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Abstract Mitochondrial DNA lineage frequencies in prehistoric 
Aleut, eastern Utah Fremont, Southwestern Anasazi, Pyramid Lake, and 
Stillwater Marsh skeletal samples from northwest Nevada and the Oneota 
of western Illinois are compared with those in 41 contemporary aborig­
inal populations of North America. The ancient samples range in age 
from 300 years to over 6,000 years. The results indicate that the prehis­
toric inhabitants of North America exhibit the same level of mtDNA 
variability as contemporary populations of the continent. Variation in 
modern mtDNA haplogroup frequencies is highly geographically struc­
tured, and the prehistoric samples exhibit the same geographic pattern of 
variation. This indicates that differentiation of regional patterns of 
mtDNA lineage variation occurred early in North American prehistory 
(much more than 2,000  years b .p .), has remained relatively stable since 
its origin, and was little influenced by the disruptions hypothesized for 
other genetic systems as a result of population declines and relocations 
at contact.

Aboriginal American populations have been characterized genetically as hav­
ing reduced variation relative to other world populations. The reason for the 
reduction in genetic variation in native American populations relative to, pri­
marily, European populations has been attributed to acertainment bias o f the 
studied markers, restriction of variation in small numbers o f original colonists 
to the Americas, persistent small population size, and severe population bot­
tleneck at contact [see reviews by Szathmary (1993) and Crawford (1998)]. 
At the same time, it has been clearly demonstrated that at least for native 
North American populations genetic variation is geographically structured 
(Suarez et al. 1985; O ’Rourke et al. 1992; Shields et al. 1992; Lorenz and 
Smith 1996). All these observations and inferences are predicated on the 

- distribution of genetic markers in contemporary populations o f Amerindians. 
Until recently, there has been little direct evidence o f the distribution of ge­
netic variation in prehistoric native America against which to evaluate inter-
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p retations reg ard in g  the o rig in  and m a in ten a n ce  o f  patterns o f  g e n etic  v a ria ­
tion  in  m o d e m  p op u lations.

W ith  the ad ven t o f  a n c ien t D N A  (a D N A ) an a ly sis  it has b e co m e  p o s­
s ib le  to  ev a lu ate  the  e x te n t and p attern ing  o f  g en etic  v aria tio n  in  p reh isto ric  
p o p u latio n s in  a fa sh io n  sim ila r to  the g e n etic  study o f  m o d em  groups. In . 
th is rev iew  w e ev a lu ate  m tD N A  v aria tio n  in  6  a n c ien t p op u lation  sam p les o f  
N orth  A m e rica  re la tiv e  to  4 1  m od ern  N o rth  A m e rica n  p op u latio n s d istributed  
throu gh ou t the co n tin en t. A n a ly s is  o f  the m od ern  p op u lations co n firm s su b ­
stan tia l g eo g rap h ic  structuring  o f  m tD N A  hap logrou p  fre q u en cie s  (S h ie ld s  e t 
al. 1 9 9 2 ; L o re n z  and S m ith  1 9 9 6 )  in a cco rd  w ith  e a rlie r  w o rk  on  c la s s ic a l 
m ark er d istrib u tio n s in n ativ e  N orth  A m e rica n  p op u lations (S u a re z  e t al. 
1 9 8 5 ; O ’R o u rk e  e t al. 1 9 9 2 ) . T h e  a n c ien t sam p les show  hap lo gro u p  p ro files  
that are m o st s im ila r to  th o se  o f  m o d em  p op u latio n s in h ab itin g  the sam e 
g eo g ra p h ic  areas today. T h is  resu lt in d ica tes  a  surp rising  s ta b ility  o f  m tD N A  
h ap logrou p  p ro files  o v er the p ast 2 ,0 0 0 +  years o f  the  H o lo ce n e  in  in d ig en ou s 
p op u lations o f  the A m e rica s .

M a t e r i a l s  a n d  M e t h o d s

T h e  Samples. S ix  a n c ien t N orth  A m e rica n  p op u lation  sam p les are in ­
clu d ed  in  the an a ly sis. T h re e  o f  th ese  a n c ien t sam p les h av e  b e e n  g e n etica lly  
ch a ra cteriz ed  in  our lab o rato ry  (P arr e t al. 1 9 9 6 ; H ayes 1 9 9 8 ; C a r ly le  e t al. 
1 9 9 9 ; O ’R o u rk e  e t al. 1 9 9 9 ) , and an ad d ition al 3 h av e  b een  an alyzed  and 
p u b lish ed  b y  K a e stle  (1 9 9 7 ,  1 9 9 8 )  and S to n e  and S to n e k in g  (1 9 9 3 ,  1 9 9 8 ) . 
M e th o d o lo g ica l d eta ils  o f  n u c le ic  acid  e x tra c tio n , am p lifica tio n , and scre e n ­
ing in  th ese  p reh isto ric  sam p les ca n  b e  foun d  in  the o rig in a l rep orts.

N orthern  F rem o n t sk e le ta l sam p les w ere ex ca v a ted  fro m  the eastern  
m arg in  o f  the G re a t S a lt  L a k e  (S im m s 1 9 9 9 ; S im m s e t al. 1 9 9 1 )  and ran ge 
in  age fro m  5 0 0  years b .p . to  o v er 1 ,5 0 0  years  b .p . (P a rr e t a l. 1 9 9 6 ; O ’R o u rk e  
e t a l. 1 9 9 9 ) . T h e  A n a sa z i m a teria l d eriv es fro m  m u seu m  sp ecim en s curated  
at the A m e rica n  M u seu m  o f  N atural H isto ry . I t  co m e s  p rim arily  fro m  sou th ­
east U tah  and C an yo n  d el M u erto  in north ern  A riz o n a  and d ates b e tw een  
1 ,0 1 0  and 2 ,0 1 0  years  b .p . w ith  a  m ean  age  o f  n early  1 ,7 0 0  years  b .p . (C a rly le  
et al. 1 9 9 9 ) . T h e  final a n c ien t series  ch a ra cteriz ed  m o le cu la r ly  b y  us is a 
sam p le  o f  p reh isto ric  A leu t (H a y es  1 9 9 8 ) . T h e s e  sk e le ta l sam p les w ere e x ­
cav ated  fro m  the C h alu k a  m idden on  U m n a k  Isla n d  and bu ria l ca v e s  on S h ip - 
ro ck  and K a g a m il islan d s b y  H rd lick a  (1 9 4 5 )  in  the 1 9 3 0 s  and h av e  b een  
cu rated  at the  S m ith so n ia n  In stitu tio n  s in ce  that tim e . T h e s e  m ateria ls  hav e 
y e t to  b e  d irectly  dated , but a rc h e o lo g ic a l co n te x t su gg ests an age  o f  ap p rox­
im a te ly  2 ,0 0 0 - 4 ,0 0 0  years b .p . fo r  the la rg er series  fro m  C h a lu k a  and yo u n ger 
ag es , perhaps o n ly  a  few  hundred y ears, fo r  the b u ria l c a v e  m ateria l.

M o le c u la r  ch a ra cteriz a tio n  o f  the o th er 3  a n c ien t sam p les is tak en  fro m  
p u b lish ed  rep orts. T h e  P yram id  L a k e  and  S tillw a te r  M a rsh  sam p les w ere stud­
ied  and rep orted  by  K a e stle  (1 9 9 7 ,  1 9 9 8 ) . T h e s e  w estern  G re a t B a s in  sam p les



h av e  b een  cu rated  at th e  N ev ad a  S ta te  M u seu m  s in ce  th e ir  a rch e o lo g ica l 
re co v e ry  and span an e x ce p tio n a lly  larg e  tim e ran g e  o f  3 0 0  years  b .p . to  nearly  
6 ,0 0 0  years  b .p . T h e  O n eo ta  sam p le  fro m  w estern  I llin o is  rep orted  b y  S to n e  
and S to n e k in g  (1 9 9 3 , 1 9 9 8 )  is su b stan tia lly  y o u n g er than  th e o th er an cien t 
sam p les inclu d ed  in  the a n a ly sis , w ith  an age  o f  o n ly  7 0 0  years  b .p . (S to n e  
and S to n e k in g  1 9 9 8 ) .

M ito ch o n d ria l D N A  d iv ersity  am o n g  m o d em  p op u lations w as tabulated  
fro m  re ce n t re sea rch  rep o rts. S a m p les  w ere in clu d ed  fo r  co n sid era tio n  that 
had b een  screen ed  fo r  the  su ite  o f  d iscre te  m arkers that d efine n ativ e  A m e r­
ica n  hap logrou p s. T o  o p tim ize  co m p a ra b ility , w e did not in clu d e sam ples 
w h o se  hap logrou p  p ro file  had b een  in ferred  fro m  m tD N A  h y p erv ariab le  se ­
q u en ce  data. T h e  p op u lation s, sam p le  s iz es , and so u rces  fo r  a ll an a lyzed  sam ­
p les  are g iv en  in  T a b le  1. S a m p le  siz e  is  o f  c o n ce rn  not o n ly  fo r  an c ien t 
sam p les b u t a lso  fo r  estim atio n  o f  fre q u en cie s  in  m od ern  sam p les. A lth ou gh  
m o st o f  the sam p les h av e  sam p le s iz es  g reater than  2 0 , a  few  h av e  sm aller 
sam p le s izes. A  few  sam p les, n o tab ly  th o se  fro m  B a ja  C a lifo rn ia , are c h a r­
acteriz ed  b y  sam p le s izes o f  le ss  than 15 , and the P aiu te/ Shoshone sam ple is 
b a sed  on  o n ly  9  ind iv id u als (se e  d iscu ssio n  la ter).

mtDNA Haplogroups. N ativ e  A m e rica n  m tD N A  hap logrou p s are d efined  
b y  the p re se n ce  o r a b sen ce  o f  sp e c ific  re s tric tio n  sites  and a d ele tio n  m arker 
in  the  m tD N A  m o le cu le  (S ch u rr  e t al. 1 9 9 0 ; T o rro n i e t al. 1 9 9 2 ; T o rro n i, 
S ch u rr e t al. 1 9 9 3 ; T o rro n i, S u k e m ik  et al. 1 9 9 3 ; F o rs te r  e t al. 1 9 9 6 ) . T h e  
re la tio n sh ip  b e tw een  th ese  m arkers and hap logrou p  assig n m en t is g iv en  in 
T a b le  2 . S e q u e n c e  d ata can  a lso  b e  u sed  to  a ssess  hap logrou p  m em b ersh ip , 
a lthough seq u en ce  support fo r  hap logrou p  D  is w eak  (T o rro n i, S ch u rr  e t al. 
1 9 9 3 ; W ard  e t al. 1 9 9 1 , 1 9 9 3 ; c f .  F o rs te r  et al. 1 9 9 6 ) . T o  m a x im iz e  co m p a r­
a b ility , w e h a v e  lim ited  ou r a tten tion  to  th o se  groups w h o se  hap logrou p  p ro ­
file  has b een  assessed  u sin g  the suite  o f  d iscre te  m arkers. It is now  c le a r  that 
there  are m ore than ju s t  4  prim ary hap logrou p s d efin in g  A m erin d ian  popu­
la tio n s  (F o rs te r  e t al. 1 9 9 6 ; B ro w n  et al. 1 9 9 8 ; S to n e  and S to n e k in g  1 9 9 8 ; 
S m ith  et a l. 1 9 9 9 ) .

H ap logrou p  X  is an ad d ition al an cestra l A m erin d ian  m tD N A  lin ea g e  
and is  ev id en t upon screen in g  w ith  ad d ition al m arkers and throu gh  seq u en ce  
an a ly sis . B e c a u s e  m o st o f  the sam p les a v a ila b le  fo r  an a ly sis  h av e  n o t b een  
screen ed  fo r  th ese  ad d ition al m ark ers , it is  n o t p o ssib le  to  id en tify  hap logroup  
X  in  a ll th ese  data. A cco rd in g ly , w e sim p ly  group a ll hap lo typ es that do not 
corresp on d  to  hap logrou p s A , B ,  C , o r D  as “o th er.” I t  should  b e  reco g n iz ed  
that som e o f  th ese  o th er h ap logrou p s m ay  w ell b e  hap logrou p  X  and th ere fo re  
m ay  rep resen t an an cestra l ab o rig in a l N orth  A m e rica n  m tD N A  lin ea g e . O ther 
hap logrou p s m ay a lso  b e  attributed  to  n o n n ativ e  N orth  A m e rica n  ad m ixture 
(T o rro n i, S ch u rr et al. 1 9 9 3 ; S m ith  e t a l. 1 9 9 9 ) .

A lth ou g h  hap logrou p  assig n m en t is stra ig htforw ard  in  m o d em  sam p les, 
it  is n o t a lw ays so  e asy  fo r  a n c ien t sam p les ( O ’R o u rk e  et al. 1 9 9 9 ; C a rly le
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Table 1. Native American mtDNA Haplogroup Frequencies

Haplogroup Frequency

Locale and Group Code n A B C D Other h Reference

Arctic ARC
Aleut (ancient) AAL 17 0.353 0.000 0.000 0.647 0.000 0.49 Hayes (1998); this study
St. Paul Aleut ALT 72 0.250 0.000 0.014 0.667 0.069 0.49 Merriwether et al. (1995)
Gambell Eskimo GAM 50 0.580 0.000 0.140 0.260 0.020 0.59 Merriwether et al. (1995)
Old Harbor Eskimo OHB 115 0.617 0.035 0.000 0.348 0.000 0.50 Merriwether et al. (1995)
Ouzinkie Eskimo OUZ 41 0.732 0.000 0.049 0.146 0.073 0.45 Merriwether et al. (1995)
Savoonga Eskimo SAV 49 0.939 0.000 0.000 0.020 0.041 0.12 Merriwether et al. (1995)
Inuit INT 30 0.967 0.000 0.000 0.033 0.000 0.07 Lorenz and Smith (1996)
Siberian Eskimos ESK 129 0.783 0.000 0.016 0.202 0.000 0.35 Torroni, Sukernik et al. (1993); 

Starikovskaya et al. (1998)
Subarctic SUB

Dogrib DOG 166 0.916 0.000 0.018 0.000 0.066 0.16 Lorenz and Smith (1996); 
Merriwether et al. (1995)

Northwest Coast NWC
Bella Coola BC 36 0.500 0.056 0.140 0.250 0.056 0.68 Lorenz and Smith (1996); 

Torroni, Schurr et al. (1993)
Haida HAI 29 0.966 0.000 0.000 0.034 0.000 0.07 Lorenz and Smith (1996); 

Torroni, Schurr et al. (1993)
Nuu-Chah-Nulth NCN 15 0.400 0.067 0.133 0.267 0.133 0.78 . Torroni, Schurr et al. (1993)

Northeast NE
Mohawk MOH 18 0.464 0.105 0.138 0.006 0.287 0.71 . Merriwether et al. (1995)
Ojibwa/Chippewa OJB 43 0.512 0.070 0.163 0.000 0.256 0.66 Torroni, Schurr et al. (1993)
Chippewa/Kickapoo CHP 62 0.484 0.113 0.194 0.000 0.210 0.68 Lorenz and Smith (1996); 

Torroni, Schurr et al. (1993)
Oneota (ancient) ONT 108 0.315 0.120 0.426 0.083 0.056 0.70 Stone and Stoneking (1998)

Plains PLN
Cheyenne/Arapahoe CHY 26 0.308 0.115 0.346 0.154 0.077 0.77 Lorenz and Smith (1996)
Siouan SIO 34 0.529 0.176 0.147 0.059 0.088 0.68 Lorenz and Smith (1996)
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Southeast ■ SE
Cherokee ' 1 CHR 16 0.000 0.313
Chickasaw/Choctaw CHC 27 0.667 0.222
Creek/Seminole SEM 18 0.389 0.111
Muskokc ' MSK 71 0.366 0.155

California CAL
Californian Penutian ■ PEN 17 0.118 0.412
Salinan/Chumash SAL 11 0.455 0.182
Californian Uto-Aztecan UTO 14 0.000 0.286

Great Basin GB
Washo WAS 28 0.000 0.536
Paiute/Shoshone PAI 9 0.000 0.222
Pyramid Lake (ancient) PYR 19 0.105 0.316
Stillwater Marsh (ancient) STM 22 0.045 0.364
Fremont (ancient) FRE 34 0.000 0.735

Southwest SW
Navajo NAV 58 0.517 0.414

Apache APA 29 0.621 0.172

Jemez/Taos/San Idelfonso JEM 36 0.000 0.861
Zuni ZUN 22 0.182 0.636
Havasupai/Hualapai/ HAV 18 0.111 0.500

Yavapai/Mojave
Pima PIM 37 0.054 0.568

Anasazi (ancient) ANZ 22 0.227 0.591

Quechan/Cocopa QUE 23 0.000 0.652

0.313 0.000 0.375 0.71
0.074 0.000 0.037 0.52
0.167 0.167 0.167 0.80
0.099 0.380 0.000 0.70

0.059 0.412 0.000 0.68
0.091 0.273 0.000 0.74
0.429 0.286 0.000 0.70

0.357 0.107 0.000 0.60
0.222 0.444 0.111 0.78
0.000 0.526 0.053 0.64
0.000 0.545 0.045 0.59
0.118 0.059 0.088 0.45

0.034 0.000 0.034 0.57

0.138 0.069 0.000 0.58

0.028 0.028 0.083 0.26
0.091 0.000 0.091 0.57
0.389 0.000 0.000 0.62

0.378 0.000 0.000 0.55

0.091 0.000 0.091 0.61

0.304 0.000 0.043 0.50

Lorenz and Smith (1996) 
Lorenz and Smith (1996) 
Lorenz and Smith (1996) 
Merriwether et al. (1995)

Lorenz and Smith (1996) 
Lorenz and Smith (1996) 
Lorenz and Smith (1996)

Lorenz and Smith (1996) 
Lorenz and Smith (1996) 
Kaestle (1998)
Kaestle (1998)
Parr et al. (1996); O’Rourke 

et al. (1999)

Lorenz and Smith (1996);
Torroni et al. (1992)

Lorenz and Smith (1996);
Torroni, Schurret al. (1993) 

Lorenz and Smith (1996) 
Lorenz and Smith (1996) 
Lorenz and Smith (1996)

Lorenz and Smith (1996); 
Schurr et al. (1990); Torroni 
et al. (1992)

Carlyle et al. (1999); this 
study

Lorenz and Smith (1996)
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Table 1. Continued

Haplogroup Frequency

Locale and Group Code n A B C D Other h Reference

Baja BAJ
Cochimi COC 13 0.077 0.462 0.462 0.000 0.000 0.61 Lorenz and Smith (1996)
Kiliwa/Paipai KIL 11 0.000 0.909 0.091 0.000 0.000 0.18 Lorenz and Smith (1996)
Kumiai KUM 16 0.000 0.625 0.375 0.000 0.000 0.50 Lorenz and Smith (1996)

Mexico MEX
Mixe MIX 16 0.625 0.313 0.063 0.000 0.000 0.54 Torroni et al. (1994)
Alta Mixtec MXA 15 0.733 0.133 0.133 0.000 0.000 0.46 Torroni et al. (1994)
Baja Mixtec MXB 14 0.929 0.071 0.000 0.000 0.000 0.14 Torroni et al. (1^94)
Nahua/Cora NAH 32 0.531 0.344 0.063 0.000 0.063 0.61 Lorenz and Smith (1996)
Zapotec ZAP 15 0.333 0.333 0.333 0.000 0.000 0.71 Torroni et al. (1994)
Maya MAY 27 0.519 0.222 0.148 0.074 0.037 0.68 Schurr et al. (1990); Torroni

etal. (1992).

Note added in proof: We recently discovered that the Ojibwa and Chippewa samples are not completely inde­
pendent. Reanalysis of these samples with the overlap eliminated resulted in no detectable changes to the results 
or inferences presented. Addition of another independent sample of Ojibwa (Scozzari et al. 1997) also resulted 
in no appreciable change in results, inferences, or conclusions.
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Table 2. Haplogroup Definitions

Polymorphic Marker

Hae III 9-bp HincW Alul
Haplogroup np 663 Deletion np 13259 np 5176

A + -  + +
B -  + + +
C -  -  -  +
D -  -  + -

+ , presence of marker. 
—, absence of marker.

et al. 1 9 9 9 ) . H ap logrou p  assig n m en t is  b ased  on the jo in t  o cc u rre n c e  o f  a 
m in im u m  o f  4  m arkers (T a b le  2 ) . In  a n c ien t sam p les, w here  n o t ev ery  p rim er 
se t p rod u ces a  p rod uct on ev ery  sam p le, it is n o t u n co m m o n  to  b e  a b le  to 
d eterm in e  o n ly  2  o r 3  o f  th e  m arkers lis ted  in  T a b le  2 . T h is  co m p lica te s  
hap logrou p  d iag n o sis . I f  the m arkers  o b serv ed  in c lu d e  1 o f  the  d iag n o stic  
m arkers  fo r a  hap logrou p  (e .g ., the  9 -b p  d ele tio n  th at d efin es h ap logroup  B ) ,  
it s tro n gly  su gg ests  th at the sam p le rep resen ts  this h ap logrou p , ev en  i f  n o t a ll 
m arkers w ere  ob serv ed . H o w ev er, i f  the m arkers  are n o t d ia g n o stic  (e .g ., 
p re se n ce  o f  the A lu  re stric tio n  s ite  at np 5 1 7 6 ) ,  hap logrou p  id en tifica tio n  is 
in d eterm in ate . T h u s the co rresp o n d en ce  o f  m ark er fre q u en cie s  and h a p lo ­
group fre q u en cie s  m ay  n o t b e  co n co rd a n t in  a n c ien t sam p les, d ep en d ing on 
th e fa ilu re  to  o b se rv e  a  rate  fo r  e a ch  m arker. T h is  ca n  b e co m e  p ro b lem a tic  
w hen  com p arin g  sam p les.

F o r  ex a m p le , in  th e a n c ien t F re m o n t m ateria l (P a rr e t al. 1 9 9 6 )  4 7  sk e l­
e to n s w ere exa m in ed , o f  w h ich  4 3  y ie ld ed  aD N A . O f  th ese  sam p les, 4 1  cou ld  
b e  re lia b ly  screen ed  fo r  th e  9 -b p  in te rg e n ic  d ele tio n , resu ltin g  in  a freq u en cy  
o f  this m ark er o f  0 .6 1  (25/ 41). H o w ev er, b e ca u se  o th er m arkers cou ld  not b e  
am p lified  in  sev era l sam p les, o n ly  3 4  ind iv id u als  co u ld  re lia b ly  b e  assign ed  
to  a  h ap logroup . O f  th ese , nearly  7 4 %  p o ssessed  th e d ele tio n  and w ould  be 
co n sid ered  hap logrou p  B .  Y e t  th is m u st b e  a  sp u riou sly  h ig h  haplogroup  
freq u en cy , b e ca u se  in  th e  fu ll ser ie s  o n ly  6 1 %  p o ssessed  th e d ele tio n . T h is  is 
an e x tre m e  e x a m p le , but it illu stra tes  the d ifficu lty  p osed  in  co m p arativ e  stud­
ie s  o f  hap logrou p  fre q u en cie s  w hen  u sin g  sam p les o f  aD N A .

In  the p resen t study w e h a v e  used  hap logrou p  fre q u en cie s  ra th er than 
m ark er fre q u en cie s , b e ca u se  fo r  m an y o f  th e  m od ern  sam p les m ark er f re ­
q u en cies  w ere n o t g iv en . T h is  c le a r ly  in trod u ces so m e d eg ree  o f  error, g iv en  
the d ifficu ltie s  o f  hap logrou p  a ssig n m en t in  p reh isto ric  m ateria l ju s t  d e­
scrib ed . A s a co n tro l fo r  such  d ifficu ltie s  w e rep lica ted  a n a ly ses  u sin g  m arker 
fre q u en cie s  as su rrogates fo r  hap logrou p  fre q u en cie s  in  th e  an c ien t sam p les. 
B e c a u s e  th is resu lted  in  no  su b stan tiv e  d iffe re n c e s  in  resu lt o r in fe re n ce , the 
resu lts o f  th is an a ly sis  are n o t p resented .
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Analysis. A n cie n t D N A  sam p les are not pop u lations in  the trad itional 
sen se  o f  the term . T h e  individual sp ecim en s that co n stitu te  a D N A  sam ples 
m ay span sev eral cen tu ries  and ev en  g eo g rap h ic  sp ace . T h u s they are the 
eq u iv a len t o f  sam p lin g  an individual ev ery  fe w  gen era tio n s  to  ch a ra cter iz e  a 
con tin u o u s p op u lation . A s a resu lt, w e h av e  b een  re lu ctan t to  su b je c t aD N A  
data to the sam e typ es o f  s ta tis tica l an a ly ses  co m m o n ly  used  fo r  con tem p o rary  
sam p les, b e ca u se  they  c le a rly  do not co n fo rm  to  the d istrib u tio n al and sam ­
p lin g  assu m p tions o f  the m eth od s. H ere, w e b a se  o u r in fe re n ce s  on 2  sim p le  
m eth od s o f  an a ly sis. F irs t, w e ev alu ated  v isu al c o m p a r is o n s ,o f  hap logroup  
p ro files  fro m  a D N A  sam p les and reg io n a lly  co h e re n t m od ern  sam p les. S e c ­
ond , w e su b jec ted  the haplogroup  fre q u en cie s  to  a  p rin cip al co m p o n en ts  an al­
ysis  and p lotted  the sam p les in the s ig n ifica n t e ig en v alu e  sp ace  to  ev a lu ate  a 
m o re  q u an tita tiv e a ssessm en t o f  pop u lation  s im ilarity  and d issim ila rity . T h e  
p rin cip a l com p o n en ts an a ly sis  w as p erfo rm ed  w ithout fa c to r  ro tation  using 
s p s s ,  v ersio n  8 .0 , on the 4  p rin cip al A m erin d ian  hap logrou p  freq u en cies.

R e s u lt s

A  g rap h ical co m p ariso n  o f  the hap logrou p  fre q u en cie s  in  T a b le  1 is 
g iv en  in F ig u re  1. T w o  th ings are im m ed iately  apparent fro m  this figure: 
(1 )  T h e re  is co n sid era b le  v aria tion  in N orth  A m erica n  p op u lations w ith re ­
sp ect to  h ap logroup  fre q u en cie s , and (2 )  the  v aria tio n  is g eo g ra p h ica lly  pat­
terned . P op u latio n s o f  north ern  N orth  A m e rica  and the eastern  U n ited  S ta tes  
are ch ara cteriz ed  b y  h igh  fre q u en cie s  o f  h ap logroup  A , d efined  b y  the HaelW. 
restric tio n  site  at np 6 6 3 . T h e  o b v io u s ex ce p tio n s  to  this pattern  are the A leu t 
sam p les, both an c ien t and m od ern , w h ich  e x h ib it n o tab ly  lo w er hap logroup  
A  fre q u en cie s  and d ram atica lly  e lev ated  fre q u en cie s  o f  h ap logroup  D  re la tiv e  
to o th er A rc tic  p op u lations. T h is  d is tin ctiv e  haplogroup  p ro file  o f  the A leu t 
d istin gu ish es th ese  sam p les fro m  con tem p o rary  S ib e ria n  p op u lations (d ata  not 
show n) and fro m  th e ir  N orth  A m e rica n  A rc tic  n e ig h b o rs. T h e  o th er ex ce p tio n  
to  the  gen eral pattern  is  the C h e ro k e e  sam p le fro m  O klah o m a.

P op u latio n s o f  w estern  and sou thw estern  N orth  A m e rica  are g en era lly  
ch ara cteriz ed  by lo w  to  zero  fre q u en cie s  o f  h ap logroup  A , h ig h er freq u en cies  
o f  h ap logroup  B ,  and v a ria b le  fre q u en cie s  o f  hap logroup s C  and D . In par­
ticu lar, p op u lations o f  the g reater U S  S o u th w est h av e  low  to zero  freq u en cies  
o f  h ap logroup  A , and h igh  fre q u en cie s  o f  hap logrou p  B . T h e s e  p opu lations 
are a lso  ty p ica lly  ch a ra cteriz ed  b y  low  to  zero  fre q u en cie s  o f  h ap logroup  D . 
G rou p s fro m  th e w estern  G reat B a s in  and C a lifo rn ia , in  con trast, e x h ib it m od ­
erate  fre q u en cie s  o f  hap logrou p  B  and h igh  fre q u en cie s  o f  hap logroup  D .

F in a lly , the M e x ic a n  p op u lations, e x c lu s iv e  o f  B a ja ,  are ch aracterized  
b y  m od erate  to  h igh  fre q u en cie s  o f  hap logroup  A , m o d erate  freq u en cies  o f  
hap logroup s B  and C , and an a b sen ce  o f  h ap logroup  D . T h is  is  a hap logroup  
p ro file  not o b serv ed  in  p op u lations farth er north . F re q u e n c ie s  o f  o ther hap-
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Table 3. Principal Components Analysis

Component Eigenvalue Variance (%) Cumulative %

2
2.104
1.162

52.588
29.058

52.588
81.647

lo gro u p s are su ffic ien tly  lo w  in m o st p op u lations to  b e  o f  little  in terest w ith  
re sp e ct to  id en tify in g  patterns o f  v ariatio n .

In  addition to  the ob v io u s g eo g rap h ic  p attern in g  in F ig u re  1, it is  im ­
p ortant to  note that the  a D N A  sam p les e x h ib it hap logrou p  p ro files  that are 
s im ila r to  the p ro files  that ch a ra cter iz e  the  m od ern  p op u lations in h ab itin g  the 
sam e g eo g ra p h ic  reg io n s  tod ay . T h is  im p lies  a  tem p o ra l and g eo g rap h ic  sta­
b ility  o f  th ese  m tD N A  hap logrou p  p ro files  that had not b e e n  anticip ated . T o  
further e x p lo re  this issu e , w e su b je c te d  the h aplogroup  fre q u en cie s  in  T a b le  
1 to  a  p rin c ip a l co m p o n en ts  an a ly sis. T h e  resu lts are g iv en  in  T a b le  3  and 
p lo tted  in  F ig u re  2 . T w o  s ig n ifica n t co m p o n en ts  (e ig en v a lu es  g reater than  1) 
w ere e x tra c ted  fro m  th e hap logrou p  fre q u en cie s  and c o lle c tiv e ly  a cco u n t fo r 
n early  8 2 %  o f  the o rig in a l v ariatio n . T h e  first co m p o n en t is  ch a ra cteriz ed  by  
lo ad in g s w ith  co n trastin g  fre q u en cie s  o f  h ap logrou p s A  and B ,  w hereas the 
seco n d  co m p o n en t re fle c ts  v aria tio n  in  h ap logrou p s A  and D .

T h e  g eo g rap h ic  p attern ing  noted  fro m  a v isu a l in sp ectio n  o f  h ap logroup  
freq u en cies  (F ig u re  1) is apparent h ere  as w e ll (F ig u re  2 ) , a lthough it is not 
as sharply  d efined  as in  the  e a rlie r  an a ly sis . A ll A rc tic  p op u lations are d is­
tributed  on  the ex tre m e  le ft  o f  the co m p o n en t p lot, and the d istin ctiv en ess  o f  
the  A leu t sam p les is o b v io u s. N o rth w est c o a s t  and su b a rctic  p o p u latio n s c lu s ­
ter  n ear o n e  another a lo n g  w ith  1 E sk im o  p op u lation  and a  cen tra l M e x ica n  
group. A lth ou g h  n o t g eo g ra p h ica lly  p ro x im ate , th ese  groups (H aid a, Inuit, 
S a v o o n g a  E sk im o , D o g rib , and B a ja  M ix te c )  share  the c h a ra c ter is tic  o f  h av ­
in g  the h ig h est h ap logroup  A  fre q u en cie s  am on g a ll sam p les.

T h e  g rea test u n ifo rm ity  is  seen  am on g the U S  S o u th w est and B a ja  C a li­
fo rn ia  p op u lations, w h ich  p lo t in  a  tigh t c lu ster in  the lo w er righ t quadrant. 
C u rio u sly , the W a sh o  o f  the w estern  G re a t B a s in , th e  an c ien t O n eo ta , and the 
an c ien t F rem o n t app ear in  th is c lu ster. T h e  P aiu te/ Shoshone o f  the G reat 
B a s in  p lo t in  th e  up per cen tra l p o rtio n  o f  the  co m p o n en t m ap , n ear th e  g e o ­
grap h ica lly  p ro x im a l a n c ien t P yram id  L a k e  and S tillw a ter  M a rsh  sam p les. 

T w o  C a lifo rn ia  lin g u is tic  group s, C a lifo rn ia  P en u tian  and U to -A z te ca n , a lso  
p lo t in  th is area  and are g e o g ra p h ica lly  n o t to o  rem ov ed  fro m  the lo c a le  o f  
th e  an c ien t sam p les.

F in a lly , a  la rg e  c lu ste r  o f  p op u lations p lo t in  the  lo w er cen ter o f  the 
com p o n en t m ap and see m  to  share m o d erate  fre q u en cie s  o f  hap logrou p s A  and 
B  and v ariab le  fre q u en cie s  o f  h ap logrou p s C  and  D  and o ther hap logroup s.
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FACTOR 1
Figure 2. Plot of the component scores from the first 2 principal components of mtDNA haplo­

group frequencies for modem and ancient populations of native North America. Sample 
codes are given in Table 1.

D is c u s s io n

T h e  p atterns o f  v aria tio n  am on g m tD N A  h ap logrou p s in  n ativ e  A m e r­
ica n  group s illu strated  in F ig u re s  1 and 2  are co n co rd a n t w ith  o ther syn th eses 
o f  m tD N A  lin ea g e  v aria tio n  in  the A m e rica s  (L o re n z  and S m ith  1 9 9 6 ; C a rly le  
e t al. 1 9 9 9 ) . In  p articu lar, hap logrou p  A  p red o m in ates throu gh ou t the A m e r­
ica s , e x c e p t in the U S  S o u th w est. H ere , th is m o st co m m o n  h aplogroup  is 
ob serv ed  at low  fre q u en cy  and is  o ften  absen t. H ap logrou p  B ,  w h ich  has on ly  
m o d erate  to  low  fre q u en cie s  in  m o st o th er g eo g rap h ic  reg io n s  o f  N orth  A m e r­
ica , has h igh  fre q u en cy  am on g U S  S o u th w est p op u lation s. I t  is  o f  in terest 
that am o n g  con tem p o rary  p op u lations o f  w estern  A m e rica  th o se  res id in g  in  
th e w estern  G re a t B a s in  and northern  C a lifo rn ia  are d istin gu ished  fro m  the 
m o re  g en era l U S  S o u th w est groups by  th e ir h ig h  fre q u en cy  o f  h ap logroup  D . 
T h is  lin ea g e  is  rare  to  ab sen t in  the g reater S o u th w est, as it  is  in  m o st o f  
M e x ic o .

N a v a jo  and A p a ch e  p op u latio n s are res id en t in  the S o u th w est but are 
b e lie v e d  to  h av e  m igrated  there  in  th e re ce n t p ast fro m  the A th ap askan  h o m e-
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land  in  su b arctic  C an ad a (H a sk e ll 1 9 8 7 ) . T h e ir  m tD N A  p ro file , as g iv en  in 
T a b le  1 and F ig u re  1, illu stra tes  this n ice ly . T h e y  do n o t ap p ear at a ll s im ilar 
to  o th er S o u th w est pop u lations as a  resu lt o f  the  v ery  h igh  fre q u en cy  o f  
h ap logroup  A : g reater than  5 0 %  in  e a ch  southern A th ap askan  group. T h is  
h ig h  freq u en cy  o f  hap logrou p  A  m o re  c le a rly  a lig n s  the N a v a jo  and A p ach e  
p op u latio n s w ith  th e ir  A th ap askan  k in  liv in g  w ell to  the north , w here this 
h ap logrou p  o ccu rs  at h igh  fre q u en cie s , b e in g  n early  fixed  in  m an y northern  
A th ap askan  p op u lations. In terestin g ly , b o th  the N a v a jo  and A p a ch e  p o ssess  
the 9 -b p  d ele tio n  and h e n ce  m od erate  fre q u en cie s  o f  h ap logrou p  B ,  a lthough 
at fre q u en cie s  lo w er than is  ty p ica l fo r  S o u th w est p op u lations. T h is  seem s 
lik e ly  th e resu lt o f  ad m ixtu re w ith  n eig h b o rin g  S o u th w est p op u lations sub­
seq u ent to  th e ir  m ig ra tio n  in to  the reg io n . T h e  A p a ch e  a lso  re ta in  a low  
fre q u en cy  o f  hap logrou p  D , w h ich  is co m m o n ly  foun d  in  N orthern  A th ap as­
k an  p op u lations n o t fixed  fo r  hap logrou p  A  but w h ich  is  ab sen t in  m o st S o u th ­
w est and M e x ic a n  p op u lations (T a b le  1, F ig u re  1).

O f  p articu lar in terest is th e  co n co rd a n ce  o f  m tD N A  hap logroup  p ro files  
o f  the  a D N A  sam p les re la tiv e  to  the  m od ern  p op u lations o ccu p y in g  the sam e 
g eo g rap h ic  areas tod ay . T h e  a D N A  sam p les co n fo rm  to  the sam e patterns o f  
re g io n a l v aria tio n  as th e  con tem p o rary  sam p les. T h e  m o st o b v io u s exam p le  
is a lso  p erhaps th e le a st su rp rising. T h e  an c ien t A leu t sam p les are v irtu ally  
id en tica l to  th e s in g le  rep o rt o f  m od ern  A leu t m tD N A  h ap logroup  freq u en cies  
fro m  the P r ib ilo f  Islan d s (M erriw eth er e t al. 1 9 9 5 ) . G iv e n  the island  nature 
o f  th ese  pop u lations and th eir re la tiv e  iso la tio n  until the 18th  cen tu ry , it is 
p erhaps n o t u n exp ected  that the  an cesto rs  o f  the m od ern  A leu ts  are g en etica lly  
s im ila r to the  m od ern  d escen d en ts. H o w ev er, th e  o ld est o f  the p reh isto ric  
A leu t sam p les are a rc h e o lo g ic a lly  dated  to  perhaps 4 ,0 0 0  years b .p . G iv en  
th is tem p o ra l d im en sio n  and th e v ag aries  o f  sam p lin g  that n e ce ssa rily  are 
attend ant to  aD N A  sam p les, the d eg ree  o f  s im ila rity  o f  the p reh isto ric  and 
m od ern  A leu t sam p les is strik in g . T h is  is  e sp ec ia lly  true b e ca u se  b o th  are 
e a sily  d istin g u ish ab le  fro m  o ther E sk im o , Inuit, and In d ian  pop u lations o f  
n o rth w est N orth  A m e rica  (F ig u res  1 and 2 )  as w ell as fro m  in d ig en ou s c o m ­
m u n ities  in  n o rth east A sia  (d ata  not show n).

T h e  co rresp o n d en ce  o f  an c ien t and m od ern  m tD N A  p ro files  w ith in  a 
g eo g rap h ic  re g io n  is  ev id en t a lso  fo r  the o ther a D N A  sam p les exam in ed . T h e  
A n a sa z i o f  the  F o u r  C o rn ers  reg io n  o f  the U S  S o u th w est are, on  th e b a s is  o f  
m tD N A  hap logrou p  fre q u en cie s , in d istin g u ish ab le  fro m  m od ern  N ativ e 
A m e rica n  p op u lations in  th e reg io n  (C a rly le  e t al. 1 9 9 9 ) . A ll share a low  
fre q u en cy  o f  hap logrou p s A  and D  and a  p rep o n d eran ce o f  hap logrou p  B .  In  
F ig u re  2  the  A n a sa z i ap p ear c lo se s t to  m od ern  Z u ni. In  s im ila r fa sh io n  the 
an c ien t F re m o n t sam p le fro m  north ern  U tah  is a lso  in d istin g u ish ab le  fro m  
m o d ern  U S  S o u th w est pop u lations. T h is  m ay  b e  u n exp ected  b e ca u se  the g e o ­
grap hic  reg io n  fro m  w h ich  the an c ien t F rem o n t sam p les d eriv e is  part o f  the 
G re a t B a s in  g eo g rap h ic  area, n o t the S o u th w est. H o w ev er, the g eo g rap h ic  
d istan ce  sep aratin g  the A n asaz i and F re m o n t sam p les is s ca rce ly  3 0 0  m ile s ,



Temporal Trends in Amerindian DNA / 27

and there  are w ell-k n o w n  a rc h e o lo g ic a l s im ila ritie s  b e tw een  th ese  a rc h e o lo g ­
ica l trad ition s. T h e  s im ila rities  are so great that, at le a st fo r  the m o re  sou therly  
F rem o n t, so m e a rch e o lo g is ts  p ostu lated  the F rem o n t as a  northern  c o lo n iz a ­
tion  o f  the sou thw estern  A n a sa z i (M o rss  1 9 3 1 ; G u n n erso n  1 9 6 9 ; B e rry  1 9 7 5 ) . 
T h e  s im ilarity  o f  the F rem o n t to  th e  A n asaz i and  m o d em  S o u th w est p op u­
la tio n s  led  us to  su g g est that F re m o n t o rig in s should  b e  sou gh t in  th e south 
and w est, ra th er than  am on g a rc h e o lo g ic a l trad itions o f  the G rea t B a s in  (P arr 
e t al. 1 9 9 6 ; O ’R o u rk e  e t a l. 1 9 9 9 ) . T h e  age ran ge  o f  the  F re m o n t sam p les is 
7 5 0 - 2 ,0 0 0  years b .p ., w h ereas the A n a sa z i are s lig h tly  o ld er, w ith  an age 
ran ge o f  1 ,0 0 0 - 2 ,0 0 0  years  b .p . T h u s the reg io n a l S o u th w est pattern  that th ese  
a n c ien t sam p les re fle c t  is o f  co n sid era b le  an tiq u ity  (C a rly le  e t al. 1 9 9 9 ) .

In  this co n te x t the p la ce m e n t o f  the W a sh o e  in  F ig u re  2  is  in trigu in g . 
A lth ou g h  resid in g  in the ex tre m e  w estern  G re a t B a s in , the W a sh o e  show  
co n sid era b le  s im ilarity  to S o u th w est groups but litt le  s im ila rity  to  th e o ther 
w estern  G rea t B a s in  (P aiu te/ Shoshone) o r C a lifo rn ia n  groups (e .g ., S a lin an , 
P en u tian ) to  w h ich  they  are g eo g ra p h ica lly  p ro x im ate . T h is  re la tio n sh ip  w as 
a lso  noted  by  L o re n z  and S m ith  (1 9 9 6 ) .  T h e  W a sh o e , H o kan  sp eakers fro m  
the re g io n  surrounding L a k e  T a h o e , are the  o n ly  G rea t B a s in  pop u lation  that 
d oes n o t sp eak  N u m ic, n o r are they  c lo s e ly  re la ted  lin g u is tica lly  to th e ir 
n e ig h b ors to  the w est in  C a lifo rn ia  (Ja c o b s e n  1 9 8 6 ) . T h e  W a sh o e  are lo n g ­
tim e  resid en ts  o f  the  eastern  S ie rra  reg io n , p resu m ab ly  pred atin g  the h y p oth­
esized  la ter in flu x  o f  N u m ic sp eakers  (L a m b  1 9 5 8 ) . A lth ou gh  g en era lly  no 
lo n g e r g iv en  m u ch  cre d e n ce  b y  co m p arativ e  lin g u ists , the W a sh o e  langu age 
w as fo rm erly  thou ght to  b e  part o f  a  la rg er H o k an  grou p ing  that in clu d ed  the 
C o a h u ilte ca n  b ran ch . T h is  lin k a g e  w ould  im p ly  som e lin g u istic  and perhaps 
p h y lo g en etic  re la tio n sh ip  to  o th er S o u th w est p op u lations. A lth ou gh  not 
strongly  supported  on  lin g u istic  grounds, the m tD N A  data are co n siste n t w ith 
such  an a n cestra l re la tio n sh ip . In  th is v iew  the W a sh o e  are re lated  an cestra lly  
to g rea ter S o u th w est p op u lations in  the  sam e fa sh io n  as w e h av e  p ostu lated  
fo r  the eastern  G rea t B a s in  F rem o n t. T h a t the ex tre m e  sou thern  C a lifo rn ia n  
and B a ja  groups are c le a rly  a lig n ed  g e n e tica lly  w ith  th e S o u th w est p op u la­
tion s o f  the  F o u r C o m e rs  area  m ak es  th is le ss  o f  a  stre tch  o f  an in terp retation  
than it  m igh t o th erw ise  appear.

T h e  a n c ien t P y ram id  L a k e  and S tillw a te r  M a rsh  sam p les a lso  illu strate  
the. tem p o ral and re g io n a l con tin u ity  seen  in  th e S o u th w est sam p les. In  b oth  
F ig u re  1 and F ig u re  2  th ese  a n c ien t w estern  G re a t B a s in  sam p les show  g re a t­
e st s im ila rity  to the P aiu te/ Shoshone o f  north w estern  N evad a, a lo n g  w ith  the 
C a lifo rn ia  P en u tian  sam p le. Indeed , the h is to r ica l ran g e  o f  the N orthern  P aiu te  
in clu d es  the L a h o n ta n  B a s in  north  and ea st o f  L a k e  T a h o e  w here the P yram id  
L a k e  and S tillw a ter  M a rsh  c o lle c tio n s  w ere  reco v ered . H o w ev er, d eterm i­
nation  o f  s im ilarity  o f  th ese  sam p les to  m o d em  p o p u latio n s in  this geo g rap h ic  
reg io n  is p ro b lem a tic . O n ly  2  m o d em  w estern  G reat B a s in  p op u lations are 
a v a ila b le  fo r  exa m in a tio n . A s noted , th e  W a sh o e  show  strong m tD N A  affin ity  
w ith  p op u latio n s in  the S o u th w est, w ell ou tsid e  the w estern  G reat B a s in  g eo -
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g rap h ic  area , and are g e n e tica lly  d istin ct fro m  th eir n e ig h b o rs, the N orthern  
P a iu te  and  S h o sh o n e . W ith  o n ly  2  sam p les fro m  the G re a t B a s in  it  is not 
p o ssib le  to  a ccu ra te ly  ev a lu a te  a  rea l g eo g ra p h ic  p ro file  fo r  th is  re g io n  am on g 
m o d em  p o p u latio n s. I t  ca n n o t b e  c le a r ly  d eterm in ed  w h eth er o n e  o f  th ese  
p o p u la tio n s a ccu ra te ly  rep resen ts  a  g en era l G rea t B a s in  m tD N A  p ro file  w h ile  
the o th er rep resen ts  an o u tlie r  o r w h eth er the re g io n  w as typ ified  b y  ex tre m e  
h e tero g en eity  in  m tD N A  d iv ersity .

T h e  issu e  is  co m p lica te d  b y  th e v ery  sm a ll s iz e  (n  — 9 )  o f  th e  Paiute/ - 
S h o sh o n e  sam p le. H o w ev er, K a e stle  (1 9 9 8 )  rep orted  hap logrou p  freq u en cies  
b a sed  on  m ito ch o n d ria l H V S 1  seq u en ce  d ata  fo r  a  sam p le o f  3 3  N orth ern  
P a iu te  and  S h o sh o n e  and hap logrou p  fre q u en cie s  b a sed  on  d iscre te  m arker 
d ata fo r  9 8  N orthern  P a iu te  (K a e s tle  1 9 9 7 )  em b ed d ed  in  a  la rg e r series  o f  
1 1 6  north ern  U to -A z te ca n  sp eakers . T h e s e  ad d ition al d ata are n o t ra d ica lly  
d iffe re n t fro m  th o se  u sed  h ere  (L o re n z  and S m ith  1 9 9 6 ) . T h e  seq u e n ce  data 
in d ica te  a  h ig h er fre q u en cy  o f  hap lo gro u p  B  (0 .3 9 )  and an  a b sen ce  o f  o th er 
h ap logrou p s, w h ereas the la rg e  north ern  U to -A z te ca n  series  a lso  in d ica tes  a 
h ig h er fre q u en cy  o f  hap lo gro u p  B  ( 0 .4 2 )  and  a  lo w er fre q u en cy  o f  hap logrou p  
C  (0 .1 5 ) .  T h e se  fre q u en cie s  led  K a e stle  (1 9 9 8 )  to  co n clu d e  that th e  a n c ien t 
w estern  G re a t B a s in  sam p les had g rea ter s im ila rity  to  C a lifo rn ia  P en u tian  
groups than  to  e ith er a  co m b in e d  group o f  N u m ic sp eakers o r a  co m b in ed  
sam p le o f  p op u latio n s fro m  throu gh ou t the  G re a t B a s in . W e  a lso  find th e 
a n c ien t N ev ad a  sam p les to  b e  s im ila r  to  C a lifo rn ia n  P en u tian  sam p les (F ig ­
u res 1 and  2 ) . T h e  s im ila rity  o f  th ese  a n c ien t sam p les to  th e  C a lifo rn ia  P e ­
nu tian  sam p le  in  F ig u re  2  is d eterm in ed  b y  the shared  h ig h  fre q u en cy  o f  
hap logrou p  D , a  ch a ra c te r is tic  o f  m an y p op u latio n s o f  north ern  C a lifo rn ia  and 
th e C o lu m b ia  P la tea u  (s e e  F ig u re  1) and a lso  th e w estern  G re a t B a s in . T h e  
C a lifo rn ia  P en u tian  sam p le is a lso  ch a ra cter iz e d  b y  a  lo w  fre q u en cy  o f  h ap ­
lo gro u p  A , en h a n cin g  th e  s im ila rity  to  the  a n c ien t n o rth w est N evad a sam p les.

A lth ou g h  the la rg e r series  o f  north ern  U to -A z te ca n  sp eakers stud ied  b y  
K a e stle  (1 9 9 7 ,  1 9 9 8 )  has a  h ig h er fre q u en cy  o f  hap logrou p  B  than  the P y r­
am id  L a k e  and S tillw a te r  M a rsh  sam p les, the fre q u en cy  is  n o t as h ig h  as is 
ty p ica l in  S o u th w est p op u lations (T a b le  1). In  ad d ition , th e  lo w er freq u en cy  
o f  hap logrou p  C  in  the north ern  U to -A z te ca n  series  cou p led  w ith  the h ig h  
fre q u en cy  o f  hap logrou p  D  is  re m in isce n t o f  the  hap logrou p  p ro file  seen  in 
th e a n c ien t w estern  G re a t B a s in  sam p les. It is  w orth  n o tin g  that the  C a lifo rn ia  
P en u tian  sam p le rep resen ts  p op u latio n s fro m  th e  g eo g ra p h ic  re g io n  im m e ­
d ia te ly  w est o f  the  L a k e  T a h o e  area. T h u s th ey  are  g eo g ra p h ica lly  p ro x im a l 
to  th e  area  o f  n o rth w estern  N evad a that y ie ld ed  th e  a n c ien t rem ain s fro m  
P y ram id  L a k e  and  S tillw a te r  M a rsh , sep arated  o n ly  b y  th e sm all a rea  o ccu p ied  
b y  the W a sh o e . F in a lly , K a e stle  (1 9 9 8 )  n o ted  lin g u is tic  argum en ts that p la ce  
the o rig in  o f  so m e C a lifo rn ia  P en u tian  sp eakers in  n o rth w estern  N evad a. 
G iv e n  th e  e x tre m e ly  lo n g  tem p o ra l ran ge o f  the a n c ien t sam p les fro m  the 
w estern  G re a t B a s in , it  is  perhaps n o t su rp rising  that th ey  show  affin ity  to
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m o re than 1 m o d ern  p op u lation  sam p le  but o n ly  th o se  in  th e  g en era l g e o ­
grap h ic a rea  o r th o se  in  a d ja ce n t g eo g rap h ic  areas w ith  re a so n a b le  lin k s  to 
the area  p reh isto rica lly .

F in a lly , the  p reh isto ric  O n e o ta  o f  w estern  I llin o is  are co n sid era b ly  
y o u n g er than  the o th er a n c ien t sam p les exa m in ed . D a tin g  to  o n ly  7 0 0  years 
b .p ., they  rep resen t a  m u ch  m o re  re stric te d  tim e  fram e than  th e o th er an c ien t 
sam p les. T h is  sk e le ta l ser ies  in itia lly  ap p ears to  b e  an e x c e p tio n  to  the c o n ­
co rd a n ce  o f  hap logrou p  p ro files  b e tw een  a n c ien t and m o d em  p op u latio n s in  
a g eo g ra p h ic  reg io n . T h e y  p lo t a d ja ce n t to  th e  A n a sa z i and o th er S o u th w est 
group s in  F ig u re  2 . N ev erth eless , th ey  a lso  p lo t n ear th e  C h e y e n n e  and Z a - 
p o tec  in  th is co m p o n en t m ap and are on the ed g e  o f  the S o u th w est c lu ste r  o f  
group s in  th e d irectio n  o f  o th er upper p la in s and M e x ic a n  p o p u latio n s, w h ich  
share m o d erate  fre q u en cie s  o f  hap logrou p  A  and v a ria b le  fre q u en cie s  o f  the 
o ther m ark ers. I t  is  c le a r  fro m  F ig u re  1 that the O n eo ta  are v irtu a lly  id en tica l 
in  hap lo gro u p  p ro file  to  th e  C h e y e n n e  and are s im ila r to  sev era l A lg o n q u ia n - 
sp eak in g  group s o f  th e  n o rth east (M o h a w k , O jib w a , C h ip p ew a) w ith  re sp e ct 
to  the  fre q u en cie s  o f  h ap logrou p s A , B ,  and C . T h e s e  m o d e m  group s are the 
g eo g ra p h ica lly  c lo s e s t  co n tem p o ra ry  A m erin d ian  p o p u latio n s to  w h ich  the 
O n eo ta  ca n  b e  com p ared . T h e re  are , u n fo rtu n ate ly , n o  d ata  on  m o d e m  A m ­
erind ian s in  th e  w estern  I llin o is  re g io n  fro m  w h ich  th e O n eo ta  sk e le ta l series  
w as ex ca v a ted  fo r  co m p ariso n .

T h e  p rin cip a l d iffe re n c e  b e tw een  the p reh isto ric  O n eo ta  and th ese  m od ­
e m  group s is  the su b stan tia lly  h ig h e r  fre q u en cy  o f  o th er h ap logrou p s in  the 
m o d e m  groups. S to n e  and S to n e k in g  (1 9 9 8 )  and B ro w n  e t al. (1 9 9 8 )  recen tly  
d em onstrated  that hap logrou p  X  is  p resen t in  th ese  p reh isto ric  sam p les. T h is  
con firm s th e  p re se n ce  o f  hap lo gro u p  X  in  p re -C o lu m b ia n  sam p les and in d i­
ca tes  that the  o th er hap logrou p  c a teg o ry  h ere  rep resen ts  the  fifth  A m erin d ian  
lin ea g e . M o re o v e r , m o d em  O jib w a  p op u latio n s e x h ib it  su b stan tia l fre q u en ­
c ie s  o f  hap lo gro u p  X  (F o rs te r  e t al. 1 9 9 6 ; S co z z a r i e t al. 1 9 9 7 ) , a lth o u g h  this 
w as in itia lly  a scrib e d  to  E u ro p ea n  ad m ixtu re  b y  T o rro n i, S ch u rr  e t a l. (1 9 9 3 ) .  
T h e  p re se n ce  o f  hap logrou p  X  in  m o d e m  O jib w a  and th e an c ien t O n eo ta  
c le a rly  in d ica tes  its  p re se n ce  in  an cestra l A m erin d ian  groups and su gg ests  its 
p resen ce  in  o th er N orth  A m e rica n  p o p u latio n s w here o th er ( i .e .,  n o n -A , B ,  
C , o r D ) h ap logrou p s h a v e  b e e n  o b serv ed . In  any e v en t th e hap logrou p  p ro­
files  illu stra ted  in  F ig u re  1 su g g est that the O n eo ta  p resen t hap logrou p  fre -

* q u en cies  that are co n sis te n t w ith  th o se  e x p e c te d  o f  p o p u latio n s that w ould  
hav e in h ab ited  the area  in  the  re c e n t past.

T h e  natu re o f  a D N A  sam p les ra ise s  su b stan tiv e  q u estio n s reg ard in g  th eir 
use as p op u latio n s in  an a ly ses  su ch  as th o se  d escrib ed  h ere . In d eed , th is is  1 
reaso n  s im p le  and  stra ig h tfo rw ard  a n a ly ses  are used  w hen  an a ly z in g  an c ien t 
sam p les in  a  p o p u latio n  c o n te x t. In  m an y  in sta n ces  a n c ien t sam p les do n o t m eet 
the ex p e cta tio n s  and assu m p tio n s o f  s ta tis tica l m an ip u latio n s. G iv e n  the 
tem p oral d istrib u tio n  o f  m o st a n c ien t sam p les, w e m igh t q u estio n  w hether they
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Figure 3. Distribution of genetic diversity h estimates by geographic region. See text for discussion 
and explanation. Sample codes are given in Table 1.

rep resen t the  sam e le v e l o f  g e n etic  v aria tio n  o b serv ed  in  m od ern  p opu lations. 
O n e  m easu re  o f  v aria tio n  re lev an t h ere  is gen e  d iv ersity  h , g iv en  as

h =  n (  1 — E x  ) /(n  — 1), (1)

w here n  is sam p le  s iz e  and x  is  h ap logroup  fre q u en cy  (N ei 1 9 8 7 ) . G en e  
d iv ersity  e stim a tes  are g iv en  fo r  ea ch  sam p le in clu d ed  in  T a b le  1. It is  c le a r  
that h  fo r  e a ch  o f  th e  a D N A  sam p les is w ith in  the ran ge  o f  th o se  o b served  
fo r  the m od ern  p o p u latio n s, in d ica tin g  that the  a D N A  sam p les do rep resen t 
the sam e le v e l o f  m tD N A  v aria tio n  seen  in  con tem p o rary  groups. T h is  is 
illu stra ted  c le a rly  in  F ig u re  3 , w here  th e shaded  b o x e s  in d ica te  th e  in terq u ar­
tile  ran ge o f  d iv ersity  v alu es fo r  sam p les w ith in  a  g eo g rap h ic  reg io n , th e  bar 
is the m ed ian  o f  that d istrib u tion , and the e x te n s io n s  to the b o x e s  illu strate  
the  fu ll ran g e  o f  o b serv ed  h  v a lu es. F o r  co m p ariso n , gen e  d iv ersity  estim ates 
fo r  the aD N A  sam p les are p lo tted  as s in g le  b ars  a d ja ce n t to  th e  geo g rap h ic  
areas fro m  w h ich  th ey  d erive. A s  ca n  b e  seen , a ll th e  a D N A  sam p les fa ll



w ithin  the o b serv ed  ran g es o f  the m od ern  pop u lation  estim a tes  o f  h , and 
sev era l are w ith in  the ran g e , ev en  the in terq u artile  ran ge, o f  th e ir geo g rap h ic  
area. T h e  s in g le  ex ce p tio n  to  th is is the U tah  F rem o n t. T h is  an c ien t sam p le 
has a  lo w er d iv ersity  v alu e than  e ith er the m od ern  G reat B a s in  groups o r the 
m od ern  S o u th w est p o p u latio n s, a lthou gh  it is  c lo s e r  to  the la tter. T h is  is not 
too  surp rising g iv en  the a b sen ce  o f  hap logrou p  A  fro m  th is re la tiv e ly  large 
sk e le ta l series . T h e  o b serv ed  d iv ersity  valu e fo r  th is an c ien t sam p le is , h o w ­
ev er, w ith in  the o v era ll ran g e  o f  gen e  d iv ers ities  seen  in m o d em  pop u lations 
o f  N o rth  A m erica .

T h e  o v era ll in fe re n ce  fro m  th e co m p a riso n  o f  hap logrou p  freq u en cies  
in  a n c ien t N orth  A m e rica  w ith  th o se  o b serv ed  in  con tem p o rary  pop u lations 
is o n e  o f  re g io n a l and tem p o ra l s tab ility . T h e  re g io n a l pattern ing  so c le a rly  
ev id en t in  m tD N A  d ata o f  N orth  A m erin d ian s and noted  by  sev era l re se a rch ­
ers (L o re n z  and S m ith  1 9 9 6 ; S h ie ld s  e t al. 1 9 9 2 ; C a r ly le  e t al. 1 9 9 9 ; M erri- 
w eth er et al. 1 9 9 5 )  is c le a rly  re fle cte d  in  p reh isto ric  p op u lations as w ell. T h is  
rather u n exp ected  o b serv atio n  has sev era l ram ifica tio n s . F irs t , p reh isto ric  
p op u lations o f  th e  A m e rica s  w ere  ch ara cteriz ed  b y  co n sid era b le  g e n etic  v ari­
a tion , at lea st m tD N A  lin ea g e  v aria tio n . S e co n d , the  g eo g ra p h ic  patterns so 
ev id en t in  m o d em  p op u lations a ro se  early  (g rea ter than  2 , 0 0 0  years b .p .) and 
h av e  rem ain ed  re la tiv e ly  stab le  s in ce . T h ird , th e  stab ility  o f  th ese  reg io n a l 
p atterns in d ica tes  that the  m tD N A  g en o m e w as co m p a ra tiv e ly  little  a ffe cte d  
b y  the d isru p tion  and d em o grap h ic  c o lla p se  that ch ara cteriz ed  m an y A m e r­
ind ian  p op u lations at co n ta ct.

W e  h asten  to  em p h asize  that m tD N A  data are but 1 rea liz a tio n  o f  e v o ­
lu tionary  and p h y lo g en etic  ev en ts. M ito ch o n d ria l D N A  v aria tio n  rep resents 
a  s in g le  lo cu s  and is  su b je c t to  ran d om  lin ea g e  e x tin c tio n  (A v ise  e t al. 1 9 8 4 ) , 
e sp e c ia lly  in sm all p op u lations, such  as m o st p op u lations o f  the A m e rica s  
p ro b ab ly  w ere fo r  m o st o f  th e ir h isto ry . D a ta  on Y -c h ro m o so m e  and o ther 
n u cle a r  m arkers w ould  b e  m o st in stru ctiv e  to  our reco n stru ctio n  o f  th ese  
reg io n a l patterns and w ould  n o t n e ce ssa rily  y ie ld  the sam e in fe re n ce s  (Jo rd e  
e t al. 1 9 9 5 ; H am m er et a l. 1 9 9 7 ) . D o s  S a n to s  e t a l. (1 9 9 9 )  recen tly  reported  
on g en etic  v aria tio n  in  an ad m ixed  com m u n ity  in  A m azo n ia . U sin g  the sam e 
m tD N A  m arkers em p lo y ed  h ere , they  estim ated  that o v er 5 0 %  o f  the c o n te m ­
p orary m tD N A  g en o m e d eriv ed  fro m  n ativ e  A m e rica n  m ito ch o n d ria . In  co n -

# trast, screen in g  fo r  the D Y S 1 9 9 T  a lle le , w h ich  is  sp e c ific  fo r  A m erin d ian s 
(U n d erh ill e t a l. 1 9 9 6 ) , in d ica ted  that less  than 5 %  o f  the con tem p o rary  g e ­
n o m e w as con trib u ted  b y  in d ig en ou s m en . A sy m m etry  in gen e  flow  at ad­
m ixtu re  is n o t su rprising, and sim ila r asy m m etric  e ffe c ts  on d ifferen t m arker 
system s throu gh  m o rta lity , m o rb id ity , m ig ra tio n , and p op u lation  d isp lacem en t 
as a  resu lt o f  c o n ta c t w ould  a lso  n o t b e  su rprising. A s ad d ition al typ es o f  
m arkers (e .g ., Y -c h ro m o s o m e  m arkers, S T R s , A im )  b e co m e  ro u tin ely  a v a il­
a b le  fo r  a n a ly sis  in  p reh isto ric  sam p les, our u n derstand ing o f  p op u lation  d y­
n a m ics  and h isto ry  in  the A m e rica s  and e lsew h ere  w ill b e  enhan ced .
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C o n c lu s io n s

T h e  a n a ly sis  o f  m tD N A  h ap logroup  v aria tio n  in  b o th  a n c ien t and c o n ­
tem p orary  n ativ e  p op u latio n s o f  N orth  A m e rica  d em o n strates  that (1 )  nativ e  
p op u lations o f  N orth  A m e rica  are ch ara cteriz ed  b y  su b stan tia l m tD N A  lin e ­
age  v aria tio n , (2 )  the d istrib u tio n  o f  th ese  lin ea g es  is  g e o g ra p h ica lly  stru c­
tured, and  (3 )  the pattern  o f  h ap logroup  (lin ea g e ) v aria tio n  in  a n c ien t sam p les 
is  co n co rd a n t w ith  the pattern  o b served  in  m o d em  p op u lations liv in g  in  th e 
sam e g eo g rap h ic  reg io n . (4 )  T h u s re g io n a l d iffe re n tia tio n  in  m tD N A  v aria tio n  • 
in  n ativ e  A m e rica  is  re la tiv e ly  s tab le , tem p o ra lly  and g e o g ra p h ica lly , and is 
o f  co n sid era b le  an tiq u ity  (m u ch  g rea ter than  2 ,0 0 0  y ea rs). (5 )  T h e  s tab ility  
o f  the  m tD N A  p ro files  in  g eo g rap h ic  reg io n s  su gg ests  m in im a l d isru ption  o f  
this g en etic  sy stem  and its patterns o f  v a ria b ility  as a  resu lt o f  the d isru ptions 
and d em o g rap h ic  d ec lin e s  a sso c ia te d  w ith  co n ta ct.

Acknowledgments We gratefully acknowledge the Northwestern Band of the Sho­
shone Nation for permission to study the material from the Great Salt Lake Wetlands 
burials and to the Aleut Corporation and the Chaluka Corporation for permission to 
analyze the Aleut material. We also appreciate permission to sample the Anasazi 
material from the American Museum of Natural History, New York, and the Aleut 
samples from the Smithsonian Institution, Washington, DC.

The analyses were supported by the National Science Foundation through 
grants BNS 89-20463 and OPP 99-74623 and doctoral dissertation improvement 
grants OPP 98-13044 and SBR 98-09609 and the Wenner-Gren Foundation for An­
thropological Research. S. Carlyle and G. Hayes were supported by the University of 
Utah Graduate Research Fellowships, and G. Hayes also received support from a 
Post-Graduate Scholarship from the Natural Sciences and Engineering Research 
Council of Canada. Additional research support was provided by the Department of 
Anthropology, College of Social and Behavioral Science, and the George H. Thomas 
Presidential Chair Research Fund at the University of Utah.

We are pleased to thank our colleagues James O’Connell, Duncan Metcalfe, 
Steve Simms, Ryan Parr, Henry Harpending, Alan Rogers, Elise Eller, Steve Wood­
ing, Rika Kaestle, and David Glenn Smith for stimulating, informative, and productive 
discussions and assistance.

Received 3 September 1999; revision received 16 September 1999.

L i t e r a t u r e  C it e d

Avise, J.C., J.E. Neigel, and J. Arnold. 1984. Demographic influences on mitochondrial DNA 
lineage survivorship in animal populations. J. Molec. Evol. 20:99-105.



Temporal Trends in Amerindian DNA / 33

Berry, M.S. 1975. An Archeological Survey o f  the Northeast Portion o f  Arches National Park. 
Antiquities Section Selected Papers, v. 1, no. 3. Salt Lake City, UT: Utah Division of 
State History.

Brown, M.D., S.H. Hosseini, A. Torroni et al. 1998. mtDNA haplogroup X: An ancient link 
between Europe/Western Asia and North America? Am. J. Hum. Genet. 63:1852-1861.

Carlyle, S.W., R.L. Parr, M.G. Hayes et al. 1999. The context of maternal lineages in the greater 
Southwest. Unpublished.

Crawford, M.H. 1998. The Origins o f  Native Americans: Evidence from Anthropological Ge­
netics. Cambridge, England: Cambridge University Press.

Dos Santos, S.E.B., J.D. Rodrigues, A.K.C. Ribeiro-Dos-Santos et al. 1999. Differential con­
tribution of indigenous men and women to the formation of an urban population in the 
Amazon region as revealed by mtDNA' and Y-DNA. Am. J. Phys. Anthropol. 109:175­
180.

Forster, P., R. Harding, A. Torroni et al. 1996. Origin and evolution of Native American mtDNA 
variation: A reappraisal. Am. J. Hum. Genet. 59:935-945.

Gunnerson, J.H. 1969. The Fremont Culture: A Study in Cultural Dynamics on the Northern 
Anasazi Frontier. Papers of the Peabody Museum of Archeology and Ethnology, v. 59, 
no. 2. Cambridge, MA: Harvard University Press.

Hammer, M.F., A.B. Spurdle, T. Karafet et al. 1997. The geographic distribution of human 
Y-chromosome variation. Genetics 145:787-805.

Haskell, J.L. 1987. Southern Athapaskan Migration a.d. 200-1750. Tsaile, AZ: Navajo Com­
munity College Press.

Hayes, M.G. 1998. Mitochondrial DNA variation of ancient Aleuts. Am. J. Phys. Anthropol. 
(suppl. 26):95.

Hrdlicka, A. 1945. The Aleutian and Commander Islands and Their Inhabitants. Philadelphia, 
PA: Wistar Institute of Anatomy and Biology.

Jacobsen, W.H., Jr. 1986. Washoe language. In Handbook o f  North American Indians, v. 11, 
Great Basin, L. D’Azevedo, ed. Washington, DC: Smithsonian Institution, 107-112.

Jorde, L.B., M.J. Bamshad, W.S. Watkins et al. 1995. Origins and affinities of modern humans: 
A comparison of mitochondrial and nuclear genetic data. Am. J. Hum. Genet. 57:523­
538.

Kaestle, F. 1997. Molecular archeology: An analysis of ancient Native American DNA from 
western Nevada. Nev. Hist. Soc. Q. 40:85-96.

Kaestle, F.A. 1998. Molecular evidence for prehistoric Native American population movement: 
The Numic expansion. Ph.D. dissertation, University of California, Davis.

Lamb, S.M. 1958. Linguistic prehistory in the Great Basin. Int. J. Am. Ling. 24:95-100.
Lorenz, J.G., and D.G. Smith. 1996. Distribution of four founding mtDNA haplogroups among 

native North Americans. Am. J. Phys. Anthropol. 101:307-323.
Merriwether, D.A., F. Rothhammer, and R.E. Ferrell. 1995. Distribution of the four founding 

haplotypes in Native Americans suggest a single-wave migration for the New World. 
Am. J. Phys. Anthropol. 98:411-430.

Morss, N. 1931. The Ancient Culture o f  the Fremont River in Utah. Papers of the Peabody 
* Museum of Archeology and Ethnology, v. 12, no. 3. Cambridge, MA: Harvard University 

Press.
Nei, M. 1987. Molecular Evolutionary Genetics. New York: Columbia University Press.
O’Rourke, D.H., A. Mobarry, and B.K. Suarez. 1992. Patterns of genetic variation in native 

America. Hum. Biol. 64:417^434.
O’Rourke, D.H., R.L. Parr, and S.W. Carlyle. 1999. Molecular genetic variation in prehistoric 

inhabitants of the eastern Great Basin. In Understanding Prehistoric Lifeways in the 
Great Basin Wetlands: Bioarcheological Reconstruction and Interpretation, B.E. Hemp­
hill and C.S. Larsen, eds. Salt Lake City, UT: University Press of Utah, 84-102.

Parr, R.L., S.W. Carlyle, and D.H. O'Rourke. 1996. Ancient DNA analysis of Fremont Am­
erindians of the Great Salt Lake Wetlands. Am. J. Phys. Anthropol. 99:507-518.



34  / O ’RO URKE ET AL.

Schurr, T.G., S.W. Ballinger, Y.Y. Gan et al. 1990. Amerindian mitochondrial DNAs have rare 
Asian mutations at high frequencies, suggesting they derived from four primary maternal 
lineages. Am. J. Hum. Genet. 46:613-623.

ScoZzari, R., F. Cruciani, P: Santolamazza et al. 1997. mtDNA and Y-chromosome-specific 
polymorphisms in modern Ojibwa: Implications about the origin of their gene pool. Am. 
J. Hum. Genet. 60:241-244. .

Shields, G.F., K. Hecker, M.I., Voevoda et al. 1992. Absence of the Asian-specific region V 
mitochondrial marker in native Beringians. Am. J. Hum. Genet. 50:758-765.

Simms, S.R. 1999. Farmers, foragers, and adaptive diversity: The Great Salt Lake wetlands 
project. In Understanding Prehistoric Lifeways in the Great Basin Wetlands: B'oar- 
cheological Reconstruction and Interpretation, B.E. Hgmphill and C.S. Larsen, £ds. Salt 
Lake City, UT: University Press of Utah, 21-54.

Simms, S.R., C.J. Loveland, and M.E. Stuart. 1991. Prehistoric Human Skeletal Remains and 
the Prehistory o f  the Great Salt Lake Wetlands. Utah State Contributions to Anthropol­
ogy 6. Logan, UT.

Smith, D.G., R.S. Malhi, J.A. Eshleman et al. 1999. Distribution of mtDNA haplogroup X 
among native North Americans. Am. J. Phys. Anthropol. 110:271-284.

Starikovskaya, Y .B., R.I. Sukernik, T.G. Schurr et al. 1998. mtDNA diversity in Chukchi and 
Siberian Eskimos: Implications for the genetic history of ancient Beringia and the peo­
pling of the New World. Am. J. Hum. Genet. 63:1473-1491.

Stone, A.C., and M. Stoneking. 1993. Ancient DNA from a pre-Columbian Amerindian popu­
lation. Am. J. Phys. Anthropol. 92:463^-71.

Stone, A.C., and M. Stoneking. 1998. mtDNA analysis of prehistoric Oneota population: Im­
plications for the peopling of the New World. Am. J. Hum. Genet. 62:1153-1170.

Suarez, B.K., J.D. Crouse, and D.H. O’Rourke. 1985. Genetic variation in North Amerindian 
populations: The geography of gene frequencies. Am. J. Phys. Anthropol. 67:217-232.

Szathmary, E.J.E. 1993. Genetics of aboriginal North Americans. Evol. Anthropol. 1:202-220.
Torroni, A., Y.-S. Chen, O. Semino et al. 1994. mtDNA and Y-chromosome polymorphisms 

in four Native American populations from southern Mexico. Am. J. Hum. Genet. 54:303­
318.

Torroni, A., T.G. Schurr, M.F. Cabell et al. 1993. Asian affinities and continental radiation of 
the four founding Native American mtDNAs. Am. J. Hum. Genet. 53:563-590.

Torroni, A., T.G. Schurr, C. Yang et al. 1992. Native American mitochondrial DNA analysis 
indicates that the Amerind and the NaDene populations were founded by two indepen­
dent migrations. Genetics 130:153-162.

Torroni, A., R.I. Sukernik, T.G. Schurr et al. 1993. mtDNA variation of aboriginal Siberians 
reveals distinct genetic affinities with Native Americans. Am. J. Hum. Genet. 53:591— 
608.

Underhill, P.A., L. Jin, R. Zemans et al. 1996. A pre-Columbian Y-chromosome-specific tran­
sition and its implications for human evolutionary history. Proc. Natl. Acad. Sci. USA 
93:196-200.

Ward, R.H., B.L. Frazier, K. Dew-Jager et al. 1991. Extensive mitochondrial diversity within 
a single Amerindian tribe. Proc. Natl. Acad. Sci. USA 88:8720-8724.

Ward, R.H., A. Redd, D. Valencia et al. 1993. Genetic and linguistic differentiation in the 
Americas. Proc. Natl. Acad. Sci. USA 90:10,663-10,667.


