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REPORTS

PALEOINDIAN COLONIZATION OF THE AMERICAS:
IMPLICATIONS FROM AN EXAMINATION OF PHYSIOGRAPHY,
DEMOGRAPHY, AND ARTIFACT DISTRIBUTION

David G. Anderson and J. Christopher Gillam

GIS-based, least-cost analvses employing continental scale elevation daia, coupled with information an the larwe glacial loca-
tian of ice sheets and pluvial lakes, suggest passible movement carrvidors used by initial human populations in colanizing the
MNaw World These rautes, demographic evidence, and the locarion of Paleaindian archaeolagical assemblages, support the pos-
sihility of a rapid spread and diversification of founding populations. Initial disparsal, these analyseys suggest, would have been
most likely in coastal and rivering setrings, and on plains. The analyses suggest areas where evidence for early human settle-
nent may be found in North and South America. In some cases, these areas have received listle prior archaeological siruey.
The method can be used to explore patterns of human migration and inferaction at o variety of geagraphic scales.

Eu andlisis del costo minin basadeo en el Sistem de Informacidn Geografica (GIS) empleando datas en la escala de elevacidn
continental, acoplade con infaormacidn sobre las posicidnes de las extensidnes de capas de hielo y los lagos pluviales durante el
periddo glacial finale, sugiere los possible corvedores de movimients que las poblacidnes humanos iniciales probablemenre usaron
en la colonizidn del Nueva Mundo. Estas ruwas, evidencia demogrdfico, y la localizacidn del asambleas argueoldgicas Paleo-
Indias, sastiene la pasibilidad de una desparramar rdpido y la diversificacion de las poblacidnes fundadaras. La dispersidn ini-
cial, los andlisis sugieren, fueran mds probable en las lacales casteras y riberefios, y tambidn en Hanos. Los andlises sugleren
dreas donde evidencig de la colanizacion por los humanos antiguos pruedo ser enconsrada en America del Noree y del Sur En wnos
casas estas dreas han vecibide poca evaluacion avquediogicas. Este método se puede usar para explovar los madelos de migracion
y inferaccidn humane en una variedad de escalas geogrdficas.

his paper explores moverent corridors of col- How people arrived in the Americas has been the

onizing populations in North and South  subject of research and speculation for centuries. As

America, using data on terrain conditions, early as the 1590s, Acosta postulated the movement
site and artifact distributions, and demographic argu-  of peoples from northeast Asia, and many similarly
ments. Our goal is to suggest routes, rates, and rea-  well-reasoned migration scenatios have been pro-
sons for the initial population dispersal, that is, to  posed (e.g., as summarized in Bonnichsen and Steele
explore how the process of New World colonization  1994; Fiedel 1999, 2000; Fladmark 1979; Haynes
occurred. The digital continental-scale data sets that  1964; Huddleston 1967, Meltzer 1983, 1989a, 1994,
make this type of analysis feasible have only recently  1993). The possible dispersion routes taken by these
become available. Given the ease and utility of this  peoples once they arrived—the subject of this
approach, however, we expect that these kind of paper—also has received considerable attention.
analyses will become common in the years ahead. Most introductory textbooks on New Warld archae-
The data and methods are particularly applicable to  ology have some variation of a map showing arrows
the examination of population movement, interac-  radiating south from Alaska, representing the pre-
tion, and exchange at a range of scales. sumed Late Pleistocene expansion of colonizing
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groups. Probable pathways of initial entry include
along the Pacific rim and, assuming a Late Wiscon-
sinan entry, through the ice-free or Alberta carridor.
Highly sophisticated, multidisciplinary research
efforts have explored the likelihood that one or more
of these eniry corridors were used, with much of the
effort directed to delimiting periods when such routes
were open or easily traversed, had the biotic resources
necessary to support human populations and, most
importantly, have archaeological remains of an
appropriate age (e.g ., as summarized in Borden 1979;
Erlandson and Moss 1994; Fladmark 1979, 1983;
Frison and Bonnichsen 1996; Haynes 1969, Jack-
son and Duk-Rodkin 1996; Mandryk 1992, 19963,
1996b; Mandryk et al. 2000; Yesner 1996; Zutter
1989). This remains a fruitful area for research, as
the dates and movement corridors associated with
initial human entry remain unknown.

The Palecindian literature is replete with analy-
ses at the continental or hemispherical scale directed
to reconstructing patterns of population dispersal,
and conducted employing demographic, ecological,
genetic, geographic, linguistic, and physical anthro-
pological data sets {e.g., Bonnichsen and Steele 1994,
Faught 1996; Fladmark 1979, 1983: Greenberg et al.
1986; Lorenz and Smith 1996; Meltzer
1989a:472—4785, 1995; Torroni et al. 1994; Wendorf
1989). This research has typically been directed to
reconstructing the numbers, dates, and likely direc-
tions of major migrations, estimating rates of move-
ment, and delimiting areas favorable or unfavorable
for settlement.

Anumber of excellent locality and regional analy-
ses of possible movement corridors or areas of ini-
tial settlement or activity also exist. These have
emphasized biotic communities, major physio-
graphic features such as coastal zones, river valleys
and mountain ranges, ot the locations of animal trails,
saltlicks, and lithic raw material sources (e.g., Ander-
san 1990; Dincauze 1993a, 1993b; Erlandson and
Moass 1996, Frisan 1991; Gillam 1996 a, b; Hoffecker
et al. 1993; Judge 1973; Spiess et al. 1998; Tanker-
sley 1985, 1990, 1991, 1997). The co-occurrence of
early sites along glacial and pluvial lake margins in
the Midwest, Southwest, and Great Basin has bheen
widely noted (Deller and Ellis [988; Ellis 1994; Ellis
and Deller 1998; Ellis et al. 1998:155-158; Judge
1973; Shott 1986; Willig 1996; Willig et al. 1989),
for example, as has the occurrence of numerous early
assemblages along the major river valleys of easter:
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North America (Anderson 1990; Dincauze 1993a,
1993h; Mason 1962; Williams and Stoltman 1963).
Movement along waterways or lake margins is usu-
ally inferred. Analyses of stone tool sources and dis-
tributions have likewise long been used to infer
Paleoindian moverment patterns (¢.g., Gillarn 1996b;
Goodyear et al. 1990; Meltzer 1989b; Tankersley
1990, 1991, 1994; Wilmsen and Roberts 1978§).
These studies are typically subregional or at best
regional in scope, however, and tend to beg the ques-
tion of how initial populations arrived in or moved
on. from the areas in question.

Other studies of the colonization process have
focused on reasons for movement, or general pat-
terns of movement. An extensive literature exists on
the tethering effect of lithic raw material sources on
early populations; that is, that group movement aver
the landscape may have been greatly shaped by the
need to first find and then periodically return to high-
quality stone sources (e.g., Daniel 1998; Gardner
1983; Gillam 1996b; Goodyear 1979; Morrow
1996). Likewise, the deliberate movement of colo-
nizing populations into new areas has been described
as driven by a “high technology” foraging adapta-
tion focusing on large animals, and hence group
movement toward favorable resource patches (Kelly
and Todd 1988}. That Paleoindian movement was
shaped by the need to maintain information and mat-
ing networks also has been explored (Anderson
1995; Hayden 1982; Wilmsen and Roberis 1978). As
our knowledge of stone sources and Late Pleistocene
biotic resource structure improves, these arguments
should be increasingly helpful in delimiting possi-
ble routes and areas used by colonizing populations.

There have been comparatively few studies at the
continental or hemispherical scale, however, directed
ta resolving specific routes taken by colonizing peo-
ples—that is, which particular rivers, passes, lake
margins, or other landscape features were likely used
by colonizing populations? Where were major bat-
riers to movement located? What landscape features
may have predisposed movement? While there have
been precursor studies, the availability of GIS tech-
nology and glabal environmental data sets offer, for
the first titne, the opportunity to explore these ques-
tions quantitatively at a high level of resolution and
precision.

An early study attempting to reconstruct specific
colonization routes employing geographic data at a
continental scale was by Carl Sauer (1944 )} Figure
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Figure 1. Carl Sauer’s inferred Palecindian colonization
routes through the Americas (adapted from Sauer
1944:555).

1). Sauer examined regional physiography, glacial
extent, and biotic resource structure, as it was then
kanown, and assessed their impact on papulation
movement. Plaing, basins, areas of pluvial lakes, and
major river valleys were hypothesized to be major
movement corridors in the interior of North and
South America. Sauer (1944:554-556) explicitly
ruled out the Northwest Coast as an entry cortidor
to all bue the most skilled of navigators because of
its rough and glaciated terrain. Movement along the
Pacific Rim of South America also was considered
extremely unlikely, given the rough topography over
much of the area, and the coastal deserts in Peru and
Chile (Sauer 1944:557-559). Instead, movement to
the east of the Andes was postulated, an inference
supported by the current analyses.

Perhaps the best-known hemispherical-scale
analysis of New World colonization is Martin's
overkill, blitzkrieg, or wave-of-advance model (Mar-
tin 1973; Mosimann and Martin 1975; Whittington

and Dyke 1984). Strictly interpreted {and as Martin’s
own illustrations suggest), Martin’s model assumes
population maovement into virtually every environ-
ment simultanecusly by peoples moving outward
along arapidly expanding front. This movement was
fueled by demographic pressure brought on by a pos-
tulated extremely high population growth rate of 3.5
percent, and a hunting strategy directed to large, pre-
sumably patchily distributed game animals, neces-
sitating frequent group movement.

Hemispherical scale simulation modeling of Pale-
oindian colonization has been the subject of increas-
ing attention in recent years, with research directed
to delimiting the effects of paleovegetation, geo-
graphic barriers, and differing habitat categories on
population growth and spread (Steele et al. 1996,
1998: Young and Bettinger 1995). Mountain ranges
and great lakes, when considered as barriers, pro-
foundly redirect movement patterns, as can differ-
ences in regional resource structure and habitat type,
with more favorable terrain selected for, traversed,
and settled more rapidly than less productive terrain
{Steele et al. 1996:226). Importantly, the demo-
graphic studies associated with all of this research
indicate that rapid landscape filling, on the order of
one to at most a few millenria, occurred regardless
of the constraints imposed (Young and Bettinger
1993). The geographical analyses associated with
this research are, however, somewhat coarse-grained,
with data cells typically on the order of 50 by 50 km
1n extent, and containing primarily categorical data.
This results in the masking of topographic or other
variation within the landscape. Newly released geo-
graphic data sets now make it possible to conduct
such analyses at much finer scales, and emplaying
maore precise environmental data.

Analytical Methods

The analyses that follow assume that people would
have likely taken easier rather than more strenuous
routes when moving across the landscape, particu-
larly if these routes gave them a reasonable expec-
tation of finding food and other useful resources.
Accardingly, ice sheets and mountain ranges—areas
where slopes ate steep—likely would have acted as
barriers, while shorelines, plains, and river margins—
where slopes were gentle—likely facilitated move-
ment. The utility of such an approach in
archaeological research has been demonstrated in a
number of case studies, albeit at a much smaller geo-
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graphic scale. Least-cost analyses have been used,
for example, to reconstruct a portion of the route of
the DeSoto expedition in Arkansas (Limp 1990), the
movement of caribou below Paleoindian lookout
sites in the Great Lakes area (e.g., Krist and Brown
1994) and, most commonly, the probable foraging
areas around specific sites {i.e., Ericson and Gold-
stein 198(). Commercial, engineering, and archi-
tectural applications of this type of approach are
common {e.g., Turner 1978).

The geographic analyses consisted of the calcu-
lation of least-cost pathways between presumed
points of initial human entry into North and South
America and 45 eartly archaeological sites selected
to provide coverage to most parts of each continent,
and for their familiarity to Paleoindian researchers.
The sites were chosen for heuristic purposes only, to
show how different areas could have been reached
by colonizing papulations, and are not assumed to
be contemporaneous. 'The spatial analyses described
here were conducted with Arc/Info Grid, a raster-
based GIS toolkit marketed by the Environmental
Systems Research Institute Inc.” Geospatial data
were obtained from a variety of sources. The primary
data consisted of the 3(-arcsecond digital elevation
models (DEM) of North and South America in the
GTOPO30 Global 3¢ Arc Second Elevation Data
Set (EROS Data Center 1998). These data were
developed by the U.S. Geological Survey in coop-
eration with the Defense Mapping Agency (1989,
1990, 1992), and can be downloaded from the Inter-
net. The GTOPQO30 data set consists of elevation
values at a [-km sampling density covering the entire
land surface of the planet. The data set for the Amer-
icas consists of over 40 million points, one per square
kilometer, with each value corresponding to the mean
elevation of the specific cell.

Details on how the GTOPQ30 DEM data values
were generated are described at length in a number
of sources (e.g., EROS Data Center 1998; Gesch
1994 Gesch and Larson 1996; Verdin and Jenson-
Greenlee 1996). The 30-arc-second DEM data set is
being rapidly refined and expanded, with the
HYDROIk data set now coming on line encom-
passing data on slope, aspect, and a series of water-
course measurements (Verdin and Jenson-Greenlee
1996; Verdin 1997). The primary elevation data is
available for alrost all parts of the world, and in some
areas, notably over much of the United States and
parts of Europe, even finer-grained elevation data is
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available at approximately 30-m resolution or bet-
ter. Comparable global data sets at the same resolu-
tion encompassing hydrology, vegetation, and other
environmental measures also are under development
using satellite imagery, and these data sets should
eventually all be linked together (e.g., Eidenshink and
Faundeen 1994; Verdin and Greenlee 1996).

The DEM data are transmitted in raster-image
files using a latitude-longitude coordinate system.
Elevation values for each data point are in meters
above mean sea-level; vertical accuracy ranges are
from approximately + 30 to 160 meters at the 90-
percent confidence level, depending on the source
of the primary data, with much of North America
falling at the lower end of the range, and South Amer-
ica at the upper end {Gesch 1994; Gesch and Larson
1996). In the analyses that follow, the latitude-lon-
gitude data were converted to a Sinusoidal projec-
tion, which has the benefit of being both equal-area
and equidistant along the central meridian and pat-
allels. Other projections, such as a Siraple Conic or
Lambert-Azimuthal Equal-Area, could have been
used (Steinward et al. 1995). However, distance or
area distortions would have been greater at the geo-
graphical extremes of the data with an alternative pro-
jection.

Supplementing the DEM data, Pleistocene glac-
ier and lake boundaries at ca. 12,000 B.P were
abtained from published maps at a variety of scales
(e.g., Dyke and Prest 1987a, 1987b; Hollin and
Schilling 1981; Pielou 199]; Smith and Street-Per-
rott 1983) and were added as barriers to terrestrial
movement. Cutrent sea-level positions were used,
and shorelines served as barriers—that is, ocean
crossings more than 1 km, the resolution of the data
set, were not permitted. Hemispheric-scale bathy-
metric data exists that can provide a measure of the
topography and margins of the continental shelf at
various times in the past, such as during periods of
lower sea-levels and controlling for isostacy
{National Geophysical Data Center 1988; Smith and
Sandwell 1997). This data is currently available only
at a 5-arc minute or ca. 10-km horizontal resolution,
however, precluding useful merging with the current
terrestrial 1-km scale GTOPO30 DEM data set.”
Given the current resolution, most offshare topo-
graphic features would either not be represented or
be coarsely delimited at best, with the result that
least cost paths would tend to favor the coastal zone
due to characteristics of the data, rather than of the
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actual landscape itself. Archaeological site locations
were obtained from numerous sources, using latitude
and longitude data where available, and estimation
from fine-scaled maps wherever possible. Drainage
information was obtained from the Digital Chart of
the World (Danko 1992; Defense Mapping Agency
1989, 1992), to aid in georeferencing (i.e., accurately
locating and digitizing) the glacial, lake, and site
data sets. Since landscape features such as lake lev-
els, river channels, or ice sheet margins can change
appreciably over time, appreciable effort must be
made to control for this potential source of error in
the data and analyses.

The DEM data set provides a powerful analyti-
cal representation of the earth’s surface, and can be
mathematically manipulated to derive slope and
agpect data (Burrough 1986:39-56; McMaster and
Shea 1992:99-112). Slope data were used to gener-
ate a “roughness” layer which was the basis for least-
cost path analyses. Slope values were derived from
the DEM using a smoothing operation known as the
average maximum technique (Berry 1993:14749;
Burrough 1986:50; Tomlin 1990:119-23). The
process involves a moving 3 x 3 neighborhood of
cells (each 1 km” cell and its 8 adjoining neighbors)
that determines the slope of the center cell in turn.
This 3x3 window of cells is necessary to transform
the elevation data to slope, essenfially the same as
calculating a local derivative on a plane (Star and
Estes 1990:162). The roughness layer simply repre-
sents a grid of percent slope values multiplied by
itself {slope x slope) with high values representing
terrain that is difficult to traverse and low values rep-
resenting terrain that is easily crossed.

The determination of least-cost movement paths
isessentially a “spreading” operation acting upon the
roughness layer (Tomlin 1990:134—149). The wave-
front expanding from the starting cell (A) is impeded
by the values of the roughness layer. For all cells con-
taining values, a relative cost of movement is thus
established from the source. A least-cost path is
established by defining a destination cell (B) from
which the minimum cumulative cost path is derived
by tracing back through the cast surface to the source
cell (A). The current analyses generated binary or
cell-by-cell (linear) least-cost routes between vari-
aus selected starting and ending points. Other types
of output are also possible, such as “fuzzy™ maps,
where zones of equal movement probability or cost
can be delimited.

It is impartant to remember that when consider-
ing the ease of movement across a landscape we are
more interested in the travel-cost of movement
between two points than the actual distance between
them. Colonizing populations would have had no
idea what lay ahead of them, beyond the compara-
tively short distances likely covered by scouting or
hunting parties. That is, intentionality or awareness
of what lay ahead cannot be assumed. The first peo-
ple to arrive in the area of what is now the western
United States and Canada, however they entered,
certainly had no idea land extended for another
13,000 km. (8,000 mi} to the south, or that vast maoun-
tain ranges, plains, lakes, and rivers lay before them.
Therefore, it is plausible to assume that movement
accurred, at leastin part, in relation to minimumn cost
rather than minimum distance.

Results of the Least-Cost Analyses

Four least-cost analyses were conducted, encom-
passing pathways beginning (1) in western Alaska
and passing though the ice-free corridor, (2) at the
maouth of the Columbia River along the Pacific North-
west Coast, (3} at the Isthmus of Panama running
south, and (4) at the Isthmus of Panama running
north, In each analysis, an initial solution was
from the starting point to the farthest point on each
continent that was of archaeological interest, specif-
ically the Isthmus of Panama for the first two analy-
ses, the Los Toldos site in southern Argentina for
analysis (3), and the west-central coast of Alaska for
model (4). This initial solution is represented by the
bold line in each figure. Secondary routes, or path-
ways to specific archaeological sites, always started
from some point along the initial solution pathway,
and are shown as lighter [ines. The isolated black dots
at the ends of each pathway are the locations of these
sites.

The four analyses are based on the location of
glacial ice sheet and lake margins as they were across
the hemisphere at approximately 12,000 B.P., or
around 12,050-11,850 cal. B.C. {calibrated using Kit-
igawa and van der Plicht 1998; Stuiver et el.
1998:1066}. We wish to stress, however, that this
method is not dependent on any specific date for
human entry. It is a relatively straightforward matter
toadjust the locations of ice sheet and glacial lake mar-
gins and other physiographic features as they were ear-
lier or later in time (assuming reasonably accurate
data exists, of course), and rerun the analyses.
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All of the movement pathways were profoundly
shaped by the occurrence of level terrain, something
that is not at all surprising given the analyses are
based on terrain roughness characteristics. The
resulting solutions, or movement pathways, how-
ever, are sometimes appreciably different than
expected from traditional approaches emphasizing
the importance of coastlines, river valleys, or lake
margins; least-cost solutions can involve at least
some overland (i.e., upslope) travel. Whether they
are ultimately verified, these solutions provide a valu-
able perspective on the colonization process, and
areas to look for early sites.

Ice-Free Corridor Entry (Analysis 1)

The ice-free corridor is the best known and, at least
for much of the past 40 years until quite recently, was
the most widely accepted route for Late Pleistocene
human eniry into the areas south of the ice sheets
(e.g., Haynes 1964, 1969;. This cortidor is assumed
to have opened some time after 14,000 B.E, although
the date at which it may have been habitable by
human populations may have been appreciably later,
perhaps 12,000 B.P. or even later (Mandryk 1996z;
Mandryk et al. 2000). The actual starting point for
the analysis (Figure 2) is on the coast of western
Alaska pear Norton Sound, to explore movement
through Alaska and down the ice-free corridor itself.
Interestingly, the least-cost pathway solutions to all
destination points south of the ice sheets, including
destinations on or near the Pacific coast, moved to
the north along the coast and then south down the
MacKenzie River. The Northwest Coastal roufe to
the south, along the Pacific rim, which is highly dis-
sected, was never a least-cost solution, even when
Canada was left deglaciated. This does not mean, of
course, that it may not have been the route of human
entry, particularly by people using watercraft. It only
means that there were easier ways to travel by land
and reach the unglaciated south.

The solution pathway proceeds up the Yukon
River, overland to Kotzebue Bay, and then along the
northern coast of Alaska to the mouth of the MacKen-
zie River. From there the route runs south down the
MacKenzie and overland through the unglaciated
ice-free cormridor. The route sKirts the western mar-
gin of glacial Peace Lake, and then bears to the east,
skirting the southem margin of the Laurentide ice
sheet and its associated glacial lakes, enfering the
eastern High Plains near the North Dakota-Montana

[Val. 65, No. 1, 2000]

border. The primary pathway proceeds to the south
until it intersects the Missouri River, from whence it
moves south zlong the river valley to the confluence
with the Mississippi, and from. there south to the
Gulf of Mexico. The route to Panama follows the
nearly level coastal plain and shoreline of eastern
Mexica to the Isthmus of Tehuantepec, at which
point it crosses aver to the Pacific coast and proceeds
south along that coast to Lake Nicaragua, at which
point it recrosses averland along the San Juan River,
and from there runs down the Atlantic coast to the
Panama/Columbia border.

The side branches show how movement away
from. the main solution pathway into other parts of
North America could have accurred. Entry into the
central Plains and on inta the Pacific Northwest pro-
ceeds in an east-to-west manner, from the Missouri
to the Platte and across the northern Great Basin,
through what would have been a dense region of plu-
vial lakes in the Late Pleistocene. Movement south
from the mouth of the ice-free corridor, or directly
west along the ice margin, the traditional pathways
to the Central Plains and Pacific Northwest illus-
trated on many maps of inferred colonization routes,
is not indicated. The routes into the southern Plaing
and the Southwest into southern California are also
from the east, from the Missouri River system and
the Gulf coast of southern Texas. Only when the
starting point is in the Pacific Northwest, as noted in
analysis (2} below, are at least some north-to-south
movement corridors generated, and even then the
main pathway runs east-west.

The least-cost solution pathway for entry into the
eastern Great Lakes region proceeds overland
across central and northern Illinois and Indiana,
instead of up the Ohio River as might be expecied.
Early Paleaindian sites are found along glacial lake
margins in this region {e.g. Deller and Ellis 1988;
Ellis and Deller 1998; Shott 1986), and movement
into this zone would have been facilitated by local
topography. The pathway for the settlerent of the
remainder of Eastern North America proceeds, in
general, along the Gulf and Atlantic coasts,
although entry into the midsouth is from the cen-
tral and lower Mississippi Valley. Greater empha-
sis on coastal margins than along interior river
valleys, the traditionally inferred entry corridors
{e.g., Anderson 1990; Mason 1962; Williams and
Stoltman 1965), is indicated, suggesting the conti-
nental shelf may have been 2 major movement path-
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A Entry Point
Ad Primary Route
N Regional Routes

e Destinations

Glaciers

Bl Lakes
1. Ritchie-Acberts 19. Carson-Conn-
2. Dietz Shaort
3. Tulare Lake 20 Quad
4. China Lake 21. McFadden
5. Tonopah/! Beach

hud Lake 22, | eavitt
6. MacHaffie 23. Gainey
7. Anzick 24 Thedford Il

8. Lindsey 25. Nobles Pand
9. Colbw 26. Sandy Springs
10. Hell Gap 27. Shoop

11. Dent 28 Williamson

12, Lindenmeier
13. Lehner Aanch

29. Big Pine Tree/
Topper

14 Blackwater  30. Page-Ladson
Draw 31. Warrn Minera!
18, Kimmswick Springs 1]
16. Bostram 32, Vail
17. Sloan 33. Bull Brook
18. Adams 34. Debert

Ice-free Corridor Entry

CooTL

Glacier and lake boundaries at 12,000 B.P.

Figure 2. [ce-free corridor entry least-cost solution pathways for North America (Analysis 1).

way for these early populations (Faught 1996).*

Northwest Coast Entry {Analysis 2)

Human entry along the Pacific rim is the altemative,
and increasingly popular route of choice for the intro-
duction of people south of the Canadian ice sheets. If
the area of the ice-free comidor was closed or inhos-
pitable for long periods of time during the Late Pleis-
tocene, a Northwest Coastal route is in fact the only
plausible way peaple could have entered during those
periads, short of long-distance ocean voyages. The

starting point for this analysis is the mouth of the
Columbia River (Figure 3). How people actually
entered the Pacific Northwest is not explored, since
{as the first analysis indicated) overland movement
south from Alaska along the coast is not an optimal
solution. Sotne use of watercraft, these analyses sug-
gest, may have been needed to make a Northwest
Coastal entry route attractive. Paleoindian populations
certainly appear to have used watercraft, although
direct evidence is currently lacking (e.g., Engelbrecht
and Seyfort 1994; Josenhans et al. 1997).
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A Entry Point
&f Primary Route
N Regional Routes

e Destinations

Glaciers
Bl Lakes
1. Ritehie-Robearts 19, Caraon-Conn-
2. Dietz Short

3. Tulare Lake 20. Quad
4. China Lake 21. McFadten

5. Tanopah/ Beach
Mud Lake 23, Leavilt
&. MacHalifie 23, Gainey
7. Anzick 24 Thedfard Il
8. Lindsey 245. Nobles Pand
4. Calby 26, Sandy Springs
10, Hell Gap 27. Shoop
1. Dent 28 Williarmson

12, Lindenmeier 28, Big Pine Tree/

Northwest Coast Entry

13.Lehner Ranch  Topper
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Figure 3. Narthwest coastal entry least-cost salution pathways for North America (Analysis 2).

The primary least-cost pathway runs west to east
across the Plains, and from the central Missouri River
valley southward duplicates the results of Analysis
1 for movement both to the south and into eastern
North America. Where the two models differ is in
movement through the western half of the continent.
Greater north—south movement is indicated, both in
the far west and in the southern and central Plains.
The raute leading to the Tulare Lake and China Lake
sites proceeds south down the Sacramento and San
Joaquin valleys, for example, while the least-cost

pathway to the Tonopah/Mud Lake locality skirts
the eastern side of the Siemra Nevada mountains.
Both routes pass through areas characterized by
nurnerous pluvial lakes in the Late Pleistocene, and
hence may have been particularly attractive coun-
tryside for early populations (Willig et al. 1989).
The secondary least-cost pathway to the Black-
water Draw and Lehner Ranch sites in this analysis
runs north to south from the central Platte, with an
appreciable jog to the east and then back to the west.
The differences in the routes to these (and other) sites
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in Analyses 1 and 2 are due to the different starting
points; when the two primary routes intersect, in this
case at the Missouri-Platte confluence, the pathways
to destinations not atready reached and in the same
direction of mavement proceed in an identical fash-
ion. The analyses highlight the importance of the point
of initial entry in shaping the subsequent dispersal of
population, including the relative timing and direction
of movement into new areas. In particular, for popu-
lations entering the western half of the continent from
the Pacific Northwest, the analyses indicate greater
north— south movement may have occurred, while
populations entering the region. from. the north-cen-
tral part of the continent (i.e., in the vicinity of the ice-
free corridor) may have traveled a considerable
distance to the east and south before moving west.
Analysis 2 also illustrates how movement from south
to north along the ice-free corridor could have
occurred, given initial human entry in the Pacific
Northwest. Such analyses might prove useful to the
examination of “back migration™ hypotheses for the
occurrence of fluted points in Alaska—that is, that
these artifacts reflectamovement of fluted point using
peoples from south tonorth (Clark 1991; Yesner 1996).

Isthmus of Panama Moving South (Analysis 3)

Figure 4 presents the results of the least-cost solu-
tion for movement into South America from the
Isthmus of Panama. Most strikingly, the primary
pathway does not follow the coastline for more than
a short distance, but instead swings south near Cara-
cas, just east of Lake Maracaibo and the Cordillera
de Merida, and proceeds through the central part of
the continent well to the east of the Andean chain.
While movement in the interior of South America
may seem implausible, it must be remembered that
in the Late Pleistocene some of this region may have
been in grassland, scrub forest, or savannahs {Clap-
perton 1993; Whitmore and Prance 1987). Portions
of the interior of South America may have been char-
acterized by conditions similar to those encountered
by early peaples an the Great Plains, and a similar
way of life and movement may have been practiced.
Tropical rain forest was present in the western Ama-
zon basin, however, so movement may have been dif-
ficult (Colinvaux et al. 1996). If the route taken by
initial populations was east of the Andes, much of it
lies in areas that have received minimal archaeolog-
ical examination for early sites (e.g., Ardila Calderon
1991; Borrera 1996; Politis 1991).

Secondary routes to major sites do tend to follow
major rivers and coastlines, although coastal move-
ment south of Guitarrero Cave in Peru to sites like
Tagua-tagua or Monte Verde in Chile is not, as Carl
Sauer suggested many years before, an optimal path-
way. [nstead, the least-cost solution runs through the
interior of the continent to the vicinity of northern
Bolivia, where it cuts to the west and south and even-
tually reaches the coast.” Movement along the south-
ern Pacific coast is ultimately forced by the presence
of north—south trending ice sheets along major por-
tions of the Andes, blocking east-west movement
across much of the southem cone. Interestingly, and
likewise perbaps counter to expectations, the analy-
sis suggests that initial colonization of the Amazon
basin may have proceeded from the headwaters to
the mouth, rather than the other way around. In pass-
ing, the irregular zig-zag pattern of a portion of the
secondary route across the central Amazon to Monte
Alegre and Puedra Furada is due to problems with
the elevation datain this area (Bliss and Olsen 1996);
these problems do not appear to have compromised
the analysis, however, as the irregularities are evi-
dent only aver a short distance.

Isthmus of Panama Moving North (Analysis 4)

A final analysis examined movement north from the
Isthmus of Panama (Figure 3), since it is possible
(albeit not indicated by our analysis) that the initial
settlement of South America was by peoples who
skirted the Pacific coast and never realized, until
appreciably later, that Panama was a good place to
cross over and get to another coastline to follow.
Alternatively, populations moving down the Pacific
rim may have crossed the isthmus and moved north
into eastern North America. Based on similarities
between fishtail point forms in South America and
in the southeastern United States, in fact, it has been
suggested that people may well have moved north
out of South America at an early date (Faught and
Dunbar 1997; Stanford 1991:9). A Pacific rim colo-
nization scenario followed by movement north from
South America has increased relevance in light of the
recent general acceptance of a ca. 12,500 B.P. date
for Monte Verde (Dillehay 1997; Meltzeretal. 1997;
Taylor et al. 1999; however, Fiedel 1999:107 argues
that a date of 11,800-12,000 B.P. for this site may
be maore likely). As we shall see, demaographic maod-
eling indicates that it is almost impossible to have
peoples in southern South America at this time period
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Figure 4. Isthmus of Panama entry least-cost solution pathways for South America (Analysis 3).

without appreciable evidence for their presence in
areas to the north (in both continents), unless mave-
ment followed the coastiine, or took place in portions
of the interior that have received minimal examina-
tion to date, or employed a truly remarkable leap-
frogging pattern.

This least-cost solution is almost identical to that
from the mouth of the ice-free carridor (Analysis 1),
save for slight differences in the routes to a few sites
in the central Mississippi Valley, and to Blackwater
Draw. It should be noted that site distributions from
a south-to-north colonization of eastern North Amer-

ica could be almost identical to those resulting from
a north-to-south route. Site assemblages might dif-
fer, however, particularly in the incidence of lithic
raw material types, if movement consistently trended
in one direction. That is, sites created by groups mov-
ing south might be expected to yield more northern
materials, while sites created by groups maoving
northward might be expected to yield more materi-
als fram areas to the south (see also Tankersley 1994).
Given sufficient, well-dated early sites, and careful
stylistic and sourcing analyses, it eventuaily be pos-
sible to reconstruct rates and directions of popula-
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Figure 5. Isthmus of Panama entry least-cost solution pathways for North America {Analysis 4).

tion dispersal over time (i.e., Morrow and Maorrow
1999; Whitley and Dorn 1993:628-633).

Implications from Demographic and
Archaeological Analyses

Demagraphic and archaeological evidence can be
used to evaluate these least-cost pathways, as well
as suggest rates and movement patterns along them.
In particular, characteristics of forager mobility, tech-
nological organization, and reproductive rates canbe
used to suggest possible parameters for population

movement and growth (e.g., Birdsell 1957; Hassan
1981:201-203; Martin 1973; Mosimann and Martin
1975; Whittington and Dyke 1984}. Critical vari-
ables to consider in such analyses include founding
population size, average group size, population
growth rate, group size when fissioning occurs, and
group range. Once modeling parameters are pro-
grammed, it is easy to adjust the values for each vari-
able and run great numbers of analyses. Besides
delimiting the time needed to traverse the least-cost
pathways, information about total population size,
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numkber of separate groups, and total area occupied
by all groups can be generated simultaneously for
each year the model is running. Such data can pro-
vide important clues or perspectives on the colo-
nization pracess. Analyses were conducted assuming
founding populations of 25, 50, or 175 peaple; group
sizes of 23 ar 50 people, population doubling every
100, 134, or 268 years; group fissioning when group
size reached 50 or 100; and group ranges of 25, 50,
100, 200, or 400 km in diameter.® One such analy-
sis is shown in Table 1.

The group and founding population size values
(23, 50, 175) employed in the various analyses that
were run represent typical minimum and maximum
forager band sizes, and the minimum number of peo-
ple that has been suggested are needed to form a
reproductively  viahle population (Kelly
1995:209~-213; Wabst 1974:163). Population dou-
hling intervals (100, 134, and 268 years) were
selected to encompass average modern forager
growth rates {.5 percent per year, or doubling every
134 years; Hassan 1981:137-142}; a value half that
(.25 percent per year, or doubling every 264 years);
and a somewhat higher than optimal rate, with dou-
bling every 100 years, selected because the unex-
ploited New World may have favared rapid human
population growth, and because 100 years was a con-
venient round number. Group fissioning was
assumed to occur when local population reached
twice the average group size; in actuality, fissioning
may have taken place well before these values were
reached, given the subsistence, information man-
agement, and conflict resolution stresses such num-
bers of people likely placed on these groups (Tohnson
1982; Moare 1981). Group range values (25, 50,
100, 200, and 400 km in diameter)—the area occu-
pied by a group until it fissioned, which in these
analyses means from roughly one to three cen-
turies—were somewhat arbitrarily chosen, although
these values encompass fairly well the upper and
lower annual ranges of modern foraging groups
{Kelly 1995:111-132). Long-term land-use patterns,
of course, likely encompassed much larger areas
{e.g., Binford 1983).

The results of these analyses indicate that New
Warld could have been traversed and filled up fairly
quickly, something Mosimann and Martin (1975)
demonstrated over two decades ago, albeit using
much higher population growth rates (3.5 percent per
year), exceeding even thase of most modern agri-
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cultural populations. By the most conservative sce-
natio, employing a founding group size of 25, pop-
ulation doubling every 268 years, fissioning when
group size reached 30, and a group range 25 km in
diameter, the entire land surface of the New World
could have been filled up by groups in 4,556 years,
with population expanding from 25 to over 3 mil-
lion; the actual time would have been appreciably
less, given areas covered by ice sheets or under water,
or in desert or jungle conditions that may have been
avoided. With the other variables held the same and
population doubling reduced to every 134 years, the
time drops to 2,278 years, while reducing the dou-
bling time further, to 100 years, fills the hemisphere
in about 1,700 years (Table 1). As group range or ini-
tial founding population size is increased, and pop-
ulation doubling time decreased, these times drop
markedly; the maost liberal scenario fills the hemi-
sphere in about 600 years. Assuming population
growth rates were comparable to modern foraging
populations, just over 2,000 years would be needed
to fill the hemisphere. Roughly similar spans, sup-
porting rapid landscape filling, have been obtained
in a number of analyses exploring this problem {e.g.,
Belovsky 1988; Hassan 1981:201-203; Martin 1973;
Mosimann and Martin {975 Steele et al. 1994, 1998,
Whittington and Dyke 1984:458; Wobst 1974:153;
Young and Bettinger 1995).

Of course, these types of analyses have a number
of obvious problems. The assumption that unoccu-
pied territory would be available for each new group,
for example, is unrealistic (unless long-distance
movement is assumed), since initial groups them-
selves continue to double and quickly come to be sur-
rounded by their offspring. Likewise, it is unrealistic
to expect that population growth rates or terri-
tory/mobility ranges could have been the same every-
where in the varied environments making up the
New Warld (e.g., Dillehay 1991:251, 253). Finally,
demographic rates in Late Pleistocene populations
may have heen lower than observed among con-
temporary foragers, particularly if a “low-technol-
ogy” or generalized foraging adaptation was in place
instead of the “high-technology foraging” adaptation
assumed to be characteristic of terminal Pleistocene
Clovis and related colonizing adaptations (c.f. Butzer
1988, 1991 Kelly and Todd 1988). A low growth
rateis, in fact, inferred for much of the period of early
human settlement in Australia, the only other conti-
nental landmass for which colonization by anatom-
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Figure 6. String-of-pearls model for Paleoindian colonization and movement through North America.

ically modern human beings has been exploired
archaeologically (Beaton 1991:218).

Even given these caveats, it is clear that large
numbers of people could have been scattered over
appreciable parts of the New World within a span of
no more than one or two thousand years. The dia-
matic increase in the visibility of sites after 12,000
B.P has, in fact, long heen assumed to reflect expan-
sion shortly after initial entry. When sites are found
at or near the extremities of migration pathways that
predate this time, such as Litile Salt Springs, Warm

Mineral Springs, and Page-Ladson in Florida
(Clausen et al. 1979:611; Dunbar et al. [988) at just
prior to 12,0600 B.P., or Monte Verde in Chile at ca.
12,500 B.F. (Dillehay 1997), however, the questions
that immediately arise are how people got there and
the nature and locations of antecedent and contem-
porary populations.

Two simple migration scenarios can be used to
explore these questions—here called the “string of
pearls” and “leap-frog” models (Figures 6-8). These
analyses proceed by estimating group ranges at
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Figure 7. String-of-pearls model for Palecindian colonization and movement through South America.

annual, generational, or longer scales, and using these
values tao delimit circular group “territories.” To this
is added the assumption that, given population
growth, once group size reaches a certain level, fis-
sioning occurs, and either the parent or daughter
group relacates into a new area. Adjusting popula-
tion growth rates and range sizes, it is possible to gen-
erate rough measures of the time needed to traverse
the least-cost pathways, at least for the string-of-
pearls model, where movement into an adjacent ter-
ritory is assumed. The leap-frog maodel, in contrast,

proceeds by assuming groups move appreciable dis-
tances upon fissioning (Anthony 1990:902-903).
Using the string-of-pearls movement scenario,
and assuming group ranges were a generous 400km
in diameter, movement down the ice-free corridar
along the primary least-cost pathway would have
required 30 territories or “pearls” to span North
America, with another 24 required to reach the south-
ern cane of South America, at Los Toldos (Figures
6 and 7). Assuming fissioning occurred as often as
once a century, it would still take over 5,000 years
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Figure 8. Leap-frog model for Palecindian colonization and movement through North America.

to traverse the hemisphere. Following the Pacific
coastline would cut the time required to just over
4,000 years, but this is still a far greater span than
suggested by all but the most conservative demo-
graphic analyses. Of course, if group ranges were
smaller or reproductive rates lower, the time required
totraverse the hemisphere would increase markedly.
As populations occupying the territories founded
early in the string continued to grow and fission, fur-
thermore, the new groups would radiate outward, fill-
ing in areas away from the primary solution pathway.

Thus, by the time the end of the string of pearls was
reached, large numbers of peoples and groups would
seemingly have to be present in the areas near the
heginning points, in North America and northemn
South America. This is not at 2l indicated by the New
World archaeological record, which suggests popu-
[ations were extremely low or absent in many areas
prior to about 11,500 B.P

Mare intuitively satisfying results (j.e., capable of
explaining a thin scattering of early sites) are obtained
when long-distance movement is assumed to have
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ALL FLUTED POINTS (Count Drata as of 3/99, N = 12,163 Points)

Figure 9. Fluted point incidence in the Lower 48 United States, based on data in the North American Paleoindian

Database (Anderson and Faught 1998).

accurred after fissioning (Figure 8). This “leap-frog-
ging” pattern results in the rapid dispersal of peoples
over large areas (Anthony 1990:902-903). Move-
ment could have followed the least-cost pathways
documented here, only with individual ciccles or ter-
ritories widely separated from one another. In the
ahsence of information about how far graups could
have moved upon fissioning, however, it is difficult
to estimate how quickly the extremities of the conti-
nents could have been reached. Moving rapidly, col-
onizing groups could have reached the southern tip
of South America in a few generations (Beaton
1691:222), far faster than the time required in Mar-
tin's overkill model, which has populations sweep-
ing through the hemisphere in about 1,000 years,
albeit in a wave of advance rather than a leap-frog
pattern (Martin 1973:972). A leap-frog strategy would
leave vast unoccupied areas behind the advancing
groups, which would help explain why the early
archaeological record in the Americas is so sparse and
dispersed. Such a strategy would also leave plenty of
area for subsequent generations to fill in.®

Anthony (1990:902-903) has suggested that leap-

frogging migrations tend to be associated with
focused subsistence/procurement strategies, and
reflect the movement of peoples from areas where
resources are exhausted to areas where they are
prevalent. Likewise Beaton (1991:220-222), in an
examination of colonizing logic, or the reasons
behind possible movement strategies by early pop-
ulations, has suggested that optimal foraging con-
cerns were likely important, specifically 2 selection
for what he calls “megapatches™ or unusually favored
combinations of biotic and other resources. Such
strategies would certainly favor a leap-frog pattern
of movement, and would help to explain the exis-
tence of possible Paleoindian staging areas or mar-
shalling sites in some areas (Anderson 1990;
Dincauze 1993b).

The distribution of fluted points in the lower 48
states, in dense but widely separated clusters, many
accurring in resource rich locations, coupled with a
more widespread low density distribution, in fact,
suggests early populations did use a leap-frogging
movement strategy (Anderson and Faught
1998)(Figure 9). Whether fluted assemblages them-
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selves reflect the remains of a founding population
has, however, seen increasing challenge in recent
years, notably through the discovery of contempo-
rary assemblages in North America such as Nenana
and Mill Iron/Goshen, and the aceeptance of the con-
temporaneity or ancestral position of early South
America assemblages at places such as Caverna da
Pedra Pintada and Monte Verde (Bonnichsen 1991
Dillehay 1997; Roosevelt et al. 1996). The appeal of
the Clovis colonization model was, in part, because
it subsumed a technological organization and forag-
ing adaptation that helped to explain its rapid spread,
namely, the use of a highly curated toolkit made on
high-quality lithic raw materials by groups charac-
terized by extensive range mobility in the pursuit of
patchily distributed large animal prey (Kelly and
Todd 1988). Whether such a subsisience strategy
was actually practiced by these peoples in all areas
has, of course, been questioned (Meltzer and Smith
1986; Meltzer 1988), along with the idea that they
were a true founding population. The fluted point dis-
tribution, accordingly, probably better represents the
process of population in-filling and the spread of a
specific adaptation, than the locations where the first
peoples settled.

The least-cost movement solutions, however,
highlight the possibility that initial colonization could
have accurred in some parts of the New World well
befare it did in others. Thus, Clovis could still be a
founding population in some areas, although it no
longer appears to be the founding population across
the hemisphere. The primary pathways in all of the
least-cost analyses, regardless of the entry paint,
however, have people passing near at least some of
the dense fluted point concentrations in the Plains
and in Eastern North America. Thus, even if the first
Americans were more prosaic and archaeologically
less visible broad spectrum foragers, their movement
paiterns south of the ice sheets appear to have taken
them into areas where fluting technology may have
emerged and spread.

Conclusions

These results offer a first look at the potential for
modeling group movement at large scales of analy-
sis, and the utility of the large geographic data sets
now coming online. This type of research will
become increasingly cammon in the years to come,
and should proceed in a number of directions. If
information about major lithic raw material outcrops
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can be assembled at a continental scale, for exam-
ple, these data could be used as a weighting factor
in least-cost analyses. Grid cells representing chert
source areas could be assigned values ta be sub-
tracted from the roughness layer. The attractiveness
of chert could reduce the effects of local roughness,
patentially causing movement pathways to be
diverted to these areas. Similar weighting schemes
can be carried out with estimates of game availabil-
ity, vegetation communities, and so on. Likewise,
positive weighting can be given to presumably attrac-
tive landscape features such as river oy lake margins,
while negative weightings can be accorded deserts
or rain forests.

Thesekind of analyses can, of course, alsa be con-
ducted on smaller regions than those explored here,
to examine movement at a fine scale. This paper was
inspired, in part, by Fred Limp’s (1990} “Digital
DeSato” study, which made use of a least-cost path
analysis to determine routes that Spanish explorers
may have taken in Arkansas. The quality of the data,
in fact, is typically far better for such focused stud-
ies. For instance, DEMs with a harizontal resolution.
of 90 meters (as opposed to the 1-km scale employed
here) are available for all of the United States, and
many regions have even finer 30-m reselution data
available. When combined with soils, geology,
hydrology, aerial photography, satellite imagery, and
other remotely sensed data, the potential for model-
ing environmental influences, site locations, or
movement pathways are boundless,

Adoption of this form of analysis will undoubt-
edly vield many new insights into prehistoric popu-
lation mavement, exchange, and interaction around
the world. In eastern North America alone, topics
worthy of similar exploration include resolving trans-
port networks for seapstone during the Poverty Point
era; copper, shell, and other raw materials by Mid-
dle Archaic through Hopewellian peoples; prestige
goads during the Mississippian period; and the loca-
tions of trails during the historic period.
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mented in Anderson and Faught (1998) and the primary data
may be found at htp:/fwwwadp.fsuedufpalecind html. We
offer cur continued thanks ta all those helping to huild this
Palecindian database.
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Notes

1. This sample includes sites that date from ca. 12,500 to
10,500 B.P. ar later, spanning the entire Palecindian era as it
is currently known. The Narth American sample, for exam-
ple, includes Pre-Clovis (i.e., Page-Ladson, Topper), Clavis
(i.e., Blackwater Draw, Lehner Ranch), and post-Clovis (i.e.,
Dehert, Sloan) assemblages. Some of these sites were repeat-
edly visited, while others saw only one or a few periods of
dramatic use during the Paleoindian era. The sample should
nat, accordingly, be considered indicative of the exact ar
even likely settlements of initial colonizing populations, only
areas that such peoples cowld have reached ar an early date,
and that their nat-tao-distant descendants clearly did reach.
While modeling effort could have alternatively used ran-
domly or systematically dispersed destination points scat-
tered acrass each continent, this was considered unsatisfying
in a paper intended to demonstrate the utility of the analyti-
cal approach to a broad audience af archaeclogists. Many
passible applications require site-specific data, furthermare,
such as delimiting routes berween raw material ar finished
good source areas and places where they were used and dis-
carded {1.e, reconstructing movement pathways for
Haopewellian, Poverty Point, or Mississippian exchange).
Finally, while the modeling could have included a great many
additional early sites (i.e., Cactus Hill, Meadoweroft
Rockshelter, Quebrada Jaguay), some limitations had to be
placed on the computational effort. These sites and aother
locations can, of course, be considered in future applications
of the method.

2. Specific data on Arc/Info Grid may be found at
Environmental Systems Research Institute Inc., 380 New
York Street, Redlands, CA 92373-8100 (This information
also is available at http:fiwww.esti.com/).

3. Global scale bathymetric data at 5-minute resolution,
the ETOPO-5 data set, is available from the National
Geophysical Data Center (1988). Finer-grained data exists
for some areas and or is under development and can be
obrtained from the International Hydrographic Organization's
Data Center for Digital Bathymetry located at NOAA/NGDC
Mail Code EAGC3, 325 Broadway, Boulder, CO (This infor-
mation also is available at http:/fwww.ngde noaa gov/
mgg/hathymetry/ihohtml ).

4. If coastal migration was indeed the way many parts of
eastern. North America were reached, particularly along the
Gulf and Atlantic seaboards, this would necessitate a revision
ta views that major river valleys were the primary movement
cornidors used by colonizing populations. Areas in eastern
Narth Amerjca yielding dense cancentrations of Clavis and
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immediate post-Clavis Paleoindian sites and artifacts have
been hypothesized as possible staging or marshalling areas
for colonizing populations, from which groups moved out-
ward (Anderson 1990; Dincauze 1993b). These staging areas
tand to be located along the major rivers of the eastern part
of the midcontinent, such as the Mississippi, Ohio,
Cumberland, and Tennessee. The least-cost analysis sug-
gests, however, that some of these areas may not have been
the first reached ar waversed by early populations. Once set-
tled, however, the hypothesized staging areas, many of which
are tich in hiotic, lithic, and other resources, appear to have
witnessed extensive subsequent population growth. The
Clovis radiation, in fact, may have originated in one of these
areas.

5. Recent discoveries of eatly coastal sites in southern
Sauth America {Keefer et al. 1998; Sandweiss et al. 1998), as
well a3 the acceptance of the Monte Verde dating (Meltzer et
al.1997, Taylor et al. 1999), however, suggest that the rough
coastal terrain may not have heen an insurmountable barrier
ta these early peaples. A similar development is occurring in
Narth America, where initial entry via the Pacific Northwest
Coast i3 gaining increasing support. What is interesting is
that the least-cost analysis conducted here complements
Sauer's South American routes sa clasely, particularly since
the latter was to some extent intuitively based, and included
consideration af both physiography and biotic resource struc-
ture.

4. These values are for heuristic purpeses. Group terri-
tory/range size, population growth rate, averall population,
and mobility undoubtedly varied appreciably given the dif-
fering environments of the Americas. This is particularly true
when camparing movement along the coast versus in the
interior, since half the territory of coastal groups i located in
the ocean, which in this model is a barrier to movement, and
hence inaccessible. Finally, while regular hexagons rather
than cirenlar tefritories could have been vsed, eliminating
problems of lowered “packing efficiency” and voids between
neighboring groups, and perhaps giving a mote realistic dis-
tribution. of groups on the landscape (e g., Wilmsen 1973;
Wobst 1974:153-154), in the current analysis circular terri-
tories were appreciably easier to compute, map, and describe.

7. The string-of-pearls model is, of course, also a heuris-
tie device and should not be taken too literally. As popula-
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tions grew behind the leading group, with doubling every few
generations, new territories wauld need to be located and get-
tled. The discussion in the text assumes these graups filled in
areas behind the leader. In all likelihood, however, some of
the groups forming behind the leader, upon fissioning, would
move ahead of that group, either by leap frogging or passing
to one side. Likewise, ance the landscape behind the |eader
became completely filled, new stratepies would have to be
considered (i.e., range reduction, population regulation).
Finally, while hunter-gatherer population distributions car be
explored using optimal foraging and spacing arguments, the
actual geeurrence of human groups on the landscape tends to
be bath uneven and inefficient {e.g., Moore 1981:199; Waobst
1974, 1976). Indeed, how these disteibutions differ fram ide-
alized spacing models can lead to valuable insights.

8. Leap-frogging groups becoming widely separated from
one another would also likely be more vulnerable to disease,
accident, ar ather calamity, resulting in failed migrations,
and hence leaving behind the sparse assemhblages, widely
scattered in time and space, that are seen in the pre-Clovis
archaeological record. The New World (and also Australia) is
frequently portrayed as a hunter’s paradise, a setting prompt-
ing uninhibited papulation grawth and a rapid dispersal of
peoples over the landscape. Given increasing evidence on
bath continents far carly entry, well before sites and assem-
blages become cammanplace, such scenarios are utterly
untealistic and require us to rethink our basic assumptions. If
calonizing groups had a difficult time, however, with many
graoups dying out or struggling along at very low levels, it
would take far longer for populations to achieve appreciable
archacological visibility. Negative impacts of disease, fierce
predatars, and novel biota on human demography have only
rarely been considered in research on the colonization of the
New Woarld (Dillehay 1991 is a natable exception), but they
should be. The eqlonization of the Americas may have bheen
a far preater challenge and a more epie struggle than we have
been lead ta believe.
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