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shoulders and arms that  were 
nicely adapted to swinging 
through and climbing trees. Yet, 
the architecture of her pelvis, the 
tilt of her head, and the shape of 
her foot tell us that upright walk-
ing was her preferred way of get-
ting around; so preferred that her 
footsteps in wet mud or sand 
would have looked almost ex-
actly like yours or mine.

Walking upright was one evo-
lutionary trait our pre de ces sors 
shared as they marched reso-
lutely to the present, but not the 
only one. Another was in play 

that would also have enormous ramifi cations: their brains  were grow-
ing larger. Not im mensely larger, but the diff erence is mea sur able. 
While a chimp’s brain is about 350 cc, these grassland primates’ brains 
ran from 450 cc to 500 cc, a 25 to 40 percent increase.

The big question is why. The traditional scientifi c answer to this 
question is that a bigger brain is a better brain, so evolution’s forces 
tended to favor smarter animals. That is true enough, but it still  doesn’t 
explain the mechanism that was causing the growth. What was forc-
ing the issue? Why  were larger brains evolving at all? Strange as it may 
seem, starvation might be the answer.

When an animal is having a chronically diffi  cult time fi lling its belly, 
something intriguing happens in its body at a molecular level. Aging 
slows down, and cells don’t die as quickly as they do when food is 
available. Contrary to what you might think, a cell’s health in this 
situation  doesn’t deteriorate. It improves. The body, sensing depriva-
tion, seems to call all hands on deck, husbands its energy, and pre-
pares for the worst. In a sense each cell grows tougher and more wary. 
This is thanks largely to a class of proteins called sirtuins, which some 
scientists suspect reduce the rate of cell growth.3

Numerous studies show that reducing the normal diets of creatures 
as diff erent as fruit fl ies, mice, rats, and dogs by 35 to 40 percent will 
increase life span as much as 30 percent. (Scientists  can’t ethically per-

Australopithecus afarensis
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we mea sure success by how long species survive, we Homo sapiens, 
amount to little more than rookies still wet behind the ears. We have 
been in the game of life a scant two hundred thousand years. Boisei 
held sway on the Horn of Africa fi ve times as long before exiting the 
gene pool. If we become this lucky, we will someday be dating our 
letters July 12, 802013.

The other path plotted by the combinations of genes, environment 
and random chance was the one taken by members of a branch of the 
human family paleoanthropologists like to call gracile. This includes 
Australopithecus garhi, a creature who, along with aethiopicus, made his 
debut on the Horn of Africa about 2.5 to 3 million years ago. There is 
some slim evidence that garhi may also have fashioned simple stone 
tools, but as in the case of aethiopicus that’s a controversial and unre-
solved theory. At best, garhi may have used crude stone hammers to 
break open bones to get at the marrow inside, or sharp fl int to scrape 
and hack meat away from a bone left behind by larger predators. But 
even these uses of rock mark a colossal technological advance.

About 1.9 million years ago another gracile human, dubbed Homo 
rudolfensis, appeared along the shores of Lake Rudolph, now known as 
Lake Turkana, a long body of water that runs in the shape of an index 
fi nger from southern Ethiopia into the western heart of Kenya. Homo 
habilis and Homo ergaster soon followed, both slim and light- boned, 
both also passing their time in East Africa.

In 1991 scientists scrounging among rocks near Dmanisi, Georgia, 
west of the Caspian Sea, unearthed the remains of still another species 
of gracile human from this epoch—Homo georgicus. While he re-
mained simian in his looks, his face was fl atter, a step closer to ours. 
Like Homo habilis, georgicus was a lean toolmaker, but with a consider-
ably more advanced case of wanderlust. He lived in a river valley 
more than twenty- fi ve hundred miles north of the grasslands where 
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of evolution don’t simply play with physical attributes, they play with 
time, too, or more accurately they can shift the times when genes are 
expressed and hormones fl ow, which not only alters looks but behav-
ior, with fascinating results.

Evolution manages this by not aff ecting solely what traits it reveals, 
but when it reveals them. It moves abilities, physical features, and be-
haviors forward or backward, or stops them altogether by altering the 
expression of genes that aff ect developmental hormones. It plays with 
time like a boulevard- game master plays a shill game with walnut 
shells and peas. So in us, our big toe remains straight throughout our 
lives rather than crooking thumblike before birth as it does for chimps 
and gorillas. We remain relatively hairless, like fetal apes.6 Our jaws 
stay square and our foreheads fl at throughout our lives rather than 
sloping backward as we leave our early years behind. And instead of 
decelerating brain growth after birth like orangutans, chimps, and 
gorillas, the genes that control the amount and interconnections of 
neurons act as though we are still in the womb and continue to fer-
vently multiply.

Put another way, after birth, pro cesses that  were once prenatal in our 
ancestors become postnatal in us. By being born “early,” our youth is 
amplifi ed and elongated, and it continues to stretch out across our 
lives into the extended childhood that makes us so diff erent from the 
other primates that preceded us. We see it in the fossil record. Almost 
without exception, the dusty bones scientists have unearthed and fi t-
ted together reveal that the faces of gracile primates such as habilis, 
rudolfensis, and ergaster, while still plenty simian, grew step by step to 
increasingly resemble us. Their snouts  were fl attening, their foreheads 
 were growing higher and less sloped, their chins stronger. Features 
that once existed only in fetal forest apes like big toes and heads that 
rested upright on shoulders now not only existed in youth but also 
persisted into adulthood.
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Hyenas yelped and hooted, scavenging what they could and hunting 
fl amingos that fed in the shallows, while the grandcousins of lions, 
tigers, and panthers harvested dinner from herds of an early, three- toed 
 horse called Hipparion. The lake, the streams and the rivers that fed it, 
and the variability of the weather made the area a kind of smorgasbord 
of biomes— grasslands, desert, verdant shorelines, clusters of forest and 
thick scrub. The bones of the extinct beasts that lie by the millions 
in the layers of volcanic ash beyond the shores of Lake Turkana today 

attest to its ancient popularity.
The existence of a habitat this lush 

and hospitable  wasn’t lost on our an-
cestors any more than it was on the 
elephants, tigers, and antelope that 
roamed its valleys. In fact it was so 
well liked that Homo ergaster (left), 
Homo habilis, and Homo rudolfensis 
 were all ranging among its eastern and 
northern shores 1.8 million years ago, 
sharing the benefi ts of the basin with 
their robust cousin Paranthropus boisei. 
As many as a million years earlier, 
Paranthropus aethiopicus came and went 
along the northwestern fringe of the 
lake, and half a million years before 

that the fl at- faced one, Kenyanthropus platyops, braved Turkana’s winds 
and watched its volcanoes rumble and spew.

Despite de cades of sweltering work, paleoanthropologists have yet 
to categorically determine which of these humans who trod the 
shores of Turkana led directly to us, but it is possible to make an in-
formed guess, at least based on the limited evidence scientists have to 
work with. We already know Homo habilis is out of the question, an 
evolutionary dead end unrelated to Homo erectus. Homo rudolfensis is 
also unlikely because he bears such a strong resemblance to Paranthro-
pus boisei and his robust ancestors. He may have been a bridge species 
of some sort. Boisei himself would seem not to qualify given that he 
 wasn’t gracile (we are) and possessed the smallest brain of the group, 
the largest jaws, and the most apelike features.

That leaves Homo ergaster, “the worker” (ergaster derives from the 
Greek word ejrgasthvr, meaning “workman”), formerly considered 

Homo ergaster
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By general agreement the fi rst brain in nature belonged to a creature 
scientists today call planaria, known more commonly to you and me as 
the lowly fl atworm. Flatworms are metazoans and  wouldn’t seem there-
fore to be very brainy. But intelligence is a relative thing and planaria, 
when they fi rst emerged more than seven hundred million years ago, 
 were the geniuses of their time, creatures of unparalleled intelligence 
blessed with an entirely new kind of sensory cell capable of extracting 
marvelously valuable bits of information from their environment. 

Unlike many of their contemporaries planaria  were unusually sensi-
tive to light, possessed rudimentary sets of eyes, and responded to, rather 
than ignored, changes in temperature— all radical innovations in their 
time. Even today they remain expert at sensing food, and then mak-
ing their way with uncanny determination to it, while other metazoans 
(corals, for example) generally take a more leisurely approach to their 
cuisine, waiting for it to fi nd them rather than the other way around.

Among the cellular innovations that made an ancient fl atworm’s 
brain possible was a protoneuron called a ganglion cell. These are 
clustered in the head of the worm and then connected to twin nerve 
cords that run in parallel down the length of its body so that certain 
experiences sensed alongside it can be transmitted to the fl atworm’s 
brain for some metazoan cogitation. All the brains that evolution has 
so far contrived rest on this tiny foundation. So for the best ideas you 

Planaria—the Einstein of the Day
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How the Epigenome Changes Your Brain

So while the codes in our DNA are set for life depending on what 
our parents pass along to us, we still have plenty of room to deviate 
from the precise commands of those genes. Thanks to the epigenome, 
events, and the physical and psychological environments in which we 
live during our childhoods, can modify the expression of some genes 
that aff ect brain development. Some of these amendments can be 
temporary; others can change us for the rest of our lives.

Study after study, for example, has found that children exposed to 
high stress are more likely to suff er mental illnesses later in life, in-
cluding generalized anxiety and serious depression. High childhood 
stress has also been shown to modify how a person later handles ad-
versity in adolescence and adulthood. When we are frightened, our 
adrenal glands release adrenaline, which focuses our attention, in-
creases our heart rate, and prepares our bodies to either fi ght or fl ee, 
handy reactions when your life is on the line. But chronic fear and 
stress— the kind that continues relentlessly— can corrode us because 
intense, ongoing awareness of the fl ight- or- fi ght kind wears us out. 
In children an epigenome exposed to constant stress tends to make 
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mates. Even more than antecessor, the shape of the outer and inner ears 
of these people indicates that they could make fi ne diff erentiations 
between sounds, a trait that leads some scientists to speculate they 
used sophisticated speech of some kind. Dental wear on teeth in the 
right side of their mouths means they may have been using their 
mouths as a “third hand” clenching tough food, tools, or clothing on 
their right as they worked on them. This could mean they  were right- 
handed, and right- handedness is associated with language and lateral-
ization of the brain.5 Thin soup as scientifi c theories go, but something 
worth chewing on.

The original heidelbergensis was, 
it seems, thick boned, huskier 
and stronger than erectus, who was 
taller and slimmer. Not that at six 
feet he was short, but with a frame 
that easily supported two hundred 
or more pounds, he was built like 
a bouncer, or college fullback, a 
trait that mystifi es scientists some-
what since most African primates 
tended to be long of limb, the 
better to expose more of their 
body to the air, a form of natural 
air- conditioning.

The Eu ro pe an branch of heidelber-
gensis maintained and built upon these traits as they evolved into Ne-
anderthals. The colder climate favored thicker, stockier creatures that 
exposed less of their bodies to the air. (Inuit people and the native 
residents of Siberia also show these same traits as ways to conserve heat.) 
The strength and endurance these bodies  were apparently blessed with 
 were certainly assets as they dealt with a punishing climate. Bulkier, 
stronger, physically tougher individuals would also have been favored 
when it came to hunting big game. As far as we know, these people 
and the Neanderthals that followed them did not throw their wooden 
spears when they hunted. Instead they used them to repeatedly jab their 
prey at close range, a dangerous way to shop for dinner.

You can imagine that this not only took courage and strength, but 
a body that could survive being tossed around by a wounded and en-
raged lion, mammoth, or woolly rhinoceros and still bounce back. 

Homo heidelbergensis
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day. After nearly a year’s careful study, Schaaff hausen presented the 
bones to the rest of the scientifi c world and pronounced that they 
belonged to a savage member of a “very ancient human race.”

Not everyone agreed. This was, after all, a time when many Eu ro-
pe ans still held fast to the conclusion the Church of Ireland’s Arch-
bishop James Ussher had come to in 1650. God, he said, had completed 
the world’s creation at precisely twelve  o’clock p.m., October 23, 4004 
b.c. The undisputed expert on human anatomy at the time, Rudolf 
Virchow, reckoned that because of the skeleton’s unusual shape and the 
heavily ridged brow, these  were the bones of a rickets- ridden, cave- 
dwelling hermit who had met an untimely death at the site sometime 
in the past, but not the deep, dark past.

That might have been the end of the  whole discussion, but then in 
1863, the highly respected British biologist Thomas Henry Huxley 
(of the remarkable Huxley family, which also produced Leonard, Al-
dous, and Andrew Huxley, among others) published his landmark 
book, Evidence as to Man’s Place in Nature. Huxley was a devoted adher-

ent of Darwin’s theories, so 
devoted that in some circles he 
was known as Darwin’s Bull-
dog. Being a bulldog, he made 
the argument that Neander-
thals preceded modern humans 
somewhere down the line in 
our inexorable march from ape-
like ancestors to our present 
form. In other words, he was an 
earlier version of you and me.

Ultimately Darwin’s and 
Huxley’s views won out, at 
least generally and at least in 
the scientifi c world. Then in 
1908, de cades after the original 
discovery was made in Ger-
many, France’s leading bio-

logical anthropologist, Marcellin Boule, saddled the world with a 
damagingly inaccurate view of Neanderthal when he got hold of 
 another set of bones that had been found in a rock shelter in La 

Homo neanderthalensis




