
Fe rnando No t t e b ohm has lived tra n s-
fixed by the melodies of s on g b i rd s .

He is sixty now, and it has been deca d e s
since he left the plains of A r g e n t i n a —
first to study agri c u l t u re in Ne b ra s k a ,
then zo o l o gy at Berk e l ey,b e f o re com i n g
to re s t , in 1967, at Rock e fe ller Unive r-
s i ty, in New Yo rk . But his interest in
b i rds has sustained him since his earl i e s t
ch i l d h o o d . “Finding out how birds sing
and why they would bother and what it
means has been the puzzle of my life, ”
he told me when we met for the fir s t
t i m e, this winter.No t t e b ohm is a court ly
m a n , and though he has spent the bulk
o f his ca reer at Rock e fe ll e r, his re s t ra i n e d
demeanor seems out of place at the giant
b i o t e ch n o l o gy mill on Yo rk Ave n u e .
A fter all , this is the era of g e n omes and
molecular biology;mice cra fted from en-
g i n e e red genes and bred to live in Pl e x i-
glas boxes have come to dominate med-
i cal re s e a rch .To No t t e b oh m’s coll e a g u e s ,
his pre o c c u p a t i on with the song sys t e m s
o f ze b ra fin ches and ca n a ries and with
h ow black - capped ch i ckadees re m e m b e r
w h e re they hide their food has alw ays
seemed quaint, even touch i n g — i f p e r-
haps beside the point. Ye t , over the past
t h ree deca d e s , in dozens of elegant exper-
iments that produced results nobody had
e nv i s i oned (and for years ve ry few be-
l i eve d ) ,No t t e b oh m’s obsession with how
b i rds learn to sing set off a chain of d i s-
c ove ries that have fundamentally altere d
the way scientists think about the bra i n .
It has also opened a tantalizing, i f t e n t a-
t i ve,n ew route tow a rd treating degener-
a t i ve con d i t i ons that are often con s i d e re d
b eyond hope—f rom Pa rk i n s on’s disease
and multiple scl e rosis to spinal-cord in-
j u ri e s ,s t rok e s , and Alzheimer’s disease.

The bird brain has an undeserve dly
bad re p u t a t i on . I t’s not easy to fly or to
l e a rn meaningful mu s i c .To do both is an
a n a t om i cal tri u m ph . No t t e b ohm was
c e rt a i n ly not the first man to be beguiled

by bird s on g. B e e t h ove n , B a ch , and Vi-
valdi all tra n s f o rmed avian music into in-
s t rumental work s ;M o za rt turned a star-
l i n g’s s ong into the closing vari a t i ons of
one of his best-known piano com p o s i-
t i on s , the Con c e rto in G. No t t e b oh m
b e l i eved that if he could understand how
b i rds acquire their songs it would make a
w on d e rful model of the way the bra i n
l e a rn s .M a ny birds produce just one tune
and sing it until they die.No t t e b ohm was
m o re interested in those bird s , like ca-
n a ri e s ,w h i ch can learn new melodies each
ye a r. C a n a ries live, on ave ra g e, for ten
ye a r s ,c over a wide octave ra n g e, and sing
for seve ral re a s on s : to announce them-
s e lve s , to claim terri t o ry,and to sca re away
o t h e r males when they look for a mate.
( Females ra re ly sing.) As Charles Dar-
win noted, a son g b i rd’s early, ru d i m e n-
t a ry attempts at voca l i za t i on — ca ll e d
s u b s on g — h a ve a lot in com m on with the
babbling of a human infant.By the time
ca n a ries are eight months old, t h o u g h ,
t h ey sing like adults,and their habits neve r
v a ry: t h ey sing throughout the bre e d i n g
s e a s on , in the spri n g, and then, d u ri n g
the summer molting season , t h ey shed
the songs as if t h ey were fe a t h e r s . T h e
next spri n g, the same birds will turn up
with an entire ly new re p e rt o i re .Who was
t e a ching the birds these new son g s ,No t-
t e b ohm won d e re d . And what was hap-
pening in their brains to let them learn ?

“I t’s not that I was uninterested in
human health, but I re a lly ca red most
about bird s ong as a model for the bra i n , ”
No t t e b ohm told me when we met at his
R o ck e fe ller labora t o ry. He doesn’t com e
to the lab oft e n ; most days , he can be
found in the ro lling fields of the unive r-
s i ty’s ethologica l - re s e a rch center, in up-
state New Yo rk , a m ong thousands of
ca re f u lly tended ca n a ries and ze b ra
fin ch e s . “As it happens, t h e re are som e
o bvious con n e c t i ons between birds and
h u m a n s . It was just a pra c t i cal example

o f the ways in which scientific discove ry
is totally unpre d i c t a b l e . And the com-
p l e x i ty of the bra i n — w e ll , I have neve r
stopped being amazed by it.

“I have alw ays been intrigued by re l i-
gious question s , ’’ he went on . “To what
extent were people special? What is this
thing ca lled the mind, and how is it dif-
fe rent from the bra i n ? ” Whether the
b rain was simply the sum of its mole-
c u l e s — “Yo u’re nothing but a pack of
n e u ron s ” was how the Nobel laure a t e
Francis Cri ck put it—or whether all that
b i o l o gy added up to something more
has been debated for centuri e s .“We have
s ome close re l a t i ve s , ’’ No t t e b ohm said.
“ C h i m p s , even mon k eys . But they ca n’t
s p e a k . No primate can speak. I t’s on ly
humans who do it. When you look
a round the animal kingdom , b i rds are
one animal that attempts voca lly to do
a nything like what we do. ”

By the early seve n t i e s ,No t t e b ohm had
begun to publish a series of re m a rk-

able observ a t i ons that traced the genesis
o f b i rd s ong to specific clusters of n e u-
rons—the cells into which memories are
w i red and through which complex ac-
t i ons are pro c e s s e d .Fi r s t ,almost by acci-
d e n t , he demolished the notion that
handedness—the idea that one is born
either right-handed or left - h a n d e d — w a s
the excl u s i ve province of h u m a n i ty.T h e
s yri n x , the son g b i rd’s voice box ,t u rn s o u t
to have two sources of s o u n d , w h i ch
o riginate on diffe rent sides of the tra ch e a.
In an attempt to establish their role in
s i n g i n g, No t t e b ohm cut the nerve s l e a d-
ing to one side or the other. The re s u l t s
a s t onished him. Cutting the left nerve
m o s t ly silenced the bird s ; cutting the
right had pra c t i ca lly no effe c t . “ Som e
p ro p e rty of their brain induced ca n a ri e s
to be left-handed singers,” he told me.
“With other birds the right side is dom-
i n a n t . ” I f b i rds demon s t rated such a
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u n i q u e ly human quality,No t t e b ohm re a-
s on e d ,m aybe the patterns of avian beh a v-
ior would be re l evant in other ways ,t o o.

Ne x t , he tried to fig u re out why male
ca n a ries sing and females almost neve r
d o. To his surp ri s e, No t t e b ohm noticed
that certain parts of the brains in the son g-
b i rd s w e re as mu ch as four times larger in
males than in fe m a l e s . He also found
that if you give testosterone to a fe m a l e
ca n a ry its song nuclei will double in size,
and it will sing more like a male. “T h a t
was a real shock ,b e cause we had all been
taught that an adult brain was supposed
to stay the same size,with the same cell s ,
f o reve r, ” No t t e b ohm said.“It was one of
the few uncontested facts about the bra i n .
So how could it get bigger? That con t ra-
dicted eve rything I had ever learn e d . ”

To study the env i ronmental effe c t s ,
No t t e b ohm com p a red the brains of b i rd s
kept in cages with those of b i rds that
l i ved in the wild. A g a i n , the diffe re n c e s
w e re stri k i n g : a fre e - ranging ch i ck a d e e,
w h i ch has to avoid predators and fora g e
for its food, p roduced larger numbers of
n ew neurons in the hippoca m p u s — t h e
p a rt of the brain that plays an essential
role in the storage of m e m o ries—than a
caged ch i ck a d e e .In cold weather,a ch i ck-
adee becomes desperate for ca l o ri e s ; i t
must eat before it sleeps or it will die. So
re m e m b e ring the many places where it
stashes seeds is of urgent import a n c e .

At fir s t , No t t e b ohm had won d e red if
n e u rons grew in bulk to accom m o d a t e
these ch a ll e n g e s . In 1981, he wrote a

p a p e r, ca lled “A Brain for All Se a s on s , ”i n
w h i ch he speculated that the cells swell
and shrink at diffe rent times of ye a r. B u t
even as he wro t e,he told me,he wasn’t sure
that he was ri g h t .“Damn it, I said,this is
s t ra n g e .I t’s not supposed to happen.We
a ll know that brains in adult animals
d on’t ch a n g e . C e lls die as you get older,
and that’s it. What was going on here ? ’’

For many ye a r s , it had been held as
one of n e u ro s c i e n c e’s basic pri n c i p l e s
that soph i s t i cated animals—and cer-
t a i n ly humans—are born with essen-
t i a lly eve ry brain cell they will ever have .
T h roughout the twentieth century, a t-
tempts to suggest otherwise were dis-
m i s s e d , l a r g e ly because neurons are not
like other cell s .A fter infancy, t h ey don’t
divide and they don’t grow. A l t h o u g h
the process was not fully understood,
b rain re s e a rchers assumed that adding
n ew memories and knowledge re q u i re d
us som e h ow to rew i re the circ u i t ry of c e ll s
that have been in place from the begin-
ning of our live s . But one day in 1981,
while No t t e b ohm was in the show e r, h e
had the type of insight that happens in
b o oks far more often than in life .“I think
I actually said the word ‘e u re k a , ’ ’’ he told
me as we sat in the Rock e fe ller faculty
ca fe t e ria one snowy day last winter. “I
d ried mys e l f o f f and went to my wife and
s a i d , ‘Do you know what could explain
a ll these changes we are seeing? What if
eve ry day new cells are born in the bra i n
and others die? Wo u l d n’t that explain
w hy some birds learn new songs and for-

get old ones? The neurons filled with
old memories could be exchanged for
n ew on e s .’ I thought, M aybe the dogma
o f our lifetime was just com p l e t e ly
wron g.My wife, M a rt a , was ve ry exc i t e d
and urged me to test this idea at on c e . ”

The more he thought about his idea,
the more sense it made. I f, in order to
s u rv i ve the winter, a black - capped ch i ck-
adee had to remember hundreds of
places where it had hidden food, or if a
ca n a ry needed to keep the exact melody
o f a forty-note song in its brain in ord e r
to attract a mate, it might re q u i re more
n e u rons than birds that didn’t have such
d e m a n d s . “The idea that neurons in the
adult brain come and go was con s i d e re d
the view of a lunatic,’’ he said.“I f you cut
your arm ,n ew cells will grow. I f you cut
your bra i n , i t’s going to stay cut. T h a t’s
one re a s on strokes are so devastating and
w hy brain injuries ra re ly heal. Ne u ron s
d on’t come back . But I decided to look
again at that assumption . I have alw ays
been seen as one of those scientists with
good intuition , but one who is mayb e
simple in his appro a ch . Now people
w e re saying my intuition had dried up.
People in my own lab begged me to stop.
I saw the pity in their eye s . T h ey were
s ayi n g,‘Fe rnando has lost it com p l e t e ly.’ ’’

No t t e b ohm needed to prove that
n e u rons were replaced in the adult bra i n .
By the early sixties, t e ch n o l o gy had been
d eveloped to help. When a cell is about
to divide, it starts making DNA . A ra-
d i o a c t i ve hyd rogen molecule attached to
the thymidine needed for cell division
could be injected into a brain cell and be-
c ome a permanent part of the cell ;i f t h e
c e ll divided, the resulting cells would all
be marked as well . In that way, it would
be possible to determine the time and
place of a ny cell born after the injection .
No t t e b ohm and one of his doctoral stu-
d e n t s , St even Goldman, injected bird s
with the ra d i o a c t i ve molecule eve ry day
for a week. Then they waited a mon t h ,
k i lled the bird s , and examined neuron s
f rom various parts of their bra i n s .“Wh a t
we found,’’No t t e b ohm told me,s t i ll shak-
ing his head in surp rise nearly tw e n ty
years later, “was a huge pool of l a b e ll e d
c e lls—and many of the cells were new
n e u ron s . E ve ry bird , young or old, w a s
p roducing thousands of them each day. ”

The discove ry that new nerve cell s
a re generated in an adult bra i n — t h e
p rocess is ca lled neuro g e n e s i s — ove r-
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t u rned a century of s c i e n t i fic theory.
And it has the potential to do mu ch
m o re :i f n e u rons are con t i n u a lly born in
the brain of a human adult, as No t t e-
b ohm discove red they were with ca-
n a ri e s , re s e a rchers might be able to in-
fluence how those neurons develop and
to replace dying and failing cells with
n ew on e s . That would all ow advances 
in the treatment of b rain injuries and
m a ny types of d e g e n e ra t i ve disease.
“That is the Holy Grail for us,’’ said on e
o f No t t e b oh m’s former students,A rt u ro
A lv a rez - B u yll a , who is now a pro fe s s o r
o f n e u ro s u r g e ry at the Unive r s i ty of
C a l i f o rn i a , San Fra n c i s c o.“What we are
talking about is teaching the brain to re-
pair itself with its own cell s . I t’s not
going to be a simple task. I t’s a type of
m a g i c , re a lly, but eve n t u a lly I think it’s
going to be possible. And for that we
should thank Fe rnando and his bird s . ”

Fe rnando No t t e b ohm holds a chair at
one of the nation’s most pre s t i g i o u s

u n i ve r s i t i e s , and his re s e a rch is con s i d-
e red beyond re p ro a ch . “I n t e ll e c t u a lly,
Fe rnando is a free spiri t ,w h i ch is what I
a d m i re most about him,’’E ric Ka n d e l ,o f
Columbia Unive r s i ty, said when I ca ll e d
to ask about No t t e b oh m’s work . La s t
ye a r, Kandel won the Nobel Pri ze for
re s e a rch into how synapses in the bra i n
a f fect learning and memory.“He turn e d
out to be absolutely right about neuro-
g e n e s i s , and it has led to one of the gre a t
p a radigm shifts of m o d e rn biology. ”

Neve rt h e l e s s ,No t t e b oh m’s discove ry
that adult birds give birth to a steady
s t ream of n ew brain cells was hardly
g reeted with jubilation ; Kandel himself
was highly skeptica l . In 1984, No t t e-
b ohm presented his most import a n t
findings to a con fe rence in New Yo rk
s p on s o red by the Institute for Child De-
ve l o pment Research . He demon s t ra t e d
not on ly how ca n a ries produce new neu-
rons but also how those neurons func-
t i on at times when memory was part i c-
u l a rly essential.He also mention e d , in an
offhand way, that if n ew neurons could
i n t e g rate themselves so successfully into
the brains of adult ca n a ri e s ,p e rhaps that
would be the case with humans. M a ny
in the audience were hostile to the idea;
others laughed. Skepticism is the pri m e
c u r re n cy of s c i e n c e, and ch a llenging a
basic belief about how the brain work s
b rought mu ch of that attitude to the

s u rf a c e . R e s e a rchers wanted to know
h ow No t t e b ohm could be sure these
n ew cells were neuron s . The brain is
c omposed mostly of glial cell s — o ft e n
seen as the glue that binds neurons to-
g e t h e r.But there are many types of n e u-
ron s , and it is not alw ays easy for a pro-
fe s s i onal to distinguish between them
and glia, even under a microscope or
a fter using soph i s t i cated labelling tech-
n i q u e s . No t t e b oh m’s colleagues also
wanted to know how he could be cert a i n
that the cells were new, and how they
had managed to migrate from one part
o f the brain to function in another.

T h e re was another, l a r g e ly unspok e n ,
re s p onse to No t t e b oh m’s re s e a rch .“Pe o-
ple basica lly said, ‘E ven if this is tru e,b i g
d e a l . I t’s just bird s . A ll they do is fly
a ro u n d , ’ ’’ C h a rles G. G ross told me.
G ro s s , a pro fessor at Pri n c e t on for thirty
ye a r s , k n ows about the skepticism of
c o ll e a g u e s . He withstood a wall of d i s-
b e l i e f in the late sixties after discove ri n g
the neurons that the brain uses to re c o g-
n i ze faces. “Fi r s t , people said Fe rn a n d o
must be wron g, ’’ G ross told me. “H e
suggested from the start this could have

i m p o rtant implica t i ons for learning and
m e m o ry in humans. But when they saw
h ow convincing his work was . . . p e o p l e
smiled and said, ‘ Old Fe rnando found a
cute thing about bird s .’ ”

One important re a s on for the doubts
about No t t e b oh m’s work was that ques-
t i ons had been raised by Pasko Ra k i c ,
who is perhaps the foremost student of
the primate brain in Am e ri ca . Ra k i c ,
who for many years has been the ch a i r-
man of the neuro b i o l o gy department at
the Yale Unive r s i ty School of M e d i c i n e,
has spent mu ch of his life looking at the
b rains of rhesus mon k eys , w h i ch are
cl o s e ly related to humans; and although
few believed that primates could gener-
ate new neuron s , the pro p o s i t i on had
n ever been tested when No t t e b ohm re-
leased his findings on ca n a ri e s . It didn’t
take long for Rakic to re c o g n i ze the sig-
n i ficance of the studies, t h o u g h . T h e
i m p l i ca t i ons for humans “o f even a mi-
nute turn ove r” o f n e u rons would be
“e n o rm o u s , ” he wrote in a widely re a d
paper ca lled “Limits of Ne u rogenesis in
Pri m a t e s , ”w h i ch he published in 1985.
New brain cells would mean new ap-
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E l i zabeth Gould, with two ofh er ch i l d re n .At Pri n c e t o n ,she pushed the field ofn e u ro genesis furt h er than anyone else had.



p ro a ches to even the most terrible neu-
ro l o g i cal problems and diseases.

Ra k i c’s paper described his study of
the brains of tw e lve rhesus mon k eys
ranging in age from six months to eleve n
ye a r s . He injected each of the mon k eys
with specially labelled thymidine and
then killed them after intervals that var-
ied from three days to more than six
ye a r s . The labelled thymidine all ow e d
Rakic to trace the deve l o pment of n e u-
rons in the brain of eve ry mon k ey he
s t u d i e d ; by foll owing the labels, he was
able to examine more than a hundre d
thousand individual cells in each of
t h e m . The results were not ambiguous.
“Not a single” c e ll with the phys i ca l
ch a ra c t e ristics of a neuron born after in-
f a n cy “was observed in the brain of a ny
adult animal,” Rakic wro t e . A l t h o u g h
he ack n owledged that no biological fin d-
i n g is ever fin a l , he con cluded that the
dogma should stand:by the time a mon-
k ey — a n d , by infe re n c e, a human baby—
is a few months old, it has all the neuron s
it is going to get.

Not long ago, I went to New Have n
to visit Ra k i c . He is sixty - s even ye a r s
o l d , a nearly bald, dapper man with a
wry sense of h u m o r. Rakic has been in
Am e ri ca for years and his English is
fla w l e s s , although he has retained the
accent of his native Yu go s l a v i a . Ra k i c
s h owed me his slides; c e lls from mon k ey
b rains were stored in boxes sca t t e re d
a round his offic e .T h e re were thousands,
a ll neatly labell e d .“You know,I am oft e n
c on s i d e red as the bad guy in this discus-
s i on of n e u ro g e n e s i s , ’’ Rakic said. “Pe o-
ple want the new cells because they think
it offers new hope. And they think I 
am the guy who alw ays says , ‘Read my
lips—no new neuron s .’ But that was
n ever re a lly my position . I did not object
to Fe rn a n d o’s bird s . I on ly objected when
he said that what he saw in ca n a ri e s
could be applied to human beings.”

Rakic says that it makes no biologica l
or ev o l u t i on a ry sense for human adults
to replace the building blocks that pro-
vide their memori e s . “We learn our
m e m o ries and store them in syn a p t i c
c i rcuits and in neuron s , ’’ he said.“I f yo u
replaced them, you would not have
those memories anym o re . I speak with
this accent because I use the neurons that
w e re wired into my brain when I learn e d
h ow to talk. T h e n ,u n f o rt u n a t e ly, w h e n
I learned English as an adult, those neu-

rons were still in con t rol of my voca l
c o rd s . I f I were som e h ow able to re-
place them,as ca n a ries do, I would speak
p e rfect English. But if I then went back
to Europe I wouldn’t re c o g n i ze my ow n
m o t h e r, b e cause the new neurons in 
my brain would never have seen her. ”

Rakic argues that gra d u a lly,over mil-
l i ons of ye a r s , humans traded the ability
to make new neurons for the ability to
keep them. For an adult human to shed
thousands of n e u rons and slip a few thou-
s a n dn ew ones into the same space would
be a bit like trying to rip out two floors of
the Empire State Building and re p l a c e
them bri ck by bri ck without affecting the
rest of the building. “E ven if you could
do it, it would be a Faustian bargain,’’
Rakic said.“Pe rhaps you would get rid of
the neurons that gave you problems and
get new ones that worked ri g h t . And the
p rice for that could be that you—as a
unique person with a unique group of
m e m o ries—would no longer exist.

“You could take a ca n a ry from No rt h-
e rn C a l i f o rn i a , put it in So u t h e rn Cali-
f o rn i a , and the next year it might eve n
sing with a So u t h e rn California accent.
T h a t’s a hell of a tri ck ,p a rt i c u l a rly since
a fter all these years I still speak with a
C roatian accent. B u t , when Fe rn a n d o
stood up and said that even while we are
talking you are making a bunch of n ew
n e u rons in your bra i n , I simply said no,
you don’t . We have never seen that. I t
just doesn’t make sense.”

The issue disappeared after Ra k i c
published his paper, in 1985.He is a

p e r s u a s i ve man, and those who believe d
that adult neurogenesis mattered de-
cided that it mattered on ly in lower ani-
m a l s ,w h e re the complexities of h u m a n
m e m o ry did not exist. By ch a n c e, h ow-
eve r, in 1989, in another labora t o ry at
R o ck e fe ller Unive r s i ty, a young postdoc-
t o ral re s e a rcher in behavioral neuro-
science named Elizabeth Gould, w h o
was investigating the action of s p e c i fic
h o rm ones in the brains of ra t s ,s t u m b l e d
onto something in her re s e a rch that 
d i d n’t add up. Gould had arri ved at
R o ck e fe ller that year to work with Bru c e
M c E w e n ,one of the worl d’s leading ex-
p e rts on how stress affects the bra i n .“We
noticed that if we took the adre n a l
glands out of a rat many cells in the hip-
p o campus ra p i dly began to die, ’’ she told
me not long ago. People with Ad d i s on’s

d i s e a s e, w h i ch is caused by a seve re defi-
c i e n cy of the horm ones norm a lly cre a t e d
in the adrenal glands, s u f fer similar cell
d e s t ru c t i on . “The effect is massive, ’’
Gould said. “You don’t even need statis-
tics to see it.” Ye t , when she counted the
c e lls that re m a i n e d , she could detect no
d e c rease in the number of n e u ron s . Sh e
was stunned.Gould asked herself,“We re
our accounting methods com p l e t e ly
s c rewed up? How could thousands of
c e lls disappear and there still be the same
number as there were before ? ”

G o u l d , who was then tw e n ty - s i x ,
went to the Rock e fe ller libra ry in search
o f s ome precedent for the biza r re effe c t
she had noticed. (This was before the In-
t e rnet provided the most efficient way
for a scientist to rev i ew what had prev i-
o u s ly been published in her field.) “I
h a ve strong memories of sitting in this
ancient ro om ,l o oking through the Index
M e d i c u s , and going back a lon g, l on g
time until I fin a lly found evidence of
adult neuro g e n e s i s , ’’ she said.She found
what she was looking for in a series of
re p o rts published beginning in 1962—
the year Gould was born—by a re-
s e a rcher at M.I.T. named Joseph Alt-
m a n . At the time, the new technique of
l a b e lling a cell with thymidine to deter-
mine the birth date of n e u rons was used
in new b o rn s , since adult animals were
not thought to create new neuron s .B u t
Altman decided to try the tech n i q u e
with adults.He published seve ral papers
in the most reputable scientific journ a l s ,
claiming that new neurons are formed in
the brains of adult ra t s , ca t s , and guinea
pigs—a discove ry that No t t e b ohm later
made with ca n a ri e s . B e cause the tech-
niques Altman used were pri m i t i ve,
h ow eve r, t h ey were open to re a s on a b l e
d o u b t . It was a classic example of a dis-
c ove ry made ahead of its time. At fir s t ,
Altman was ignore d , then he was ri d i-
c u l e d , and fin a lly, a fter failing to re c e i ve
t e n u re at M.I.T. , he moved to Pu rd u e .
With no re c o g n i t i on ,he was quick ly for-
go t t e n .The field almost dried up. A de-
cade later, M i ch ael Ka p l a n , a re s e a rch e r
at Boston Unive r s i ty and later at the
U n i ve r s i ty of New Mexico,used an elec-
t ron microscope to supply more com-
p e lling evidence that seve ral parts of t h e
adult bra i n , i n cluding the cort e x , a l s o
p roduced neuron s . H e, t o o, met re s i s-
tance from re s e a rchers who did not fin d
his work conv i n c i n g. ( “Those may look
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like neurons in New Mexico, ’’Kaplan re-
members Rakic saying at the time. “B u t
t h ey don’t in New Haven.”) Kaplan had
published his findings in important jour-
nals and even suggested a novel way to
test the ph e n om e n on in humans, but he,
t o o, was ignore d , and he left the fie l d .

Gould bare ly knew No t t e b ohm in
1 9 8 9 , although their labs were on ly a few
h u n d red yards from each other. But she
also came across his work in the libra ry,
and suddenly it all cl i ck e d . “I re a l i ze d
what had to be going on , ’’ she told me.
“The brain was making new neurons to
c ompensate for the ones that died.That is
w hy the numbers didn’t ch a n g e . It was so
s i m p l e, but it was one of these things yo u
w e re trained not to think about.” Wi t h
M c E w e n’s support , Gould shifted the
focus of her re s e a rch from horm ones to
n e u ro g e n e s i s . “For a long time, a l t h o u g h
nobody was interested in what we were
doing and we couldn’t get our papers into
f a n cy journ a l s ,t h e re was a sustaining ex-
citement to it,” she said. “I felt that if I
d on’t study this no one else will . It was in-
t e resting and it was potentially ve ry im-
p o rt a n t . But I have to tell you I also en-
j oyed it because the field was so small . ”

For eight ye a r s , Gould ca r ried out her
w o rk on neurogenesis in McEwen’s lab.
In 1997, she moved to Pri n c e t on . Sh e
was thirty - f o u r, with many publica t i on s
to her name; but neurogenesis had on ly
s p o radic scientific support and she was as
far out on a limb as a re s e a rcher can go.I n

little more than three ye a r s ,h ow eve r, s h e
had been given tenure and a full pro fe s-
sorship—a prev i o u s ly unimaginable leap
in her department at Pri n c e t on — h a v i n g
d e m on s t rated with new and more con-
vincing techniques that cells are born in
the brains of adult ra t s . She pushed the
field further than anyone else had. T h e
year Gould arri ved in Pri n c e t on , she re-
p o rted that neurons were produced in the
h i p p o campus of adult tree shrews (which
a re similar to early pri m a t e s ) . In humans,
the hippocampus is the principal are a
w h e re Alzheimer’s disease deve l o p s .

The next ye a r, she published a paper
d e m on s t rating that a New Wo rld mon-
k ey, the marm o s e t , also makes neuron s
as an adult. ( Primates that live in Afri ca
and Asia—places that Europeans had
e x p l o red before Columbus—are know n
as Old Wo rld mon k eys ; New Wo rl d
m on k eys live in Central and South Am e r-
i ca . ) Then she repeated the work using
m a ca q u e s , Old Wo rld primates that 
a re more cl o s e ly related to humans. Fi-
n a lly, in 1999, she and her coll e a g u e s
d i s c ove red that not on ly are cells pro-
duced in the adult primate brain but they
even appear in the neocortex—the most
s o ph i s t i cated re g i on of the bra i n ,w h i ch
is re s p onsible for language and com p l e x
t h o u g h t . It was her most con t rove r s i a l
w o rk and it has yet to be re p e a t e d , b u t
Gould re p o rted that these new cells 
had migrated to the cortex from another
p a rt of the bra i n ,had quick ly deve l o p e d

into mature neuron s , and had inte-
g rated themselves into the circ u i t ry there .

G o u l d ,whose back g round was in be-
h a v i o ral psych o l o gy, also undert o ok a se-
ries of e x p e riments that suggested a
s t rong re l a t i onship between the number
o f n e u rons an animal generates and the
ch a llenges it faces. C e rtain types of
events seem to re q u i re the adult brain to
make more neuron s , and others appear
to prevent that from happening. Sh e
f o u n d , for instance, that a brain needs to
“use it or lose it” — i f n ew cells are not
put to work , t h ey will die more ra p i dly
than if t h ey have a purp o s e . A l s o,
t h rough seve ral studies in which she ex-
amined the effects of s t ress on the bra i n ,
Gould demon s t rated the adverse effe c t s
that social subord i n a t i on or fear ca n
h a ve : expose a rodent to the scent of a
p redator (in this case a fox) and it will
b e c ome so anxious that its pro d u c t i on of
n ew neurons will quick ly fall away. T h e
s t u d i e s , when combined with re s u l t s
f rom others, e choed No t t e b oh m’s earl i e r
re s e a rch with birds and showed not on ly
that new neurons were generated by
adults but that active animals appeare d
to generate more of t h e m .

T h e re was one problem with Gould’s
w o rk , t h o u g h . The results seemed to
c on t radict the theories of Pasko Ra k i c ,
and he has not been reticent about sug-
gesting that Gould’s methods were
fla w e d . D i s a g reement and debate re-
q u i re scientists to repeat their studies;
i t’s a fundamental precept that if yo u
ca n’t repeat something it cannot be taken
s e ri o u s ly.Yet this was debate of a diffe r-
ent ord e r. Ra k i c , a former president of
the So c i e ty for Ne u ro s c i e n c e, is one of
the seminal re s e a rchers in his fie l d . I n
o rder to avoid a clash with som e one so
e m i n e n t , Gould would have had to per-
mit herself to become marginalize d ,l i k e
A l t m a n , or foll ow her predecessor Ka-
plan out of the business. She had no in-
t e n t i on of doing that.

Go u l d ,an animated woman with lon g
d a rk hair, is the youngest tenure d

member of the Pri n c e t on psych o l o gy
d e p a rt m e n t , and among the most prom-
i n e n t . She is sought after by other uni-
ve r s i t i e s , t e a ches what she wants, a n d
this year was able to persuade Pri n c e t on
to buy a four-hundre d - t h o u s a n d - d o ll a r
c on f o cal microscope for the excl u s i ve use
o f her lab. She is tenacious; her third
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child was born last Nove m b e r, and four
d ays later she was standing in Peyt on
H a ll ,l e c t u ring to a ro omful of s t u d e n t s .
Gould grew up on Long Island, went to
c o llege at St .J oh n’s and graduate sch o o l
at U.C.L.A., and then married her high-
s chool sweetheart . (He is a vascular ra-
diologist at a Ph i l a d e l phia hospital.)
When I asked her how she came to select
U . C . L . A .for graduate sch o o l , she re p l i e d ,
not com p l e t e ly in jest, “Good weather. ”
Not until she re c e i ved a Ph . D. , in 1988,
did she think seri o u s ly about an aca d e m i c
ca re e r.“I was not one of these people who
k n ew when they were a little kid that
t h ey wanted to be a scientist,’’ she told
m e . “I was not a person who had som e
quest or problem in my destiny to solve .
B a s i ca lly, I wanted to have a good time.
I hung around the beach , and I thought
p s ych o l o gy was re a s on a b ly intere s t i n g. I t
w a s n’t until I came back to New Yo rk
and I was doing my postdoc at Rock e-
fe ller that I became so consumed by it.”

In most ways ,Gould is a typ i cal bench
s c i e n t i s t : d ri ve n , p e rfe c t i on i s t , a g g re s-
s i ve ly interested in teasing out the most
i n e x p l i cable elements of a complex story.
Yet her rise has not been without com-
p l i ca t i on s . Gould told me that when her
first ch i l d , a girl , was born , just as her ca-
reer was taking off, in 1991, she didn’t see
h ow she could continue to teach . “I had
decided to put her in day ca re and go
right back to work , ’’ she said. “Then she
was born and I fe ll in love with her and I
thought she couldn’t possibly surv i ve
without me. I was at this weird point of
m oving from a postdoc to the junior fac-
u l ty,and I had to write big grants to keep
m oving up, and for a while there I was
just falling apart . My husband was re a lly
g re a t . He said, ‘You know,you worked so
h a rd to get to this point, i f you give up
you are going to be misera b l e . You will
feel like a failure .’ I f he had said som e-
thing else— i f he had said, ‘ O h ,i t’s terri-
b l e, I can see how you fe e l ,w hy don’t yo u
just take a year off ’ — w e ll , that would
h a ve been bad in the end.Bad for me, f o r
my ch i l d re n , and for my work . I would
h a ve never been happy in my life if I had
taken that turn .So I bit the bull e t . It was
h a rd ,but I went back to work . ”

G o u l d’s con t roversial successes do not
a lw ays thri ll her. “You can find yo u r s e l f
thinking about what you should do next
to satisfy your cri t i c s , instead of what is
the most interesting thing you could do as

a scientist,” she told me.“That is the ro u t e
right to death.When you make decision s
about your life based on what the scien-
t i fic com mu n i ty is sayi n g, you should
q u i t . I think about that a lot these days . I
m e a n ,i f you are doing your re s e a rch for
s ome other scientist, w hy even bother?”

Gould has a com p e lling air of d i s-
t racted urgency. She manages to be both
c om p l e t e ly focussed and endeari n g ly for-
getful at the same time. ( “I left my slide
ca r rousel once in a cab in Boston ,once at
a con fe rence in Gre e c e, once in Mary-
l a n d , and once in D. C . I got it back from
the cab in Boston . But losing a ca r ro u s e l
with all your work in it four times is not a
good re c o rd . I took it as a sign.”) Wi t h
the demands of a family, a full teach i n g
s ch e d u l e, and many experiments con-
s t a n t ly in pro g re s s , Gould turns away
speaking engagements by the doze n .Sh e
o ften finds con fe rences a useless distra c-
t i on , and ack n owledges that the politics
o f s u ch events make her queasy—mostly
b e cause she is not one of the boys .It is an
attitude that worries her mentor, B ru c e
M c E w e n . “T h e re is a danger, ’’ he told
m e . “T h e re is the green eye of j e a l o u s y,
and Liz has to face that. I f she were a
p retender on her way up, she would be
d e a d . But she is a full pro fessor and al-

ready widely re c o g n i zed in our fie l d .So I
think she can ride out the opposition . . . .
But I have intended to have a talk with
h e r, at least when her youngest kid is a lit-
tle bit older. B e ca u s e, f ra n k ly, I think she
could be hurting herself. You don’t have
to love it or focus on it, but you have to
p l ay the game you are in. It just gets mis-
i n t e rp reted if you withdra w, and I don’t
want that to happen to her. ”

Gould told me that she isn’t even cer-
tain that she wants to continue with
n e u ro g e n e s i s , and although she would
not say it dire c t ly, Pasko Rakic is cl e a rly
p a rt of the re a s on . When I went to see
Rakic at Ya l e, he spent a long time dis-
puting some of her latest fin d i n g s ; h e
could find no evidence of n e u rons in the
c o rt e x , and he is convinced that Gould
(together with her Pri n c e t on coll e a g u e
C h a rles Gross) made a mistake in label-
ling the cell s . (T h ey, on the other hand,
w onder whether Rakic is fully com f o rt-
able with the com p l i cated new molecular-
l a b e lling techniques needed to do this
re s e a rch.) A week after we met, Ra k i c
t e l e ph oned me. “I wanted to tell yo u
about som e t h i n g, but I didn’t know if i t
was appro p ri a t e, ’’ he said.He went on to
s ay that after consulting with a Yale Uni-
ve r s i ty ethicist he had decided he could
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go ahead.“We examined the slides from
that Gould study and ph o t o g ra phed them
and we did not find new neuron s . I asked
for perm i s s i on to use the slides in a paper
I am wri t i n g, ’’ Rakic told me. “And they
re f u s e d . ” It was an extra o rd i n a ry accusa-
t i on , so I asked Gould about it. She said
that Rakic had asked to visit her lab, b u t
that she was about to deliver her third
ch i l d ,had pre e cl a m p s i a , and thought she
might have to be induced into labor at
a ny mom e n t . So she sent Rakic the
s l i d e s ,a n d ,as is not uncom m on in scien-
t i fic d i s p u t e s ,he interp reted the data dif-
fe re n t ly. (Gould and Gross intend to use
the slides in an art i cle they are writing and
d on’t want Rakic to publish them fir s t . )

That was on ly the latest skirmish be-
tween Gould and Ra k i c . In the fall of
1 9 9 8 , t h ey came close to a ve ry public
s h owd own at a scientific forum in Lo s
An g e l e s . E a rlier that ye a r, Gould had
found neurogenesis in adult maca q u e s ;
Rakic had not. B e f o re a scheduled pre s s
c on fe re n c e, at the annual meeting of t h e
So c i e ty for Ne u ro s c i e n c e, Rakic sud-
d e n ly announced that he, t o o, had dis-
c ove red neurogenesis in Old Wo rl d
m on k eys . Rakic told me that ev i d e n c e
was hard to find because the brain pro-
duced so few of the new cell s . G o u l d
d i s a g re e s , noting that she has found the
ph e n om e n on in ra t s , m i c e, t ree shrew s ,
m a rm o s e t s , and two species of m a ca q u e s
and has never noticed a significant dif-
fe rence in the quantity of n ew cell s .

At Pri n c e t on , Gould shook off s ev-
e ral direct questions about Ra k i c . A fter 
I visited Ya l e, h ow eve r, I asked again
whether she thought his continued skep-
ticism about her re s e a rch was fair. In re-
p lyi n g, she fin a lly permitted herself t o
l o ok back on this steady opposition to
her work . “When I was studying adult
n e u rogenesis in the hippocampus of t h e
ra t , ” she said, “the rat was unimport a n t
[to Ra k i c ] . When we found adult neu-
rogenesis in the hippocampus of t h e
m a rm o s e t , a New Wo rld mon k ey, t h e
New Wo rld mon k ey was unimport a n t .
T h e n , when we studied adult neuro g e n-
esis in the hippocampus of the maca q u e,
an Old Wo rld mon k ey that Rakic has
studied throughout his ca re e r,our meth-
ods were faulty.Then he used these same
methods to demon s t rate the identica l
fin d i n g. Now that we have found adult
n e u rogenesis in the neocortex of t h e
m a ca q u e, it is our methods again.”

Fe rnando No t t e b oh m , who admire s
Rakic and considers him one of t h e
most insightful people in neuro s c i e n c e,
was more dire c t . “Pasko has taken on
the role of h a rd-nosed defender of s t a n-
d a rd s , ’’ he said. “And that’s fin e— i t’s
even warra n t e d . But we have to keep in
mind that he missed this discove ry alto-
g e t h e r. I t’s something he should have
s e e n ,and he just blew it.An d ,f ra n k ly, a s
mu ch as I hate to say this, I think Pa s k o
Rakic single-handedly held the field of
n e u rogenesis back by at least a deca d e .’’

At first glance, San Diego seems a
s t range place to claim as the ca p i t a l

o f Am e ri can brain re s e a rch . It is fill e d
with seals sunning themselves on the
b e a ches and tourists in search of a q u a t i c
a d ve n t u re s .People seem con s t a n t ly to be
h ove ring in the air, hang gliding from
p rom on t o ries above the Pa c i fic Ocean.
When I was there, d u ring the Buick In-
v i t a t i onal go l f t o u rn a m e n t , the conve r s a-
t i on almost eve ry w h e re, as absurd as it
n ow seems, c e n t e red on whether Ti g e r
Woods would get his gro ove back .Ye t ,i f
you ride around La Jolla for lon g,you will
almost cert a i n ly dri ve past the Scri p p s
R e s e a rch Institute or the Salk Institute

for Biological St u d i e s .Neither is far from
Nobel Dri ve or, for that matter, f rom the
B u rnham Institute or the Unive r s i ty of
C a l i f o rn i a , San Diego, w h i ch has one of
the worl d’s foremost centers of b rain re-
s e a rch . In fact, San Diego has far more
than its demogra phic share of m e m b e r s
o f the Na t i onal Academy of S c i e n c e s ,
not to mention Nobel laure a t e s . Fra n c i s
C ri ck , the eighty - five - year-old pre s i d e n t
e m e ritus of Sa l k ,s t i ll shows up at his of-
f i c e .T h e re are also dozens of p rivate com-
p a n i e s s p read along the sun-dre n ch e d
coast with names like Advanced Ti s s u e
Sciences and Ne u rom e .

S c o res of l a b o ra t o ries at unive r s i t i e s
and in private industry are now in on 
the search for the ori g i n s , m e ch a n i s m ,
and meaning of n e u ro g e n e s i s . But if
E l i zabeth Gould has one genuine com-
petitor—and a complete antithesis—
it is Fred Gage, who is co-director of
the La b o ra t o ry of Genetics at the Sa l k
I n s t i t u t e . Wh e re Gould guards her pri-
v a cy and declines inv i t a t i ons to most
m e e t i n g s , Gage is one of Am e ri ca’s
most public scientists.G a g e,who is fifty,
holds one of t h ree endowed chairs at
Sa l k . He is the ch a i rman of the scien-
t i fic advisory council o f the Chri s t o ph e r
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It was our first hom e—
our damp, u p s t a i r s ,
on e - year ae ri e—
a b ove a tree-lined are a
n e a rer the city.

My talkative,u n s u re,
unsettled self
was eve ry w h e re ;
but yo u
w e re the clear spirit of s om ew h e re .

At night
when we settled dow n
in the big bed by the window,
over the street light,
and the first cra ckle of s p ri n g

eased the iron at
the base of the ra i l i n g s ,
u n p a cking cro c u s e s ,
it was
the awkward corners of your snowy tow n



R e eve Pa ra lysis Fo u n d a t i on , a member
o f the scientific steering committee of
the Mich ael J. Fox Fo u n d a t i on for Pa r-
k i n s on’s Research , and pre s i d e n t - e l e c t
o f the So c i e ty for Ne u ro s c i e n c e, a m on g
m a ny similar position s . He is on the ed-
i t o rial board of s c i e n t i fic publica t i on s
ranging from the J o u rnal ofC o m p a ra t ive
Ne u ro l o gy to R e s e a rch and Per s p e c t ives in
Al z h e i m er’s Disease. G a g e’s curri c u l u m
v i t ae lists two hundred and ninety - s eve n
s c i e n t i fic art i cl e s , and it isn’t even up to
d a t e . In com p a ri s on with Gould’s lab,
w h e re just five or six scientists work
cl o s e ly together, G a g e’s labora t o ry at
Salk is a vast scientific field house, w i t h
rev o lving teams of re s e a rchers pursuing
d o zens of p ro j e c t s .

Gage is accom p l i s h e d , but he is also
w e ll known for being well know n .
When I was in La Jolla one day and was
i n t roduced as a re p o rter to a Salk re-
s e a rch e r, she said,“ O h , then you must be
h e re to see Fred Gage.’’ A ra n gy man
with thinning sandy hair and a mu s t a ch e
on the verge of d ro o p i n g, he has the
manner of a mell ow Californ i a n . G a g e
g rew up in Rom e, and he is a descendant
o f Phineas Gage, w h o, in 1848, was a
f o reman on a ra i lw ay - c on s t ru c t i on crew

in Cave n d i s h ,Ve rm on t . One day, an ex-
p l o s i on shot a thirteen-pound tamping
spike into his skull and out again, e n d i n g
up tw e n ty - five yards away after ru n n i n g
t h rough his bra i n . Gage didn’t die or
even become perm a n e n t ly inca p a c i t a t e d ,
but his person a l i ty changed com p l e t e ly
(and not for the better). The accident
t u rned him into the most famous bra i n
patient in Am e ri can history.

In the nineteen-eighties, Fred Gage
l i ved for seve ral years in Lu n d , Sw e d e n ,
w h e re he worked with the scientist An-
ders Björklund on some of the earl i e s t
fe t a l - c e ll - t ransplant appro a ches to tre a t-
ing Pa rk i n s on’s . Fetal cells are fle x i b l e
b e cause they have not yet fully deve l-
o p e d , and it was widely hoped that,on c e
implanted in the bra i n , t h ey would be
able to “ t rain themselve s ” to become the
type of n e u rons that fail in Pa rk i n s on’s
p a t i e n t s .By the beginning of the eighties,
e x p e riments at Lund and at the Ka ro-

linska Institute, in St o ck h o l m ,had dem-
on s t rated that fetal-tissue gra fts could
replace cells that were destroyed by Pa r-
k i n s on’s and other diseases, like juve n i l e
d i a b e t e s ,and that in many cases the gra ft s
could re s t o re the lost function s , at least
t e m p o ra ri ly. Yet there have alw ays been
doubts that placing the cells into such
h i g h ly organized and established cir-
c u i t ry would work .One recent study has
been part i c u l a rly discoura g i n g, s u g g e s t-
ing that transplanted cell s , while ca p a b l e
o f s u rv i v i n g, and even adapting to their
n ew surro u n d i n g s , m ay actually be able
to hijack the bra i n , b e c oming uncon-
t ro lled and malev o l e n t .

Fetal-tissue re s e a rch had obvious im-
p l i ca t i on s , t h o u g h , and the work set
G a g e, and scores of other scientists,on a
q u e s t : H ow could you pro g ram cells in
the brain so that they develop norm a lly
when other cells start to fail? Stem cell s ,
w h i ch are created at the earliest stages of
e m b ryonic deve l o pm e n t , seem to pro-
vide an answer. ( St e m - c e ll science oft e n
e m p l oys fro zen embryos left over from
i n - v i t ro fe rt i l i za t i on , and the field has
b e c ome the most recent battlefield in the
war over abort i on . Within the next few
w e e k s , the Bush Ad m i n i s t ra t i on is ex-
pected to decide whether to all ow scien-
tists to continue using public funds for
s u ch re s e a rch.) A week doesn’t pass
without encouraging re p o rts of the po-
tential for stem cells to treat any number
o f d i s e a s e s . Stem cells can mature into
almost eve ry type of c e ll a human needs,
and the most promising results have
c ome with cells taken from the bra i n .I f
n e u roscientists can make cell s , p a rt i c u-
l a rly new neuron s ,g row in adult bra i n s ,
t h ey should, in theory,be able to find ways
o f getting them to emerge at the ri g h t
time in the right places.That has alre a d y
p roved possible in animals. One Italian
re s e a rch e r,Angelo Ve s c ov i ,a fter extra c t-
ing just a few stem cells from the brain of
a healthy mouse, can now ro u t i n e ly grow
the equivalent of s eve ral bra i n s ’w o rth of
tissue in labora t o ry dishes.

Gage perf o rmed experiments that
d e m on s t rated that age affects the pro-
d u c t i on of n ew neurons in ra t s , and he
also showed that if a mouse has re g u l a r
e xe rc i s e— s omething as simple as ru n-
ning on a device that looks like a minia-
t u re Fe r ris wheel—the number of n ew
n e u rons will incre a s e . Rodents are not
h u m a n s ,t h o u g h , and Ra k i c’s theory that
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w h i ch filled 
the ro oms we made
and stayed there all year with
the burn t - o range lampshade,
the wasps in the attic.

Wh ere is the soul of a marri a ge?

B e cause I am writing this
not to re ca ll our lives 
but to imagine them,
I will say it is
in the first gifts of p l a c e :

the steep incl i n e s
and country silences
o f your boy h o o d ,
the orange-faced narc i s s i
and the whole length of the Black w a t e r

s t rengthening our embra c e .

— E avan Boland



adult neurogenesis is likely to play a di-
minished role in advanced animals was
not encoura g i n g. It was hard to know
h ow to test humans, since re s e a rch e r s
cannot sacri fice them or take slices from
their brains to study under a micro s c o p e .
In 1998,t h o u g h ,Gage and his coll e a g u e s
at Sa l k ,a l ong with a team from Sa h l g re n-
ska Unive r s i ty Hospital,in Sw e d en ,m a n-
aged to use an appro a ch that had initially
been suggested by Mich ael Kaplan in
1 9 8 2 . It was the last piece of the neuro-
genesis puzzle, and in many ways the
most vital.

G a g e’s team knew that many ca n c e r
patients re c e i ve injections of a ch e m i ca l
m a rk e r, b rom o d e ox y u ri d i n e, or Brd U ,
w h i ch all ows cancer specialists to assess
h ow many new cells are being born .
Since BrdU attaches itself to eve ry new
dividing cell , and not just to those with
ca n c e r,G a g e’s team re a l i zed that it could
also reveal whether new neurons are
being form e d . Gage and his group stud-
ied five people between the ages of fifty -
s even and seve n ty - two who had ca n c e r
o f the throat or the laryn x .A fter the pa-
tients died, the re s e a rchers looked for
B rdU in seve ral sections of their bra i n s ,
and found that pri m i t i ve neural stem
c e lls had divided and created from five
h u n d red to a thousand new cells each
d ay.“A ll of the patients showed ev i d e n c e
o f recent cell division , ” Gage said at the
t i m e .“I t’s interesting to note this was not
a part i c u l a rly young or healthy group of
p e o p l e,so new cell growth may usually be
even more prominent than we observe d . ”

G a g e’s study had just five patients, a
number that could not support defin i t i ve
c on cl u s i on s . But the Gage paper, w h e n
added to the earlier primate work of
Gould (and also to that of Ra k i c ,who in
1998 re p o rted seeing new neurons in
rhesus mon k eys ) , unleashed a flood of
re s e a rch ,p o l i t i cal maneuve ri n g, and idl e
s p e c u l a t i on . The implica t i ons were too
p romising to ignore . Neither Gage nor
Gould is a cl i n i c i a n ; their job is to fig u re
out the fundamental principles of s c i e n c e .
St i ll , e a ch re c e i ves scores of messages a
m onth from people who wonder whether
t h e re is a magical elixir that can reverse a
s t roke or save somebody they love from a
d e a dly neuro l o g i cal con d i t i on . At least
one medical group has promoted its
a b i l i ty to grow human stem cells in lab-
o ra t o ry dishes and transplant them into
the brain of a sick person .

“I t’s absolutely heartb re a k i n g, ’’ G a g e
told me. “I get these E-mails asking
whether people should spend fifty thou-
sand dollars on this stuff. And it’s just
t h e ft .We are a long way from that kind of
t re a t m e n t , and I ca n’t give anybody any
re a s on to hope for what may never hap-
p e n . On the other hand, I am not fri g h t-
ened to admit that I believe this inform a-
t i on is going to be useful to sick human
b e i n g s . H ow soon , or for what specific
c on d i t i on s , I cannot say. But I re a lly do
b e l i eve that this will eve n t u a lly work .’’

We had been sitting in Gage’s study,
a b ove his lab at Sa l k . His ph one there
on ly dials out; i t’s the one place where he
can escape the frenzied re s e a rch he di-
re c t s . Outside the window, a c ross the
h i ll s , the sky above the Pa c i fic was fill e d
with the Mylar sails of hang gliders. “I t’s
a s t o u n d i n g, and as we learn more about
basic biology we are going to be able to
take these stem cells and re p roduce the
steps inside them and make them be-
h a ve in a specific way, ’’ he told me. “I t’s
ve ry com p l i ca t e d , but you have to re-
member one thing: the embryo does it.
It develops the whole sys t e m . So if w e
can learn how the embryo does it we
can make something fairly similar to
what is lost in certain ill n e s s e s . An d
when we do that we are in business.”

One morning last winter, I drove up
to Rock e fe ller Unive r s i ty’s Center

for Field Research to see Fe rnando No t-
t e b ohm and his bird s . The center—a
cluster of a u s t e re farm buildings not far
f rom Po u g h k e e p s i e—is an estate that
was bequeathed to the unive r s i ty in
1 9 7 1 .For many ye a r s ,No t t e b ohm share d
it with two senior coll e a g u e s . T h e s e
d ays ,b e h a v i o ral science is not in vogue,
and nobody uses the place except him
and his lab mates. A foot of s n ow had
f a llen the night before I arri ve d , and the
place was silent. As I left my ca r, h ow-
eve r, I heard a muted whirring in the
d i s t a n c e ; it sounded like an electri cal ap-
p l i a n c e . By the time I re a ched the main
h o u s e, the whirring had turned into the
rising crescendo of b i rd s on g.

This is where No t t e b ohm and Ofe r

T ch e rn i ch ovs k i ,who is an assistant pro-
fessor at Rock e fe ll e r, and their coll e a g u e
T h i e r ry Lints are trying to create the
first detailed molecular map of h ow a
b i rd’s brain changes as it learns to sing.
No t t e b ohm and his team are now study-
ing how the brain changes phys i ca lly —
i n cluding an analysis of w h i ch genes are
a f fected and in what way — eve ry time a
young bird opens its mouth.

The lab is filled with sensitive re c o rd-
ing equipm e n t , thousands of g i g a b yt e s
o f c omputing pow e r, s t a cks of c om p a c t
disks onto which tens of thousands of
b i rd s ongs have been re c o rd e d , and a few
d o zen Igloo beer coolers, w h i ch T ch e r-
n i ch ovski has tra n s f o rmed into sound-
p ro o f booths for baby bird s . T h e re are
also a thousand bri g h t - ye ll ow ca n a ri e s ,
and fourteen hundred ze b ra fin ches each
no bigger than a ch i l d’s fis t .M a ny of t h e
b i rds live in ro om - s i ze cages filled with
t rees and a long cuttlebon e, on which
t h ey can sharpen their beaks.

T h e re is no other re s e a rch facility in
Am e ri ca like the field center.“People are
not using birds in scientific re s e a rch
n ow, ’’ No t t e b ohm said, as we stom p e d
t h rough snowd ri fts between his offic e
and one of the main houses. “B e h a v i o r-
ists love ra t s .T h ey can watch them ru n
the maze s ; it gives them lots of n u m b e r s .
T h a t’s the Am e ri can appro a ch ,b e ca u s e
Am e ri cans believe, a b ove all , in statistics.
T h e re is also this feeling that mice and
rats are like little people.

“But I look at it in a diffe rent way, ’’
he con t i n u e d . “What kinds of things 
do animals do in their natural circ u m-
s t a n c e s , what kind of p roblems do they
h a ve, and how do they solve them? For a
b rain scientist like me, that is a mu ch
nicer appro a ch , b e cause brains are not
a ll - p u rpose mach i n e s .T h ey have ev o lve d
to deal with specific existential pro b l e m s :
H ow do you make it through a year with
a ll kinds of d i f fe rent seasons? How do
you claim and defend a terri t o ry? How
do you find a mate? How do you look
a fter your offs p ring? How do you re-
member where you hid your seeds?’’

T h a t , o f c o u r s e, is the leitmotiv of
No t t e b oh m’s ca re e r : you can understand
h ow animals behave, and how their
b rains function , on ly if you watch them
l i ve norm a lly. It has been No t t e b oh m’s
singular perc e p t i on that behavioral analy-
sis a l one would never explain how bird s
l e a rn to sing, and that just examining
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the molecular basis of the cells won’t do
i t , e i t h e r. “Unless you understand the
n e e d s , the habits, the problems of a n
animal in nature, you will not under-
stand it at all , ’’ he said. “Put rats and
mice into little plastic boxes and you will
n ever fully com p rehend why they do
what they do. Take nature away and all
your insight is in a biological vacuum.”

With help from Bell La b o ra t o ri e s ,
T ch e rn i ch ovs k i , a transplanted Israe l i
with a fir s t - rate ear and a deep know l-
edge of c om p u t e r s , designed a pro g ra m
that takes con t rol of what a bird ca n
l e a rn and traces it by the secon d .Fi r s t ,h e
built a soph i s t i cated sound system into a
five - d o llar plastic model of a bird , “ t h e
type you put on a Christmas tre e, ’’ h e
told me. When the baby birds are thirty
d ays old, the re s e a rchers place them in a
cooler with the plastic father, w h i ch is
p e rched in the center of what is essen-
t i a lly a tiny re c o rding studio. The ch i ck s
re s p ond immediately to its son g s .T h ey
q u i ck ly get used to the plastic bird .Tw o
big red keys are at the back of the cooler,
and it doesn’t take long for a young bird
to re a l i ze that it can make the plastic
model sing by pecking on the keys .T h e
c omputer registers eve ry move the bird
m a k e s , re c o rding how many notes it
s i n g s , h ow often it pecks the keys , t h e
exact com p o s i t i on of e a ch son g, and the
v o cal register the bird uses. The sys t e m
then analyzes eve ry note.

T ch e rn i ch ovski whistled a bit of
G e r s h w i n . The computer immediately
re c o rded his ve r s i on of “Rhapsody in
B l u e, ’’ a n a lyzed the vocal pattern s , t h e
n o t e s , the syll a b l e s , and the timing. Su d-
d e n ly, the plastic bird in the middle of
the cage is singing Gershwin. “I f w e
wanted to,we could then have the yo u n g
b i rd learn that son g, ’’ he told me with a
big smile, since Gershwin is a bit too
c omplex for a son g b i rd to master. B i rd s
l e a rn to sing by the time they are tw o
m onths old, but it has never been possi-
ble to understand the process ve ry well .
What is learned and what is pro g ra m m e d
f rom birth? The computer system has fi-
n a lly permitted the team to try to pro-
vide an answer.

“Now, i f we want to say a certain note
was learned at a certain instant, we ca n
take the bird and sacri fice it the secon d
we see him learn that note, ’’ No t t e b oh m
s a i d . “Then we can look at what genes
a re expressed and what cells are there in

the bra i n .We will litera lly be able to pull
those cells out of the brain and say, ‘H ow
h a ve you changed the way your genes
w o rk ? ’That is something we will need to
k n ow if we are ever going to pro g ra m
the brain to make up for its pro b l e m s . ”

No t t e b ohm is delighted—up to a
point—to see that Gage and Gould, a s
w e ll as experts at the Na t i onal Institutes
of Health and in eve ry major center 
o f s c i e n c e, a re now fully engaged in 
the field that for so long was his alon e .
He told me more than on c e— n eve r
s o u rly—that he was surp rised by how
little publicity Rock e fe ller sought for his
re s e a rch . Ne u rogenesis is hardly eve r
m e nt i oned in the unive r s i ty’s bro ch u re s ,
and that also surp rises him. “I have al-
w ays had a passion for cl i n i cal re l ev a n c e, ’’

No t t e b ohm told me as we stro lled from
one ro om filled with ca n a ries to the next.
“I wanted to discover love ly basic things
and I wanted to listen to the music of t h e
b i rd s . But there is so mu ch suffe ring out
t h e re, and it would be so nice to have a
s o l u t i on .Yet I have to admit it’s not quite
as exciting for me as it was. For so lon g,
this field was my back w a t e r, my sandbox .
And I enjoyed it. I saw Eric Ka n d e l’’ —
his friend who had just won the No b e l
Pri ze— “not long ago, and he said, ‘Yo u
must be so happy that all the things 
you said turned out to be tru e, ’ and of
course I am. B u t ,h on e s t ly, it used to be
mu ch more fun when nobody believe d
i t . In science,by the time eve rybody tell s
you it’s true you have to scra t ch yo u r
head and look for another business.” ♦
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“Why do I need to go to Europe when Europe is here ? ”
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