The Discovery of America
The first Americans may have swept the Western
Hemisphere and decimated its fauna within 1000 years.

scarcity of kill sites on a landmass
which suffered major megafaunal losses
becomes a predictable condition of the
special circumstances which distinguish
a sudden invasion from more gradual
prehistoric cultural changes in situ.
Perhaps the only remarkable aspect of
New World archeology is that any kill
sites have been found (9).

Megafaunal Biomass
Paul S. Martin

America was the largest landmass
undiscovered by hominids before the
time of Homo sapiens. The Paleolithic
pioneers that crossed the Bering Bridge
out of Asia took a giant step. They
found a productive and unexploited
ecosystem of over 107 square miles
As
(2.6 X 107 square kilometers).
Bordes has said (1), "There can be no
repetition of this until man lands on a
[habitable] planet belonging to another
star."
At some time toward the end of the
last ice age, big game hunters in Siberia
approached the Arctic Circle, moved
eastward across the Bering platform
into Alaska, and threaded a narrow
passage between the stagnant Cordilleran and Laurentian ice sheets. I propose that they spread southward explosively, briefly attaining a density
sufficiently large to overkill much of
their prey.

Overkill without Kill Sites
Pleistocene biologists wish to determine to within 1000 years at most the
time of the last occurrence of the dominant Late Pleistocene extinct mammals.
If one recognizes certain hazards of
"push-button" radiocarbon dating (2),
especially dates on bone itself, it appears that the disappearance of native American mammoths, mastodons,
ground sloths, horses, and camels coincided very closely with the first appearance of Stone Age hunters around
11,200 years ago (3).
Not all investigators accept this circumstance as decisive or even as adequately established. No predator-prey
model like Budyko's (4) on mammoth
extinction has been developed to show
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how the American megafauna might
have been removed by hunters (5).
Above all, prehistorians have been
troubled by the following paradox.
In temperate parts of Eurasia, large
numbers of Paleolithic artifacts have
been found in many associations with
bones of large mammals. Although the
evidence associating Stone Age hunters
and their prey is overwhelming, not
much extinction occurred there. Only
four late-glacial genera of large animals
were lost, namely, the mammoth
(Mammuthus), woolly rhinoceros (Coelodonta), giant deer (Megaloceros),
and musk-ox (Ovibos).
In contrast, the megafauna of the
New World, very rarely found associated with human artifacts in kill or
camp sites (6), was decimated. Of the
31 genera of large mammals (7) that
disappeared in North America at the
end of the last ice age, only the mammoth (Mammuthus) is found in unmistakable kill sites. The seven kill sites
listed by Haynes (8) lack the wealth
of cultural material, including art objects, associated with the Old World
mammoth in eastern Europe and the
Ukraine. It is not surprising that some
investigators discount overkill as a
major cause of the extinctions in
America.
But if the new human predators
found inexperienced prey, the scarcity
of kill sites may be explained. A rapid
rate of killing would wipe out the more
vulnerable prey before there was time
for the animals to learn defensive behavior, and thus the hunters would not
have needed to plan elaborate cliff
drives or to build clever traps. Extinction would have occurred before there
was opportunity for the burial of much
evidence by normal geological processes. Poor paleontological visibility
would be inevitable. In these terms, the

Bordes (1) and Haynes (8) believe
that the Stone Age hunters found
abundant game in America. Although
the fauna was diverse (7), no estimates
of the size of the Late Pleistocene game
herd have been attempted. I propose
two crude but independent methods of
estimating the biomass of the native
megafauna, both of which utilize present range-carrying capacity. In the first
method one projects estimates of the
biomass of large mammals in African
game parks to areas of comparable
range productivity in the New World.
The other method is based on the assumption that present managed livestock plus game populations in the
Americas would equal, and probably
exceed, the maximum herd size of the
Late Pleistocene.
Estimates of biomass in various African parks are shown in Table 1. The
drier parks such as Tarangire Game
Reserve, Kafue, Kagera, and others not
included in Table 1 such as Kruger
National Park, South Africa, and Tsavo
National Park, Kenya, support 10 to'
20 animal units (10) per section (1.8
to 3.5 metric tons per square kilometer).
In the Americas during the Pleistocene,
similar values might be expected on
drier ranges (mean annual precipitation, 400 to 600 millimeters) dominated
by mammoth, horse, and camel. The
carrying capacity would have been
much less in the driest regions (annual
precipitation less than 200 millimeters).
African game parks supporting the
highest biomass, over 100 animal units
per section (over 18 metric tons per
square kilometer), occur in tall grass
savannas along the margin of wet tropical forest. The dominant species are
elephant, buffalo, and hippo. In the
tropical American savannas, along
coasts, and on floodplains of the temperate regions, one might expect a
similar biomass in the Pleistocene. The
dominant species were mastodons and
large edentates.
For the 3 x 10; sections of land
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Table 1. Large mammal biomass in some African parks and game reserves [from Bourliere
and Hadley (32)]. [Courtesy of Annual Reviews, Inc., Palo Alto, Calif.]
Biomass
(metric
tons per
square
kilometer)

Biomass
(animal
units per
square
mile)

Location

Habitat

Number
of
species

TarangireGame Reserve,
Tanzania
Kafue National Park,
Zambia
Kagera National Park,
eastern Rwanda
Nairobi National Park,
Kenya
Serengeti National Park,
Tanzania
Queen Elizabeth National
Park, western Uganda
Queen Elizabeth National
Park, western Uganda
Albert National Park,
northern Kivu

Open Acacia savanna

14

1.1

6

Tree savanna

19

1.3

7

Acacia savanna

12

3.3

18

Open savanna

17

5.7

32

15

6.3

36

Open and Acacia
savannas
Open savanna and
thickets
Same habitat,
overgrazed
Open savanna and
thickets, overgrazed

(7.8 X 106 square kilometers) in the
unglaciated United States, I propose the
following average stocking capacities,
each covering roughly 10? sections: (i)
savannas, forest openings, floodplains,
and other highly to moderately productive habitats, 50 animal units per section, or 22.7 X10 metric tons; (ii)
arctic, boreal, semiarid, short grass
ranges, and other low to moderately
productive habitats, ten animal units
per section, or 4.6 X 106 metric tons;
(iii) closed canopy forest, extreme
desert, barren rock, and other habitats
unproductive for large herbivores, two
animal units per section, or 0.9 X 106
metric tons. The total for North America north of Mexico is 62 X 106 animal
units or 28.2 X 106 metric tons.
Turning from the African analogy to
estimates based on current livestock
plus game populations, one obtains a
higher biomass. The United States alone
supported 1.20 X 10s animal units (all
types of livestock) in 1900 and 1.48 X
108 in 1945. Adding wild game, I project these values for the Western Hemisphere south of Canada to a total of
5.00 X 108 animal units, or 2.30 X 108
metric tons (11).
Presumably this
value, based on managed herds, exceeds
the natural Pleistocene biomass.
A herd of 2.50 X 108 animal units
during the Late Pleistocene would seem
more realistic in terms of the African
values. A hemispheric estimate of 108
animal units should be far too low for
the primary plant productivity available
to the native herbivores but would still
be a sizable resource for the first
Paleolithic hunters.
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11

12

68

11

27.8-31.5

158-179

11

23.6-24.8

134-141

The alternate view, that the American large mammal biomass was in
eclipse during the late glacial (12),
cannot be tested quantitatively on the
basis of fossils alone. Bones do not provide reliable estimates of past biomass
(13). But the great numbers of mastodon, mammoth, extinct horse, camel,
and bovid bones found in late-glacial
sediments hardly suggest scarcity. Evidence that the Late Pleistocene megafauna was declining in numbers and
diversity before 12,000 years ago, as
Kurten found in Late Paleolithic sites
of the Old World (14), is lacking in the
New World (11).

America's First Population Explosion
The mini?mum growth rate required
to attain the estimated (A.D. 1500)
population of the New World is negligible, 0.1 percent annually. Slow, imperceptible growth is what demographers
are prone to project into the Paleolithic (15). They have no choice.
Neither bones nor artifacts will reveal
instantaneous rates of change. A century of maximum growth, followed by
a year of massive mortality, would
escape detection by archeologists.
It seems likely that, when entering a
new and favorable habitat, any human
population, whatever its economic base,
would unavoidably explode, in the sense
of Deevey [see (15)], with a force that
exceeded ordinary restraint. The environment of the New World should
have been particularly favorable. The
hunters who conquered the frozen

tundra of eastern Siberia and western
Alaska must have been delighted when
they first detected milder climates as
their route turned southward. Predation
loss seems improbable (11). More important, the major hominid diseases
endemic to the Old World tropics were
unknown in the New World (16).
Hunting accidents undoubtedly occurred, but presumably less often when
New World elephants were at bay than
in the case of the more wary and experienced mammoths of Eurasia.
When they reached the American
heartland, the Stone Age hunters may
have multiplied as rapidly as 3.4 percent annually, the rate Birdsell (17)
reported for the settlement of Pitcairn
Island and elsewhere. Anthropologists
regard one person per square mile (0.4
person per square kilometer) as maximum for a preagricultural economy on
its best hunting grounds. Had such a
attained
been
density
population
throughout the Americas, it would represent a total population of 107 in the
107 square miles (2.6 X 10T square kilometers) outside of Canada and other
glaciated regions. At a rate of population growth of 3.4 percent annually, or
a doubling every 20 years, 340 (17 generations) would be the minimum time
needed for a band of 100 invaders to
saturate the hemisphere. Even at a rate
of 1.4 percent annually, or a doubling
every 50 years, saturation would require
only 800 years. Presumably a population crash would soon follow the extinction of the megafauna (4).
One need not demand that a maximum growth rate was maintained for
long, or that the New World PaleoIndian population ever totaled 107 at
any one time. Animal invaders expand
along an advancing front (18). I propose that the human invasion of the
Americas proceeded in the manner
Caughley [see (18)] has reported for
exotic mammals spreading through New
Zealand (see Fig. 1). A high population
density was concentrated only along the
periphery. The advance of the hunters
was determined partly by the abundance
of fresh game within the front and
partly by cultural limits to the rate of
human migration. In a decade or less,
the population of vulnerable large animals on the front would have been
severely reduced or entirely obliterated.
As the fauna vanished, the front swept
on, while any remaining human population would have been driven to seeking new resources.
For the North American midcontiSCIENCE, VOL. 179

nent, I assume the arrival near
Edmonton of a band of 100 hunters
(Fig. 2). If the average southward
movementdid not exceed 16 kilometers
per year (19), 184 years would have
been required to develop a population
of 61,000, large enough to continue to
expand southwardat the required rate
while maintainingthe required frontal
density of 0.4 person per square kilometer across an arc 160 kilometers
deep. By then the front would have
advancedsouthward640 kilometersbeyond Edmonton (Fig. 2).
Further expansion would be limited
not by the maximumrate of population
growth but by the assumed cultural
limits to migration. A maximum population for North America would be
about 600,000, with half that number
on the front when it reached the Gulf
of Mexico, 3300 kilometers south of
Edmonton. The concordant radiocarbon ages Haynes finds among midcontinent man-mammoth sites (8) are
conformable with the proposed rapid
sweep of the hunters. Alternate solutions based on computersimulationare
shown in Table 2.
Under the conditions of the model,
the front reached Panama at 10,930
years ago. At this point a second slight
lag ensued, imposed by the need to
develop a broad front into South America after passage of the Panamanian
bottleneck (Fig. 3). In this case, a
larger initial population seems likely.
Within about 130 years, a population
growth rate of 3.4 percent annually
would again begin to be limited by
culturalrestraints.By 10,500 years ago,
1000 years after the arrival of the
hunters at Edmonton (1200 years after
arrival in Alaska), Tierra del Fuego
would be within view (Fig. 3).

Table 2. Simulated values for New World population growth.* In example 1, 104 people
reached Edmonton 11,500 years ago. They double in numbers every 20 years until limited
by their southward migration rate, 16 kilometers per year. Population growth fills a sector
of 90? and is concentrated along the arc ("front") through a depth of 160 kilometers.
The density on the front is 0.4 person per square kilometer and behind the front is 0.04
person per square kilometer. Example 2 is the same as example 1 except that the population
doubles every 30 years. Example 3 is the same as example 1 except that the migration rate is 8
kilometers per year. Example 4 is the same as example 1 except that the migration rate is 25
kilometers per year. Example 5 is the same as example 1 except that the front is 80 kilometers
deep. Example 6 is the same as example I except that the front is 240 kilometers deep.
Example 7 is the same as example 1 except that the front is 0.02 person per square kilometer.
Example

1
2
3
4
5
6
7

Filling the front
Time
Population
(years)
125
188
125
125
86
149
125

8,000
8,000
8,000
8,000
2,800
18,000
8,000

Point at which frontal advance
is limited by migration rate
Time
(years)

Distance
(km)

184
299
159
199
172
193
180

393
583
207
583
457
349
368

Population
61,000
102,000
26,000
102,000
40,000
81,000
53,000

Front reaches the
Gulf of Mexico
Time
(years)
345
440
519
294
326
358
344

Population
590,000
590,000
590,000
590,000
435,000
750,000
450,000

* Computer simulations programmedby D. P. Adam.

to all predators would very likely be
lethal in a few years. Smaller animals
(between 50 and 400 kilogramsin adult
body weight) reproduceat higher rates,
but their vulnerabilitywould increase if
the hunters preyed less selectively than
wolves, taking a higher percentage of

eliminate 26 percent of the biomass in
1 year. Regions with a higher biomass
(more animals), resemblingthe richest
African game parksof today, would not
have escaped if the density of hunters
rose accordingly.
Provided that each carcass was careadult females.
fully butcheredand dried and all edible
An annual removal of 30 percent of portions were ultimately consumed, the
their biomass should exceed normal re- minimum caloric requirementsfor one
placement by reproductionfor all the person per section could have been met
mammals lost in the Late Pleistocene. by the annualremovalof only 5 percent
If one person in four did all of the of the assumed 50 animal units per
hunting, destroying one animal unit section. But much more wasteful con(450 kilograms) per week from an ani- sumption is to be expected, especially
mal population on the front averaging if tempting, new prey were easily ac50 animal units per section, he would cessible (11). Wheat [see (3)] has

Local faunal

= extinction

Modeling Overkill
The impact of the hunters is best 1
visualized if one considersa representa0.4
tive area on their front. If a sizable
biomass,say, 50 animal units per square
Human
mile, were exposed for 10 years to
population
0.2
hunterswhose density is one person per
density per
square mile on the average, what resquare
moval rates would be necessary to rekilometer
duce the fauna? The fraction of the
standing crop of moose available an4
1
/
lU
nually to wolves on Isle Royale is 18
older
and
percent (20); mainly
Time (years)
young
animals are taken. For animals larger
of the front showing theoretical changes in human population density.
Fig. 1.
than moose, an annual removal rate of At any Passage
one point, the big game hunters and the extinct animals coexisted for no
20 percent of the biomass attributable more than 10 years. Poor paleontological visibility of kill sites is thus inevitable.
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reviewed the historicrecordsof extraordinary meat consumption and occasional extreme waste among the Plains
Indians.
Unless one insists on believing that
Paleolithic invaders lost enthusiasmfor
the hunt and rapidly became vegetarians by choice as they moved south
from Beringia, or that they knew and
practiced a sophisticated, sustained
yield harvest of their prey, one would
have no difficultyin predictingthe swift
exterminationof the more conspicuous
native American large mammals. I do
not discountthe possibilityof disruptive
side effects, perhaps caused by the introduction of dogs and the destruction
of habitat by man-made fires. But a
very large biomass, even the 2.3 X 108
metric tons of domestic animals now
ranging the continent, could be overkilled within 1000 years by a human
population never exceeding 106. We
need only assume that a relatively innocent prey was suddenly exposed to
a new and thoroughly superior predator, a hunter who preferred killing
and persistedin killing animals as long
as they were available (21).
With the extinction of all but the

smaller, solitary, and cryptic species,
such as most cervids, it seems likely
that a more normal predator-preyrelationship would be established. Major
cultural changes would begin. Not until
the prey populationswere extinct would
the hunters be forced, by necessity, to
learn more botany. Not until then
would they need to readapt to the distribution of biomes in America in the
manner Fitting (22) has proposed.
An explosive model will account for
the scarcity of extinct animals associated with Paleo-Indian artifacts in
obvious kill sites. The big game hunters
achieved high population density only
during those few years when their prey
was abundant.Elaboratedrives or traps
were unnecessary.
Sudden overkill may explain the absence of cave paintings of extinct animals in the New World and the lack of
ivory carvings such as those found in
the mammothhunter camps of the Don
Basin. The big game was wiped out
before there was an opportunityto portray the extinct species.
Finally, the model overcomes any
objections that acceptable radiocarbon
dates of around 10,500 years ago on

artifactsfrom the southerntip of South
America (23) requirea crossing of the
Bering platform thousands of years
earlier (24).
As Birdsell (17) found in the case of
Australia, it appears that prehistorians
have overlooked the potential for a
population explosion in what ecologists
must regard as a uniquely favorable
environment-the New World when
first discovered. An outstanding difficulty remains, the question of "prePaleo-Indians"or "early-early man."
The Hunt for Early-EarlyMan
The population and overkill model I
have proposed predicts that the chronology of extinction is as effective a
guide to the timing of human invasion
as the oldest artifacts themselves. According to Haynes (8), well-datedNew
World mammothkill sites clustertightly
around 1.1,200 years ago. The population growth model presented here requires that the time of human entry
into Alaska need be no older than
11,700 years ago to bring the hunters
to Arizona by 11,200 years ago and to

10,800 N
years ago
10,700 years
ago

ago

10,500 years
ago

1

'The Front'
40 people per 100 km2

Lii

'Behind the Lines'
4 people per 100 km2
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Fig. 2 (left). Sweep of the front through North America. As local extinction occurs, the hunter moves on. 3 Fig. 3 (right).
Sweep of the front through South America. Local extinction accompanies passage of the front. (Figures 2 and are not drawn
to scale.)
972

~~~SCIENCE,
~~~~~~~~~~~~~~~~~~972

VOL. 179

the tip of South America by 10,500
years ago.
A growing number of claims and
reviews of sites considered to be at least
13,000 years old or older, including
some proposed to be over 20,000 years
old, have appeared recently (25). The
presence of people in the New World
long before the big game hunters of
11,200 years ago seems all but conclusively established. Most prehistorians
assume that the Americas were occupied by 15,000 years ago (26). However, questions of evidence loom.
An ephemeral or scarcely detectable
invasion by or before 15,000 years ago
implies slow population growth and a
low population density. Few would
claim that the putative early-early
Americans were numerous, and IrwinWilliams [see (25)] concluded that they
were scarce. A sizable hunt for new
evidence of early-early Americans is
under way. The more spectacular the
claim, the more interest is generated in
the announcement (27).
The nature of death assemblages, the
subtleties of rebedding and redeposition, the uncertainty in diagnosing artifacts, and, especially, the limitations of
various dating methods under ordinary
field conditions are certain to generate
difficulties even for the most careful
investigator. Although replication or the
critical verification of an original excavation assumes major significance, it is
not often attempted.
In a notable exception, the reexcavation of Tule Springs, Nevada, a wellfunded team of geologists, ecologists,
and archeologists failed to verify the
impressive claim of a 23,000-year-old
human occupation (28). The oldest
evidence of occupation that could be
verified at Tule Springs occurred in.
depositional units considered to be between 11,000 and 13,000 years old
(29).
Their research material has made
behavioral scientists especially sensitive
to interpreter and experimenter effects.
According to Rosenthal, "Perhaps the
greatest contribution of the skeptic, the
disbeliever, in any given scientific observation is the likelihood that his anticipation, psychological climate, and even
instrumentation may differ enough so
that his observation will be a more independent one" (30). Site replication
established the contemporaneity of ancient man and extinct fauna in the New
World (31).
Replication is now needed if the
early-early man sites are to be regarded
seriously. The enthusiastic search and
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the growing number of claims can be
viewed as destructive, not supportive,
of the early-early man theory. At this
point, the more unreplicated claims that
are filed, the more likely that their
authors may be victims of an experimenter, or, in this case, excavator,
effect.
Begging each claim is an ecological
paradox: If Homo sapiens was clever
enough to master a technology that allowed him to penetrate the Arctic or
the marine barriers standing in the way
of discovery of the New World, why
did he fail to exploit the highly productive ecosystem he found in warmer
parts of this hemisphere? Why did he
fail to leave a trail of evidence at least
as obvious as the Mousterian, Gravettian, Solutrean, and other Middle and
Upper Paleolithic cultures so abundant
in Europe? My questions simply rephrase an objection voiced long ago by
Hrdlicka and revised by Graham and
Heizer (31).
For the present, American archeologists can rest assured that ecological
principles are not violated by evidence
at the known validated sites. A brief
moment of big game hunting, not only
of mammoth but also of many other
species, could have led to megafaunal
extinction around 11,000 years ago and
to major cultural readaptation in most
of the hemisphere afterward. It is not
necessary to postulate human invasion
by or before 15,000 years ago.
Invasion by a slowly growing and
chronically sparse population is not impossible. But it requires major ecological constraints that have yet to be identified in the American environment.
Given the biology of the species, I can
envision only one circumstance under
which an ephemeral discovery of
America might have occurred. It is that
sometime before 12,000 years ago, the
earliest early man came over the Bering
Straits without early woman.

Summary
I propose a new scenario for the
discovery of America. By analogy with
other successful animal invasions, one
may assume that the discovery of the
New World triggered a human population explosion. The invading hunters
attained their highest population density along a front that swept from
Canada to the Gulf of Mexico in 350
years, and on to the tip of South America in roughly 1000 years. A sharp
drop in human population soon fol-

lowed as major prey animals declined
to extinction.
Possible values for the model include
an average frontal depth of 160 kilometers, an average population density
of 0.4 person per square kilometer on
the front and of 0.04 person per square
kilometer behind the front, and an average rate of frontal advance of 16 kilometers per year. For the first two centuries the maximum rate of growth may
have equaled the historic maximum of
3.4 percent annually. During the episode of faunal extinctions, the population of North America need not have
exceeded 600,000 people at any one
time.
The model generates a population
sufficiently large to overkill a biomass
of Pleistocene large animals averaging
9 metric tons per square kilometer (50
animal units per section) or 2.3 X 108
metric tons in the hemisphere. It requires that on the front one person in
four destroy one animal unit (450 kilograms) per week, or 26 percent of the
biomass of an average section in 1 year
in any one region. Extinction would
occur within a decade. There was insufficient time for the fauna to learn
defensive behaviors, or for more than
a few kill sites to be buried and preserved for the archeologist. Should the
model survive future findings, it will
mean that the extinction chronology of
the Pleistocene megafauna can be used
to map the spread of Homo sapiens
throughout the New World.
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