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I N Alexander's Feast, John Dryden describes 
his hero, besotted after dinner, retelling the tales of his mar
tial glory: 

The King grew vain; 
Fough[ all his battles o'er again; 
And thrice he rou[ed all his foes, 
and [hrice he slew the slain. 

One hundred and fifty years later, Thomas Henry Huxley 
invoked the same image in declining to pursue fUrIher the 
decisive viClOry he had won over Richard Owen in the great 
hippocampus debate: "Life is 100 shorI to occupy oneself 
with the slaying of the slain more than once." 

Owen had sought to establish our uniqueness by arguing 
that a small convolution of the human brain, the hippocam
pus minor, was absent in chimps and gorillas (and all other 
creatures), but present in Homo sapiens alone. Huxley, who 
had been dissecting primates while preparing his seminal 
work, Evidence as to Man's Place in Nature, showed conclusively 
that all apes had a hippocampus, and that any discontinuity 
in the structure of primate brains l';ly between prosimians 
(lemurs and tarsiers) and all other. primates (including hu
mans), not between man and the great apes . Y~t for a month, 
in April, 1861 , all England watched as her two greatest anato
mists waged war over a little bump " on the brain. Punch 
laughed and versified; and Charles. Kingsley wrote at length 
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ofthe "hippopotamus major" in his children's classic ofl863 , 
The Water Babies. If a water baby had ever been found, he 
commented, "they would have put it into spirits, or into 
the Illustrated News, or perhaps cut it into two halves, poor 
dear little thing, and sent one to Professor Owen, and 
one to Professor Huxley, to see what they could each say 
about it." 

The Western world has yet to make its peace with Darwin 
and the implications of evolutionary theory. The hippocam
pus debate merely illustrates, in light relief, the greatest im
pediment to this reconciliation-our unwillingness to accept 
continuity between ourselves and nature, our ardent search 
for a criterion to assert our uniqueness. Again and again, the 
great naturalists have enunciated general theories of nature 
and made singular exceptions for humans. Charles Lyell (see 
essay 18) envisioned a world in steady-state: no change 
through time in the complexity of life, with all organic de
signs present from the first. Yet man alone was created but 
a geological instant ago-a quantum jump in the moral 
sphere imposed upon the constancy of mere anatomical de
sign. And Alfred Russel Wallace, an ardent selectionist who 
far out-Darwined Darwin in his rigid insistence on natural 
selection as the sole directing force for evolutionary change, 
made his only exception for the human brain (and turned to 
spiritualism late in his life). 

Darwin himself, although he accepted strict continuity, was 
reluctant to expose his heresy. In the first edition ofthe Origin 
of Species (1859), he wrote only that "light will be thrown on 
the origin of man and his history." Later editions added the 
intensifier "much" before the sentence. Only in 1871 did 
he gather the courage to publish The Descent of Man (see 
essay 1). 

Chimps and gorillas have long been the battleground of 
our search for uniqueness; for if we could establish an unam
biguous distinction-ofkind rather than of degree-between 
ourselves and our closest relatives, we might gain the justifi
cation long sought for our cosmic arrogance. The battle 
shifted long ago from a simple debate about evolution: edu
cated people now accept the evolutionary continuity between 

humans ana apes. Hut ':"'e are so tied to our philosophical and 
religious heritage that we still seek a criterion for strict divi
sion between our abilities and those of chimpanzees. For, as 
the psalmist sang: "What is man, that thou art mindful of 
him? ... For thou has made him a little lower than the angels, 
and hast crowned him with glory and honor." Many criteria 
have been tried, and one by one they have failed. The only 
honest alternative is to admit the strict continuity in kind 
between ourselves and chimpanzees. And what do we lose 
thereby? Only an antiquated concept of soul to gain a more 
humble, even exalting vision of our oneness with nature. I 
propose to examine three criteria for distinction and to argue 
that, on all accounts, we are more nearly akin to the chimpan
zee than even Huxley dared to think. 

1. Morphological uniqueness in the Owenian tradition. 
Huxley permanently dimmed the ardor of those seeking an 
anatomical discontinuity between humans and apes. Still, the 
search has continued in some quarters. The differences be
tween adult chimps and people are not trifting, but they do 
not arise from any difference in kind. Part by part, order by 
order, we are the same; only relative sizes and rates of growth 
differ. With the painstaking attention to detail so characteris
tic of German anatomical research, Prof. D. Starck and his 
colleagues have recently concluded that differences between 
the skulls of humans and chimps are quantitative only. 

2. Conceptual uniqueness. Few scientists have strongly 
pushed the anatomical argument since Owen's debacle. In
stead, the defenders of human uniqueness have posited an 
unbridgeable chasm between the mental abilities of humans 
and chimps. To illustrate the gap, they have sought an unam
biguous criterion of distinction. An earlier generation cited 
use of tools, but clever chimps employ all sorts of artifacts to 
reach inaccessible bananas or release imprisoned mates. 

More recent claims have centered on language and con
ceptualization, the last bastion for potential differences in 
kind. Early experiments on teaching chimps to talk were no
tably unsuccessful-a few grunts and a trifting vocabulary. 
Some concluded that the failure must reftect a deficiency in 
cerebral org-anization, but the explanation seems simpler and 
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far less profound (although by no means unimportant for 
what it implies about the linguistic capabilities of chimps in 
natural conditions): the vocal cords of chimpanzees are con
structed in such a way that large repertories of articulated 
sounds cannot be produced. If we could only discover a 
different way of communicating with them, we might find that 
chimps are much smarter than we think. 

By now, all readers of newspapers and watchers of televi
sion have learned of the striking initial successes of another 
way-communicating with chimps via sign language of the 
deaf and dumb. When Lana, star pupil of the Yerkes Labora
tory, began to ask for the names of objects she had not 
previously seen, can we any longer deny to chimps the capac
ity to conceptualize and to abstract? This is no mere Pav
lovian conditioning. In February, 1975, R. A. and B. T. Gard
ner reported their first results on two baby chimpanzees 
raised with sign language from the day of their birth. 
(Washoe, their previous subject, was not exposed to sign 
language until she was a year old. After six months of train
ing, her vocabulary consisted of only two signs.) Both baby 
chimps began to make recognizable signs in their third 
month. One, Moja, had a four-word vocabulary in her thir
teenth week: come-gimme, go, more, and drink. Their cur
rent progress is no slower than that of a human child (we 
generally wait for words and do not ~ealize that our babies 
signal us in other ways long before they speak). Of course, 
I do not believe that our mental differences with chimps are 
merely a question of nurturing. I have no doubt that the 
progress of these baby chimps will slow down relative to the 
growing achievements of human babies. The next president 
of our country will not belong to another species. Still, the 
Gardners' work is a striking demonstration of how we have 
underestimated our closest biological relatives. 

3 . Overall genetic differences. Even if we admit that no 
single feature or ability completely separates humans and 
chimps, at least we might be able to affirm that the overall 
genetic differences between us are tolerably great. After all, 
the two species look very different and do very different 
things under natural conditions. (For all the quasi-linguistic 

capacity shown by chimps in the laboratory, we have no evi
dence of rich conceptual communication in the wild.) But 
Mary-Claire King and A. C. Wilson have recently published 
an account of genetic differences between the two species 
(Science, April II, 1975), and the results may well upset a 
prior prejudice still carried, I suspect, by most of us. In short, 
using all the biochemical techniques now available and sur
veying as many proteins as possible, the overall genetic diff
erences are remarkably small. 

When two species scarcely differ in morphology but func
tion as. separate and reproductively isolated populations in 
nature, evolutionary biologists speak of "sibling species." 
Sibling species generally display far fewer genetic differences 
than pairs of species placed in the same genus but clearly 
different in morphology ("congeneric species"). Now chimps 
and humans are obviously not sibling species; we are not 
even congeneric species by conventional taxonomic practice 
(chimps belong to the genus Pan; we are Homo sapiens). But 
King and Wilson have shown that the overall genetic distance 
between humans and chimps is less than the average for 
sibling species and far less than in any tested pair of congen
eric species. 

A fine paradox, for although I have argued strongly that 
our distinctions are matters of degree only, we are still very 
different animals. If the overall genetic distance is so small, 
then what has caused such a divergence in form and behav
ior? Under the atomistic notion that each organic trait is 
controlled by a single gene, we cannot reconcile our anatomi
cal dissimilarities with King and Wilson's findings, for many 
differences in form and function would have to reflect many 
differences in genes. 

The answer must be that certain kinds of genes have far
reaching effects-they must influence the entire organism, 
not just single traits. A few changes in these key genes might 
produce a great divergence between two species without 
much overall genetic differentiation. King and Wilson there
fore seek to resolve the paradox by attributing our differ
ences from chimps primarily to mutations of the regulatory 
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capacity shown by chimps in the laboratory, we have no evi
dence of rich conceptual communication in the wild.) But 
Mary-Claire King and A. C. Wilson have recently published 
an account of genetic differences between the two species 
(Science, April 11, 1975), and the results may well upset a 
prior prejudice still carried, I suspect, by most of us. In short, 
using all the biochemical techniques now available and sur
veying as many proteins as possible, the overall genetic diff
erences are remarkably small. 

When two species scarcely differ in morphology but func
tion as separate and reproductively isolated populations in 
nature, evolutionary biologists speak of "sibling species." 
Sibling species generally display far fewer genetic differences 
than pairs of species placed in the same genus but clearly 
different in morphology ("congeneric species"). Now chimps 
and humans are obviously not sibling species; we are not 
even congeneric species by conventional taxonomic practice 
(chimps belong to the genus Pan; we are Homo sapiens). But 
King and Wilson have shown that the overall genetic distance 
between humans and chimps is less than the average for 
sibling species and far less than in any tested pair of congen
eric species. 

A fine paradox, for although I have argued strongly that 
our distinctions are matters of degree only, we are still very 
different animals. If the overall genetic distance is so small, 
then what has caused such a divergence in form and behav
ior? Under the atomistic notion that each organic trait is 
controlled by a single gene, we cannot reconcile our anatomi
cal dissimilarities with King and Wilson's findings, for many 
differences in form and function would have to reflect many 
differences in genes. 

The answer must be that certain kinds of genes have far
reaching effects-they must influence the entire organism, 
not just single traits. A few changes in these key genes might 
produce a great divergence between two species without 
much overall genetic differentiation. King and Wilson there
fore seek to resolve the paradox by attributing our differ
ences from chimps primarily to mutations of the regulatory 
system. 
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Liver cells and brain cells have all the same chromosomes 
and all the same genes . Their profound difference does not 
arise from genetic constitution, but from alternate paths of 
development. During development, different genes must be 
turned on and off at different times in order to achieve such 
disparate results from the same genetic system. In fact, the 
whole mysterious process of embryology must be regulated 
by exquisite timing in the action of genes . To differentiate a 
hand from a homogeneous limb bud, for example, cells must 
proliferate in some areas (destined to be fingers) and die in 
others (the spaces between them) . 

Much of the genetic system must be devoted to setting the 
timing of these events-to turning genes on and off-rather 
than to the determination of specific traits . We refer to genes 
that control the timing of developmental events as the 
regulatory system. Clearly, change in a single regulatory 
gene can have profound effects upon the entire organism. 
Delay or accelerate a key event in embryology and the whole 
course of future development may be changed. King and 
Wilson therefore suppose that the primary genetic differ
ences between humans and chimps lie in this all-important 
regulatory system. 

This is a reasonable (even necessary) hypothesis. But do 
we know anything about the nature of this regulatory differ
ence? We cannot now identify the specific genes involved; 
hence, King and Wilson express no opinion. "Most impor
tant for the future study of human evolution," they write, 
"would be the demonstration of differences between apes 
and humans in the timing of gene expression during devel
opment." But I believe that we do know the basis of this 
change in timing. As I argue in essay 7, Homo sapiens is basi
cally a neotenic species; we have evolved from apelike ances
tors by a general retardation in developmental rate.We 
should look for regulatory changes that slow down the onto
genetic trends we share with all primates and allow us to 
retain juvenile growth tendencies and proportions. 

The very small genetic distance between humans and 
chimps might tempt us to try the most potentially interesting 
and ethically unacceptable scientific experiment I can imag-
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ine-to hybridize our two species and simply to ask the offc 
spring what it is like to be, at least in part, a chimpanzee. This 
interbreeding may well be possible-so small are the genetic 
distances that separate us. But, les t we fear the rise of a race 
comparable to the heroes in Planet of the Apes, I hasten to 
add that the hybrids would almost certainly be sterile-like 
a mule, and for the same reason. The genetic differences 
between humans and chimps are minor, but they include at 
least ten large inversions and translocations . An inversion is, 
literally, the turning around of a chromosomal segment. 
Each hybrid cell would have a set of chimp and a correspond
ing set of human chromosomes. Egg and sperm cells are 
made by a process called meiosis, or reduction division. In 
meiosis, each chromosome must pair (lie side by side) with 
its counterpart before cell division , so that co rresponding 
genes can match up one to one: that is, each chimp chromo
some must pair with its human counterpart. But if a piece of 
human chromosome is inverted relative to its counterpart in 
chimps , then gene-by-gene pairing cannot occur without 
elaborate looping and twisting that usually precludes suc
cessful cell division. 

The temptations are great, but I trust that this pairing will 
remain on the index of forbidden experiments. The tempta
tion , in any case, will surely diminish as we discover how to 
talk with our closest relatives . I am beginning to suspect that 
we will learn everything we want to know directly from the 
chimps themselves. 



6 Bushes and Ladders 
in Human Evolution 

M Y FIR S T TEA C HER of paleontology was 
almost as old as some of the animals he discussed. He lec
tured from notes on yellow foolscap that he must have assem
bled during his own days in graduate school. The words 
changed not at all from year to year, but the paper got older 
and older. I sat in the first row, bathed in yellow dust, as the 
paper cracked and crumbled every time he turned a page. 

It is a blessing that he never had to lecture on human 
evolution. New and significant prehuman fossils have been 
unearthed with such unrelenting frequency in recent years 
that the fate of any lecture notes can only be described with 
the watchword of a fundamentally irrational economy
planned obsolescence. Each year, when the topic comes up 
in my courses, I simply open myoid folder and dump the 
contents into the nearest circular file. And here we go again. 

A front-page headline in the New York Times for October 31, 
1975, read: "Man traced 3.75 million years by fossils found 
in Tanzania." Dr. Mary Leakey, unsung hero of the famous 
clan, had discovered the jaws and teeth of at least eleven 
individuals in sediments located between two layers of fossil 
volcanic ash dated at 3.35 and 3.75 million years, respec
tively. (Mary Leakey, usually described only as Louis's widow, 
is a famous scientist with more impressive credentials than 
those of her flamboyant late husband. She also discovered 
several of the famous fossils usually attributed to Louis, in
cluding the "nutcracker man" of Olduvai, Australopithecus boi-
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ei their first important find.) Mary Leakey classified these 
:";gments as the remains of creatures in our genus Homo, 
presumably of the East African species Homo habilis, first de
scribed by Louis Leakey.2 

So what? In 1970, Harvard paleontologist Brian Patterson 
dated an East African jaw at 5.5 million years. True, he at
tributed the fragment to the genus Australopithecus, not to 
Homo. But Australopithecus has been widely regarded as the 
direct ancestor of Homo. While taxonomic convention re
quires the award of different names to stages of an evolving 
lineage, this custom should not obscure biological reality. If 
H. habilis is the direct descendant of A. africanus (and if the 
two species differ little in anatomical features), then the old
est "human" might as well be the oldest Australopithecus, not 
the oldest recipient of the arbitrary designation Homo, What, 
then, is so exciting about some jaws and teeth a million and 
a half years younger than the oldest Australopithecus? 

I believe that Mary Leakey's find is the second most impor
tant discovery of the decade. To explain my excitement, I 
must provide some background in human paleontology and 
discuss a fundamental, but little appreciated, issue in evolu
tionary theory-the conflict between "ladders" and 
"bushes" as metaphors for evolutionary change. I want to 
argue that Australopithecus, as we know it, may not be the 
ancestor of Homo; and that, in any case, ladders do not repre
sent the path of evolution. (By "ladders" I refer to the popu
lar picture of evolution as a continuous sequence of ancestors 
and descendants.) Mary Leakey's jaws and teeth are the old
est "humans" we know. 

2 I I wrote this essay in January, 1976. True to the admonition of 
my last paragraph, Mary Leakey's attribution of the Laetoliljaws to 
the genus Homo has been challenged by several colleagues. They 
assert no alternate hypothesis, but merely argue that jaws alone 
offer too little for a certain diagnosis. In any case, the primary 
assertion of this article remains valid-from our knowledge of Afri
can fossils, the genus Homo may be as old as the australopithecines. 
Moreover, we still have no firm evidence for any progressive change 

within any hominid species. 
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The metaphor of the ladder has controlled most thinking 
about human evolution. We have searched for a single, pro
gressive sequence linking some apish ancestor with modern 
man by gradual and continuous transformation. The "miss
ing link" might as well have been called the "missing rung." 
As the British biologist J. Z. Young recently wrote (1971) in 
his Introduction to the Study of ,''vfan: "Some interbreeding but 
varied population gradually changed until it reached the con
dition we recognize as that of Homo sapiens. " 

Ironically, the metaphor of the ladder first denied a role in 
human evolution to the African australopithecines. A. 
africanus walked fully erect, but had a brain less than one
third the size of ours (see essay 22). When it was discovered 
in the 1920s, many evolutionists believed that all traits 
should change in concert within evolving lineages-the doc
trine of the "harmonious transformation of the type." An 
erect, but small-brained ape could only represent an anoma
lous side branch destined for early extinction (the true inter
mediate, I assume, would have been a semierect, half-brained 
brute). But, as modern evolutionary theory developed during 
the 1930s, this objection to Australopithecus disappeared. Nat
ural selection can work independently upon adaptive traits in 
evolutionary sequences, changing them at different times 
and rates. Frequently, a suite of characters undergoes a com
plete transformation before other characters change at all. 
Paleontologists refer to this potential independence of traits 
as "mosaic evolution." 

Secured by mosaic evolution, A. africanus attained the ex
alted status of direct ancestor. Orthodoxy became a three
runged ladder: A. africanus-H. erectus Uava and Peking Man)
H. sapiens. 

A small problem arose during the 1930s when another 
species of australopithecine was discovered""':'the so-called 
robust form, A. robustus (and later the more extreme "hyper
robust," A. boisei, found by Mary Leakey in the late 1950s). 
Anthropologists were forced to admit that two species of 
australopithecines lived contemporaneously and that the lad
der contained at least one side branch. Still, the ancestral 
status of A. africanus was not challenged; it merely acquired 

a second and ultimately unsuccessful descendant, the small
brained, big-jawed robust lineage. 

Then, in 1964, Louis Leakey and his colleagues began a 
radical reassessment of human. evolution by naming a new 
species from East Africa, Homo habilis. They believed that H. 
habilis was a contemporary of the two australopithecine line
ages; moreover, as the name. implies, they regarded it as 
distinctly more human than either of its contemporaries. Bad 
news for the ladder: three coexisting lineages of pre humans! 
And a potential descendant (H. habilis) living at the same 
time as its presumed ancestors. Leakey proclaimed the obvi
ous heresy: both lineages of australopithecines are side 
branches with no direct role in the evolution of Homo sapiens. 

But H. habilis, as Leakey defined it, was controversial for 
two reasons. The conventional ladder could still be de- . 
fended: 

I. The fossils were scrappy and came from different places 
and times. Many anthropologists argued that Leakey's defini
tion had mixed two different things, neither a new species: 
some older material properly assigned to A. africanus, and 
some younger fossils belonging to H. erectus. 

2. The dating was insecure. Even if H. habilis represented 
a valid species, it might be younger than most or all of the 
known australopithecines. Orthodoxy could become a four
runged ladder: A. africanus-H. habilis-H. erectus-H. sapiens. 

But, as a new consensus began [0 coalesce about the ex
panded ladder, Louis and Mary Leakey's son Richard re
ported the find of the decade in 1973 . He had unearthed a 
nearly complete skull with a cranial capacity near 800 cc, 
almost twice that ofanyA. africanus specimen. Moreover, and 
this is the crucial point, he dated the skull at between 2 and 
3 million years, with a preference for something near the 
older figure-that is, older than most australopithecine fos
sils, and not far from the oldest, 5.5-million-year date. H. 
habilis was no longer a chimera of Louis's imagination. (Rich
ard Leakey's specimen is often cautiously designated only by 
its field number, ER-1470. But whether or not we choose to 
Use the name Homo habilis, it is surely a member of our genus, 
and it is just as surely a contemporary of Australopithecus.) 
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3 million years, with a preference for something near the 
older figure-that is, older than most australopithecine fos
sils, and not far from the oldest, 5.5-million-year date. H. 
habilis was no longer a chimera of Louis's imagination. (Rich
ard Leakey's specimen is often cautiously designated only by 
its field number, ER-1470. But whether or not we choose to 
Use the name Homo habilis, it is surely a member of our genus, 
and it is just as surely a contemporary of Australopithecus.) 
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Mary Leakey has now extended the range of H. habilis back 
another million years (perhaps closer to 2 million years, if 
1470 is closer to 2 than to 3 million years old, as many 
experts now believe). H. habilis is not the direct descendant 
of known A. africanus; the new finds are, in fact, older than 
almost all specimens of A. africanus (and the taxonomic status 
of all fragmentary specimens older than Mary Leakey's H. 
habilis is in doubt). Based on the fossils as we know them, 
Homo is as old as Australopithecus. (One can still argue that 
Homo evolved from an older, as yet undiscovered Australopi
thecus. But no evidence supports such a claim, and I could 
speculate with equal justice that Australopithecus evolved from 
an unknown Homo.) 

Chicago anthropologist Charles Oxnard has dealt Aus
tralopithecus another blow from a different source. He studied 
the shoulder, pelvis, and foot of australopithecines, modern 
primates (great apes and some monkeys), and Homo with the 
rigorous techniques of multivariate analysis (the simulta
neous statistical consideration of large numbers of mea
sures). He concludes-though many anthropologists dis
agree-that the australopithecines were "uniquely different" 
from either apes or humans, and argues for "the removal of 
the different members of this relatively small-brained, curi
ously unique genus Australopithecus into one or more parallel 
side lines away from a direct link with man." 

What has become of our ladder if we must recognize three 
coexisting lineages of hominids (A. africanus, the robust aus
tralopithecines, and H. habilis), none clearly derived from 
another? Moreover, none of the three display any evolution
ary trends during their tenure on earth: none become 
brainier or more erect as they approach the present day. 

At this point, I confess, I cringe, knowing full well what all 
the creationists who deluge me with letters must be thinking. 
"So Gould admits that we can trace no evolutionary ladder 
among early African hominids; species appear and later dis
appear, looking no different from their great-grandfathers. 
Sounds like special creation to me." (Although one might ask 
why the Lord saw fit to make so many kinds of hom in ids, and 
why some of his later productions, H. ereetus in particul~r, 
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so much more human than the earlier models.) I suggest 
the fault is not with evolution itself, but with a false 

of its operation that most of us hold-namely the 
adder; which brings me to the subject to bushes. 
"fiI want to argue that the "sudden" appearance of species 
~the fossil record and our failure to note subsequent evolu
ri~nary change within them is the proper prediction of evolu
fl&nary theory as we understand it. Evolution usually pro
~~eds by "speciation"-the splitting of one lineage from a 
<~~rental stock-not by the slow and steady transformation of 
these large parental stocks. Repeated episodes of speciation 
piroduce a bush. Evolutionary "sequences" are not rungs on 
ailadder, but our retrospective reconstruction of a circuitous 
~ath running like a labyrinth, branch to branch, from the 
base of the bush to a lineage now surviving at its top. 
< How does speciation occur? This is a perennial hot topic 
~n evolutionary theory, but most biologists would subscribe 
to the "allopatric theory" (the debate centers on the admissi
,bility of other modes; nearly everyone agrees that allopatric 
'speciation is the most common mode). Allopatric means "in 
.l:nother place." In the allopatric theory, popularized by Ernst 
Mayr, new species arise in very small populations that become 
isolated from their parental group at the periphery of the an
cestral range. Speciation in these small isolates is very rapid 
by evolutionary standards-hundreds or thousands of years 
Ja geological microsecond). 
!',!Major evolutionary change may occur in these small, iso
Jated populations. Favorable genetic variation can quickly 
:s'pread through them. Moreover, natural selection tends to 
b.bintense in geographically marginal areas where the species 
barely maintains a foothold. In large central populations, on 
the other hand, favorable variations spread very slowly, and 
",IDOSt change is steadfastly resisted by the well-adapted popu
lation. Small changes occur to meet the requirements of 
i:slowly altering climates, but major genetic reorganizations 
f~lmost always take place in the small, peripherally isolated 
£pbpulations that form new species. 
tIf evolution almost always. occurs by rapid speciation in 
'ofuall, peripheral isolates-rather. than by slow change in 
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the creationists who deluge me with letters must be thinking. 
"So Gould admits that we can trace no evolutionary ladder 
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lookso much more human than the earlier models.) I suggest 
that'the fault is not with evolution itself, but with a false 
picture of its operation that most of us hold-namely the 
ladder; which brings me to the subject to bushes. 

Iwant to argue that the "sudden" appearance of species 
in the fossil record and our failure to note subsequent evolu
tiona~y change within them is the proper prediction of evolu
tiomiry theory as we understand it. Evolution usually pro
ceeds by "speciation"-the splitting of one lineage from a 
parental stock-not by the slow and steady transformation of 
these large parental stocks. Repeated episodes of speciation 
produce a bush. Evolutionary "sequences" are not rungs on 
a ladder, but our retrospective reconstruction of a circuitous 
path running like a labyrinth, branch to branch, from the 
base of the bush to a lineage now surviving at its top. 

How does speciation occur? This is a perennial hot topic 
in evolutionary theory, but most biologists would subscribe 
to the "allopatric theory" (the debate centers on the admissi
bility of other modes; nearly everyone agrees that allopatric 
speciation is the most common mode). Allopatric means "in 
another place." In the allopatric theory, popularized by Ernst 
Mayr, new species arise in very small populations that become 
isolated from their parental group at the periphery of the an
cestral range. Speciation in these small isolates is very rapid 
by evolutionary standards-hundreds or thousands of years 
(a geological microsecond). 

Major evolutionary change may occur in these small, iso
lated populations. Favorable genetic variation can quickly 
spread through them. Moreover, natural selection tends to 
be;intense in geographically marginal areas where the species 
barely maintains a foothold. In large central populations, on 
theiother hand, favorable variations spread very slowly, and 
most change is steadfastly resisted by the well-adapted popu
latitm. Small changes occur to meet the requirements of 
slowly altering climates, but major genetic reorganizations 
almost always take place in the small, peripherally isolated 
populations that form new species. 

<tIf evolution almost always occurs by rapid speciation in 
peripheral isola:t~s-rather. than by 'slow change in 
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large, central populations-then what should the fossil re
cord look like ? We are not likely to detect the event of specia
tion itself. It happens too fast, in too small a group, isolated 
too far from the ancestral range. We will first meet the new 
species as a fossil when it reinvades the ancestral range and 
becomes a large central population in its own right. During 
its recorded history in the fossil record, we should expect no 
major change; for we know it only as a successful, central 
population. It will participate in the process of organic 
change only when some of its peripheral isolates speciate to 
become new branches on the evolutionary bush. But it, itself, 
will appear "suddenly" in the fossil record and become ex
tinct later with equal speed and little perceptible change in 
form. 

The fossil hominids of Africa fully meet these expecta
tions. We know about three coexisting branches of the 
human bush. I will be surprised if twice as many more are not 
discovered before the end of the century. The branches do 
not change during their recorded history, and if we under
stand evolution aright, they should not-for evolution is con
centrated in rapid events of speciation, the production of 
new branches. 

Homo sapiens is not the foreordained product of a ladder 
that was reaching toward our exalted estate from the start. 
We are merely the surviving branch of a once luxuriant bush. 

7 I The Child as 
Man's Real Father 

P 0 NeE DEL EON'S search for the foun
tain of youth continues in retirement villas of the sunshine 
state he discovered. Chinese alchemists once searched for 
the drug of deathlessness by allying the incorruptibility of 
flesh with the permanence of gold. How many of us would 
still make Faust's pact with the devil in exchange for perpet
uallife? 

But our literature also records the potential problems of 
immortality. Wordsworth, in his famous ode, argued that 
childhood's bright vision of "splendor in the grass, of glory 
in the flower" can never be recaptured-though he coun
seled us to "grieve not, rather find strength in what remains 
behind." Aldous Huxley once devoted a novel-After Many 
a Summer Dies the Swan-to illustrating eternity's mixed 
blessing. With the consummate arrogance that only an 
American millionaire could display, Jo Stoyte sets out to 
purchase his immortality. Stoyte's hired scientist, Dr. 
Obispo, discovers that the fifth earl of Gonister has, by 
daily ingestion of carp guts, prolonged his life well beyond 
200 years. They rush to England, break into the earl's 
guarded residence, and discover-to Stoyte's horror and 
Obispo's profound amusement-that the earl and his iover 
have grown up into apes. The horrid truth of our origin is 
out: We evolved by retaining the youthful features of our 
ancestors, a process known technically as neoteny (literally, 
"holding youth"). 
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A foetal ape that's had time to grow up," Dr. Obispo 
managed at last to say. "It's too good!" Laughter over
took him again .... Mr. Stoyte seized him by the shoulder 
and violently shook him .... "What's happened to 
them?" )ust time," said Dr. Obispo airily .... the foetal 
anth.ropOid was able to come to maturity .... without 
movmg from where he was sitting, the Fifth Earl uri
nated on the floor. 

Aldous Huxley got his theme from the "fetalization the
ory" proposed in the 1920s by the Dutch anatomist Louis 
Bolk (and probably transmitted to him by brother Julian, who 
had been doing some important research on delayed meta
~or~hosis in amphibians). Bolk based his idea on the impres
sive hst of features that we hold in common with thejuvenile 
-but not the adult-stages of other primates or of mammals 
in general. The list includes, among more than twenty impor
tant characters, the following: 

1: Our roun~ed, bulbous cranium-house of our larger 
bram. EmbryonIc apes and monkeys have a similar cranium 
but the brain grows so much more slowly than the rest of th~ 
body (see essays 22 and 23 ) that the cranial vault becomes 
lower a~d relatively. smaller in adults. Our brain itselfproba
bly achieved large size by the retention of rapid fetal growth 
rates. 

. 2. Our "juvenile" face-straight profile, small jaws and 
teeth, weak brow ridges. The equally small jaws of juvenile 
apes grow relatively faster than the rest of the skull, forming 

.. a pronounced muzzle in adults. 
. 3 . Position of the foramen magnum-the hole in our skull 

.. base from which the spinal cord emerges. As in the embryos 
. of most mammals, our foramen magnum lies underneath our 
.. skull, pointing downward. Our skull is mounted on top of our 

backbone, and we look forward when standing upright. In 
other mammals, this embryonic location changes as the fora
me? ~ove~ to a position behind the skull pointing backward. 
ThiS IS sUited for four-footed life since the head is now 
mounted in front of the vertebrae and the eyes are directed 
forward. The three morphological features most often cited 
as marks of humanity are our large brain, our small jaws and 

.• ,----------------...... "!' 
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our upright posture. The retention of juvenile features may 
have played an important role in evolving all of them. 

4. Late closure of the skull sutures and other marks of 
delayed calcification of the skeleton. Babies have a large "soft 
spot," and the sutures between our skull bones do not fully 
close until well after adulthood. Thus, our brain can continue 
its pronounced postnatal expansion. (In most other mam
mals, the brain is nearly complete at birth and the skull is fully 
ossified.) A leading primate anatomist has remarked: 
"Though man grows in utero to larger sizes than any other 
primate, his skeletal maturation has progressed less at birth 
than in any monkey or ape for which relevant information has 
become available." Only in humans are the ends of long 
bones and digits still entirely cartilaginous at birth. 

5. Ventral pointing of the vaginal canal in women. We 
copulate most comfortably face to face because we are built 
to do it that way. The vaginal canal also points forward in 
mammalian embryos, but it rotates back in adults, and males 
mount from the rear. 

6. Our strong, unrotated, nonopposable bigtoe. The big 
toe of most primates begins as ours, in co~unCtion with its 
neighbors, but it rotates to the side and opposes the others 
for efficient grasping. By retaining a juvenile trait to yield a . 
stronger foot for walking, our upright posture is enhanced. 

Bolk's list was irripressive(ihis is only a small part of it), but .... 
he tied it to a theory that doomed his observations to oblivio~ 
and gave Aldous H'uxley his anti-Faustian met;phor. Bolk .' 
proposed 'that we evolved by an alteration in our nnrTnnn 

balance that delayed development as a whole.'He wrote: 

If I wishe& to express the basic principle of my 
a somewhat strongly worded sentence, I would say that. 
man, in his bodily development, is a primate fetus 
has become sexually matur~. . . ' .. 

Or, to quote Aldous Huxley again: 
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you're dead before you've stopped being like your great
great-grandfather's fetus. 

Bolk did not shrink from the obvious implication. If we owe 
all our distinctive features to a hormonal brake on develop
ment, then that brake might be easily released: "You will 
note," writes Bolk, "that a number of what we might call 
pithecoid features dwell within us in latent condition, waiting 
only for the falling away of the retarding forces to become 
active again." 

What a tenuous position for the crown of creation! An ape 
arrested in its development, holding the spark of divinity 
only through a chemical brake placed upon its glandular 
development. 

Bolk's mechanism never won much support, but it began 
to grow in absurdity as modern Darwinian theory became 
established during the 1930s. How could a simple hormonal 
change produce such a complicated morphological re
sponse? Not all our features are retarded (long legs, for 
example), and those that are display varying degrees of delay. 
Organs evolve separately in response to differing adaptive 
requirements-a concept we call mosaic evolution. Unfortu
nately, Bolk's excellent observations were buried under the 
barrage of justified criticism for his fanciful mechanism. The 
theory of human neoteny is now usually relegated to a para-

. graph or two in anthropology textbooks. Yet I believe that it 
is fundamentally correct; an essential, if not dominant, theme 
in human evolution. But how can we rescue Bolk's observa
tions from his theory? 

If we must base our argument upon the list of neotenic 
features, then we are lost. The concept of mosaic evolution 
dictates that organs will evolve in different ways to meet 
varying selective pressures. Supporters of neoteny list their 
features, opponents tote theirs, and a stalemate is quickly 
reached. Who is to say which features are "more fundamen
tal"? For example, one recent supporter of neoteny has writ
ten: "Most animals show retardation in some features, accel
eration in others .... On balance, I think that in man, as 
compared with other primates, the slowing down far out-
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weighs the speeding up." But a detractor proclaims: "the 
neotenic characters ... are secondary consequences of the 
nonneotenic key characters." The validation of neoteny as 
fundamental requires more than an impressive list of re
tarded characters; it must be justified as an expected result 
of processes acting in human evolution. 

The notion of neoteny achieved its initial fame as a way of 
opposing the theory of recapitulation, a dominant idea in late 
nineteenth century biology. The theory of recapitulation 
proclaimed that animals repeat the adult stages of their 
ancestors during their own embryonic and postnatal growth 
-ontogeny recapitulates phylogeny, in that mystical phrase 
we all learned in high school biology. (Recapitulationists ar
gued that our embryonic gill slits represented the adult fish 
from which we descended.) If recapitulation were generally 
true-which it is not-then features would have to be ac
celerated during evolutionary history, for adult characters of 
ancestors can become the juvenile stages of descendants only 
if their development is speeded up. But neotenic characters 
are retarded since juvenile features of ancestors are delayed to 
appear in the adult stages of descendants. Thus, there is a 
general correspondence between accelerated development 
and recapitulation on the one hand and delayed develop
ment and neoteny on the . other. If we can demonstrate a 
general delay of development in human evolution, then 
neoteny in key features becomes an expectation, not just an 
empirical tabulation. 

I do not think that retardation can be denied as a basic 
event in human evolution. First of all, primates in general are 
retarded with respect to most other mammals. They live 
longer and mature more slowly than other mammals of com
parable body size. The trend continues throughout the evo
lution of primates. Apes are generally larger, mature more 
slowly, and live longer than monkeys and prosimians. The 
course and tempo of our lives has slowed up even more 
dramatically. Our gestation period is only slightly longer 
than that of apes, but our babies are born much heavier
presumably because we retain our rapid fetal growth rates. I 
have alreadi commented on the delay in ossification of our 
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bones. Our teeth erupt later, we mature later, and we live 
longer. Many of our systems continue to grow long after 
comparable organs have ceased in other primates. At birth, 
the brain of a rhesus monkey is 65 percent of its final size, a 
chimpanzee's is 40.5 percent, but we attain only 23 percent. 
Chimps and gorillas reach 70 percent of final brain size early 
in their first year; we do not attain this value until early in our 
third year. W. M. Krogman, our leading expert in child 
growth, has written: "Man has absolutely the most protracted 
period of infancy, childhood andjuvenility of all forms oflife, 
i.e., he is a neotenous or long-growing animal. Nearly thirty 
percent of his entire life-span is devoted to growing." 

This slowdown of our development does not guarantee 
that we will retain juvenile proportions as adults. But since 
neoteny and retarded development are generally linked, 
retardation does provide a mechanism for the easy retention 
of any juvenile feature that suits the adult life style of de
scendants. In fact, juvenile features are a storehouse of po
tential adaptations for descendants, and they can be utilized 
easily if development is strongly retarded in time (viz, the 
nonopposable big toe and small face of fetal primates-as 
discussed earlier). In our case, the "availability" of juvenile 
features clearly controlled the pathway to many of our dis
tinctive adaptations. 

But what is the adaptive significance of retarded develop
ment itself? The answer to this question probably lies in our 
social ,evolution. Weare preeminently a learning animal. We 
are not particularly strong, swift, or well designed; we do not 
reproduce rapidly. Our advantage lies in our brain, with its 
remarkable capacity for learning by experience. To enhance 
our learning, we have lengthened our childhood by delaying 
sexual maturation with its adolescent yearning for indepen
dence. Our children are tied for longer periods to their par
ents, thus increasing their own time oflearning and strength
ening family ties as well. 

This argument is an old one, but it wears well. John Locke 
(1689) praised our lengthy childhood for keeping parents 
together: "Wherein one cannot but admire the wisdom of the 
great Creator who ... hath made it necessary that society of 
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man and wife should be more lasting than that of male and 
female among other creatures, that so their industry might be 
encouraged, and their interest better united, to make provi
sion and lay up goods for their common issue." But Alex
ander Pope (1735) said it even better, and in heroic couplets 
to boot: 

The beast and bird their common charge attend 
The mothers nurse it, and the sires defend 
The young dismissed, to wander earth and air, 
There stops the instinct, and there ends the care. 
A longer care man's helpless kind demands, 
That longer care contracts more lasting bands. 



68/ EVER SINCE DARWIN 

bones. Our teeth erupt later, we mature later, and we live 
longer. Many of our systems continue to grow long after 
comparable organs have ceased in other primates. At birth, 
the brain of a rhesus monkey is 65 percent of its final size, a 
chimpanzee's is 40.5 percent, but we attain only 23 percent. 
Chimps and gorillas reach 70 percent of final brain size early 
in their first year; we do not attain this value until early in our 
third year. W. M. Krogman, our leading expert in child 
growth, has written: "Man has absolutely the most protracted 
period of infancy, childhood and juvenility of all forms oflife, 
i.e., he is a neotenous or long-growing animal. Nearly thirty 
percent of his entire life-span is devoted to growing." 

This slowdown of our development does not guarantee 
that we will retain juvenile proportions as adults. But since 
neoteny and retarded development are generally linked, 
retardation does provide a mechanism for the easy retention 
of any juvenile feature that suits the adult life style of de
scendants. In fact, juvenile features are a storehouse of po
tential adaptations for descendants, and they can be utilized 
easily if development is strongly retarded in time (viz, the 
nonopposable big toe and small face of fetal primates-as 
discussed earlier). In our case, the "availability" of juvenile 
features clearly controlled the pathway to many of our dis
tinctive adaptations. 

But what is the adaptive significance of retarded develop
ment itself? The answer to this question probably lies in our 
social evolution. We are preeminently a learning animal. We 
are not particularly strong, swift, or well designed; we do not 
reproduce rapidly. Our advantage lies in our brain, with its 
remarkable capacity for learning by experience. To enhance 
our learning, we have lengthened our childhood by delaying 
sexual maturation with its adolescent yearning for indepen
dence. Our children are tied for longer periods to their par
ents, thus increasing their own time oflearning and strength
ening family ties as well. 

This argument is an old one, but it wears well. John Locke 
(1689) praised our lengthy childhood for keeping parents 
together: "Wherein one cannot but admire the wisdom of the 
great Creator who ... hath made it necessary that society of 

THE CHI L D A SMA N 's REA L FAT HER / 69 

man and wife should be more lasting than that of male and 
female among other creatures, that so their industry might be 
encouraged, and their interest better united, to make provi
sion and lay up goods for their common issue." But Alex
ander Pope (1735) said it even better, and in heroic couplets 
to boot: 

The beast and bird their common charge attend 
The mothers nurse it, and the sires defend 
The young dismissed, to wander earth and air, 
There stops the instinct, and there ends the care. 
A longer care man's helpless kind demands, 
That longer care contracts more lasting bands. 



8 Human Babies 
as Embryos 

MEL ALL EN, that irrepressible emcee of 
Yankee baseball during my youth,3 finally aroused my dis
pleasure by overenthusiastic endorsement of his sponsors. I 
never balked when he referred to home runs as "Ballantine 
blasts," but my patience was strained one afternoon when 
DiMaggio missed the left field foul pole by an inch and Allen 
exclaimed: "Foul by the ash on a White Owl cigar." I hope 

- that I won't inspire apy similar displeasure by confessing that 
I read and enjoy Natural History and that I even sometimes get 
an idea for an essay from its articles. . c 

In the November 1975 issue;my friend Bob Martin wrote 
piece on strategies of reproduction in primates. He focused 

uponthe"work of one of my favorite scientists-the idiosyn-
,_ __ cnitic'Swisszoologist Adolf Portmann. In his voluminous 

. -~-- studies, -:P6rtmann has identified two basic patterns in the 
?~ '~'_ reproductive strategies of mammals: Some mammals, usually 

: designated by us as "primitive," have brief gestations and 
give birth: to large-litters of poorly developed young (tiny, 

-
3 I 1 depart from my introductory promise to excise all topical refer-
ences to the original source of these essays-my monthly column in 
Natural History Magazine. For where else WIll 1 ever have the opportu
nity to pay tribute to the man who ranks second only to my father 
for sheer volume of attention during my youth; he and the Yankees 
brought me so much pleasure (I even own a ball that DiMaggio 

day). 
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hairless, helpless, and with unopened eyes and ears). Life
spans are short, brains small (relative to body size), and social 
behavior not well developed. Portmann refers to this pattern 
as altricial. On the other hand, many "advanced" mammals 
have long gestations, long life-spans, big brains, complex 
social behavior, and give birth to a few, well-developed ba
bies capable, at least in part, of fending for themselves at 
birth. These traits mark the precocial mammals. In Port
mann's vision of evolution as a process leading inexorably 
upward to greater spiritual development, the altricial pattern 
is primitive and preparatory to the higher precocial type that 
evolves along with enlarged brains. Most English-speaking 
evolutionists would reject this interpretation and link the 
basic patterns to immediate requirements of different modes 
oflife. (I often exploit these essays to vent my own prejudice 
against equating evolution with "progress.") The altricial 
pattern, Martin argues, seems to correlate with marginal, 
fluctuating, and unstable environments in which animals do 
best by making as many offspring as they possibly can-so 
that some can weather the harshness and uncertainty of re
sources. The precocial pattern fits better with stable, tropical 
environments. Here, with more predictable resources, ani
mals can invest their limited energy in a few, well-developed 
offspring. . '" 

Whatever the explanation, no o~ewilldenythatprimates 
are the archetypical precocial mammals. Relative to body 
sizes, brains are biggest and gestation times and life-spans 
are longest among mammals. Litter size, in most cases, has • 
been reduced to the absolute minimum of one. Babies are
well developed and capable at birth. However, although Mar- .'~' 
tin doesn't mention it, we encounter one obviously glaring-
and embarrassing exception-namely us. We share most of 
the precocial characters with our primate cousins-long life, 
large brains, arid small litters. But our babies are ashelpless· 
and undeveloped at birth as those of most altricial mammals. 
In fact, Portmann himself refers to human babies as "secon
darily altricial." Why did this most precocial of all species in 
some traits (notably the brain) evolve a baby far less devel
oped and more helpless than that of its primate ancestors? 
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I will propose an answer to this question that is bound to 
strike most readers as patently absurd: Human babies are 
born as embryos, and embryos they remain for about the first 
nine months oflife. Ifwomen gave birth when they "should" 
-after a gestation of about a year and a half-our babies 
would share the standard precocial features of other pri
mates. This is Portmann's position, developed in a series of 
German articles during the 1940s and essentially unknown in 
this country. Ashley Montagu reached the same conclusion 
independently in a paper published in the Journal of the Ameri
can Medical Association in October 1961. Oxford psychologist 
R. E. Passingham championed it in a piece published late in 
1975 in the technical journal Brain, Behavior and Evolution. I 
also cast my lot with this select group in regarding the argu
ment as basically correct. 

The initial impression that such an argument can only be 
arrant nonsense arises from the length of human gestation. 
Gorillas and chimps may not be far behind, but human gesta
tion is still the longest among primates. How then can I claim 
that human neonates are embryos because they are born (in 
some sense) too soon? The answer is that planetary days may 

provide an appropriate measure of time in all biological 
calculations. Some questions can only be treated properly 
when time is measured relatively in terms of an animal's own 
metabolism or developmental rate. We know, for example, 

- that mammalian life-spans vary from a few weeks to more 
than a 'century. But is this a "real" distinction in terms of a 

-mammal's own perception of time and rate? Does a rat really 
_ -_-live "less" than an elephant? Laws of scaling dictate that 

·<6.·.~,",~·'~··- small, warm-blooded animals live at a faster pace than larger 
- - relatives (see essays 21 and 22). The heart beats more rapidly 

and metabolism proceeds at a greatly elevated rate. In fact, 
for several criteria of relative time, all mammals live about 
the same amount. All, for example, breathe about the same 
number of times during their lives (small, short-lived mam-

.--~ mals breathe more rapidly than larger, slow metabolizers). 
In astronomical days, human gestation is long, but relative 

to human developmental rates, it is truncated and ab
breviated. In the previous I argued that a (if not the) 
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major feature of human evolution has been the marked slow
ing up of our development. Our brains grow more slowly and 
for a longer time than those of other primates, our bones 
ossify much later, and the period of our childhood is greatly 
extended. In fact, we never reach the levels of development 
attained by most primates. Human adults retain, in several 
important respects, the juvenile traits of ancestral primates
an evolutionary phenomenon called neoteny. 

Compared with other primates, we grow and develop at a 
snail's pace; yet our gestation period is but a few days longer 
than that of gorillas and chimpanzees. Relative to our own 
developmental rate, our gestation has been markedly short
ened. If length of gestation had slowed down as much as the 
rest of our growth and development, human babies would be 
born anywhere from seven to eight months (Passingham's 
estimate) to a year (portmann and Ashley Montagu's esti
mate) after the nine months actually spent in utero. 

But am I not indulging in mere metaphor or trick of phrase 
in designating the human baby as "still an embryo"? I have 
just raised two of my own past this tender age, and have 
experienced all the joy and mystery of their mental and physi
cal development-things that could never happen in a dark, -
confining womb. Still, I side with Portmann when I consider_< 
the data on their physical growth, fo~ during their first year,", 
human babies share the growth patterns of primate and -. 
mammalian fetuses, not of other priIhat~.babies. (Theiden
tification of certain growth patterns as eitherfetalor posma
tal is not arbitrary. Postnatal deveiopmenJis"not~mere pro
longation of fetal tendencies;birthjsa .time ofniarked_. 
discontinuity in many features.) Hu~an nt;onates, for exam-.'
pie, have not yet ossified the ends o{fimbb~nes or fingers;" 
ossification centers are usuallyentirely absent in the finger 
bones of newborn humans. This level of o~sification -corre-_ 
sponds to the eighteenth fetal w~ek ofmacaqlle monkeys:' 
When macaques are born at twenty-four weeks: their limb 
bones are ossified to an extent not reached by humans until __ 
years after birth. More crucially, our brains continue t()grow 
at rapid, fetal rates after birth. The brains rri'ammals. 
are essentially fullyforrried at 
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experienced all the joy and mystery oftheir mental and physi-
cal development-things that could never happen in a dark, 
confining womb. Still, I side with Portmann when I consider 
the data on their physical growth, for during their first year, 
human babies share the growth patterns of primate and 
mammalian fetuses, not of other primate babies. (The iden
tification of certain growth patterns as either fetal or postna-
tal is not arbitrary. Postnatal development is not a mere pro
longation of fetal tendencies; birth is a time of marked 
discontinuity in many features.) Human neonates, for exam-.·. 
pie, have not yet ossified the ends oflimb..bones or fingers; 
ossification centers are usually entirely absent in the finger 
bones of newborn humans. This level of o~sification corieo. 
sponds to the eighteenth fetal week of macaque. monkeys." 
When macaques are born at twenty-four weeks, their limb 
bones are ossified to an extent not reached by humans until 
years after birth. More crucially, our brains continue to grow 
at rapid, fetal rates after birth. The brains of many mammals 
are essentially fully formed at birth. Other primates extend 
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brain development into early postnatal growth. The brain of 
a human baby is only one-fourth its final size at birth. Pass
ingham writes: "Man's brain does not reach the proportion 
found for the chimpanzee at birth until around six months 
after birth. This time corresponds quite well with the time at 
which man would be expected to be born if his gestation 
period were as high a proportion of his development and 
life-span as it is in apes." 

A. H. Schultz, one of the greatest primate anatomists ofthe 
century, summarized his comparative study of growth in pri
mates by stating: "It is evident that human ontogeny is not 
unique in regard to the duration of life in utero, but that it 
has become highly specialized in the striking postponement 
of the completion of growth and of the onset of senility." 

But why are human babies born before their time? Why has 
evolution extended our general development so greatly, but 
held our gestation time in check, thereby giving us an essen
tially embryonic baby? Why was gestation not equally pro
longed with the rest of development? In Portmann's spiritual 
view of evolution, this precocious birth must be a function of 
mental requirements. He argues that humans, as learning 
animals, need to leave the dark, unchallenging womb to gain 
access, as flexible' embryos, to the rich extrauterine environ
ment of sights, smells, sounds, and touches. 

But I believe (along with Ashley Montagu and Passingham) 
that a more important reason lies in a' consideration that 
Pottmann dismisses contemptuously as coarsely mechanical 
and materialistic. From what I have seen (although I cannot 
know for sure), human birth is a joyful experience when 
properly rescued from arrogant male physicians who seem to 
want total control over a process they cannot experience. 
Nonetheless, I do not think it can be denied that human birth 
is difficult compared with that of most other mammals. To 
put it rather grossly, it's a tight squeeze. We know that female 
primates can die in attempted childbirth when fetal heads are 
too large to pass through the pelvic canal. A. H. Schultz 
illustrates the stillborn fetus of a hamadryas baboon and the 
pelvic canal of its dead mother; the embryo's head is a good 
deal larger than the canal. Schultz concludes that fetal size is 
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near its limit in this species: "While selection undoubtedly 
tends to favor large diameters of the female pelvis, it must 
also act against any prolongation of gestation or at least 
against unduly large newborns." 

There are not, I am confident, many human females who 
could give birth successfully to a year-old baby. 

The culprit in this tale is our most important evolutionary 
specialization, our large brain. In most mammals, brain 
growth is entirely a fetal phenomenon. But since the brain 
never gets very large, this poses no problem for birth. In 
larger-brained monkeys, growth is delayed somewhat to per
mit postnatal enlargement of the brain, but relative times of ' 
gestation need not be altered. Human brains, however, are 
so large that another strategy must be added for successful 
birth-gestation must be shortened relative to general devel
opment, and birth must occur when the brain is only one
fourth its final size. 

Our brain has probably reached the end of its increase in 
size. The paramount trait of our evolution has finally limited. 
its own potential for future growth. Barring some radical, 
redesign of the female pelvis, we will have to make do witn;:'"'c 
the brains we have if we want to be born at all. But, no matter."'~·:: 
We can happily spend the next several millennialearniri'g', 
what to do with an immense potential that we 
begun to understand or exploit. 






