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The colonization of Beringia appears closely linked to the arrival of the oldest firmly 
documented archeological tradition in mid-latitude North America (Paleoindian). The dis- 
covery of a Paleoindian complex in central Alaska, combined with the recent redating of 
the Bering Land Bridge and key archeological sites, suggests that Beringia was settled 
during the final Pleistocene interstadial (1 2,000 to 11,000 years before present). Its pop- 
ulation expanded rapidly into other parts of the New World. Beringia probably was colo- 
nized in response to changes in climate and vegetation that occurred during this inter- 
stadial. Access to the Americas was controlled by Beringian environments and not by 
changing sea levels or continental ice masses. 

For over a century, controversy has sur- 
rounded the peopling of the New World 
(I) .  Although the presence of a population 
in North and South America at the close of 
the Pleistocene [roughly 11,000 years be- 
fore present (yr B.P.) (2)] has been thor- 
oughly documented in the archeological 
record, prehistorians continue to debate the 
question of earlier settlement. New claims 
of sites older than 11.500 vr B.P. are made 

ka have yielded traces of an industry older 
than 11,000 yr B.P. that exhibits many 
similarities to early sites in mid-latitude 
North and South America. New research 
also has provided a more accurate picture of 
changing sea levels and environments in 
Beringia at the close of the Pleistocene and 
has revised the dating of some important 
archeological sites in Beringia and North 
America. In this article. we review the new , , 

regularly (3-5). Most claims are withdrawn evidence and present a synthesis for the 
or dismissed in the course of subseauent colonization of Berineia. We also discuss 
investigation, but at least a few sites [such 
as Meadowcroft Rockshelter in Pennsylva- 
nia (6)) have widely accepted ages of 
20,000 to 12,000 yr B.P. or earlier. On the 
other hand, some archeologists have stead- 
fastly maintained that compelling evidence 
for sites older than 11,500 yr B.P. has yet to 
be found (7, 8). 

The oldest archeological sites in the 
New World are assumed to lie in Alaska 
and the Yukon. These regions represent the 
eastern remnant of Beringia, which provid- 
ed the only land connection with the Old 
World and a plausible migration route for a 
Pleistocene population. However, archeol- 
ogists were slow to discover early sites in 
this remote part of the hemisphere. When 
convincing evidence of Pleistocene settle- 
ment finally emerged in the 1960s and 
1970s, the archeological remains bore close 
similarities to some late Pleistocene indus- 
tries of northeast Asia but little resem- 
blance to those from early sites in other 
parts of the New World. The archeological 
finds in Beringia did not shed much light on 
the problem of the initial peopling of the 
Americas (9). 

In recent years, new discoveries in Alas- 
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the implications for the broader issue of the 
peopling of the New World. 

Beringia and the Land Bridge: 
A Revised Chronology 

The term Beringia was originally proposed 
by Hultkn to represent the land mass be- 
tween the Dresent shores of northeast Asia 
and Alaska created by the emergence of 
continental shelf areas during low sea-level 
stands of the Pleistocene (10). Most re- 
searchers now equate this definition with 
the Bering Land Bridge. Hopkins offered a 
broader definition of Beringia, incorporat- 
ing existing land areas of northeast Siberia 
and western Alaska (1 I) ,  whereas others 
have expanded the boundaries to the Lena 
River in the west and the Mackenzie River 
in the east (12-14). 

We draw the boundaries of Beringia along 
the Verkhoyansk Range in the west and the 
margin of the maximum limit of the Lauren- 
tide Ice Sheet, west of the Mackenzie River, 
in the east (Fig. 1). The Verkhoyansk Range 
appears to mark a major barrier to human 
settlement. The area adioinine the western - 
slope of the range (Lena Basin) was probably 
occupied 20,000 to 15,000 yr B.P. or earlier 
(15), whereas lands east of the range now 
seem to have been settled only at the close of 
the Pleistocene. The Verkhovansk Mountains 
are unlikely to have blocked human coloniza- 

tion of Beringia [although they were glaciated 
from 25,000 to 14,000 yr B.P. (16)) but 
appear to have been a boundary of some 
environmental significance [they currently de- 
lineate differences in temperature and mois- 
ture (li')]. In the east, the margin of the 
Laurentide Ice Sheet was an impenetrable 
(but dynamic) ecological barrier. 

Past episodes of cold climate, by generat- 
ing growth in continental ice masses with 
corresponding reductions in global sea level, 
have periodically united the two halves of 
Beringia. A drop in sea level of -50 m was 
necessary for creation of the land bridge 
(1 8). Although reconstruction of the land 
bridge's history has been complicated by 
isostatic uplift and postglacial marine-sedi- 
ment deposition, a chronology for the Late 
Pleistocene (128,000 to 10,000 yr B.P.) has 
been developed on the basis of dated shore- 
lines, marine-sediment cores, and other data 
sources (1 9-2 1 ) . According to the chronol- 
ogy, at least portions of the Bering Land 
Bridge were exposed during most, if not all, 
of oxygen-isotope stage 3 (60,000 to 25,000 
yr B.P.). During the succeeding stage 2 (or 
Last Glacial Maximum and Late Glacial), 
global sea level fell as much as 12 1 m below 
that of the present day and the land bridge 
probably reached its maximum extent be- 
tween 20,000 and 18,000 yr B.P. Until 
recently, it was believed that a rapid rise in 
sea level after the Last Glacial Maximum 
cold peak reduced the land bridge to a 
"narrow isthmus" at Anadyr Strait as early as 
15,500 yr B.P., which was flooded by 14,400 
yr B.P. (20, 2 1). In short, it appeared that a 
land migration to the New World was not 
possible after -14,000 yr B.P. 

New studies of global sea level since 
17,000 yr B.P. have underlined the need for 
significant revision of the previously accept- 
ed chronology. Analysis of coral cores 
(dated by 14C) from Barbados indicates that 
sea level remained below -70 m as late as 
12,000 yr B.P. and did not rise above -50 m 
until after 10,000 yr B.P. (22). Application 
of the Barbados chronology to Beringia is 
supported by terrestrial plant and animal 
remains dated (14C) to 11,330 and 11,000 yr 
B.P., respectively, which were found in peat 
cores recovered at depths of -50 m off the 
coast of northwest Alaska (23). A land 
connection between northeast Siberia and 
Alaska thus appears to have survived as late 
as 11,000 or 10,000 yr B.P. 

It has never been clear if the presence of 
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the land bridge was critical to the occupa- 
tion of the New World. During the Ho- 
locene, hunter-gatherer peoples moved 
freely across the Bering Strait by way of 
water or sea ice, and comparable bodies of 
water were crossed elsewhere during the " 
Pleistocene [for example, the Timor Sea 
(24)]. However, the presence of the land 
bridge does hold major implications for 
the colonization process because the sub- 
mergence of continental shelf areas would 
have converted a dry interior plain in 
central Berineia into a maritime coastal " 
region. Once this event took place, only 
peoples adapted to coastal environments 
would have been likely to move from 
northeast Asia into Alaska. The evidence 
for a younger land bridge indicates that 
big-game hunters adapted to continental 
interior environments could have colo- 
nized Beringia as late as 12,000 to 10,000 
yr B.P. 

Retreating ice masses in western Can- 
ada yielded access from Beringia to the 
North American Plains by at least 14,000 
vr B.P. An ice-free corridor between the 
Laurentide and Cordilleran ice sheets may 
have been present throughout much of the 
Last Glacial Maximum (25,000 to 14,000 
yr B.P.) but might have sustained little 
in the way of plant and animal communi- 
ties (25, 26). The evidence for viable 
access routes to mid-latitude regions of 

Fig. 1. Map of Beringia 
illustrating major geo- 
graphic features, in- 
cluding approximate 
position of coastal mar- 
gins during the Last 
Glacial Maximum (cor- 
responding to the 
200-1-17 depth contour) 
and principal archeo- 
logical localities dis- 
cussed in the text. 

North America indicates that a Beringian 
population could have colonized other 
parts of the New World as early as 14,000 
yr B.P. 

The Beringian 
Environmental Debate 

During the Last Glacial Maximum, Berin- 
gian environments were significantly colder 
and drier than those of the present (27, 
28). However, there is still disagreement 
among researchers regarding the character 
of the landscape. Paleoenvironmental mod- 
els of Berineia under full glacial conditions " " 
range from a relatively productive cold 
steppe, populated with a diverse communi- 
ty of large mammals (based primarily on 
faunal remains) (29), to a bleak polar des- 
ert, unable to support a substantial mam- 
malian biomass (based on palynological 
data) (30). 

The palynological data are derived 
from lacustrine sediment cores and from 
loess and buried peat deposits in various 
parts of Beringia. Most of the data have 
been collected from localities in Alaska 
and the Yukon, where calibrated se- 
quences for the last 25,000 years consis- 
tently yield a succession of three major 
stages: (i) an herb zone dominated by 
grasses, sedges, willow, and sage (Artemi- 
sia) (25,000 to 14,000 yr B.P.); (ii) a zone 

that exhibits a significant increase in dwarf 
birch (beginning 14,000 to 12,000 yr 
B.P.); and (iii) a time-transgressive zone 
characterized by a sharp increase in alder 
and some spruce (beginning 10,000 to 
7,000 yr B.P.) (28, 31-33). A similar (but 
not identical) sequence of stages is evident 
in northeast Asia (34). . , 

There is widespread agreement that the 
herb zone, which corresponds to the Last 
Glacial Maximum, reflects an almost com- 
plete absence of trees from Beringian land- 
scapes. This conclusion is supported by 
the scarcity of wood fragments in riverine 
deposits dated between 25,000 and 14,000 
yr B.P. (28, 35). However, controversy 
surrounds the inter~retation of the nonar- 
boreal pollen record. Colinvaux, Ritchie, 
and Cwynar have used the low influx 
rates, limited ecological diversity, and arc- 
tic-alpine affiliations of the pollen spectra 
taken from several key lake cores to argue 
that the herb zone represents an arctic 
tundra or polar desert (36). They conclud- 
ed that Beiingian environments of the 
Last Glacial Maximum could not have 
sustained a large and diverse community of 
ungulates, and Colinvaux and West fur- 
ther suggested that the poverty of large 
mammalian prey inhibited human coloni- 
zation of Beringia until the spread of mesic 
shrub tundra vegetation recorded in the 
birch zone (after 14;000 yr B.P.) (30). 
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Healy Lake 

Chugwater 
Dry Creek 

Avmge date Humic Nenana (or other pre- 
*Aberrant date Modern B horizon ' microblade) Complex 

Buried forest soil DemLiCom~lex 
Microfault Other cm Broken Mammoth 

Fig. 2. Stratigraphic profiles from archeological sites in central Alaska: (A) (G) Chugwater (Tanana Valley) (39, 43-47). "Other complex" includes, 
Dry Creek (Nenana Valley), (B) Panguingue Creek (Nenana Valley), (C) for example, Northern Archaic and Late Microblade. Numbers to the right 
Walker Road (Nenana Valley), (D) Owl Ridge (Teklanika Valley), (E) of each profile in years before present. 
Broken Mammoth (Tanana Valley), (F) Healy Lake (Tanana Valley), and 

Alternativelv. Guthrie and others ar- , , 
gued that Beringian environments were 
more steppic in character and supported a 
diverse community of large mammals (29, 
37). Many of the species in this communi- 
ty, which include woolly mammoth, steppe 
bison, horse, reindeer, camel, saiga, and 
others, could not have subsisted on tundra 
vegetation. Contrary to earlier assertions 
(32), a growing number of radiocarbon 
dates indicate that most, if not all, mem- 
bers of this community were present during 
the Last Glacial Maximum (herb zone) and 
Late Glacial (birch zone) (37). Guthrie , . ,  
concluded that' large mammalian prey pop- 
ulations were abundant in Beringia before 
14,000 to 12,000 yr B.P. and that another 
factor-probably lack of adequate wood for 
fuel-prevented human colonization of the 
region until the Late Glacial (29). The 
eastern Beringian pollen record reflects sig- 
nificant increases in aspen, followed by 
successive peaks of willow and juniper, after 
12,000 yr B.P. (33). 

Although the debate continues, consen- 
sus has emerged that Last Glacial environ- 
ments probably contained a complex mosa- 
ic of vegetation that included some steppic 
communities. There seems to have been a 
diverse large-mammal community between 
25,000 and 12,000 yr B.P. The apparent 
discrepancy between the faunal and palyno- 
logical data is probably due, at least in part, 
to the variability in plant communities 
among different regions and topographic 

settings in Beringia. More steppic vegeta- 
tion may have been concentrated in the 
river valleys, broad outwash plains, and 
south-facing slopes (27, 33, 38). In any 
case, we agree with Guthrie that lack of 
adequate mammalian prey is unlikely to 
have been the barrier to human settlement 
before 14,000 to 12,000 yr B.P. 

The Late Glacial Archeology of 
Beringia: Central Alaska 

The early prehistory of Beringia remains 
poorly understood. A substantial portion of 
the original landscape is under water and 
inaccessible to archeologists. More impor- 
tant, the remnants of Beringia (northeast- 
ern Yakutia, Chukotka, Alaska, and the 
Yukon) have been subjected to limited 
modern settlement. Activities that typical- 
ly produce archeological discoveries (such 
as road and dam construction) are relatively 
rare in these regions. Most of the early 
prehistoric sites discovered to date in Alas- 
ka have been found along major highway 
corridors. 

Central Alaska contains the most im- 
portant early sites in Beringia, in no small 
part because of the stratigraphic and chro- 
nologic context provided by the loess de- 
posits that occur in this region. The two 
principal concentrations of sites are in the 
north-central Alaska Range and the 
Tanana Valley. Remains at these sites are 
buried in aeolian sand and silt that typically 

contain buried soil horizons. At many sites, 
the deposits are sufficiently deep (1 to 2 m) 
that mixture of materials from different 
time periods has been minimal. Although 
most are poor in paleobotanical and faunal 
remains, information derived from the sed- 
iments and buried soils facilitates both their 
integration with the regional paleoclimatic 
sequence and cross correlation among sites 
(39, 40) (Fig. 2). 

Sites in the Alaska Range are found in 
both the range itself and the northern 
foothills. In the range, sites are located in 
the upper reaches of three major rivers that 
flow north into the Tanana Basin: Teklan- 
ika River (Teklanika East and West sites), 
Nenana River (Carlo Creek site), and Del- 
ta River (Tangle Lakes sites) (1 2, 41, 42). 
With the exception of Carlo Creek, where 
artifacts and faunal debris are buried in 
fluvial sediment, remains at these sites are 
contained in shallow aeolian deposits (0.2 
to 0.5 m). Occupation of the Tangle Lakes 
and Carlo Creek sites is dated (14C) be- 
tween 10,150 and 8,400 yr B.P., whereas a 
dated buried soil of Middle Holocene age 
overlies the occupation level at Teklanika 
West. 

The Tangle Lakes and Teklanika River 
sites contain artifacts (including wedge- 
shaped microcores, microblades, burins, 
and lanceolate points) characteristic of the 
Denali Complex, which was defined by 
West (41). This complex represents a re- 
gional and temporal variant of a microblade 
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Fig. 3. Bifacially retouched artifacts assigned to the Nenana Complex (Nenana Valley), (D, G, H, J, K, and M) Healy Lake (Tanana Valley), and 
from (A and E) Dry Creek (Nenana Valley), (B, C, and F) Walker Road (I, L, and N) Chugwater (Tanana Valley). 

industrv that was wides~read across north- 
east Asia and northwestern North America 
in the Late Pleistocene and Early Holocene 
(9, 12, 15). The Carlo Creek assemblage is 
small and contains few diagnostic items but 
is assigned to the Denali Complex on the 
basis of dating and presence of some generic 
Denali types (lanceolate bifaces and large 
blades) (42). 

Sites in the north-central foothills of the 
Alaska Range are found in major valleys 
along the margins of terraces adjacent to 
tributary streams and comprise those in the 
Nenana Valley (Dry Creek, Walker Road, 
Panguingue Creek, and Moose Creek) and 
Teklanika Valley (Owl Ridge) (39, 40, 43). 
Remains at these localities are buried in 
loess and aeolian sand deposits (typically 1 
m or more in depth) that began to accumu- 
late -12,000 yr B.P. The oldest occupation 
levels in the foothills occur near the base of 
these aeolian deposits and are dated [con- 
ventional and accelerator mass spectrome- 
try (AMS) 14C] between 11,820 and 
11,010 yr B.P. A small quantity of faunal 
remains (sheep and wapiti) was recovered 
from Dry Creek. 

Lithic assemblages from the lowest occu- 
 ati ion levels at Drv Creek and Walker Road 
ieflect flake and blade core technology, but 
wedge-shaped microcores and microblades 
are completely absent. Retouched items in- 
clude small bifacial points (teardrop-shaped 
and triangular), bifaces, end scrapers, side 
scrapers, wedges (pikes esquille'es) , and 
planes. These assemblages are assigned to 
the recently defined Nenana Complex (39) 
(Figs. 3 and 4). The dating and character of 
the lowest assemblages at Moose Creek and 
Owl Ridge are uncertain. These assemblages 
are dated to > 11,000 yr B.P. and lack 
microblade technology, but preliminary test 

excavations have not yielded diagnostic ele- 
ments of the Nenana Complex. 

Sites in the foothill zone also contain 
assemblages assigned to the Denali Com- 
plex. These assemblages, which are found 
at Dry Creek, Panguingue Creek, and pos- 
sibly Owl Ridge, have been dated (conven- 
tional and AMS 14C) between 10,690 and 
7,230 yr B.P. The artifacts from Dry Creek 
and Panguingue Creek are highly diagnostic 
and include wedge-shaped microcores, mi- 
croblades, burins, lanceolate points, and 
bifacial knives (Fig. 5); some faunal re- 
mains (bison and sheep) were recovered 
from Dry Creek. The assemblage from Owl 
Ridge that falls in this time range lacks 
diagnostic artifact forms. The Donnelly 
Ridge site, located on a Late Pleistocene 
terminal moraine in the Delta Valley, con- 
tains a typical Denali Complex assemblage 
but remains undated (41). 

Sites in the Tanana Valley are situated 
on bedrock ridges and knobs overlooking the 
north side of the river. These sites, which 
include Healy Lake, Chugwater, and Broken 
Mammoth, also contain remains buried in 
aeolian sand and loess that vary from 0.3 to 
2.5 m in depth (44-47). At Healy Lake, 
where the deposits are relatively shallow 
(-0.5 m), artifacts diagnostic of both the 
Nenana and Denali Complexes (such as 
teardrop-shaped and triangular points and 
wedge-shaped microcores) were recovered 
from the lower levels. These levels, which 
appear to have been mixed, yielded 14C 
dates between 11,090 and 6,650 yr B.P. 
(45). Although the deposits at Chugwater 
are equally shallow (0.3 to 0.5 m), excava- 
tors identified a Denali component (dated at 
9460 to 6260 yr B.P.) overlying a Nenana 
component (undated) (45). 

The recently discovered Broken Mam- 

Fig. 4. Other characteristic artifact types as- 
signed to the Nenana Complex, including (A) 
piece esquillee, (B and H) retouched blades, 
(C) graver, (D to F) end scrapers, (G) side 
scraper, and (I )  plane. All specimens are from 
the Walker Road site (Nenana Valley). 

moth site, which is located at the mouth of 
Shaw Creek, is likely to become the most 
important early prehistoric site in the 
Tanana Basin (47). Artifacts and a large 
quantity of faunal remains (including bison, 
elk, caribou, and various small vertebrates) 
are buried in deposits of loess and aeolian 
sand that average 2.3 to 2.5 m in depth. 
The lowest occupation level has yet to 
produce diagnostic artifacts but has been 
dated (14C) at 11,770 to 11,040 yr B.P. 
The overlying occupation horizon has 
yielded a small bifacial point and point 
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Fig. 5. Artifacts assigned to the 
Denali Complex, including (A) lan- 
ceolate point fragment, (B and C) 
bifaces, (D to F) burins, (G and H) 
microblades, (I and J) wedge- 
shaped microcores, (K) retouched 
flake, and (L) side scraper. All 
specimens are from the Dry Creek 
site (Nenana Valley). 

fragment similar to those from Nenana 
Complex assemblages. However, I4C ages 
on this layer (10,270 to 9,310 yr B.P.) are 
slightly younger than the dates on the 
Nenana Complex from the northern foot- 
hills of the Alaska Range. The uppermost 
occupation level contains a microblade as- 
semblage dated at 4690 to 2040 yr B.P. 

The central Alaskan record indicates that 
the earliest documented occupants (repre- 
sented in the Nenana Complex) entered the 
region during the 12,000 to 11,000 yr B.P. 
interstadial (48). They hunted large mam- 
mals such as bison and elk in the Tanana 
Vallev and s h e e ~  in the northern foothills of 
the Alaska Range; they also may have ex- 
ploited smaller mammals, birds, and fish. 
The earliest inhabitants of central Alaska 
manufactured a stone tool kit that included 
small bifacial points, end scrapers, and a 
variety of less diagnostic items but no wedge- 
shaped cores or microblades. A microblade 
industry did not appear until -10,700 yr 
B.P., which coincided with the onset of the 
final cold oscillation of the Late Pleistocene 
(48). The people who manufactured this 
microblade industry not only occupied the 
Tanana Basin and foothill zone but infiltrated 
alpine valleys in the Alaska Range. Although 
they sometimes camped at the same locations 
(where their remains occur stratigraphically 
above those of the Nenana Complex) and 
exploited the same resources, their technolo- 
gy and tools dlffered sharply from those of the 
earlier occupants of the region. Nevertheless, 
there is evidence of some temporal overlap 
between the two complexes from the Tanana 
Basin (at Broken Mammoth). 

The Late Glacial Archeology of 
Beringia: Other Regions 

Archeological sites of Pleistocene age are 
found in other parts of the former Beringian 
land mass but fail to provide a coherent 
picture outside the context of the central 
Alaskan record. Until recently, these sites 
were widely believed to demonstrate that 
humans settled Beringia at least 15,000 yr 

B.P. and that a Beringian microblade in- 
dustry existed before 11,000 yr B.P. (12, 
14). However, research conducted during 
the past decade has undermined both prop- 
ositions. 

Sites in other parts of Alaska yield little 
information on events before 11,000 yr B.P. 
On the Seward Peninsula, Trail Creek Cave 
9 contained a bison bone that appeared to 
have been broken by humans 13,070 yr B.P. 
(49). However. no other traces of human .. , 
occupation are documented and the break- 
age is generally assumed to be of nonhuman 
origin (probably carnivore) (50). In the 
northern Brooks Range, artifacts were recov- 
ered from shallow loess deposits ( ~ 0 . 5  m) at 
the Putu site that contained a hearth dated 
to 11,470 yr B.P. Dates of 8454 to 5700 yr 
B.P. were also obtained from charcoal and 
soil organics in the loess. The assemblage 
includes fluted points, lanceolate points, 
burins. and microblades. but it is not clear 
which'artifacts are associated with the dated 
hearth (51, 52). By contrast, sites in many 
parts of Alaska reflect the spread of micro- 
blade technology after 10,700 yr B.P. [for 
example, at Trail Creek Caves, Onion Por- 
tage, Ugashik lakes, and Ground Hog Bay 
(49, 531. 

Several researchers formerly postulated a 
human presence in the Old Crow Basin of 
the northern Yukon as early as 80,000 to 
30,000 yr B.P. on the basis of flaked and 
fragmented mammal bones dating to this 
time interval (54). However, the specimens 
now appear to represent naturally fractured 
bone and artifacts of Holocene age (55). 
Late Pleistocene occu~ation of the north- 
ern Yukon also has been suggested at the 
Bluefish Caves. where stone artifacts (in- 
cluding wedge-shaped microcore, micro- 
blades. and burins) and faunal remains 
(mammoth, bison, horse, and others) were 
recovered from shallow loess deposits (14, 
50). Although I4C ages between 25,000 
and 12,000 yr B.P. were obtained from the 
bones. the relation between the bones and 
artifacts remains unclear and the age of the 
latter has yet to be established. 

To date, only two stratified Pleistocene 
sites have been re~orted from western Ber- 
ingia: Berelekh (near the mouth of the 
Indigirka River) and Ushki I (central Kam- 
chatka). At Berelekh, artifacts were origi- 
nally reported in association with a large 
concentration of faunal debris (chiefly 
mammoth) that yielded dates from 13,420 
to 12,240 yr B.P. (15). However, subse- 
quent investigation revealed that, although 
most of the mammoth remains are buried 
3.5 to 4 m below the surface, the artifacts 
are found at depths of 1.5 and 2.5 m (56). 
With the exception of several mammoth 
and horse bone fragments, faunal remains 
associated with the artifacts are confined to 
modern species. Investigators suggested 
that the mammoth fragments (which are 
more weathered than other faunal remains 
recovered with the artifacts) were scav- 
enged from the older bone bed and that the 
site was not occupied by humans until after 
12,000 yr B.P. The character of the artifact 
assemblage is ambiguous. Neither the iso- 
lated small blade fragments (found in strati- 
graphic context) nor single microcore 
(found on the riverbank) conforms to diag- 
nostic types of the Siberian and Beringian 
microblade industries. One teardrop-shaped 
bifacial point also was recovered on the 
riverbank. 

Central Kamchatka is situated at a more 
southerly latitude (57"N), in a more mari- 
time climatic setting, and may reflect a 
somewhat different history of settlement 
than the regions discussed above. At Ushki - 
I, the lowest occupation horizon (layer 7) 
yielded an artifact assemblage with numer- 
ous bifacial points (chiefly stemmed), end 
scrapeis, side scrapers, burins, and other 
items dated at 14,300 to 13,600 yr B.P. 
(57). Subsequently, a younger I4C date of 
9750 yr B.P. was reported for this'level 
(58). Although the assemblage lacks micro- 
blades and mav antedate 11.000 vr B.P.. its , , 

relation to other Beringian sites is unclear. 
The overlvine laver 6 contains an assem- , - ,  
blage of wedge-shaped microcores, micro- 
blades, bifacial knives, and burins dating 
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from 10,860 to 10,360 yr B.P. 
The recently discovered El'gakhchan 

site. on the Omolon River in western 
Chukotka, may represent another Pleis- 
tocene occupation in western Beringia 
(59). The site currently is under excava- 
tion, and only preliminary data are avail- 
able. A lithic assemblage containing small 
bifacial points (stemmed and teardrop- 
shaped), bifacial knives, side scrapers, end 
scrapers, and burins is reportedly buried in 
loess deposits (- 1 m in depth). 

The Search for Older Sites 

It is impossible to prove the negative in the 
historical sciences. The lack of evidence for 
settlement in Beringia and the New World 
before 12.000 vr B.P. can alwavs be attrib- , , 
uted to insufficient preservation or sam- 
pling. Therefore, the appropriate question 
is: What is the significance of the negative 
evidence? 

There is a considerable body of negative 
evidence regarding human settlement south 
of the Laurentide Ice Sheet before 12,000 yr 
B.P. (60, 61). The issue is pertinent to the 
~roblem of Berineian colonization because - 
the firmly documented presence of humans 
in other regions of the New World before 
this time implies that there must have been 
equally old or older sites in Beringia. How- 
ever, despite years of intensive archeological 
investigation in many areas of North and 
South America, only a handful of sites have 
been discovered that may antedate 12,000 yr 
B.P. Even the most impressive examples, 
such as Meadowcroft Rockshelter (6) and 
Monte Verde (62), remain problematic (6 1, 
63). The consistent failure to find indisput- 
able evidence of human occupation in prom- 
ising sedimentary and topographic contexts 
(64) lends much weight to the argument 
that humans were not present before 12,000 
yr B.P. 

Beringia must be evaluated separately 
because much of it remains inaccessible, 
untested, and thinly settled. However, 
there is a small but growing body of nega- 
tive evidence against Beringian coloniza- 
tion before 12,000 yr B.P. Several major 
reconnaissance and survey projects have 
specifically sampled Quaternary deposits in 
Alaska and the Yukon that might contain 
archeological remains from this time. These 
include alluvial deposits in the Old Crow 
Basin (54), cave deposits along the Porcu- 
pine River (65), and loess deposits in the 
Middle Kuskokwim region (66). A variety 
of settings (loessic colluvium, glaciofluvial 
outwash, and fan alluvium) have been test- 
ed in the northern foothills of the Alaska 
Range (67). The most significant evidence 
against earlier Beringian settlement may be 
the lack of firmly dated occupations older 
than -11,000 yr B.P. in mid-latitude 

North America and further south, despite 
apparent access to these regions from Ber- 
ingia by at least 14,000 yr B.P. 

The Nenana Complex and the 
Paleoindian Tradition 

The Clovis Com~lex of the Paleoindian 
Tradition remains the oldest firmly docu- 
mented archeological entity in mid-latitude 
North America (68-70). The industry is 
characterized by flake and blade core tech- 
nology and production of bifacial projectile 
points (typically lanceolate fluted points), 
end scrapers, side scrapers, pieces esquillies, 
and gravers. Wedge-shaped microcores and 
microblades are absent, and burins are gen- 
erally rare. Clovis assemblages are com- 
monly associated with the remains of large 
mammals, especially mammoth and bison. 

New AMS 14C ages and reanalyses of old 
dates from key sites indicate that Clovis 
occupations tend to cluster between 11,200 
and 10,900 yr B.P. and not, as previously 
thought, between 11,500 and 11,000 yr 
B.P. (71). The revised chronology reveals 
significant temporal overlap among Clovis, 
the slightly younger Folsom, and possibly 
other Paleoindian complexes (72). There 
now appears to have been considerable 
variability among Paleoindian assemblages 
in mid-latitude North America - 11,000 yr 
B.P., especially with respect to point typol- 
ogy. Such variability is also evident among 
the South American industries in this time 
range (73). 

The absence of incontrovertible evi- 
dence of occupation before Clovis has en- 
couraged researchers to seek its origins in 
the archeological record of Beringia and the 
adjoining areas of northeast Asia. Howev- 
er, there are striking differences between 
the technology and typology of the Clovis 
Com~lex and the microblade industrv that 
dominated the early record of those regions 
for many decades (especially the absence of 
wedge-shaped microcores and microblades 
from the former). Some researchers empha- 
sized that similarities do exist between the 
two industries (such as bifacial points and 
large blades) and suggested that the con- 
trasts reflected rapid adaptive shifts in tech- 
nology and tool kits as Beringian popula- 
tions expanded southward into new envi- 
ronments (12, 29). Others postulated that a 
yet undiscovered or undated pre-microblade 
horizon was present in Beringia (9). Advo- 
cates of this hypothesis were encouraged by 
the repeated discovery from the late 1940s 
onward of fluted points in northern Alaska 
and the Yukon (52, 74). However, these 
~o in t s  were recovered from surficial or un- 
dated contexts and could not be definitively 
assigned to an early time period (75). 

New developments in central Alaskan 
archeology during the past decade have 

dramatically altered this situation. The dis- 
covery of a non-microblade industry in a 
Late Pleistocene stratigraphic and geochro- 
nologic context provided a link between 
the Clovis Complex and the colonization of 
Beringia (39, 70). A quantitative compar- 
ison of selected Nenana and Clovis assem- 
blages indicates that the two complexes are 
highly similar and share most diagnostic 
elements (including bifacial projectile 
points, end scrapers, pieces esquillies, con- 
vex side scrapers, and gravers) (76). The 
major difference lies in the apparent ab- 
sence of lanceolate fluted uoints in the 
Nenana Complex. However, the early Pa- 
leoindian sites contain a varietv of bifacial 
point forms, and some Clovis assemblages 
include small non-fluted forms (77). 

There is a solid technological and typo- 
logical basis for the inclusion of the Nenana 
Complex into the Paleoindian Tradition 
(76, 78). Furthermore, the revised dating of 
key Clovis sites suggests that the Nenana 
Complex antedates Clovis by a hundred 
years or more, and so it emerges as a logical 
source for the latter. By contrast, the Berin- 
gian microblade industry (assigned to the 
Paleoarctic Tradition) cannot be reliably 
dated to earlier than 10,900 yr B.P. in 
western Beringia (Kamchatka) and 10,700 
yr B.P. in eastern Beringia (Alaska). 

The Colonizati~n of Beringia: 
Timing and Causes 

Recent discoveries and new research have 
undermined some Dast assum~tions and in- 
terpretations of the colonization of Berin- 
gia. On the basis of these results, we pro- 
pose a revised model for this major event in 
human prehistory and its relation to the 
peopling of the New World. 

1) The settlement of Beringia began 
-12,000 yr B.P. (although marginal areas 
of southwestern Beringia may have been 
occupied as early as 14,000 yr B.P.). The 
continued presence of a land bridge permit- 
ted rapid colonization of western and east- 
em Beringia. The lack of occupations in 
other regions of the New World that are 
firmly dated to before 11,200 yr B.P., de- 
spite apparent access to these regions from 
Alaska and the Yukon bv at least 14.000 vr ., , 
B.P., suggests the absence of a Beringian 
population before 12,000 yr B.P. 

2) Beringia was colonized at the begin- 
ning of a major interstadial (12,000 to 
11,000 yr B.P.) and probably in response to 
environmental changes that occurred at 
this time. The critical environmental vari- 
able may have been the reappearance of 
trees in river vallevs and other areas. which 
provided adequate fuel sources for the first 
time since 25,000 yr B.P. or earlier (79). 
Palynological data from eastern Beringia 
indicate an invasion of trees (initially aspen 
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and balsam poplar) after 12,000 yr B.P. 
3) No obvious source for the early Ber-

ingian Complex can now be identified in 
northeast Asia. The lithic technology and 
typology of the Nenana Complex bear lim
ited resemblance to the microblade indus
tries that were widespread in northeast Asia 
(including the Lena Basin, northern Chi
na, and Japan) between 15,000 and 10,000 
yr B.P., although elements (such as bifacial 
points and end scrapers) are present in some 
sites. Non-microblade industries in these 
regions, which typically reflect flake and 
blade core technology and contain side 
scrapers, end scrapers, retouched blades, 
and other generic tool forms, are generally 
dated to before 15,000 yr B.P. (15, 80). 

4) The people who occupied Beringia 
after 12,000 yr B.P. expanded rapidly into 
other parts of the New World. The lithic 
assemblages in mid-latitude North America 
(including those assigned to the Clovis 
Complex) that date to -11,000 yr B.P. 
bear many similarities to those of the 
Nenana Complex and probably represent 
the same population. Movement from Ber
ingia to mid-latitude North America was 
not constrained by continental ice masses, 
which apparently were not a barrier to 
migration as early as 14,000 yr B.P. 

5) After the onset of the final Pleis
tocene cold oscillation at 11,000 to 10,500 
yr B.P. (Younger Dry as), early Beringian 
industries were replaced by a distinctive 
microblade technology (81), This abrupt 
transition probably reflects the spread of a 
new population, which is consistent with 
the hypothesis (based on linguistic, dental, 
and genetic studies) that two or more mi
grations occurred at the close of the Pleis
tocene (82). The microblade technology 
never spread beyond the northern regions 
of North America. 

REFERENCES AND NOTES 

1. D. J. Meltzer, in Advances in Archaeological 
Method and Theory, M. Schiffer, Ed. (Academic 
Press, New York, 1983), vol. 6, pp. 1-51; B. M. 
Fagan, The Great Journey: The Peopling of An
cient America (Thames and Hudson, London, 
1987); T. D. Dillehay and D. J. Meltzer, Eds., The 
First Americans: Search and Research (CRC 
Press, Boca Raton, FL, 1991). 

2. Throughout the text, dates are given as "yr B.P." 
and represent uncorrected radiocarbon years be
fore the present (A.D. 1950); standard deviations 
have been omitted for the sake of brevity. They 
have not been corrected for past fluctuations in 
the production of atmospheric 14C, which cause 
discrepancies of as much as 700 years between 
14C ages and samples of 4500 calendar years. 
However, these fluctuations cannot be estimated 
with precision for Pleistocene samples [D. Q. 
Bowen, Quaternary Geology (Pergamon, Oxford, 
1978)]. 

3. A. L. Bryan, Ed., Early Man in America from a 
Circum-Pacific Perspective (Occasional Paper 1, 
Department of Anthropology, University of Al
berta, Edmonton, 1978). 

4. R. Humphrey and D. Stanford, Eds., Pre-Llano 
Cultures of the Americas: Paradoxes and Possi

bilities (Anthropological Society of Washington, 
Washington, DC, 1979). 

5. A. L. Bryan, Ed., New Evidence for Pleistocene 
Peopling of the Americas (Center for the Study of 
Early Man, University of Maine, Orono, 1986). 

6. J. M. Adovasio, J. D. Gunn, J. Donahue, R. 
Stuckenrath, Am. Antiq. 43, 632 (1978). 

7. P. S. Martin, Science 179, 969 (1973); D. F. 
Dincauze, in Advances in World Archaeology, F. 
Wendorf and A. E. Close, Eds. (Academic Press, 
Orlando, FL, 1984), vol. 3, pp. 275-323; C. V. 
Haynes, Kiva 52, 83 (1987). 

8. F. H. West, in Late-Quaternary Environments of 
the United States, H. Wright, Ed. (Univ. of Minne
sota Press, Minneapolis, 1983), vol. 1, pp. 364-
382. 

9. D. E. Dumond, Science 209, 984 (1980). 
10. E. Hulten, Outline of the History of Arctic and 

Boreal Biota During the Quaternary Period (Bok-
forlags Aktiebolaget Thule, Stockholm, 1937), p. 
34. 

11. D. M. Hopkins, Ed., The Bering Land Bridge 
(Stanford Univ. Press, Stanford, CA, 1967). 

12. F. H. West, The Archaeology of Beringia (Colum
bia Univ. Press, New York, 1981). 

13. B. A. Yurtsev, in Beringia in the Cenozoic Era, V. 
Kontrimavichus, Ed. (Amerind, New Delhi, 1984), 
pp. 261-275. 

14. R. E. Morlan, in The Evolution of Human Hunting, 
M. Nitecki and D. Nitecki, Eds. (Plenum, New 
York, 1987), pp. 267-307. 

15. Yu. A. Mochanov, Drevneishie etapy zaseleniya 
chelovekom Severo-Vostochnoi Azii (Nauka, No
vosibirsk, 1977). 

16. L. L. Isayeva, in Late-Quaternary Environments of 
the Soviet Union, A. Velichko, Ed. (Univ. of Min
nesota Press, Minneapolis, 1984), pp. 21-30. 

17. A. A. Borisov, Climates of the US.S.R. (Oliver and 
Boyd, Edinburgh, 1965); The New Oxford Atlas 
(Oxford Univ. Press, Oxford, 1978), p. 98. 

18. D. M. Hopkins, Science 129, 1519 (1959); J. S. 
Creager and D. A. McManus, in (11), pp. 7-31. 

19. D. M. Hopkins, Quat. Res. 3, 520 (1973). 
20. , in Paleoecology of Beringia, D. Hopkins, 

J. Matthews, C. Schweger, S. Young, Eds. (Aca
demic Press, New York, 1982), pp. 3-28. 

21. D. A. McManus and J. S. Creager, Quat. Res. 21, 
317(1984). 

22. R. G. Fairbanks, Nature 342, 637 (1989). 
23. S. A. Elias, S. K. Short, R. L. Phillips, Quat. Res., in 

press. 
24. J. B. Birdsell, in Sunda and Sahul: Prehistoric 

Studies in South-East Asia, Melanesia, and Aus
tralia, J. Allen, J. Golson, R. Jones, Eds. (Academ
ic Press, London, 1977), pp. 113-167. 

25. A. S. Dyke and V. K. Prest, Geogr. Phys. Quat. 41, 
237 (1987). 

26. N. Catto and C. Mandryk, in Megafauna and Man: 
Discovery of America's Heartland, L. Agenbroad, 
J. Mead, L. Nelson, Eds. (The Mammoth Site of 
Hot Springs, South Dakota, Hot Springs, 1990), 
pp. 80-85; C. A. Mandryk, ibid., pp. 67-79. 

27. T. L. Pewe, U.S. Geol. Surv. Prof. Pap. 535(1975). 
28. T. A. Ager, in (20), pp. 75-93. 
29. R. D. Guthrie, Frozen Fauna of the Mammoth 

Steppe: The Story of Blue Babe (Univ. of Chicago 
Press, Chicago, 1990). 

30. P. A. Colinvaux and F. H. West, Q. Rev. Archaeol. 
5, 10 (1984). 

31. D. A. Livingstone, Ecology 36, 587 (1955); P. A. 
Colinvaux, Science 156, 380 (1967); T. A. Ager, in 
Late-Quaternary Environments of the United 
States, H. Wright, Ed. (Univ. of Minnesota Press, 
Minneapolis, 1983), vol. 2, pp. 128-141; T. A. 
Ager and L. B. Brubaker, in Pollen Records of 
Late-Quaternary North American Sediments, V. 
Bryant and R. Holloway, Eds. (American Associ
ation of Stratigraphic Palynologists, Dallas, 1985), 
pp. 353-384. 

32. J. C. Ritchie, Past and Present Vegetation of the 
Far Northwest of Canada (Univ. of Toronto Press, 
Toronto, 1984). 

33. H. F. Lamb and M. E. Edwards, in Vegetational 
History, B. Huntley and T. Webb, Eds. (Kluwer, 
Dordrecht, Netherlands, 1988), pp. 519-555. 

34. R. E. Giterman, A. V. Sher, J. V. Matthews, in (20), 

pp. 43-73; T. P. Prokhorova, in Stratigrafiya i 
paleogeografiya pozdnego kainozoya Vostoka 
SSSR (Nauka, Magadan, 1983), pp. 53-63; M. G. 
Ovander, A. V. Lozhkin, D. K. Bashlavin, S. N. 
Zhigulevtseva, in Chetvertichnyi period Severo-
Vostoka Azii (Nauka, Magadan, 1987), pp. 119— 
134. 

35. D. M. Hopkins, P. A. Smith, J. V. Matthews, Quat. 
Res. 15,217 (1981). 

36. P. Colinvaux, ibid. 16, 18 (1981); J. C. Ritchie and 
L C. Cwynar, in (20), pp. 113-126. 

37. J. Matthews, in (20), pp. 127-150. 
38. C. E. Schweger, ibid., pp. 95-112; M. E. Edwards 

and W. S. Armbruster, Arct. Alp. Res. 21, 296 
(1989). 

39. W. R. Powers and J. F. Hoffecker, Am. Antiq. 54, 
263(1989). 

40. R. M. Thorson and T. D. Hamilton, Quat. Res. 7, 
149 (1977); N. Bigelow, J. Beget, R. Powers, ibid. 
34, 160(1990). 

41. F. H. West, Am. Antiq. 32, 360 (1967); Arct. 
Anthropol. 12, 76 (1975). 

42. P. M. Bowers, "The Carlo Creek Site: Geology and 
Archeology of an Early Holocene Site in the Cen
tral Alaska Range" (Cooperative Park Studies 
Unit, University of Alaska, Fairbanks, 1980). 

43. W. R. Powers, R. D. Guthrie, J. F. Hoffecker, "Dry 
Creek: Archeology and Paleoecology of a Late 
Pleistocene Alaskan Hunting Camp" (U.S. Nation
al Park Service, Washington, DC, 1983); J. F. 
Hoffecker, Natl. Geogr. Soc. Res. Rep. 19, 33 
(1985); W. R. Powers and H. E. Maxwell, "Alaska 
Range Northern Foothills Cultural Resources Sur
vey 1985" (Alaska Division of Parks, Anchorage, 
1986); P. G. Phippen, thesis, University of Alaska 
(1988); W. R. Powers, F. E. Goebel, N. H. Bigelow, 
Curr. Res. Pleistocene 7, 40 (1990). 

44. J. P. Cook, thesis, University of Wisconsin (1969). 
45. J. Erlandson etal, Radiocarbon 33, 35 (1991). 
46. R. E. Maitland, "The Chugwater Site (FAI-035) 

Moose Creek Bluff, Alaska Final Report, 1982 and 
1983 Seasons" (U.S. Army Corps of Engineers, 
Alaska District, 1986); R. Lively, "A Study of the 
Effectiveness of a Small Scale Probabilistic Sam
pling Design at an Interior Alaskan Site: Chugwa
ter (FAI-035)" (U.S. Army Corps of Engineers, 

. Alaska District, 1988). 
47. C. E. Holmes, D. R. Yesner, K. J. Crossen, paper 

presented at the 57th Annual Meeting of the 
Society for American Archaeology, Pittsburgh, 
PA, 8 to 12 April 1992. 

48. The 12,000 to 11,000 yr B.P. warm oscillation is 
well documented in many parts of the Northern 
Hemisphere and corresponds to the Allerod inter-
stadial in northwest Europe and the Two Creeks 
Interstadial in the Great Lakes region of North 
America. The final Pleistocene cold oscillation 
(-11,000 to 9,500 yr B.P.) also is widely docu
mented and corresponds to the Younger Dryas of 
Europe and the North Atlantic [D. M. Mickelson, L. 
Clayton, D. S. Fullerton, H. W. Boms, in (8), pp. 
3-37; J. J. Lowe and M. J. Walker, Reconstructing 
Quaternary Environments (Longman, London, 
1984)]. Evidence for the Younger Dryas event in 
southeastern Alaska has been reported by D. R. 
Engstrom, B. C. S. Hansen, and H. E. Wright, Jr. 
[Science 250, 1383 (1990)]. 

49. H. Larsen, Acta Arct. 15, 1 (1968). 
50. R. E. Morlan and J. Cinq-Mars, in (20), pp. 353-

381. 
51. H. L Alexander, Putu: A Fluted Point Site in Alaska 

(Publ. 17, Department of Archaeology, Simon 
Fraser University, Burnaby, B.C., 1987). 

52. D. W. Clark and A. M. Clark, Plains Anthropol. 28, 
283(1983). 

53. D. D. Anderson, Sci. Am. 218, 24 (June 1968); D. 
E. Dumond, Eskimos and Aleuts (Thames and 
Hudson, London, 1977); R. E. Ackerman, T. D. 
Hamilton, R. Stuckenrath, Can. J. Archaeol. 3,195 
(1979). 

54. R. E. Morlan, in (3), pp. 78-95; W. N. Irving, A. V. 
Jopling, B. F. Beebe, in (5), pp. 49-63. 

55. G. Haynes, Am. Antiq. 48, 102 (1983); D. E. 
Nelson, R. E. Morlan, J. S. Vogel, J. R. Southon, C. 
R. Harington, Science 232, 749 (1986). 

56. N. K. Vereshchagin and V. V. Ukraintseva, Tr. 

52 SCIENCE • VOL. 259 • 1 JANUARY 1993 



Zool. inst. Akad. nauk SSSR 131, 104 (1985). 
57. N. N. Dikov, Arkheologicheskie pamyatniki Kam- 

chatki, Chukotki i Verkhnei Kolymy (Nauka, Mos- 
cow, 1977). 

58. A. V. Lozhkin and V. P. Parii, Opyf radiouglerod- 
nogo datirovaniya verkhnechetvertichnykh otloz- 
henii (Akademiya nauk SSSR, Magadan, 1985). 

59. M. A. Kir'yak, in Drevnie pamyatniki Severa Dal- 
'nego Vostoka (Akademiya nauk SSSR, Magadan, 
1 990), pp. 35-52. 

60. J. A. Graham and R. F. Heizer, Quaternaria9, 225 
(1968); R. G. Klein, Quat. Res. 5, 391 (1975); A. J. 
Jelinek, Am. Antiq. 57, 345 (1992). 

61. T. F. Lynch, Am. Antiq. 55, 12 (1990). 
62. T. D. Dillehay, Sci. Am. 251, 106 (April, 1984) 
63. C. V. Haynes, Rev. Archaeol. 12, 8 (1991). 
64. Thousands of field surveys have been conducted 

in mid-latitude North America during the past few 
decades, and many of them have sampled geo- 
morphic contexts that would be suitable for re- 
mains dating between 20,000 and 12,000 yr B.P. 
(such as cave deposits, loess, or alluvium in major 
river valleys). The results present a stark contrast 
to findings in northern Eurasia, which has yielded 
abundant evidence of human settlement in this 
time range from comparable settings (60). 

65. E. J. Dixon, R. M. Thorson, D. C. Plaskett, Natl. 
Geogr. Soc. Res. Rep. 20, 129 (1 985). 

66. R. E. Ackerman, "The Archeology of the Central 
Kuskokwim Region" (National Geographic Socie- 
ty, Washington, DC, 1982); J. F. Hoffecker and 
C. F. Waythomas, Curr. Res. Pleistocene 8, 105 
(1991). 

67. J. F. Hoffecker, J. Archaeol. Sci. 15, 683 (1988). 
68. C. V. Haynes, Can. J. Anthropol. 1, 11 5 (1980). 
69. R. Bonnichsen and K. L. Turnmire, Eds., Clovis: 

Origins and Adaptations (Center for the Study of 
the First Americans, Cowallis, OR, 1992). 

70. C. V. Haynes, in (20), pp. 383398. 
71. , Quat. Res. 35, 438 (1991). 
72. , paper presented at the First Soviet-Amer- 

ican Archaeological Symposium on Upper 
PaleolithicPaleoindian Adaptations, Leningrad, 
U.S.S.R., 10 to 13 July, 1989; G. C. Frison, in (26), 
pp. 118-122. 

73. T. H. Dillehay, G. A. Calderon, G. Politis, M. 
Beltrao, J. World Prehistow 6, 145 (1 992) 

74. C. V. Haynes, Sci. Am. 214, 104 (~une,  1966); R. 
L. Humphrey, Curr. Anthropol. 7, 586 (1966). 

75. Many researchers believe that the northern fluted 
points are of Holocene age and reflect either 
independent local development or influence from 
the North American Plains (9, 52). 

76. T. Goebel, W. R. Powers, N. H. Bigelow, in (69), 
pp. 49-79. 

77. Examples of small bifacial points in Clovis assem- 
blages that exhibit thinned, concave bases but 
lack classic flutes can be found in: J. J. Hester, E. 
L. Lundelius, R. Fryxell, Blackwater Locality No. 1 
(Publ. 8, Fort Burgwin Research Center, Southern 
Methodist University Ranchos de Taos, TX, 
1972), Fig. 89B; R. M. Gramly, Bull. Buffalo Soc. 
Nat. Sci. 30 (1982), Plate 9H. 

78. Beside fluting, the most significant difference be- 
tween the Clovis and Nenana projectile points is 
the greater size (especially length) of the former. 
This size difference could reflect the increased 
abundance of high-quality chert available to the 
inhabitants of the North American Plains. 

79. During the Last Glacial Maximum, humans occu- 
pied the largely treeless Dnepr-Desna Basin of 
the Russian Plain, using mammal bone for fuel. 
They may have been at least partly dependent on 
large natural concentrations of frozen green bone 
[J. F. Hoffecker, thesis, University of Chicago 
(1986)l. Although such concentrations also accu- 
mulated in major basins of Beringia [such as the 
Kolyma (34) and Tanana (27)] during the Late 
Pleistocene, these areas would have been effec- 
tively isolated from human populations by the 
broad uplands of southwestern Beringia. 

80. C. M. Aikens and T. Higuchi, Prehistory of Japan 
(Academic Press, New York, 1982); Gai Pei, in 
Palaeoanthropology and Palaeolithic Archaeolo- 
gy  in the People's Republic of China, Wu Rukang 
and J. Olsen, Eds. (Academic Press, London, 

1985), pp. 225-241; C. T. Keally, Curr. Res. 
Pleistocene 7, 143 (1 990). 

81. Some of the contrasts in the Beringian archaeo- 
logical record between the occupations associat- 
ed with the 12,000 to 11,000 yr B.P. interstadial 
and those associated with the 11,000 to 9,500 yr 
B.P. stadia1 may reflect climatic differences. 
Nenana Complex assemblages contain pieces 
esquillees and planes, which may be related to 
woodworking, whereas Denali assemblages yield 
numerous burins, which appear to have been 
used on bone, antler, and ivory. Traces of former 
dwelling structures are reported from both layers 
7 and 6 at Ushki I, but only those from layer 6 

exhibit evidence of entrance tunnels (57). 
82. J. H. Greenberg, C. G. Turner II, S. L. Zegura, 

Curr. Anthropol. 27, 477 (1986). 
83. Support for our research in the northern foothills of 

the Alaska Range was provided by the National 
Geographic Society, the National Science Foun- 
dation, Alaska Division of Parks, the University of 
Alaska, and the National Park Service. Additional 
support for manuscript preparation was provided 
by the U.S. Department of Energy under contract 
W-31-109-Eng-38, An earlier draft of this paper 
was reviewed by T. A. Ager, J. P. Cook, M. E. 
Edwards, D. M. Hopkins, K. E. LaGory, D. J. 
Meltzer, C. F. Waythomas, and F. H. West. 

Mathematics Achievement of 
Chinese, Japanese, and American 

Children: Ten Years Later 
Harold W. Stevenson, Chuansheng Chen, Shin-Ying Lee 

A decade of heightened emphasis in the United States on mathematics and science 
education has had little influence on academic achievement or parental attitudes. American 
elementary school children in 1990 lagged behind their Chinese and Japanese peers to 
as great a degree as they did in 1980. Comparison of the performance of elementary and 
secondary school students between 1980 and 1990 reveals a decline from first to eleventh 
grade in the relative position of American students in mathematics. Parental satisfaction 
with American students' achievement and education remains high and standards remain 
low. Innate ability continues to be emphasized by Americans as a basis for achievement. 
American eleventh graders report more indications of stress than do their Chinese and 
Japanese counterparts. 

T h e  American educational svstem re- 
ceived greater attention and scrutiny in the 
1980s than in any decade since the 1950s. 
President Bush and governors proposed an 
educational agenda for the nation, commis- 
sions were appointed, and boards of educa- 
tion and school systems throughout the 
country attempted to initiate reforms aimed 
at improving the academic achievement of 
American students. We are now at a aoint. . . 
10 years after the reform movement began, 
where it is useful to ask whether these 
activities have resulted in any improvement 
in the performance of the students. 

In 1980, we initiated a comparative 
study of American, Japanese, and Chinese 
elementary school students in Minneapolis, 
Sendai (Japan), and Taipei (Taiwan). The 
results showed that Chinese and Japanese 
first and fifth graders greatly surpassed their 
American counterparts in mathematics and 
that Chinese children were more capable 
readers than the Americans ( I ) .  

The low levels of achievement found in 
Minneapolis are especially worrisome be- 
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cause Minnesota students rank high among 
the states in mathematics achievement, 
and Minnesota has the highest percentage 
in the nation of students graduating from 
high school (2, 3). When problems are 
found in Minnesota. more severe ones 
might be expected to occur in many other 
states. 

Four years after our original study, we 
returned to the same schools and followed 
up the first graders who were now fifth 
graders. No significant improvement oc- 
curred in the mathematics achievement of 
Minneapolis fifth graders during the 4 years, 
and cross-cultural differences were as great 
in 1984 as they had been in 1980 (4)- 

We began a new study in 1990. Once 
again we visited the schools included in the 
original study and tested a third sample of 
fifth graders. We also attempted to locate 
the first graders we had tested in 1980 (who 
were now eleventh graders) to trace their 
subsequent levels of academic achieve- 
ment. To supplement the longitudinal sam- 
ple, we tested over 1000 eleventh graders in 
each city. Data from the samples of students 
tested in 1980, 1984, and 1990 and 1991 
form the basis of this article. These data 
allow us to assess possible changes in the 
performance of elementary school students 
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