECA, EGEL EIN, EUS, LS, Eskimos {see labl 6 9 1}, ANN. Nahua, AN IPapaga, APY Puna; MSG

AU, Opbua, KCH, Charghea, PP2U, Zuni, PML, Eastein Maya

MSG

31
J09
n44
a6
414
260
215
194
0
3153
2687
1123
{1t
12717
565
H494
[EAR]

NCOD
1100
308
145
147
302
334
21
178
578

1299
204
1682
1434

NAT — NNA ACN  AOJ KCH  PIU  PME
11 246 99 140 235 193 322
175 324 291 289 347 236 334
318 288 255 352 an 403 419
129 155 220 175 255 245 a27
212 258 201 78 301 213 23
200 79 148 146 62 Y 142
232 66 80 142 110 55 94
192 59 92 106 67 a6 145
591 300 381 375 317 1" 179
66 174 202 300 296 307 131
95 297 322 460 324 109

IR 0 55 "s 100 123 82
g3 |7 2 56 100 233 130
1236 0 122 221 162
1409 540 374 496 0 101 180
1514 a4y 715 848 Wl\lo\ﬁa
057 304 428 567 399 260 0

. Guayrm, NCD, Dogob;, NA

T, Athabascan, NNA, Navajo; ACN, Cree, Naskapl, Monlaguais,
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two tribes (Yaromame, Maxiritare!. These investiga-
tions are the only ones frem which a model can be
derived. One wonders how much one can generaiize
the conclusions reached for these exampies, But it 1s
encouraging to have excellent data even for only a few
populations, which have not been serousiy affected by
contact with latecomers, or at least have shown little if
any tendency to acculturation. The Yaromame may have
origirated at a considerable distance frem their present
location in the upper Ornoco (see fig. 6.6.1). prob-
ably in Parama (on the basis of linguisuc considera-

& Certra! Amerng, 5. Penutian; 7. Kergs:cuar
8. Chibenan

nons). Thev are stll moving and expanding ¢
19831, The sicry that emerges from the Yancm
Maxiritare is one of many scenanos which
ist in Sowth America. It cermainiv should net Te ex-
tended to regicns with 2 long histery of formaten of
towns or cities or even villages having a tetally il
ferent demographic and mating structure. Rather the
Yanomame are a mocel for populations living &s P
itive horiculiurists in the Amercan trepical 2
which is a significant fracticn of Centwral ard Soun
Amernica.

SLINGUISTIC GROUP

Guaym Chidcnan
r— Yancmamsg Crubcran
: — Caingang Macro-Ge
i r—f — WALANL Macrc-Cariodean
i f e— T Macte-Cantoean
_J Jharoan Equatcnal
r-i — Eastern Mayan South Perian
. Cuechua Arcean
:-’ e Pama Equaional
1 Maki Mlmo-ganbbnn
- ~ ~ Macush Macro-Canspean
! |—{ — Nahua Cerwai Amanna
e Arawaian Equanna!
"C Pma Contral Amernd
{ Papago Cantral Amemnd
— 2un North, Penutan
: Aymara Andean
Amcameng Paez
o XEVETIR Macro-Ge
Cyampy Equatonal _
p—r———  Yuga Macre Cardoean
| Ban Ecaatonai
-— — Tuna Macro Canbbean
Mave Equaional
——— T e ——
[ Araucans Mapuche Arosan
- Pacas Novas Ecuatenal
Emernion Ecuatoral
| warao Puez Fig. 6.10.3 Tre= based on genelid
Paraxana Eouaional distances of 30 South and Central
or near-Central Amenican Indian
e1s 0.1 005 0 tribes.
L i n 1 — Genewc Disance
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Table 6.10.2. Genelic Distances {in he lowar lst triangle ol the matix) and Their SI
{all valuas x 10,000)

andard Errors (in 1ha upper right angle of tha matrix) among Cantral and South American Tribes

AMA
ALY
EAR
B8R
EEM
381}
EMA
£OY
EPH
ErR
£t
MMA
MMX
Min
MYYA
MYLY
MGC
MOX
MIT

Note.— ANN, Nahus: ANP, Fapago; APl Pina; MCA, Atacamieno; M
Arnwskan; EBA, Sarl; EEM, £merliton; EJI, Jvaroen; EMA, Mane; EQY, Oyamp
Caklgusp; MGX, Xavanie; MTT, Ticuna.

1

ANN  ANP
o 4?2
74 [}
160 104
478 [.L.1]
sBo 1100
[T 21
T 1wl
M P30
27 347
pog 1308
434 508
804 1268
e 30
168 0
548 830
M 281
244 850
kFs') 852
506 aus
518 1308
188 1148
Teo ass
82 81%
635 7128
455 a2
20 458
480 787
m) 854
04 501

193]
701
ros

an
1404
4900
410
7048
548
477
1185

503
5r8
1284
1498
431
Jus
1oe
aar
0%
av7
8lr
657
118

MCA MWR  MCY MS5G

148
207
174
0
1102
t439
13414
558
5485
1212
120
842
403
[ 21
LI ]}
1515
785
AM
1077
1013
1554
342
052
[ 2]
100
850
1106
1S
602
053

220
ne
w7
244
o
1368
1529
1000
1003
1947
5’8
1472
1045
531
17
835
120
1753
807
1722
2044
o7
008
1o
1244
788
1040
812
1204

nr
178
169
LFal
are

1Y}
T4
1381
ei0
912
"l
1849
2094
1580
@0
12
oo
1359
[EN]
e
1828
1000

278
194
100
428
asr
%
0
564
a1
2008
(23]
1AL
e
a2\

1280
813
970
621

1408

273

1nes

507
w80

1040
1028
osd
1128
928
1251

PIU PME AAM  AAY  AMA
4] 41 218 7 247
49 ] 323 204 200
-8 154 3 213 191

188 210 348 ar 184

250 318 438 148 436

mm 204 128 287 252

110 1989 569 192 185

6 60 378 135 154

260 o 203 267 13

1180 822 9 343 261

w9 718 1%y 0 188

551 480 448 612 4]

ais. ] 150 040 482 464

.30 ] s 1299 ard 1399

584 (114 ta74 "2 13,

1140 "I 2040 1267 1713

525 102 614 525 450

452 48 81} 700 682

804 BS54 1953 1061 1227

1388 T4 553 1405 1064

1316 980 1089 1783 6e

10 35 08 482 als

B3T 147 1008 425 445

854 459 2072 922 1024

500 249 782 [ V73 1045

S48 432 415 54T 1196

i 558 107 23 ns

91 821 709 827 1534

850 267 oea 1027 145

[ 1'1] [ ri w7 2%

WH, Warso; MCY, Yanomama; MSG, Guaymi
I. EPN, Pacos Novas; EPR, Parakana; EPI, Plaros; MMA, Macushi MMK,

13N

an
27

44
)
140
147

855
1240

513
552
10%9
1359
239
ase
522
423
385
T8
749
494
a20

EAR  EBR  EEM ESN  EMA  EQY EPN EPR EPI  MMA  MAMX MTR MWA MYV MGC MGX MIT
'T] 178 rz e 125 148 307 s [F1] » 142 e 1] 15 90 124 154
123 218 279 Pa | 12 129 47 207 mm 198 192 125 | 3 178 148 43 23
132 127 207 10 154 [ 482 320 e an 188 197 10 138 179 1 "7e
195 ar hrd ] 73 124 0 24 ] 34 [ 28 195 224 1”2 208 e 109 237
128 23 24% a 539 2 53 [ ) “5 59 241 oy 2% s 195 458 408
343 274 254 104 iL]] e 483 4094 80 s a2 e 292 260 R oL 132 ¢
) 9 3z 180 teo 187 287 173 k1Y) 142 338 207 X2 548 MO 4 XN
138 7y 255 157 s 108 a7 2 23 " 182 108 m 08 84 o7 148
n Al 258 27 129 13 247 248 73 80 101 [ 1] 137 173 188 712 187
480 4N 447 195 40) 653 188 4an 295 34 73 12 1s8 by ] 30 289 7
139 253 241 75 181 08 4an bl m 170 178 . 139 44 190 443 182
500 asT 370 [¥3] 155 202 34 43 Hne 149 24 342 4035 458 504 151 725
"2 95 280 " 128 [T ] 25% . 133 148 02 o7 158 159 LU 31 ]
o 152 227 e 228 "ns 267 501 e 2 218 " 109 24 ”» 164 353
92 (/] 358 161 158 235 304 arn 51 157 271 n e 148 205 221 60
32 1292 0 43¢ e 308 44T s 538 258 204 2 1% 33 202 mn 37
480 513 1240 o 13 10 09 278 " 2 58 112 180 e 141 a0 149
are 79 1404 429 ] 207 244 %0 148 128 185 138 217 170 34y 31 [ ]
416 043 854 a0 893 0 Fey 08 nr "o 1 140 14 s - " 408
814 118 1735 843 1088 1257 L) 2% 184 2 195 208 193 181 154 558 427
1638 2227 2311 1550 112} 1848 2619 ] 343 0 25 159 e L] 624 1% r
M2 108 218 687 [TUR " T 1] [ ] 1He 1M 108 185 M7 10 2607 1”7e
a“ur 42) 1047 204 M7 497 sem 1243 458 [ ] 7 1% o 150 192 an T4
532 1328 104% nz are (1] 623} 1603 489 363 [ 0 108 ol 102 538 304
&3 1004 N107 4o 565 718 1028 853 ®12 470 802 o w0 215 230 419 28
2 920 781 508 909 53 e 130 75 T2 497 98 o i9e i 443 I
M8 435 11 529 Tre 025 m 1843 1009 508 1267 108 24 1] RN 222 258
32e 842 oa7 488 1152 352 7™M 2108 880 Toa [ 1.1] rar o 437 o 359 474
sor n2  es 064 841 287 1408 1841 TS0 1082 1084 1344 013 88 708 o 852
1052 a0l 1882 AUr 240 1572 207 1487 127 300 1247 B35 1058 W43 1 []

CP2ZU, Zunl, PME, Easisin Maye; AAM, Arsuceno; AAY, A

: AMA, Mepuche.AQU, Quechua; EAR
Makiilare; MTR, Tria; MWA, Wajana;MYU, Yupe; MGC,
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sez flg. 6.10.4) shows a
£s. or the crier of 100 indi-
vicuals 2azh, which split and reurite. to some extent ac-
cording tc xinship lines. Kinship groups. however, are
nect necessaniy stadle entities when viewed over sey.
eral generauons, znd the whole picture is one of incom-
plete randomness of splits and fusions that is not easy
to moce! guantitatively. The genetic variation berween
villages is about twice what would be expected (Wag-
ener 1973 on the basis of the observed proportions of
TUEIalon. assuming that migrants are a random sample
of the population. Thus, drift is higher than expected
from the cbserved migration and population size, prob-
ably because splits and perhaps reunions tend to follow
kinship lines and are therefore not random {Smouse et al.
1981; Smouse 1982), as in regular models of population
structure,

Another source of amplification of drift effects is
strong cifferential fenility, especially of head men (Neel
and Weiss [975; Neel 1980). The Makiritare are largely
endogamous within the village, and even more within
the tribe, but give and receive nontrivial genetic con-
tributions to and from neighboring tribes. usually of
different linguistic groups since several tribes moved
a long distance from their origin. One cannot exclude
the possibility that immigrants from other tribes have
closer kinship ties with the tribe, decreasing the out-
breeding effect caused by mating with members of other

trives. Considering the frequency with which w amer are
raided from other tribes. a zemain
or rearly rancom outbreeding with neighzors must also
oceur,

There 1s only limited information on other interimbal
migration. According to a summary of informanen by
Salzanc and Callegan-Jacques (1988). genetic exchange
is considerable, and it is higher for tribes at a mere ad-
vanced economic level. Their tabulation does not dis-
tingish between genetic exchange with neighoors and
with different tribes. In unpubiished data collected with
H. Grootand A. Espinel in Colombia, genetic exchanges
between different tribes on the upper Onnoco became
very high at the end of a long period of intentmbal hos-
tilities; in a small area investigated near Puerto Inirida. it
was difficult to find marriages where there had not been
recent admixture between different tribes. The memory
of genetic exchanges in clder generations is frequently
lost, and such findings make one suspicious about the
rea] isolation of many South American tribes, at Jeast to-
day. Yet, there is enough genetic variation between South
American tribes that some degree of isolation must have
been maintained in many instances for a long time (Neel
and Ward 1970). Our capacity 1o understand the genetic
structure of southern Amerindian tribes can enlv benefit
greatly by an extension of studies like those already cited
by the Neel group. before theyv are made totally impos-
sible by the disruption and disappearance of traditional
customs.

. § i Ay
mount ¢ manlom
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6 i1. CoMPaRISON CF GENETICS WITH LINGUISTICS AND GEOGRAPHY

confirms the division
jor clusters, Amernds. Na-Dene. anc Esximos. which
are also cleariy distinge lingwistically. The hypothesis
thai they correspent 1o three Major migratans. al from
Siberia viz the Berng region. is in agreement with cur-
renr archasological Knowiesgs. desTiiz present uncer-
tainti=s on daies The gereral piclure seems 123s0Rad.Y
wel, =siablished and further analvsis given in sechan
6.10 has clarified possible doupts ar fram the am-
biguous positicn 0f the southern Na-Dere. Their geo-
graphic position and the peculiar genetic relationships
with other Na-Dene and with Amennds arz best ex-
plained by admixiures wiln the latter that must have a¢-
companied their scutherm migrauion. When we come 10
consiCer Amerinds. we find greater a:ffcziues in fully
reconciling genetc daiz with informenon provided &y
other approzcnzs In part. (S IS czused oy the poverty
of information. At Ihis point however we mus! summa-
rize two previous investigalions that show winow doubr
tha: Amerinds. 1oc. provice good eviderce of o strong
corelztinn berwesn genzlics and langunge

The frst is an exiensive analvsis of the relations
berween the gene imzuiste. and cultiral similar-
iies of 53 Norms Amerizan Indian tnbes zamied out
By Spuhier (1675: The analysis usec 2 sutsed of 13
gene frequenzies from ABO, AN, RA. Diego blood
group was tested only for 2 subser Of seven linguistic
groups: Arens-§ erizn, Na-Dene, Macrz-Aigonguian.
Macro-Sicuan, Eokan, Penctiar. and Aztec-Tanoan. 34
(6=.2%; of 32 tnbes tesied were classified cormectly
using gene frequencies. This ndicates a substantial
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a nember of discrepancies. Most misciassifications in
the Spuhier sample are found among Na-Dene. Macro-
Algonguian and Macro-Siouan. and in the Hokan group
In Spuhler’s analysis by culture areas (Arctic. Sub-
arctic. Northwest Coast. Plateau, California, Plains.
Southwest. Northeast. Southeast) 31 of 33 inbes were
correctly classified. or 58.5%. Considering that more
groups were 1estec in the latter case, the two approaches
gave approximately equivalent results. In conclusion.
there is substantial. even if imperfect, agreement be-
tween genetic and linguistic or cultural classifications.
Some of the discrepancies, especially that of northemn
and southern Na-Dene are of interest; note, however.
that Apache and Navajo are not misclassified in Spuh-
ler's aralysis. The statistical approach used by Spuhler
(stepwise discriminant analysis) is different from the
ustal one of calcalating correlations between genetic
and linguistic (sometimes also with geographic) dis-
tances. Moreover. we use more ganes and fewer tribes.

In figure & {C 2. trikes belcnging 10
e ‘

group are circled. Thera clearly

COmpeie 3gresmer s
netic and linzuisiic simiianiies mal

It may also resclt from frequent

reduce the correlation without compleiely desiraving it

Using other more conventional approaches. Spuhier
(19727 found no evidence of correlation between gerens
and linguistic distance. This negative resuit may be
more of an indictmen: of the method than of the gererat
correlation between linguistics anc geneucs. A linear
correlaiion can easily be desiroved by some outliers.
The expectation of linearity may be naive when there s
a complex fissicn and fusion pattem: simulatons may e
appropriate for a comparison of the different merhocelo-
gies. However. Spuhier (1972) reanalyzed the same daz
by an analyvsis of variance. which estapes the suicure
of linear-correlation analvsis, anc found that the vamar:
of genetic distances among linguistic $1oCxs is signif-
cantlv higher than that within hnguistic SI0Exs This isin
line with his result by discriminant analysis. Jtis won®
adding that Spuhler found a moderate but significan:
correlation betweer genetic and geograpnic cisiances
and none between linguistic and geograghic distances.

Apart from Spuhler’s studies of the genenc-iinguistic
correlation or the North American continent. there have
been many investigations of limited regions or groups of
Central and South America. An early one by Spielman
et al. (197+) compared the linguistic distances among
seven Yanomami dialects and genetic distances among
the people occupying the comresponrding geographic ar-
eas. The matrices of genetic distance. distance calculated
from lexica. data. and from grammatical cata showed 1n
al! three cases a significant congruence.

Chakrabonty et al. (1976) found no linear comelc-
tion between genetic distances and linguistic distances
in seven Chilean “highland” Andean populations. Lin-
guistic distances were calculated on a scale based on an
early classification by Greenberg. The scale of linguistic
distance used may be responsible for the failure.

The same measurement of linguistic distance was used
by Murillo et al. (1975) to compare linguistic and ge-
netic distances of the Chipaya of Bolivia to nine South
American Indian tribes. They found no cerrelation.

Salzano et al. (1977) investigated the intra- and inter-
tribal genetic variation within the Ge-speaking Xavante.
Krho, and Cayapo of Brazil. They conclude that the

v
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average in*v:r:al genetic distance within this hinguistic
group is adout £3% as great as that betwezn tnbes speak-
ing more differertiared fanguages. They found. however,
a weak linear comrelation (r = 0.27) be"' esn genetic dis-
tances and ccgnate percentages in a list of 100 words.

A very thorough and Zetatled siudy has been published

recently by Barmantes et al. {1996) n the Chibckan-
spezking groups of Ceitz Ricz and Papama. Ten such
porulatons were anaivzed for 48 genetic loci. The
genetic distances between pairs of populalions were
correlated ic the linguisic distances based on cognale
percentages. The observed correlation [r = 0.74) is high
and highly significant, higher than that observed for ge-
netic and geographic distances (r = 0.49, not signifi-
cantly different from zero) and for gecgrachy and lin-
guistics {r = 0.52. signmficant at P = 0.03).

When we lock at figure £.10.3. we are unable 10 find

a simple interpretation linking genetics and linguistics m
the wnoie of Central and South America. A similar fail-
ure is experienced in the related tree given for Seuth
Amenca in Salzaro and Caﬂegari-laf'cues (1988). Tt
seems likelv that. in these circumstance. a ‘ree is highly
inaporopriate for detecting the con'ela.lcn of interest, but
it is also possitie that the data are inaZecuate.

Even the usuzlly strong rel lation berween genetic and
geograpm. distance is blurrec in Scu:h America. The cor-
relation calzuiated between th2 two Jistances is 0.16!
0.048 (stancdaré error calculated by bostsirap). It is pos-
itive but low, znd confirms the resuits obtained by piot-
ting the genetic distance between popuiation pairs against
their geographic distance (sec. 2.9). Linguistic distance
berween families showed a negative correlation with ge-
netic distance (—0.139 = G.0%]} and with geographic
distance {—=0.212 = 0.051). These results (Minch and
Cavalli-Sferza, unpubl.) will need further investigations.

There are many reasons why the corrélation of linguis-
tics with genetics and also with geography is especially
difficult to study in South Amenca. Part of the problern
is tied to the major termitonial, economic, and political
changes that have iaken and are taking place in South
America, causing an epidemic of language extinctions
that must have been especially dramatic in the last cen-
tury and earlier. For instance, in Ruhien’s (1987) list, 71
languages of the 117 (61%) that form the Ge-Pano-Carib
subfamily are extinct. Similar high percentages apply to
many other subfamilies of South and Central America:
Equatonal 67/145 (45%), Tucanoan 12/47 (26%). An-
dean 12/18 (67%), Chibchan 25/43 (58%).

Languages often become extinct when population
numbers become too small, or when there is govern-
ment pressure 10 expand those of another language, but
this does not mean that the people also disappear. In
fact, it seems reasonable to assume that in the modern
situation, with the continuous shrinking of groups. an
increasingly larger proportion of people swop speaking
the 1raditional language and replace it, either with lan-

This wouid ze
correfation of languages
impenant reasons that
One snceid remem‘:er "'.:I. as we have alreads Iis-
cussed fsec 2.5, American Natives show an evtrerme -
high gecgrarhic -Hob im as measured by r}-e relaner
ship between genetic disicnce and geographic cistarce
Mobility is also detew’"‘ bv siucying the distnbunen of
language ¢roups. which is extremels fragmentec, witk
subfamulies ferming very complex, interpeneirating pai-
terns. This might be encugh o destrov linear correln:
tions between gecgraphic and linguistic distances, ard

between genetic and linguisiic distances. The ecclog-
cal situation also contnbutes to this result: the Ancear
chain forms the backbone of the continent and 's ven
different from the east. It runs from the extreme norh @
the extrerme south and is relatvely simiiar ecelogis
in spite 3f the grear voriation i latitude. Ir is oc
by people who arz also relatively homoge
cally. as well as linguisnicaliv: eniv wo m subram:
lies of the nine spoken in the whole SLbcom.ren. ocTur
in the Andean chain today. By centrast. the flater. eas:
e part is mere heterogensous genetically and linguis-
tically. Linear comreiations are especially unsuizabie for
measuring the association among gecgraphic. genen:.
and hnguistic distances 1 this case. Deailed s

of single linguisiic groups that have not under gov‘c
too many disruptions anc extuncions—for example, the

Chibchan (Barrantes er al. 1990:—are best suited for
showing the correlation between genetic and linguisiic
variation. Studies of other groups. that have not been ex-
cessively impoverished by extinctions may also be usefu;

The stucies of correlation between genetics and hin-
guistics in America can give only a very partial answer (o
the genera: problem. Of the seven studies we have listed,
only one that used linear correlation gave satisfactory
resuits. One can see many reasons why this can happen
even if there is a general congruence between the two
phenomena. Other methods have given positive results
when linear correlation failed. Moreover, even if this is
generally overlooked, significant testing of linear correla-
tions between distances calculated between pairs of pop-
ulations is unsatisfactory because there is usually an in-
ternal correlation between the pairs. This does not apply
to the sample by Murillo et al. {1977) in which the pairs
of populations are independent. For further comments se¢
Cavalli-Sforza er al. 1992.

In summary. three of seven stdies favor the hypoth-
esis of congruence between genetics and linguistics bl
for methodological. theoretical, and historical reasons.
one may expect this type of analysis to fail in the
Americas, especially using linear correlations. Further
work on American data with more refined methods 15
clearly necessary.

MO
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6£.12. GEOGRAFHIC MAPS OF SINCLE GENES

The AEO svstem is remarkably different 10 Amenca
from other pars of the world: Amerninds are unique in
having almest comp.2iely lost the A and B alieles. By
contrmst.: A 1s conserved among Na-Dene and shows
2 remarkably high frequency amorg some Almosan.
whereas among Eskimos. the A and B frequenties are
much mere similar to those of the rest of the world
Thus, the ABO locus is a fairlv good. though net a per-
fect miror. of the three major postulated migrations.

The reasons for the loss of one or two alleles of this
systemn, which are present at relatively constant frequen-
cies in all other world populations—and to some extent
also in many Primates (Socha and Ruffié 1983)—are not
entirelv understood. The extent to which random vari-
ation in gene frequencies affected Amerin d populations
wiil be clear from several other exampies in this section
and suggests that genetic dnift piayed @ very important
role in Amernca. Dié ¢rift determine the imreguiantes of
gene freguencies in Amenica becauss of a “low num-
ber of irirna) migranss [an initial founder :f ey, or later
borzlenecks. and perhaps persistence cf low numbers for
lerg pericds? We mav anticipate that the Dehavior of
HL4 ioc incicates that the second of third hypothesis
may de true. and tha: many tribes oniginated from a very
smal’ number of founders. Instead of the many aileles of
an HLA locus commonly found elsewhers. even in smail
populations. a panicular Amennd tribe has only a few
allzles a1 a dispropertionate.y high frequency, with other
allzles rare or absernt. In another tribe the szme ranty of
most alleles excepr a few is observed. but the frequent
a'leless are different. This remarkable phenomenon is
thersfore uniikely to be due to natural selection. given
its magnitude, or to the initial founcer effec: of a small
numboer of frst migrants from Asia. ABO has far fewer
alleles than MLA, but in a way there is a somewhat sim-
jlar phenomenon: an excess of A in a few groups, and
an excess of O (up to 100%) in ail the others. A high
frequency of B is almost never found.

Even if there is a good chance that dnft was respon-
sible. at jeast in part, for the anomalous distribution of
ABO, it is difficult, if not impossible. to exclude the
effects of natural selection. As we have seen in section
2.10, ABO phenotypes (or genotypes) react differentially
to many infectious diseases, and a popular cxplanat:on
for the loss of A and B alleles among Amerinds is differ-
ential sensitivity to syphilis, because O individuals are
more resistant. The origin of the hypothesis is the belief
that syphilis was endemic in Central America in the
fifteenth centuy and was spread to Europe by the crew
of Christopher Columbus after their return to Spain.
The evidence from direct studies of patients {(Mourant et
al. 1983) showed that O individuals heal more rapicly
(as judged on the basis of immunological tests) after

} chemotherapeutics The cal
raphy of the Ecropean epidemic beginning
the retum

s

. of Columbus’ crew comespond (0 the expec:
tations of the hypotnesis, but others have ciaimed tnat
the disease originated in Africe from a closely relaied
spirochete responsible for yaws, a nonvenereal ciseise
{(McXNeill 19761, A search for a correlzuion herween vaw
and ABQ was negauve {Cavall:-Sforza 1588k,

The geographic distribution of the ABO alieles shown
in the maps deserve some commens. Because of the
rarity of A and B, and the omnipresence of O. all gene-
frequency distrbutions are very skew. In North Amer-
ica O is lower. with allele A being high and reaching
a peak adbove 45% f{almost all AJ) in wesiem Canada.
Elsewhners, O 1s almost never less than 30%. In the ex-
treme south, thers is a small patch with a maxumum 3
A greater than 10%. and a cow:sacq"mz trough in &
Gresnland 1s also‘high inAfAl,.

In Eskimos. B shows a pezk in eastern and southem
Canada. where O is low and there are also traces of A

Apant from Eskimos. the simultaneous presence of A
and B in proportions of 4:1 is a strong indication of
admixiure with Caucasoids. This is likely to be the case
on the zaster coast of Canads, but the absence of B
the western pant of Canada. despite the high frequency of
A, is proof that this is not due to admixture. 7 Negraids
were the donors of ABO genes. which ts not the zase
Canada. the proportion of A to B would be lower thar for
white admixture. We have tned 0 avoid using data from
mixed populations but we will see that in the eastem
part of the United States and Canada a fair number of
mixed groups are present. More intensive contacts witd
Europeans occurred in this area and. therefore. it 15 nol
surprising that it is difficult to find "full-blood™ {or even
only 3/4 blood) Amerinds.

Variograms of ABO alleles have [ong initial linear seg-
ments. with rather smali slopes.

Acid phosphatase (ACP/#B) shows an almost regular
gradient from north to south. The distribution is almos:
bimodal. reflecting the major difference of Eskimos and
Amerinds from the extreme north versus the rest of the
continent. The variogram is approximately linear up ¢
4000 miles. with a fairly large slope.

Adenylate kinase J (AK]) is, like ABO, 2 marker of
Caucasoid admixture. The less frequent allele, AK/«2
has a frequency of about 5% among Europeans and is
essentially absent in other populations. The band of low
AK1=] {<97%) across the North American continent in-
dicates Caucasoid admixiure. It confirms and extends the
observations with ABO. The variogram is uninformative
and is not reported.

The Diego blood group (D/=A) is of special sig-
nificance in America. It was first found in Amenncs.

L

DOl 02210



ws. the A zllels varies from

kan 5% ra more than 33% . 0t is also found in some

ke Morngolcids but at a jower frequency It must
)

<y

in which, os the mop §h

fore mave onginated in Normheas: Asia. s :onsiden
anle vamaren in Amernica is mosi .:t:ab'\ due to dn
The maw. =i in norherm Brazill but it s rare or
absent in rertcd. The initia. sliope of the varn-
ogram is :’ . and e linear porion 18 iess than
10CC mue

The Dufhy dlood grous (FI vames considerably with
allele A. showing a maximum in the Arcnic. The dis-
wibution spans almost the complete range. but is con-
centrate¢ nerween H0% and 100%. Allele B has been
studied much less extensiveiv: it prks with mare than
40% frecuency be'w-ﬂ" northern Brazil and the Guianas.
The varzz=m of cilele 4 is farly regular. whereas that
of B has a2 sirongly negatine imitial s

Adels [ of esterase D (ESD=." shows a maximum in
Mata Grosse southern Bruzii) and the Paraguay basin. as
well a3 in Cerral Americaritaiso shows an zbsolute min-
imum inome 2vireme eastern past of Brazit The vanogrzm
has 2 iarge siope and is bnear untl azout 1200 miies.
alele ] (GLO/=]) has a maximum in
mca and sow vazlues in South Amenca

the regu.ar Jecrease toward the norh is amifactual and
caused £ ihe near acsenc: 27 data :n Nerth America

xcept ir the extrzme north. The varogram is approxi-
matelv Inzzr for almest :OOO miles with a largish slope.

Tre g'o -specific compenent or viamin- -D- -bincing
sretein aleie ] (GC=J) shews @ mimimum in cenira.
Brazii and 2 relative maximum farher west: the van-
ogram s irregular posshi\‘ because of the closeness of
the mir:mum and maximum. The electrophoretically fast
subtype of GC=/. GC=IF has two peaks on the western
coast of Scuth America. a relative minimum in the ex-
treme scuth and one in the extreme north. The variogram
shows a complex form.

Haptogiobin (HP=]) also has a very wide distribution,
with gene frequencies ranging from 0% to 100%, with
a mean of 55%. The peak is in the extreme south, but
there are other secondary peaks in South America: the
lowes: values are in the extreme north. Basically, there is
a north-south gradient, which, in the present case, cannot
be atrributed to climate. The variogram has a relatively
short initial portion with a positive slope.

Antigens specified by HLA genes have revealed an
unusually narrow range of alleles, especially in South
America (Black et al.1980). Only HLAA=2, As9, A»28,
A*30, As3], Ax33, HLAB=5, B=15, B=16, B=17, B=27,
B+35. and B»40 have average frequencies significantly
different from zero. This restricted range of polymor-
phism is expected when the genetic diversity of an
ancestral population has been reduced several umes by
passage through size bottlenecks.

A possible effect of selection should also be consid-
ered for HLA: in fact, evidence for heterosis in South

Amenczrn [ndi
Salzano LIQS. .
122 peo:.-: \»rcse

phcno.‘.e*cw s due to dn e*er‘.:.a mornaiiy. tzan b
ficient]y studied only in the faw populatiens still suz e
10 high prereprocuciive mortality

The most frequent HLAA allele s Ar2 =377 on ke
average —and 1t reaches maxima over 30% in sou
e No~h Amernica andn Venezeela, with munima oo 2
northern Andes and in eastern Greerland. The dists
ton 1s like‘v 10 have at least two modes. HLAA=S has an
average frequency around 3% with a peak over 30% in
eastern Greenland and the norhwesiern Arinc. A seo-
ondary pezk {over 30%) 1s found in the northem Ances.
whereas the rest of Scuth America has frequencies below
20%. The distribution seems himodal, Allele A=/6 hus
an average of 17.5% and o peak of mere than -—f\f' n
no"hem Chile. with low "em E""C: nor y of Co or—

40" in "*e extreme sov..:h -\\ﬂrao‘wc ony I’c. Al
has a pezk of more than 4% in the sm.he-:..rr. Unites
States. A subtype of A/G. A=2). averages 127, real!
ing more than <0% in northern Argentna. Agan,
distribLnion seems bimecal. Although it H:ss 3 masnmem
above 13% in the scutheastern United Siates. A4=35 av-
erages |.87%.

With zn average frecuency of 12% arc a peax over
50% in eastern Venezuela, HLAB=5 hasasescrdar: p2ax
in eastern Cresnland. Although s mean frequency 1s
1%, B=7 reaches values above 10% in the wesiern Are-
tic Ocean region. Allele B=/4. with a 0.8% average.
has a frequency greater than {0 in the southern Andes:
and B=/3. average |1.3%. has a peak in ncrthern Chile.
B#]6. average 13%. has a peak in the north-central Ar-
des greater than 50% and minor peaks elsewhere. B=2J.
averaging 1.5%, has a maximum above 10% in the ex-
treme Southwest of the United States. B=22. with mean
0.7%, reaches more than 10% among ceniral Eskimos.
Well known for its strong association with ankylosing
spondylitis, B»27 has an average frequency of 3.3%.
with a maximum above 20% in Alaska. It is interest-
ing to note that the three tribes of the Southwest, be
Pima, Papago and Zuni, have similar origins but signifi-
cantly different frequencies for B=27. The most frequent
B allele, B»35, has a 20% average and reaches about
70% in Brazil. With a mean frequency near 19%. B»+0
reaches over 50% among Eskimos of the western Cana-
dian Arctic.

In sum, HLA shows great variation, most prob2-
biy resulting from drift, like the other genetic SY$
tems, but as already noted. its multiallelic structere
renders variation more evident. This genetic sysiem
is ordinarily represented by a great number of alleles
in almost every population—even if very small--1r
the Old World. and all alleles tend to have relauvely
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iaw Freguzneizi. In the Amencas, the situation s €l
ferent. Ure or few zljeles become defin:tely dominant
i= frequency, in one or a few trbes, somerimes reach-
ing values above S0%%. and the other ajlzles are corre-
sporncingly rare: but most populations are unicue in that
the dominart alleles differ from one 10 the cther, some-
times even n neighboning popuiaticns. This is exacth
what would be expezied. at least qualitativelv, under dni&:
alone. Iz fac:. in the total absence of cross-migration,
danf woulf*' gventuaily leal 0 the survival of only one
allele in h popuiaticn. The surviving allele 1s ¢ho-
sen ra.nuo...i; from among those originaliy present, sub-
ject to the ruiz that the probability of an allele becom-
ing the scle final sumvivor equals the initial frequency
of that alleiz in the drifurg population. Perhaps most
alleles were represenied at the beginning in Norheast
Asia, many are stll present in some. but not in all the
other tntes.

Some alleles we-e probably lost. a few among the
feunders perhaps. but most in the process of eveivion
of individaat inbes, as shown by the very different local
patterms o?'eﬂ'“ alieie. It seems as :f most local popula-
tions were stamed by such smail numbers of individuals
that they could on‘:'

u » maintain two or three alleles at high
frequency. Under these conditions. on: does nor need
10 pOsiu : trong founder effect at the passage
from Siozra ¢ ica for even earlier] The remark-
abie vanalizn he indian tribes of South Amenca

i

suggests the exis a later bottleneck, perhaps more
imperntant than the Arst, if there was a first cne In other
words. mary alleles may have been present ar the begin-
ning anc .os: iaten Only 17 alleles have suffcienty high
average fregusncies 0 generate maps of America: this is
anout half the number of Eu'opean alleles, bur one does
nct nesd 10 cenclude that half of the alieles were lost.
It 15 possible that thers exist several undetecied alleles,
because the maority of reagents are of Caucasoid origin
and co not nezessantly detect all alleles present in other
popu.aiicrs.

The variation with distance shows here, as in other
HLA datz, severa!l negative or flat initial slopes: 5 of 17.
The initial linear segments of those with positive slopes
are in the usuai range, and the initial linear portion may
scmetimes span 2000 miles.

GM {or IGHGIG3) also shows considerable local vari-
ation. The most common haplotype. za:g, varies from
40% to 100%, with several peaks and several minima.
The next most important haplotype. zar,g, has a maxi-
mum in the center of South America and decreases al-
most regularly around it.

All the other GM haplotypes have lower average fre-
quencies, but all show usually single, sometimes extreme
peaks in different regions. Thus za.0051b354565, a Ne-
groid haplotype (very poorly represented in the maps for
reasons of reagent availability), has an average frequency
near 2%. but peaks at more than 6% in the Guianas

where therz o5 praoabie Afncar admixture An Orienia)
hapletyvpe, ta:60s:b3b5. has an average frequency of €%

and "‘eak: at more than 20% in Alaska and in Labm=da-
With an average of | 6%, fa bObIb3b<05 has vamous
peaks in the norh and south, nore oo orer .
Caucasoid haplotype. f:500/63b4b5 . Ras an average fre.
quency of 2.7% and peaks in Greenland and in the nerh-
e par of South America.

Al first, one might be reluctant to believe that al
these maximz and minima for GM hapiotype frequen-
cies are due to drift. One might hv“omﬂmn thay this
immunoglobulin marker reacts to local infectious dis-
eases, and there is a little evidence for it as discussad
eariier. However dnn is expected t0 operate with the
same intensity fo‘ Il markers. It is therafore [ikely tha:
many GM gene-frequency peaks or troughs in America
are due to drift.

Thel:ghtimmunoglobulinconstantchain, KM=/ &/ 2
has a mean of 37%, with a wide dist=bution of 0% w0
BO%. minimz in the north, bu: at leas: one in the soutk,
and maxima arourd Panama.

The variograms of immunogiobulins
‘ar and uninformative. The Kell bicod ¢ .’Oup l.K:L-A, 13
a rare polymorphism almost homogeneously near zera
KEL=Jsa is also reiatively rare (2% average). but shows

2 peak above 20 on the northern coas: of South Amer-
ica. The Kicd group (JK+A) has a distribution of 0%
10 80%. with minima in the exireme south and in the
Panamz region. and various maxima. Its compiemer-
tary allele, JK=B is poorly studied directly: it shows a
complementary maximum in Panama, The Lewis bloc
group LE=Le also vanes greatly, from 10% 10 100%. anc
has a maximum in Alaska. LE=Leia~) has a maximu
in a neighbering region. but has a much smaller range o
variation. Almost all these biood groups have imregular
variograms.

The MNS system shows somewhat less variation than
other genes. judging by Fst values, but the range of gene
frequencies is not small. The A allele varies from 30%
t0 100%. and the § allele from 0% to more than 80%:
both frequency distributions are probably unimodal, but
both geographic maps are full of relative minima and
maxima that span almost the whole range. Of the four
haplotypes, only the rarest, Ns (6% avernge frequency).
does not have a distribution extending from nearly 0%
to nearly 100%; maxima and minima appear in regions
already showing strong drift for other alleles, like the
north-central” Andes or the Arctic, or in new ones, like
the coast of southern Brazil. All the variograms have
positive initial increases with regular slopes, but with
oscillations, except for Ns which is fairly flar.

The P/ blood group. allele J, has a distribution vary-
ing from 5% to 100%. with a maximum in southem
Chile and minima in many places, but mostly among Es-
kimos. The Fst is .levatad, and the variogram increases
initially.
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Pecticase A (PEPA; 1s poorly siudied and shows lit-
tle vamaton: allele 2 has an aversge frequency of only
0 6% Tne wancgram is uninformative and is omitted.
Taster (PTC=T) s poorly known in this part of the worid:
it vares heeween 30% and 100% . with maxima in south-
ern Crile and the scuthwesiern cant of Nomth America.
Minimz are among Eskimos. 'IT"s geographic distribu-

“ticn is in some agreement with an advantage for tasters
in ar area where antihnoid subsiinces containing planis
may be JCOMMOn. at lezst 1o the extent that Eskimos.
who eat essenuiaily meat and fsh, are less exposed to
the danger. It is not clear whether the areas with highest
frequencies of tasters have a particula '1v frequent occur-
renze of edibie piants dangercus for ivroid function.

Phosphoglucomutase | (PGM 1*]) vancs from 55% 1
100% with a mean of 83 5 for ajlele /; the maximum 1s
in Venezuela. but a seconcary peax is found in the Na-
Dene region. There are varicus minima and an irregular
varogram. as 1s almost ustal. PGMI 1s less well known
ard. in anyv case. shows less varation. being confined to
§0%-100% for allele /. A minimum is in the extreme
south. The varnogram of PGMZ is uninformative,

6-pn cs“rocs..or:'e dehvdrogenase | PGD, shows a
low frequency of ailele B with sor“e ancmalies in north-
casterm North America and in ern Chile. Allele C
is represented on t“e map. and B nas Lhe complementary
pattern. The variogram has & moderate slope.

The RA system is also highly vanatie. Aileles € and
E span essentally the whole mange. while D is less van-
able. having, on the average, 956% {requency. C peaks
in Da-vﬂa and is lowest in the Arcuc: D is universally
high everywhere except for minima on the eastern coast
of Nerth Amenca (possitly refecting Caucasoid admix-
ture. since Eurcpeans have the highest world frequencies
of the & allele [RH-]). E peaks in the Arctic and in the
Andes; it is minimal in Panama.

The most frequent RH haplotypes are CDe (52%) and
¢DE (36%), and both span almost the entire 0%-100%
range. The first peaks in Panama, and the second, in the
Arctic. Nextin frequency are CDE (4%), which also has
several relative maxima in North and Scuth America,
up 1o about 30%; and cDe (4.6%), which peaks in the
Southwest of North America. Ordinarily cDe is 2 good
marker of Negroid admixture, which, however, seems
very unlikely in the Southwest. The cde haplotype is, on
the average, 2.5% and can be taken as a good indicator
of Caucasoid admixture; not surprisingly, it shows a
peak up to 20% on the eastern ¢oast of North America,
where we have seen other signs of admixture. It is un-
ceniain if the relative maximum in the extreme nonthwest
of Canada should also be interpreted as a result of Cau-
casoid admixture, because the other possible markers do
not confirm 1t. Two rare haplotypes, Cde and ¢dE. show
minor vaniations. Haplotype ¢dE surpasses 3% in a small
area of Mexico and reaches | %-2% in the extreme south
of Scuth America. Cde shows very low maxima in Mex-

.j

1co ond inthe Soushwest of the United Stares Thaor ~ans
are ctutted. The varicgrams of RH show jess ex:
osciiations around the curve than most cther Ame .
aileles. probabiv because of the greater number of Zaiz,
and slepes are fair'y large on the average

The secreter locus (S5 vanes "'c'ﬁ less tharn 2777 1
10C% in frequency of the Se aiiele ard b
around the ecuator. Parts of '“. map are roi suppore:
by data and are urhk Iy to represent real varia
example. the maximum in Fxor‘c'a which s extr:-_:c R
from the high \Tex‘fan va]ucs aFc'. t*‘e maxim

por'.c and 15 not surprs.nc given '}*e g}' :ri:‘t ot
threughout America.

Transfermin (TF) shows a few troughs of the commen
allele C. where the aliernative allele D rzaches rela-
tively high frequencies. up te 30%: in Panama. acrhem
Venezuela. and Labrador.

The major conciusion is that the Americas. es
South America, show exireme genetic varizni
is also shown by average Fgr vajues, which
culated for the 49! populaticns selected
analvsis. Below we com,,are the Amencan
averages of world groups o f

rregions of inter

America 0.070 = 0.0k
Caucasoic ‘ne exclusions) 0.023 =70 00s
sub-Saharan Africa 0025 =001
Australia 0C19=2C00+
New Guinea 0039 =0 0oc~
Polvnesia o3 =0.0C

In the varicus regions of Asia, Fs7s range frem .01
{Southwest Asia) 1o 0.025 (Southeast Azl

Of the various subdivisicns of the Amencas. Souih
Amesrica has the greatest variation of gene freguencies:
the average Fsr is 0.059 = 0.006. The gene wizh the
highest variation is SE=Se (0.30). followed bv KEL=/s5a
(0.19), PCD=C (0.18), and TF=C (0.16). Afrer Souath
America, the extreme North has the greatest varation:
0.051 = 0.007 (including Eskimo. Aleut. all Na-Dene.
and also the Chukchi, who cluster with Eskimosi: the
most variable genes are FY«A (0.26), LE=Le (D.21).
PCT=T (0.13), and KM=+(1&1.2) (0.10).

North and Central America combined, including Na-
Dene but not Eskimos, has a comparatively Jow average
Fst (0.034 = 0.004). The most variable gene is AFO*A/
(0.17), followed by A (0.13), HLAB=35 (0.12), and O
(0.12). Of the various linguistic groups, Chibchan shows
a variation comparable to that of South Amenca as 2
whole: 0.059=0.007, with Di=A being the most variable
(0.17), RH=cDE and "De next (0.13 and 0.11). and
finally TF=D (0.11).

The impression from the geographic maps and dis-
tributions of gene frequencies is thus fully confirmed.
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“ucular South America. is genercally the
Tart of the world, As aconsecusrze, there

Americd. 11 P’
maost varable
are extreme csaillatons of mean Fg- valves a! varous
geographic distances around the interpolated vanogram
curves, that 15, of the data points shown in vasiograms.
These ostillatiens tend to be lower oniy for genes with
hign densities of obsered freque“c €s. but 2ven there

the strong focal gesgraphic vanalion gererates Imporas
fluctuations.
The F values i c:'?ca'.-;d in the top ngni comer of the

gene-frequency dls“ utions given in each geographic
map are Fsr values: bul, unnke those given above, thev
are obtaired from the onginal gene frequencies. They
therefore inciuce pepulations that have beern excluded
from the 49| selected as genetic refsrences and, more
importantly, they werz pooled with neighbors. The data

from the 58! populations are the basis for the Fsp val-

6.13. SYNTHETIC MAPS OF AMERICA

Table 6.13.1 shows the paritien of the :oral varni-
aticn amon g the first seven PCs. which cumulativels
exclain 73.3% of the wuwal vanation. The seventy-twoe

ven
genes used for the aralysis correspond 1o the €% genetic
maps listed in the Tabie of Genetic Maps with ‘
dition of ABO=42. AK/=!. GC=]F. Tatie 6 2.2 s‘uows
correlations of the first six PCs with gene fr

The znalvsis of single genes shows cor.sx:erab;e Io-
cal varnancn. Patterms found for different genes are
rarely similar. By contrast, in other continenis. sew-
eral geographic pa't:.-r.s of single-gere frequancies were
observed rapeqiedly with different genes. In those con-
tnernts, one could c:sil_v anticipate. on the hasis of the
repeated panerns, and ine number of repetitions of each.
the general shape of svnthetic maps obtainec by PCs and
their orcer of impontance. In America we find this oc-
curs clearly only for the first two synthetic maps, which
correspond ciosely to the first two fissions in the genetic
tree.

The first PC (fig. 6.13.1) shows a north-south gradi-
ent with the greatest siope in Canada, thus emphasizing
the distinciion between the Eskimos + Na-Dene group

Tabie £.13.1. Percentage of Total Variance Explained by the First
Seven Principal Componants of American Gene Fraquencies

Principa! % of Total Principal % of Total
Component Varancs Component Variarce
1 32.6 5 £7
2 12.7 -] 48
3 8.6 7 35
4 6.0

ues giver abcve, Pool&‘j n
(Cavaili-Sforza and Feidm
NO! SUrprising that the Fe-
larger than the Fi-s za'culat
An mc“eﬂden: approach
clusions is the swudy of mi nén
low-resolution technique. the restnzuen-fragment-lengih
polymorghisme (RFLP:  of three imbes, Pima, Mava,
Thicuna, were s:udied (\\a iace er al. 1983, SL
1950, and showed a vaziation of RFLPs similar a
genes indicatec above. Aralyzing DNA markers makes
it easier to identfy specific mutants and may help us ¢
follow specific migrations more closely. Inferences abou:
the number of migrants tc Amerca that have been made
in some mtDNA papers, even with techn: c, 1€$ ALOWINg
higher resclution than those above, sesm |
ranted at this siage of our knowledge.

ot sl
T ezl

and Amazrnd populations closer to Eskimas on the one
side. anc the rest of America on the other side. In South
Amenca, there is a differentiation berwesn eastand west
According to some archaeological dates. ne: ne*s*"'
accegted (see s=c. 6.2). e eastern area may 253 be th
oldest part. There is a good correspondence with e ﬁrsL
fission, which separates Eskimos and Na-Dene from al!
Amerinds. To note: the highest correlation of the Arst PC
axis is with /JCHGIG3= za.60s:b3b35, a svpical marker
of Asian origin.

Most of the divergence found in the map of the sec-
ord PC (fig. 5. 13.2) is observed in .\wrth America
There is httle vanatien in South Amerca. though the
easi-wesi difference is always noticeable. In North
America the major divergence is between Eskimos anc
non-Eskimos, with Na-Dene showing more similarities
to the former than to the larter The peak in the
eastern part of North America most likely represents
Caucasoid admixture; this is the area in which
contact between Caucasoids and Amerinds has been
longest. This area has ABO=8, relatively high AK[*2.
IGHG1G3«f: b0blb3b4b5 and high RH»cde. sirongly
indicating Caucasoid admixture.

There is an inconsistency between the observations
on the frequencies of the Caucascid markers just indi-
cated, which are drawn directly from the gene-frequency
maps. and the correlations of this PC with the gene fre-
quencies shown in table 6.13.2. The reason for this
discrepancy is believed 10 be the existence of inordi-
nate genetic variation in the Americas, which tends to
cover other local regularities. The presence of im ortant
ethnic heterogeneity —that is, of Eskimos in the North—
also tends to alter the meaning of the correlations of a
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Table 5.43.2. Genes Showing the Highes: Corrsiatens with ine
First Six Principa. Components ¢l Amarcan Sare Freguencies

Aarge of
Corrgizicn
PLC’ Loeticent Genes

1 106 =000 (+) IGHGIG3~2a:0isiL305, HLAG27
=) -
0.30-0.80 (+) ABC=A AECHAL CPisA AGeX,
HLAAs 3 LEvlg .
() ABO=O, AKIsf, Divh HLAA T,
HLAA®31, HP !
0.80~0.70 (+) HLAB=22 HLAS*40, HLAB =7
() IGHG1GIzaxy, KM=(14".2)

2 050-380 (s} HLAA30
- =
0.82-030 {+) HLAA+33
) PGDaA
0T0-0.60 (=) JK28 GCo!
(=) —
) HLAA®2, GLC?, HLAS+21
(=) TFeC. MNSeMs
) ABO=A2, AG+X, GO»!F, HLAE= 16, P'»!
) FyeS. HLAG=18 LEislas), RHD

[#]
o
o
o
§
«
=t
(&
—
+

RHeCDe, AH+C, IGRG 1538 L00D 1835455
RHwccE, R=+cDE,
IGHG 1G5 /2:50D 1635425

)
)
CT0-080 (+) FmE
=}
)

{-) HLABsS
050-04] {+) PTCeT, HLAS=14
(=) PGM2+1, LE+Lala~), JK=A
4 070-080 (+) HLAAZE
) —
0.80-050 (+] HLAA®2, HLAS=35 FGMIvT
(=) ALAB»14
0.50-0.40 (+) HLAB21, PGM241
(=} HLAB<15
5  060-050 (+) ESDe1, GLOI=1, JKsB
-) -

0.50-0.40 (+) GC#1, FUT2(SEpSe
(=) IGHG 163+ 2a;9, MNSS, MNS*MS
0.40-030 (+) IGHG1GIs2ax,g, HLAB*5, PEPAsY,
RHeCDe
{-) MNS»*Ms, RHrcde

6 060-050 (+) —
(=) FYsB, KEL+K
0.50-040 (+) HLAB+22, RH=E, RHscDE, FUT2(SE)Se
(=) ABO*8
0.40~030 (+) CHE1sU, GCs1, GCe1F
-} —

Nols.— Genas Giving DOSAve Of NegaUve COrelatan vaiuss are indicated by
{+) or (=), respactvely.
* P.C., Prircpai component

il

— R N
fem— JRE RN
a—— ~ U
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— ¥ —_—
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=
»
4/’
|| - -
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Fig. 6.13.1 Svmthenc ma
using the “rsiprindipai €

[SINE]

mponen:

Fig. 6.13.2 Syntheti: map of the Americas obtained
by using the second pnn¢:pal component.
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PC with ind vidual gene frequencies chsemved in a spe-
cifiz re

Cen:ral Ameriza s mere similar io Norh America than
1o South Amerza. Thus, this map shows approximate
correspondence with the fssion berween Na-Dene and
Esk-mc. but also witr that between South Amenca and
the rest of the Amszrcas. [t alse highlights Caucasold
admixiure of the easte pant of North America,

Extrerme vaives for the third PC (fig. 6.13.3) are
found especial’s n South America. the contrast being
remarkably strong petweesr the northeastem and the
southern Andes North America alsc shows some van-
ation between east and wes?. and n ihe same direction
as in Sourn America. It is possible that the east-wast
gradients chserved in the north and in the south again
express Caucasoid acmixture which. as we have seen
when discussing single genes. is especially prominent in
the 2ast-central arez of North Amenca, but is not missing
in Scuth Amenca Caucasoid admixiure is alse probably
fourd among Creerniand Eskimos. who were in contact
with Vikings. espec:c .y on the eastern ¢oast ir the ninth
to fourtesnth centunes a o . Eventually. the Vikings died
of starvation or were killed by the Eskimes (their fate
was never clanfed). out there may have been genetic ex-
change. If this s rmue. 1t 1s not surpnsing that one finds
some simuanty n (fe degree of shading of the three
arezs tnat may hove had some Caucasod coninbution,
some funther clarificanon o this problem comes from
the next PC. An admixiure of another nature—that is.
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Fig. 6.13.3 Svathetic map of the Americas obtained by
using the third principal component.

with Africans—1s likelv 10 have take
Venezuela and “he Guiznas.
The fourtn PC{3g 6 12 4; alsc has a wesi-10-eas:

S |

gra-
dient both 1n North America and in Souts Amenca, bu
in contrast o the third PC. the directicn of the gradiern:

is inveried :n the north and south. The similann of tre
third anc foursh PCs adds some evidence 1o the hypoth-
esis that boin eastern Gresnland and the easiam coast
ture, but the different behavior of the two componen:s
in Guiana may strengthen the hvpothesis of admixiure
with Africans in this region.

The fifth componen: (fig. 6.13.5) stresses the diffe--
ence between the Panama area and the rest of Amenca. It
15 also indicative of migration to the south via Panama.
The sixth map (not given} shows very little vanaticn
except in the extreme north, where it ¢mphasizes the
contrast betwesn the Aleutian islanders and the Yupik
Eskimos, occupying the southwestern part of Alaska,
with the Eskimos of north-central Canada.

Other acthors have used the synthetic map approach. in
America. C'Rcurké et al in both North (O'Rourke er al.
1986: Suarez et al. 1982) and South America (O'Reurke
and Suarez 1986). and Salzano anc Callegari-Jacgues
(198%) ir South America. Both groups have found ev-
idence of strong genetic dnift in South Amernca as we
have. and their maps show less regular patierns than
ours. being somewk»r more similar to our single-gane
maps. Our synthetic maps. however seem less sensitive
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Fig. 6.13.4 Svnthetic map of the Americas obtained by
using :he fourth principal component.
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to crif thza fo irdiwidual genes. Our method ob:ains
frst maze of srgle genes and proceeds from them (o
obta:in PCs arc then their maps. This tends 10 smooth
maps more thon the direct calculatior of PCs from orig-
inal gere freguencies of selecrec groups of the slightly

arcther: our synthetic maps are aimed at get-
ting genesai simiarines. Our single-gene maps are more
useful than our synthetic maps for seeing highly local-
ized effects of dnft.

—he corclusions from svnthetic maps reinforce previ-
ous findings and help visualize major genetic regions.
Eskimos. Na-Dene. and Almosan are well charactenized
and are even further differentiated into subgroups. The
Caucasoid infltration in the eastern United States, n
eastern South America, and perhaps in Greenland are
clear. The difference between the western and eastern
coasts of North America is clear. In South America,
severa] regions can be defined: the Andes show local
homogeneity at the level of the higher PCs and always

PCs shew ciff

southern Andes, with the nomhem ones more &
Centra, America, The fourtn PC emphasizes the u
ness of southern Chile. Intheeasternpar. on .
guish a nonrem region formied Dy easie™ Venezuziz irg
the Guianas (see. ¢ g . the third PCi. predabiy affesies
bv Afmccn zzne flow: 2 ceninal one formed by norit.
ern Brazi.. and a southern one comesponding 1o scuthm
Braz:l. There are important ecolegics aifferences amer g

TS

5

wichin. =rher thar between, different ecoiomical e

The color map of the Amencas conveys R of
the regional vanations.In North America there are gres:
and vellow zones. the yellow being Na-Dene speak-
ers and 'he green areas mosily nornnem Amennd. The
color picture does not supply a clear distncuon tetwesn
these and Ineit (Eskimos). probabiy because the ot
ter mhabi: a very thin area on the coast, The south-
em —art of North America is grayish. and the pink aren
al the hourdary between southem Arzgna. New Mex-
ico. and norhern Mexico is a sort of average from van-
ous loczl popuiations: scuthern Na-Dene (Apache and
Navajo. who also have some genelic adminiure wilh
Amerinds; and neighbonng speakers of Lto-Aztesan ian-
guages

Central America shows a compicated mosaic of
colors. as expected of a region that was crozabs
crossed many times by many groups. The area 2cc
pied by Chibchan speakers is relatively homogesnzlus.
The Caridbeans are passively stainec: there are ¢ 2o
originals lefr.

South America is dominated by two colors. red ard
blue. neither of which is found in Nord Amenca. Bon
colors appear. though not at the same intensity or with
the sarre nuance. in Central America as well, incicatng
that there are some remnants of the passage across the
funnel norh of it. Blue extends to the north and northeZst
and must represent a dominant direction of migration,
where languages of Tucanoan, Caribbean, and Ge stocks
are spoken preferentially. The other dominant migration
in bright red is found in the southern direction along the
Andes. but it did expand from the Andes toward the €ast.
mostly into the Amazon plains, as we have seen from
archaeology. Is the white spot in the middle of the Andes
near Bolivia and Peru, an indication of a possible inverse
Thor Heyerdah! (1950) effect, the arrival of Polvnesians
to South America?

c

6. 14. SUMMARY OF THE GENETIC HISTORY OF AMERICA

The genetic patterns in the Amencas fully confirm
the three waves of migration suggested by dental and
linguistic evidence: Amerinds. Na-Dene, and Eskimo.

Their order in time is strongly suggested by their no7ih-
south geographical order. Further refinements m2y reved
that more than one entry contributed to the first wave.
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our urde.s andine cf "e gznel
incomplete, 5o that fumner
settle this problem,

Eskimos. the jast e

fic coastal line a v occupied the iptzrer In the
extreme east iGrezniand they may have mixed with
Caucasoids, mest crobany;
Vikings who settied .n Greenlard ard eve-rualy van-
ished under fairly mystenious circumsia 1t seems
reasonable to assurme that some of tha po,u,auun was
reabsorbed by Gresnand Eskimos.

The linguistic and geograthic split betwesn northem
ang southern Na-Dere is genetically clear-cut and prob-
ably reflects gene flow from other Amernnds, especially
in the southern Na-Dene {Apache and Navajo). who had
greater opporiunities 1o receive it, because they were in
more direct contact.

Amerinds snow 2 mucth more complex picture In
North Amencz. therz @5 a band ac'osg the cor.:mer.:
which is wide in the east. of Caucas0id adm xturs. This
admixture 1s a2lso found elsewhere bul i 45 @5 intense
than in North Amenica. In general, we have tried to avoid
using populaticns in which admixture of semz magnitude
was suspelted. but it was impossible 10 a0l rn'xed
populations ennirely withour introduc:ng an Lnwarman
bias.

In South Amencz. ore can use synthetic maps (o
distinguish three mazer ganeuc regions: the Andes, the
Amazon basin. and the southern plarezt. They are very
different ecologically, and genetic exchange mayv have
been less freq..em ameng them than within. The genetic
picture within the regions 1> $2 varadle that an enormous
amount of genetic dnift cleariy must have occurred. This
varianon is aiso found in North and Central America.
but it is somewhat jess extreme: besides. much of the ge-
net:c variation in North America is a direct consequence
of major differences ameng ethnic groups like Eskimos.
Na-Dene and Amerind. maintained over the millennia by
ecological. behavioral, and social separation among the
groups. No such obvious original ethnic differences ex-
1st in the rest of the continent. Clearly, fissions of tribes.
anc probably also fusions. have been numerous. Many
nbes have probably originated from a small number of
founders. justifving the enormous intertribal and interre-
gional drift: they must also have moved around. as they
still do, especially in areas like the Amazon and Orinoco
basins. An impornant testimony (o the exmensive move-
ments of Amerind tribes is the extreme fragmentation of
the linguistic map, especially in South America.

It would be interesting to know whether some of
the South American linguistic families existed before
the passage through Punama and, if so, in which order
they entered. The Andean family is found along the
Andes, alternating with Paezan and. in some places,
with Equatonal. It is not unreasonable to think that the
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v because of coriesr wilh the

Ardeans enterag f -
exwend farther scuth. The Paezar i
North Amenca (Fiorica) i
Chibehan, v.‘:m 15 fo_rd mostly
South Americz Thereziionsh: £ of
may antedate their entry inlo Sou
It is very difzult to make infere
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eriy of ine pﬂ e who 1odav speax Can

however 1t seems natural 10 suggsst na: thev anier
in the order in which they are found ir South Amen
those located farther south being Arst. Some subfamil es.
however, have a very wide range: the Equatonial fa iy,
for instance, is spoken from Venezuela to Ln,gu,,

West £as!
Nern ‘ Chixchar
(lalest) Cart
Tucancar
Panoan Equatona Ge
South Paezan
(earliest) Andean

These considerations ¢could .
was a good correlation bemween linguistics anc gsnelc
in South Ame-ica. Unforiunateiy. there is not. or it has
not vet been found. Moreover, the considerable genetic
noise caused by dnft. and probably highiy variadie from
place 10 place. makes an historical interpretation of the
genetic trez less crecible in South Ameriza thar in other
paris of the world. With very sma!l populatons. of vani-
able size. evolutionary rate from drift is so variable that
the length of the branches of the tree is hardly indicative
of evolutionary time, using distances basec an gene fre-
quencies. It is difficult to say if other approaches—for
example, using mtDNA —can be more useful.

Al the moment. the simplest hvpothesis is that fissions
and movements of tribes. their complex gene flows and
fusions. and the contrast that can be expected betwesn
the genetic and linguistic effects of fusions betwesn
tribes all contribute 1o dissociate genetic and linguistic
evolution and to some extent even their relation with
geography in this part of the worid. Some regularities
emerge from the genetic analysis of major geographic re-
gions in South America but, at 2 microgeographic level,
several poor or negative correlations among genetics,
geography. and linguistics show the need for more de-
tailed research. perhaps camried out with other methods.
The research by Spuhler in North America and that on
the Panama Chibchan (Barrantes et al. 1990) reassure us
that we are on the right track in assuming a parallelism
of genetic and linguistic differentiation in Amenca, that
this research model is productive, and some limes even
more informative than work at a macrogeographic level.
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Lowever, not every region wiil be equally favorabie for
aic analysis.

In 2z moce: designed to test whether the setlement of
the Amemcas cou'd have produced the high genetic vari-
ation ohsemved (Cavalli-Sforza 1986, five assumptions
were madz: (1) demes (tobes) were of census size 50C:
(2! thev procuced “buds” 23% of tre size of the initial
geme, (3) buds dOL.bleG in size every generatien of 23
vears (a raie of growth supponed by many observauons
on popuiations in free growth: see sec 2 7); they there-
fors reached the size of 2 full dems in 50 years: (4) 10
a sucding ciele {two generations)., a deme moved an
average of 250 miles (5 miles per vear). (5) It is hikely
that buds advancing in new termtory had low mortality.
living 1n environments either not contaminated or less
contzmirated by previous inhabitarts: on the contrary.
demes :n regions behind the advancing frontier wouic
soon siow down popuiation increase. Perhaps increasing
merality was caused by rapic saturation of Jocal popula-
tion densiy. It is a necessary assumprion of any expan-
sicn that population growth is rapid at the frontier and
ceases or siows down censiderably back of the fronuer
[Ammerman and Cavalli-Sferza 1982),

these conditions. the occupation of the Amer-
icas zouid be completed in few milienmiz, and. n the
¢ admixture between demes. the final genetic
;amat.on between demes wouid even be 100 high with
N = 200, Gene flow berween demes would. of course.
reduce genetic variation. Tnbal fusions are bound to have
plaved an imporant part because the genetic variatien
woulc ne excessive if the mocels above are right.

A demic budding and expansion process in two dimen-
sions wou'd probably be random in direction. cernainiy
unguided except by the search for game. safety. and
comfort. The idea that a single band wandered across
from Asia to America seems unrealistic. Along coasts
ard rivers, the process would be closer 1o unidimensional
. and unidirectional. The average rate of {random) move-

Uncer

[

ment of § miles per year is ¥
ness means :hat often, but n¢ A S, et
the grour o new temitery. It is. of course, possitie
moverrent was by leaps and bcur .2 !

per move 1f people staved in the same place .
eral vears in a row. This pattern of repeated movemen:
involves a specific behavier that s not tyvpical of presert.
dav hunter-gatherers (e.g.. for Atncan Pygmies. Caval
Sforza 1988), whe move for long cistances dunng
year but on esiablished paths and repentive, wel-knzur
¢circuits. In the past, Pygmies have cenain'y moved {or
long distances, in search of new abodes. but itis &:I%00h
to ind comparable modemn situations.

T‘\e modc is very approxima'c and on]\ an aciu-

onIy at a later stage, closer 10 saturation of pofpuiz
densityv. fusion events would become maore commor. |
is difficult to evaluate the saturation density in ensiron-

erts as diverse and poorly known as those in Souts
A-ren.a Clearly. population density gradually r2s2 in
the Andes 1o levels much higher than in the rest of the
subcontinent. Many urban developments. the skil.’.
ploitation of the variety of ecological miches and e
social management in organized states must have 2rad
ualiv aut greatly increased the camying capaaity of the
Arndezn region in the last few millennia,

The mos: successful civilizations arose 1= the -\"des
and in many pants of Central America where the climaze
was more favorable. No such deivelopmente erers 'f..mix
place outside the Andes or other parts of Ceniral Amer-
ica. But in the northern subcontinent. in times bercre
European contact. Plains tribes were probadly of r2-
tively large size. More sedentary groups lived in tom-
munities that reached numbers in the thousands (sed
6.4). Thus. wherever population numbers grew. the ef-
fects of drift were buffered and. especially where ur-
ban communities arose, they were eventually drasticaly
reducec.

DO{ 02219




