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INTRODUCTION

The most mysterious and compelling unan-
swered question about ourselves is how we came
to be. What caused us to evolve our marvelous
intellects and our unsurpassedly complex social
life? Why are we so different from our closest rela-
tives? What happened to all of our extinct ances-
tors? Why is it that during the several million years
since hominids diverged from the ancestors of mod-
ern apes, while other rapidly evolving forms of life
were speciating prolifically, no part of the evolving
human line has survived as—or possibly even be-
came, contemporaneously with other incipiently
human species—a different species? Why are we all
alone at the pinnacle of the particular direction of
rapid evolutionary change that led to the combin-
ing of such traits as a huge brain, complex intel-
lect, upright posture, concealed ovulation, meno-
pause, virtual hairlessness, a physically helpless but
mentally precocial baby, and above all our ten-
dency and ability to cooperate and compete in so-
cial and political groups of millions? What, pre-
cisely, was happening to the evolving human line
in different parts of the world 50,000, 500,000,
or (among our prehuman ancestors) 5 million years
ago?

Interest in such questions is shown by the atten-
tion given to newly discovered fragments of human
ancestors. Every piece of bone or tool, every ancient
campsite or other bit of information about how our
ancestors lived, excites the imagination and reveals
how much we care. Perhaps we care partly because
we know intuitively that to understand how we
came to be may tell us things of value about mod-
ern human activities, especially those that perplex
and frighten us.

Given the woefully incomplete knowledge of our
long and distant past, the public has had to satisfy
its thirst for self-understanding however it could.

Some have accepted religious answers involving
creation by a Supreme Being, and the idea that
moral and social rules come from the same source.
Others have simply resigned themselves to living
with only a vague notion of how it all might have
come about.

Biologists and biologically-minded anthropolo-
gists, in particular, who take it as given that all
forms of life have come about through an organic
evolution guided primarily by natural selection, are
not satisfied with either vague or supernatural ar-
guments. Even if their theories do not easily yield
convincing or comprehensive answers, they keep
probing and questioning—trying, it might be
said, to construct 2 “rough draft” of a scenario or
theory of how humans evolved. Such a rough
draft—even based on no more than speculations
not easily dismissed—has been difficult to com-
plete. Natural selection implies reproductive ad-
vantage. But there are whole suites of human ac-
tivities that seem to have nothing to do with repro-
duction, and that no one has been willing to tackle
in such terms. How does one explain art, music,
opera, literature, humor, politics, science, or reli-
gion, using arguments from biological evolution?
Conversely, why should we take evolution seri-
ously, in trying to understand ourselves, if such
important activities seem immune to its probings?

These problems can be discussed in three parts:
(1) what general selective forces drove the evolution
of hominids, while for the most part keeping them
a single species, (2) what combinations of selective
forces caused the appearance of the various unique
or distinctive features of humans and their social
life, and (3) how can the answers to these two sets
of questions be combined to yield an overall syn-
thesis?
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A NOTE ON METHOD

How does one test grandiose hypotheses of the
sort I am trying to review and develop here—hy-
potheses about the large picture of the evolution
of the human species? Everyone would like
straightforward and easy-to-understand Popperian
falsification procedures for every important hy-
pothesis, whatever the field. No realistic person,
however, expects that such tests for hypotheses
about the generalities of human evolution will be
easily discovered. Indeed, such tests are rare for all
broad or general biological questions, and very few
writings about human activities are scientific, in
the sense of being immediately and objectively
testable. The more important is a biological hy-
pothesis, the less likely we are to find simple, satis-
fying tests, and the more likely we will have to be
ingenious in finding ways to adjust the probabil-
ity—perhaps only in minor fashions at first—that
we are on the right track.

With these difficulties in mind, I have at-
tempted to develop the narrative of this essay as a
testing procedure. First, I discuss two independ-
ently derived hypotheses that bear on the general
question of how humans evolved: (1) the so-called
“balance-of-power” hypothesis for human evolu-
tion, generated piecemeal by a succession of
authors and perhaps first made explicit by Alexan-
der and Tinkle (1968), Bigelow (1969), and Alex-
ander (1974, 1979), and (2) Humphrey’s (1976)
hypothesis about the evolution of the brain as a
social tool. I take the stand that considering
whether such independent hypotheses are compat-
ible represents a test, even if not a definitive one.
In this case I find the hypotheses not only compat-
ible but apparently mutually reinforcing; had it
been otherwise one or both would have been cast
into doubt.

Next, I review and update discussions of several
distinctive or unique human attributes, explicitly
to consider their compatibility with the introduc-
tory general hypothesis. Sometimes I have been
able to describe procedures that appear to falsify
some of the alternative hypotheses generated to ex-
plain these human attributes.

I also consider aspects of human uniqueness—

human attributes and tendencies—that have not
previously been considered in an evolutionary
light, apparently because no one had a way of be-
ginning analyses of these traits in such terms. I
assume that exploring all such topics—with the
question explicitly in mind whether they seem
compatible or incompatible with the general hy-
pothesis generated from the combination of the
balance-of-power hypothesis and the evolution of
the brain as social tool—is also a method of begin-
ning to test the general hypothesis. I think it is
important to think of all these topics together—to
create a completed rough draft—because it is their
fit as a combination that constitutes the best test
of the general hypothesis.

No doubt critics will regard my “tests” as woe-
fully inadequate, and I cannot disagree. I think,
however, that the subject is sufficiently important,
and that it has been virtually untouched by science
long enough, to justify developing discourse that
has to be regarded initially as only partially scien-
tific. I base this opinion on these perceptions: First,
even if most of the readers of this essay see them-
selves as fortunate, life obviously is not always good
for all people. The world is filled with misery from
actions such as murder, rape, terrorism, abuse, de-
ception, and discrimination. I think it obvious that
these actions are often not simply pathological or
owing to either obvious or easily eliminated proxi-
mate causes. As a result they must be dealt with
in part through deeper human self-understanding,
sometimes as aspects of competition and conflicts
of interest. Second, our planet’s life-sustaining ca-
pacity is threatened by the combination of human
population growth and continual efforts to raise the
quality of human life in ways—such as through
technology—that paradoxically reduce rather than
increase the probability of long-term human sur-
vival. This trend too seems most likely to be halted
or reversed only as a result of deeper human self-
understanding.

If, as I believe has been amply demonstrated,
organic evolution is the explanatory background
for all traits of life, then human self-understanding
adequate to the proposition of long-term survival
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depends to some extent on self-analysis in evolu-
tionary terms. Yet evolution is a process studied
extensively and seriously by a miniscule proportion
of the earth’s population, and it has been applied
extensively to human self-understanding by an
even smaller group of individuals. Additional ef-
forts may literally be a survival imperative. If tests

of the hypotheses reviewed and developed here are
inadequate, their presentation at least has the po-
tential to stimulate others to devise better tests.
The task seems sufficiently important to warrant
even a painfully slow step-by-step development to-
ward the goal of scientific status and real or statisti-
cal probabilities.

WHAT GENERAL SELECTIVE FORCES HAVE DRIVEN HUMAN EVOLUTION?

A ParaDoOXx

In the late 1950’s, while trying to understand
speciation in field crickets, I began to believe that
the human species has evolved in an unusual, per-
haps unique fashion. The evolutionary line giving
rise to the human species separated from that giv-
ing rise to chimpanzees, our closest living relative,
5—8 million years ago (Ciochon and Corruccini,
1983; Ciochon and Fleagle, 1987; Caccone and
Powell, 1989). During these several million years
the hominid line diverged far from that of the apes,
especially in regard to brain size and function, and
the accompanying complexities of behavior—par-
ticularly social behavior. Additionally, evidence
from the fossil record, especially of hominid skull
cavities, indicates that evolution of the human
brain accelerated as it diverged from the ape line
(Kurten, 1971). Hominid brain evolution has for
this reason been termed an autocatalytic process
(e.g., Godfrey and Jacobs, 1981, Stringer, 1984).

Two things are surprising, or puzzling, about
this description of hominid evolution. First, de-
spite the long time since separation of the hominid
line from that of the great apes, and despite the
apparent rapid rate and acceleration of its evolu-
tionary divergence, there are few if any clear in-
stances of species multiplication, and only a single
species remains today. Current arguments on this
question concern whether or not more than a single
species ever occurred together geographically and
temporally (e.g., Foley, 1989), but we might have
expected that numerous similar species would have
co-existed. Among organisms in general, rapid
evolution and rapid multiplication of species tend
to go together, but evidently not in this case.

This puzzle is exacerbated by a second problem,
represented by the degree of divergence between
the human line and that of the great apes (actually,
all other forms of life), especially in regard to brain
size and function. What selective challenge could
drive the hominid line so far away from that of
other primates, and, even more puzzling, what sort
of challenge could have caused this divergence to
accelerate in its later stages? It did not seem to me
that any combination of what Darwin called the
“hostile forces of nature,” or the forces of natural
selection—food shortages, climate, weather, preda-
tors, parasites, and diseases—could represent a
challenge adequate to explain human evolution
(one may also include sexual selection and sexual
competition among the hostile forces of nature, as
“mate shortages”).

Because the hominid line evidently evolved away
from its closest relatives, and at an increasingly
rapid rate, the human species cannot be described
as a “living fossil” whose close relatives have sim-
ply become extinct while it alone lingered through
evolutionary time. Even if it did not speciate proli-
fically, there is the problem of why all the interme-
diate stages became extinct across this very long
period of dramatic change and dramatic divergence
from ancestral forms.

A PossiBLE SoLuTION

Across the years these problems remained in my
mind, and I eventually published a brief comment
on them from a 1965 lecture in a symposium on
systematics (Alexander, 1967), following this with
additional hypotheses in a review of Konrad Lorenz’
(1966) On Aggression and Robert Ardrey’s (1966)
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The Territorial Imperative (Alexander and Tinkle,
1968). Subsequently I developed the idea from
these initial comments in papers and books pub-
lished in 1971, 1974, 1977, 1979, 1987(a,b,0),
and 1989b. Robert S. Bigelow, also a cricket biolo-
gist, with whom I had co-authored a paper on field
cricket speciation in 1960, independently devel-
oped a parallel idea, published initially in his
widely cited 1969 book, The Dawn Warriors. Our
arguments were not as NEw as we initially thought,
for Charles Darwin (1859, 1871, 1872), Sir Arthur
Keith (1949), and Raymond Dart (1954) had de-
veloped parts of the same ideas long before. Others
have continued to develop the general propositions
involved (e.g., Carneiro, 1970; Hamilton, 1975;
King, 1976; Pitt, 1978; Strate, 1982; Wilson,
1973, 1975; Ghiglieri, 1985—1989; Reynolds ez
al., 1987; Shaw and Wong, 1988; Manson and
Wrangham, in press).

The hypothesis these various authors have devel-
oped gradually and collectively is that perhaps only
humans themselves could provide the necessary
challenge to explain their own evolution—that hu-
mans had in some unique fashion become so ecolo-
gically dominant that they in effect became their
own principal hostile force of nature, explicitly in
regard to evolutionary changes in the human psy-
che and social behavior. At some point in their
evolution humans obviously began to cooperate to
compete, specifically against like groups of conspe-
cifics, this intergroup competition becoming in-
creasingly elaborate, direct, and continuous until
it achieved the ubiquity with which it has been
exhibited in modern humans throughout recorded
history across the entire face of the earth. Such a
scenatio can account not only for the degree of
divergence of humans from other lines but also for
the absence of surviving intermediate stages and
the acceleration of the divergence in later stages.
This unique kind of within-species balance-of-
power race—involving, eventually, virtually all
levels, or group sizes, within societies—would be
a perpetual or unending one, in which the losers,
in selective or reproductive terms, would always
be but a step behind the winners (because they
would, in general at least, be members of the same
interbreeding populations), and in which rapidly

appearing differences in culture and technology
could become significant unbalancers that could
accelerate the process even further. It could be
termed a case of “runaway social selection,” paral-
leling the runaway sexual selection discussed by
Fisher (1930, 1958) (see also West—Eberhard,
1983; Alexander, 1987a, 1989b). Rather than
simply the other sex—and competitors within
one’s own sex—representing the environment of
reproductive competition, it calls for adversarial
and competing groups of humans to be central in
creating the environment of brain and psyche selec-
tion. Unprecedented levels of cooperation within
groups could thereby be generated, as well as un-
precedented kinds of between-group adversarial re-
lationships.

Tue Brain As A SociaL TooL

The kind of selection described above does not
necessarily call for other humans to be the most
important overall source of human mortality or re-
productive failure, but it does call for other humans
to be the principal source of such failures which
affected the evolution of the brain, the psyche, and
the complexity of social behavior. A necessary con-
comitant would be that the human brain has
evolved in the context of social cooperation and
competition.

In 1976, a young Cambridge psychologist,
Nicholas K. Humphrey, published a paper titled
“The social function of intellect” in which he ar-
gued that the human brain and psyche evolved as
a social tool (see also Humphrey, 1978-1983). He
referred to humans as possessing a “runaway intel-
lect” and argued that the human intellect evolved
as a means of dealing with the uncertainties of
social life. Humphrey meant that the real challenge
in the human environment throughout history that
affected the evolution of the intellect was not cli-
mate, weather, food shortages, or parasites—not
even predators. Rather, it was the necessity of deal-
ing continually with our fellow humans in social
circamstances that became ever more complex and
unpredictable as the human line evolved.

This argument is a very special one. Consider
intelligence tests or the writings of philosophers
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and others about “artificial intelligence.” Consider
“brain-twisting” problems, and other models and
descriptions of what the human mind, in its most
remarkable forms, is able to accomplish. Consider
the reverence we show for great mathematicians,
chess players, and masters of memory who strut
their stuff on television quiz shows. Where in all
of this is even a hint that the humans who suc-
ceeded most dramatically throughout most of our
evolutionary history might have been those best at
socially manipulating, using, or besting their fel-
lows? It would seem petrverse even to imagine “in-
telligence” tests designed to give high scores ex-
plicitly for such abilities. We would probably all
like our personal lawyers, and the politicians who
represent our interests against those of others, to
be ultimately clever in social manipulation; but
whom, one also may ask, do we hold in greater
suspicion and distrust than such social experts?
Such attitudes may have confused us about the
forces that have molded our intellectual capacities,
and caused a considerable misdirection of efforts to
understand the design of our brains and our social
abilities and tendencies. Together with our desires
to emphasize the cooperative and “brighter” sides
of human nature, they still confuse us and cause
us to speak and write about, and read, only what
we want to hear.

Humphrey was not saying that the behavior of
other humans is unpredictable in the sense that the
weather is unpredictable. We can’t do much about
the weather, but we can influence the behavior of
our associates. The evolutionary problem would
have been to influence others’ behavior in ways
most beneficial to our own interests. Humphrey
was suggesting that variations in the ability to pre-
dict and manipulate others’ behavior gave advan-
tages to some, and resulted in the step-by-step
changes in intellectual complexity that eventually
yielded modern humans. Biologists would wish to
specify that the advantages given in the situation
just described were, ultimately, advantages in re-
productive success, for that is how evolution pro-
ceeds.

Humphrey's hypothesis quickly caught the
imagination of many biologists and philosophers,
who have repeated and developed it since (e.g.,

Blakemore and Greenfield, 1987; Byrne and
Whiten, 1988; Alexander, 1987a, 1989b).
Humphrey did not refer to the ideas and arguments
about cooperation to compete, described earlier,
and he evidently saw no connection between them
and his own hypothesis. In other words, he pro-
vided no mechanism by which selection would
cause humans, alone, to continue their brain evolu-
tion toward the extreme condition represented to-
day. Nor did he, or those who were attracted to his
idea, appear to realize that for his idea to work
some scenario of the sort described above would
have to be the case; indeed, a balance-of-power
hypothesis seems to lead necessarily to the conclu-
sion Humphrey reached.

In other words, if natural selection caused in-
creasingly rapid directional changes in the human
brain and psyche across a long period as a result of
social interactions, it becomes necessary to account
for the continuing elaboration of the competitive
situation leading to the changes. When selection
is intense, there are not only winners but many
losers, and one has to explain why the losers, or
incipient losers, did not tend at every stage simply
to retreat from the social competition. Why did
the human species continue to become increasingly
elaborately social and cooperative during times
when so many of its members were suffering, with
respect to both survival and reproduction, as a di-
rect result of the sociality? If humans became po-
tentially the most detrimental force with respect
to the lives and success of their fellows, then why
didn’t humans evolve to live apart from one another
so they wouldn’t have to contend with competi-
tive, aggressive, manipulative associates? After all,
thousands of species do not live socially. With hu-
mans, ecological dominance and social competition
seem instead to have become involved in a vicious
cycle in which each exaggerates the importance of
the other. What could have caused this?

It would seem that the answer has to be that
they could not withdraw from the particular kind
of society that was evolving without losing even
more dramatically. To understand why this should
be the case, we are returned to the question of
what challenges could have continued to force an
ever more complex and elaborate sociality. It seems



6 ALEXANDER

to me that we are returned to the hypothesis of
cooperation-to-compete within the species; of hu-
mans as their own hostile force of nature; of a bal-
ance-of-power race accelerated by the increasing in-
telligence, cooperativeness, and cultural cleverness
of the increasingly ecologically dominant human
line.

Tue IMporTANCE OF EcoLoGicAal DOMINANCE

Anthropologists have long described humans as
the species that, rather than simply living in a
certain environment, or choosing one, most explic-
itly creates its own environment. And they have
also noted that, as a result, humans have long been
able to live almost anywhere they pleased on the
face of the earth. In other words, the human species
is so ecologically dominant that it can mold, ma-
nipulate, or even remove aspects of its environ-
ment—including other living forms—more or less
at will. This is just another way of saying that
humans have so reduced the significance of what
Darwin saw as the external “hostile forces of na-
ture,” or the forces of natural selection, that other
humans very well could have assumed the role of
the principal “hostile force of nature,” at least most
of the time and insofar as evolution of the intellect
is concerned (see also Alexander, 1989b).

Once humans began to use social cooperation as
a principal means of competition they began to
compete socially not only as individuals but in coa-
litions of every imaginable size and variety. We all
know that humans do this today, and they have
apparently done it throughout recorded history.
The implication is that our ancestors did it for
thousands of generations. Moreover, once humans
started living in groups (or continued group-liv-
ing) explicitly because this enhanced their ability
to compete with other neighboring groups of hu-
mans (as surely is the case today), then the possibil-
ity of living nonsocially virtually disappeared—
even if predators were removed, and food and shel-
ter became abundant—because humans themselves
would not allow it. Even today, when we like to
think of ourselves as civilized, ethical beings who
respect the rights of others, there is great difficulty
in living as a hermit, and hermits who try to rear

families (reproduce) and still remain isolated have
even more trouble; small groups, such as com-
munes, within or near larger ones, have this same
difficulty, as do nations near enough to one another
to represent mutual threats.

We usually think of cooperation as the opposite
of competition—as an alternative to it. It's true
that in any given situation one individual can
either compete or cooperate with another. But if
cooperation works, the evolutionary effect is to
cause a kind of indirect competition with everyone
else who didn’t cooperate quite as well. Regardless
whether one individual ever interacts with another,
the two are inevitably competing in regard to
which will leave more copies of its genes. And,
over the long run, those who are better at it become
the ancestors of whoever remains. In this sense,
cooperation is always competition as well, and
competition thus is not only inevitable but in evo-
lutionary terms has no alternative. If a species
simultaneously becomes so ecologically dominant
that no other aspect of the physical or biological
world is as important to the success of its members
as are other members of the same species, and if its
members also take up cooperation as a principal
means of social competition—as the various
authors cited above have argued—then Hum-
phrey’s scenario becomes a reality. Social clever-
ness, especially through success in competition
achieved by cooperation, becomes paramount, and
the race toward intellectual complexity—a particu-
lar kind of intellectual complexity—is on. This
process is evidently unique to the human species.
It seems to me that it would lead precisely to the
kind of organism we are, and I can think of no
other process that would. The apparently mutualis-
tic relationship between the two hypotheses of a
balance-of-power race and the brain as social tool—
hypotheses that were generated independently—
may not be an adequate test of either hypothesis,
but it causes each of them to be more difficult to
dismiss.

These thoughts are worth careful contemplation.
They mean, for example, that if we argue that the
emotions have evolved to produce “harmony” in
human social interactions (e.g., Gibbard, 1990),
our understanding of the emotions will not be
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complete until we understand the selective reasons
for the promotion of harmony. If all our coopera-
tion across history had been merely to fend off
nonhuman or even nonliving threats, then the only
paradoxes in moral issues would be those engen-
dered by within-group efforts to compete. Even
these might be sufficient to perplex moral philoso-
phers indefinitely. But if the hypothesis is correct
that the complexity of our modern, world-wide,
within-species, between-group strife is ancient,
and a driving force in structuring human sociality
and cooperation, then the dissection of intention-
ality and the understanding of morality becomes
infinitely more convoluted.

SociaL COMPETITION AND SCENARIO-BuiLpinG

What kind of intellectual complexity would be
generated by the type of evolutionary race de-
scribed above? Human mentality has several com-
ponents, but consciousness is probably central. The
concept of consciousness is related to other ideas
like foresight, planning, awareness, self-awareness,
fantasizing, and dreaming. All of these are part of
anyone’s description of human mentality. Among
other things consciousness implies the ability to
think about times and places and events separated
from our immediate personal circumstances. It im-
plies the ability to use information from the social
past to anticipate and alter the social future, to
build scenarios—to plan, to think ahead, and to
anticipate different possible outcomes and retain
the potential to act in several alternative ways, de-
pending on circumstances that can only be impert-
fectly represented at the time the plans or scenarios
are being made.

Language is tied closely to consciousness as sce-
nario-building, because it alone enables us to com-
municate with others about events “displaced” in
space or time or both (Hockett, 1960)—a requisite
characteristic of social (or other) scenarios. We can
use signs or symbols to designate places, events,
objects, and individuals, and then, through the use
of tenses, talk to others about events, objects, or
individuals in different times and places. In no
other way can detailed information about mental
scenarios, which necessarily involve different times

and places, be transferred between individuals (see
also Alexander, 1989b; Gibbard, 1990).

What circumstances should we expect to be
most challenging, with respect to accurate and
complete building of scenarios viz consciousness?
Surely, the answer is: those involving other organ-
isms doing exactly the same thing in preparation
for their competitive and cooperative interactions
with us. In other words, nothing would select
more potently for increased social intelligence—for
better ability to look ahead and survey the alterna-
tives accurately—than a within-species co-evolu-
tionary race in which success depended on effective-
ness in social competition. In effect, consciousness
is a way of seeing ourselves as others see us so that
we may cause competitive others to see us as we
wish them to, rather than as they might like to
(that is, with our “defenses” down).

I think that this view places cognition, as a part
of problem-solving ability, in a clearer light as
well, because it implies that the problems that
have driven the evolution of cognitive abilities have
been social problems. I have argued that other as-
pects of human mentality such as the expression of
the emotions and personality traits are also parts
of our supply of tools for social cooperation and
competition (Alexander, 1989b). Psychologists
and anthropologists have already suggested inde-
pendently of the theories discussed here that math-
ematical ability is a special case of linguistic ability
(Lenneberg, 1971), and that linguistic ability is
likely explainable as serving a social function (Burl-
ing, 1986).

Scenario-building, including dreaming and day-
dreaming as well as serious or purposeful planning,
has seemed to many a kind of social-intellectual
play. The most widely accepted theory of play is
that it represents practice for the future, which
occurs under circumstances that make it inexpen-
sive compared to real-life, full-cost episodes of so-
cial competition (Fagen, 1981; Humphrey, 1983).
Such practice can take many forms. It can merely
improve physical, social, or intellectual skills. It
may involve producing and trying out alternative
scenarios. It may also involve acquiring status, or
learning how to deal with dominance rankings that
may be difficult to change as the playing individu-
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als grow and develop and begin to compete in ear-
nest for the actual resources of reproductive success,
such as mates, jobs, and status (Alexander,
1989b). The term “thought experiments,” as used
frequently by scientists, suggests the centrality of
scenario-building. It refers to an initial, internal
process of testing and rejecting possibilities, and
in that sense I regard it as responsible for the gen-
eration of virtually every reasonable hypothesis. To
the extent that useful ideas represent a limiting
factor in the advance of knowledge, this process
may be central in even the most conservative and
rigorous aspects of science. Einstein completed the
general theory of relativity in his brain and tested
it there so thoroughly that he was confident that
“The result could not be otherwise than correct. I
was only concerned with putting the answer into a
lucid form. I did not for one second doubt that it
would agree with observation” (Clark, 1971, p.
259).

Every human continually builds hypotheses and
initiates their testing within his own mind,
whether he is dealing with high-level scientific
questions or everyday problems like how to start a
car or whether or not to cross the street in some
particular place or time. Such thought-experiments
work because every human already has some rele-
vant data in his head when he generates an hy-
pothesis. The skill with which the process of inter-
nal testing is undertaken, and the data that already
exist in the theorist’s head against which he can
test his idea, are what determines whether the hy-
pothesis, when it is finally communicated to oth-
ers, will be reasonable and useful, or will immedi-
ately be seen as false or unacceptable because of
someone else’s thought experiments. Reviewing
possibilities and probabilities, and mentally play-
ing out step-by-step either physical or mental chal-
lenges that lie ahead, are widely believed to be
sometimes more important than more direct forms
of practice. Even the actual experimental testing
of an hypothesis, after all, is itself nothing more
than a mental scenario brought ourt into the exter-
nal world.

ARE SoME AspeEcTs OF HUMAN STRIVING
IRRELEVANT TO EvOoLUTION?

Many human attributes have previously seemed
inaccessible from the evolutionary viewpoint of bi-
ology. Free will, for example, is one of the provoca-
tive issues argued across the history of philosophy
that any universally applicable theory of human
evolution ultimately must explain. How does it fit
here? In Darwinism and Human Affairs and The Bi-
ology of Moral Systems, 1 argued that the concept of
free will is not a question of whether or not our
acts are physically determined, but of whether or
not individuals believe they have the ability to act
on whatever personal intellectual scenarios they
happen to choose, among the several or many they
might have generated. I think that any individual
with the freedom to act on his own scenarios, ac-
cording to his own interests as he sees them, be-
lieves that he has “free will,” and vice versa. In
other words, I believe that the concept springs
from an interaction between our ability to generate
and use alternative scenarios, and the imposition
of rules and restrictions by society. I restate this
argument here because it seems useful to be re-
minded that even a difficult or extreme topic such
as free will need not be incompatible with the
adaptive view of human mentality here supported.
The fact that the question of free will continues to
be thought of as whether or not some behavioral
alternatives are selected in the absence of physical
causation is in my view an intriguing mistake of
human thought—a mistake worth reflection be-
cause it shows how difficult it sometimes is to
eliminate particular kinds of fuzziness from our
intellectual ruminations.

Because of our social competition, and because
of the importance of reputation in reciprocal intet-
actions, deception has also become a prominent
aspect of our social lives. Sometimes it is effected
through self-deception that prevents us from
knowing our own true motives and allows us what
the psychologist Donald T. Campbell (1975) calls
“sincere hypocrisy.” The pervasiveness of decep-
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tion in our everyday lives (both self-deception and
the deception of others) can be glimpsed by anyone
willing to reflect on how often (and for what rea-
son) he or she does one or more of the following
things: bathes, shaves, puts on deodorant or
makeup or artificial eyelashes, chooses clothes with
concealing and flattering effects such as shoulder
pads, dons shoes with elevated heels, pops a mint
into the mouth, and enters the work place wearing
a polite smile. We seem not to like to dwell on the
deceptive aspects of human sociality, except in fun
or as part of the behavior of those we think we have
reason to disparage and to imagine as utterly unlike
ourselves. But such reluctance will not make de-
ception go away or solve the problems of dealing
with its prevalence in the world. Our efforts at
self-analysis must include more than just the
“brighter” side of human nature if we expect to
solve the truly pressing human problems (see also
Trivers, 1985; Mitchell and Thompson, 1986).

If scenario-building, in connection with social
cooperation and competition, becomes as central
in the life of a species as it apparently has with
modern humans, then it may also become impor-
tant to observe the scenario-building of others, as
well as their “real-life” efforts, and learn from
them. Ability to anticipate social situations and
the reactions of others to them might enable a
person mentally to imitate or parody their possible
actions and thereby assist himself in developing
responses most self-beneficial when the necessity
for social interaction arises. Perhaps his predictions
will be improved if he acts out the possibilities and
involves others in such explorations. These others,
upon observing the performance, will themselves
gain by having some parts of scenarios useful to
them acted out for them. From such imitation it
is only a short step to taking advantage of superior
scenario-building abilities of others, and even re-
imbursing them to build scenarios for us. Indi-
viduals who are particularly good at such acting
out (and analysis or teaching) may be rewarded in
various ways, perhaps at first only by elevation of
status. Eventually, the rewards may become for-
malized, so that the unusually good actor becomes
a professional, and some significant proportion of

society attends the sessions in which he performs
and pays him handsomely for the privilege.

It seems to me that some such idea can be devel-
oped so as to involve nearly all of the seemingly
inaccessible suites of activities mentioned earlier
(see also Alexander, 1986, 1989a, by—humor, art,
music, myth, religion, drama, literature, theater,
preaching, teaching, and the magnetism of televi-
sion soap operas and team sports. Qur ancestors—
as with many but not all humans today—literally
existed within the “soap operas” of their extended
family’s or clan’s daily social and political activi-
ties. Modern humans more frequently are able to
do the same vicariously in the surrogate situations
afforded them by literature, radio, television, op-
era, and other similar forms. We reimburse others
(lawyers, politicians, teachers, novelists, actors,
physicians, coaches, plumbers, electricians, horse
trainers) to build scenarios for us (make diagnoses,
represent us in competitions, work out repair pro-
cedures, teach and demonstrate routes to success
and failure) because they can do it better than we
can—more inexpensively, more elaborately, or
more quickly—just as we hire others to do for us
jobs that we cannot do as well, or from which we
wish to be freed so that we can do other things at
which we think we are more effective. Such surro-
gate scenario-building appears to be a unique-to-
humans kind of occupational speciality of the gen-
eral sort we call “division of labor.”

Team sports seem to me especially significant
to the arguments presented so far. To the observer
they represent not only the physical and mental
“how to” of intergroup competition and intra-
group cooperativeness but as well a way of partici-
pating in the ceremonial and reinforcing aspects of
own-group success. The equivalents of fans and
cheerleaders have surely been important for a very
long time in the group competitions of humans,
and it is no accident that the “home court” gives
a significant advantage. It is also not incidental
that both extensive mental scenario-building and
the resolve of “teamn spirit” have come to be essen-
tially formal aspects of training in sports and other
group-competitive events.

This view of human thinking, then, seems not
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only compatible with the centrality of social com-
petition by cooperative groups as a general theory
of human evolution and human brain evolution but
strongly supportive of it.

ArtruisMm, KinsHip, AND REcIPROCITY

In general, humans tend to help their relatives
against other groups of less closely related indi-
viduals. A little thought shows that this particular
kind of cooperation to compete will yield rewards
in terms of genetic survival, for closer relatives by
definition carry proportionately greater numbers of
one another’s genes, as compared to more distant
relatives or nonrelatives (Darwin, 1859; Fisher,
1930; Haldane, 1955; Hamilton, 1964). Anthro-
pologists have for a long time known that humans
everywhere have kinship “systems,” in which dif-
ferent relatives have different labels and are treated
in special ways. Close kin tend to cooperate against
distant relatives and nonrelatives.

Philosophers and social scientists have often
written as if evolution had been causing us to be-
come indiscriminate altruists who continually sac-
rifice our own life interests for those of others.
Similarly, ecologists and animal behaviorists once
supposed that the individuals of nonhuman species
evolve to do things for the good of their popula-
tions or species, even at the expense of their own
“genetic survival.” Now we know that evolution
cannot produce such tendencies (which does not
mean, however, that it cannot produce a thinking
organism that can consciously create such tenden-
cies in itself as an incidental outcome of its evolu-
tionary past). It only seems that way—in humans
partly because of the enormous importance of nepo-
tism, social reciprocity, and reputation in social
success, and partly because the interests of indi-
viduals within groups are often identical, at least
for short periods of time or in particular circum-
stances. Self-beneficial reputations can also be ac-
quired through beneficence to others, and humans
alone have sorted out their common interests
within groups and translated them into extensive
cultural or moral rules (Alexander, 1987a).

Owing to the probability that relatives are pri-
marily “recognized” by being learned about and

remembered through social relationships (for a re-
view and defense of this idea, see Alexander,
1990a), and because continuing nepotism takes the
form of reciprocal assistance, nepotism converts
easily into social reciprocity (Trivers, 1971; West—
Eberhard, 1979). This is the reason that modern
human sociality assumes a form similar to that of
small hunting-gathering groups composed almost
entirely of actual relatives and relatives by marriage
(who produce actual relatives for their “in-laws”),
even though modern sociality sometimes almost
entirely involves reciprocity between non-relatives.

Discussion

So now we at least have an hypothesis for why
the populations most like our evolving ancestors
failed to survive alongside us in the way that many
similar species of animals and plants do co-exist.
Evidently they were extinguished—the collections
of traits that identified them disappeared—as a re-
sult of the cooperative group-against-group compe-
tition that we conduct so frightfully well. Even our
distant relatives suffer today. Primatologists esti-
mate that human predation on primates is more
severe than that from any other source (e.g., Cheney
and Wrangham, 1987). This is probably true for
only a few other mammals, for example some ecolo-
gically dominant species like lions, elephants, and
rhinoceruses. The reasons for killing our closest
relatives, moreover, are not always the same as
those involved in killing, for example, game ani-
mals. I speculate that our closest relatives—chim-
panzees, gorillas, and orangutans—have not only
been severely restricted by human predation and
competition, but may have had many aspects of
their social structure virtually determined by their
human competitors and enemies (Alexander,
1974). If they had been even more like us, or per-
haps less able to diverge from us in the face of
evolutionary competition, they too would probably
be extinct. On the other hand, if we were to disap-
pear from the planet even now, and leave them to
their own devices, I have little doubt that chim-
panzees, at least, would evolve many attributes
paralleling those of modern humans. Chimpanzees
have already evolved specialized group-against-
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group competition (Ghiglieri, 1988, 1989; Man-
son and Wrangham, in press). Their brains are
most like ours, and they and orangutans alone share
with us the ability to recognize themselves in mir-
rors, suggesting a kind of conscious self-awareness
(Gallup, 1970). At least among males, chimpan-
zees show signs of the extraordinary and complex
within-group cooperativeness that, in a primate,
probably represents the adequate “initial kick” for
the runaway social process here envisioned (Alexan-
der, 1989b). Of course significant changes in
chimpanzee social life would have to occur before
an evolutionary pathway resembling that of the
hominid line could be taken (see below).

In an earlier paper I argued (Alexander, 1987b)
that science differs from the humanities in that
“Scientists typically pursue topics within which
there exist cores of factual discoveries—within
which statements can be made that approach un-
deniability” and that practitioners in the humani-
ties, in contrast, “are preoccupied with meaning,
or value . . . concepts {which] are interpreted indi-
vidually—or at least not universally—and therefore
lead toward diversity and disagreement rather than
universality and undeniability.” I suggested that
“Practitioners of the humanities are concerned with
what literature, art, music, aesthetics, religion—
and even ethics and history sometimes—mean to
different individuals or different groups. They are
preoccupied with variations in interpretations,
which arise out of differences in interests.” I also
suggested that “Whatever bodies of facts do under-
lie the activities of humanists, they are typically
not regarded as the central issue” (p. 319). I did
not, however, indicate how to identify superior
works in the humanities, although how to do so
in the sciences seems obvious. Moreover I failed to
examine the question of what things might be
common among all those humanities-oriented
works (of art, literature, music, or whatever) that
are widely or essentially universally considered
great.

Bruner (1986), in an essay close to mine in some
of the above regards (but distressingly more inci-
sive and eloquent), has taken up these questions,
in a way that I believe bears on the ideas discussed
above about scenario-building and surrogate sce-

nario-building as an aspect of the evolution of the
human psyche or intellect. Bruner suggests that
literature (or art or music) attracts huge and endur-
ing audiences—becomes great or classic—when it
bears on problems of broad or universal significance
and provides unusually rich opportunities for sce-
nario-building for a broad array of readers (or view-
ers), allowing them to develop and interpret mean-
ing for their own individual purposes. He notes
that not merely the topic but the particular forms
of language involved in works of literature are cru-
cial, since through language the reader is provided
opportunity to use his own scenario-building ca-
pacities to participate in what the author (artist)
has constructed—to maximize the number of alcer-
native mental pathways (“possible worlds™) stimu-
lated by the work. A further contrast between sci-
ence and the humanities is thereby emphasized—
that scientists are expected to write in an effort to
be unequivocal, while their counterparts in litera-
ture and the arts strive to produce works that yield
maximal potential meaning through subtlety, am-
biguity, and the possibility of interpretation ac-
cording to the particular interests or wishes or en-
joyments of different parts of the audience (thus,
the success of a recently popular song was attri-
buted by its author-performer to its having in-
cluded “something for everyone.”) When the audi-
ence, implies Bruner, can make much more from
a work than meets the eye, then the work has some
likelihood of being judged superior. He remarks
the profound difficulty of bridging the gap be-
tween science and the humanities, so defined, and
thereby stresses the difficulties that beset the disci-
pline of anthropology, which straddles the two sets
of enterprises, the various aspects of biological an-
thropology on one side and those branches most
recently called interpretive or symbolic anthropol-
ogy on the other. Anthropology thus seems to
range from hypothesis construction and testing,
on the one hand, to literature on the other. But
Bruner's exposition of textual construction and
analysis as exercises in creating and extracting rich-
ness of surrogate scenario-building at least seems
to me to point the way toward an analytical com-
patibility among all aspects of the human enter-
prise, and, as well, a way of resolving some of the
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many difficulties that have prevented us from com-
pleting a “rough draft” of how modern human
activities may all have generated from a back-

ground in differential reproduction of genetic ma-
terials.

HOW HAVE THE VARIOUS UNIQUE AND DISTINCTIVE FEATURES OF HUMANS AND
THEIR SOCIAL LIFE APPEARED?

INTRODUCTION

Combining the cooperation-to-compete hy-
pothesis with the notion of the brain as social tool
allows us to pursue more effectively the under-
standing of both unique and unusual human traits.
Examples of such traits are: menopause, conceal-
ment of ovulation, altriciality of the human infant,
the extended duration of juvenile life, relative
hairlessness of both juveniles and adults, evolution-
ary increases in the hominid lifetime, long-term
pair bonding, frontal copulation, postmenopausal
sexuality, and extensive paternal care, all of which
seem to relate to general increases during hominid
evolution in the amounts and durations of parental
care or social tending (which we now realize we
must explain in detail). Also included are the gen-
eration and maintenance of intricate and unified
kin relationships, group-against-group competi-
tion in play, prominence of play throughout adult
life, language, consciousness, music, art, humor,
the aesthetic sense, complex abilities and extreme
propensities to engage in social reciprocity, and the
concepts and practice of morality and ethics. We
are seemingly in a much better position than ever
before to analyze such unique or unusual traits so
as to understand better how the human species
evolved—how it attained its present general na-
ture, and why it diverged so far, in the particular
directions it took, from all other species (I am not
claiming that all of the above traits are unique to
humans—for example, consciousness, which seems
likely to exist in some form in several other species,
in particular, apes, and may even include in such
forms aspects of behavior that have been excluded
from consciousness in the hominid line).

Conversely, if we cannot connect the special
traits of humans to the general scenario just de-
scribed, then we are justified in being skeptical of

its accuracy or usefulness. In this section I draw
some connections partly through hypothesizing
some new conditions of early human social life. For
this presentation I have chosen a few human attri-
butes, and an arrangement of them, which facili-
tate my arguments.

MENOPAUSE

Menopause is that time in middle age when the
human female stops producing fertilizable eggs and
therefore stops having children. In no nonhuman
species are females known to undergo an evolved
menopause. Sometimes very old females in zoo ani-
mals or domestic species become incapable of be-
coming pregnant a few years before they die, but
this is not the same as a complex programmed
cessation of ovulation in approximately the middle
of the maximum lifetime, as happens in human
females (Lancaster and King, 1985). In a few other
species—such as elephants (see below) and pilot
whales (Kasuya and Marsh, 1984; Marsh and
Kasuya, 1986)—some females seem to live several
years beyond their last production of offspring, and
to do so in connection with assistance to relatives;
these appear to be the closest approaches to meno-
pause as demonstrated in humans.

Prior to modern selection thinking the opinion
was widespread that menopause happens because
older women are more likely to produce defective
children and menopause prevents pollution of the
gene pool. It was one of the most important
changes in selective thinking that we now realize
that selection cannot ordinarily favor attributes
that assist the population or species at the genetic
expense of the individual (Williams, 1966). In this
case, ordinary common sense (and a moden view
of natural selection) is sufficient to understand
that, if pollution of the gene pool were all that was



HOW DID HUMANS EVOLVE? 13

involved, genes that tended to cause women to
continue having babies despite the risk involved
would certainly outreproduce those that influenced
women to stop having babies, thereby (in this ar-
gument) canceling all future chances of improving
their reproductive success.

It is also a common assertion that menopause
happens simply because women live longer now.
The presumed average age of prehistoric women
has been used to back up the statement. Average
ages, however, are not appropriate, first because
they are powerfully influenced by infant and juve-
nile deaths and, second because it is not how many
individuals live past a certain age that counts in
selection but what proportion of their reproduction
is thereby affected. Of a million codfish eggs only
one may live to become a mature fish, but this
does not mean that selection on the adult stage is
ineffective. This is another example of a failure in
selection thinking about humans that has persisted
for decades.

There is another important source of error here:
despite repeated arguments that medical research
will eventually double or triple the human life-
time, there is no evidence that maximum human
life spans have been significantly altered by the
entire history of medical research (Fries, 1980).
Reducing accidental and premature mortality has
changed the average human lifetime, but the exist-
ing maximum life span is a product not of modern
technology but of hominid evolution (Sacher,
1975; Lovejoy, 1981; Turke, ms.).

Still another argument has been that menopause
is not an evolved phenomenon, but a product of
senescence (Symons, 1979). Menopause seems to
me too complex and to come too early in the hu-
man female’s life to be regarded as other than a
product of natural selection. These arguments need
not be the only evidence. Comparing life lengths
of modern primates indicates that the distinctive
maximum human lifetime of a little over 100 years
represents an approximate doubling of lifespan
since hominids diverged from the ancestors of the
great apes (Smith, 1989; Turke, 1989, ms.; Love-
joy, 1981). This doubling was caused primarily
by adding to the length of adult life. Unless older
humans were somehow contributing, directly or

indirectly, to the reproductive success of their ge-
netic materials, no such alteration could have oc-
curred as a result of natural selection. It is relevant
that the human female, despite her early cessation
of production of gametes, on average outlives the
human male, who continues to produce viable
gametes throughout his life.

Three different investigators independently pos-
tulated almost exactly the same reproductive or
adaptive function for menopause (Williams, 1957;
Alexander, 1974; Dawkins, 1976). The reason for
the independence is not admirable. Rather, it was
because I did not read (or remember) Williams’
paper carefully enough, and Dawkins evidently did
not read (or remember) either Williams' or my
paper carefully enough. All three of us, however,
postulated that menopause is a system whereby the
human female turns her effort from adding new
objects of maternal care to tending those she has
already produced. Rather than introduce into her
life another object of investment that may require
an investment of 15-20 years, she has evidently
evolved to turn her effort toward assisting the off-
spring she has already produced, and perhaps other
relatives as well. In addition (see below), post-
menopausal women may be even dramatically more
capable at contributing to the success of their off-
spring and other kin than younger women, simply
because success in social and political matters is to
a large extent a consequence of gradually acquired
knowledge, wisdom, and power.

Dawkins (1976) quantified what might be called
the simplest version of this hypothesis in the fol-
lowing way (p. 135—-136):

“. .. the difference between the abrupt change
of life in women and the gradual fading out of
fertility in men suggests that there is something
genetically ‘deliberate’ about the menopause—that
it is an ‘adaptation’. It is rather difficult to explain.
At first sign we might expect that a woman should
go on having children until she dropped, even if
advancing years made it progressively less likely
that any individual child would survive. Surely it
would seem always worth trying? But we must
remember that she is also related to her grandchil-
dren, though half as closely.

“For various reasons, perhaps connected with
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the Medawar theory of ageing, women in the natu-
ral state become gradually less efficient at bringing
up children as they get older. Therefore the life
expectancy of a child of an old mother was less than
that of a child of a young mother. This means that,
if 2 woman had a child and a grandchild born on
the same day, the grandchild could expect to live
longer than the child. When a woman reached the
age where the average chance of each child reaching
adulthood was just less than half the chance of each
grandchild of the same age reaching adulthood, any
gene for investing in grandchildren in preference
to children would tend to prosper. Such a gene is
carried by one in two children, but the greater
expectation of life of the grandchildren outweighs
this, and the ‘grandchild altruism’ gene prevails
in the gene pool. A woman could nort invest fully
in her grandchildren if she went on having children
of her own. Therefore genes for becoming repro-
ductively infertile in middle age became more nu-
merous, since they were carried in the bodies of
grandchildren whose survival was assisted by
grandmotherly altruism.

“This is a possible explanation of the evolution
of the menopause in females. The reason why the
fertility of males tails off gradually rather than
abruptly is probably that males do not invest so
much as females in each individual child anyway.
Provided he can sire children by young women, it
will always pay even a very old man to invest in
children rather than in grandchildren.”

In general, one cannot fault Dawkins’ calcula-
tions (although, as Martin Daly pointed out to me,
the point at which genes for investing in grandchil-
dren would “tend to prosper” depends on the point
at which the actual investment yields a greater ge-
netic return, and this depends on such things as
what other investments are available to grandchil-
dren). I wonder, however, if his general view of
this trait, and of the reproductive effort of middle-
aged women and men, is not too simplified. First,
as already noted, the human lifetime probably
could not have doubled during hominid evolution
if his argument is correct and complete: older adult

humans appear to have been contributing too ex-
tensively to reproduction to explain menopause as
no more than a side-effect of senescence. Moreover,
any evolutionary shift toward some kind of repro-
ductive effort other than child-bearing would make
it look as though the middle-aged female’s child-
bearing ability was deteriorating through senes-
cence rather than through the evolution of alterna-
tives, and thereby confuse the issue in the direction
of Dawkins' “baby-sitting” view of the reproduc-
tive effort of postmenopausal women. Dawkins’
view does not allow for any improvement or change
in the nature of either a man’s or a woman'’s repro-
ductive effort; it relies instead upon a deterioration
that forces a change. Yet we know that older men
and women increase their social knowledge cumu-
latively, acquiring capabilities that are either ab-
sent or uncommon in younger adults and called
by such terms as “wisdom,” and that they continue
to increase their control of resources, or their effec-
tive power, through increases in more proximate
devices such as status or reputation and, more re-
cently in human history, wealth. Across the entire
world, wealth and power are heavily concentrated
among people of both sexes who are near or beyond
the age of menopause in women. The simple view
that reproductive output is greatest near the usual
first age of reproduction evidently does not apply
to humans, as it does not apply to many other
organisms such as those with indeterminate growth
(e.g., fish) and the queens of some eusocial forms
that grow and improve (even multiply many times)
their ability to produce gametes after they have
reached adulthood and begun to reproduce
(Wilson, 1971; Alexander ez a/., 1991).

Perhaps Dawkins’ calculations can be combined
with the notion that women as well as men increase
their social-political power and interests such that
their reproductive effort in regards other than di-
rect baby-production and -care may become so
valuable to their reproductive success that it pays
them to turn their efforts entirely in different direc-
tions. Children and grandchildren may not be the
sole recipients of such reproductive efforts, which
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often may affect the entire collection of a woman’s
(or 2 man’s) genetic clan. Older people with status,
power, wealth, and wisdom may act in ways that
simultaneously benefit all of their close relatives as
a collectivity.

Dawkins’ comments about older men siring
children also seem incomplete. An older man may
profit from retaining the ability to produce chil-
dren not because he consistently invests less in each
child but because the nature of his investment
means that he can produce children which will
survive, more or less independently of his age. Any
such effect may combine with the facts that (1)
young children may survive better with a woman's
care alone than with a man’s care alone and (2)
access to resources (through status, power, wealth)
is among the more valuable contributions of human
males to their offspring throughout human history.
One needs to understand not only the kinds of
investments men make in their children, but at
what ages, and if such investments involve endow-
ing children with status and transferring to them
the kinds of resources that may virtually always
have been controlled lopsidedly by older men.

If the above hypothesis about menopause is cor-
rect, then we should expect to find starts toward
menopause in those species in which older females
protect or guide or tend not only their own off-
spring but additional relatives. As suggested by
Alexander (1974) and Sherman (1978), ele-
phants—which live in groups of female relatives
dominated and apparently led by the oldest fe-
male—seem to be one of the best prospects. Appar-
ently independently of such considerations,
Douglas-Hamilton and Douglas-Hamilton (1975)
reported of one old dominant female that she ex-
erted so much effort protecting her herd of off-
spring and relatives that she caused her own last
offspring to starve to death, apparently because it
simply did not have sufficient nursing time. Moss
(1988) reported an old female that did not produce
an infant for nine years, then at age 58 produced
an infant that did not survive; Moss also reported
that this female was remarkably close socially to
one of her grandoffspring.

Unlike these possible incipient menopauses, in
humans menopause occurs in every female that does
not die from accidental or “premature” causes. Sev-
eral predictions about possible adaptive variations
in ages of onset of menopause in humans are also
possible from the above hypotheses, none of which
I believe has been tested sufficiently (Turke, 1989
and ms., summarizes much of what is known about
menopause, and provides an excellent account of
the recent literature).

Several problems remain that prevent our under-
standing of menopause from being satisfactory.
Thus, the human female’s ability to produce babies
diminishes rather sharply, and in several ways,
across approximately the decade prior to meno-
pause. Why does this capability not remain ap-
proximately the same right up to the time of meno-
pause? There is an implication that women have
typically reproduced but little during this period.
That could come about either through senescence
or because they have already started to turn their
reproductive efforts, perhaps gradually, in alterna-
tive directions. Whatever the reason for a diminu-
tion of the tendency to produce babies during this
period, it should also correlate with a diminution
(or change) in sexual interest in males. Similarly,
there should be a reduction of sexual interest in
such women by males who do not already share
offspring with them.

An interesting question is why sexual interest
continues at all in postmenopausal women and in
men toward postmenopausal women. An obvious
possibility is that pair bonds are thereby continued
that are important in maintaining social relation-
ships which bear upon the distribution of resources
controlled by males and females who jointly share
offspring and other relatives. One might predict
that when concern for relatives by older men and
women who are paired with one another remains
more or less symmetrical with respect to the par-
ticular individuals being supported, then the pair
bond and sexual interest (and kissing and affection
and cooperation and all kinds of evidence or prom-
ise of continuing attention and confluence of inter-
ests) will be maintained. The pair becomes a social-
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political coalition in the context of tending re-
sources (including status) and passing them to rela-
tives. When concern for relatives becomes asym-
metrical between a bonded male and female one
might expect a loss of interest by both parties, and
in extreme cases dissolution of the pair bond.

CONCEALMENT OF OQOVULATION

Despite some confusion on this topic, it is prob-
ably correct to say that humans are the only mam-
mal for which it is known that neither the female
nor the male can reliably detect ovulation; and hu-
mans are at least unusual in engaging in sexual
behavior during all parts of the ovulatory cycle,
sometimes at random with respect to it, and dur-
ing pregnancy as well. They are probably unique
in engaging in such sexual behavior in long-term
pair bonds that sometimes eventuate in lifetime
monogamy. They are almost certainly unique
among all animals in having these various behav-
iors and as well living in multi-male social groups
in which males show extensive paternal behavior.

In most mammals, females advertise ovulation
widely and fairly precisely during an “oestrus” or
“heat” period that is, however, somewhat longer
than (and for the most part precedes) the actual
period of ovulation. In 2 smaller number but still
a wide variety of mammals, females are sexually
receptive during considerably longer periods and
evidently deceive males to a greater degree concern-
ing ovulation, even engaging in copulation during
pregnancy (e.g., Hrdy and Whitten, 1987; Berger,
1986; Andelman, 1987). This description implies
that all females may conceal ovulation in one fash-
ion and to one degree or another, and there seems
no reason to believe otherwise: females rarely share
every interest surrounding ovulation and preg-
nancy with a single male or a group of males. The
most likely cases of such sharing would be species
in which lifetime monogamy occurs, with parental
care shared equally between the sexes and mated
pairs fairly well isolated from one another. Among
primates, gibbons would seem most nearly to qual-
ify. Humans may often be deceived about whether
or not ovulation is advertised in other species unless
they use patterning of copulatory behavior as the

indicator. Thus, modern dairy farmers notoriously
find it difficult to tell when cows are ovulating s0
as to call the artificial inseminator, and mistakes
are costly; but bulls have little difficulty in know-
ing when to copulate. Determining if ovulation is
signaled is more difficult even than this example
might suggest: one needs to observe not only when
any males copulate with a female but when the
dominant males copulate with her. Nevertheless,
even if human females who have various kinds of
medical information and technology available to
them can derive reasonable ideas about when they
ovulate, there has been some kind of virtually com-
plete turn-around in the evolution of external evi-
dences of ovulation in humans.

A widespread assumption in the older literature
was that continuous sexuality evolved because it
keeps the male at home through the sexual pleasure
it affords him. Many people have mentioned some
version of this idea, such as Morris (1967) and
Pfeiffer (1969). Hrdy (1979, 1981) discusses it,
although perhaps not clearly distinguishing it from
the paternal care hypothesis (below). Alexander and
Noonan (1979) argued that this hypothesis fails
(see also Datta, 1987): If only sexual pleasure were
involved, human males would have evolved to be
interested in sex only at ovulation time, and fe-
males would have evolved to give a brief signal of
use only to their spouse. Sex except at ovulation
time would be a useless risk and effort; and, as
expected from this argument, continuous sex and
concealed ovulation do not occur in gibbons and
other species that live in separated monogamous
pairs, or in gorillas in which troops are essentially
one-male polygynous bands. To understand hu-
mans we have to explain what would evolve in
multi-male bands in which paternal behavior be-
came increasingly valuable during evolution. Hu-
man males give much paternal behavior now, in
multi-male groups, and much concern is shown
over paternity; this is not the case in our closest
relatives, chimpanzees and bonobos, which also
live in multi-male groups (Smuts e# al., 1987).

For a long time it was also argued that ovulation
is not obvious in human females because it was
simply not needed once sexual receptivity became
more or less continuous; but this implies that if
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human females began to advertise the timing of
their ovulations, the way most mammal females
do, or if they began to copulate with any and all
males, there would be no particularly important
changes in human social life. This prediction is not
credible.

Concealment of ovulation in humans was first
considered as such in 1979, and that year five dif-
ferent hypotheses were published by evolutionary
biologists and anthropologists to account for it. I
think that all but one have been falsified.

1. Prostitution Hypothesis (Symons, 1979).—Fe-
males prolonged oestrus (receptivity) because males
gave them meat (or other resources) in exchange for
sex. This hypothesis does not explain why females
cannot detect their own ovulation. Indeed, under
this hypothesis one expects that they would be ex-
tremely good at it. With such knowledge, regard-
less how many or which males they mated with
(and secured food or other commodities from), they
could choose the males they wished actually to
father their children (for example, males able to
produce disease-resistant offspring, or sons capable
of securing many mates).

2. Cuckoldry Hypothesis (Symons, 1979; Benshoof
and Thornbill, 1979).—Concealment of ovulation
enables a female to cuckold her mate, thus securing
his paternal care while bearing the baby of a geneti-
cally superior male. This hypothesis has the same
problem as the prostitution hypothesis; if females
alone knew precisely when they ovulated they
could really cuckold successfully.

3. Smart Woman Hypothesis (Burley, 1979)—
Concealment of ovulation prevents the intelligent
female from reducing her own reproduction by fail-
ing to copulate while ovulating (i.e., its primary
function is to deceive the woman herself), thus
avoiding the discomfort of pregnancy and the pain
of childbirth. This hypothesis seems to fail on sev-
eral grounds. Why did females not evolve either
to be “stupid” (rather than smart), at least in this
regard (thereby not being required to conceal ovu-
lation from themselves)—or simply to forget
quickly the pain of childbirth and discomfort of
pregnancy? Also, why did females who failed to
conceal ovulation from males not outreproduce oth-
ers who did evolve to conceal it from males? This

hypothesis thus fails to explain why ovulation came
to be concealed from men.

4. Paternity Confusion or Infanticide Prevention Hy-
pothesis (Hrdy, 1979).—Concealment of ovulation
and promiscuity combined to confuse early homi-
nid males about paternity and averted infanticide
by males.

Apparently, chimpanzee males have no way of
identifying their own offspring, because of promis-
cuity of females, and they tolerate the offspring of
females in their group. Infants of strange females
are killed; presumably these females have not
mated with any of the local males. Male behavior
of this general sort is not restricted to chimpanzees
(Bygott, 1972) but occurs as well in langurs
(Sugiyama, 1967; Mohnot, 1971), a wide variety
of other primates (Hrdy, 1979; Hausfater and
Hrdy, 1984), and other mammals ranging from
ground squirrels (Sherman, 1981) to horses (Ber-
ger, 1986). These animals, however, are unlike
humans. They have extended the period of sexual
receptivity without inducing much in the way of
paternal care beyond a tolerance of juveniles within
groups (see also Andelman, 1987; Datta, 1987).
Promiscuity by females does not seem likely to lead
to increased paternal care. Comparing humans with
other primates, however, indicates that paternal
care has increased dramatically in the human line,
even though the multi-male nature of human social
groups has evidently increased opportunities for
cuckoldry.

Concealment of ovulation of the human sort, in
which females restrict their copulations to certain
males and nearly everyone is powerfully concerned
about paternity, thus does not seem a requirement
for elimination of infanticide within the social
group, so long as ovulation is advertised and fe-
males are promiscuous. Those cases in which in-
creased male attention to a female and her offspring
(and even some kinds of assistance) associate with
tendencies for females to mate promiscuously may
be better interpreted as efforts to secure subsequent
matings (e.g., baboons: Smuts, 1985) than as pa-
ternal care, and as pseudo-teciprocity rather than
reciprocity (Connor, 1986). In the human line, the
trend toward increased paternal care seems to re-
quire high confidence of paternity, which in turn
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seems to require restriction of mating to the pre-
sumptive father. These features seem opposite to
those suggested by the infanticide prevention or
promiscuity hypothesis. Even if at some point the
evolving human line did behave more or less as
chimpanzees do today, events that occurred subse-
quently, and of a different nature, are necessary to
understand human sexuality and sociality.

Marmosets may seem most likely to be conceal-
ing ovulation while employing promiscuity to gar-
ner paternal care (Goldizen, 1987). In these pri-
mates, two (or more) males sometimes accompany
and mate with a single reproductive female, and
carry her twin offspring more than she does. Data
on whether or not males detect ovulation, however,
are ambiguous, and paternity of the offspring has
not been ascertained (Goldizen, 1987). If the fe-
male conceals ovulation and mates with both males
as effort that gains parental care from both of them,
the evident value of increased parental care causes
us to wonder why dominant males do not monopo-
lize females and why births have not evolved to be
single offspring rather than twins so that a single
male can carry out adequate paternal care. This
interesting case seems unlikely to be understood
thoroughly until relatedness of males and parentage
of the twin offspring are ascertained, and further
observations on social behavior are carried out.

5. Paternal Care Hypothesis (Alexander and
Noonan, 1979).—This hypothesis notes that con-
tinuous readiness to copulate is a necessary part of
concealment of ovulation and proposes that the hu-
man kind of concealment of ovulation evolved be-
cause it reduces a male’s options by increasing the
amount of time he must stay with one female to
ensure her pregnancy. This increased time could
then cause profit to him (in circumstances when it
would not otherwise do so) from helping (directly
or indirectly) to rear the female’s offspring rather
than abandoning her in the interests of more
polygyny, less confidence of paternity, and no pa-
ternal care. In other words, concealment of ovula-
tion—probably first by increasing the duration of
behavioral oestrus—created a circumstance in
which males were drawn into a degree of female-
helping that was not in their interests before the
female began to change in this way, but which was

in their interests once the female did begin to
change, because it forced a change in the way males
competed with one another. This hypothesis as-
sumes that increased amounts of parental care were
important to the juvenile and to its mother, but
not sufficiently to the male until the female tipped
the balance by increasing (not decreasing) confi-
dence of paternity and soliciting and using male
mating effort that was easily convertible into pa-
rental investment.

This paternal care hypothesis was improved by
Strassmann (1981), who noted that the process de-
scribed by Alexander and Noonan would likely
have tended to cause subordinate males to become
pair-bonders (Alexander and Noonan had sug-
gested that dominant males would be the first to
change), and would have most severely disenfran-
chised dominant males by taking away their ability
to monopolize females only at ovulation time and
still be confident that they were siring those fe-
males’ offspring. '

Daniels (1983) emphasized the significance of
lowered disruption of social life when ovulation is
concealed (males cannot easily gain from fighting
over females at ovulation time), and the facilitation
of cooperative efforts among males; this is also con-
sistent with the paternal care hypothesis, and with
the intergroup competition hypothesis for human
evolution (see also the comments of Alexander and
Noonan {1979} on the significance of socially-im-
posed monogamy).

Alexander and Noonan argued further that fe-
males evolved to conceal ovulation from themselves
(i.e., they typically are not consciously aware of
ovulation and cannot tell when not to copulate so
as not to get pregnant, with any degree of reliabil-
ity) because this deleted the requirement that they
continually deceive a long-term or life mate. Con-
cealment of ovulation from one’s mate virtually
demands that there is a conflict of interest and that
the concealment serves the interests of the con-
cealer; the only way to delete from the female’s
psyche a requirement of continual or repeated de-
ception is for the knowledge involved to be kept
out of her consciousness.

The hypothesis of concealed ovulation has also
been called into question because women some-
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times know when they ovulate. Some women are
able to tell when they ovulate only with devices or
information from modern technology, such as ther-
mometers and/or information from modern medi-
cine. In other cases, however, such kinds of infor-
mation seem not to be required (thus, some women
say that they experience headaches or other sensa-
tions each time they ovulate). Assuming accuracy
in such statements, selection that might have been
reducing women’s ability to detect ovulation ap-
pears to be incomplete, although complete enough
to make the manufacture of contraceptives a lucra-
tive business. It also seems necessary to take into
account that the importance of knowing when ovu-
lation actually occurs has been made more explicit
recently than probably ever before. Nevertheless,
this evidence has seemed to some to cast doubt on
the entire notion of concealment of ovulation. Dr.
Bernard J. Crespi (pers. comm.) has noted, how-
ever, that women may have been selected primarily
to convey the impression to their males that they
do not know about their ovulation, and that being
able to do this may require that, in general, they
in fact not know about it—or not know that they
know (it may require, for example, that they are
less conscious of cues, which can nevertheless be
made conscious with some effort, than we might
have expected otherwise). The reasons for his sug-
gestion are, first, that a pair-bonded male expect-
ing to invest heavily in his mate’s offspring, and
living in a multi-male group in which he does not
always have the possibility of 24-hour surveillance
of his mate, might be uneasy about a mate who is
keenly aware of those brief times when she can be
made pregnant by an insemination. He would
“know” (i.e., behave as though he knew, or re-
spond to selection as though he knew) that oppor-
tunities for cuckoldry would be enhanced by such
knowledge. Second, it is difficult to deceive a close
and more or less continually intimate associate
about conscious knowledge sharply contrary to the
associate’s interests and sharply coincident with
one’s own interests.

This is an argument, then, for a woman tending
not to have any knowledge of ovulation time in her
consciousness, or not in general being especially
attentive to cues about such (otherwise reproduc-

tively crucial) aspects of her physiology. Because it
is possible for a woman bonded to a particular male
to be certain that she will be inseminated at repro-
ductively appropriate times simply by behaving in
a particular way that in other respects will help
keep him attentive to her (including mating with
him at sufficiently frequent intervals), conscious
knowledge of ovulation could become an expense,
and perhaps even a severe risk.

From this argument, it follows that women
would not necessarily have been selected to elimi-
nate all cues that they might be able to use if they
become intellectually tuned to the question of
when they ovulate—only that they become rela-
tively insensitive to any such cues and generally
not work up a conscious understanding of (or a
great interest in) precisely when they ovulate, or
behavior that would give the impression of such
an understanding or such interest. Under this ar-
gument, even noticeable and consistent changes in
the sexual receptivity of his mate during the ovula-
tory cycle might provoke resentment or uneasiness
on the part of 2 human male. This argument, then,
may account for several aspects of behavior associ-
ated with human sexual activity that the hypothesis
as previously stated did not include. At the least,
several testable predictions are involved.

Mitchell (1986) and Gray and Wolfe (1983)
criticized Alexander and Noonan's discussion of de-
ception and self-deception in connection with con-
cealment of ovulation as ‘a confusion of a lack of
information with deception.” Our argument, how-
ever, was that if an event as central to reproduction
and as physiologically profound as ovulation—and
as available to both sexes as it is in perhaps all other
mammals—is not conscious (and cannot be made
conscious) in an animal that possesses conscious-
ness, then there is a strong implication that it has
been kept out of the conscious by selection. We
meant that any item of information that appears
easily available to consciousness yet is not there is
perhaps not there because evolution has designed
the animal not to accept that particular bit of infor-
mation into consciousness, even when similar
kinds of information in other contexts are readily
accepted into consciousness. This view of self-de-
ception may at first seem confusing to those who
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define self-deception as refusal to acknowledge in-
formation that is nevertheless possessed. We do
not argue that women necessarily possess knowl-
edge of ovulation, only that they have evolved not
to express it, whether or not they possess such
knowledge in one form or another; in other words,
selection for failure to express some particular kind
of knowledge may lead to its possession also being
suppressed to one degree or another.

Discussion.—By combining concealment of ovu-
lation with a pattern of more or less continuous
willingness to copulate with a male of her choice—
presumably thereby favoring males who were will-
ing to engage in extended consortships and to at-
tend to the female in ways important to her—the
human female created a situation in which her mate
could enjoy a high confidence of paternity, even
when other males were in the vicinity. She thereby
created, as well, a situation in which pair bonds
and paternal care had a greater likelihood of evolv-
ing, even in the complex and close-quarters social
situations that prevail in modern human society.
The argument made here presumes that during hu-
man evolution both continuous sociality and pater-
nal care were becoming more important, the latter
to both the human baby and the human female,
and that the human female’s ability to draw the
male into extended consortship, and her conceal-
ment of ovulation, tipped the balance so that pater-
nal care also became reproductively important to
the human male. The entire combination, includ-
ing the associated evolution of menopause and ex-
treme altriciality in the human neonate (see below),
is evidently unique to humans. Eventually we must
dissect the different components of parental care (or
social tending) and determine which were impor-
tant in early hominid evolution and why, and the
effects of such aspects of parental care on the evolu-
tion of social life, and on the evolution of the intel-
lect and the psyche in each of the two sexes.

ALTRICIALITY: WHY ARE HUMAN BaBiEs HELPLESS?
Altriciality, or physical helplessness, is wide-

spread among juvenile animals, but the human
neonate, which is distinctly more helpless than any

of its primate relatives, is probably the most fa-
mous of all altricial juveniles (Zeveloff and Boyce,
1982, and Dienske, 1986, survey an extensive lit-
erature). Although I concentrate here on the hu-
man juvenile, I have tried to consider how to ac-
count for altriciality wherever it occurs.

The words “altricial” and “precocial” are used
primarily in the ornithological literature and are
defined in most dictionaries in terms of their appli-
cation to newly hatched birds (see also Gill, 1990).
Altricial hatchlings, as with sparrows, starlings,
and pigeons, are more or less naked and helpless;
they may be blind and are usually ectothermic.
Food is brought to the nest for them by their par-
ents. In contrast, precocial hatchlings—as with
chicks, ducklings, pheasants, and quail—typically
are covered with down, agile, homeothermic, have
their eyes open, and are more or less ready to move
out alongside their mother and pick up their food
themselves. There are degrees of intermediacy (for
example, goslings are somewhat more helpless than
ducklings, the eyes of owl hatchlings are closed
but not those of hawks, etc.). Gill (1990, pp.
369—70) exemplifies and illustrates eight different
categories of hatchlings originally established by
Nice (1962) based on “primary criteria of mobility,
open or closed eyes, presence or absence of down,
and the nature of parental care ..."” The extreme
differences between (1) most songbirds and (2)
mound-builders and most ducks, shorebirds, and
“fowl-like” birds is probably the reason why the
terms altricial and precocial were applied so readily
to birds, as well as studied there more extensively
than in other organisms.

As Nice (1962) and Case (1978) noted, other
animals also display variations paralleling those
found in birds. Newborn mice and rats are naked,
blind, and more or less helpless. They are born in
a nest where they remain for some time. In other
mammals, such as some ungulates, on the other
hand, newborn often are able to stand alone within
a few minutes, and some, such as horses, are able
to gallop alongside their mother in less than an
hour. Newborn ungulates may travel considerable
distances with their mothers, who are following a
herd in more or less normal movements. Again,
there are intermediates: canine and feline babies are
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blind when born but not naked, and not as helpless
as most newborn rodents; and some ungulate new-
borns are physically less capable than others.

It is useful to apply the concepts of altricial and
precocial even more widely, for example to insect
juveniles. Maggots, and the maggot-like larvae of
some insects with complete metamorphosis (e.g.,
honeybees), can be regarded as altricial (in a
broader application of the term, so can all insect
larvae). In contrast, the nymphs of insects with
incomplete metamorphosis, such as grasshoppers
and crickets, are precocial in the same sense as
some baby mammals and birds. Again, there are
intermediates. For example, within the Family
Gryllidae (Order Orthoptera), including all crick-
ets, most juveniles would be seen as precocial.
Their exoskeletons are hard, and they are agile,
quick, and seek out their own food right from
hatching; there is no parent alive to assist them.
But in genera such as Anurogryllus, in which the
female cricket prepares a closed burrow with a food
cache before she lays her eggs, and then tends her
babies until she dies—feeding them small, appar-
ently unfertilized trophic eggs—the hatchlings are
soft and fat, resembling termite juveniles (West
and Alexander, 1963). Many other examples could
be given: thus, caterpillars may be soft and helpless
or quick-moving and covered with urticaceous
hairs or other defenses. Many internal parasites,
especially those living in the alimentary tracts of
their hosts, have some of the features of altricial
juveniles. Certain adult insects, such as queens in
large-colony eusocial forms, possess some of the
characteristics of altricial juveniles (Alexander e
al., 1991).

Ricklefs (1974, 1975, 1979a, 1979b, 1983) has
contributed extensively to the development of the-
ory that helps explain altricial and precocial juve-
niles. Initially he showed that altricial nestlings of
birds grow faster than the more precocial nestlings
of related species, and he eventually concluded
(1983, pp. 11-12) that “The overwhelming ad-
vantage to altricial development seems to be rapid
growth . ... Although adoption of the altricial
condition may increase vulnerability to predation
and enhance the effects of exposure to bad weather,
these are presumably more than compensated for

by the brevity of the development period.” Faster
growth may actually be the adaptive function of
altriciality in a wide variety of species. The human
embryo and neonate both grow faster than do the
embryos and neonates of their primate relatives (Sa-
cher and Staffeldt, 1974). It is difficult to believe,
however, that this is the full explanation for the
altriciality of the human infant. Unlike altricial
birds, for example, the human juvenile has a juve-
nile life as long or longer than those of the closest
relatives of humans whose juveniles are all less al-
tricial (Smith, 1989). As Montagu (1961, p. 156)
notes, “ ... man is born and remains more imma-
ture for a longer period than any other animal.”

Dienske (1986) has reviewed and criticized pre-
vious theories about human altriciality, giving
good reasons for doubting that human newborns
are altricial simply because more advanced neonates
could not pass the pelvic passage, and pointing out
that although apes have pelvic passages that are
larger in relation to their babies’ heads than are
those of rhesus macaques, the apes’ babies are more
altricial. It does not seem likely either that the
human baby is simply born at an earlier stage
through shortening of the gestation period, since
the great apes have about the same gestation peri-
ods as humans, or slightly shorter (Schultz, 1956;
Sacher and Staffeldt, 1974), and the 12-month ges-
tation briefly postulated for Neanderthal because
of a presumed larger pelvic opening has since been
discounted (Rosenberg, 1986; Greene and Sibley,
1986; Trevathan, 1987; Trinkaus, 1987).

Dienske also doubted that altriciality occurs be-
cause the human baby’s brain is small in size, since
it is comparable in size, in relation to the body
weight, to that of other primates. Dienske summa-
rized the evidence that in humans the adult brain
is much larger, in relation to its size at birth, than
those of other primates, and he wondered if this
might not have something to do with altriciality,
supposing that this difference might mean that the
neonate’s brain is less developed. As he put it: a
neonate brain that is smaller in relation to the adult
brain “. .. implies a greater immaturity if many
parts of the neonatal brain are still in a {rudimen-
tary} stage of functioning.” Although this hy-
pothesis is probably correct, it need not imply that
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this aspect of altriciality is explainable simply as a
result of a physiological or developmental con-
straint or that human neonates are “embryos,”
simply born at an earlier stage of development
(e.g., Kuttner, 1960). That view would not ac-
count for the early mental precociality of the hu-
man juvenile compared to ape juveniles or engage
the question of the pattern of development of func-
tion in the human brain.

Zeveloff and Boyce (1982) seek an adaptive hy-
pothesis for human altriciality. Concordant with
the arguments developed here, they suggest (p.
540) that “ . .. monogamous pair-bonds and con-
comitant opportunities for paternal investment
may contribute to the evolution of human altri-
ciality,” and that monogamy and paternal care
were made more likely by increased confidence of
paternity. They also argued that increased time for
learning, from an increased length of the juvenile
period, is the main benefit of altriciality. My argu-
ments here differ from theirs in that (1) they some-
times seem to be suggesting that monogamy and
paternal care evolved because of altriciality (“an
altricial neonate will offer greater potential for male
parental care”—p. 537) rather than vice versa and
(2) they seem to assume that altriciality (a) depends
on a shorter gestation period and (b) is responsible
for the longer learning period (see also Case, 1978;
Zeveloff and Boyce, 1980). The extensiveness and
profundity of learning and maturational changes
in human juveniles following ages 11—13 indicates
that it is appropriate to refer to the human juvenile
period as lengthened in comparison to those of re-
lated primates even if the earliest time of possible
reproduction is about the same for chimpanzees and
humans (Smith, 1989). This extended juvenile pe-
riod may have evolved for the same reasons as hu-
man neonate altriciality and not simply as a neces-
sary or incidental result of it—that is, because it
contributed to the long learning period, or period
of plasticity, that enables human juveniles to ab-
sorb and cope with the complexities of culture and
human sociality.

In general, we are not hard-pressed to provide
adaptive hypotheses for precocial organisms having
the attributes that cause us to label them as preco-
cial. It seems obvious why a baby ungulate would

gain from being able to run alongside its mother
soon after birth. Precocial birds are often tended
only by their mothers, are usually hatched in vul-
nerable nests on the ground, and typically eat the
kinds of food that can be captured by moving about
on the ground or in the water (Nice, 1962). Juve-
nile insects in species with incomplete or gradual
metamorphosis (that is, the precocial sort) live
without parents in dangerous locations, and they
are usually able either to run or leap, or else they
produce various kinds of poisons or other deterrents
to predators. Their abilities to do these things are
what causes us to see them as precocial. The same
is true, more or less, of relatively precocial larvae
in insects with complete metamorphosis (that is,
larvae with urticaceous hairs, unusual locomotory
abilities, or other special defensive features), even
though the larva itself, and the form of metamor-
phosis (“complete”) that it typifies, can be seen as
an evolutionary trend toward an altricial feeding
stage.

The question that remains is: Why, when ex-
trinsic sources of mortality are removed, do juve-
niles become soft, fat, helpless, and maggot-like?
Is there a general answer, other than the unsatisfy-
ing or incomplete one that particular selective pres-
sures are relieved or removed, or that there is some
advantage to the parents rather than to the juvenile
itself? Case (1978), for example, offers several pos-
sibilities for the latter, but all seem to depend on
shorter gestation periods and young being smaller
in altricial forms. Although some cases of altri-
ciality may fit one or more of the arguments invok-
ing advantages to parents, neither shorter gestation
periods nor smaller young is always associated with
altriciality; thus, altricial neonates of humans are
larger than less altricial neonates of their relatives
(Sacher and Staffeldt, 1974). Because some altricial
organisms seem to have evolved shorter juvenile
periods (e.g., songbirds), and others longer juvenile
periods (e.g., humans), any general explanation
will have to take both conditions into account.

In seeking a broad explanation, we may first
note that juvenile life has two main functions: to
get to the adult stage without dying and to become
the best possible adult. For our purposes the latter
need have no more precise definition than to be
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maximally capable of doing whatever an adult has
to do in one’s own species to reproduce as well as
or better than anyone else. Presumably, the only
selective reason for the existence of a juvenile stage
is that it gives rise to an adult that is sufficiently
better at reproducing to more than offset the disad-
vantages of juvenile life such as longer generation
time and investment of calories in other than repro-
duction per se.

The traits and tendencies that make one a better
adult are not likely to be synonymous with traits
that enable one to bypass or deal successfully with
particular hazards along the pathway to adulthood.
In other words, the two functions of juvenile life
are not likely to be achieved by precisely the same
directions of selection. What we call precociality
evidently represents expensive ways of dealing with
hazards that may terminate juvenile life—expen-
sive in the sense that they interfere with selection
that otherwise could cause the juvenile to use more
of its life effort in preparing to be a more reproduc-
tive adult.

In the course of becoming satisfactory adults,
juveniles must do two things: grow and develop.
Growth enables the juvenile to reach an appropriate
adult size at the appropriate time or season. Devel-
opment, which can be defined as differential
growth or change in different tissues or organs,
involves changing from the form or function that
best serves the juvenile to that which best serves
the adult. But this description is still far too sim-
ple. Juvenile life is not necessarily unitary: in dif-
ferent forms it can be subdivided into multiple
stages, each of which takes its own form, growth
rate, developmental rate, and way of functioning.
Obviously, all of these things may be affected by
changes in the nature or emphasis of the forces that
affect the juvenile’s success, such as sources of mor-
talicy.

Complex metamorphoses—as illustrated by
parasites (especially those with multiple hosts),
anuran amphibians, and insects—presumably
evolve when appropriate forms and functions for
different stages of the life cycle vary widely. The
larval stage of insects with complete metamorpho-
sis lives in habitats that are suited to feeding and
growth. Development is primarily restricted to the

pupal stage, which follows the larval stage. The
adule does not resemble either of the two juvenile
stages or, in general, live in the same habitat. A
similar pattern is exhibited by anuran amphibians,
with the feeding, aquatic tadpole eventually trans-
forming during a relatively short period into an
adult that is dramatically different in form and
function and lives in a different range of habitats.

Such patterning during the juvenile life may be
considerably more subtle, yet require understand-
ing if we are to explain the nature of the human
juvenile and the patterning of its life. Thus, the
altricial juveniles of songbirds for the most part
live at first in a nest hidden from predators or
inaccessible to them but shortly become capable of
flight and leave the nest (songbird nests must often
become increasingly vulnerable to predation as the
juveniles grow and the parents visit the nest in-
creasingly frequently to feed them). Following
fledging, the juvenile songbird’s life soon becomes
that of an independent flying bird which lives more
or less in the adult habitat. As Ricklefs (1983)
specified, his description of altriciality as a way of
providing more calories for the growth process thus
applies only to the earliest part of juvenile life—the
time spent in the nest. That period, moreover,
necessarily includes not only rapid growth but the
development required to transform an altricial
hatchling into a feathered, coordinated fledgling
capable of flight and with keen sensory apparatus
enabling it to avoid predators and locate its own
food. In precocial birds these parts of development
largely precede hatching. We are required to as-
sume that altriciality, involving only a brief initial
part of a songbird’s juvenile life, provides sufficient
advantage in growth rate to more than compensate
for the delay in initiating the dramatic develop-
mental changes necessary for transformation into a
suitable fledgling, which in at least some cases
might appropriately be described as having
achieved a certain precociality.

In some senses songbird hatchlings parallel cer-
tain altricial juvenile insects, such as the fly larvae
called maggots that occur in dung, carrion, fungi,
and other short-lived and vulnerable habitats.
These larvae do not seem well protected from pre-
dation, weather, or deterioration of their mi-
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crohabitats. Why, then, do they take on the aspect
of being altricial? I would guess because they can-
not do anything about the serious threats in their
habitat, so that their best strategy is to get through
the dangerous feeding stage and out of the larval
habitat as fast as possible. As with internal para-
sites, who may be protected, their particular form
of altriciality has caused them to evolve to become
mere “sacks” of efficient nutrition-grabbing abil-
ity. In their temporary and dangerous hatchling
environments they load themselves with nutrients
as fast as possible and drop off or crawl out of the
dangerous place where they have secured their food
to grow and develop in safer locations. One might
suspect that they are highly precocial in terms of
their ability to ingest their medium rapidly.

Songbird and insect patterns of altriciality are
not easily compared to those of humans. First, nei-
ther songbird hatchlings nor maggots have evolved
coincidentally altriciality @»d a longer juvenile life
as have humans. Second, unlike songbirds, in hu-
mans parental care remains extensive not only
throughout the juvenile’s life but well into its
adult life.

The general adaptive explanation for the evolu-
tion of altriciality seems to be this: to the extent
that a juvenile is relieved of the necessity, or any
importance, of evolving to protect itself from ex-
trinsic hostile forces of nature (such as predation),
it is freed to devote a greater proportion of its
calories to improving its performance at some later
stages of juvenile life or to becoming a better adult.
This will be true, regardless of the means by which
the relief is effected, whether by direct or continual
parental solicitude or by having been placed in a
safe location by a now deceased or departed parent.
It will also be true regardless of the means by which
the improved later performance is effected: whether
primarily by growth or development. Protected ju-
veniles are also free to bring back into their juvenile
life—further in time and to a greater extent—
traits, tendencies, and events (learning or practi-
cing)—that are devoted to enabling their survival
or competition as older juveniles or as adults.

On this hypothesis allowing more calories to be
devoted to growth is, as Ricklefs (1983) main-

tained, surely a widespread advantage of altri-
ciality. In songbirds this is possible because the
nest is either hidden or off the ground and inacces-
sible to predators, and because in general both par-
ents provide food. In some rodents and subterra-
nean crickets, as well as larvae injected by their
mothers into safe locations such as inside wood,
parallels in degrees of security from predation and
the physical environment have evolved.

Prior to parturition the human embryo grows
faster than do the embryos of other primates (Sa-
cher, 1975), and the neonate is considerably larger
in both body weight and brain weight (Sacher and
Staffeldt, 1974). Accordingly, it seems possible
that the altricial nature of the human neonate
yields a significant part of its advantage as an in-
crease in growth rate during the embryonic stage.
The human brain, however, also changes in mass
during postnatal juvenile life several times as much
as the brains of other primates (Sacher and Staf-
felde, 1974). Postnatal body size changes in pri-
mates are considerably more variable, with gorillas
adding much more to their mass than humans or
other apes and humans adding more than chimpan-
zees (Sacher and Staffeldt, 1974). Effects of early
altriciality on growth rates during juvenile life—
even as a consequence of the unusual intensity and
duration of parental solicitude—thus do not seem
likely to explain the distinctiveness of the entire
pattern of human development.

The overall problem in understanding the adap-
tiveness of altriciality and precociality is thus one
of trade-offs between different life stages, whether
similar or different activities or structures are being
compared. Precocial birds have larger brains than
altricial birds (Gill, 1990), but the altricial human
infant’s brain is larger than those of its less altricial
relatives (Sacher and Staffeldt, 1974; Dienske,
1986). In birds, the larger brain of the precocial
bird is presumably used to protect it from preda-
tors and other more or less immediate threats—
that is, to provide it with skills that increase the
likelihood it will reach the adult stage. In humans,
however, the size and construction of the neonate’s
brain has likely evolved for a different reason—in
a way that enabled it eventually to develop into an
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extraordinarily large and complex brain that func-
tions primarily in the complex social activities re-
quired for reproductive success in the adulc stage.

I hypothesize, then, that early physical preco-
ciality has been sacrificed in human juveniles partly
in favor of later mental precociality. I suggest that
early physical precociality was expendable because
human parents became almost entirely responsible
for the survival of the juvenile to adulthood, and
for its failure to survive when this outcome occurs.
This responsibility could only evolve, of course, if
the parents were capable of giving sufficient paren-
tal care of the appropriate type and if their interests
very broadly overlapped those of the offspring. On
this theory, the characteristics of the brain of the
human infant are investments toward the develop-
ment of a better adult (or late juvenile) brain and
are less involved in the survival of the (early) juve-
nile than the enlarged brain of a precocial bird or
other animal.

If the general idea about altriciality presented
here is correct, then to understand the altriciality
of human babies thoroughly we will need to under-
stand what kinds of attributes make the best pos-
sible adult (or late juvenile) human. I think the
answer is, generally speaking, intelligence and so-
cial capability. If Humphrey’s (1976) argument
about the evolution of the human intellect is cor-
rect, we should expect the physically altricial hu-
man juvenile to become, at some point, intellectu-
ally and socially precocial, as suggested by Alexan-
der and Noonan (1979) in their discussion of pa-
rental care and the concealment of ovulation. We
should expect that the juvenile human begins prac-
ticing to be socially successful much earlier in life
and on a much more massive scale early in life than
is possible for less altricial primate juveniles. I
think that this prediction is consistent with the
seemingly inordinate attention given by humans
to the concept of so-called “intelligence quo-
tients,” with their connotation of intellectual pre-
cociality, attempting.to measure mental develop-
ment, or “age,” in relation to physical or chrono-
logical age. It is also consistent with the efforts of
many human parents to parade their offspring as
socially and intellectually precocial. Many aspects

of human juvenile life also give the appearance of
social-intellectual precociality—such as early smil-
ing, humor, language acquisition, and engage-
ment in reciprocity. Throughout human history
even young adult humans probably depended on
their parents and other relatives for success, empha-
sizing the importance of considering that even as-
pects of early human juvenile life may take their
form and function because of events that will tran-
spire many years later in late juvenile or adult life.

I also think of humans as having brought far
back into their juvenile life many kinds or instances
of social-intellectual-physical play, as practice, and
of them having done so as part of what we usually
have termed evolving increasing degrees of altri-
ciality. I think as well that they have been able to
do this because of the dramatic increase in the
amount and effectiveness of parental care during
human evolution. For humans, explicitly, it seems
to me that the question is moot as to what extent
the general increase in parental care took place be-
cause it allowed human juveniles to devote more
calories to becoming better adults, and to what
extent it occurred because it literally saved juve-
niles from death, thereby incidentally allowing the
juveniles to devote more of their calories to becom-
ing better adults. In either case, my hypothesis
requires that in young juvenile humans more calo-
ries are now devoted to better performances later
in life, including adult life, and I think this means
being socially more effectively cooperative as a way
of being reproductively more competitive, than
was the case in the days of, say, Homo erectus, or of
species ancestral to Homo.

The intellectual-social precociality of the human
juvenile was probably responsible for two promi-
nent evolutionary theorists, G. Evelyn Hutchinson
(1965) and George Williams (1966), making inde-
pendently the intriguing suggestion that the crea-
tive intellect of adult humans is an incidental effect
of selection for high intellectual capacity in juve-
nile humans. The only way this argument seems
to me to have credibility is if it is applied only to
the late juvenile (or early adult) stages, when juve-
niles are actually striving to enter the breeding
population. Even with this qualification, it seems
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to me that the length of adult human life and the
evidence of rather dramatic increases in control of
resources during adulthood, together with the fact
that the juvenile survives and succeeds primarily
at the behest of its parents and other adult close
relatives, tends to deny the argument that human
brain complexity functions primarily during juve-
nile life.

Discussion.—Altriciality  apparently  evolves,
then, when an infant gives up on protecting itself
and turns its protection over more or less entirely
to extrinsic forces. This protection may come about
through continued attention by the parent or be-
cause the juvenile lives in a protected situation,
where it may have been placed by its parent. If the
extrinsic force is long-term care by parents or a
permanently safe location, the offspring is also free
to evolve an extended juvenile life, if by this it
improves its adult performance sufficiently to com-
pensate the added time and expense involved. Al-
triciality in some attributes may even evolve in an
unsafe situation if thereby the juvenile can grow
at the fastest possible rate and escape the unsafe
situation. In such cases, obviously, juvenile life
will decrease in duration. Or, as in the case of
internal parasites protected by being inside their
host or eusocial queens protected by their workers
and soldiers, physical “altriciality” may continue
for the entire life of the organism, in the interests
of turning all effort to activities more directly re-
productive than (useless) protection. Although two
parents (or any tending parents) are not required
for the evolution of altriciality, biparental care is a
common situation, explaining the association with
monogamy in birds and mammals.

The human baby appears to be the only highly
altricial mammal, other than marsupial infants
which are carried in pouches and the young of some
bats, that are carried by the mother, as opposed to
being hidden in a nest while the mother gathers
food (Walker, 1975). The human baby is evidently
safer when with its mother (or some other close
relative) than when bound to a particular spot or
hidden. The reason for this being true seems not
yet to have been made obvious, although increasing
altriciality obviously caused weather, predators, and
infanticide by other humans all to be possibilities.

HAIRLESSNESS IN LATE JUVENILE AND ADULT
Humans

I have not taken up the question of why humans
remain relatively hairless as juveniles and adults,
and I confess that I do not have a convincing hy-
pothesis. Nor, evidently, does anyone else. Some
comparative discussion around this question, how-
ever, may be useful.

The argument has been made repeatedly that

the evolution of human hairlessness was
somehow associated with temperature regulation
in a tropical environment” (Kushlan, 1980, p.
727: see also Campbell, 1966; Leakey and Lewin,
1977). Morris (1967) suggested that hairlessness
enabled humans to lose heat more efficiently, as
when chasing large game. Schwartz and
Rosenblum (1981, p. 10) noted that “As the ratio
of surface/volume decreases in a static series of adult
primates, the advantage of an insulating coat di-
minishes as well.” The human baby, however, is
both the smallest human and the least hairy, and
the human female, smaller than the male, is next.
Neither juveniles nor females do much chasing of
large game. As Darwin (1871) noted “ ... other
members of the order of primates ... although
inhabiting various hot regions, are well clothed
with hair.” No other predator that captures its
prey after chases in the hot areas of the world has
lost its hair. Nor has any other species at all taken
up the particular pattern of hairlessness that the
human species exhibits, in which there is (1) a
single naked infant rather than a litter of naked
infants and (2) a naked infant that is carried as
opposed to being hidden in a nest or a marsupial
pouch. It is at least possible that in the hominid
line a hairless baby evolved first, followed by older
juveniles, the adult female, and finally the adult
male.

It has also been argued that humans lost their
hair because parasites were such a problem, but
then we have to ask why parasites were more of a
problem with humans than with other species.
None of these or other hypotheses given so far for
human hairlessness (clothing, fire, and shelter
made hair superfluous: Glass, 1966; early humans
were aquatic: Napier, 1970; sexual selection, spe-

«
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cies identification, social appeasement, neoteny:
Darwin, 1871; Keith, 1912; Guthrie, 1970; see
also Kushlan, 1980) seems to have gained much
momentum.

It appears that other relatively hairless mammals
have lost their hair for reasons that cannot be used
to explain human hairlessness. The following argu-
ments on this topic are modified from Alexander
(1991b), a chapter written for a volume on naked
mole rats. The prevalence of ectothermy among
altricial mammal and bird juveniles, and the abil-
ity of human babies to survive extreme lowering
of the body temperature for long periods, suggest
a general connection between ectothermy and aleri-
ciality, and raise questions about the apparent con-
nections between ectothermy and nudity in some
cases.

Mammalian Variations in Hairlessness.—Mam-
mals are the organisms that have hair and produce
milk. There are analogues for both traits in other
organisms (pigeons produce a milk-like food for
their young—see discussion in Gill, 1990—and
many organisms have hair-like structures), but no
homologues.

The amount and kind of hair varies extensively
among different mammals. Relative haitlessness
occurs in a variety of mammals, rarely for reasons
that are entirely obvious (Lyne and Short, 1965;
W. J. Hamilton, 1973; Jarvis, 1981). For some
aquatic mammals, both marine and freshwater
(e.g., cetaceans, sirenids), a layer of fat beneath the
skin seems to have proved a more appropriate corre-
late of homeothermy than a coat of hair, partly
because hair causes drag in an aquatic environment,
reducing the efficiency of locomotion, and partly
because trapped air in pelage or plumage can be
lost through compression, for example as a result
of diving. Although a variety of aquatic mammals
have retained a hair coat (seals, walruses, polar
bears, otters, mink, beaver), these seem invariably
to be either species that live in cold climates or
species that spend a significant amount of time out
of the water. Some mammals have replaced part or
all of the hair coat with armor of one sort or another
(armadillos, pangolins, ant-eaters—in some arma-
dillos abundant ventral hair is retained); such forms

also live in mild or tropical climates (Walker,
1975). Several large, entirely terrestrial (elephant,
rhinocerus) or primarily terrestrial (hippopotamus)
mammals have lost a hair coat in favor of a thick,
leathery skin. It has been postulated that these
tropical forms have a low body surface area in rela-
tion to their body mass and therefore have gained
by increasing their ability to lose heat through the
skin. As predicted from this hypothesis, temperate
zone, montane, and rain forest-dwelling relatives
of these forms have more hair, and juveniles of
these forms have more hair than adults (Walker,
1975). A few mammal species (suids and some
primates) are somewhat intermediate, having lost
much of their hair (Lyne and Short, 1965). Many
mammals that bed down or nest in contact with
their young, or carry infants on their venters, have
lost much of the hair on their venters and around
the mammary glands (e.g., suids, rodents, some
primates). In such cases the young juveniles are
also either virtually hairless (rodents), relatively so
(suids), or only lightly haired on the particular
parts of their anatomy that regularly contact the
mother (primates) (birds that brood altricial young
also sometimes have bare patches on their venters).

Only two mammal species additional to the
above groups have virtually hairless adults and
older juveniles: naked mole rats and humans. Each
of these species appears to have evolved nudity in-
dependently of any other mammalian forms, since
their close relatives are all relatively hairy. The
exception to this statement is that nearly all rodent
newborns are naked, so that in fact only the older
juveniles and adults of naked mole rats have di-
verged in this regard from other rodents. The
hairlessness of non-newborns in naked mole rats
and humans is also similar in that in neither case
is there either a dramatically thickened skin or ar-
mor (although relatively more in naked mole rats);
it differs, of course, in that adult humans have
retained abundant hair on the head, in the pelvic
region, and in the armpits. The nudity of non-
newborns in these two species, representing two
of seven or more independent origins of relative
hairlessness, seems more reminiscent of the kind
of hairlessness of newborn altricial mammals; these
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two species may also be the only mammals in
which nudity in newborns (probably) preceded nu-
dity in older juveniles and adults.

Hairlessness in newborns is widespread in mam-
mals, as is absence or near absence of feathers in
newly hatched birds (see discussion of altriciality
above). This is probably the reason hairlessness has
been regarded as part of a neotenic trend, which
may be a correct view in terms of developmental
processes but does not provide an explanation in
evolutionary or selective terms. Phenomena such
as neoteny and allometry may represent inertial or
constraining forces, in the sense that natural selec-
tion must always operate on “last year’s model,”
but in the same sense all genetic, developmental,
physiological, and morphological attributes of or-
ganisms represent inertial elements for selection.
Unless one assumes that natural selection is help-
less in the face of such inertias, the search for evolu-
tionary (selective) explanations continues in ap-
proximately the same fashion as in the absence of
information about such inertias. The general as-
sumption of such searches is that selection is the
principal (not the sole) guiding force of evolution.

Hairlessness and Ectothermy.—Newborn mammals
that are both naked and sometimes left by the
mother in a nest also tend to be ectothermic, as
do altricial vertebrates in general, and this implies
that there is merit in attempting to relate the evo-
lution of hairlessness to that of altriciality (see also
Case, 1978). The human baby is not ectothermic,
but it is often said to be unusually capable of sur-
viving periods of lowered body temperature, and
this feature may not be entirely independent of its
extreme altriciality.

An ectothermic organism is one that relies for
its body temperature largely or entirely on external
sources. Such organisms are often described as hav-
ing “poor” or “inadequate” means of thermoregu-
lation. This view is not productive of hypotheses
as to the origin and basis of the trait, unless one
imagines, again, that selection has somehow been
ineffective and a trait that is disadvantageous has
evolved. Such traits do evolve, as in senescence
(Williams, 1957), but only under special condi-
tions such as pleiotropy, with beneficial and delete-
rious gene effects continuing in concert whenever

they derive from the same indivisible chunk of ge-
netic material. Such deleterious traits are saved
only because their inevitable companion traits are
sufficiently beneficial to overcome the deleterious
effects and no way of divorcing the two effects has
yet appeared. In no organism, apparently, has a
reason been generated for regarding ectothermy as
a deleterious pleiotropic effect, and, contrary to the
situation with senescence, no circumstances seem
to exist that make such an explanation likely. Ac-
cordingly, it seems parsimonious to assume that
ectothermy evolved in altricial juveniles and naked
mole rats because it is somehow directly advanta-
geous, or because it allowed some other change
that was advantageous.

One correlate of ectothermy is a racher low meta-
bolic rate, and it has sometimes been assumed that
this is the source of the advantage (reviewed by
Case, 1978). A lowered metabolic rate, for exam-
ple, might allow naked mole rats to subsist on
fewer calories and therefore suggests a continuing
problem in caloric intake that is greater or of a
different nature than that encountered by the usual
homeothermic mammal.

A potentially profitable way to start thinking
about the evolution of ectothermy in a previously
homeothermic animal is to consider that it has evi-
dently become more efficient, for whatever reason,
for that animal to rely upon an external source of
warmth. This situation would seem to prevail
whenever such external sources are so reliable and
effective that the expense of homeothermic machin-
ery is superfluous. To understand when such condi-
tions might exist, one must consider not only the
external source of heat itself, but also the nature of
threats, such as inability to obtain food when it is
crucial and inability to escape from predators that
are able to maintain a high rate of metabolism and
predatory ability when external heat sources are
minimal or absent. Naked mole rats, preyed upon
largely by snakes in their burrows (Sherman ez @/.,
1991), have apparently been largely relieved of
homeothermic predators, and their tropical burrow
systems are relatively stable in both temperature
and humidity.

Hairlessness and Altriciality.—Altricial juveniles
that have given over virtually all protection from
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predators and supplying of food to their parents (as
with naked, ectothermic forms) are in a position
to retreat from homeothermy and use their parents
as the (primary) external heat source. Such a juve-
nile might gain from refraining from use of nutri-
tion provided by the parent to maintain a high
metabolic rate when the parent is absent, and in-
stead conserve ingested calories for later growth
by maintaining a high metabolic rate only when
external heat (parent, sun) is available. In this fash-
ion parents become suppliers of calories through
not only food itself, but also through providing
heat for metabolism. This set of attributes corre-
lates with both nakedness in the juvenile and na-
kedness in at least the part of the anatomy of the
parent that most emphatically contacts the juvenile
during brooding (brood patches of birds, naked
bellies and mammary glands of mammals). It is
probably significant that most naked juvenile birds
and mammals occur in litters, and single offspring
are rarely naked. Nakedness allows extremely rapid
absorption of heat from extrinsic sources such as
the sun, bodies of other individuals, and warmed

soil on sunny days and into the night. Coinciden-
tally, it also causes or allows rapid heat loss to other
individuals, which are always close relatives in the
case of parental birds or mammals or colony mem-
bers in naked mole rats.

Discussion.—These comparative arguments pro-
vide a background for thinking about hairlessness,
altriciality, and tendencies to be ectothermic in
juvenile mammals and birds, including the human
baby. They leave unanswered, however, as I sug-
gested would be the case, precisely why older juve-
nile and adult humans are relatively hairless. They
also fail to answer in a satisfying way the questions
why the human baby is (1) apparently the only
singly produced mammalian or bird offspring that
is naked, and (2) the only nonmarsupial mammal-
ian offspring that is both highly altricial and car-
ried by the parents (newborns of apes are more
altricial than those of other primates, but much
less so than the human baby: Dienske, 1986; some
bat neonates are carried by the mother: Walker,
1975), as opposed to being hidden and left, as with
altricial rodent newborns and songbird hatchlings.

SYNTHESIS: PARENTAL INVESTMENT AND THE UNIQUENESS OF THE HUMAN SOCIAL
SITUATION

PaTErRNAL CARE IN MuLTI-MALE Sociar Groups

I have been arguing that several attributes of
humans—actually more than I have discussed—
show that parental care was increasing during hu-
man evolution. The reader may realize that this
fact was generally known before. But it is impor-
tant that the argument be reviewed and verified
because increased parental care is required for the
more general hypotheses being advanced here for
the evolution of human sociality and of the human
psyche.

Moreover, more has happened in the hominid
line with respect to parental investment than a
simple increase. I have referred to the human spe-
cies as the “uniquely unique” species, and here is
a good illustration of my meaning. The human
species not only evolved an increasing amount of
parental care, it evolved several unique features in

the process. Many animal species have evolved in-
creasing amounts of parental care, and many have
evolved altricial juveniles, but none is known to
have evolved either menopause or the particular
kind of concealment of ovulation typical of hu-
mans. Certainly in no other species are all three of
these attributes evident. Nor does any other pri-
mate produce an infant neatly as helpless and naked
as the human infant, although apes produce infants
judged more altricial than the infants of other pri-
mates.

To me this suggests that humans were evolving
increased amounts of parental care in an environ-
ment that was somehow unusual or unique. What
part of the environment was involved?

To make an unusual comparison, it is not sur-
prising that the ancestors of whales, dolphins, and
porpoises changed dramatically when they entered
the sea. Likewise, the naked mole rat evidently



30 ALEXANDER

evolved its remarkable and unique attributes after
shifting into a unique kind of subterranean life in
which it is confined to burrows and feeds on tubers
located beneath the soil surface (Sherman e 2/.,
1991). But humans do not seem to have moved
into a dramatically different ecological niche.
Why, then, did they evolve so many unique attri-
butes while they were increasing the amount of
parental care? What was the source of infant mor-
tality or reproductive failure that made increased
parental care so valuable?

Again, it would appear to be the social environ-
ment of evolving humans that was unique—at least
unique for their kind of animal—and that increased
parental care was adaptive in this unique social
environment.

What is unique about the human social environ-
ment? Here at least is a beginning: Humans are
the only mammal that lives in muliti-male groups,
in which confidence (likelihood) of paternity is
high (probably, in general, above 90%), and the
males are both extensively and complexly parental
and also extensively and complexly cooperative
with one another (and in which, I speculate, the
males with the highest confidence of paternity also
tend to be the most cooperative).

Comparative biologists know that hundreds of
bird species live in huge colonies in which the
males show extensive parental care, even if they do
not cooperate in the way human males do. Birds
and mammals differ, however, in a way crucial to
this social difference.

In mammals the sperm travel more or less
straight toward the egg, which waits, as it were,
in the upper reaches of the female’s genital tract
near where it will be implanted in the uterus once
it is fertilized. Not so with birds, who lay eggs,
and who are more like insects and reptiles than like
mammals. In insects, reptiles, and birds, the fe-
male gains from being able to control when the egg
is fertilized because she is going to lay it at a par-
ticular time and in a particular place that may have
little relationship to when copulation takes place.
The egg tends to start development right after it
is fertilized, and the correlate is that the female
fertilizes the egg just before it is laid, rather than
immediately following copulation with the act of

fertilization leading to uterine implantation. So the
female has evolved to store the sperm in what
amounts to side shunts—sometimes elaborate
chambers where the sperm may remain for days,
weeks, months, or even years, depending on the
animal (Birkhead and Hunter, 1990). A conse-
quence is that, while in mammals the first sperm
to arrive in the female’s genital tract during the
appropriate ovulatory window have the best chance
of fertilizing the egg, in insects, reptiles, and
birds, the last sperm in—up to a certain time be-
fore fertilization—have the best chance of fertiliz-
ing the egg (Parker, 1970; Smith, 1984; Birkhead
et al., 1987; Birkhead, 1987; Birkhead and
Hunter, 1990). A male mammal cuckolded near
ovulation can reduce his problem primarily by out-
numbering the sperm of his competitor as soon as
possible after being cuckolded. A cuckolded male
insect, reptile, or bird, however, can reduce the
problem to a greater extent (or in a different fash-
jon) by mating after cuckoldry because sperm
precedence is to some extent reversed between
mammals and birds. To the extent that the last
sperm inserted into the female have the greatest
likelihood of fertilizing the egg, a male insect or
bird’s confidence (likelihood) of paternity can re-
main relatively high even if the female had mated
previously with another male. Moreover, unlike
anything yet known in mammals, the deposition
of the sperm in special holding chambers renders
it vulnerable to being expelled by the female or
scooped out by males that subsequently mate with
her (Birkhead and Hunter, 1990). (In oviparous
animals that do not tend their nests constantly, as
with many birds, both parents suffer an additional
confidence of parenthood jeopardy not likely in
mammals, owing to the fact that it is generally
more difficult to recognize an alien egg than an
alien infant.)

The human species thus evolved its peculiar at-
tributes related to parental care in a peculiar social
situation, involving multiple cooperative males
and females in close enough proximity to cause
paternal confidence to be in jeopardy. Probably
they evolved increasing amounts of parental care
partly because of jeopardies to the juveniles in con-
nection with those social situations. What might
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that kind of parental care have been, and what
changes allowed them to develop their unique so-
cial situation?

To understand the evolving brain of humans we
evidently must identify a reason for their continu-
ing to become more elaborately social rather than
avoiding competition by becoming nonsocial. To
explain how the increasingly elaborate sociality of
ancestral humans could have led to the unique fea-
tures of modern humans such as menopause, con-
cealment of ovulation, and altriciality, we must
understand the reconciliation of male cooperation
in multi-male bands with increased tendencies to
male parental care, which in turn requires high
male confidence of paternity. Much evidence indi-
cates that competition over women is a central
theme in male-male sociality in humans (e.g.,
Chagnon, 1977). How can males reconcile their
competitiveness over women, while continuing to
enhance their cooperativeness, so as to produce the
unique tendencies and skills that are expressed in
almost innumerable ways in all societies? Several
other authors have already hinted at the signifi-
cance of this question in understanding the general
selective situation that gave rise to the peculiarities
of human sociality (e.g., Daniels, 1983; Lancaster
and Lancaster, 1983).

Male confidence of paternity can be high in
multi-male bands only when each female restricts
her matings to one male, and that male has 2 way
of knowing it. Chimpanzees and bonobos have
never attained this condition. They have bands
containing multiple males who cooperate against
other bands of male chimpanzees, but female chim-
panzees advertise ovulation very prominently and
usually mate promiscuously. No one, evidently
neither humans nor chimpanzees, can draw a chim-
panzee pedigree with both sides represented (e.g.,
Goodall, 1986). In consequence, chimpanzee in-
fants evidently have no social fathers, or at least
no particular ones within the social group. Within
social groups there could be little significance for
a term or a signal meaning “bastard” in chimpan-
zee language. Humans in contrast make much of
terms meaning bastard in virtually every society
(Alexander, 1977). In humans, fathers are impor-
tant—perhaps often essential—to the well-being

and eventual reproductive success of their off-
spring. In both humans and chimpanzees, infants
are in jeopardy when mothers transfer between
groups (Goodall, 1986), and in humans they are
also in jeopardy when mothers transfer between
individual males (Daly and Wilson, 1981).

REeciprocrTy AMONG MALEs AND COMPETITION FOR
FEMALES

Social reciprocity may not be unique to humans,
but it is certainly uniquely prevalent in their social
life today. I believe that the way to turn a chimpan-
zee-like situation into a human social situation is
to cause respect for the social, sexual, reproductive
relationship between a male and a female, or the
honoring of that relationship, to become a part of
the system of social reciprocity by which males
continue to evolve enhancements of their coopera-
tive (hence, group-competitive) interactions. No
such situation exists in chimpanzees, but it clearly
does exist in all human societies. It seems to me
possibly to represent at least part of the beginnings
of morality—the establishment of rules that pro-
vide rights and privileges to the individuals in a
group that they will be able to sustain only because
some kind of coalition within the group defends
the rules and their application.

Once this situation exists, then the establish-
ment of such male-female relationships should tend
to become public events, as weddings are public,
evidently in all extant societies. Socially imposed
marriage or mating systems become possible, as
with the unique system of socially imposed monog-
amy that prevails in most parts of human society
the world over today, which, when it works, repre-
sents a kind of ultimate in the honoring of male-
female relationships. Socially imposed monogamy
seems to have spread across the world largely as a
result of military advantages of the peoples promot-
ing this particular marriage system. It’s difficult
to ignore the potential for a relationship between
this fact and the general balance-of-power argu-
ment with which I began this essay.

How can concealment of ovulation evolve in
multi-male groups, from a beginning in which
ovulation is advertised? How can it evolve while
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the tendencies of males to maintain their coalitions
at the level of the whole group are being retained
and even reinforced? Concealment of ovulation
might have begun as concealment of copulation—
ot more narrowly as copulations sneaked by males
otherwise subordinant, and possible because fe-
males agreed to them (one can observe such interac-
tions between ovulating female chimpanzees and
subordinate males in the movie, “Family of
Chimps,” made of the chimpanzees in the Arnhem
(Netherlands) Zoo (¢f. de Waal, 1982); in wild
chimpanzees they appear to take the form of male-
female consort pairs leaving the vicinity of the
other males: Goodall, 1986; Smuts et @/., 1987).

Suppose a male invites a female to consort with
him, and to copulate outside the view of the domi-
nant male and she agrees. He accepts that she is
hiding the relationship and the copulation too,
partly because afterward she does not rush scream-
ing from him and incite the dominant male to
persecute him. Next, the female may offer herself
repeatedly in secret to a particular male. Presum-
ably she now holds a secret with which she can
coerce the male: if he does not help her she will not
copulate with him again, and if the male with
which she has initiated secret copulations does not
continue to help her she is in a position to subject
him to the ire of the dominant male—she can do
it easily at any time by pretending to allow him
one more furtive copulation and then exposing him
abruptly.

Whenever a male helps a female who secretly
copulates with him, and the female continues to
allow that male sectet copulations, then copulation
itself moves toward general secrecy (a general attri-
bute of human sexual behavior today), and a special
kind of pair bonding has begun which is in some
sense tied to this secrecy—perhaps the only kind
of pairing that can work when both parents invest
in the offspring in social groups containing multi-
ple adults of both sexes (and multiple related adults
of both sexes). Males are helping females who copu-
late secretly with them and females are secretly
copulating with males who help them. The next
step is that the females simply conceal ovulation
from the other males, and eventually start resisting
them in copulation. At the same time they are

presumably copulating sufficiently with their
bonded male to cause themselves to become preg-
nant as often as is optimal. And, eventually, the
pair bonds are recognized and accepted by other
adults in the group, so that consortships are no
longer necessarily secret, although copulations ap-
pear to have tended to remain private and most
people are made uneasy—even angry—by public
displays of affection that go beyond affirmation of
a pair bond, especially if they become explicitly
sexual.

Presumably, the above scenario would appear
only when males really could help females and their
offspring. Presumably also, there may have been
increasing ways males could contribute to offspring
success during human evolution. Perhaps some of
these ways of helping females and offspring only
came into being as the changes here described be-
gan to take place. Prevention of infanticide, for
example, would be a massively important way that
a male might help his female and the offspring he
sires. Suppose a female begins to restrict her copu-
lations, excluding certain males or excluding all
but a single male. In a primate resembling chim-
panzees we are justified in assuming that such a
fernale would place her offspring in jeopardy of
infanticide by the disenfranchised males within her
own group. Because of her loyalty to the male who
mated with her, it would profit him to defend her
offspring against attack, at least under circum-
stances where this would not have been the case
before, and assuming that his loyalty had some
chance of being effective in preventing infanticide.
If unity among males is sufficiently important,
then rudimentary social reciprocity among males
in connection with defense of the group or the
“exporting” of aggression (Manson and Wrang-
ham, in press) could cause a male’s importance to
the group, and the importance of overall amicabil-
ity among males, to prevent males who could not
copulate with a particular female from attacks on
her offspring or on the male who undertakes to
defend them. Obviously, respecting the right of
the offspring of other individuals or families to
exist and go about their business is also a part of
the social cooperativeness—the moral systems—of
humans today.
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None of this will work unless a sufficient pro-
portion of the males is thereby obtaining access to
females. Because there is no reason to suppose that
sex ratios ever varied much from their present con-
dition, this suggests to me that a strong tendency
toward monogamy occurred early in human his-
tory, a unique kind of monogamy because it existed
under social life in groups containing multiple
males who cooperated with each other against
males from other groups. It suggests that paternal
care became important early in human evolution,
and that extreme polygyny and domination of fe-
males within groups by subgroups of old males as
occurs in some modern societies may actually be a
derived feature of human social life, associated with
extremes of social power developed by older males.

I think this scenario of monogamous tendencies
under complex and intensive social coopera-
tiveness, especially among males, includes some
possible answers to questions that were not even

recognized as such by Lovejoy (1981), in an analy-
sis otherwise harmonious with that generated here,
because he did not deal with the question of how
humans continued to enhance group cooperation
while evolving paternal care and concealment of
ovulation. Similarly, Humphrey (1976) did not
deal with the question of why humans continued
to live in groups such that selection could continue
to favor increasing intelligence as a social tool. Vir-
tually no moral philosopher has ever considered
why humans have continued to live under condi-
tions in which conflicts of interest among individu-
als often become acute. Such lapses may seem triv-
ial. Perhaps the central message of this essay is that
they are not: to develop an adequate view of how
natural selection has produced humanity, and
therefore to be able to use selection and evolution
to assist in understanding ourselves, requires that
we take into account all aspects of the selective
picture.

CONCLUSIONS

The ideas developed here are an effort to com-
bine in an integrative way theories constructed by
different authors about cooperative group-living,
competition between groups, the evolution of the
human brain and intelligence, the rise of parental
care, and the appearance of monogamous tenden-
cies in the hominid line. This combination of theo-
ries seems to predict several things about how hu-
mans will interact in groups. It suggests for exam-
ple that, over long periods, consistent overlaps of
interests among members of cooperating groups
and conflicts of interest between members of differ-
ent groups will cause a correlation between a shat-
ing of conviviality within cooperating groups and
the sharing of enmity toward members of other
competing groups. It may imply that our enthusi-
asm over the conviviality that we share restrictively
will cause us to ignore or dismiss opposite kinds
of emotions that in other circumstances become
over-riding, and even to vilify those who call them
to our attention.

The theory also implies that there will continu-
ally be balance-of-power races between competing

groups, and scarcely anything better describes the
economic, political, and social interactions of inter-
nally cohesive human groups. It implies that hu-
mans should have evolved to practice competitively
group-against-group; play that meets this criterion
is of course a central theme in our lives and evi-
dently we are the only species for which this is true.
At the same time, partial differences of interest
within groups will cause continual efforts at ma-
nipulation and deception there, as well as coopera-
tion.

Everyone puzzles over the insanity of our current
group-against-group competition and the interna-
tional arms race with its threat of mutual extinc-
tion or the loss of civilization. Yet the ideas dis-
cussed here seem to predict—perhaps to require—
just such a tendency. They seem simultaneously
to account for the rise of nations and the runaway
aspects of the international arms race. Indeed, the
runaway social process invoked here would seem
unstoppable except as a result of either calamities
resulting from large-scale aggression or irreversible
damage to the environment as a result of resource
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competition. In the modern world these two possi-
bilities in fact loom as increasingly likely catastro-
phes, and one or both has in recent years come to
be discussed virtually every day in the news of the
world. Humans serve their interests by cooperating
in groups—but not as a single group—not as a
world population. Instead they continue to cooper-
ate as groups against other similar human groups
or populations.

The urgency of human self-understanding seems
to grow as population growth, technology, com-
munication, and economic interdependence con-
tinue to shrink the effective size of the planet, and
to exacerbate the severity of the effects of our gen-
eral inability to control terrorism, arms races, and
other forms of potentially or actually deleterious
competitiveness over exploitation of the earth’s re-
sources. Designed for the most part to improve the
current quality of life, our technological races and
our strivings as individuals seem also to threaten
the quality of life and sometimes the very survival
of our descendants.

Perhaps the ideas discussed here, through their
effect on human self-understanding and self-im-
ages, will eventually assist us in dealing with not
only the traumas of conflicts between individuals
and small groups but our bizarre international
competitions and our stubbornness in seeking
pleasures that threaten the long-term future of our
planet as a human environment. We hear increas-
ingly the suggestion that to save future generations
from disaster will require lowering the current
quality of life—even “massive altruism”—by our

own generation. What is suggested is a virtual
reversal of current directions of striving, and that
will not be easy to effect. How do we decide if any
such thing is necessary, and how do we bring about
such changes if they are ultimately deemed inevita-
ble?

If human self-understanding were easy, then un-
raveling the cumulative effects of natural selection
would be trivial. But self-analysis has proved the
most perplexing and convoluted of all human chal-
lenges. Some of the reasons may become more ac-
cessible through understanding our evolutionary
background. It seems appropriate to expect that
the ideas of evolutionary biologists, about “ulti-
mate” causes and the cumulative forces and
changes that explain them, can eventually be com-
bined usefully with the analyses of other scientists
who focus on more immediate causes, such as ev-
eryday physical and mental pain and pleasure, and
why we seek and use them in particular fashions.
No part of biological theory has ever legitimately
implied that humans cannot use their evolution-
given traits to set and accomplish goals that are
entirely incidental—even contrary—to their his-
tory of natural selection.

“ .. there is no alleviation for the sufferings of man-
kind except veracity of thought and of action, and the
resolute facing of the world as it is when the garment of
make-believe by which pious hands have hidden its uglier
features is stripped off.”

—Thomas Henry Huxley, 1909, p. 13
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