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Human Evolution and Human History:
A Complete Theory

PAUL M. BINGHAM

Man is an exception, whatever else he is. If it is not true that a divine being fell
[to earth], then we can only say that one of the animals went entirely off its head.

G.K. Chesterton

Is it not reasonable to anticipate that our understanding of the human mind
would be aided greatly by knowing the purpose for which it was designed?

George C. Williams

Since Darwin we have been in' pos-
session of two superficially dissonant
facts. On one h#hd, humans are
merely one of millions of animal spe-
cies, all products of common ancestry.
On the other, humans enjoy a level of
ecological dominance that is spectac-
ularly, qualitatively greater than that
of any other animal that ever lived,
including our closest relatives. More-
over, this unique ascendancy results
from a complex suite of attributes that
are each individually also unprece-
dented, including cognitive virtuosity,
complex language, and an expanded
ethical sense.
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pre-mRNA splicing, of properties of intra-
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cations of coalitional enforcement for hu-
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Collectively, these facts constitute
the human uniqueness problem. In
spite of its importance, the superficial
complexity of this problem has frus-
trated attempts to resolve it. Though a
vast body of earlier work produced
important isolated insights, no earlier
theory has proven complete or con-
vincing.

I briefly review here a new resolu-
tion of the human uniqueness prob-
lem.! This new hypothesis appears to
be the necessary theory-of-everything.
It ostensibly accounts parsimoniously
for every major nonstochastic feature
of the human story from the origin of
Homo approximately 2.0 to 2.5 mil-
lion years ago through the present in-
stant.

I use secondary, review literature
where possible here to improve inter-
disciplinary accessibility. As well, I
apologize to the many investigators
whose important work could not be
directly referenced because of length
constraints.

SUMMARY OF THE THEORY

On the theory, unique human at-
tributes all derive from social cooper-
ation with members of the same spe-
cies (conspecifics) independently of
genetic kinship. This allows coopera-
tion to be substantially expanded, ul-
timately indefinitely. (Nonhuman an-
imals, presumptively including the

extinct immediate ancestors of hu
mans, cooperate almost exclusively
with the highly bounded set of con.
specifics consisting of close kin.) Par-
adoxically, the vastly enlarged social
cooperation among humans arises as
a straightforward consequence of a
novel capacity for a unique form of
violence against conspecifics.

The local population of bipedal apes
(australopithecines) immediately an-
cestral to the first members of Homo
2.0 to 2.5 million years ago acquired
the capacity to reliably kill or injure
adult conspecifics from a distance—
remotely. They were the first animals
in the history of the planet to be able
to do this. This capacity resulted from
their evolution of unique human vir-
tuosity in throwing and clubbing,
skills that are displayed in American
baseball.

This novel remote-killing capability
may have initially arisen for any of a
variety of reasons—a new local scav-
enging or hunting adaptation, for ex-
ample. However, it inevitably led to an
unprecedented social revolution:
large-scale kinship-independent con-
specific cooperation.

This social revolution results, inex-
orably, from the pursuit of individual
self-interest by remote-killing ani-
mals, as follows. When multiple re-
mote-killing animals kill or threaten
simultaneously, they achieve an unex-
pectedly large decrease in the cost or
risk of enforcing individual self-inter-
est. This requirement for simultaneity
means that this strategy is viable only
when the common, congruent, and
thus, cooperative self-interests of
large numbers of individuals are en-
gaged. Equivalently, remote-killing
animals are uniquely able to suppress
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or “manage” individual conflicts of in-
terest. '

The resulting enforcement of coop-
eration by collections of self-inter-
ested remote-killing individuals is re-
ferred to as.coalitional enforcement.
Collections of animals (humans) who
thus engage in the resulting kinship-
independent cooperation will be re-
ferred to specifically as coalitions. The
optimal achievable individually self-
interested adaptive strategy for a re-
mote-killing animal is to participate in
and respond to coalitional enforce-
ment of kinship-independent cooper-
ation.

In this theory, coalitional enforce-
ment of kinship-independent social
cooperation is the fundamental thing
humans do, in the same sense that
flight is the fundamental thing birds
do. Without exception, everything
uniquely human—language, cognitive
virtuosity, and so on—is either a facet
of this foundational adaptation or a
subsidiary adaptation allowed by it.

Moreover, human adaptive techni-
cal sophistication is expected to be di-
rectly proportional to the sizes of our
cooperative coalitions. Human coali-
tion size is predicted by the theory to
expand on an evolutionary time scale
under appropriate, well-defined cir-
cumstances. As a result, the theory ac-
counts in detail for each of the succes-
sive dramatic improvements in
human adaptive sophistication ob-
served throughout our two-million-
year history to the present.

According to the theory, human co-
alitional enforcement has an approxi-
mately two-million-year evolutionary
history. Thus, we enforce kinship-in-
dependent cooperation and respond
to this enforcement by others
throughout our lives with uncon-
scious virtuosity that is analogous to
the “instinctive” virtuosity with which
a cheetah runs or a dolphin swims.
This is crucial. Our lack of conscious
access to some of the details of our
motivations and those of our ances-
tors should not be allowed to foreclose
analytical access.

KINSHIP AND SOCIAL
COOPERATION

Our understanding of evolution by
natural selection has improved enor-

mously during the last 35 years, with
especially important contributions
from George C. Williams, William D.
Hamilton and John Maynard Smith.
To borrow Richard Dawkins’ pithy
description, organisms are transient
“yehicles” built under the control of
potentially immortal design informa-
tion.2 The sole teleological “purpose”
of these vehicles is to compete with
other vehicles to generate new copies
of this design information which, in
turn, builds new vehicles, and so on,
ad infinitum.

Among the many consequences of
this logic is the pattern of animal so-

When multiple remote-
killing animals kill or

g
threaten simultaneously, Towever, these residual conflicts of in-
wﬁn&aﬁj’;‘;

they achieve an
unexpectedly large
decrease in the cost or
risk of enforcing
individual self-interest.
This requirement for
simultaneity means that
this strategy is viable
only when the common,
congruent, and thus,
cooperative. self-
interests of large
numbers of individuals
are engaged.

cial cooperation. Animals sometimes
cooperate with close kin, who are
likely to share identical design infor-
mation. In contrast, they generally
compete aggressively with non-kin
conspecifics.?

In striking contrast to all other an-
imals, humans cooperate with con-
specifics extensively and indepen-
dently of kinship under appropriate
circumstances. Recognizing this hu-
man novelty is the indispensable
first step in building a coherent the-
ory of human uniqueness. In the fol-

lowing section, I will turn to how
expanded kinship-independent or
non-kin cooperation emerged in the
first humans about 2 to 2.5 million
years ago.

Four subsidiary points will enhance
understanding of these issues. Fi
the geneti jgn information build-
ing individuals in typical animal pop-
ulations i i i
comm -
spring, and full siblin; % in first
cousins, 3.125% i cousins,
and so on.4 “Relatedness” falls off very
sharply as a function of pedigree rela-
tionship. Thus, only very close rela-
tives are typically treated as “kin.”
Secon ice that even_ close kin

have residual, though r -
=t5 of genetic interest. I use the te

times also managed as a de fac
consequenc -

n.lent. Th.ird .thgre orts of occa-
sional Ex—lglup-mdependent coopers-

Ton among nonhuman conspecific
~smimals. However, the signilicance of

these is controversial.35> Moreover,

even if taken at face value, these do
" not remotely approach the levels of
kinship-independent conspecific co-
operation seen in even the simplest
human societies. Fourth, genetic kin-

cial behavior as expected.® .
,Wm Tuniquely human scale of seei

operation_is inde

kinship. Note that human coopera-
Tion based on remote or fictive/classi-
ficatory kinship—in “clans,” “tribes,”
ethnic groups, and nationalities, for
example—is, in fact, kinship-indepen-
dent cooperation.

THE INEVITABLE LOGIC OF
DEATH FROM A DISTANCE

The suggestion that human social
cooperation evolved as a sole conse-
quence of the adaptive advantaggsiof
reciprocity manifestly fails to acéBint

for human uniqueness.>%: Furtl it

has been recognizedfor at leasnﬁjddo :
years that' social ptinishment-opdfis

forcement might be important? 5‘3}1@ .

man social behavior7-12 Howevgryall
other considerations of this subject t6
date have been too narrowly focused,

’

y.



250 Evolutionary Anthropology

ARTICLE

too vague, or, in a few cases, too con-
fused to be generally useful. Among
many unresolved questions were why,
how, and when humans first came to
use punishment and enforcement,
how unique this was to humans, and
how important or unimportant it is to
human evolution and history. The co-
alitional enforcement hypothesis os-
tensibly answers these and other ques-
tions, in turn producing a robustly
useful, very general theory.!

To fully grasp how humans solved
the non-kin cooperation problem we
must first conceptualize the problem
more clearly. The only way to win at
the game of cooperating with non-kin
for non-human animals is not to play
in the first place. To comprehend this
we begin with the simple logic of con-
specific social competition—"cheat-
ing,” from a cooperative perspective.

Cheating during non-kin coopera-
tion—taking all the proceeds of a co-
operative hunt, say—is immediately
adaptive to the cheater. The cheater
not only gets the food, he also de-
prives non-kin competitors. More-
over, each animal “knows” this. All
animals try to be cheaters and all try
to avoid being cheated. The first is
difficult: Potential suckers are wary.
The second is easy—simply do not en-
ter situations where being cheated is a
strategically viable outcome. This is
how nonhuman animals actually be-
have under almost all circumstances.
They attempt non-kin cooperation
only in those relatively rare cases lack-
ing significant conflicts of interest.

In principle, this logic is not inevi-
table, however. It can be changed if
the cheater is subsequently punished.
Under these conditions, his immedi-
ate benefit is offset by a subsequent
cost.

The crucial question, then, is why
nonhuman animals do not punish
cheaters and cooperate systemati-
cally.!3 The answer lies in the cost of
punishment. A would-be conspecific

" punisher is forced to close with a com-

parable animal. He must strike with
tooth and claw against an animal pre-
cisely as well-armed. Lion, mouse, or
elephant, the dilemma is inescapable,
This creates a profound barrier. The
average cost of punishment is actually
the same to both cheater and cooper-
ator. The cheater has a 50% chance of

being injured or killed, but so does the
punisher. There is no differential cost
to the cheater and, thus, no net advan-
tage to the cooperator.

It might be imagined that an out-
raged cooperator would recruit the
help of other cooperators previously
outraged by the same cheater. How-
ever, as the situation develops, only
one or a few of these cooperators
could actually close with the cheater.
There isn't room for more in an ani-
mal that kills by direct contact, prox-
imally as, for example, a lion does.

All the risk of punishing the cheater
is finally borne by one or a very few
individuals, no matter how many oth-
ers are also outraged. Thus, this “co-
operative” punishment is illusory. It
inevitably collapses into strategically
incoherent individual punishment.

Remote killing
competence allows
many animals to attack
a target animal
simultaneously. Under
these special conditions,
the risk to individual
attackers is reduced as
the square of their
number.

However, there is one circum-
stance, and apparently only one, in
which punishment is strategically co-
herent in practice. This occurs when
an animal can kill conspecifics re-
motely rather than proximally. To un-
derstand this crucial, foundational
point, we first generalize a law from
the science of contemporary mecha-
nized warfare, Lanchester's Square
Law.14 The generalized form of this
law states that the capacity to kill or
injure at a distance by any means
whatever has an unexpectedly large
consequence, as follows.!

Remote killing competence allows
many animals to attack a target ani-
mal simultaneously. Under these spe-
cial conditions, the risk to individual

attackers is reduced as the square ¢
their number. The details are straigh
forward. When a large number of ir
dividuals—say n—simultaneously a
tack a single target, the risk to each i
reduced by a factor of n because th
target is incapacitated about » time
faster. Moreover, during this n-fol
shorter conflict, the risk to each af
tacker is further reduced by a secon
factor of n because the risk of retur
fire from the target is distribute
across n attackers. Thus, the total ris
to n remote attackers is reduced by n?
This is an enormous effect. For exam
ple, each of 10 individuals attackin;
simultaneously experiences a 100-folc
reduction in risk and each of 100 ex
periences a 10,000-fold reduction.

Now consider in detail the problen
of punishing cheaters for an anima
that can kill remotely. One individua
cheats a second in a potential cooper.
ative interaction. The victim is angry
and he remembers. However, at the
moment, he cannot cost-effectively dc
anything other than avoiding further
cooperation with the cheater. The
cheater moves on and victimizes oth-
ers. Over time, a set of angry, cheated
victims—say 10—accumulates.

The cheater has achieved an indi-
vidual competitive advantage over
each of the 10 as a result of his earlier
cheating. Thus, each of the 10 has an
individual interest in reversing the
cheater’s advantage by imposing a
new cost on him—that is, by punish-

" ing him. If the 10 were lions, for ex-

ample, they would still not act under
most circumstances because action
would require an approximately 50%
risk of death or serious injury to the
individual who actually closed with
the cheater at denouement.

But if they are remote-killing ani-
mals, the 10 can attack simulta-
neously, each experiencing a mere
0.5% chance of death or serious in-
jury. A competent cheater might well
accrue sufficient relative individual
advantage over time to render it cost-
effective for individual victims to take
this now-small risk. This logic obvi-
ously applies as well to cases where a
number of animals are victimized si-
multaneously.

Is it not still in the individual inter-
est of each of our 10 victims to hang
back and not take even the 0.5% risk
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Figure 1. Stone tools: The first distance weapons. Q) Water-polished cobble;
point made by behaviorally modern humans in Western Europe (co. 18,000
1000 ya). Figures are approximately actual size. Humans have used weapons since the origin of Homo ca. 2-2.5 milllon years ago. All of

these tools/weapons had multiple uses; however, on the coaiitionai enforce!

enforcement of kinship-independent soclal cooperation.

involved in punishing? It would be, if
he could get away with it. However, it
is also in the individual interest of
each of the remaining nine to coerce
his participation, exploiting Lanches-
ter's Square Law once again. Under
these circumstances the original 0.5%
risk of participating is vastly prefera-
ble to the nearly 100% risk of being
punished for not participating.
Notice that for each of the 10 there
is a corresponding set of 9 coercing
his participation. As a result, each
member of the ten actively partici-
pates in punishment as the optimal
achievable or allowed individually
self-interested strategy. —
Notice the inevitable internal logic
of this process. Cooperative punish-
ment in a remote-killing animal

evolves and is sustained entirely be-

cause of the moment-to-moment indi-
vidual self-interest by each punisher.
However, the only occasions on which
individual self-interest can be thus
pursued are when doing so is congru-
ent with the interests of a large num-
ber of surrounding individuals, gener-
ally including remote kin or non-kin.
Thus, the net effect of this very special
set of individually self-interested ac-

tions is to generate a revolutionary
new social environment: systematic
kinship-independent cooperation.
According to the theory, the first an-
imal in the history of the planet to
develop this adaptation was precisely

.. . the only occasions
on which individual self-
interest can be thus
pursued are when doing
so is congruent with the
interests of a large
number of surrounding
individuals, generally
including remote kin or
non-kin.

the animal that founded the Homo lin-
eage about two million years ago. This
animal acquired the first reliable
means of killing adult conspecifics re-
motely when it evolved the human vir-

73

2
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I

¢

b) Mousterian point from the Levant (ca. 55-65,000); c) Solutrian
-22,000 ya); d) fint arrowhead from the American Midwest (ca.

ment hypothesls, their most fundamental use was In coercive

tuosity at throwing and clubbing and
leading, in turn, to the inevitable so-
cial revolution. (See Figure 1).

THEORY AND EVIDENCE

Scientific théories are ultimately
evaluated on two grounds, the econ-
onhy with which they account for the
empirical or experimental evidence
and the level of precision of those ac-
counts—parsimony and power. There
is a large body of evidence that the
coalitional enforcement hypothesis is
highly robust by these criteria.!!% 1
will briefly synopsize a few examples.

Language, Intelligence and
Ethics

Before turning to explicit, material
evidence from paleontology, archaeol-
ogy and history, it is useful to consider
contemporary human behavior and
capability. The coalitional enforce-
ment hypothesis accounts economi-
cally for human language. In princi-
ple, adaptively useful information can
be acquired from other animals to
great advantage. In practice, however,
animals are expected to attempt to de-
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ceive and mislead non-kin where pos-
sible.1¢ This is referred to as the hos-
tile manipulation problem. As a
result, information sharing with non-
kin is like any other form of non-kin
cooperation: The only way to win is
not to play.

With the emergence of coalitional
enforcement, the hostile manipula-
tion problem becomes manageable
for the first time.! Within coalitions,
hostile manipulations such as lying
can be cost-effectively punished, and
providing reliable information inde-
pendently of kinship can become
common. This is a profound adaptive
change.

Under these conditions, language is
expected to evolve as follows in brief
overview. Individual members of early
Homo (about 1.6 to 2.0 million years
ago) were the first animals to engage
in coalitional enforcement. They ex-
changed substantially increased
amounts of information as a result,
using all available channels and mo-
dalities. Genetic adaptation continued
to improve both generation of infor-
mation (to mobilize potential cooper-
ators) and comprehension (to coordi-
nate with potential cooperators),
culminating in the hlghly denved
skills of contemporary humans.

Note that spoken human language
may not be homologous to primate
vocal calling.!? Moreover, spoken syn-
tax might be based on the logic of
symbolic gesture.1819 Thus, spoken
language could be a late, derived ad-
aptation. If so, human virtuosity at
information exchange through sym-
bolic gesture!® and direct demonstra-
tion2¢ could be significantly more an-
cient than speech, sensu stricto.

The coalitional enforcement hy-
pothesis accounts for human intellec-
tual and technological virtuosity in a
straightforward way. To understand
this argument it is necessary to add
detail to the preceding discussion of
the information controlling animal
behavior. Mature animal minds and
brains are complex adaptive devices
built-by design information. There are
several sources of that information.
First is genetic design information
built by the trial-and-error of natural
selection. Second are the information
structures (memories) built during an
individual’s life by trial-and-error in-

teraction with the world (individual
experience).

These two sources are powerful but
finite, in the first case, in part, because
of long response-time and mutational
load limitations and, in the second,
because of the costs and risks inevita-
ble in interacting with the world. This
last limitation can be overcome if in-
formation can be acquired from oth-
ers who have already reality-tested it.
Exchange of such information allows
cost dispersal with concomitant in-
crease in aggregate yield. However, in
non-kin animals, most individuals
from whom one could acquire this in-

.. . the substantial costs,
direct and indirect, of
increasing brain size are
strategically viable only
with access to
correspondingly
increased amounts of
design information. This
can apparently only be
provided through
expanded social
cooperation. Thus,
increased brain size in
the hominid fossil record
indicates increased
social cooperation.

formation not only have no interest in
providing it, but an interest in actively
misleading: the hostile manipulation
problem again.

As a result, nonhuman animals
largely exchange information only
with close kin. In the case of mam-
mals, this is conspicuous in the “train-
ing” of the young by their genetic

mothers, for example.2® It has long

been recognized that information of
this form, acquired from some ani-
mals and transmitted to others, has
some evolutionary properties that are
similar to genetic design information.

I will thus refer to it here as extrage-
netic design information.

With the advent of coalitional en-
forcement of honest communication
in early Homo, the number of individ-
uals from whom one could acquire
reliable information, now including
non-kin coalition members, is ex-
pected to have increased substan-
tially. Moreover, the reliability of in-
formation even from close kin is
enhanced. These developments dra-
matically increased access to extrage-
netic design information; this is the
basis of human intellectual and tech-
nological virtuosity.

Before leaving this subject, two sec-
ond-order issues should be addressed
that will be relevant later. First, the
substantial costs, direct and indirect,
of increasing brain size are strategi-
cally viable only with access to corre-
spondingly increased amounts of de-
sign information. This can apparently
only be provided through expanded
social cooperation. Thus, increased
brain size in the hominid fossil record
indicates increased social coopera-
tion.

Second, increases in individual hu-
man intellectual performance are ul-
timately limited by physiological, evo-
lutionary, and obstetric constraints on
brain size and structure: We can indi-
vidually acquire and effectively use
only a finite amount of extragenetic
information. However, human adap-
tive sophistication can nevertheless
continue to increase, potentially in-
definitely. This results from another
consequence of kinship-independent
social cooperation, individual special-
ization and the capacity to exchange
the products of extragenetic design in-
formation rather than the informa-
tion itself. This provides indirect ac-
cess to information.

This form of exchange is, of course,
the central property of contemporary
human economic systems. More gen-
erally, its importance in the following
is that human adaptive sophistication
is strictly limited by the size of the
cooperative coalitions in which we
live, which limit, in turn, our direct
and indirect access to extragenetic in-
formation. Thus, all major increases
in human adaptive sophistication will
unambiguously require, and inevita-
bly follow from, increases in coalition
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size. This relationship not only
emerges from first principles, but is
also well supported by the archeolog-
ical, ethnographic, and historical
records,2! and will be essential when
we turn to the coalitional enforcement
hypothesis as a complete theory of
history.

A conspicuous property of humans
is our ethical sense. Nonhuman ani-
mals may, in fact, have a rudimentary
ethical sense??; however, the corre-
sponding human capacity appears to
be vastly more complex and powerful.
The properties of the human ethical
sense are very well predicted by the
coalitional enforcement hypothe-
sis.115 While the details of this com-
plex story are beyond the scope of this
brief review, two points are illuminat-
ing. First, moral outrage of character-
istically human intensity, scale-of-ref-
erence, and time-frame arguably
reflects precisely the psychological ad-
aptation we would expect, supporting
self-interested participation in coali-
tional enforcement. Second, the char-
acteristically intense, abstract, and
long-lived human sense of guilt is ar-
guably the expected psychological ad-
aptation for anticipating and avoiding
becoming a target of coalitional en-
forcement.

The Hominid Fossil Record

The hominid fossil record provides
strong support for the coalitional en-
forcement hypothesis.!-*5 Indeed, the
theory arguably represents the most
coherent, complete account of this
record currently available.

In brief, the argument is as follows.
Within the limitations of the resolu-
tion of the record, the first animals
whose remains show evidence for ex-
panded social cooperation are the
same as, or rapidly evolve from, the
first animals whose fossil skeletons
appear to be redesigned for human
virtuosity at throwing and clubbing,
as the theory rigorously requires and
predicts.

First, expanded social cooperation
can be scored in two interrelated
ways. One is relative cranial volume.
This increases significantly in Homo
erectus/ergaster relative to the aus-
tralopithecines immediately ances-
tral to Homo and continues to in-

crease for about 1 to 1.3 million
years thereafter.23-2¢ On the theory,
this is the predicted adaptation to
the increased direct access to ex-
tragenetic information provided by
non-kin cooperation. Moreover, in-
dependently of the theory, this is ex-
pected to result from increased so-
cial cooperation.?7:28

The other way increased social co-
operation can be scored is through
secondary altriciality, the derived ad-
aptation of giving birth to highly de-
pendent infants.27:28 Apparently, rapid
fetal rates of brain growth are ex-
tended through the first 9 to 12
months of infant life to produce the
enlarged brain size of Homo. How-
ever, this is also important here
because successful rearing of such in-
fants almost certainly requires ex-

... human adaptive
sophistication is strictly
limited by the size of the
cooperative codlitions in
which we live, which
limit, in turn, our direct
and indirect access to
extragenetic
information.

panded social cooperation; it clearly
does in contemporary humans. Com-
parison of fossil pelves (birth canals)
and adult skulls indicates that the in-
crease in brain size in early Homo in-
volves increased altriciality.

Second, we can score “elite” throw-
ing and clubbing in several ways.!!3
The human gluteus maximus muscle
is an illuminating example.232220 This
muscle has been extensively enlarged
and redesigned in us compared to our
relatively under-endowed cousins, the
chimps. Moreover, chimps throw and
club with what is, by human stan-
dards, comic ineffectuality.

While the gluteus maximus muscle
could be related to increased sophisti-
cation in bipedal locomotion, it ap-
pears to be rather over-powered and

badly designed for its relatively small
role in this task. A telling question is
when does this large muscle produce
full output well fitted to its design?
One of the very few occasions is when
we throw and club.?®

The relevant features of this muscle
are as follows. Imparting enough ve-
locity to a thrown projectile to put a
conspecific—a comparably sized ani-
mal—at risk from a distance is an ex-
traordinarily demanding objective,
which presumably is why this capac-
ity did not evolve earlier in terrestrial
history. Among other things, this ef-
fort requires the coordinated use of
most of the body. The major parts of
the body move in an extremely violent
way. We drive forward off the back leg
and then, in fierce, rapid-fire se-
quence, plant the front leg, rotate the
hips, torso, and shoulders followed by
whipping the arms and hands. The
gluteus maximus muscles contract
vigorously during these violent, rapid
rotations of the trunk (See Figure 2).

The major portion of the gluteus

" maximus muscle attaches near the

midline of the body close to the base
of the spine (to the posterior portion
of the iliac blade) and wraps around
the hip laterally and downward, at-
taching to the outside of the leg at
several points.?? This is rather bad po-
sitioning for xobust participation in
the front-to-back leg movements of bi-
pedal locomotion, but it is precisely
appropriate for a muscle designed to
produce the violent rotational acceler-
ation and deceleration of the hips and
torso involved in throwing and club-
bing.

The theory predicts that the adapta-
tion of the glutei maximi to throwing
and clubbing should occur at or im-
mediately before the rise of Homo.
This appears to be the case. Based on
fossil pelvic attachments, these mus-
cles were enlarged in early Homo but
not in the australopithecines.?®

The fossil records of possible tran-
sitional forms, including Australo-
pithecus garhi, Homo/Australopithecus
habilis, and Homo rudolfensis, are, as
yet, too fragmentary to be fully illumi-
nating here. However, the properties
of these animals are apparently con-
sistent with the requirements of the
theory.1:15
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Figure 2. The evolution of distance weaponry. Distance weaponry permits the unique human adaptation of enforcement of kinship
independent soclal cooperation. The range and performance of these weapons iimit the size and intemal structure of cooperative humai
coalitions. Using throwing and clubbing to cooperatively project threat for purposes of enforcing confluent interests in “political” confiict
remalns cross-cutfurally universal In contemporary humans (image a). The Infroduction and development of atiatls, spears, and sword
characteristic of archalc states/empires (mages b, ¢) and gunpowder weaponry (images d. e) ostensibly drove the consolidation of th
modem nation-state. Further, the relationship between weaponry performance and human soclial structure apparently persists through th
confemporary emergence of pan-global coalltions of nation-states driven by weaponry of planetary range and efficacy images f, g). Th
introduction of atiatis or of advanced spears and body armer (images b, ¢) apparently drove various eariler changes in human codlitiol
size and structure while gunpowder weaponty (images d, e) ostensibly drove the consclidation of the modem nation-state.

THEORY AND EVIDENCE:
REPRISE

The coalitional enforcement hy-
pothesis accounts not only for the
hominid fossil record; it is apparently
far more general. The theory ostensibly

accounts for the essential features of all
major adaptive transitions throughout
the entire two million years of human
history through the present instant.
These include the behaviorally mod-
ern human revolution, the diverse ag-
ricultural revolutions, and the rise of

the modern state, among others.!\!
On the coalitional enforcement hy
pothesis, the two-million-year humai
story is a series of adaptive revolu
tions: The rise of Homo was merel
the first, but all of them have the sam
simple, fundamental logic.
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NESTED HUMAN COALITIONS

To understand how the essential
substance of human history emerges
from our adaptation to coalitional en-
forcement, it is first necessary to con-
sider how human coalition size can
change.!.15 At first glance, it might ap-
pear that a single fundamental coali-
tion form could increase indefinitely
in size with time. However, it is clear
on both empirical and theoretical
grounds that this is not the case.

More specifically, various consider-
ations limit fundamental coalition
size. For example, the day-to-day
management of conflicts of interest
supporting non-kin cooperation re-
quires monitoring of everyone in a hu-
man coalition by everyone else. This
imposes costs that increase as a quasi-
exponential function of coalition size.
[In a coalition of n individuals, this
monitoring burden is approximately
(n)(n-1)/2 times a constant.!]

Time and memory for monitoring
are limited. Thus, fundamental coali-
tion size is expected to increase to
some sustainable maximum and in-
crease no further pending a new cir-
cumstance, It is not clear on first prin-
ciples what this maximal size is.
. However, empirical social science
suggests an estimate of the order of
150 individuals.! It will be convenient
to refer to a coalition of this size as a
primary coalition. Because of the
time-frame _of monitoring, primary
coalitions are relatively closed, ex-
changing members rarely. Coopera-
tion therein is relatively fluid; reci-
procity is frequently indirect and
occurs only over relatively long time-
frames.

Of course, contemporary human
coalitions are immensely larger than
150 individuals—contemporary na-
tion-states have populations up to
about 1 billion, for example. The ques-
tion is, what is the nature of these
larger coalitions on the coalitional en-
forcement hypothesis?

It is possible to derive the answer
from first principles.!:t5 However, it is
more transparent here to consider the
wealth of empirical evidence. Specifi-
cally, large human organizations of all
sorts— corporate, academic, military,
religious, and political—are built by
recursive nesting of modest numbers
of subunits at each level. For example,

in the United States, small local insti-
tutions nest into cities or townships,
these into counties or districts, these
into states, and these into the contem-
porary American nation-state.

This recursively nested organiza-
tion is largely controlled by extrage-
netic design information. Many layers
or levels are relatively recent in origin.
As a result, details are locally idiosyn-
cratic. However, underlying patterns
are robustly universal.1.15

This nested organization overcomes
various obstacles, including cyber-
netic problems. However, it does not
inherently solve the monitoring prob-
lem. Rather, this is solved, in part, by
requiring cooperation and exchange
between individual members of differ-
ent primary coalitions to be rigidly,
instantaneously reciprocal and osten-

In the coadlitional
enforcement hypothesis,
the two-miillion-year
human story is a series
of adaptive revolutions:
The rise of Homo was
merely the first, but all of
them have the same
simple, fundamental
logic.

tatiously public, dramatically reduc-
ing added monitoring with the addi-
tion of new organizational levels.
This much is relatively straightfor-
ward. However, enlarged, nested co-
alitional cooperation cannot evolve
merely on its own merits for precisely

the same reasons that extensive non-.

kin cooperation does not evolve in
nonhuman animals. Understanding
this is crucial to comprehending hu-
man history.

The logic and conflicts of interest of
cooperation between different pri-
mary coalitions, for example, are ro-
bustly analogous to those of non-kin
individual cooperation. This coopera-
tion absolutely requires the capacity
to punish socially parasitic behavior

in a way that is cost-effective for its
individual human members. This, in
turn, requires the technical means to
exploit the generalized form of
Lanchester’s Square Law on the size
scale of the number of individuals
making up multiple primary coali-
tions. (It will be convenient to de-
scribe coalitions of primary coalitions
as secondary coalitions, with second-
ary coalitions nesting into tertiary co-
alitions and so on.)

Simple human throwing, with an ef-
fective range of about 20 to 30 meters,
is sufficient for enforcement on the
scale of primary coalitions. However,
the capacity to kill at much greater
distance is necessary to allow all the
individual members of multiple pri-
mary coalitions to share in the risks of
punishing the members of a parasitic
primary coalition, rendering second-
ary coalitions strategically sustain-
able. Moreover, for secondary coali-
tions to nest into tertiary coalitions a
corresponding further increase in
weaponry range and performance is
required, and so on.

In fact, weaponry innovations are
not merely permissive here. They ac-
tively drive the emergence of a new

‘scale or level of social cooperation as

the inevitable result of the individu-
ally self-interested actions of the
members of their component coali-
tions, precisely analogously to the
emergence of primary coalitions at
the origin of Homo. Recall especially
that humans are expected to be highly
adapted to projecting coercive threat
based on projectile weaponry.

Thus, the theory predicts a simple,
unitary, inexorable logic to the entire
human story. Kinship-independent
cooperation at one organizational
level emerges and is gradually refined
to a quasi-stable steady state. Eventu-
ally, cooperation at this level, includ-
ing access to increased extragenetic
information, produces a novel
weapon technology with substantially
improved range and performance.
This, in turn, drives a correspondipg
new expansion of the scale of’ sqg.;lgl
cooperation, and so on. T

The paleontologlcal archeolp cal

ably robust agreement with )
diction of the theory, frpm.h 3
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rary coalescence of a pan-global coa-
lition of nation-states driven and sus-
tained by weaponry of planetary
range. One specific, illuminating ex-
ample of this recurring process is de-
scribed in more detail in the following
section.

Before leaving this issue, I note two
subsidiary points. First, the cost-ben-
efit structure of acquisitive, offensive
warfare is somewhat different from
that for steady-state enforcement of
social cooperation. However, social
structures that are solely dependent
on conquest and domination are in-
herently unstable, transient. Our in-
terest here is in long-lived, quasi-sta-
ble social cooperation. Second, as the
scale of human coalitions increases,
two interrelated changes occur. Coer-
cive violence is partially co-opted by
larger organizational levels. More-
over, individuals can simultaneously
be members of multiple cross-cytting
smaller subunit coalitions, thqugh
they generally have membership in
only one coalition ‘at the largest or
highest organizational levels.

PRECONTACT NORTH
AMERICAN AGRICULTURAL
AND ADAPTIVE REVOLUTIONS

During the last 10,000 years,3! vari-
ous agriculture “revolutions” oc-
curred at diverse locations around the
world and at different times. Many
questions arise. For example, we can
ask “Why not 20,000 or 40,000 years
ago?” and “Why 10,000 years ago in
the Middle East and only 1,000 years
ago in North America?” These repre-
sent examples of the many previously
intractable explanatory challenges
that now are susceptible to straight-
forward interpretation on the coali-
tional enforcement hypothesis.

Agricultural revolutions have tradi-
tionally been viewed as causes; they
are presumed to result from some
poorly understood accretion of exper-
tise or material and, in turn, to drive
further increases in social complexi-
ty.21'3’

According to the coalitional en-
forcement hypothesis, this view is es-
sentially backwards. Agricultural rev-
olutions were primarily effects, and
only secondarily causes. More specif-
ically, agricultural revolutions are

merely specific cases of the general
phenomenon of net increases in adap-
tive sophistication produced by sys-
tematic increases in the size and scale
of local human coalitions, which are
driven, in turn, by weaponry innova-
tion.

The late precontact North American
record of the coming of the bow pro-
vides an especially illuminating exam-
ple. The bow represented a substantial
improvement in performance charac-
teristics over its antecedent, the atlatl.
The theory predicts that the bow will
drive a significant expansion in social
cooperation with a corresponding im-
provement in adaptive sophistication.
This prediction is remarkably well ful-
filled.

The bow apparently originated in
North Africa or the Middle East.32 It
spread outward from this area, appar-
ently crossing the Bering Strait into

.. . weaponry
innovations are not
merely permissive here.
They actually drive the
emergence of a new
scale or level of social
cooperation . ..

the Western Hemisphere. The bow en-
tered what is now the lower 48 Amer-
ican states around 400 to 600 AD.33-35

In the wake of the bow, dramatic
local increases in adaptive sophistica-
tion, including, but not restricted to,
agricultural revolutions, occurred
throughout North America. For exam-
ple, people in what is now the United
States lived for many centuries with
relatively simple adaptations, includ-
ing hunting-gathering and simple hor-
ticulture. The last of these adaptations
include, for example, the Hopewell in
the Midwest36-38 and the early Basket-
makers in the Southwest.3?

However, within several hundred
years of the introduction of the bow,
the vastly more sophisticated Missis-
sippian adaptation, with field agricul-
ture and large “towns,” was estab-

lished in the Midwest.36-38 Similarly,
the extensive agriculture and “public
works” of the Hohokam and Anasazi
in what is now the American South-
west rapidly followed the bow.33.39

Moreover, nonagricultural adaptive
revolutions also occurred elsewhere
in North America with remarkably
similar chronology. Estuarine fishers
of southern Florida, buffalo hunters
of the Great Plains, and salmon fishers
of the Northwest are among striking
examples.40-44

CONCLUDING REMARKS

Coercive violence exploiting the
uniquely human capacity to kill re-
motely is apparently essential to all
human social cooperation above the
level of tiny kinship groups. According
to the theory, this will remain so, in-
evitably and forever. At first glance
this may seem grim, appalling. How-
ever, ultimately, it arguably is not. In-
deed, it is precisely the contrary.

It is only because of this human ca-
pacity that our social lives are not
overwhelmed by the trivial conflicts of
interest that dominate, brutalize, and
degrade the lives of nonhuman ani-
mals. The mobilization of coercive
threat in defense of confluent human
interests provides the only possible
foundation for what we cherish most,
our common humanity. This was and
remains the sole sustainable selective
force producing virtues like integrity,
compassion, and justice among us.

ACKNOWLEDGMENTS

It is not possible to do theoretical
work on this scale effectively without
the advice and feedback of many col-
leagues. Zuzana Zachar and John J.
Shea have continued to have espe-
cially important input. More recently,
useful advice was also provided by
Jack Stern, John Fleagle, Mary Marzke,
Steven LeBlanc, Michael Shott, John
Blitz, Sid Strickland, Paul Corrbalis,
and Michael Gazzaniga. I have some-
times elected not to follow the advice
of some of these consultants and thus,
responsibility for any errors of judg-
ment, fact, or interpretation are en-
tirely my own.

Stone tools for Figure 1 were pro-
vided by Prof. John J. Shea. Several
images were purchased from the As-



ARTICLES

Evolutionary Anthropology ‘257

sociated Press. The Civil War images
in Figure 2 are from the public Smith-
sonian Institute Collection. The image
of Caesar Augustus in Figure 2 is from
“Images of Power” by Prof. Mark Mor-
ford and is used with permission.

REFERENCES

1 Bingham PM. 1999. Human uniqueness: a gen-
eral theory. Q Rev Biol 74:133-169.

2 Dawkins R. 1976/1989. The selfish gene, 2nd
ed. Cambridge: Cambridge University Press.

3 Dugatkin LA. 1997. Cooperation among ani-
mals: an evolutionary perspective. New York: Ox-
ford University Press.

4 Crow JF, Kimura M. 1970. An introduction to
population genetics theory. New York: Harper
and Row.

5 Taylor CE, McGuire MT. 1988. Reciprocal al-
truism: 15 years later. Ethol Sociobiol 9:67-72.
6 Daly M, Wilson M. 1988. Homicide. New York:
Aldine de Gruyter.

7 Plato. 1974. The republic. Indianapolis: Hack-
ett Publishing.

8 Hobbes T. 1968. Leviathan. New York: Viking
Penguin.

9 Smith A. 1984. The theory of moral sentiments.
Indianapolis: Liberty Fund.

10 Carniero R. 1970. A theory of the origin of the
state. Science 169:733-738.

11 Boyd R, Richerson PJ. 1992. Punishment al-
lows the evolution of cooperation (or anything
else) in sizable groups. Ethol Sociobiol 13:171-
195.

12 Boehm C. 1999. Hierarchy in the forest: The
evolution of egalitarian behavior. Cambridge:
Harvard University Press.

13 Clutton-Brock RH, Parker GA. 1995. Punish-
ment in animal societies. Nature 373:209-216.
14 Lanchester FW. 1916. Aircraft in warfare: the
dawn of the fourth arm. London: Constable and
Co.

15 Bingham PM. 2000. Monograph in prepara-
tion.

Books Received

16 Dawkins R, Krebs JR. 1978, Animal signals:
information or manipulation? In: Krebs JR, Da-
vies NB, editors. Behavioral ecology: an evolu-
tionary approach. Sunderland, MA: Sinaur Asso-
ciates. p 283-309.

17 Corballis MC. 1999. The gestural origins of
language. Am Sci 87:138-145.

18 Hewes GW. 1996. A history of the study of
Janguage origins and the gestural primacy hy-
pothesis. In: Lock A, Peters CR, editors. Hand-
book on human symbolic evolution. Oxford:
Clarendon Press. p 571-592.

19 Armstrong DF, Stokoe WD, Wilcox SE. 1995.
Gesture and the nature of language. Cambridge:
Cambridge University Press.

20 Heyes CM, Galef BG, editors. 1996. Social
learning in animals: the roots of culture. New
York: Academic Press.

21 Wenke RJ. 1990. Patterns in prehistory, 3rd
ed. New York: Oxford University Press.

22 de Waal F. 1996. Good natured. Cambridge:
Harvard University Press.

23 Aiello L, Dean C. 1990. An introduction to
human evolutionary anatomy. New York: Aca-
demic Press.

24 Walker A. 1993. Perspectives on the Narioko-
tome discovery. In: Walker A, Leakey R, editors.
The Nariokotome Homo erectus. Cambridge:
Harvard University Press.

25 Halloway R. 1996. Evolution of the human
brain. In: Lock A, Peters CR, editors. Handbook
of human symbolic evolution. Oxford: Clarendon
Press. p 74-116.

26 Klein RG. 1999. The human career: human
biological and cultural origins, 2nd ed. Chicago:
University of Chicago Press.

27 Walker A, Shipman P. 1996. The wisdom of
the bones: in search of human origins. New York:
Vintage Books.

28 Stanley SM. 1996. Children of the Ice Age.
New York: Harmony Books.

29 Stern JT. 1972. Anatomical and functional
specialization of the human gluteus maximus.
Am J Phys Anthropol 36:315-340.

30 Marzke M, Longhill JM, Rasmusson SA. 1988.
Gluteus maximus muscle function and the origin
of hominid bipedality. Am J Phys Anthropol 77:
519-528.

31 Smith BD. 1998. The emergence of agricul-
ture. New York: Scientific American Library.

32 Farmer MF. 1994, The origins of weapon sys-
tems. Curr Anthropol 35:679-681.

33 Blitz JH. 1988. Adoption of the bow in prehis-
toric North America. North Am Archaeol 9:123-
145.

34 Seeman MF. 1992. The bow and arrow, the
Intrusive Mound Complex and a Late Woodlands
Jack's Reef Horizon in the Mid-Ohio Valley. In:
Seemon MF, editor. Cultural variability in con-
text: woodland settlements of the Mid-Ohio Val-
ley, Midcontinental Journal of Archaeology Spe-
cial Paper #7. Kent, Ohio: Kent State University
Press. p 41-51.

35 Shott MJ. 1993. Spears, darts and arrows:
Late Woodland hunting techniques in the upper
Ohio Valley. Am Antiquity 58:425~-443.

36 Muller J. 1986. Archaeology of the Lower
Ohio River Valley. New York: Academic Press.

37 Nassaney MS, Cobb CR, editors. 1991. Stabil-
ity, transformation and variation: the Late
Woodland Southeast. New York: Plenum Press.
38 Pauketat TR, Emerson TE, editors. 1997. Ca-
hokia: domination and ideology in the Mississip-
pian world. Lincoln: University of Nebraska
Press.

39 Cordell L. 1997. Archacology of the South-
west, 2nd ed. New York: Academic Press.

40 Widmer RJ. 1988. The evolution of the
Calusa: a nonagricultural chiefdom on the
Southwest Florida Coast. Tuscaloosa: University
of Alabama Press.

41 Marquardt WH, editor. 1992. Culture and en-
vironment in the domain of the Calusa. Gaines-
ville; University of Florida Press.

42 Reeves BOK. 1990. Communal bison hunters
of the Northern Plains. In: Davis LB, Reeves
BOK, editors. Hunters of the recent past. Boston:
Unwin Hyman. p 168-189.

43 Ames KM, Maschner HDG. 1999. Peoples of

the Northwest Coast: their archaeology and pre-
history. New York: Thames and Hudson.
44 Lambert PM, Walker PL. 1991. Physical an-
thropological evidence for the evolution of social
complexity in South California. Antiquity
65:963-973.

7 © 2000 Wiley-Liss, Inc.

e Lee, R.B. and Daly, R. eds.
(1999) The Cambridge Encyclo-
pedia of Hunters and Gatherers.
xx + 511pp. New York: Cam-
bridge University Press. ISBN
0-521-57109-X. (cloth) $125.00.

« Calvin, W.H. and Bickerton, D.
(2000) Lingua ex Machina. Rec-
onciling Darwin and Chomsky
with the Human Brain. 298pp.

Cambridge: The MIT Press.
ISBN 0-262-03273-2 (cloth)
$26.95.

e Gee, H. (ed.) (2000) Shaking the
Tree. Readings from Nature in the
History of Life. vii + 411pp. Chi-
cago: The University of Chicago

Press. ISBN 0-226-28497-2 (pa-
per) $27.50.

e Boinski, S. and Garber, P.A.
(2000) On the Move. How and

Why Animals Travel in Groups.

xii + 812pp. Chicago: University
of Chicago Press. ISBN 0-226-
06340-2 (paper) $35.00.

o Humphries, C.J. and Parenti,
L.R. (1999) Cladistic Biogeogra-
phy. Interpreting Patterns of
Plant and Animal Distributions.
xi + 187pp. Oxford: Oxford Uni-
versity Press. ISBN 0-19-
8544818-4 (cloth) $65.00.

e Ziman, J. (ed.) (2000) Technological
Innovation as an Evolutionary Pro-

cess. xvii + 379pp. New York: Cam-
bridge University Press. ISBN
0-521-62361-8 (cloth) $64.95.

s Singh, R.S. and Krimbas, C.B.
(2000) Evolutionary Genetics.
From Molecules to Morphology.
xvii + 702pp. New York: Cam-
bridge University Press. ISBN
0-521-57123-5 (cloth) $95.00.

« Kalb, B., van der Land, M., Star-
ing, R., van Steenbergen, B. and
Wilternick, N. (eds.) (2000) The
Ends of Globalization. Bringing
Society Back In. vii + 403pp.
Lanham, Maryland: Rowman &
Littlefield Publishers. ISBN
0-8476-9885-8 (paper) $26.95.



