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          I
n the last chapter of How and Why Spe-
cies Multiply ( 1), Peter and Rosemary 
Grant concluded that “[n]othing in evo-

lutionary biology makes sense 
except in the light of ecology.” 
In Ecological Developmen-
tal Biology, Scott Gilbert and 
David Epel argue that noth-
ing in developmental biology 
makes sense except in the light 
of ecology either.

Traditionally,  ecology—the 
study of the relations of organ-
isms to one another and to 
their physical surroundings—
has not featured prominently in developmen-
tal biology. Yet, as Gilbert and Epel (devel-
opmental biologists at Swarthmore Col-
lege and Stanford University, respectively) 
observe, biologists have known for at least 
a century that ecology is an essential partner 
in development: In 1909, Danish biologist 
Wilhelm Johannsen asserted that an organ-
ism’s appearance, physiology, and behavior 
(that is, its phenotype) derive from an inter-
action between its genes and its environment. 
Moreover, biologists long ago discovered that 
numerous external environmental factors—
such as temperature, diet, physical stress, and 
the presence of predators or competitors—
can alter an organism’s development, often 
by generating a phenotype that is well suited 
for its current environment. For example, 
some plants produce large, thin leaves (which 
enhance photosynthetic photon harvest) in 
low light, and narrow, thicker leaves (which 
conserve water) in high light; certain insects 
develop wings only if they live in crowded 
conditions (and hence are likely to run out of 
adequate food in their current location). Such 
environmentally contingent development is 
so commonplace that it can be regarded as a 
universal property of living things.

The emerging fi eld of ecological devel-
opmental biology (sometimes dubbed “eco-
devo”) explores how organisms develop 
and function in “real-world” environments 
( 2). Analyzing development among diverse 
organisms under different environments is 
a departure from how development has pre-
viously been studied. Traditionally, research 

has focused on a few species (“model organ-
isms”) in the laboratory ( 3). Because devel-
opment was typically studied in uniform envi-

ronments, past research 
fostered the erroneous 
view that environmen-
tally contingent develop-
ment is rare or unimport-
ant. However, knowledge 
of ecology’s role in devel-
opment is essential for a 
complete understanding 
of how organisms develop 
and evolve. Indeed, accord-
ing to Gilbert and Epel, “in 

addition to helping decide the survival of the 
fi ttest, the environment is also important in 
formulating the arrival of the fi ttest.”

Unraveling ecology’s role in development 
is not merely an academic exercise; it is also 
vital for matters of public health. Research-
ers have long known that certain environ-
mental agents (including some commonly 
used household and agricultural products) 
can induce phenotypic variation by altering 
gene expression rather than gene nucleotide 
sequences. These “epigenetic” changes can 
cause diseases such as cancers and diabe-
tes. In addition, because these environmen-
tal modifi cations can be passed stably from 
one generation to the next, conditions expe-
rienced by past generations can profoundly 
infl uence the health of subsequent genera-
tions. Yet, the descendants experiencing 
such health problems may live in a perfectly 
benign environment and have no (apparent) 

genetic predispositions for the disease. Thus, 
by understanding the infl uences on develop-
ment of both present and past environments 
we can gain crucial insights into the causes of 
disease that we might otherwise miss.

Understanding the connections between 
development and ecology is crucial for pre-
serving biodiversity. In a world of increasing 
biological invasions, anthropogenic chemi-
cal use, and climate change, many organ-
isms are experiencing unprecedented altera-
tions to their environment. Such changes can 
cause unanticipated modifi cations to devel-
opment, which can in turn severely affect 
the ecology, and even the survival, of natural 
populations. For instance, the pesticide DDT 
induces thin eggshells in birds, and atrazine 
(the second-largest-selling weed killer in the 
world) can cause sex change in many species 
of vertebrates ( 4). Ecological developmental 
biology is therefore highly relevant to con-
servation biology.

These are propitious and exciting times for 
integrating the fi elds of development, ecology, 
and evolution. Students and researchers are 
fortunate that (in addition to the present vol-
ume) several important books have appeared 
recently, including works by Carl Schlichting 
and Massimo Pigliucci ( 5), Mary Jane West-
Eberhard ( 6), and Eva Jablonka and Marion 
Lamb ( 7). Nevertheless, we have only begun 
to construct an integrated framework. Gilbert 
and Epel acknowledge the arduous task ahead 
and “hope that college students, still relatively 
undifferentiated, will come up with their own 
connections and syntheses and that they will 
see patterns that we haven’t yet imagined.” 
Ecological Developmental Biology will serve 
as an excellent guide for those interested in 
embarking on such a synthesis. More gener-
ally, this lucid and thought-provoking book 
should appeal to anyone interested in under-
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          W
hen I picked up The Age of Entan-
glement, the first thing to catch 
my eye was a quote on the back 

dustjacket, “for a moment I almost thought 
I understood quantum mechanics.” I thought, 
“Oh boy, this could be trouble.” Recollections 
danced in my noggin of uncomfortable con-
versations on crowded airplanes that begin 
with “Oh, you are a quantum physicist?—
Then you must have seen What the Bleep Do 
We Know!” But proceeding through the book, 
my fear was never realized. I instead found a 
witty, charming, and accurate 
account of the history of that 
bugaboo of physics—quan-
tum entanglement.

When I was a graduate stu-
dent in physics, I made the 
decision to spurn a respect-
able career in high-energy 
physics theory (if nowadays 
one can consider superstring 
theory to be respectable) and 
embraced a future in the foundations of quan-
tum mechanics. As Louisa Gilder repeatedly 
points out, in the mid-1980s such a career 
move was considered the kiss of death. At 
that time a respected professor pointedly told 

me, “This foundations of 
quantum mechanics is 
crackpot stuff—you will 
never get at job.” My, how 
times have changed.

There are many books 
out there on the history 
or foundations of quan-
tum mechanics. Some 
are more technical, others 
more historical, but none 
take the unique approach 
that Gilder has—to focus 
on the quantum weirdness 
of entanglement itself as 
her book’s unifying theme and to present it 
in an inviting and accessible way. The Age of 
Entanglement offers neither a technical nor a 
biographical account. Rather, as Gilder states 
up front, it provides a collection of recon-
structed conversations among some of the 
20th century’s greatest physicists. These con-
versations all revolve around the notion of 
quantum entanglement: the spooky, action-
at-a-distance effect predicted by quantum the-
ory but only slowly recognized as the theory’s 
defi ning feature and even more slowly shown 
to be experimentally verifi able.

Your opinion of the book will largely 
hinge on how you react to these reconstructed 
conversations. Concerning one such imag-
ined conversation between Albert Einstein 
and Niels Bohr on a streetcar in Copenhagen, 
Gilder notes, “We know that the conversation 
… happened, because Bohr mentioned it in 
an interview …. The content of the conver-
sation is easy to gather from a look at what 
the three men were working on … around the 
same time.” Rather than provide dry quota-
tions from original sources, Gilder decided 
to weave information from these sources 
into a series of imagined conversations. The 

author offers extensive docu-
mentation for these conver-
sations in the notes, so they 
are not flights of fancy. Her 
technique leads to text such 
as, “ ‘If, however’—and here 
[Einstein] looked straight at 
Heisenberg, who was leaning 
forward in his chair, his pale 
hair shining in the dim room—
‘as is obviously the case in 

modern atomic physics ….’  ” I suppose nei-
ther Einstein, Werner Heisenberg, nor anyone 
else recorded that Heisenberg’s pale hair was 
shining in the dim room, but it makes for a 
good story. For this protocol to work for me, I 
had to fi rst execute Coleridge’s “willing sus-
pension of disbelief ” and then engage Tol-
kien’s “secondary belief.” That done, I was 

enthralled and found the 
book delightful.

Gilder skillfully relates 
the early discomfort 
physicists felt concern-
ing some of the arcane 
predictions of quantum 
mechanics; how Einstein, 
Erwin Schrödinger, and 
others repeatedly distilled 
and titrated their misgiv-
ing until they were able 
in the 1930s to present the 
essence of their fears in 
the form of the Einstein-

Rosen-Podolsky paradox; Schrödinger’s cat; 
and the now famous notion of quantum entan-
glement—spooky action-at-a-distance that 
quantum theory must contain. Much in these 
older “discussions” was familiar to me from 
other sources. What I found most gratifying 
were the studiously documented dialogs of 
of later developments: Bell’s inequalities and 
the consequent experiments, which proved 
that nature is stranger than we can think. The 
details of the story of David Bohm and his 
trials, after constructing a nonlocal hidden 
variable theory, were new to me. The account 
of John Clauser and his cohorts in the race 
to demonstrate (by testing Bell’s theory) once 
and for all that this quantum weirdness did or 
did not exist was side-splitting. An old friend 
and collaborator, Clauser does in fact curse 
like a sailor, as Gilder often has him do. (He 
is a sailor, and I wonder whether the cursing 
or the sailing came fi rst.) I was spellbound by 
the details of the struggles of Clauser and col-
leagues with the massive, punch-tape spew-
ing, “coffi n” contraption clanking away, day 
after day, in the bowels of Berkeley. It is tragic 
that this apparatus now lies in mothballs in 
the attic of LeConte Hall instead of on display 
at the Smithsonian.

Gilder wraps up The Age of Entanglement 
with conversations among younger quantum 
technologists such as Artur Ekert, Nicolas 
Gisin, Daniel Greenberger, Michael Horne, 
Terrence Rudolph, and Anton Zeilinger. As I 
read these pages, I wondered if I should feel 
slighted—there is no mention of me. Then 
I happened upon this description of a col-
league and friend: “Meanwhile in the Sangre 
de Cristo Mountains of New Mexico, Paul 
Kwiat, an endearingly birdlike man in glasses 
and suspenders with boundless energy and 
encyclopedic knowledge, led his team in 
attempting various eavesdropping strategies 
on their Alice and Bob.” Thank goodness for 
small favors, I thought, smiling to myself.   

standing how organisms are built, function, 
and evolve or how anthropogenic environ-
mental change affects the health of ourselves 
and other organisms.   
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