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Hunter-Gatherers, Archaeology, and
the Role of Selection in the Evolution
of the Human Mind

Robert L. Kelly

INTRODUCTION
The study of hunter-gatherers lies at the heart of anthropology,
but anthropologists are conflicted as to why. One frequently given rea-
son is that the human species has spent 99 percent of its more than
5-million-year history as hunter-gatherers (or foragers, as they are com-
monly called today) P As recently as 15,000 years ago, everyone in the
world lived by foraging. Even 500 years ago, foragers inhabited perhaps
a third of the world’s landmass. In the landn;ark volume Man the Hunter,
Richard Lee and Irven DeVore {1968) claimed that this made foraging
the most successful adaptation that humans have ever achieved.
Nineteenth-century Europeans saw things differently. The Victori-
ans viewed primitive peoples as lower forms of humanity, as examples
~ of what becomes of those who fail to progress. The evolutionary strug-
gle for the “survival of the fittest” was seen as a victory of morality over
the “*baser” instincts of man. The Victorians saw humanity as forming
a portion of the great Chain of Being, in which different cultures—
or, to the Victorians, “races”—were ranked in terms of evolutionary
progress, each race occupying a rung on the evolutionary ladder. In
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anthropology, this paradigm came to be known as unilineal evolutionism.
The degree of progress was measured in terms of a number of charac-
teristics, including technology, property, material possessions, a belief
in magic, descent, religion, and marriage. But biology was primary. No
matter how many British linguistic, social, economic, and cultural trap-
pings a native of India adopted, he could never have stood on the same
rung of the evolutionary ladder as his British lords. Although in theo-
ry one could climb the ladder, the racism of Europeans argued that
this was, at the end of the day, impossible. (Such a view was necessary,
in fact, to justify control of colonies.)

A notion of selection was at work in this process, but it was quite
different from today’s use of that term. The great Chain of Being, a
concept that can be traced back to Greek philosophers, extended
beyond humanity, for above the British were angels, and above the
angels, God. “Survival of the fittest™ had moral overtones, for the
Victorians thought that moral fiber, rather than reproductive success,
controlled evolutionary change (although there were dissenters at the
time who saw that the “profligate” Irish, with their large families, would
soon overrun the spendthrift Scots, who married late and had small
families).

Archaeology and human paleontology were fledgling sciences in
the late nineteenth century, so Victorian scholars constructed evolu-
tionary sequences largely through the comparative method (see R. L.
Kelly 1995). In the comparative method, living peoples were taken,
quite literally, to be living prehistory, and Victorian scholars confi-
dently placed huntergatherers on the lower rungs of the evolutionary
ladder. Descriptions of forager lifeways were frequently gleaned from
ships’ captains, military officers, explogers, and missionaries, cbservers
who often knew little about the indigenous peoples they encountered.
But better data would probably have been inconsequential, for the
Victorians® image of toragers was of more use to them than cthno-
graphic reality.

We can be proud of the fact that American anthropology was
founded on Franz Boas’s vehement denial of unilineal evolutionism
and on his standards of fieldwork, which demonstrated that foraging
peoples were equal to others in intelligence, creativity, and moral
fiber. But anthropology still grants hunter-gatherers a special place in
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the pantheon of human diversity. The Victorian moral tone has dis-
appeared (and among today’s public, it is often reversed, with foragers
seen as the ones full of wisdom and industrialized societies as the
waifs who have lost their way), but we still seem to think that hunter-
gatherers are substantially different from the rest of humanity. Why?

In Man the Hunter, Lee and DeVore (1968:ix) gave their reasons for
studying the foraging lifeway: “We cannot avoid the suspicion that
many of us were led to live and work among the hunters because of a
feeling that the human condition was likely to be more clearly drawn
here than among other kinds of societies.” So hunter-gatherers were
different from horticulturalists or industrialists because those latter
lifeways represent layer after layer of complications built upon a foun-
dation of human nature (see Lee 1979}. To get to human nature, then,
one must strip away those complications. And the most direct way to do
that was to study hunter-gatherers.

Anthropologists, including, I suspect, Lee and DeVore, would deny
this claim today, just as they deny the Victorian claim that living hunter-
gatherers are Pleistocene relics. If this is true, then why should hunter-
gatherers still occupy, as they do, such a prominent role in the study of
the past?

Two prominent research paradigms have foragers at their core:
evolutionary psychology (EP) and human behavioral ecology (HBE).
Both fields see human behavior as shaped by an evolutionary process
of selection, and each sees hunter-gatherers as holding an important
key to understanding that process. Lee and DeVore’s 1963 justification
for studying foragers might today be written thus: “We cannot avoid the
suspicion that many of us were led to live and work among the hunters
because of a feeling that living foragers allow us, in a sense, to look back
in time.” Fthnography in these cases substitutes for the direct study
of human prehistory through archaeology and paleoanthropology.

My argument is that we cannot determine the role that selection
has played in shaping humans without considering archaeology
and paleoanthropology. To do otherwise commits the same error that
the Victorians made. We will examine EP and HBE here, focusing on
studies of male-female differences in wayfinding in the former and
sharing in the latter. We will then look at how human sharing is em-
bedded in cultural precepts and how it could not arise except among
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hominids with the biological capacity to be cultural. Finally, we will
consider which research paradigm is better suited to investigate the
linkages between a critical behavior such as sharing, and culture and

selection.

EVOLUTIONARY PSYCHOLOGY

EP assumes that “the evolved structure of the human mind is
adapted to the way of life of Pleistocene hunter-gatherers” (Cosmides,
Tooby, and Barkow 1992:5; Tooby and Cosmides 1992). Thus, EP is
concerned with how natural selection produced the psychological
mechanisms that underlie behavior. EP argues that there are multiple,
perhaps hundreds (if not more) of psychological “modules” that gov-
ern behavior. It supposes that these modules were created through
selection during the “environment of evolutionary adaptedness,” or
EEA. EP researchers never specify when or where the EEA existed; it
may, in fact, have existed at different times and places for different
psvchological modules. But in many instances, it is simply thought of
as “back then” when all our ancestors lived as hunter-gatherers. So, per-
haps the EEA was back when australopithecines lived on the forested
edges of the African savanna; or perhaps it was back when well-
organized, technologically sophisticated Upper Paleolithic hunters
lived in the European periglacial environmeni.

But for those who study prehistory, the difference between these
two eras and places is great, in terms of the challenges of the physical
environment, human cognitive and social abilities, and the social land-
scape (see Foley 1995:206). This is important because evolution is a his-
torical process and selection is a local process. Therefore, to argue that

a particular psychological module is a preduct of selection means that -

one should be able to specify the time and the place when selection
occurred in order to test the idea against the most direct records we
have of human prehistory—archaeology and human paleontology.
For example, EP claims that men and women reckon space differ-
ently. In controlled experiments, men do better on mental rotation
tasks and wayfinding, whereas women perform better on memoriza-
tion tasks (for example, Linn and Petersen 1985; Hampson 1990;
I. Silverman and Eals 1992; Eals and Silverman 1994; James and Kimura
1997, McBurney et al. 1997; Dabbs et al. 1998; Moffat, Hampson,
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and Hatzipantelis 1998; Gron et al. 2000; L Silverman et al. 2000).3
Although the experimental patterns appear genuine, these studies are
generally limited to laboratory experiments with English-speaking col-
lege students. To my knowledge, only one study involves actually taking
subjects into a forest (I. Silverman et al. 2000); none tests the idea
cross-culturaily;* and few evaluate the potential effects of differential
{male-female) enculturation.® Although there do appear to be differ-
ences in brain functioning during route finding (Grén et al. 2000) and
possible links between estrogen levels and spatial skills (Hampson
1990), it is not clear whether the cause is genetic, developmental, or a
combination of both.

Nonetheless, EP argues that the explanation for the difference lies
in our evolutionary past and was produced through selection. In their
initial paper on the so-called hunter-gatherer theory of the origin of
sex-specific spatial abilities, Silverman and Eals (1992:534) argue that
“tracking and killing animals entail different kinds of spatial problems
than does foraging for edible plants; thus, adaptation would have
favored diverse spatial skills between sexes throughout much of their
evolutionary history.” They assert that, while out hunting, men need
mental attributes that “would enable the pursuit of prey animals across
unfamiliar territory and, also, accurate placement of projectiles to kill
or stun the quarry” (1992:535). These attributes would include those
that permit men to score significantly higher than women on mental
rotations, map reading, and maze learning. Food plants, on the other
hand, “are embedded within complex arrays of vegetation. Successful
foraging, then, would require locating food sources within such arrays
and finding them in ensuing growing seasons” (1992:535). This, EP
argues, requires that women be good at memorizing object arrays and
their spatial relationships.

In essence, EP argues that evolution selected for men who can
“dead reckon” space, finding their way across unknown terrain by
using the geometry of their day’s trip to place themselves mentally ata
known distance and bearing from camp. On the other hand, EP
claims, evolution selected for women who could figure their way across
space by memorizing it, following a known trail back from a day of for-
aging by using landmarks. Men and women who had these attributes
would spend less time traveling and more time foraging (or maximize




RoBERT L. KELLY

time spent in fitnesslinked nonforaging activities, or reduce the

potential for accidents or predation while foraging by reducing the
time spent traveling), raise more offspring to reproductive age, and
hence increase the frequency of their wayfinding genes.

(Some anthropologists might question the assumption that men
hunted and women gathered prehistorically. Personally, I am not trou-
bled by it, since women'’s devotion to foraging is almost certainly linked
to breastfeeding and the incompatibility between children and large
game hunting [see R, L. Kelly 1995]. Given this, women can better pro-
vision children through foraging than through hunting [but this does
not account for why men tend to focus on hunting; see below; Hawkes
and Bliege Bird 2002]. Nonetheless, it is still an assumption that should
be continually tested against the data of prehistory.)

Oddly, there is not a single ethnographic reference in any of the
EP publications devoted to the hunter-gatherer theory of spatial sex
differences. Actual ethnographic evidence, however, shows that men
also memorize their landscapes, often being able to draw detailed
maps of thousands of square kilometers (R. L. Kelly 2002}. Indeed,
hunters have to memorize landscapes in order to return to good places
to look for game (such as springs, salt licks, or ridgetops that offer
views). It may even be that they had to memorize larger landscapes
than women (and they used various mental tools such as myths and
religiously linked legends to do so0). So shouldn’t men today have
memory skills at least as good as those of women, if selection were at
work? And conversely, why wouldn’t women need the apparent way-
finding skills of men? In my experience with the Mikea of Madagascar,
if women returned to camp on a known path, it was only because. the
path out was the shortest path back and avoided brambles and thick-
ets. Furthermore, I observed Mikea women navigate back to camp
through dead reckoning.

EP does not ignore ethnography—references appear, for example,
throughout Buss’s (1999) texthook—but it does make selective use of
it, tending to look for simple universals among a limited number of
cases rather than for explanations of variation. Cosmides and Tooby’s
(1992) brief recitation of ethnographic data on sharing among for-
agers, for example, is completely in line with viewing the mind as a gen-
eralized decision-making device rather than as evidence of a
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content-specific social exchange module. And EP has left itself an
escape hatch: as E. A. Smith (2000) points out, although tests with mod-
ern students are claimed to reflect the result of ancient selective forces,
EP also argues that contemporary human behavior involves responses
to novel conditions, conditions that were not typical of the EEA.
Hence, behaviors created through selection in the distant past may not
be adaptive today {Cosmides, Tooby, and Barkow 1992:5-6). This means
that archaeological evidence should be crucial to EP.

But EP tends to ignore archaeology, the most direct record we
have of the historical process of selection. References to archaeology in
Buss’s (1999) textbook are brief and often wrong. For example, of
Olduwan tools dating back some two million years Buss (1999:77)
wrote, “Their main function seems to have been for killing and then
separating the valuable meat from the bones and cartilage.” Later, how-
ever, he cites work arguing that the tools could have been for digging
plants or scavenging carcasses. Obviously, testable hypotheses about

prehistoric human behavior are not a priority in EP. (And oruthfully, we

don’t know what Olduwan tools were used for.)

The EP explanation requires a division of labor that is similar to
that of modern foragers—women gathering and men hunting. Frankly,
we don’t know when this division of labor appeared in the human past.
We do know that by 1.8 million years ago (judging from the Dmanisi
finds), our hominid ancestors inhabited a range of environmenits
(although not the full range that they would later occupy). And
although the age of the first biologically modern humans is debated, it
certainly falls within the past 200,000 years. We know that some
hominids hunted large game by at least 400,000 years ago, but the jury
is still out on the hunting behavior of earlier hominids. Females, and
probably males, gathered plant foods, but if the record is muted on the
role of game in the diet, itis completely silent on the early role of plant
foods. More importantly, it is not until the past 90,000 years (and per-
haps not until 40,000 years ago) that anything like modern human
behavior, complete with its use of symbols, appears on the scene.

The bottom line here is that EP either makes poor use of ethnog-
raphy and archaeology or is oblivious to both fields. I am not saying
that selection is not responsible for the apparent differences in male-
female spatial abilities. I am saying that the hypothesis has not been tested.
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Selectionist explanations are very hard to test. By ignoring archaeology
as a possible source of tests, EP merely creates ad hoc selectionist
“stories.” If the opposite pattern had emerged from their wayfinding
tests, I am confident that the data could be interpreted with exactly the
same story. I fear that evolutionary psychologists, like the Victorians,
have become more interested in and comfortable with their image of
hunter-gatherers, and, in particular, their image of ancient hunter-
gatherers, than they are in dealing with the reality of ethnography or
archaeology.

HUMAN BEHAVIORAL ECOLOGY

Human behavioral ecology is similar to EP in that it seeks to under-
stannd the role of selection in creating human behavior (for overviews,
see Cronk 1991; E. A. Smith and Winterhalder, eds. 1992; R. L. Kelly
1995; Cronk, Chagnion, and Irons, eds. 2000). However, HBE argues
that selection produced not a mind of a myriad modules, but a gener-
alized decision-making apparatus that is capable of considering mult-
ple factors in making behavioral choices that maximize fitness. These
mnclude straightforward material factors (will I get more food uility for
my time if I seek plants or large game?), as well as social ones (how will
individual X feel toward me if I seek large game instead of plants, and
will it depend on whether I am successful?), and more complex abstract
ones (will my deceased ancestors punish me tomorrow if I shortchange
my cousin today?). In HBE, it is not so much the mind that is the sub-
ject of interest, but how ecological and social variables condition the
human decision-making process.

Both EP and HBE point out that the human brain is some six times
larger than that of other primates, contro'lling for body size, and con-
sumes nearly 20 percent of our energy budget; humans also require a
longer period of enculturation. For both paradigms, these facts suggest
that there is an adaptive significance to the mind, that it is a product
of selection, and that its decision-making processes must have some
fitness-enhancing direction. Thus, HBE looks at the diversity of human
behavior and asks how it is that a particular decision is an “adaptive”
response to particular conditions.

While some have brought the paradigm of HBE to studies of pas-
toral, agricultural, and industrial societies, the central pieces of

HUNTER-G AT

research-—and
—are ambitiou
agers, such as ¢
Africa, and the
ested in how e
ecologists argu
among hunter-
cene relics, fro
range of condit
best approximaie
ities of twenty
measure the fij
close as possible
So, leaving aside
historic world, «
in the distant p:
We approach t
hypothesis testir
Sharing use
prisingly, many |
human and non
and Feistner 19
use a foraging c
generalized rec
reciprocity as “tr
the line of assis
returned.” The
ttonships, and it
selves, matter m
But the real
pretty. Most ant
exhausted by the
through “deman
and badger a p
Mikea, I brough
bacco), but I w
my cameras, GP




wchaeology
selectionist
wayfinding
exactly the
Victorians,
2ir image of
mt hunter-
ography or

s to under-
s overviews,
R. L. Kelly
IBE argues
ut a gener-
ring multi-
1ess. These
d utility for
5 (how will
plants, and
lex abstract
1ortchange
is the sub-
wdition the

1e sixX times
:, and con-
> require a
Cts suggest
a product
have some
of human
“adaptive”

lies of pas-
pieces of

HUNTER-GATHERERS, ARCHAEOLOGY, AND THE ROLE OF SELECTION

research—and they are excellent examples of anthropological science
——are ambitious, long-term, quantitative studies conducted with for-
agers, such as the Aché of South America, the Hadza and Bushmen of
Africa, and the Meriam of Australia. The reason is that HBE is inter-
ested in how evolution shaped human behavior, Human behavioral

ecologists argue neither that human nature is more clearly defined

among hunter-gatherers nor that living hunter-gatherers are Pleisto-
cene relics, frozen in time. They do argue, however, that part of the
range of conditions under which our ancient human ancestors lived is
hest approximated today by living hunter-gatherers. After taking the real-
ities of twenty-first-century foraging life into account, the goal is to
measure the fitness consequences of behavior under conditions as
close as possible to those under which selection might have operated.
So, leaving aside the criticism that modern foragers do not live in a pre-
historic world, can we still study them to grasp the role that selection
in the distant past played in creating humans as we know them today?
We approach this issue by examining one of the best examples of
hypothesis testing in HBE, the study of sharing behavior.

Sharing used to be the sine qua non of huntergatherers. Not sur-
prisingly, many have considered sharing to be the factor that separates
human and nonhuman primates (Isaac 1978; see references in McGrew
and Feistner 1992). Nearly all introductory anthropology textbooks
use a foraging case to exemplify the most widespread form of sharing:
generalized reciprocity. Sahlins (1972:193-94) defined generalized
reciprocity as “transactions that are putatively altruistic, transactions on
the line of assistance given, and if possible and necessary, assistance
returned.” The gifting of material goods or food creates social rela-
tionships, and it is often said that these, rathier than the goods them-
selves, matter most in generalized reciprocity {Mauss [1924] 1990).

But the reality of foraging society is more complex—and not as
pretty. Most anthropologists who work with foragers quickly become
exhausted by the dunning for gifts. Foragers share, yes, but it is often
through “demand sharing” (Peterson 1993). They may publicly berate
and badger a person until he or she gives in. When I was with the
Mikea, I brought things to give away (mostly clothing, cloth, and to-
bacco), but I was constantly asked for everything else—including
my cameras, GPS, and compass. Upon our arrival in one camp, a
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cranky old woman called to her husband, “Tell them to give us all their
tobacco and teave!” I quickly learned to take no extra clothing into the
bush, for then I could honestly answer the requests for my tee-shirt and
pants with the excuse that I had no others.

In the 1970s and 1980s, research into sharing focused on the com-
mon ethnographic observation that meat from large game is exten-
sively shared but plant food is not. (Although plant food is sometimes
shared, it does not seem to be the focus of interest among the foragers
themselves, and usually is shared when another adult is ill or otherwise
incapable of foraging.) In some cases, a hunter may eat very little, if
at all, from his own kiu_s but instead eats meat hunted by another
man (Kaplan and Hill 1985a). The variance (or risk) reduction hypothesis
sought to model the relationships encompassed by this pattern of
sharing.

In this model, one shares under those circumstances (or with
those resources) in which the resource is risky and foragers’ individual
efforts are not linked to one another (that is, when one hunter’s suc-
cess or failure is not correlated with another’s). One shares if the debt
created by the act of sharing can be repaid. Hunting success rates are
almost always low for any individual man (R. L. Kelly 1995: 103). One
way to ensure that a man and his family receive some meat is to share
a kill and then expect a return on those days when the man is unsuc-
cessful in his own hunt.

Plant food, on the other hand, can be gathered by different peo-
ple at far similar rates of return (all the more so if women forage in the
same patch}). Luck plays a smaller role here than in hunting, Women

tend to bring in the necessary amount of plant food for their house-

holds. In this case, foraging efforts are linked; everyone does just as
well or just as poorly, depending on the abundance of the particular
plant food being collected. According to this model, there is no sense
in sharing. When a forager is doing poorly and needs another to share,
that other person cannot, because he or she is also doing poorly. When
a forager is doing well and can afford to share, others do not need the
favor. If one were to share his or her efforts in this scenario, it is
because the receiver is simply too lazy to forage, and why share with
someone who will be of no help in the future (Winterhalder 1986)? So,
the apparent goodwill reflected in early descriptions of sharing seems
to have some cold calculation behind it.
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An alternative hypothesis is tolerated theft. Here food is shared not to
build up a system of debts to hedge against future hunting failures, but
because it is not possible to consume a large package of food quickly and
thus the surplus has to be defended. This raises the question of whether
the resource is worth the cost of defense, for the value of an additional
unit of a resource declines with increasing amounts of that resource. For
example, imagine the hunter who brings an entire elk into camp—a few
hundred pounds of food. He and his family can eat only so much in one
sitting. The rest either rots or is dried and stored. In either case, the
hunter has an obvious surfeit of food while others in the camp may have
none. The potential for conflict is high. From the hunter’s perspective,
the value of the extra meat is not worth fighting for, so the meat is
shared. Agamn, from this perspective, sharing occurs not out of inherent
generosity, but because of a calculation that the value of the additional
meat is not worth the cost of trying to keep it.

Still another possible explanation is exchange. Hawkes (1992, 1993,
1996} noted that Aché hunters actually could achieve a higher mean
daily return rate if they ignored large game and focused on more eas-
ily collected plant foods. But doing so means that men would reduce
the frequency with which they brought in large quantities of meat that
could be shared. Hawkes notes that Aché men exchange meat, quite
literally, for sex with women (including other men’s wives). The meat,
then, has a value to men beyond nutrition. And again, there is no gen-
erosity, only a simple investment in reproductive fitness (but see
Kaplan and Hill 1985b; and Hawkes has rethought her position, so it is
more in line with costly signaling theory; see below).

However, these three hypotheses receive little empirical support.
The variance reduction hypothesis makes sense, but it does not it with
demand sharing: if sharing makes economic sense, then why does it
have to be reinforced? Some quantitative tests of this hypothesis find
evidence of “free-riders,” who benefit but do not contribute, and no
evidence that hunters who contribute meat to the community receive
an equal amount back (Bliege Bird and Bird 1997; E. A. Smith and
Bliege Bird 2000; Hawkes, O’Connell, and Blurton Jones 2001a, 2001b;
Bliege Bird et al. 2002; Hawkes and Bliege' Bird 2002; although
Gurven, Hill, et al. [2000] found that free-riders can go only so far
before they are eventually excluded from sharing). There are also vir-
tually no explicit contests over food, as tolerated theft might predict
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(although there might be subtle, unstated contests, such as a sideways
glance at a hunter or a carefully chosen word or two). But hunters
often share the entire kill, keeping nothing for themselves, contra the
tolerated theft hypothesis. And regular, straightforward exchange of
meat for sex or anything else has not been documented in foraging
societies outside the Aché.b

Partly as a response to these deficiencies, researchers have investi-
gated costly signaling theory as a way to account for the sharing of meat
(see E. A. Smith and Bliege Bird 2000; Bliege Bird et al. 2002; Hawkes
and Bliege Bird 2002). Many years ago, Darwin used sexual selection as
a way to explain the appearance of otherwise “wasteful” biclogical ele-
ments such as peacocks’ extravagant tails. By virtue of his extravagant
tail, the male peacock says to potential mates, “I can invest a lot of en-
ergy in my tail and yet it does me no harm. Obviously, I am physiolog-
ically stronger than other males. Pick me.” Costly signaling moves this
idea to the realm of behavior. In this hypothesis, selection has pro-
duced the proclivity for men to “signal” their atiributes through
“costly” displays. For costly signaling to work, a behavior must be costly
to an individual—that is, it cannot be done by just anyone (this is
known as the handicap principle). It has to be honest, and it is kept hon-
est through inherent links between the display and the attribute it is
meant to advertise. Hunting accomplishes this by bringing in large
amounts of nutrient-dense food. As Hawkes and Bliege-Bird point out
(2002:58), a display means. more if it not only signals attributes to an
audience but also provides some direct benefits.

More specifically, costly signaling theory argues that a hunter sac-
rifices the nutritional benefit of meat in exchange for a reputation (as
a hunter, or leader, certainly as a potential provider) that makes him
desirable to potential wives or male coltaborators. The sharing of meat
can also produce less tangible but stll significant benefits, such as
goodwill toward his offspring or toward his family in his old age.

Many studies of sharing among foragers have been short-term. But
Wiessner {2002} points out that we cannot fully understand the shar-
ing of meat without a long-term perspective. She produces data from
thirty-four years of study of Africa’s Ju/hoansi (more widely known as
the !Kung) showing that men use meat sharing to build social and
political relationships. The Ju/ hoansi data indicate that men who are
good hunters live in large, socially cohesive groups composed of their
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biological kin, unlike poor hunters, who live in smaller groups without
many close kin. Good hunters, then, live in groups that provide them
with more assistance in raising their offspring and that can exert an
unchallengeable claim to land. Good hunters also have more material
goods {through greater numbers of hxaro exchange partnerships). As
a result of these resources, good hunters raise more offspring to adult-
hood (that is, have greater repreductive success) than poor hunters.
Wiessner shows that these outcomes are mostly achieved through the
judicious and “generous” distribution of meat. (Similarly, Gurven,
Allen-Arave, et al. [2000] show that Aché men who are good hunters
benefit when they are injured or sick by receiving more food from
more people, compafed with those who produce and/or share less
than others; see also Hames [2000]).

As is true for most cultural behaviors, sharing operates on multiple
levels at the same time—{for straightforward economic reasons but also
as more subtle social communication. In my opinion, this brings us full
circle, back to generalized reciprocity. (In line with costly signaling the-
ory, Sahlins [1972:194] even noted that the “failure to reciprocate does
not cause the giver of stuff to stop giving.”) For these reasons, Cashdan
(1997) argues that there is a sound evolutionary explanation for gen-
eralized reciprocity and truly unconditional giving. But this should
come as no surprise: people who live up to their culture’s standards of
proper behavior—and generosity is valued among nomadic foragers—
are generally rewarded for doing so.

Foragers participate in generalized reciprocity in part because
much of their behavior is public and because, like many other peoples,
huntergatherers rely on social connections for their wellbeing
throughout their lives, especially in old 'age. Thus, it makes sense that
generalized reciprocity with a vague and diffuse utility should be preva-
lent among foragers and that surplus-producing, hard-to-procure,
nutritionally significant resources (such as large game) should be the
focus of sharing.

SO, WHAT ABOUT SELECTION?

Bamforth (2002} argues that HBE fails to show that optimal for-
aging models predict reproductive success. He is correct that most
models assume the linkage; that is, HBE assumes that foragers will con-
form to the prediction of optimal foraging models because HBE
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assumes that efficient foraging translates into maximum reproductive
advantage. In fact, there are data—admittedly limited—that show that
good hunters (men with high return rates) have greater reproductive
fitness {Wiessner 2002; E. A. Smith 2004). But the causal linkage in
these cases is unclear, for men whe are good hunters may be providing
more food to their offspring or may have acquired spouses who are
highreturn-rate foragers (Hawkes, O’Connell, and Blurton Jones
2001b) and provide more food for their offspring. Or the good hunters
and their offspring may receive attention when ill or injured, owing
to the good hunter’s previous generosity (Gurven, Allen-Arave, et al.
2000)—bhecause those who benefit from good hunters’ generosity will
desire to see it continue. So being a good hunter, for whatever reason,
does appear to have a reproductive advantage, and thus the atiributes
that make a man a good hunter are likely io be under selection.

It is clear that some of those attributes are purely biological: keen
eyesight, good hand-eye coordination, stamina, and strength. But
what really makes a man successful in these cases is his generosity.
True, acts of sharing communicate his abilities, but others are not
drawn to him solely for those abilities; they are drawn to him for his
generosity.” Without it, his abilities would be meaningless to anyone
outside his family.

The sharing behavior of humans is substantially different from that
of other primates (reviewed in Kuhn and Sarther 1999; see also
McGrew and Feistner 1992). Acts of sharing are relatively rare among
group-living primates, occur in restricted social settings, and have
much more the characteristics of tolerated theft (and it is often off
spring “stealing” from parents). Human sharing, however, is not an
instantaneous decision but involves a record of past debts or gracious
acts and a view to the future: for spouses, liaisons, debts, alliances,
treatment in the afterlife, and so on. This entails, I think, not simply a
quantitative difference between ourselves and other primates, but a
qualitative difference, and a significant one at that. The question that
faces us 1s, Was selection responsible for the mental capacities that pro-
duce or permit the sharing behavior that we see among humans? How
would we know?

It may appear that sharing is a coldly calculated behavior: What
can [ get from this person if I share? What do I lose if I don’t? While I
suspect that this is true on one level, at the level of the individual, cul-
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tural mandates often take precedence. An instructive example comes
from Eleanor Leacock’s research with the Cree in the 1950s. Traveling
some distance from camp, Leacock and her informant, Thomas,
encountered two hungry acquaintances. Leacock’s informant gave
away the last of his flour and lard to them:

This meant returning to the post sooner than he had
planned, thereby reducing his possible catch of furs. I
probed to see whether there was some slight annoyance or
reluctance involved, or at least some expectation of a return
at some later date. This was one of the very rare times
Thomas lost patiéncc with me, and he said with deep, if sup-
pressed anger “suppose now, not give them flour, lard—just
dead inside.” More revealing than the incident itself were
the finality of his tone and the inference of my utter inhu-
manity in raising questions about his action. {Leacock
1969:15-14)

Thomas might have calculated that giving away the last of his provi-
sions was the worst thing he could do for himself at that moment. But
he did it anyway.

Thomas is telling us about more than just his character. It should
go without saying that it is highly unlikely that sharing behavior is sir-
ply biological. That is, whether one shares a lot or a little is not simply
a product of genetic heritage. One can see how a male peacock with a
glorious tail could attract more mates and thus pass on more genes to
the next generation. In that case, sexual selection produced (and con-
tinues to produce) the peacocks we know,today. But humans are, to say
the least, different. A male peacock has no choice but to strut with his
tail; Thomas had a choice, and he knew it. Did Thomas calculate that
giving away the lard and flour was better than being stingy and risking
the social consequences of such an act? Or was Thomas motivated by a
deeper sense of shame in not living up to the ideals of his society
—sharing even when it hurts? I would guess the latter. The value
placed on sharing and generosity—and subsequent acts of sharing and
generosity—is not passed on through a psychological “module” or
genetic proclivity, but through culture. (Note that billionaire entrepre-
neurs, athletes, and actors in Western society, even the philanthropic
ones, are not generous to the point “where it hurts.” They are not
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condemned in Western culture, but they would be in Cree culture.)

Like evolutionary psychology, HBE argues that selection played a

role in forming a mind that reaches decisions by taking economic val-

ues, social relations, and abstract cultural values into account. But HBF,
argues for the mind as a gencralized decision-making device rather
than as a set of modules. I suspect that HBE is closer to the truth than
EP. Nonetheless, selection is assumed to have been responsible for this
general decision-making device. Since HBE often calls on a literature
that employs foraging models to explain the behavior of birds and fish,
HBE assumes that this generalized decision-making device is so
ancient, evolutionarily speaking, that its origin is not especially inter-
esting. But we have seen that human sharing operates in terms differ-
ent from those of other primates; it implies a different cognitive
capacity. If that difference is a product of selection, then it is selection
that occurred after the hominid line split from the rest of the primate
lineage.

HBE and EP have different ideas about how the human mind
operates, but neither HBE nor EP has demonstrated that selection was
responsible for it. Neither has come to grips with demonstrating the
selective process and the effects of the process whereby humans devel-
oped the biological capacity to be cultural beings.

A PLACE FOR ARCHAEOLOGY

Despite pleas to the contrary, I am plagued by the growing sense
that researchers in HBE and EP feel that studies of living hunter-
gatherers can substitute for the study of prehistory. On the one hand,
HBE sees living foragers as providing our best access to the evolution-
ary process because they live under conditions close to humanity’s
Pleistocene ancestors; I agree that living foragers can be a source of
hypotheses. EP is closer to the Victorian idea, in which living hunter-
gatherers are treated as though they were prehistory, but, of course, they
are not.

There is a problem in attempting to test the extent to which selec-
tion is responsible for shaping the human mind—that is, for creating
humans’ ability to be cultural beings—with ethnographic data collect-
ed over short time spans. We have already seen that the place of shar-
ing might not be completely visible except over long spans of time—a
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generation, really.' But can we actually test whether selection, a histori-
cal and local process, is responsible for the mind with even a genera-
tion’s worth of ethnographic data? Isn’t it necessary to test hypotheses
of selection against data on an evolutionary time scale that records
gross biological and behavioral changes in the hominid line? Here is
where I think EP and even HBE have fallen down.

For example, Kuhn and Sarther (1999) argue, as Isaac (1978) did,
that the beginnings of human sharing might lie in the hominid entry
into a carnivorous niche in the late Pliocene, some two to three million
years ago. Whether these hominids were hunting or scavenging might
not matter: in either case, they might have acquired quantities of
food—fatty meat, specifically—that they could not have consumed in
one sitting. Here, sharing might have operated according to a toler-
ated theft model (McGrew and Feistner 1992).

Kuhn and Sarther argue that as hominids became true hunters
(rather than scavengers), meat became a regular-and significant part
of the diet. This selective milieu may have produced the patiern of
sharing we see among humans today. The latter requires several attrib-
utes. It requires that one be able to recall the past, to know what oth-
ers have done for you, and it requires the ability to predict others’
behavior in the future (to see their potential for retribution or coop-
eration down the road and not just in the moment). And it requires
acting in terms of something beyond a straightforward and instanta-
neous evaluation of costs and benefits: it requires culture.

[ say this because ethnographic data are clear that hunters go
hunting with the knowledge that others will consume the meat
acquired. Kuhn and Sarther argue that this would have resulted in
increased efficiency in hunting and that, in fact, this is one of the
things that characterizes Upper Paleolithic industries. Although Lower
and Middle Pleistocene hominids adapted to a variety of environ-
ments, they did so with technologies that were remarkable for their
redundancy. Acheulean hand axes and, later, Mousterian tools appear
across vastly different geographic regions that offered different sorts
of resources. And these technologies persist over long spans of time,
tens of thousands of years, during which food resources changed with-
out concomitant changes in technology.

But by 40,000 years ago, Upper Paleolithic tool assemblages varied
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across space, reflecting geographic differences in food resources, and
they changed relatively quickly over time (see Kuhn and Stiner 2001).
The spatial and temporal diversity in tool kits from 40,000 to 10,000
years ago is orders of magnitude greater than that of the preceding two
million years.

Pointing out that artifact design has much to do with hunting effi-
ciency, Kuhn and Sarther (1999:93) argue that the “rapid generation
and adoption of novel forms of weaponiy over long periods of time
would suggest that there was a fairly constant selective advantage to
improving the effectiveness or efficiency of foraging.” They suggest
that the open-ended demand created by a social network that values
sharing—by benefiting both the giver and the taker—would continu-
ally select for foraging efficiency even where food was not limited. “if
the products of foraging were regularly distributed only within small
groups—for example, a female and her children, a mated pair and off-
spring, or a group of close allies—then there would have been less gen-
eral benefit to increasing the effectiveness of techniques for harvesting
food resources in bulk so long as those resources remained at least
moderately abundant in the environment” (1999:93).

If the linkages between technology and sharing are correct, then it
might be the Upper Paleolithic’s new pattern of sharing that gave mod-
ern humans a selective advantage over Neandertals (even if modern
humans interbred with Neandertals, it is modern human behavior that
became common). This new pattern of sharing made possible by cul-
ture could have permitied human populations to grow and competi-
tively exclude Neandertals from the late Pleistocene environmeni of

Europe. Evidence suggests that this could have happened very quickly -

(Pettit 1999), and one mathematical model shows how sharing

hominids could rapidly replace nonsharing ones {Horan, Buite, and
Shogren, n.d.). '

CONCLUDING THOUGHTS

Sharing is a behavior whose direct evidence might be difficult to
see archaeologically. Although some have suggested how this might
be done (see Waguespack 2002; Enloe 2003), it will probably always
remain difficult to demonstrate directly in the most ancient reaches of
human time. But by linking sharing to its implications for technology,
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Kuhn and Sarther might have demonstrated when the complex of
behavior that we gloss as “sharing” first appeared among humans. And
in evolutionary time, it is not ancient, perhaps only 40,000 years old.®
If Kuhn and Sarther are correct, the patiern of human sharing behav-
ior appears at the same time as other distinctive hallmarks of humani-
ty, especially elaborate burials that suggest ideas of the afterlife and
religion, and art that demonstrates the human ability to think symbol-
ically. All of this suggests a dramatic change in the human mind-—a
change that is more in line with HBE’s working assumption of the
mind as a generalized problem-solving device rather than with EP’s
assumption that the mind is composed of “modules” that were selected
for over time during the EEA. Mithen (1996), in fact, while quite sym-
pathetic to the research program of EP, finds that the record supports
the more generalized decision-making apparatus of HBE.,

But HBE still uses a model of the mind that, not being unique to
humans, sees culture as merely the idiom in which the mandates of
selection are written. Perhaps this is true (although I think not), but it
is too important a point to concede without rigorous testing. Indeed,
other studies have pointed out that the transmission of cultural behav-
ior can operate contrary to the directives of a purely fimess-directed
model (for instance, Boyd and Richerson 1985). Yet the account of
sharing reviewed here suggests that it may be the very other-directed-
ness of cultural behavior that gave hominids a selective advantage in
evolution.

Ethnography offers rich testing grounds for understanding what
sort of variation we might expect among heminids (although the past
could always lie outside the range of modern variation}, as well as for
understanding the variables that produde that variation (Tooby and
DeVore 1987; R, L. Eelly 1995). And carefully executed cross-cultural
tests that control for enculturation might very well discover a mental
architecture whose origins could fruitfully be sought from the per-
spective of natural selection. But we should not be fooled. As noted
above, modern behavior may not necessarily be adaptive (in the strict
sense of fitness maximization), and so we cannot use it as our scle
guide to the behavior or mental architectures produced through a
process of selection. The first cultural hominids appeared in a social
context of noncultural hominids. Our ancient ancestors may have
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confronted environmental challenges similar to those faced by living
foragers, but we should not expect to find an analogue for their social
context. The ability to be cultural arose fairly late in human evolution
and could have dramatically altered the selective context of human
behavior. Evolutionary biology has developed some useful criteria for
recognizing a behavior or an element of anatomy or physiology as an
adaptation (reviewed in Cosmides and Tooby 1992:165). But these are
definitions, not proof, and they are best treated as hypotheses to be
tested against the record of evolution.

Ancient human behavior is not directly observable; archaeologists
must rely on material remains to track evolutionary changes. The par-
adigm of HBE provides -a greater number of more obvious linkages
among material remains, behavior, and properties of the human mind
than does EP. This does net necessarily mean that EP cannot do so,
only that it has not.

Modern evolutionary paradigms assume that the mind must be a
product of selection. This is logical, yet the role of selection in pro-
ducing the human mind has been in quesiion for a long tme. Alfred
Wallace, who once used natural selection to explain the mind (1864),
later asserted that “the brain of pre-historic and of savage man seems
to me to prove the existence of some power, distinct from that which
has guided the development of the lower animals through their every-
varying forms of being” (1870:343). Although Darwin was scandalized,
Wallace may be right. Although Wallace relied on living “primitives”
for his argument, he had the excuse that the archaeoclogical record was
nearly unknown. We cannot use that excuse. A concern with how the
human mind and, in particular, the ability to be cultural was produced
through selection remains with us. But, unless we want to argue that
living foragers are human nature in the raw or are relics of our Pleisto-
cene ancestors—and I do not think we want to do either—then living
foragers cannot substitute for a study of the past. While ethnographic

work can generate hypotheses, if we wish to know how evolution creat-
ed that which makes us human—the biological capacity 1o be cultur-
al—then we must ultimately test those hypotheses on the most direct
evidence we have of evolution: archaeology and paleoanthropology.
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Notes

1. One might start the clock with the appearance of biotogically and behav-
iorally modem humans, some 100,000 to 200,000 years ago; but since agriculture
arose about 10,000 years ago, biologically modern humans have still spent about
90 to 95 percent of their time as hunter-gatherers.

2. A phrase first coined by Herbert Spencer, not Darwin, to whorn it is often
mistakenly attributed, although he later borrowed it.

3. Itis not that men are better than women at reckoning space, but only
that the sexes reckon space differently.

4. Tavassoli (2002) shows a difference between Chinese and English speak-
ers in spatial memory that shé attributes to differences in the nature of written
Chinese and English, Dasen (1975) also shows a difference among three cultures
in their spatial abilities.

5. I Silverman and Eals {1992) argue that the differences appear too early
for enculturation to be completely responsible, although another study found
that older people reckoned space differently than younger individuals in their
sample; this difference is attributed to varying amounts of experience (Dabbs et
al. 1998).

6. Many foragers trade meat for agricultural produce, but exchange here refers
to exchange within the foraging group, not between that group and another.

7. Though, to be sure, we do not yet know this for certain. One can manip-
ulate the symbols of generosity and/or dominate public rhetoric so that one
appears to be generons when skimming off the top for oneself. This is the case,
for example, in chiefly societies, where a chief extols his own generosity while
accepting tribute to maintain his entourage. Such manipulation is perhaps less
possible in foraging societies where much behavior is public.

8. And perhaps at most noi more than 75,000 to 90,000 years, if new evi-
dence from central and southermn Africa on the appearance of modern human

behavior is accurate (Yellen et al. 1995; Hensilwood et al. 2001).
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4. Did the Ancestors of Native Americans
Cause Animal Extinctions in
Late-Pleistocene North America?

And Does It Matter If They Did?

Robert L. Kelly and Mary M. Prasciunas

The relationship between the animal and human life of the New World
has long been the subject of debate, As early as 1749 the French natural-
ist George-Louis Leclerc hypothesized that both humans—Native Ameri-
cans~—and the animals they fed upon had degenerated from their superior
European forms because nature was less “active” and “energetic” on one
side of the globe than on the other. In his Notes on the State of Virginia (1781),
Thomas Jefferson responded to Leclere in discussing the nature and ori-
gins of Native Americans, a subject that greatly intrigued him (and led him
to undertake the first “scientific” excavation of an archaeological site in
the United States). Jefferson admired the Native peopies of the New World
and, unlike many of his contemporaries, believed them to be equal to Eu-
ropeans in intellect. But he needed more substantive grounds on which to
refute Leclerc.

One of the key elements of Leclerc’s proposition was the claim that an-
imals of the New World were smaller thin those of Europe. Jefferson was
aware of finds of the skeletal remains of mammoths, mastodons, and gi-
ant ground sloths in various places, such as Big Bone Lick, Kentucky. (And
his interest is recognized through the scientific name for the giant ground
sloth, Megalonyx jefersoni.) He once kept a mammoth skull in Monticello’s
front foyer, and while president he laid out mammoth bones in the White




96 | ROBERTL.KELLY AND MARY M. PRASCIUNAS

House’s East Room (dubbed the “Bone Room” by White House staff). Such
large animals were proof that Leclerc’s image of New World fauna, and
hence his degeneration hypothesis, were incorrect.

The skeletal remains that decorated Monticello and the White House
were undeniable evidence of a large fauna. But it was equally undeniable
that there were no pachyderms tromping through Virginia’s forests. Thus,
one could have argued that mammoths and other large Pleistocene fauna
were extinct precisely for the reason that Leclerc claimed. Whether this
counterargument played a role in his thinking is unclear, butJefferson be-
lieved that extinctions do not occur, that “such is the economy of nature,
that in no instance can be produced her having permitted any race of her
animals to become extinct.” And so, when Jefferson sent Lewis and Clark
west in 1803 he instructed them to keep an eye out for herds of mammoths
on the Great Plains, '
Unfortunately, they were ten thousand years too late,

Late-Pleistocene Extinctions

Scholars have debated the cause of late-Pleistocene extinctions since the
early nineteenth century (Grayson 1984b; Martin and Steadman 19gg}. And
with the unambiguous establishment, in the 19208, of the presence of hu-
mans in late-Pleistocene North America, the role of Native Americans in the

extinctions became central. The importance of understanding the cause of
these extinctions is not purely academic. Martin (1990, 2002), for instance,

argues that the wave of extinctions that began in the late Pleistocene is still

occurring today and thatthe earth is in the midst of human-induced extine-
tions that will rival those of the late Cretgceous, when a meteor destroyed
the earth’s “Jurassic Park” fauna and gave rise to the dominance of mam-

mals, including humans (see also Ward 19g4). Many other ecologists un-
flinchingly use the late-Pleistocene extinctions as examples of what hu-
mans did in the past and what they are capable of doing in the future (e.g.,

Wilson 2002; Diamond 1992; Ward 2000). Martin and Burney (199g) even

propose that we should reintroduce free-ranging elephant herds on North
America’s Great Plains so that the proboscidea can help reestablish stable
ecological relationships there (see also Steadman 198g; Steadman and Ol-
son 1¢85).
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Of more immediate importance is the argument that if the ancestors of
Native Americans caused the late-Pleistocene extinctions, then living Na-
tive Americans are not qualified to act as unchecked stewards of the envi-
ronment." On this basis, some argue that treaty-guaranteed fishing and
hunting rights, such as those granted to the Chippewas in the nineteenth
century, and that were coritested in Minnesota and Wisconsin in the 199os,
should be repealed.

Leaving aside the politics, this chapter examines current thinking on the
role of humans in late-Pleistocene extinctions. Explanations for extinctions
are often polarized between two competing hypotheses: climatic change
(Graham and Lundelius 1984; Guthrie 1984; Lundelius 1989) and human
predation (Martin 1967, 1973, 1984; Martin and Steadman 1999). Recently,
MacPhee and Marx (1997} have added an alternative that implicates the role
of human-introduced hypervirulent diseases.

There are many variations on these general themes. Here we examine
each hypothesis and the supporting arguments and criticisms. We focus
on North America, where the archaeological and paleontological record is
best known. We conclude that we simply do not know for certain, yet, what
caused the late-Pleistocene extinctions, although the climate-change argu-
ment currently seems to have the most support. In addition, we conclude

that even if Native Americans were the primary cause of the late-Pleisto-
cene extinctions, that fact would have little bearing on the land-use rights
of modern Native Americans.

Late-Pleistocene Extinctions: What Happened?

Because of a late-Pleistocene extinction event that was rapid, pervasive, and
global, Lewis and Clark had to disappoint Jefferson. A period of alternating
glacial and interglacial periods, the Pleistocene lasted from about 2 million
to 10,000 years ago (Anderson 1984, 41). Most of the extinctions, however,
occurred within its final few thousand years and were complete by r1,000—
10,500 BP (Grayson 2001, 35; G. Haynes 20024, 2002b; Holliday 2000b; Mat-
tin 19go; Martin and Burney 19gg; Mead and Meltzer 1984; Meltzer and Mead
1985; Stuart 1991; all dates used here are in uncalibrated radiocarbon years

before present [Br); for a rough conversion to calendar years, add 2,000 to
the radiocarbon years).




Table 4.1. Extinct late-Pleistocene North American mammals with date
of latest appearance (adapted from Grayson 19g1). Genera in boldface
are the only genera unequivocally associated with kill sites (adapted
from Grayson 1ggr and Grayson-and Meltzer 2002, 2003).

Youngest
Order Family Genus Common name good date
Artiodactyla  Antilocapridae  Capromeryx Diminutive pronghorn ~ None '
Tetrameryx Shuler’s pronghorn Nomne
Stockoceros Pronghorns None
Bovidae Saiga Saiga None
Euceratherium Shrub ox None
Bootherium Harlan's musk ox None
Camelidae Camelops Yesterday’s camel 10,900 + 750
Hemiauchenia Large-headed llama None
Paigeolama Stout-legged llama 10,890+ 130
Cervidae Cervalces Elk-moose None
Navahoceros Mountain deer None
Tayassuidae Muyiohyus Long-nosed peccary None
Platygonus Flat-headed peceary None
Carnivora Canidae Cuon Dhole None
Felidae Homotherium Scimitar cat None
Miracinonyx American cheetzh None
Stiledon Sabertooth 11,130 +275
Mustelidae Brachyprotoma Short-faced skunk None
Ursidae Arctodus Giantshort-facedbear ~ None
Tremarctos Florida cave bear None

Lagomorpha

Leporidae

Aztlanolagus

Aztlan rabbir
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Tapiridae Tapirus Tapir 10,900 + 450 tually noa
Proboscidea  Elephantidae Mammuthus Mammoth 10,550 + 350 America {2
Marpmutu;lae Mammut . American r_nas_tc_)d_o_n__ o 19,39§ +110 son and Wi
Rodentia Castoridae Castoroides Giant beaver None VOIVCI'HEHE,
1 H
Hydrochoeridae  Hydrocheerus Holmes's capybara None change (Ja
Necchoerus Pinckney’s eapybara None
Someth
Xenartha Pampatheriidae  Hoelmesina Northern pampathere None what?
Pampatherium Southern pampachere None
Glyptodontidae  Glyptotherium Simpson’s glyptodont None
Megalonychidae  Megalonyx Jefferson’s ground sloth 12,190+ 215 The Overki
Megatheriidae Eremotherium i’ None "
g ; Rusconi’s ground sloth The overkil.
Nothroptheriops Shasta ground sloth 10,035 + 250 .
Mylodontidae Glossotherium Harlan’s ground sloth 20,450 + 460 Pleistocene
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Prior to the extinction event, more than one hundred genera of large mam-
mals (> 44 kg) existed in North and South America (Martin 1984, 355; 1990,
188). Extinctions reduced this assemblage by more than two thirds (Martin
and Szuter 1999, 37). In North America, thirty-five genera of mainly large
mammals distributed across twenty-one families and seven orders became
extinct near the terminal Pleistocene (Grayson 1991, 194; 2001, 35; Kurten
and Anderson 1980; see table 4.1). This is more than the total number of
mammals that became extinct throughout the past 4.8 million years, mak-

ing the late Pleistocene witness to an extinction event unparalleled in the en-
tire Centozofc era (Martin 2002, 10; Martin and Steadman 19g9). The eventwas
not limited to North Ameriea: South and Central America lost forty-seven
genera (Martin 2002, 18), and twenty-eight genera disappeared from Austra-
lia (Flannery and Roberts 1999). Large mammals were especially hard hit,
but many species of birds, reptiles, and small mammals also disappeared.

In addition, many species that managed to survive into the Holocene did so

in far more restricted ranges than they enjoyed in the late Pleistocene (e. 2.,
musk ox, which once lived as far south as Tennessee),

Late-Pleistocene extinctions are notable in that they were concentrated
on megafauna and attendant parasites, predators, and commensals, to the
exclusion of invertebrates, smaller fauna, and marine taxa. Martin sug-
gests that this argues against a climatic ( global) cause (Martin 1ggo, 189—
92; 2002, 1T; Martin and Steadman 1999, 17-18). Similarly, there were vir-
tually no accompanying floral extinctions. Only one plant species in North
America (a spruce, Picea critchfieldif) is known to have become extinct (Jack-
son and Weng 1999); Martin {2002, ¢) suggests the possibility of human in-
volvement, but palececologists attribute the loss of this spruce to climate
change (Jackson and Weng 1999).

Something very drastic happened at the end of the Pleistocene. But
what?

The Overkill Hypothesis

The overkill hypothesis argues that Clovis hunters were responsibie for late-
Pleistocene North American megafaunal extinctions. ltalso suggests a more
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general pattern of faunal extinction caused by human colonists throughout
time and in many different parts of the world. An advoeate of the overkill
hypothesis for several decades, Paul Martin (1967, 1973, 1984, 1990, 2002;
Martin and Steadman 1999; Mosimann and Martin 1975) proposed that
big-game Clovis hunters from Siberia crossed into North America through
an ice-free corridor between the Cordilleran and Laurentian ice sheets and
moved quickly across the North American landscape, killing all large game
before them in a “blitzkrieg” occupation. The Clovis Complex is the earliest
accepted and well-dated North American cultural complex, dating to ap-
proximately 11,500-10,900 BP (Dixon 1999, 215; Fiedel 1999; Grayson 2001,

35; C. V. Haynes 1993; Taylor, Haynes, and Stuiver 1996). Clovis artifacts

are the only stylistic artifact forms that appear in all forty-eight contigu-

ous states, and they are associated with mammoth and mastodon remains

in a few archaeological sites (Grayson 2001, 36; Grayson and Meltzer 2002;

see Fiedel and Haynes 2004; Grayson and Meltzer 2004).

Although controversy exists as to the magnitude of Clovis dependence
on meat and specialized big-game hunting, the association of distinctive
Clovis fluted projectile points with mammoths and other large mammals
does indicate that Clovis people did hunt mammoth at times (G. Haynes
2002a). Kelly and Todd (1988) argued that an Arctic adaptation to large-
game hunting (but not exclusively of megafauna) in an unpopulated environ-
mentundergoing rapid environmental change explains the high mobility of
Clovis populations. In this scenario, rapid late-Pleistocene environmental

change (resulting in local extinctions) coupled with depletion due to hunt- -
ing forced Clovis foragers to move to new territory frequently to maintain -

high return rates on hunting (Kelly 1996, 199g). But with no previous occu-
pants to call upon for local landscape knowledge, Clovis hunters needed an
adaptation that permitted the occupation of unknown terrain and thatal-
lowed them to eschew plant foods, the uses of which would have been un-
known to Arctic foragers. Kelly and Todd argued that the same hunting ad-
aptation would have been necessary to cross ecological boundaries without

having to acquire new subsistence-related knowledge. Thus, a hunting ad- -

aptation both permitted and encouraged rapid movement. However, Kelly
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and Todd explicitly argued that such rapid movement could happen with-

out a blitzkrieg of the faunal population. :

Arecent computer simulation suggests that, as is often true for coloniz-
ing animal populations, a highly mobile Clovis population could have had a
substantial population growth rate (Surovell 2000). If so, then demographic
pressure coupled with an adaptation that not only permitted but also re-
quired territorial mobility could have pushed colonists rapidly southward.
Martin (1973) argues that such population densities would have quickly
become sufficiently large to cause extinctions throughout the Americas
by soon after 11,000 BP. This blitzkrieg could have been especially devas-
tating because the megafauna had no experience with human hunters and
thus were easily dispatched (Martin 1973, 1984, 2002; Mosimann and Mar-
tin 1975). In support of the blitzkrieg model are several computer simula-
tions that can produce extinction purely as a product of human hunting (Al-
roy 2001; Holdaway and Jacomb 2000; Mithen 1997).

Why didn'tall animals go extinet? Martin argues that the surviving spe-
cies had characteristics that made thern undesirable to human hunters. They
were “cryptic or secretive in habits (moose, puma); etratic and unpredictable
in movements (bison, caribou); sequestered in sparsely inhabited regions
(polar bear, musk oxen); truculent or dangerous when approached (brown
and polar bears); fleet of foot (pronghorn, gray wolf); denizens of rugged
terrain (mountain goat, mountain sheep, jaguar); and in no case as promis-
ing a target for human hunters as the slow-moving ground sloths or as yul-
nerable to low levels of predation as the proboscidea” (Martin 2002, 17).

Evidence for Overkill
Foremost among the arguments in support of the overkill hypothesis are
(1) the apparent chronological coincidence of megafaunal extinctions and
the appearance of human hunters, (2) the observation that island fauna are
frequently decimated by human colonization, and (3) arguments derived
from ecological theory.

Chronology. The close chronological coincidence of late-Pleistocene mega-
faunal extinctions and the colonization of the New World was what initially
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generated the overkill hypothesis (Grayson 1991, 204-5). The latest occur-
rences of mammoths, for example, in North America are about 11,000 BP
(Martin 1990, 195; Taylor, Haynes, and Stuiver 1996).> The paleontological
record therefore points to a suspicious coincidence between the first arrival
of humans and the disappearance of some megafauna (Martin 19 67, 1990;
Lyons, Smith, and Brown 2004; Surovell, Waguespack, and Brantingham
2005). For some, this coincidence strongly suggests a causal relationship.
The time-transgressive nature of late-Pleistocene extinctions has also
been used to argue for human involvement and against a global cause of
extinetions such as climatic change (Martin 1990, 188; Martin and Burney
1999, 60; Surovell, Waguespack, and Brantingham 200s). Although cata-
strophic extinctions did occur regionally, some researchers argue that ex-
tinctions were not synchronous but instead occurred only, and soon, after
human colonization in the Americas, Australia, Madégascar, New Zealand,
and the South Pacific (Martin 19go; Martin and Burney 1999, 61). While North
American megafauna were extinct by 10,500 BP, large-mammal extinctions
occurred in Australia as early as 50,000 8 (Miller et al. 1ggg), when that
continent rn'ay have been first colonized by people. Indeed, the timing of the
extinctions is quite suspicious (Lyons, Smith, and Brown 2004).

In contrast, overkill proponents point out that few large ungulate spe-
cies have become extinct over the past forty thousand years in areas with
longer histories of human occupation, such as Africa, Europe, and tropi-
cal Asia (Martin 199o, 188; Martin and Burney 1999, 61). Martin (2002, 24)
argues that the success of large animals in these places is explained bya
much longer history of human occupation on these continents, which al-
lowed the fauna to develop a coevolutiongry response to hominid preda-
tion, These animals evolved alongside ancient hominids; they never had to
naively encounter sophisticated, fully armed hunters as did the fauna of
the Americas, Australia, Madagascar, and the Pacific Islands. Megafaunal
extinctions in Greater Australia (Australia, Tasmania, New Guinea, and
New Zealand) appear to have occurred without associated environmental
change, suggesting to overkill proponents that these regions provide inde-
pendent tests of the model (Diamond, 1992; Martin 1967, 1984; Fiedel and
Haynes 2004; Lyons, Smith, and Brown 2004).
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Unfortunately, the empirical foundations of these arguments are not

strong. In order for the chronological coincidence of Clovis and the extinc-

tions to be significant, most if not all the extinctions would have to occur
within the Clovis era, 11,500 to 10,goo BP. But this does not appear to be
true. Of the thirty-five genera that became extinct at the end of the Pleisto-
cene, radiocarbon dating can only show that fifteen survived past 12,000
BP (Grayson 1987, 1991, 2001; Grayson and Meltzer 2002; Meltzer and Mead
1935). Admittedly, though, the dating programs on all the involved species
are not as thorough as one would like.

Itis possible that humans were in the New World before, and perhaps long
before, Clovis hunters. Recent data from South America, notably from the
site of Monte Verde in southern Chile, suggest that humans were in South
America by 12,500 BP. This might imply that people were in North America
considerably before that date (if we accept the Bering land bridge as the en-
try point, and all evidence points to thatas the case). If this is true, then pre-
Clovis hunters might be responsible for the pre-12,000 BP extinctions.

However, there is no unequivocal evidence for a pre-Clovis human pres-
ence in interior North America, and Kelly (2003) argues that there is good
reason to think that such evidence will never be found (though many com-
petent archaeologists would disagree, e.g., Adovasio 2002). It is possible
(though perhaps unlikely) that a pre-Clovis human migration moved along
the west coast of North America and bypassed the North American interior,
resulting in the populating of interior South America prior to North Amer-
ica. Buteven if this is true, Clovis hunters would still be the first occupants
of interior North America—and the only humans potentially responsible
for the extinctions there. Evidence ofa pre-Clovis population elsewhere in
the New World does notaccount for extinctions in interior North America
prior to 12,000 BP.

Additionally, we would expect evidence that Clovis diet was biased to-
ward large game. In recent years it has become popular to argue that Clovis
hunters had 2 more generalized foraging adaptation (Dincauze 1993, 28s;
Dixon 1999, 250; Hudecek-Cuffe 1998; Meltzer 1993; Willig 1991, 93), relying
upon a broad diet of fish, plants, and small animals such as turtles. How-
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ever, this argument depends more on ethnographic analogy with modern
foragers who know their environments intimately and whose movements
are constrained by agricultural neighbors. Unfortunately, it is difficult to
reconstruct Clovis diet from the currently known archaeological record, be-
cause our sample of sites is small and potentially biased toward large kill
sites, and because small plant and animal remains do not always survive
the ravages of time. Additionally, many Clovis sites were excavated decades
ago when archaeologists did not have methods to recover what small fau-

nal and botanical remains may have been present. One quantitative analy-
sis of existing Clovis faunal assemblages shows a distinct bias toward large

game animals, suggesting that Clovis hunters were big-game specialists

(Waguespack and Surovell 2003). Yet another argues that when the various

biases are taken into aécount, the evidence for big-game specialization dis-
appears (Cannon and Meltzer 2004).

So, is there any direct evidence for big-game hunting? Distinctive fluted
Clovis points turn up at only a few proboscidean sites in the New World (G.
Haynes 1991, 197). Although thirteen of the thirty-five extinct genera occur
in archaeological contexts, Grayson and Meltzer {Grayson 1991, 212; 3001,
37; Grayson and Meltzer 2002, 2003) note that only fourteen North Amer-
ican kill sites provide evidence that Clovis hunters targeted mammoths
and mastodons. Because other fauna such as horses and camels are well
represented in the paleontological record of the late Pleistocene, their lack
of association with kill sites cannot be attributed to sample bias. In brief,
we have no direct evidence that Clovis hunters took any megafauna other
than mammoths and mastodons. For some, the handful of proboscidean
kill sites is too few to indicate a heavy human reliance on mammoth hunt-
ing (e.g., Meltzer 1993; Dixon 199g, 216).

But Martin (1973, 1984; Martin and Steadman 1999) argues that extince-
tions occurred so rapidly that they would have left little evidence of hunting
(rendering this version of the overkill hypothesis untestable). Short-term
events often leave Hittle to no trace archaeologically (e.g., despite knowledge
of their route and intensive searches, archaeologists have a hard time find-
ing evidence of the Lewis and Clark expedition). This explanation for the
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lack of evidence does not explain why only mammoth/mastodon kill sites
have been unequivocally identified (Grayson 2001, 38).

Grayson and Meltzer’s argument and Martin’s counterarguntent are based
on the assumption that fourteen is a “small” number. But Gary Haynes (1999,
13; 20022, 2002b) argues that there are fewer elephant kill sites in all of A
rica than in North America, despite Africa’s having a larger landmass and
tens of thousands of years of human hunting of elephants. In comparison,
the Clovis record is rich in proboscidean kill sites. Surovell and Wagues-
pack (2004) likewise show that the density of Clovis proboscidean kill sites
is extraordinarily high, whether landmass, time, or a combination of the
two is considered, compared to the Old World. Fourteen mightactually be
a large number,

What about the evidence from Europe and Australia? Contra Martin,
extinctions and extirpations did occur in Europe at about the same time as
those in North America. These included large game such as Irish elk, rein-
deer, mammoth, saiga, and the giant deer (Grayson and Meltzer 2003; see
Fiedel and Haynes 2004; Grayson and Meltzer 2004). Since humans had
hunted these animals for millennia, hunting probably played no direct and
certainly no primary role in their extinctions.

Although the record of megafaunal extinctions in Greater Australia sug-
gests that the timing of human colonization of the region coincides with
extinctions (Brook and Bowman 2002, 14626; Flannery and Roberts 1999;
Roberts etal. 2001; Thorne etal. 199g; Turney etal. 2001; Webb 1998; Wroe
and Field 2001), the record is still not thoroughly dated. This is complicated
by the fact that, as is true for the New World, there is no consensys on the

timing of human colonization of Greater Australia, with estimates rang-
ing from 43,000 &P (O’Connell and Allen 1998) te 71,500 BP (Brook and

Bowman 2002). As in North America, there are few unambiguous associ-
ations between megafauna skeletal remains and evidence of human activ-
ity (Johnson 2002, 2221; Miller et al. 1999}. Some conclude that there was
a lengthy period of overlap between humans and Australian megafauna
{Brook and Bowman 2002; Roberts et al. 2001}, which would argue against
the blitzkrieg model of overkill. To an extent, what happened in Australia
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does not matter, for the North American case must be resolved indepen-
dentof the Australian one.

Island Extinctions. Mass extinctions on many Pacificislands occurred only a
thousand to fifteen hundred years ago, coinciding with human colonization
(Martin 1990, 199). The paleontological records of many islands through-
out the Pacific indicate that catastrophic extinctions did indeed accompany
human colonization (Martin 1990, 2002).

Olson and James (1982, 1984), for example, argue that Polynesians may
have quickly brought about the extinction of more than halfthe native spe-
cies of the Hawaiian Islands through human predation, competition, pre-
dation by introduced non-native fauna, and landscape changes caused by
anthropogenic fires. Massive extinctions of land birds coincident with ini-
tial human colonization occurred on many oceanic islands (Grayson 2001,

29-30; Steadman 1995). A similar pattern of extinction and human coloni-
zation occurred on other islands, such as the West Indies (Steadman, Pre-
gill, and Olson 1984}, Madagascar (Burney 1997, 1999; Dewar 19g7a, 1997b),
Corsica (Blondel and Vigne rg93; Vigne 1992; Vigne and Valladas 1996), and
other Mediterranean Islands (Alcover, Seguf, and Bover 199g). Some re-

searchers use this evidence as analogs of Clovis hunting in North America.
Martin (1990, 196~98), in fact, argues against climatic change as a driving
force behind extinctions because no severe changes in island fauna oceurred
during the late Pleistocene.

While Oceania provides evidence for the role of human colonization in

faunal extinctions, island faunas are particalarly vulnerable to anthropo-
genic ecological changes, which often result in extinction (Grayson 2001;
Paulay 1994, 134; Simmons 1999; Steadman 1989, 178; Steadman etal. 19gr,
126). Most islands were colonized not by hunter-gatherers but by horticul-
turalists whose lifeways (especially that of swidden horticulturalists) caused
rapid and pervasive changes to the indigenous vegetation, especially by the
burning and clearing of vegetation and by the introduction of non-native
species that competed with native fauna. With small populations, alack of
defensive mechanisms, and, especially, no ready source of conspecifics to
replenish diminished populations, island faunas are more sensitive to eco-
logical disruption than continental faunas (Steadman 1989, 178; Steadman

etal. 1ggr). Wit
fauna than on
brought about |
bison, to the br
Because hum
lastIce Age, ati
tion, itis difficy
of extinction. Bt
tational change
Thus, itis inapp
tinctions on isl:
wise caused by |
Ecology. Othey
tionships that e;
Large herbivore |
ductivity (G. Hay
tinction could h:
systems ((Gz, Hay
megafauna were
capacity at the p:
ing. The ecologic
sulted in their ext
to extinetion (Ow
Eor the keysto
mammoths and .
Butradiocarbon «
that mammoths :
son 2001, 38; see’
To discover the
to extinction, Joh
cene species that ¢
agascarto thoses
with low reprodus



iolved indepen-

occurred onlya
an colonization
lands through-
eed accompany

olynesians may
“the native spe-
mpetition, pre-
nges caused by
cidentwith ini-
{Grayson 2001,
human coloni-
steadman, Pre-
r19974, 1997b),
1das 19g6), and
999). Some re-
Jorth America,
ige as a driving
fauna occurred

:olonization in
e to anthropo-
Grayson 2001;
nan etal. 19971,
ut by horticul-

ralists) caused .

pecially by the
of non-native

tions, a lack of .

onspecifics to
‘nsitive to eco-
r78; Steadman

EXTINCTIONS IN THE LATE PLEISTOCENE | 10,7

etal. 19g1). Without guns, human predation has a different effect on island
fauna than on continental fauna (with guns, obviously, Euro-Americans
brought about the extinctions of some animals and drove others, such as
bison, to the brink of extinetion).

Because human colonization of North America occurred at the end of the
lastIce Age, a time of enormous environmental change and human migra-
tion, itis difficult to isolate human involvement from environmental causes
of extinction, But there is no evidence for significant human-induced vege-
tational change during Clovis times in North America (Grayson 200, 42).
Thus, itis inappropriate to use the documented fact of human-induced ex-
tinctions on islands as evidence that extinetions on continents were like-
wise caused by humans.

Ecology. Other arguments in favor of overkill explore the ecological rela-
tionships that existed among humans, megafauna, and the environment.
Large herbivore feeding can actually increase an ecosystem’s primary pro-
ductivity (G. Haynes 2002a, 392). Therefore, mammoth and mastodon ex-
tinction could have had significant ripple effects on North American eco-

systems (G. Haynes 2002a, 408-9). Owen-Smith (1987, 1999) argues that
megafauna were “keystone” species that increased diversity and carrying
capacity at the patch level through their feeding, trampling, and wallow-
ing. The ecological dependence of smaller fauna on the proboscideans re-
sulted in their extinction when humans hunted mammoths and mastodons
to extinction (Owen-Smith 1ggg, 67).

For the keystone hypothesis to explain the extinction event, however,
mammoths and mastodons must have been the first fauna to g0 extinct,
But radiocarbon data do not support this chronology; in fact, they suggest
that mammoths and mastodons were some of the last species to go (Gray-
son 2001, 38; see Table 1).

To discover the characteristics that made certain species more susceptible
to extinetion, Johnson (2002) compares the characteristics of late-Pleisto-
cene species that disappeared in Australia, Eurasia, the Americas, and Mad-
agascar to those species that survived. He concludes that mammal species
with low reproductive rates were more likely to become extinct, although
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nocturnal and arboreal species that would have less contact with human
hunters were more likely to survive. While his analysis does not support se-
lective hunting of large-bodied species as the cause of extinction, and casts
doubt on the blitzkrieg model, it does suggest that humans could have con-
tributed to extinctions because even low-level hunting could severely affect
species with low reproductive rates.

However, this explanation suggests that humans hunted animals to the
pointwhere the animals’ numbers fell below a level of reproductive viabil-
ity. This is difficult to square with what we know of foraging behavior. Eth-
nographic data show that foragers generally try to maintain as high a re-
turn rate as possible on their foraging efforts (Kelly 19g5). For this reason,
foragers abandon a habitat or drop an item from their diet when the ben-
efits obtained from that habitat or item fall below the average retuin from
harvesting other foods or searching other habitats. As resource density de-
clines due to predation, foragers migrate or switch prey when the cost of
foraging reaches a level that surpasses the cost of moving to 2 new territory,
notwhen the animals became locally extinct (Kelly 1995, 80). Thus, Clovis

(or any) hunters move before hunting a species to extinction, thus allow-
ing a megafauna population to rebound (Webster and Webster 1984). Note -

that this is not because Clovis hunters wished to conserve their resource,
but only to increase the return on their hunting efforts. (On islands, how-
ever, with limited places for hunters to go, this pattern could still result in
extinction.)

Mithen (1997), however, argues that prey switching probably did not oc-
cur in the case of mammoth hunting if mammoth hunting was more of a

prestige-oriented than a subsistence-oriedted activity. The acquisition of .

ivory or vast amounts of meat could have conferred prestige on successful
hunters (of course, we never will know if Clovis peoples considered probos-
cidean hunting prestigious orjust “all in a day’s work”). As mammoth pop-
ulations diminished, there may have been an even greater demand for them.

Mithen’s computer simulation uses the sensitivity of mammoth populations ™

to predation (due to long regeneration periods) to show that if mammoth
hunting was intensive for even a short period, it may have been impossible
for a population to recover.
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Others argue that Clovis hunting of megafauna is compatible with op-
timal foraging theory (G. Haynes 1999; 20023, 401—4; G. Haynes and Eiselt
1999). At the end of the Pleistocene, mammoths clustered into refugia due
to environmental changes (G. Haynes 1999, 21; 20024, 407). Instead of aban-
doning 2 patch when prey abundance fell, G. Haynes (20022, 407) argues,
Clovis hunters focused more heavily on megafauna hunting, choosing to for-
age in the remnant megafauna refugia where they knew megafauna would
be concentrated and thus easier to locate. Concentrations of mammoths
in restricted areas would yield greater return rates for human hunters ex-
ploiting these patches (G. Haynes 19gg, 33; 20024, 2002b; G. Haynes and
Biselt 1999, 83). Human hunting pressure could therefore have been re-
sponsible for late-Pleistocene extinctions of certain species—those with

low reproductive rates who clustered in refugia during late-Pleistocene cli-

matic change.

Thus, arguments derived from foraging theory can support or refute
the overkill hypothesis. Although they help to guide thinking and models,
they are not a substitute for the empirical record. But as noted above, that
record’s interpretation is equally controversial and can be used to suppoit
an interpretation of Clovis hunters as large-game specialists or generalists.
Atthe moment, all we can say is that Clovis hunters definitely took some
mammoths and mastodons, but we have no direct evidence for the hunt-
ing of any of the other large fauna that became extinct. Clovis hunters also
took other resources—plants and small game—but we don’t know if pro-
boscideans were central or peripheral to diet. In sum, the jury is still out
as to whether the archaeological record supports or refutes big-game spe-
cialization, and consequently on whether the record supports or refutes
the overkill hypothesis.

The Hypervirulent Disease Hypothesis

An interesting alternative to the overkill model looks to humanly intro-
duced disease as the culprit. MacPhee and Marx (1997) argue that the driv-
ing force behind late-Pleistocene extinctions was not hunting or ecologi-
cal degradation but rather hypervirulent diseases (HVDs) introduced to the
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native fauna by humans andfor their dogs. Hypervirulent diseases would
have resulted in massive extinctions that closely coincided with initial huy-
man colonization—but without evidence of predation.

MacPhee and Marx (1997) argue that the HVD hypothesis explains the
differential survival of - versus K-selected species. Young and old animals
oflarge fauna with low reproductive rates (K-selected) would be especially
susceptible to disease, resulting in smaller population sizes of large ani-
mals. In contrast, the life history characteristics of smali-bodied fauna,
such as higher reproductive rates that permit high degrees of mortality,
would have protected these populations from disease-induced extinction
{MacPhee and Marx 1997, 186). The 11vD hypothesis also potentially ex-
plains the lack of abundant kill sites in the late-Pleistocene archaeological
record of North America because the effects of human hunting would not
have been severe; it is the mere presence of humans that matters in this ex-
planation. Disease mightalso explain the fact that after initial hyman con-
tact and significant faunal loss, the rate of extinction dropped abruptly and
stayed low until recent times (MacPhee and Marx 1997).

The 1vD model is an unlikely and, at present, inadequately tested ex-
planation of extinetions (Alroy 19g9; Burney 1999, 161; Owen-Smith 1ggg).

Alroy (1999), for instance, argues that it fails to explain the intensity and
body-size selectivity of late-Pleistocene extinctions. He also points out that
mammals potentially carrying diseases immigrated into North America
throughout the entire Cenozoic era without causing mass extinctions. By
the time humans arrived in North America, fauna should have been ex-
posed to many pathogens. Additionally, most mammalian diseases are re-
stricted to a single order. There is no evidente of a deadly pandetnic disease
that is capable of spreading through populations of different orders such
as would be required te explain the trans-taxonomic pattern of late-Pleis-
tocene extinctions (Alroy 1999, 139). Lyons et al. (2004) point out that hy-
pervirulent diseases are expected to attack animals of particular body size;
thus, multiple diseases would be required to account for Pleistocene extine-
tions, and this seems unlikely. :
The HVD hypothesis should be testable in that the pathogens responsi-
ble for mass extinction should be detectable in ancient pNA found in bores
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or tissues of extinct fauna. To date, researchers have not found any direct
empirical evidence of HVD in extinct late-Pleistocene mammals. In sum,
there is no good evidence to support the HvD hypothesis.

The Climatic-Change Hypothesis
‘The late Quaternary was a time of frequent climatic fluctuations during the
transition from glacial to interglacial conditions, with an overall trend to-
ward warming (Bond and Lotti 1995; Dansgaard etal. rgg3; Grayson 1984a,
2001; Mayewski et al. 1993). During the full glacial, mean annual temper-
atures were as much as 5—7°C colder than modern temperatures. Around
14,500 BP, climatic warming began and glacial ice ablated {Wright 1993).
A cold pulse at the end of the Pleistocene known as the Younger Dryas
(YD) briefly interrupted this warming trend. The YD was a Northern Hemi-
sphere—driven cold event that reversed warm and wet conditions begin-
ning at approximately 11,100/11,300 BP and ending around 10,000 BP (G.
Hayunes 20024, 393). The climatic warming at the end of the Y cannot be
the cause of the extinctions, as most extinctions were already complete by
about 11,000 EP. Nor can the YD account for those extinctions that occurred
before 12,000 BE. If anything, the onset of the YD might be résponsible for
the extinction of those animals that survived beyond 12,000 B?, and that
would be odd because it would mean that species that survived for millen-
nia in glacial conditions were done in by cold conditions.

Combining the overkill and climatic arguments, C. V. Haynes (1984, 1991)
sees a period of desiccation and drought during the terminal Pleistocene
throughout North America. This drought period appears to coincide with
megafauna extinctions as well as the appeargnce of Clovis hunters. Haynes
suggests that drought may have concentrated physiologically stressed mega-
faunal populations at water holes, making them easier prey for hunters (C.
V. Haynes 1991, 447). However, Holliday (2000a) is unable to find evidence
of this drought on the southern High Plains; instead, the evidence suggests
that Clovis times were quite wet and that the succeeding Folsom times were
characterized by periodic drought.

A common argument against climate change as a cause of extinction is
that the fauna that became extinct at the end of the Pleistocene had survived
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some nine glacial/interglacial cycles over the past 700,000 years and must
therefore have been able to adapt successfully to changing environmental
conditions (Martin and Steadman 1999; Fiedel and Haynes 2004). However,
terminal-Pleistocene climatic change may have been unlike past climatic
changes in its form, rapidity, and intensity (Guthrie 1984, 291), especially
duringthe YD.? For example, unlike any previous climatic warming, the ter-
minal Pleistocene was followed by the Holocene (ca. 10,000 Bp—present), a
relatively warm and climatically stable period (Bond and Lotti 1095).

In fact, paleontological data point to environmental change atthe end of
the Pleistocene that was unlike any other climatic warming. Proponents of
the overkill hypothesis tend to focus solely on the fate of large mammals,
but the extinction of these fauna coincided with significant geographic re-
shuffling of many smaller species (FAUNMAP Working Group 19g6; Gray-
0N 1991, 214; 2001, 39; Statford et al. 1999) and a fundamental reorgani-
zation of vegetation communities.

Many late-Pleistocene mammal communities have no modern analogs
(FAUNMAP 1996, 1605; Graham and Lundelius 1984; Grayson 1991; Guthrie
1984; Lundelius 198¢). Late-Pleistocene faunal assemblages show that many
species lived check by jowl that are separated today by elevation or latitude -
(Grayson 1991, 215), The combinations of taxa present in the Pleistocene no

longer exist, leading to the terms “disharmonious” (Graham and Lundelius
1984) or “intermingled” (Lundelius 198g) to describe them. For example,
the yellow-cheeked vole today lives only in Alaska, and the western pack rat
only in the western United States, but in the late Pleistocene both lived to-
gether in many localities including those out51de their current ranges, such
as Tennessee. Intermingled ate- Pleistocene faunal assemblages are known
from virtually all areas of the world that are represented by adequate data,

including North America, Australia, southern Africa, and Eurasia (Graham
and Lundelius 1984; see review in Guthrie 1984, 263-66; Lundelius 1989).
These intermingled communities disappear at the same time that extine-
tions occur (Lundelius 1989, 415).

Frankly, we don’t know if this correlation is significant, The terminal
Pleistocene saw a reduction in arid grasslands and homogeneous vegetation
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communities and biomes, the latter marking a transition from a “plaid” to
alatitudinal “band” plant distribution. Graham and Lundelius (1984) argue
that geographic range restrictions coupled with decreasing plant commu-
nity diversity may have contributed to extinction by increasing competition
in choice locales, making it more difficult for megafauna to consume sufs
ficient food for the winter (Grayson 1991, 216; Graham and Lundelius 198.4;
Guthrie 1984). Decreased diversity in local vegetation increased competi-
tion between large monogastrics (mastodons, mammoths, rhinos, large
edantes, and horses) and ruminants (moose, deer, and bison) and reduced
available nutrients for the former (Guthrie 1984, 284-85, 263). Thus, a re-
duction in range would have had a greater effect on megafauna than on
smaller mammals, and once populations dropped below a critical demo-
graphic threshold, the species was doomed to local extinction,

Guthrie (1984) also suggests that the antiherbivory defense systems of
many plants shifted to ones of increased toxins. Those mammals that were
doomed to extinction were, for the most part, adapted to plants that were
not aliochemically well defended by having a tolerance for stems, which
was then supplemented by other better-defended plant parts. Thus, animals
could obtain adequate nutrition by mixing plant parts and diluting toxins,
As plant diversity decreased, these mammals had to rely more heavily on al-
lochemically defended plants. As a result, the mammals ingested more tox-
ins than they could combat, resulting in reduced metabolic function, com-
petitive abilities, and reproductive success. Thus, very complex and as yet

poorly understood changes in vegetation communities {that have no mod-

ern analogs) could have brought about the late-Pleistocene extinctions.
Gary Haynes argues against the climate-change argument by pointing
out that fossils of extinct large mammals from the late Pleistocene show
no evidence of climate-induced stress in the form of poor health {20022,
392; Fiedel and Haynes 2004). However, Guthrie (2z003) has shown that
late-Pleistocene horses in Alaska underwent 2 clear and rapid reduetion in
body size just prior to extinction. If this reduction in body size was a prod-
uct of declining forage abundance and quality, then Guthrie’s is the first
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demonstration of environmentally induced biological stress on a Pleisto-
cene megafauna species.

We suspect that climate change is the most parsimonious and likely cause
of late-Pleistocene extinctions in North America. Humans may have helped
the process along in places, but it is likely that the result would have been
the same even if human hunters were not present. The climatic-change hy-
pothesis, however, is by no means proven and requires further testing.

Conclusion
Jefferson was wrong: extinctions do occur. In fact, gg percent of all ani-
mal species that have ever existed on earth are extinct; death is an integral
part of life, If the ancestors of Native Americans had never made it to the
New World before Europeans arrived in the sixteenth century, would the
French, British, and Spanish have brought back drawings of mammoths
and mastodons instead of beavers and bison? Would Leclerc have changed
his mind? Could Jefferson have stabled live pachyderms and ground sloths
in the White House instead of just their skeletons? We suspect that the an-
swer to these questions is no, because climate change is the most likely ex-
planation for the extinction of North American megafauna. But we admit
that we simply don’t know the answer yet. It remains unknown whether
human hunters, climatic change, or disease was the sole cause or whether
they worked together.

Nonetheless, can we learn any lessons from whatwe do know of the events
of ten thousand years ago? First, since the jury is still out on whether human
hunting caused the extinctions, itis irresponsible for ecologists to point to
the late-Pleistocene and Native American hunting practices as a warning
of things to come if industrial society does not repent. For that lesson we
need look no further than what almost happened to the American bison,
and what did happen to the passenger pigeon.

And, therefore, itis also wrong to use Pleistocene extinctions as evidence
that Native Americans are not capable of environmental stewardship. But
what if we do discover incontrovertible evidence that the ancestors of Na-
tive Americans hunted mamimoths and mastodons to extinction? In fact, it
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is already clear from island archaeology and paleontology and from cases

such as the passenger pigeon and dodo bird that all peoples are capable of
bringing about extinctions. And North American archaeological studies
that focus on later time periods show that local extinctions or extreme de-
pletions can result from long-term (hundreds of years) sustained human
hunting (e.g., Broughton 2002; Hildebrant and Jones 2002). Native Amer-
icans did cause extirpations in many cases. Likewise, ethnographic stud-
ies of foraging peoples show that hunters aim to maximize the return rate
from foraging regardless of the conservation consequences (e.g., Alvard
1993, 1994). Where hunters are geographically constrained, their efforts
to maintain a high return from their hunting efforts will inevitably bring
about extirpation and possibly extinction.

Atthe same time, we see explicit and effective efforts in many indigenous
societies thataim to increase biodiversity and conserve resources (e.g., Min-
nis and Elisens 2000; Murray 2003). No one is naturally a conservationist,
but everyone is capable of becoming one. Rather than argue about whether
one htiman group is or is not inherently conservationist, it is better to un-
derstand the conditions under which conservation behaviors are prestigious
and desirable, and when short-term needs relegate them to long-term Jux-
uries that a society cannot afford (see, e.g., Zavaleta 19g9).

Second, if the climatic-change argument is correct, then we see from
the Pleistocene case that habitat degradation and geographic range restric-
tion are major factors in the extinction process. This is commensurate with
what we know of other instances of extinction, such as on islands, Climate
change appears to have produced habitat degradation and range restric-
tion in the late Pleistocene, but today such effects are often a result of hu-
man activities, Clearly, aiming for zero loss of habitat and range reduction
must be an objective of development,

Third, this case study reminds us that humans are an integral part of the
environment; they were in the late Pleistocene, and they are today. There
has been no “natural” environment anywhere on earth for the last ten thou-
sand years, if by “natural” we mean “no human presence.” Even at rela-
tively low population densities, humans can have large and long-standing
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effects on the environment. Sometimes these effects have produced envi-
ronments that we now take to be natural and desirable. Through their use
offire, for example, Native North Americans probably produced the exten-
sive oak forests of the eastern United States that we fight to maintain to-
day; the same is 'probably true of the extensive eucalyptus forests in north-
ern Australia. Humans are part of the environment, We change it, just as
mammoths changed it by fertilizing it with their dung, tromping around
bogs, and eating grass. Like mammoths and ground sloths, we could be-
come extinet by environmental changes that are beyond our control—a me-
teor, perhaps—or we could become extinct through more subtle environ-
mental changes that derive from our presence and behavior.

Unlike mammoths and ground sloths, however, we have a choice. And
itis wiser to spend our time deciding what that choice will be (free-ranging
elephants in Kansas?) and how we will attain it than to argue about whether
one group of people is inherently better suited to make that choice than an-
other. We would like to think that Thomas Jefferson, had he known what

archaeologists and paleontologists know today, would come to the same
conclusion.

Notes

1. The September 2002 judicial decision (upheld by the appeals court in February 2004) thar
the ninety-four-hundred-year-old Kennewick skeleton is not Native American might suggest to
some that the earliest inhabitants of North America were not ancestral to modern Native Amer-
leans, making this statementirrelevant. Space does not permit us to present the argument here,
sa it will have to suffice to say that this judicial opinion is not coeval with a scientific one, and
that arguing that Kennewick cannot be proven to be ancesteal to Native American under federal
law (Native American Graves Protection and Repatriation Act) does not mean that he was not Na-
tive American (see Kelly zocq). .

2. Therearea few “late” mammotlhs, e.g., the Petterman mammoth in Wyoming, which dates
to about gooo B {Byers 2002); these are outl lers, and itis assumed that some unknown biochem-
ical process has affected the radiocarbon dates.

3. However, the unigueness of the late Pleistocene’s climate change may be a function of the

factthatwe havea much more fine-grained and more intensively studied record than for the pre-
vious climatic changes, :
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