
example. These cells, unique to verte-
brates, originate along the dorsal region of
the developing spinal cord but then mi-
grate to various regions of the embryo.
Their ultimate fate is determined by
where they come to rest. In birds, one sub-
population migrates to the region of the
mouth where the cells help form the beak,
and another subpopulation migrates to
the embryonic heart where the cells help
form the valves. There is also communica-
tion between compartments that keeps
development coordinated. Beak neural
crest cells transplanted from a duck to a
quail will form a ducklike beak. At the
same time, the transplanted cells send out
signals that regulate genes in nearby quail
tissue so that the oddly shaped beak is
smoothly incorporated into the head.
These same processes, by the way, help ex-
plain the variety of beak shapes and sizes
in Darwin’s celebrated Galápagos finches.
The development of di≠erent types of
beak results from di≠erences in the timing
and amount of a signaling protein pro-
duced, but each beak type fits smoothly
into the head owing to communication
between compartments. 

The coordination of developmental
processes is very di≠erent from intelli-
gent design. If we were to redesign the
airfoil of an airplane, we would also need
to redesign the fuselage to attach it secure-
ly. This is intelligent design, where link-
ages are tight and connections inflexible.
But if an embryonic bird carried a muta-
tion a≠ecting growth of wing bones, com-
partmentation and exploratory behavior
would cause the muscles to form and be
innervated and vascularized, and the wing

in turn to be covered with skin and feath-
ers and properly attached to the body.
Here the linkages are loose and the con-
nections robust. It would be very di∞cult
to change the size or shape of a bird wing
if doing so required nearly simultaneous
and independent mutations a≠ecting
bone growth, muscularization, vascular-
ization, feathering, and body attachment.
But facilitated variation implemented
through the coordination of developmen-
tal processes makes such changes rela-
tively straightforward. The mutations
need not even be creative: they need only
elicit the developmental potential that is
already present.

Facilitated variation may sound suspi-
ciously like a theory of “evolvability,” in
which organisms acquire processes and
traits that promote their future evolution.
Such theories are frowned upon by most
evolutionary biologists, because evolution
for evolvability presupposes an unnatural
ability to foresee future needs. But Kirsch-
ner and Gerhart assure us that facilitated
variation has evolved, not for the sake of
evolvability, but because it allows each in-
dividual organism to cope with its own
environmental and developmental acci-
dents. They say that 

organisms are always changing and
responding to change. In the course
of life, they alter their physiological
state and behavior. They have
mechanisms to resist extremes of
temperature, to adapt to variations
in the food and water supply, and
to modify their response to preda-
tors.…Furthermore, adaptability of
the organism is perhaps even more
extensive toward the changing in-

ternal conditions wrought by em-
bryonic development.…Phenotypic
variation, and along with it evolu-
tionary change, is facilitated by
simple regulatory tweaks to exist-
ing physiological and developmen-
tal processes that long ago were de-
signed so that the organism could
adapt to its environment.

As it happens, facilitated variation also
enhances evolvability, but this is inciden-
tal; the distinction is captured in the nice
turn of phrase that “getting better at
evolving is not the same as evolving for
the better.” 

As an evolutionary geneticist, I am as-
suredly impressed with the ability of or-
ganisms to undergo evolutionary change
and occasionally to stumble upon an inno-
vation that is so useful it is retained in the
lineage for millions of years afterward. But
I find it equally impressive that there are
obvious improvements that evolution
seems incapable of bringing about. Darwin
stressed the limitations in his comment
that “natural selection will not produce
absolute perfection, nor do we always
meet, as far as we can judge, with this high
standard under nature.” The vertebrate
eye, wonderful as it is, is far from perfect—
as most readers wearing glasses will agree.
More seriously, I find it paradoxical that a
minimum of 15 percent, and perhaps as
many as 50 percent, of fertilized eggs in hu-
mans, many of which have major chromo-
somal abnormalities, undergo spontaneous
abortion. A reproductive system whose
failure rate would be regarded by any re-
spectable engineer as catastrophic hardly
seems the work of intelligent design, un-
less the Intelligent Designer has a very
high tolerance for abortion.

Kirschner and Gerhart consider facili-
tated variation a major advance in com-
pleting the theory of evolution by means
of random mutation and natural selec-
tion. It may seem odd that the theory of
evolution needs completing. Because Dar-
win published The Origin of Species in 1859,
the field may appear old and mature. This
is a false impression. Even today, in regard
to the origin of species, we have limited
experimental data bearing on the genetic
changes that take place as new species are
being formed. (Despite its title, Darwin’s
book is primarily about the plausibility of
natural selection.)

Evolutionary biology has grown so
slowly because many of its major ad-
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A correspondence corner for not-so-famous lost words

F. Markoe Rivinus requests the title
and the other words of a song he heard
in the late 1950s; he remembers two
lines: “You ain’t no bigger than a bug is
big/ Oh, you cute little thingamajig!”

Harry Goldgar asks if someone can
supply the identity of the “Institute” re-
ferred to in, and a specific origin for, an
“abundantly Googled” cheer he dates to
the 1920s or earlier: “Rooty-toot-toot,
rooty-toot-toot, / We are the boys from
the Institute. / We don’t smoke and we

don’t chew,/And we don’t go with the
girls that do.”

“skywest and crooked” (July-August
2004). Jerry Leath Mills found this ex-
pression in Fred Gipson’s 1949 novel
Hound Dog Man, in an early account of a
raccoon hunt: “that old coon [was] slap-
ping the dogs sky-west and crooked.”

Send inquiries and answers to “Chapter
and Verse,” Harvard Magazine, 7 Ware
Street, Cambridge 02138.
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