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I n t r oduc t ion

figure 0.1. Don Quixote, by Charles Catania.

Honesty’s the best policy.

— miguel de cerva ntes

 there are two images that hang on the wall of my home 
office. On one side of the win dow is a painting of the HMS Bea
gle from Darwin’s famous voyage, as the ship enters a cove in 
Tierra del Fuego. On the other side of the win dow is a drawing 
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of Don Quixote riding off into the sunset (see figure 0.1, drawn 
by my  father). The images are reminders of the two main ingre-
dients that go into my research. The picture from Darwin’s voy-
age is a reminder to collect data. The picture of Don Quixote, 
who  imagined himself a knight and jousted with windmills, is a 
reminder to keep dreaming. Data and imagination, in proper 
combination, have been key to my life in science.

I never thought I’d have reason to mention  these pictures; 
they are personal reminders of something most scientists sel-
dom discuss or even admit— namely, that  there are two sides to 
the  process of discovery. One side of the  process is the expected 
reliance on hypotheses, method, theory, models, statistics, logic, 
and the like. The other side of the  process is far more mysterious 
and inscrutable. This is the realm of creativity, inspiration, imag-
ination, and the often intangible source of new ideas.

If I had to categorize this book, I would say that it lies 
somewhere at the intersection of  these two diff er ent realms of 
science. It is my best attempt, based on a  career spent making 
discoveries, to distill from the mixture of  these two worlds some 
advice about the craft of  doing science. By the craft of science, 
I mean how to find and solve scientific puzzles while setting 
yourself up for the fun part— eureka moments when nature re-
veals one of her secrets.

I’m keenly aware that suggesting an approach to  doing sci-
ence is a bold  thing. For most of my  career such a proj ect 
would have been inconceivable in the truest sense of the word. 
Inconceivable  because my own work seemed to follow a cha-
otic path of exploration punctuated by luck— hardly a style 
from which to draw lessons. So I should tell you how I got  here 
and why I thought I should write this book.
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The seed for this proj ect was a discovery, actually several 
discoveries, made not in the laboratory, but rather made when 
I de cided to take a break from my experiments to write my last 
book. The book is called  Great Adaptations, and it covers many 
of the studies that I have conducted during my  career. These 
include work on star- nosed moles, shrews, electric eels, snakes, 
zombie- making wasps, earthworms, and even some strange 
traditions practiced by  humans. The prospect of writing a book 
is daunting. Before I started writing I did some homework by 
reading  every book of advice I could find on the subject, includ-
ing William Zinsser’s On Writing Well, Anne Lamott’s Bird by 
Bird, Mary Karr’s The Art of Memoir, and Jon Franklin’s Writing 
for Story, to mention just a few.1

I was surprised to feel an immediate kinship with  these 
writers and a connection to their strug gles.  There’s the ques-
tion of picking the right topic, the mystery of the  process, the 
impossibility of predicting the plot, the idiosyncratic strate-
gies for success, and most especially the ideas that seem to 
come out of nowhere—at least when  things are  going well. 
I experience all of this while  doing science. Even the concept 
of a muse resonates as a  metaphor for  those special days 
when, for no obvious reason, the creative  process kicks into 
overdrive.

Perhaps  you’re skeptical that two such disparate- seeming 
professions could share experiences? Let me give an example 
of what it feels like to solve a difficult puzzle  after a long period 
of concentration:

At one moment I had none of this; at the next I had all of 
it. If  there is any one  thing I love . . .  more than the rest, it’s 
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that sudden flash of insight when you see how every thing 
connects. . . .  I wrote a page or two of notes in a frenzy of 
excitement and spent the next two or three days turning my 
solution over in my mind, looking for flaws and holes . . .  
but that was mostly out of a sense of this- is- too- good- to- 
be- true unbelief. Too good or not, I knew it was true at the 
moment of revelation.

I’ve had that same feeling many times— it’s the very best part 
of  doing science. Except the text above is not from a scientist— 
it’s from Stephen King when he figured out how to finish his 
book The Stand.2

So that was the first discovery— finding that  doing sci-
ence shares a surprisingly deep connection with other cre-
ative arts. Some background reading taught me that  others 
before me had come to the same conclusion, finding parallels 
between  doing science and writing novels or poetry, painting, 
composing  music, and more.3 That was not a disappointment, 
quite the opposite. Knowing that I  wasn’t the only scientist to 
have converged on this point spurred me to explore the con-
nections further.

A  little more sleuthing, this time on the science side, and it 
became clear that many other scientists experience the mys-
terious, inspirational, and often chaotic side of  doing science. 
I’ll let some other scientists speak for themselves— here’s a 
sampling taken from specialists in immunology, biology, neu-
roscience, physiology, and psy chol ogy:

[S]cientists should not be ashamed to admit, as many of 
them apparently are ashamed to admit, that hypotheses ap-
pear in their minds along uncharted byways of thought; 
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that they are imaginative and inspirational in character; that 
they are indeed adventures of the mind.4

— Peter M edawa r

Intuition . . .  is something subconscious, which, all of a sud-
den, comes out of the clear sky to you and is absolutely a 
necessity, more than logic.5

— R ita Lev i- Monta lcini

We seem to forget . . .  that some of the most impor tant dis-
coveries have been made without any plan of research . . .  
that  there are researchers who do not work on a verbal 
plane, who cannot put into words what they are  doing.6

— Curt R ichter

All sorts of  things can happen when  you’re open to new 
ideas and playing around with  things.7

— Steph a ni e K wolek

We believe that such rules as to how science (with a capital 
S) is done, or should be done, are largely fiction, an attempt 
to retrospectively codify a  process that often amounts to 
groping.  There simply are no rules as to how to do science.8

— Dav id Hubel a nd Tor sten W i esel

By some unspoken rule, a scientist’s feeling of awe for the 
natu ral world must be kept  under wraps; to acknowledge 
won der is tantamount to unreason, and therefore treason.9

— Sa r a h Le w is
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 These sound like the musings of poets, not scientists. This 
is not to suggest that scientists  don’t eventually work within 
the confines of a fairly restricted set of rules— what you might 
call the grammar of science. But this rule- governed be hav ior 
may come fairly late in the  process. It all starts with an idea 
about what you might study and how you might study it. To 
return to the writing comparison, or any other creative en-
deavor for that  matter, as I see it  there are two main challenges 
to success. One is mastering technique. The other is coming 
up with good ideas about where and how to apply that tech-
nique. You may stock a lab with scientific instruments, but 
 there is no ideas store.

Tom McLeish puts it concisely in his book on scientific 
creativity,10 suggesting the  process of science has two stages— 
first the conception of an idea, and second the testing of that 
idea. McLeish is quick to point out: “Look up any  popular 
definition of ‘scientific method’—it is exclusively to this sec-
ond stage that it refers.” I’ll add that most books on the topic 
of  doing science also deal exclusively with the second stage, 
leaving out the source of ideas (more on this  later).  Here 
again, a comparison with writers is apt. My favorite quote on 
the topic comes from Stephen King in his memoir on writing: 
“We are writers, and we never ask one another where we get 
our ideas; we know we  don’t know.”11

That said,  whether you are a writer,  painter, musician, pho-
tographer, or other creative artist,  there are certainly some 
best practices that set the stage for the emergence of new 
ideas. Stephen King has much to say on this topic when it 
comes to writing (his muse happens to live in the basement, 
which seems appropriate).
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The same is true for science. One of my main goals in this 
book is to describe some of the ways to set the stage for new 
ideas and discoveries. In my own case, the intellectual leap 
from subjective experiences and muses to the concrete world 
of best practices required turning from Stephen King and his 
fellow writers to the science  philosopher Thomas Kuhn and his 
landmark work on scientific revolutions. I was influenced not 
by Kuhn’s famous account of revolutionary science and para-
digm shifts, but rather by his insightful description of normal 
day- to- day science, which resonated with my own experience 
in the lab. That, along with Kuhn’s interpretation of what moti-
vates scientists and how experiments in a par tic u lar field change 
over time, helped reveal an under lying pattern in the seeming 
chaos of many of my own investigations. The pattern (which I 
describe in chapter 1) is pervasive, at least for me—it underlies 
most of my discoveries.

That is the origin story for this short book— you might say 
my  recipe included a few sprinkles of electric eels, tentacled 
snakes, zombie- making wasps, and star- nosed moles, then I 
added a dash of Thomas Kuhn and a pinch of Stephen King 
and stirred. Many unexpected insights emerged from the stew. 
This book also serves as companion to my previous book, 
 Great Adaptations, giving the “how” for a series of discoveries. 
That said, I had to won der how much of my  process, exploring 
extreme adaptations at the fringes of biology and neurosci-
ence, would be useful in the wider world of science.

 Here again books about writing  were encouraging, this 
time not for their content, but rather for their sheer number 
and diversity. If you do a  little searching, you  will find that 
aspiring writers have vast resources upon which to draw for 
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advice and inspiration—my shelf holds over two dozen books 
on writing. When I asked a friend about their own collection, 
they sent me a photo of their bookshelf  because the list was too 
long to type.  These books are like candy to anyone contem-
plating a writing proj ect.

What could possibly be useful about so many diff er ent per-
spectives on writing? It allows  people to adopt a strategy that 
I believe is key to success in almost  every walk of life. Namely, 
you can learn about the vast diversity of successful approaches 
to a difficult endeavor, reject  those that  don’t align with your 
own skills and personality, and adopt the approaches that 
work best for you. For example, some writers insist that out-
lining a proj ect ahead of time is essential ( Jon Franklin); 
 others reject this strategy as a constraint on the imagination 
(Stephen King). As you might imagine, the pool of ideas for 
how to approach a writing proj ect is broad and deep.

That same selective  process— that is, finding out which 
strategies and approaches work best for you— applies to sci-
ence as well. The prob lem is,  there are far fewer accounts of 
how science gets done. And by this I  don’t mean books about 
data analy sis, framing hypotheses, grant writing, lab manage-
ment, or the statistical basis of experimental design. Many 
such books exist, but they mostly focus on what Tom McLeish 
called the second stage of science— the testing stage. What 
about the more personal account of how scientists come up 
with ideas, approach new prob lems, and stay motivated— not 
to mention what goes wrong and how they fail? I have only a 
handful of such books on my shelf, and it’s telling that one is 
from the 1800s. To mention a few of the few,  there’s E. O. 
 Wilson’s Letters to a Young Scientist (2013),12 Medawar’s Advice 
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to a Young Scientist (1979),13 and Santiago Ramón y Cajal’s an-
cient, but still  popular, Advice for a Young Investigator (first pub-
lished in 1897).14  There is clearly a need for more perspectives 
on how to approach science. Hence my decision to persevere 
and put some of my own practices down for the rec ord.

I  will often compare the  process and experience of  doing 
science with that of writing. Sometimes it’s not a comparison 
per se,  because scientists must write (see chapter 4). But even 
outside the writing domain,  there are many analogous chal-
lenges and solutions shared by  these two creative endeavors. 
I think the ideas are more tractable when you can see how they 
apply equally to such seemingly diff er ent vocations.

At the same time, I  will try to convey some of the specific 
practices and strategies that have helped me to solve scientific 
puzzles, design experiments, make unexpected discoveries, put 
discoveries in context, search for beauty in the data, and deal 
with failures along the way. Although I have included many 
diff er ent examples of studies that support the ideas I  will pre-
sent, the most detailed accounts and the majority of the fig-
ures come necessarily from my own work. I hope it  will be 
obvious from what follows that I am not advocating for a par-
tic u lar approach to something as complex and diverse as sci-
ence. Rather, my goal is to add a  little something to the ideas 
pool. I hope you find something to absorb.

P.S. The QR codes that accompany some of the book’s figures 
link to movies related to a figure or topic. Scan the code with 
your phone (or, in the ebook, click on the code block) to ac-
cess the videos.
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