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Foreword
"Hey Red, catch this?" Looking up, I spotted the grinning face of John
Philip Trinkaus as he lobbed a hen's egg whose trajectory promised to land as a
yolky splash mess atop a pile of papers on my desk. Happily, I gingerly snatched
the egg in mid-air. I could have hurled the egg back to him but, knowing Trink,
I knew that he would have dodged it and let it splatter against the wall of my
office. Instead I delivered myself of a few remarks that would likely have been
bleeped even on today's TV and radio.
What's this thing with eggs? We were budding embryologists,
predoctoral students in the laboratory of Professor Benjamin Harrison Willier at
The Johns Hopkins University in Baltimore, Maryland. Each of us was engaged
in research on problems that were best carried out on embryos of the common
domestic fowl.
We first met at Hopkins in 1941, when, as graduate students in the
Biology Department, we were assigned as teaching assistants in the Introductory
Biology Course. I had flaming auburn hair way back then, so Trink promptly
identified me as "Red." Trinkaus was then, and ever since has been, "Trink" to
three generations of friends and colleagues. Trink himself was named after a
relative, John Philip Sousa, The March King. Generations of school and military
bands have marched to Sousa's thrilling beat. But Trink marches to his own beat.
And his march has brought him an international coterie of friends and admirers,
earning him international recognition as an outstanding scientist among the
company of scholars known as embryologists.
The egg-tossing incident was an early event in a friendship that has
spanned more than 60 years. I can think of only one scientific colleague, Eugene
Copeland, who has known Trinkaus longer than I. So, it is perhaps fitting that I
should be asked to provide a Foreword to his memoir. This assignment gives me
the opportunity to resurrect pleasant memories of our long association, and, it
provides a venue for me to reflect on the character of Trinkaus the man and the
scientist. Further, it enables me to pay tribute to a cherished colleague whose
friendship I hold dear, and to the embryologist whose contributions to our chosen
field of research have earned my utmost admiration.
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My early encounters with Trink left me greatly in awe of him. When we
first met, his educational experiences had already brought him into intellectual
contact with many distinguished biologists of whom I had knowledge only from
textbooks or from their published papers. In contrast, my education had given me
little or no exposure to scientists of national or international reputation. Could I
ever hope to be accepted into such distinguished company as Trink had already
enjoyed? Indeed, I continue to be somewhat in awe of Trink for, as you will glean
from this memoir, he continues to stand as a person to be reckoned with in our
science. There is clear witness to his remarkable scholarship, notably in that the
National Institutes of Health supported his research well into his years of formal
retirement. This support culminated in a National Merit Award that financed nine
years of support even as he passed into the late seventies of his life.
Trink and I share many personal and professional experiences, the
memories of which are most poignant especially as they relate to our early years
at Hopkins. These memories may also provide insights in Trinkaus's character
that might otherwise escape the reader. In 1941, for example, my fiance, Lilyan
Clayton, then a graduate student at Duke University, needed a job in Baltimore
in order that we could afford married life together. Trink, having multiple
contacts through his political activities, nominated her to a friend at the School
of Public Health at Hopkins who promptly hired Lil as a research assistant on a
project relating to vascular physiology. So, thanks to Trink's help, now we could
count on our magnificent combined monthly incomes of $135 to support us
while I pursued the doctorate.
As Trink describes, after wartime military service, we both returned
to Hopkins to resume graduate study in 1946. Trink meanwhile married his
fiance Galya Ivanovna Gorokhoff. Our families found living quarters in a
housing project in east Baltimore called Armistead Gardens. Soon after, Galya
gave birth to their first child, Gregor. Lil brought Galya and Gregor home from
the hospital in our little Ford coupe, too small to accommodate Trink plus mother
and child. Lil, by that time an experienced mother of two, gave Gregor his first
home bath. Many years later, at Trink's seventieth birthday celebration at Woods
Hole, Lil identified herself to Gregor as the one who taught his mother how to
bathe him. Our lives have been intertwined in similar intimate ways since then.
At Hopkins, we shared relationships, albeit somewhat disparate, with
our doctoral mentor, Professor B.H. Willier. To many, our mentor came across as
stuffy, arrogant, standoffish, uncaring, and unapproachable. This was certainly
my initial impression, which Trink shared. That Trink never warmed to Willier is
clear from this memoir. Eventually, however, I came to a somewhat more
favorable assessment of him. This was thanks to my wife, who, after her first
meeting with Willier, assessed him as a shy and somewhat insecure person who
was not at ease with his students. With this insight, I was able to establish an
informal and moderately comfortable relationship with him.
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Regardless of the nature of their personal relationships with Dr. Willier,
those of his students who survived the rigors of his training have enjoyed a
degree of professional success that has identified them uniquely as Willier's
students. Willier sponsored thirty-four doctoral candidates who, by and large,
have achieved international recognition as teachers and investigators. They have
served as advisers to federal agencies, editors of significant journals, officers of
major professional societies, and so on. It is almost certainly true that none of
Willer's contemporaries, some otherwise more distinguished embryologists than
he, produced as meritorious a generation of students as he did. It is true that, of
all ofWillier's students, only Trinkaus equaled or surpassed his mentor's record
in sponsoring students who have made outstanding contributions to the study of
embryonic development. I think that Trink would agree that he benefited greatly
from his association with the Willier group even though he and Willier were
never close on a personal level. Clearly, Trink had the skill to leverage a less than
optimal personal situation into a triumph.
This memoir is aptly entitled Embryologist. That is what Trinkaus is: a
person who studies the events that lead to the formation of the egg, its activation
and division, and the subsequent events that lead to the formation of a functional
individual from a single cell, the zygote. The sum total of these events is called
development. Development is progressive, each step involving the participation
of processes and conditions established by antecedent steps. The proper study of
development is more than simply the physical description of the progressive
morphological changes that take place as development proceeds. The analysis of
the various mechanisms that drive these sequential morphological changes is of
paramount importance to most experimental embryologists. An experimental
embryologist needs to learn what happens and what causes events to happen. The
experimental embryologist is legitimately concerned with the multiplication of
cells, their movement as single cells and as cellular masses, their organization
into multicellular tissues and organs, their individualization as cells of different
structure and function, the patterns of gene expression that underlie this
progression of events, the physicochemical conditions that elicit or enable these
activities, and so on.
Trink's choice has been to focus on two closely related aspects of
developmental processes. These are, namely, the movement of individual cells
and their integration into morphological patterns, and the mass movement of
cells that create the major divisions of the eventual body plan; i.e., the process
called gastrulation. In this memoir, Trink weaves the story of his contributions
to these areas of study into the fabric ofhis own life story: his loves and families,
the politics and problems of academia, and his concerns and responsibilities as a
world citizen. His account throughout is imbued with his joie de vivre, his loyalty
to his friends, and his disdain for pretentiousness and hypocrisy. I trust that you
will find these aspects of his story as fascinating as I do. I also hope that you will
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gain a full appreciation of the man as a scientist, and that what I have to say will
be meaningful in this context.
Understanding the way embryonic cells move, coordinate their
activites, and assemble into tissues and organs, has been the center of Trink's
life-work. Indeed, his earliest studies, even as an undergraduate, were concerned
with motile cells. Among the most motile of cells in the vertebrate embryo are
those that arise from that part of the primitive central nervous system called the
neural crest. Throughout his career, Trink has been concerned to a greater or
lesser extent with those derivatives of the neural crest called melanoblasts. These
are stem cells that give rise to pigment-producing cells called melanocytes, cells
that produce pigment granules that give color to skin, feathers, and hairs, or that
aggregate to form colored assemblies. Trink "cut his teeth" in research on
problems of the genetic control of pigmentary patterns in a fish. His continuing
interest during later years in the role of melanocytes in the realization of
pigmentary patterns is amusingly described in his account of the dramatic
assembly of migratory melanocytes in the yolk sac of the blennie, a marine fish
that he studied in a marine laboratory in Roscoff, France, toward the end of his
career.
For his doctoral research, Trink studied the formation of pigment
patterns of feathers in the Brown Leghorn fowl. As you read, you can suffer with
Trink through the vicissitudes that assailed him throughout this study. Despite
some early setbacks, his work was successfully completed. He found that the
same line of stem cells give rise to melanocytes that produce either red or black
pigment granules. Further, he found that individual melanocytes produce either
red or black granules but not both. Finally, he showed that the developmental
history of the site to which they migrate and the amount of estrogen available at
that site determines whether melanoblasts differentiate into red or black
melanocytes. I consider this thesis to be an important piece of work, for it gave
new insights into the way in which a cell's chemical and physical environment
affects the pattern of its differentiation. Indeed, at Hopkins, it would not have
served as a doctoral thesis if it did not contribute significant new knowledge to
our understanding of the factors controlling pathways of cellular differentiation.
In the account of these early studies, we find signs of the remarkable
powers of observation that have laid the foundation for Trink's subsequent work.
One of his greatest pleasures was and still is watching the behavior of cells with
the aid of a microscope. As you will find upon reading the memoir, and, as he
quotes from Yogi Berra, "You can observe a lot by just watching." Observing
cells in their minutest detail, and recording every aspect of their behavior, alone
and in contact with other cells, has occupied his interest throughout his
remarkable career, which has now included seven decades of the twentieth
century and one in the twenty-first century (so far). Moreover, he has shown an
outstanding ability to integrate the results of his own work with results revealed
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by his critical examination of all aspects of the behavior of cells in development,
whether from his own laboratory or from that of others.
The measure of his scholarship can be appreciated from the analysis of
almost any of his published papers. He clearly asks penetrating questions about
the mechanism whereby cells move, how they interact with their neighbors, and
how their movement is affected by the topography of the substrata on which they
lie. With critical insight, he recognizes the crux of the problem he is attacking,
and mobilizes to its solution the results of his own meticulous observations as
well as those of other investigators. As I write, Trink continues to write too, and
to ponder his observations of cells, particularly those of his favorite organism,
the killifish, Fundulus heteroclitus. Significant papers have emerged from his
laboratory often since his formal retirement in 1988.
But, one need not review his postdoctoral papers and those of his
students to gain an appreciation of the way Trink goes about science. The
catholicity of his knowledge about cell behavior and his ability to mobilize it to
the solution of important problems is brilliantly attested by his now classic book,
Cells into Organs, the second edition of which was published in 1984. The value
of this work transcends time. This book is truly a tour de force. Trink's enduring
fame and respect could rest on this accomplishment alone, had he been satisfied
to drop his beloved laboratory research after completing this book.
What has fascinated me most in following Trink's research career since
we were students is what I like to call the "Saga of Gastrulation." This is a story
of epic proportions, developed over many years, that reveals the mechanisms
whereby the embryonic body of the fish emerges from the fertilized egg. The
zygote of Fundulus begins its development as a single cell, like a protoplasmic
bump containing the zygotic nucleus sitting atop a round mass of yolk. The
membrane that covers both the yolk and the nucleated cell is continuous.
Cleavage of the cell does not divide the yolk, but gives rise to a population of
cells over the yolk as the embryonic body emerges. Analysis of the mechanisms
whereby the blastoderm envelops the yolk has involved microsurgical
manipulation, light and electron microscopy, electrophysiology, techniques for
measuring forces exerted by embryonic cells, and the application of results
gained from many observations of cellular behavior from his own and other
laboratories. In this memoir, you will find insights into the way in which Trink
and his co-workers identified the problems of gastrulation and the clever ways
they devised to solve them.
Trink writes eloquently and at some length of his study of gastrulation,
so I shall comment only on two aspects of his work that I find particularly
perceptive and exciting. The first of these is the identification of the yolk body
as a syncytial cell, appropriately called the yolk cell, the multinucleated portion
of this large cell underlies the cellular blastoderm and precedes the advancing
edge of the blastoderm in gastrulation. The second of these is the discovery that
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endocytosis diminishes the yolk cytoplasmic layer in advance of the
blastodermal margin during epiboly. Endocytosis is an unusual and fascinating
morphogenetic mechanism. Trink and his co-workers analyzed this mechanism
in meticulous detail utilizing modem imaging techniques.
Trink's claim to recognition as a scientist is further supported by the
role he played as mentor of generations of outstanding teachers, investigators,
and scientific administrators. Indeed, replies from all of whom I have inquired,
by and large emphasize Trink as mentor and exemplar of devotion to scientific
rigor. This role, combined with outstanding teaching and writing, will provide
enduring inspiration to students for generations to come. My discussions with
Trink reveal that he regards his greatest contribution to science to be his
performance as a teacher and an inspiration to future generations of
developmental biologists. The loyalty, respect, and gratitude of his students,
undergraduates, doctoral candidates, and postdoctoral associates was
dramatically revealed at the "Trinkfest," held at the Marine Biological
Laboratory in Woods Hole, in honor of his seventieth birthday. Organized by
former students and friends, it attracted an international group of celebrants,
from the working scientific community, plus a large number of former
undergraduate students, who gave outstanding tribute to Trink as an inspiring
teacher and advisor.
Before we canonize Trinkaus to some kind of scientific and pedagogical
"sainthood," it is probably appropriate to recognize that there are some, not
many, to be sure, who have less than complete admiration of him as a person and
as a scientist. There are those who would condemn him for some unconventional
aspects of his life style, particularly from his younger years. For his way of life,
Trink makes no apologies, nor does he need to. He is an honest man! There are
those, too, who take offense at his outspoken judgments of others that he thinks
are being less than honest in their own self-evaluations. Too, there are those who
are the recipients of adverse criticisms of their scientific work. Trink is, like the
rest of us, sometimes wrong in his judgments, but he makes them honestly and
in the interest of "having it all out on the table" for all to see. Trink has a
compulsion to expose what he judges as error, what he sees as pretentiousness,
and cant. Some would want him to be more diplomatic in expressing his
evaluations of others, both in their science and personal lives. Diplomacy has not
generally been Trink's way. Where science is concerned, however, thoughtful
criticism, however seemingly harsh, should be evaluated honestly and not be
perceived as a personal attack; rather, as a method for establishing the truth.
As one looks over Trink's career, as revealed in this memoir, it is clear
that he has had a life that many might envy. When you read of his experience as
Master of Branford College, and the many perquisites attending this position,
you might ask, "Why couldn't I have had such an opportunity?" You might wish,
too, that you had been rewarded with as many opportunities to travel and to meet
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and interact with an international coterie of scientists and notable public figures
such as Trink has enjoyed. The fact is that Trink worked hard and planned well
to gain these opportunities, enjoying life all the while. Envy, if it exists, should
be replaced with admiration.
John W. Saunders, Jr., Ph. D.
Emeritus Professor of Biology
The State University of New York at Albany
Waquoit, MA
September, 2002
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Editor's Preface
I first met J.P. Trinkaus on a warm autumn afternoon in New Haven, in
1964. At the time, I was completing my undergraduate work at Johns Hopkins
and was looking at graduate schools. I had been inspired to become a
developmental biologist by one of Trink's scientific competitors and friends,
Malcolm Steinberg, who was at that time a faculty member in the Biology
Department at Hopkins. I was fortunate enough to have had the opportunity to
work in Mal's lab, where he set me to work learning to dissect pigmented retina
from the eyes of 6-day-old chick embryos cleanly enough to produce pure cell
populations. This assignment was my first real exposure to an active laboratory
in developmental biology research and I was having the time of my life. Malcolm
knew Trink's style well and knew my idiosyncrasies from our interactions. He
suggested that I interview with Trink to see if he and I would be compatible. So
off to Yale I went to have a look at the Department of Biology and to meet Trink.
I walked around the campus a little, being suitably impressed by the
imposing gothic buildings. Yale was a huge university compared to my relatively
cosy undergraduate experience. I can remember being a little intimidated and a
lot impressed. I met with Professor E.J. Boell, who used his elegant verbal style
and stentorian baritone voice to describe Yale's virtues. Professor Boell's style
and tone brought to mind then Senate Minority Leader Everett M. Dirksen. Then
it came time to meet with Professor J. P. Trinkaus.
Professor Boell introduced me to him. Professor Trinkaus told me to
call him Trink and welcomed me, motioning for me to sit down on a couch facing
his desk. He was dressed in a pair of dark gray slacks, a white shirt, and a long
black knit tie casually knotted loosely at his open collar button. He sat down at
his desk, propped his feet up on his desk in a relaxed way and asked me to tell
him about myself. He smiled often and warmly, laughed at my jokes, and made
me feel comfortable. I knew immediately, from his informal style, and from the
warm reception that he gave me, that I liked him. He had an ingratiating way of
making me feel much more significant than I was. He also described his
philosophy of training graduate students, basically giving them tremendous
latitude in the choice of research projects, as long as it was in his general area of
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expertise. I had read many of his papers and the papers of some of his wellregarded students with great interest in the intimate Biology Library in
Merganthaler Hall at Hopkins. At the time, I was intrigued by cell sorting in
mixed cell aggregates (Steinberg's influence) and issues of how changes in cell
adhesive and motile behavior drove early morphogenetic cell movements. Trink
was certainly expert in those areas. At the time, I imagined that I knew what I
was doing in science and had some specific ideas about research projects to
pursue in graduate school. I don't think Trink was impressed by my ideas, for
they were pretty simplistic, but he had a wonderful way of reacting to my naivete
that made me feel valued and significant. I think he liked my chutzpah. He spoke
to me as ifl had said something important. His voice had a timbre that conveyed
enthusiasm and optimism. I decided about 15 minutes into the hour-long
interview, that, if accepted, I would come to Yale to work with Trink. It was a nobrainer for me.
My career as a graduate student at Yale was difficult. I arrived thinking
that I was the best thing since sliced bread, but soon realized that I was
somewhere near the bottom of the heap of my cohort of new graduate students.
They all seemed smarter, more competent, polite, politically astute, and
disciplined. I quickly found myself quite intimidated by the competition. I started
working in Trink's lab my first semester at Yale, mostly making messes in the lab
and invading the personal space of other students. I casually used Kimwipes
(wiping tissues) from one student's "personal" box. It never crossed my mind
that anyone would even think of having a personal supply ofKimwipes. In spite
of myself, several other veteran graduate students seemed to appreciate my spirit
and sense of humor, and they treated me very well, indulgently helping me learn
some discipline. Professor Boell gave me several much-needed talks about
"collegiality" and "departmental citizenship." I would meet with Trink only
rarely, to describe what I was up to. He would listen, make me feel like I was
important again, and wisely pique my interest in studying amphibian
gastrulation, a topic that came to consume my scientific interests for my entire
research career. He saved me from myself on more than one occasion and was
crucial in keeping me from being expelled from Yale (seep. 256). Finally, thanks
to help from many excellent peers (who came to Yale because Trink was there),
and my mentor's deft guidance, I was able to produce a satisfactory dissertation.
I got the only two academic positions I have ever held because ofhis and Yale's
reputation. Over the years, I always enjoyed reconnecting with him. He was
always enthusiastic, supportive, had good suggestions, and made me feel
welcome.
I had read both editions of his book Cells into Organs quite closely,
mainly searching for good research problems. In 1998, I telephoned him to urge
him to produce a third edition of this important book. He was not enthusiastic
about my suggestion because he wanted to focus his few remaining years to
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continue his research. He also mentioned that he felt out of touch with some parts
of the rapidly growing field and that Prentice-Hall was not eager to publish a
third edition. I told him that I had an idea. I suggested that members of his
extended scientific family should update his second edition of Cells into Organs,
co-authoring new chapters with Trink. It seemed to be a good way to honor him
for all that he had done for the world of developmental biology. By that time, I
was head of a small but lucrative publishing company of my own, and indicated
interest in publishing such a work, assuming that Prentice-Hall would turn the
copyright back to Trink. He was a little interested in this idea and told me that he
would think it over.
About a month later, he wrote to me declining my suggestion, saying
that he wanted to complete several areas of research and publish the results as his
last papers before he died. He was more interested in his beloved research of
Fundulus than receiving further accolades. I accepted his decision but wondered
how, after so many years of research, he was still able to muster enthusiasm for
being at the bench. I pulled out a thick file of his reprints that I had gathered over
the years and noticed that he started publishing in the late 1930s. I started
counting the decades. Including the '30s, he had published in seven decades, and,
if he continued to publish after 2000, he would have published in eight different
decades. I suddenly realized that he was a true scientist, who was interested in
solving complex problems. I felt tremendous admiration for his attitude. As I
thought more about his life, I realized that his scientific career was a link
between the classical period of embryology and the modem molecular biology
that has been applied with such spectacular success to problems of
developmental biology. I also realized that he had led a truly interesting life that
merited a short memoir. I immediately knew that I wanted to convince him to
write a memoir and that I wanted to publish his book. He was
uncharacteristically unsure of himself in this different kind of writing. I reassured
him that he should just write his life down and we would worry about the details
later. Finally, he agreed to write this memoir. We worked up a contract, I sent him
a small advance against royalties, and he set to work.
While he was writing, my publishing enterprise had fallen on hard times
and my professional situation had undergone some dramatic changes. Trink was
understandably concerned about the limited amount of time he had left before he
died. I was slow in moving the publishing project along and he expressed his
concern in his characteristic direct style, saying, "I want this thing published
before I die." I wrote him a long apologetic letter saying that I just could not pick
up the pace and explained the reasons for the delay, offering him freedom to take
back the manuscript and try to get some other publisher to publish it instead of my
company. In a recent letter, he declined my offer, saying that he wanted me to
continue as his editor and publisher and that if he died before I got around to
publishing his memoir, then so be it. J.P. Trinkaus was a smart, compassionate, and
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loyal man. His confidence in me once again made me feel important, and lit a fire
under me. My intuition about Trink, on that fall day in 1964 in his office in New
Haven, 38 years ago, was correct. I sensed on a deep emotional level that I would
derive life-long benefit from learning from him. His intuition about me, that my
skills and enthusiasm could be cobbled into producing a decent dissertation and
scientific career, also turned out to be true. He was like a good father to me. My
efforts on this memoir are my own way of saying, "Thank you, Professor
Trinkaus." The result, Embryologist, is before you. I hope you find as much
pleasure in reading his memoir as I did while contributing to its emergence. My
only regret in this entire undertaking is that Trink died before the book was
published. He did see the fmal version of the text and expressed pleasure about
the outcome. R.I.P. old friend.
Kurt E. Johnson, Ph.D.
Professor of Anatomy and Cell Biology
The George Washington University School of Medicine
Washington, D.C.
March, 2003
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THE BAD BOY BEGETS THE BIOLOGIST

One lovely summer's day a few years ago looking up from my
microscope, I found myself gazing vacantly at the Woods Hole Harbor and the
adjacent islands. My mind wandered. Here I was, an old man of 81 years, still
operating on the same gorgeous fish embryos in the same cosy laboratory right
at the edge of the same inviting sea. Those beautiful embryos are so transparent
that one can actually watch individual cells moving from one site to another
inside them. I have had a good life studying these exquisite creatures, and others,
trying to unlock some of the secrets of their early development; and, I have
succeeded often enough to keep me motivated. How does a single egg cell first
form an embryo with many similar cells that then form distinct differentiated
cells constituting organs-muscles, bones, a liver, a brain, eyes, and genitalia?
My story is a tale of love of science, in particular embryology, of ideas and
planning and serendipity, of discovery and failure and yet discovery again. It is
also a tale of camaraderie and human warmth. In essence, my long life has been
one of frequent great fun, relished and lived fully.
Thus, when a former student suggested that I write a memoir, to get my
experiences all down, I decided that I should do just that. At first, I was
uncharacteristically unsure of myself, in as much as all of my previous published
work had been scientific and technical. Some of my former students encouraged
me, telling me to "Just write it all down. We'll help you polish it, once you have
a rough draft." They have had a hand in this collaborative project, just as I had a
role in their development as scientists. This memoir has become a cooperative
project, just the sort ofthing I have cherished most about my life in science. In
it, I will try to convey the excitement and joy of scientific inquiry and make sense
of what happened to me and why it happened. Along the way, I will describe
some of the complex social interactions and the good fortune and good luck that
have enriched my life. I should begin at the beginning.

EMBRYOLOGIST
Ancestors
My paternal grandparents, Johann Philip Trinkaus and Amalia
Quittmeyer emigrated from Frankisch Brensbach, a small town in the west of
what is now Germany, almost 150 years ago. Apparently my great-grandfather
Johann Peter Trinkaus was an artisan, the village blacksmith, who did various
kinds of ironwork in the village. Johann Peter's father, Johann Wilhelm, and his
father before him, going back to the seventeenth century, were also blacksmiths.
My mother's grandparents came from Stettin, which became part of Poland after
World War II, and were teachers in a Hochschul. Although many Americans and
even some Germans like to add an h to the name Trinkaus after the k, it doesn't
belong there. Trinkhaus is a saloon. Trinkaus means "bottoms up," certainly a
merrier nameplate.
I never met my grandfather, Johann Philip. Members of my family told
me that he emigrated from Germany in 1854, at the age of 16, to avoid being
drafted into the army. In this he was like several of my later students who were
also avoiding the draft during the war in Vietnam. My grandfather carried on the
metal-working tradition by becoming a steelworker. Of great interest to us all,
Johann Philip had a sister, Elizabeth Trinkaus, who married a Portuguese
gentleman, Antonio Sousa, and they, like my parents, named their son John
Philip, after my grandfather, his uncle. I actually met the famous "March King"
when he was very old and I was a youngster in the school band. I remember a
large, ornate, dark mansion on the north shore of Long Island with a long, treelined driveway leading me to meet a kindly old gentleman with a closely cropped
white beard. Mr. Sousa wrote a few lines of The Stars and Stripes Forever for his
awed second cousin. That treasured slip of paper has long since disappeared but
not my memory of this grand event.

Family and Home
My father, Charles Edward Trinkaus, was born in 1875 in Bridgeport,
Connecticut, then a prosperous small manufacturing city. My mother, Franciska
Magdalena Kriiger, was born in 1885 in Brooklyn, New York, the daughter of
Hermann, an accountant. My father became a salesman for the John Hancock
Life Insurance Company and made a moderate living at it. My mother became a
housewife after marriage. Although my parents were not at all affluent, there was
sufficient income to provide us with a small house and yard, and adequate food.
Sunday lunch in fact was quite sumptuous. We all were decently clothed and
generally in good health. We even had a car. Hence, in contrast to most people in
the world, our physical needs were fully satisfied.
Some of my relatives are worth mentioning because they were rather
important to me. Uncle Henry, an older brother of my father, was a Methodist
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minister and very close to my parents. Indeed, he officiated at their wedding. He
was intellectually vigorous, an independently minded gentleman who was quite
fond of me, as I was of him. It seemed that often when we visited Uncle Henry
and Aunt Amalia, they were in a different parsonage in a different town. I always
suspected that he was too independent politically for his church. Uncle George,
my father's younger brother, and also close to my parents, was a musician,
orchestra conductor and composer, a graduate of Yale College and the Yale
School of Music. He was quite a distinguished composer and a jolly, funny man.
His daughter Ruth tells me that she and her sisters still receive royalties for his
music. We children liked to see Uncle George. He was much fun. In addition, I
liked one of his daughters, dear cousin Ruth. She was exceptionally pretty and
we played house together quite innocently at family gatherings. I had a crush on
her about seventy years ago.
I was the third of four boys. My parents' first-born child, a girl, died in
infancy, still an unfortunately common heartbreak in the early years of the
twentieth century. I don't know anything about the circumstances surrounding
her death. In my German-American family, heartbreak was endured without
discussion. My oldest brother, Charles Edward, named after our father, was born
in 1911 and, being almost seven years older than I, is only a dim memory from
my earliest years. When I was in my teens and throughout college, however, he
became quite important as an intellectual role model. The next oldest, christened
Wilhelm Kriiger, was born in 1914, at the beginning of the First World War. Bill
and I were quite close during my early childhood and, in spite of the four-year
age difference, played a lot together. My parents changed his first name to
William as the First World War dragged on, after they were asked with pointed
curiosity whether Wilhelm K. Trinkaus stood for Wilhelm Kaiser Trinkaus. The
K was easily explained as the initial for our mother's maiden name, Kriiger, but
in light of that era's virulent anti-German sentiment, my parents decided William
would be easier on my brother. I was born May 23, 1918, toward the end of the
First World War, and named after my grandfather Johann Philip. I was the third
in line. My younger brother, David George, was only two years younger than I,
and a frequent playmate (Figure 1.1).
My parents were not well-married. Nevertheless, they provided well for
us in many ways. We boys already sensed tension between them as we were
growing up. In those days divorce was unthinkable for a respectable, middleclass, white-collar, Protestant couple like my parents. Besides, they had a
common project-raising a family. My father was a pleasant, rather meek man
who was kindly and took his parental responsibilities seriously. Although he
never seemed to take much of a leadership role, he did not spare the rod. I recall
his threats to use his razor strop on me when I was too obstreperous, which was
often. My mother, in contrast, was dominant, opinionated, driving, and
intelligent. Both parents were puritanical, earnest Republicans, and devout
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Methodists. They were, by and large, typical bigoted WASPs-anti-Semitic,
anti-foreign, and vehemently anti-Catholic. They always referred to Catholics as
Roman Catholics. Curiously, they didn't say much about blacks (called negros in
those days). I guess they were too low on the social scale to be considered much
of a threat. Anyway, there were not many in our town. My puritanical mother was
against a lot of enjoyable activities, but her particular enemy was drinking. She
was an active member of the Woman's Christian Temperance Union (WCTU),
and eventually rose to become President of the New York State Chapter. What a
waste of ability and energy! My mother's reaction to alcohol possibly piqued my
interest in the grape. Although I don't think I have led a besotted, dissolute life,
I haven't been exactly a teetotaler either. I enjoy drinking and (especially in my
youth) did my fair share of carousing. I still enjoy a good Scotch whiskey before
dinner and a beer in the evening.

Figure 1.1. My younger brother David, at seven years old (right)
and I, at nine years old (left).

My mother's drive and self-righteousness were obviously something to
contend with for all of us, particularly our poor father. He was the standard henpecked husband. My mother often yelled at my father about seemingly trivial
things and was a terrible back-seat driver. We often were sorry for him but felt
powerless. I personally mostly ignored her, but I'm not certain it was so easy for
my brothers. Our father would often escape outdoors to tend his garden and to
listen to broadcasts of games of his beloved Brooklyn Dodgers on a little radio
with a long extension cord. Later on, when growing up, if I was in doubt as what
to do in a particular situation, I frequently thought of what my mother would
advise and then did the opposite. Quite often this ploy worked. The difficulties
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posed by my mother's dominating ways and her endless disputes with my father
did not bother me much. They certainly did not interfere with my having a happy
childhood. Moreover, I have rarely thought about this family tension as an adult.
I was the fourth born (third living) and was quickly followed by my younger
brother, David. I think I benefited from some (benign) neglect. My oldest
brother, Charles, in contrast, felt the need to visit a psychiatrist frequently when
he was in his twenties in New York City while a student at Columbia University.
One result of this was to put the blame on our mother. The main effect on Charles
was to provide him with a serious understanding of psychoanalysis. I didn't
notice any change in his impatient, short-tempered behavior. I think he wasted a
lot of time and money on his bouts with psychoanalysis (a pseudoscience with
lots of untestable hypothetical constructs and few controls- almost a religion,
really). As he aged, Charles mellowed considerably and was always warm with
me.
Our mother's mother, Grandma Kriiger, lived with us. When we boys
discovered that her maiden family name was Hirsch, we would occasionally
inquire with a twinkle in our eyes whether she was part Jewish. She protested
vigorously. I don't recall that the rest of the family was particularly anti-Semitic
but Grandma Kriiger certainly was and said so. Many years later when some of
my many Jewish friends and colleagues got wind of this, I took a certain amount
of razzing, but was grudgingly treated as a member of the tribe.
In spite of the difficulties in their marriage, our parents managed to be
good parents. We boys all had good childhoods, as far as I know. I certainly did,
and we all went to college to complete our general education. I say "to complete"
because our local public schools were so backward in the teaching of math,
science, history, and writing, and demanded so little homework that we really
needed a "college education" to learn the basics, a widespread aspect of life in
the U.S.A. In any case, we all went to college and beforehand simply assumed
that we would. We certainly owe this in large part to our parents and the
examples of two uncles. Our parents, remarkably, did not even attend high
school. I don't know about my father but in mother's case it was clear; she had
to work. Her father died young, when she was only about 12, so she had to quit
school and go to work along with her mother to support themselves and her two
young brothers.

Family Life in Rockville Centre
I was born at home, 136 Brower Avenue, (Figure 1.2) Rockville Centre,
Long Island, New York. This village, which has now long since become absorbed
in the vast, continuous, suburbia of New York City, was about 10 miles from the
city and was then a semi-isolated community. It was close to several othersLynnbrook on the west, Hempstead on the north, Baldwin and Freeport on the
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east, and Oceanside on the south, and interacted sparsely with them. But there
was space between all of these towns and this space of fields and woods was
readily accessible to a roaming little boy. I remember little else of my earliest
years, but I know from baby photographs that I was clothed in dresses early on.
My blond hair was cut short to signal that I was a boy.

Figure 1.2. The house where I was born and raised.

Our house was an ordinary American wooden frame house, typical for
the period, but quite adequate. I loved it. There was a living room with a fireplace
and piano, a dining room, a kitchen with a pantry, a screened front porch on the
first floor and four bedrooms on the second, plus an attic on top. I remember with
warmth reading on the porch during hot summer evenings. The house was a little
crowded, especially since Grandma Kriiger occupied one of the bedrooms. There
was only one bathroom for the seven of us. We all had to wait in line a lot. Later,
in high school, I moved to an extra bedroom in the attic in order to have my own
private castle. It was a long way from the bathroom, but never mind, I wanted a
room for myself. We also had a cellar with a coal furnace, where my mother
washed and ironed clothes. She frequently talked to herself down there in
vigorous, often argumentative conversation with another person who was not
there, pausing impatiently while waiting for the other person to respond and
often interrupting. I had a small "museum" in a comer of the cellar-a table
covered with interesting rocks and shells and other miscellanea, some of them
correctly labeled. The house was small but obviously adequate for me.
There was enough land around the house for a garage, a chicken coop,
a lawn, a flower garden, and a vegetable garden. We even had an apple tree. We
boys and our father constructed a fish pool that we planted with water lilies and
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stocked with goldfish. I loved that pool and the fish. When later I visited the old
house with my children, I was impressed to see how small it was. As I grew it
shrunk. Apparently, my most lasting special memories of the place come from
my early childhood. Everything is large and lovely in childhood.
In spite of the frequent acrimonious arguments of my parents with each
other, I had a good home life. Fun with my brothers and our pets, Tommy the cat
and my cockatoo. Tommy was a full male. He went out bumming every night and
had a great time screwing around and fighting with other male cats. Though
frequently beaten up, he always managed to get home in the morning. He was
very affectionate and I'm sure had much to do with making me a cat person the
rest of my life, once I settled into marriage. The cockatoo was completely white
with a black beak and a gorgeous yellow crest. He was a gift from Captain
Fitzsimmons, the father of a friend, from some faraway place like Malaya. He
would cling to my shoulder as I walked about, making me a proud little man.
But, then, one morning when I came down to feed him and give him water, I
found him lying dead on the bottom of his cage. I was devastated. Now, as I write
about it, I still am.
Because of their limited income and our large family, my parents were
by necessity very frugal, so the vegetable garden was an important source of
supplemental food for us all. The garden yielded potatoes, peas, green beans,
com, melons, and squash. My father was a skilled gardener and loved it. It was
a marvelous little operation and escape for him, especially since he was not very
good at the insurance business and I believe truly disliked it (although he never
said so). He was too shy and retiring to be an aggressive, successful salesman.
Throughout our youth, father kept his job. It was, after all, the Great
Depression-any job was precious.
My father's garden intrigued me. It was very satisfying picking beans
and peas, digging potatoes and all that from our own garden. So one day, I asked
my father if I could have a garden too. He set aside a small plot for me and gave
me instructions: ordering seeds from Burpee Seed Company in the winter,
planting them in the spring and watching them sprout and grow. I checked
morning and evening with growing impatience, trying unsuccessfully to prevent
myself from digging out a few here and there to see if they really were sprouting.
They grew so slowly. I think the gardening epoque was rather brief, a few years,
and ended when I became involved in other things, like going away in the
summer to Wading River and Stony Brook and Camp Wawepex. Curiously, I was
the only one of the boys to show any interest in gardening. I think it was part of
my expanding interest in the growth of things in Nature.
We not only ate the vegetables fresh but canned them as well. Our
mother was good at canning and kept the pantry full of neatly arrayed canning
jars. In the kitchen, there was a coal stove and a gas range but no refrigerator. We
kept food fresh in an icebox and in a window box in the winter. When "The
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Iceman Cometh," we boys greeted him with glee and ran to the back of his horsedrawn wagon to steal and suck shards of ice, a particular pleasure of a hot
summer day.
Our proximity to the Atlantic Ocean and its associated estuaries and salt
marshes provided many outlets. I learned to swim at an early age in the surf of
the Atlantic and one of our favorite sports was riding the waves-surfing, now
called body surfing. From time to time in the summer, our father would take us
crabbing or fishing. The crabbing was more fun because we always got crabs,
two of us working together. One would pull the line with a crab attached to the
bait ever so slowly while the other would push the net under the crab ever so
carefully. And, then, whoosh, up comes the net with a crab in it unless he had
escaped. The blue crab (Callinectes sapidus) is an exquisitely sensitive and quick
athlete, a marvelous machine (Figure 1.3).

Figure 1.3. The common blue crab (Callinectes sapidus). Photograph used
by permssion of the Marine Biological Laboratory Archives
Also when crabbing, one of us would accompany our father in the skiff
(we called it a rowboat, Long Island style), looking for crabs. We were especially
keen to capture soft-shell crabs. They had just shed their hard, calcified
exoskeletons and were sluggish, much more easily captured while hardening
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their new exoskeleton of chitin by addition of calcium salts. These soft-shell
crabs were splendid fare when cleaned, salted and peppered, dipped in flour, and
sauteed for a few minutes in butter. So, we would row while he looked. I hear
him yell still. "Slower." "Stop." "We just passed one." "Slower." Working the
lines was more fun than rowing and we caught more crabs.
Fishing was a little scary, out in deeper ocean water; sometimes I felt
we were a little too far from land for my taste. It also required some patience.
The one occasion I remember well was naturally a big success for me. I hooked
a big halibut, which gave me a struggle but we brought it in and I remember our
mother cooking it "especially for me."
The frequent swimming, becoming at home in the water, the crabbing,
the fishing, the brisk smell of the sea, the salty stink of the swamps, the sky,
sunny or cloudy, and the winds all made a profound impression. The sea has been
in my blood ever since. Still now, when I stand at the edge of the sea I
involuntarily inspire. I smell. I stand taller. I face the wind. I look far away.
I also fished in little fresh-water ponds for little fish. It was safe, quiet
and calm. The proximity of the shore, the shallowness of the water, pond lilies,
grasses, sunken logs, the little bobbing float-all reassured me, giving
tranquility, without the menace of the sea. These small ponds and their little fish
were a happy part of my childhood, but I have seldom returned to them. It is
always the sea that beckons.
What do I remember about church and religion? We all went to the
Saint Mark's Methodist Episcopal Church every Sunday. I liked it, mostly
singing the rousing Protestant hymns. I still sing some of my favorites like Yield
not to Temptation, for Yielding is Sin, Abide with Me, Onward Christian
Soldiers, The Battle Hymn of the Republic, and many more. I also liked
the King James (of course) Bible, a great book with lots of good useful
quotations, e.g., "Let him who is without sin throw the first stone. " Many years
later, when I was Master of Branford College at Yale University and lined up on
the stage at Woolsey Hall with the other masters and the dean and the president
at the yearly baccalaureate service, my great joy was in belting out the old
hymns, familiar Protestant favorites. I can't keep a tune and I was sometimes
asked to cool my enthusiasm because I was throwing those nearest me off key.
Tough. Back to the Methodist Church. I found the sermons boring, thinking
often when in my teens, that I could do better myself. Maybe that is the source
of my propensity to deliver a sermon on most any subject to this very day. In
addition to the formal church service there was always Sunday school, where
we were taught something about the Bible and given some lessons in morality
by adult parishioners. The only important part of Sunday school worth
mentioning was the socials. There we were, boys and girls, much interested in
each other and not much interested in Methodism. I owe much to those socials,
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for it was at one of them that I had my first fumbling sex, up and away from
everybody, in the choir loft. I also enjoyed the revival conferences held at other
churches in other towns. We young people stayed in the homes of local
parishioners and were all very religious. At least once, I pledged my life to Jesus
Christ at one of the big emotional services that invariably ended each
conference. For the record, I attended Sunday school at our church for 12 years
in a row without missing a Sunday (except, I suppose, for sickness and
vacations)! This brought me a pin and eleven bars, one for each year, suspended
from it, which I proudly wore attached to the lapel of my Sunday suit. It could
be said that up to about the age of 17 or 18, I was properly exposed to
religion.
Out back of the house was the cesspool, which had to be emptied once
in a while. No modern septic system this. When the "honey wagon" would arrive
to do its job, I made scarce. Que! parfum! But we boys all had certain chores we
couldn't escape. I recall only three of mine. At various times, I took care of the
chickens, got the milk, and went to buy bread and eggs. I liked caring for the
chickens, especially collecting the eggs. A hen's egg is so warm, clean,
symmetrical, and heavy-nice to hold in the hand. It also held the potential of
becoming a chicken, a great mystery to me as a child. Getting the milk was
mostly a joy. In my memory it seems that it was always a fresh, sunny spring
morning and only a short walk to the little dairy with my pail in hand. I liked the
cows, of course, like any child.
The bread was a different matter. Mother baked bread, but felt that we
could afford to buy day-old, store-bought bread once in a while, because it was
cheaper. My parents were always trying to save money. So I often trudged off to
town about a mile away to get the bread and maybe some eggs too. It was boring.
So one day a brilliant idea surfaced in my little criminal head. Why not
"accidentally" drop the bread on the sidewalk or crack an egg or two. It worked.
After a bit, when mother asked one of my brothers to go, they asked, "Why not
Philip?" She replied, "Him? Every time he goes, either the bread gets dirty or
there's a cracked egg. Or Both."
We were also expected to earn money at various jobs to provide
ourselves with spending money, buy our clothing, and save money for college. I
did this mainly by caddying at the local golf course and by delivering the local
newspaper. I had a paper route with dozens of customers. I didn't really mind it
and I sure liked the money. Meeting the dogs on the route was an unexpected side
benefit. There were several of them, of all breeds, mostly mutts, and I made
friends with all but one. The unfriendly one was a chow. This breed has a richlydeserved bad reputation and I stayed away from it. The dogs were loose and
followed me as I moved on and picked up other dogs. They all had a good time
with me and with each other-like a bunch of kids. We did not have a dog at
home so these were my dogs.
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Public School
My earliest distinct school memories are of the kindergarten of Morris
School, the elementary school that served our part of town. It was three-quarters
of a mile from home and I believe I made my way there by myself (but more
likely with my older brother Bill, who was in the second or third grade at the
time). I was 4 years old. Our teacher, Miss Dana, was a middle-aged lady with
dark hair and glasses. She was wonderfully kind and clearly loved her little
charges. We mainly sat around in a circle, boys and girls mixed, and played
games of various kinds. I must have had a good time, for I have very pleasant
and warm feelings about these two years. I was excited by this new adventure.
We always made drawings and cutouts for big events like Halloween,
Thanksgiving, and Christmas. I remember that we all made a lot of valentines for
parents and friends, the people important to us.
Curiously, nothing stands out from my first, second, and third grades,
except that I was a restless, bored, and truculent kid. At the beginning of the
fourth grade I made a solemn pledge to myself to achieve aU (unsatisfactory) in
deportment on my report card every month. I kept this pledge all through the
fourth and fifth grades, earning my U's by throwing spitballs, shooting staples
with a rubber band, and initiating other kinds of live combat. I must have driven
my poor teachers up the wall. One of them, Miss Stout, was quite strict with me
to little avail. I was accused of being incorrigible. During this period, I was part
of an obnoxious gang of little thugs. We were about 8-11 years old, a bad age for
most males. I recall two of many episodes especially clearly. One day, another
kid, Earl Bloxam, tattled on the rest of us for the ordinary rough-and-tumble
horsing around during the pee-pee recess in the boy's room. This being a roundly
disloyal and unforgivable act, we righteously vowed to get him after school. So
there I was after school conscientiously observing the vow, and ready to beat him
up, but none of the other boys showed up. So, I beat him up myself. And then,
just after I had finished him off, who should show up but his mother, who then
proceeded to beat me up. Poor me! Poor Earl! I was righteously indignant, telling
myself, "She had no right to do this. I am not her son."
Earl was not alone. There was another victim, Clarence. I forget his last
name. Clarence was a sissy, not a tough regular guy like the rest of us. I'm sure
we young hooligans kicked him around a lot too, but I don't remember any
specific instance. What I do recall is how we would taunt him for his unfortunate
name and call out with cruelty "CLAAAAARENCE" whenever we saw him.
Poor Clarence! I hope he survived without being scarred for life. I'm sure many
another Clarence around the country has innocently suffered a similar fate. It
seems now that parents have gotten the message. You don't fmd many males
named Clarence anymore. Clarence seems to have gone the way of Percival and
Fauntleroy and other "sissy" names.
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My main pleasurable memories of those years in primary school center
on various kinds of bad behavior. My wife says, with love, that I am still like that.
I have always enjoyed going against the grain. I like being noticed. Remember,
I am a middle child. I have never wanted to be ordinary but have always wanted
to be seen as a regular guy. My nascent interest in science, reading, and poetry
made me extraordinary and possibly susceptible to the dreaded sissy label. In the
culture that I grew up in, a good cover was being an aggressive, often meanspirited tough. I might have gotten many deportment U's on my report card, but
everyone agreed that I was "all boy." Mission accomplished.
The years merge in my memory, until the fifth grade, when I was about
10 years old. They were wonderful years, full of all the things a child should
have-sports (playing baseball, shooting marbles, sledding in the winter),
building huts, and shooting arrows. We smoked com silk behind the chicken
coop where we couldn't be seen and formed gangs of boys to fight other gangs
of boys (not much really), being cruel to boys such as Clarence, less aggressive
than ourselves. Sometime during this period I discovered that it was more fun
wrestling with girls than with boys.
I arrived for the sixth grade a day after school had started, late from our
lovely vacation in Stony Brook out on the Long Island Sound (long before the
State University ofNew York was established there), to find myself immediately
singled out by Miss Joyce, my new teacher. "I know all about you, Philip
Trinkaus, and I'm going to have a cage built for you in the back of the room!"
This was a bit of a shock and it set me back a little, as if I'd met my match, an
infrequent occurrence until that time, and since, I hasten to add. I don't recall the
details of the succeeding events but soon she had this truculent little hoodlum
writing poetry, reading unassigned books, and paying careful attention to her, the
teacher. She actually forced me to behave like a normal responsible member of
civilized society, something few had been able to do before. I remember that
Miss Joyce was quite pretty and extremely nice. She had a wonderful influence
on me. Also, she was smart. In retrospect, I think she noted that I was among
those who finished lessons faster than most children, and, then, bored and with
time on my hands, looked for trouble. With Miss Joyce, there was no time for
trouble. She wisely and quickly put me to work on projects I soon learned to like.
This marks the end of my early bad boy period. I have such fond memories of
Miss Joyce that she might have been my first love (in competition, of course,
with Cousin Ruth).
I have no clear memory of my studies in grammar school. It seems odd,
considering how intellectual I became soon after in junior high and high school.
I certainly had no homework. I know that when my son Erik was in the "classe
de septieme" (equivalent of the sixth grade) in L 'Ecole Alsacienne in Paris, he
had serious homework. I guess Morris School, like so many American public
schools, was not very demanding, hence not very good. Whatever the case, we
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were ecstatic when school was over in June and the long summer vacation began.
I can hear us now chanting, ''No more pencils. No more books. No more
teachers' dirty looks,", and singing, "In the good old summer time, In the good
old summer time .... "
As for most children in our society, Christmas was an especially
extraordinary occasion for me. I absolutely adored it and would count the days
during the whole month of December. In my tender years, I fervently believed in
Santa Claus. We followed an exciting and heart-warming tradition in our family.
My father would buy the Christmas tree, a really big one. It would be put up in
its stand, always in the same place in the living room. We decorated it Christmas
Eve as a happy family activity with the same large variety of ornaments as in
previous years. We children would hang our stockings from the mantelpiece of
the fireplace, all of us hanging the biggest stockings we could fmd. Then, after
the tree was decorated and its lights turned on (one of the loveliest of sights), we
children would go to bed and leave the place to Santa Claus. I really believed in
him and clung to this belief well beyond the usual time of intruding skepticism.
I guess I loved being a child and didn't want to give it up (and still don't to a
degree even as I contemplate the end of my life). My older brother Bill fostered
my clinging belief. I went to bed for what I recall seemed invariably a sleepless
night. Certainly all four children were awake and dressed at the crack of dawn.
But we couldn't go down yet. First, our father had to check "to make sure Santa
had come and left." His stalling tactics simply increased our excitement. Finally,
we went tumbling down the stairs to be greeted by the big Christmas tree all lit
up and surrounded by all sorts of toys and gifts. A wondrous moment!
I should add a word about the town library. I naturally expected to have
a good public library available. Indeed I did as a child and this is still generally
true in the U.S.A. I haven't made a careful survey but I have since learned that
in a highly advanced country like France, a good local public library is not a
usual accompaniment of small-town or even urban living. These libraries are
truly one of the outstanding benefits of life in America! It was especially
important for us because we had few books at home. I well remember going
often to the village library during this period to check out books. The ones I
remember best are the usual: Treasure Island, Tom Sal-IYer, The Swiss Family
Robinson, Robinson Crusoe, and all the rest and, in particular, the Henry Ware
series. Henry Ware was the epitome of the clean-cut, strong, courageous, young
American white male conquering the wilderness in the West with his three
comrades, Paul, the young scholarly one, and two others who were canny
woodsmen and knew the Indians so well they had become like them. I identified
with all four of them. I remember playing woodsman often by myself, out in the
fields and woods, leaving signs for my "comrades" to follow, building campfires,
whittling sticks, and hiding in thick bushes listening for the merest rustle that
might reveal the approach of a stealthy enemy.
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An important part of my youth, especially with respect to my later
development as an embryologist, involved unstructured exploration of nature. I
watched frogs lay eggs and pollywogs metamorphose into frogs. I watched
fiddleheads spring up from the pungent humus-rich edges of swampy places in
the woods and expand into cinnamon ferns (Osmunda cinnamomea), topped with
elaborate reddish-brown "flowers." I dug up rotten logs and found incredible
spotted salamaders (Ambystoma maculatum) under them. These amphibians
were up to eight inches long, were jet black all over, except for a series of large
mustard-yellow spots along their backs. I wondered nervously if they were
poisonous, dangerous, or aggressive. Finding a bird's nest with eggs or baby
chicks was also exciting. One day a meadow was empty and the next day a fairy
ring of mushrooms had appeared as if by magic. Puffballs the size of softballs
would suddenly appear and then tum brown, releasing great clouds of dark
smoke (spores) when kicked just so. I was careful not to inhale the smoke
because I had been warned that mushrooms were poisonous. I spent countless
hours roaming aimlessly but attentively in the woods and fields around home. I
didn't wonder consciously how all this came about, but I knew intuitively that it
had to do with reproduction and therefore sex, so it interested me. I suspect
experiences like these led me into a life investigating the growth and
development of living organisms.
My frequent forays in the woods and my interest in nature were
apparently noticed by my parents. One Christmas, when I was 10, I received a
six volume set of books just at the right time. They were the works of Ernest
Thompson Seton, naturalist, storyteller and artist-The Book of Woodcraft, Two
Little Savages, Wild Animals I Have Known, Rolf in the Woods, etc. I played
Little Savage, even adopting an Indian name for myself-Black Tomahawk,
leaving my sign in various spots in the woods as a warning. Indeed, I was so
inspired by Two Little Savages that I started to write a novel of my own along the
same lines, but I didn't get very far in it. Perhaps most important for my later
years, these wonderful books brought me closer to wild animals and plants. I
looked for tracks in the fields and woods, especially after a light snow. I became
interested in identifying birds, trees, and curious plants such as the ghostly white
Indian pipes (Monotropa uniflora), so named because they resembled tobacco
pipes with their long stems topped by a solitary drooping flower. I later learned
that these plants are saprophytes, i.e., they obtain their nutrients from decaying
organic matter in the leaf litter. Thus they are able to forego photosynthesis and
its attendant green pigment, chlorophyll. I became immersed in the lore of
Nature. An activity that stands out in memory of these years was frequent trips
to the Jones Beach Bird Sanctuary with my brothers, Bill and Dave.
Up to the age of about 12, I had an inseparable pal, Johnny
Fitzsimmons. We did almost everything together-sports, building huts in the
woods, shooting firecrackers on the Fourth of July, Halloween stunts, and so on.
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Halloween for us was an occasion for "trick or treat," but we meant it. If people
weren't prepared to treat us we would find a way of tricking them, mess up their
yard, dump the ash can, spilling ashes over their lawn. The old flaming-bag-ofdog-shit-on-the-porch trick really works and is hilarious if you are twelve. Truth
be told, it still makes me laugh. Let's face it. We weren't very nice. A curious
thing about my friendship with Johnny is that, although for a considerable
number of years we were together part of almost every day, at one point we grew
apart. There was no sudden acrimonious break. Our interests just diverged as we
matured. Somebody in my family said that I suddenly grew up and Johnny
didn't. Anyway, I became involved in the Boy Scouts and he did not. I remember
also that Johnny had an older sister, Sheila, whom I thought was very attractive.
I had a little case of puppy love for her. I also remember with great pleasure
Johnny's parents. His mother was a warm, generous lady with whom I always
felt at home. In fact, I felt pretty much at home in their whole house, where I
spent a lot of time. Johnny's father was a seafaring man--captain of a freighter
that seemed always to take trips around the world. So he would only be at home
from time to time. But when he returned home from a long voyage at sea, he
would bring all sorts of mementos from far-away romantic places, like the
Philippines and Singapore. He kindly gave some treasures to me, such as an
ebony elephant and a model outrigger canoe. These gifts occupied a special place
in my room and were, during my entire youth, my most impressive, concrete
personal contacts with those far-away places. An elephant carved out of real
ebony with real ivory tusks by some person in some remote place! That was
special.
My ongoing contacts with the rest of the world were from the National
Geographic Magazine, The Book of Knowledge (an inexpensive children's
encyclopedia sold by earnest door-to-door salesmen touting to parents the
educational benefits of these books), and my stamp collection. I poured over The
Book ofKnowledge (what a great name) incessantly, not understanding all that I
read, but getting a sense of what I needed to know more about when I became
more sophisticated. The twenty or so volumes were printed on glossy paper and
were richly illustrated. The earnest salesman was right and so were my parents
for spending some of their hard-earned money on these stimulating tomes. For a
penod, collecting stamps was a real passion and I built up a pretty good
collection. When I got a stamp of a country I had never heard of or knew little
about, I would look it up in The Book of Knowledge, which was a well-worn
staple in our household.
There were also movies to extend our horizons. My brothers and I
would frequently join friends to go to the Saturday matinee downtown. The usual
fare was westerns, with the hero Tom Mix, and big extravaganzas like Ben Hur.
But my favorites were the comedies (farces) and certain women. I had the good
fortune of growing up during the "Golden Age of American Comedy" and spent
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many a hilarious afternoon with Charlie Chaplin, Abbott and Costello, Laurel
and Hardy, the Three Stooges, Harold Lloyd, and, not to forget, the Marx
Brothers. My favorite women were both scantily clad-Maureen O'Sullivan, the
beautiful mate of Johnny Weissmuller's Tarzan, and the sexy Clara Bow.
Maureen, of course, lived in the torrid jungle, so she had to be almost unclothed,
but demurely. Clara was quite blatant with her sexuality, to my delight, obviously
aiming to arouse sensual interest. She certainly succeeded with me.

The Boy Scouts ofAmerica and Life after Miss Joyce
With my juvenile naughty period terminated by Miss Joyce and as my
interest in natural history blossomed, the opportunity to join the Boy Scouts of
America was a boon. This date is certain. It was at the end of May 1930, because
one had to be 12 to enroll. And enroll I did, with consummate enthusiasm, for at
least two reasons. There was a familial precedent. My oldest brother Charles was
an Eagle Scout (the highest achievement). My brother Bill was well on his way
to this rank. My father was a parent counselor. Most important, it was a "natural"
for me. Natural history was my passion and was then the heart of scouting. I
went through all the various tests with vim and vigor and rapidly moved from
one rank to the next. Then I zipped from one merit badge to the next with the
double incentive of moving up the ranks and receiving a beautiful little
embroidered badge for each, which my mother dutifully sewed to my sash
(Figure 1.4). Not surprisingly, I loved all of these achievements. They were
mostly on subjects in which I was passionately interested anyway and, moreover,
I now realize that it was very easy to pass the tests. They were given by nice
gentlemen who wanted nothing more than to encourage eager boys like me (and
probably knew less about the subject than I did). Anyway, I quite soon became
an Eagle Scout (at the age of 14). A proud moment it was. I shall never forget the
ceremony at which that beautiful Eagle medal was publicly pinned to my
swelling chest. Looking back, it was a seminal event, not just in my young life,
(which it surely was), but for later life as well. This was my first major personal
accomplishment, one that required research, application of new knowledge, and
sustained effort that lead to a symbolic reward. I surely loved that medal.
An important part of those scouting years was Camp Wawepex, the
summer camp for Nassau County. It was in the pine-barrens of outer Long Island
(in the town of Wading River, between Port Jefferson and Riverhead), a rather
desolate wooded area of sandy soil and scrubby pitch pine, infested with
mosquitoes. It was on a lake-named Deer Pond. It was a small lake like many
another, but for me it was pure limpid water in the wilderness, with sunfish,
perch, bass, pickerel, painted turtles, a huge, dangerous snapping turtle that must
have been two feet across the carapace, and leeches.
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I began attending this camp right at the beginning of my Boy Scout
period, first for two weeks and then longer and longer, through seven summers.
My main memory of the first time was homesickness. It was a haunting desire to
see my mother. I realized that I loved my mother after all. There were the
wonderful activities such as swimming nude, which I remember so vividly
because of my small underdeveloped member, as compared to those already
swelling dorks of some of my fellows, as we all lined up on the shore for our
early-morning dip before breakfast. I also loved canoeing, nature hikes, and birdwatching. There were some fine, wild swamps not very far away. I found retreat
a stirring ceremony. Retreat was the formal taking-down of the flag at the end of
the day, to the mournful tune of taps on a bugle. I hated the mosquitoes, but
relished the formality of the ceremony. Years later when I entered the armed
services, I was quickly impressed with how much of it was familiar: retreat,
marching, saluting. The Boy Scouts clearly had strong military and patriotic
elements.
During those seven summers, I extended the length of my stay and rose
in the ranks of the camp. I had jobs first as an assistant cook (which was very
hard work, but fun with a crazy, sexually obsessed Polish cook- no problem for
me) and then as assistant nature counselor. I reveled in that job. It was my meat.
I enjoyed so much being the assistant nature man, that I have absolutely no
recollection of who was the head nature man. I guess I was pretty self-centered.
It was the animals and plants and teaching younger boys that I remember, and the
snakes. Ah yes, the snakes. My one young worry about that job, my first real
position of prestige and authority, was that I was scared shitless of snakes. How
could I teach other kids only 2-3 years younger than I to recognize snakes and
not to have fear of them, when I myself was deathly afraid. However, I knew I
had to do it. So I read about snakes and tried handling little ones on my own,
privately. Grasp them firmly behind the neck and enjoy the feel of them. They
are dry, smooth and cool. I followed what I read and it worked. This was tough
at first, even with the little ones, like garter snakes. I soon found myself handling
snakes without neurotic fear and teaching other boys to do the same. Of course,
I did get bitten a few times, especially by big black snakes. These bites were like
slight cuts by a sharp knife across the finger, minor really, but a good lesson for
the other boys. I actually grew quickly to like snakes! Fortunately, there were no
poisonous snakes in that region.
It was then that I befriended the camp physician, Morris Brand. He was
a gentle, genial, rotund gentleman who was taking a vacation from New York
City. He took a liking to me, and I to him. He would return to New York
frequently to see his family. Each time when he returned from New York, he
would bring back bacteriological culture tubes with slants of nutrient agar for
me. With his instruction, I cultured practically everything and incubated the
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tubes by carrying them in my breast pocket where they would be warm. I grew
a lot of bacteria and fungi. The nicest thing of all that he did was give me his
medical school text of bacteriology by Hans Zinnser, who also wrote Rats, Lice,
and History. It was my first real book of science, which I read avidly in part and
which I still have. I never saw him again. Did he realize how wonderful he was
to me? Did he understand what a profound effect he had on a budding boy
biologist?
The Boy Scouts of America has quite a moralistic oath:
"On my honor I will do my best
To do my duty to God and my country
and to obey the Scout Law;
To help other people at all times;
To keep myself physically strong,
Mentally awake, and morally straight."
The Scout Law demands that a Boy Scout be " ... trustworthy, loyal, helpful,
friendly, courteous, kind, obedient, cheerful, thrifty, brave, clean, and reverent."
Well, all this was no doubt a good thing for early teenage boys but not necessarily
a guide to life in the real world of adults. The "God" part was typically American
and no guide at all when I had grown up. "Obedient?" "Brave?" "Cheerful?"
"Reverent?" That depends on the situation. The motto "Be Prepared" was ruined
forever for me later by the singer Tom Lehrer in his hilarious and famous Be
Prepared, the Boy Scout Marching Song. I read recently, with amusement, that a
certain Harvard professor finds all these scout lessons on morality to be a good
guide for adult life. Maybe his, not mine. I guess I have had most difficulty with
"Obedient and Reverent," but 10 out of 12 isn't bad. The Scout Slogan
admonishes us to "Do a Good Tum Daily." Not a bad idea. I often do several a
day. All in all, I must admit that I learned a lot in the Boy Scouts and had great
fun to boot.
My younger brother David also eventually became an Eagle Scout and
this apparently made us the first family in the U.S.A. to have produced four
Eagle Scouts. Somehow the word was gotten to Boys Life, the official Boy Scout
magazine, and a picture of us with our father was published therein (Figure 1.4).
Such a proud moment! It was a bit ludicrous, though. Dave was 17 when he
became Eagle. Thus Bill, who was 23, and Charles, who was 26, and I, 19, all
had to dress up in our old Boy Scout uniforms for the picture.
There is a sequel. About twenty years later, an article appeared in the
New Haven Register reporting that some other family claimed to be the first
family in the United States to have four Eagle Scouts. Our mother, then a widow
and living in a New Haven suburb, saw the article, was indignant, and sent a
rebuttal to the paper, with the picture as evidence. I was by then an assistant
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professor at Yale and, as you can imagine, took a certain amount of crap the next
day from colleagues giving me a mocking scout salute as I crossed campus. But
the best response happened first thing in the morning the day after the picture
appeared in the newspaper. When the janitor came in to clean my office, he
promptly opened the window, lecturing me, "As a former Boy Scout, you should
know how important it is to get plenty of fresh air."

Figure 1.4. My 62-year-old father Charles, with his four Eagle Scout sons,
left to right Charles, William, Philip, and David.

From Natural History to Biology
When I was 14 years old and beginning the ninth grade, I took my first
course in biology, the only course in biology in my school. Although in
retrospect, the course wasn't very good, the teacher, though nice, didn't really
know much. Nonetheless, the course was an introduction to the structure and
physiology of plants and animals. I suppose, also in retrospect, it introduced me
systematically to biology, as opposed to natural history. Also, sometime around
then, my perceptive parents presented me with a microscope for Christmas-a
child's microscope, of course, but a good one made by Bausch and Lomb. During
those years, I became fascinated with tropical fish, which I raised and bred in
aquaria at various places around the house, especially near radiators to keep the
water warm (to the constant distress and bitching of my mother). My, how
exciting it was to come down in the morning and find that a fat female guppy or
platy-fish had given birth to a whole small aquarium full of babies!
I set up my microscope on a table at the north window of my room and
quickly assembled a primitive little laboratory around the microscope. This led
me into the hitherto hidden world of the minute. I looked at more or less
everything I could lay my hands on, but pollen grains, Protozoa, diatoms and
rotifers quickly became centers of attention. The geometric regularity and
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specific distinctness of pollen grains and diatoms introduced me to the beautiful
and comforting orderliness of Nature. I remember well how I learned to identify
different trees, e.g., the Norway maples adorning our street, by peculiarities of
their pollen. It was the Protozoa, however, that really excited my interest. I filled
jars with hay and water, left them to soak for a day or two, (making a hay
infusion) or collected readily available pond or aquarium water. Then, with my
trusty microscope, I became friends with Protozoa such as Paramecium,
Amoeba, Vorticella, Euplotes, Euglena, and many others whose names I have
forgotten or never knew. I never did anything systematic with these wonderful
creatures. I did watch endlessly and began to daydream at my little table
laboratory of how some day I would be a scientist and have a real laboratory of
my own and discover new phenomena, like Pasteur, Ehrlich, Metchnikoff and
Koch, about whom I had begun to read. At this time I read Paul de Kruif's
Microbe Hunters, The Life of Pasteur (by his son), and Sinclair Lewis's
Arrowsmith, all of which had a strong reinforcing effect on my growing interest
in biology and research. Arrowsmith, a novel in which the scientist is a hero for
a change, dramatized in a very personal way the excitement of a life dedicated to
research. How marvelous that after not so many years later, I achieved such a
dream laboratory of my own and have worked in it ever since! Also, how
wonderful and fortunate that all these books were easily available in the local
town library.
By this time, my high school friends had become mainly boys
interested in natural history. We went bird-watching together, getting up at some
God-awful early hour of the morning, and went on various kinds of hikes. We
also founded a club at our school, which we named "The Naturalists." I don't
recall that it amounted to much; it gave a title to what we did anyway. I have not
forgotten one thing we did. I had learned from my Uncle Henry that a classmate
of his in college, A.F. Blakeslee, was Director of the Carnegie Laboratory of
Genetics and Experimental Evolution in Cold Spring Harbor, just across from us
on the shore of the Long Island Sound. I had enough nerve to think we might be
able to visit the laboratory on a Saturday afternoon. So I wrote to Dr. Blakeslee,
quickly receiving a cordial invitation. So off we went. It was indeed a Saturday
afternoon but nevertheless, Dr. Blakeslee, Dr. Satina, his assistant, and a certain
Dr. Demerec were there to receive us. I particularly remember Dr. Demerec for
he was a Drosophila geneticist and showed us salivary chromosomes, which
display bands indicating the positions of certain genes-my first introduction to
modem cytogenetics. A few years later I was thrilled to learn that he was Milislav
Demerec, an internationally known leader in Drosophila genetics. This visit to
the laboratories of genuine working biologists, set in a charming little campus,
made an indelible impression.
The Naturalists also took advantage of the proximity of New York City
to visit the great and rich American Museum of Natural History. The zoological
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exhibits and the wonderful dioramas of course drew our attention, but more and
more we were attracted to the darkness of the Planetarium. There each of us
would watch the stars in the close company of his favorite girl friend-a
rendezvous that became closer and more affectionate with each succeeding
heavenly visit. Quite soon, for all my love of zoology, I could hardly wait to get
to the Planetarium.
Clearly, but coincidentally, it was with these friends-Laddie Chapin,
Paul Koenig, and Earl Holthausen-that my serious interest in sex began-girl
friends, parties, dancing. There was a lot of awkwardness and colossal naivete
but I sure enjoyed it. There was nothing special about it. We were growing up
and this was part of it. Incidentally, I had grown to six feet, which was tall in
those days. I liked being tall. I wonder what has happened to all of them, males
and females. After all those long, philosophical conversations, those many good
times, we all left to go to college or just drifted apart.
My years in high school, grades 7-12, were very formative, as I suppose
they usually are. I quickly became quite intellectual. It all started with the
wonderful Miss Joyce in the sixth grade. I studied the usual subjects: some
science, English literature, a foreign language (German) and Latin. I took 4 years
of Latin, the usual introductory course, reading Caesar, Cicero and Virgil. I read
Caesar's writings on his military triumphs, and Cicero's boring speeches. A
previous student had written in my Cicero book, "Latin is a dead language, as
dead as it can be. It killed the dead Romans, and now it's killing me." Virgil was
a delight. The poetry was beautiful, our teacher dedicated and enthusiastic; and
there were only four of us. That certainly was my best course in high school. I
was an excellent student in most subjects, but it was easy; there was little heavy
homework. I soon learned in college that I was poorly prepared. The main
problem with my high school was that they didn't work us hard enough and
didn't spend much time teaching us how to write properly in our own language,
a common problem in American public schools.
My most vivid memory of high school was extracurricular-drama. I
suddenly learned that I liked acting. So I acted, in one-act plays and had a leading
role in a big three-act play, The Enemy, where I appropriately played the role of
the pacifist, Professor Arndt. Under strict tutelage, I gradually improved, or so
our coach said. She taught me the pregnant pause and all that. I also won second
place in the extemporaneous speaking competition. I remember being annoyed at
winning only second place, for I quickly learned that two of the judges awarded
me first place but the third judge, the local Congregational minister, judged me
way down, probably because he knew I was a Methodist.
I do not remember when it started, but, gradually, during my years in
high school I became impressed with the horrendous inequities of society and,
inevitably, with the possibility of correcting them. My eldest brother Charles was
somehow a stimulus, for he was already a graduate student in medieval and

22 ($)

EMBRYOLOGIST

renaissance history at Columbia University and very committed to the Marxist
interpretation of history. In addition, there was a student at my school who fed
me radical publications, which I devoured. I suppose I was prepared in part for
this by my religious training. Although most religion in the end is on the side of
the establishment, the Methodism I knew preached equality of opportunity and
respect for other humans. I took it seriously. At any rate, I plunged into the
radical literature of the day with increasing passion, reading secretly in bed at
night in my own private room in the attic, separated from the rest of the house.
Reading The New Masses, the most important Communist magazine of
the day, introduced me to the left-wing movement in America and, above all,
with much that was wrong with American society. Then I branched out, or, better,
dug more deeply, and read The Communist Manifesto by Marx and Engels and a
big book by Engels dealing mostly with science. I also read Kropotkin on
anarchism, Rosa Luxembourg and especially Lenin's Imperialism and others by
him. I could buy these books at the Worker's Bookshop in Union Square in New
York City. I found them mostly right and still do (except that I now realize that
matters are not quite that simple). I put virtually none of this leftist political
theory into practice in those idealistic, visionary days, but it all made a profound
impression on me and, from time to time, has led me into vigorous political
activity.
An unforgettable political experience during my last year in high school
was a lecture by Norman Thomas, the dynamic leader of the Socialist Party and
its perennial candidate for President of the United States, in the high school
auditorium. He was a great orator, with a rasping, penetrating voice that reached
to the rafters. Thomas cut a tall charismatic figure with his handsome face and
shock of white hair. I was entranced by the whole show and absorbed totally his
denunciation of capitalism and the need to change America. After the lecture, I
hung around up front and managed to get permission to ride in the car with him
to the train station. What a thrill that was!

BRIGHT COLLEGE YEARS

I knew I would attend college at Wesleyan University, in Middletown,
Connecticut, years before I applied. My esteemed Uncle Henry, the minister, had
gone there. More important, my oldest brother Charles had attended from 1929
to 1933, when I was beginning high school. Curiously, I never considered other
colleges. Although I was aware of places like Yale, Harvard and Columbia, they
were dimly off on the edge of my teenage horizon. My vague impression ofYale,
where later I was to spend over 50 years of my life, was as a rich man's school
obviously beyond my reach. I say curiously because my Uncle George had
somehow managed to go to Yale College and then, after, to the Yale Music
School, so I am unclear why I thought Yale was beyond me. At any rate, I applied
to Wesleyan, and nowhere else, and was accepted. Although Wesleyan called
itself a university it was not a real university. It was simply an excellent small
college, with but 700 male students, one of a number of such fine institutions
scattered around the U.S.A. When in later years it admitted graduate students and
bestowed the Ph.D. degree, it became a real university, but certainly not of first
rank. It remains an excellent undergraduate college but much bigger. Its very
small size when I was there was a significantly favorable feature of the place.
I had pored over photographs of the Wesleyan campus, paying special
attention to the Shanklin Laboratory of Biology and the Olin Memorial Library.
They whetted my desire and gave me something tangible to look forward to. But
pleased though I was in anticipation, the real thing, on my arrival in September,
1936, hit me as an agreeable surprise. Like so many American colleges set in
small towns, Wesleyan has a very charming campus. Indeed, I was told that High
Street, along which many of the college buildings are distributed, was considered
by Charles Dickens to be "the most beautiful street in America." Years later I was
told the same thing about Hillhouse Avenue on the Yale Campus. Lord knows how
many other streets on how many other campuses were reputed to be so admired
by Dickens. Never mind. I was 18 years old and happy to believe what I was told.
I fell in love with the street and the campus immediately. I liked everything about
the place. What a change from South Side High School and Rockville Centre!
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Freshman Year

Things started nicely. The Introductory Biology Course was a natural
for me. Also, the staff knew about me and paid me some special attention. In my
application, I revealed my ambition to become a biologist. Somebody like me
was certainly refreshing for the biology faculty, beset as they were with
premedical students. At the first meeting of the required course in English
History, as the professors checked our names, one of them ran across the name
Trinkaus. He asked me ifl was related to Charles Trinkaus, and then immediately
he called the others over to meet me. My brother had majored in history and had
been a star student. I was delighted with the unforeseen attention but a little
embarrassed. I made a mental note to do well in that course. Fortunately, I did.
It was an excellent course. Things did not start so nicely in some of my other
courses, however. I failed my first exam in math and received a D on my first
English theme. This was not a heroic entry into the academic world. Clearly, I
had been poorly prepared and I was scared. In consequence, I had to study hard
to make up for the deficiencies of my typically poor American primary and
secondary school education. That is the main story of my freshman year (19361937). Study, study, study. Every day, including Saturdays and Sundays. I
remember particularly those grim weekends in the fall when I would only take
time out to watch football games Saturday afternoon. The winter was worse;
there wasn't even football. Well, I got through it all and was better for it, my
shaken self-confidence restored. I learned something important, that if I worked
hard I could do well in a number of subjects, even in a tough college. As I look
back on it, the main deficiency of my high school was that they didn't work me
hard enough, not enough homework.
I was lodged in a stolid brownstone dormitory called North College,
where I shared two rooms with another freshman. He was an agreeable young
man and we got along well enough; but, gradually, as the year moved on, I found
that this and that little peculiarities of his ways began to annoy me. I didn't like
the way he brushed his teeth. He probably felt the same about me. Nothing came
to a break or bust, but I grew convinced that henceforth I should room by myself.
And that is the way it was for the rest of my college career. A single room, always
the same, in good old North College. Again, as at home in Rockville Centre, I
was in my own private castle. I ate my meals in a small boarding house, just a
few doors from the College, run by a hospitable Middletown lady and also in a
dining hall called Downey House, where I also waited on tables to have some
extra spending money.
In addition to my room, I had another home, the Shanklin Laboratory. I
quickly found a job there, making charts for classes in biology. I worked
principally with Professor H.B. Goodrich, who was soon to become my mentor,
but I worked with other faculty as well. I was paid by the National Youth
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Administration (NYA) of the Federal Government, one of the many superb
projects of the New Deal under Franklin Roosevelt during the Great Depression.
I was able to design and execute the charts because of a certain minimal artistic
talent developed in an art class I took in high school. But I lasted only one
semester in that course. I was the only boy in a class composed otherwise
completely of girls and I couldn't take it any longer. Talk of a gender gap!
Recently (1999), students in the Embryology Course in Woods Hole showed me
one of the charts I made in 1936. They were using it as a design for the class
T-shirt!

Sophomore and Junior Years
After my freshman year, science was so much in the forefront of my
perspective that I completed my major in biology by the end of my junior year,
taking inorganic and organic chemistry, comparative vertebrate anatomy,
embryology, histology, genetics, physiology, bacteriology and invertebrate
zoology. These were standard courses for any biology major in those days. I liked
them all and worked hard at them, although it wasn't that hard for me, more like
a labor of love. The laboratory in bacteriology was especially instructive.
Because of their rapid reproduction, experiments with bacteria gave results
quickly and gave good lessons on the importance of controls. Organic chemistry,
in spite of its inherent elegance was a bit of a burden. Professor Albert Hill was
an excellent lecturer but somewhat of a martinet, complete with his impeccable
dress and large, carefully trimmed waxed moustache. He insisted on lecturing at
8 in the morning, Tuesday, Thursday and Saturday. We were convinced that he
reveled in this. Getting up for an 8 o'clock lecture in the New England January
and February tested the fiber in one's young soul. Some of us would arrive in our
pajamas (under an overcoat). He didn't care. We were there. The laboratory part
of the course, like all organic chemistry labs, however, was a gas with lots of
flames and explosions, chemical and verbal.
In later years, I learned that my physiology course with a laboratory was
not standard in American colleges. At Wesleyan, it was a full year course in
mammalian physiology (including human physiology), taught by the eminent
Professor Edward C. Schneider, an expert in aviation and high altitude
physiology and the author of The Physiology of Muscular Activity (1933). The
text for the course was Howell's Textbook of Physiology (13th edition), used
frequently in medical schools at that time. It was a very tough course. Dr.
Schneider was a very mild, sympathetic and fatherly gentleman, often referred to
as "Dear Dr. Schneider," but as a teacher he was very demanding. Difficult
though it was, the course was absolutely fascinating, probably largely because
we were really forced to dig deeply to study our own physiology. To this day,
almost all the understanding I have of my very own physiological functioning
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comes from this course. The mammalian physiology I was introduced to was
already at that time in many ways a marvelously advanced discipline. I wonder
why such a course is not a basic part of the biology curriculum in every college?
What better purpose could a course in biology serve than to give students some
understanding of the functioning of their own bodies, the organism they inhabit?
I suppose one of the reasons is the tendency of the faculty of undergraduate
departments of biology to cater to the biggest customer-the premedical
student--on the premise that it would be redundant for them; those who enter
medical school will be fully exposed to physiology there. But what about
students like me and, say, chemistry and physics majors and even non-science
majors, who have sufficient background in science?
Since most students majoring in biology do so because of their desire to
go to medical school and become physicians, I found myself surrounded daily by
premedical students. Inevitably, some would ask me why I wasn't interested in
going to medical school. The simple truth was that I had never even given it a
thought. All of my dreams of a profession were as a future biologist. Such
queries, however, forced me to consider the question. I quickly realized that no
way could I be a physician. I hate visiting hospitals and usually find being around
sick people depressing. Anyway, I loved biology. There was a moment when I
hesitated momentarily after my two excellent courses in history and thought that
I might enjoy being an historian. But that was just a passing thought. Deep down
I most aspired to becoming a scholar, with a penchant for biology.
Recently, in my old age, I discovered another reason why I would have
been unhappy as a physician, at least in a number of medical specialties. I
contracted a severe case of the shingles, herpes zoster, in my trigeminal system
several years ago. When I checked into the Pain Center at the Yale-New Haven
Hospital, I found, after several unhappy visits, that nothing tried on me
(including morphine) relieved the excruciating pain. I asked the physician-incharge why and also consulted literature on the subject (in a journal with the nononsense title Pain). The answer is that pain due to herpes zoster and lots of
other maladies is not at all or only poorly understood at a basic level, as is also
true of a number of other areas of modem medicine, notably cancer. I said to
myself, "My God. This makes my poorly understood discipline of embryology
seem like physics!" There is still no remedy for shingles. I've learned to live with
it. Practicing medicine in many areas must be very frustrating intellectually to the
physicians; they are impelled to try something, even though they do not
understand at a basic level what is going on. I was often told, "Let's try this,
sometimes it works, for a while." I like doing experiments on fish embryos, but
would not feel comfortable with this "hit or miss" approach to treating people,
another reason for me to stay away from medicine. Fortunately, however, for me
and for everybody who can afford it or has good insurance, some outstanding
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individuals (including many of my best students) are better able to deal with a
degree of uncertainty and are attracted to medicine.
There are fundamental differences between the education and daily
activities of typical Ph.D.s and M.D.s. Ph.D.s are trained to know a lot about a
little. M.D.s are trained to know something about a lot of things. Ph.D.s often
have the luxury of time in making decisions and, if an experiment fails, they can
try the experiment again. M.D.s are sometimes under enormous pressure to make
quick decisions that can either save or end human life. For many years in
academia, there has been a certain tension between Ph.D.s and M.D.s. There are
disagreements about who is the "real doctor." Faculty often view students
destined for a Ph.D. as more intellectually complete because they have natural
curiosity and an innate desire to learn. In contrast, premeds are often seen as just
interested in good grades rather than the subject in and of itself. Or, perhaps
professors just like budding academicians better than fledgling physicians
because they are flattered that someone wants to be like them. When I was
actively teaching at Yale, very occasionally one of my undergraduate premedical
students would find a way to indicate that he or she thought that the reason I and
other faculty in the Biology Department were biologists rather than "real
doctors" was because we weren't smart enough to get into medical school. I was
a good student who could have easily gotten into medical school, so there was
no question in my mind that I wanted a scholarly life of basic science research.
In point of fact, in my experience, the best biology students often choose
graduate school over medical school. Whatever, I just wasn't interested in
becoming a medical doctor.

Research
My obvious passion for biology and my ability to work hard and
systematically, as judged by my success in my courses, was quickly channeled
into research. At the onset of my sophomore year, Professor Goodrich appointed
me a part-time research assistant. Hubert Baker Goodrich was a graduate of
Amherst College and did his graduate studies with the great cell biologist and
embryologist E.B. Wilson in the renowned Department of Zoology of Columbia
University at the time when T.H. Morgan, G.N. Calkins, and Bashford Dean
were also there. Professor Goodrich's background was in just the areas that were
becoming central to my interests-genetics, cytology and embryology. He did
some of the early studies of tissue cells' relationships to their substrata in
artificial cultures. He aptly called these cells in culture "canoe cells" because
they were tapered at both ends and fat in the middle, like a canoe. He was also
well known for his major work on the development and genetics of pigment
patterns in fish. All in all, he had a distinguished scientific career and he was a
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thoughtful and caring mentor to me. I have always remembered his attentiveness
to my personal and scientific development and have tried to model myself
partially after him. I was truly fortunate to have such careful guidance at the
beginning of my research career.
He was a ruggedly built man with a shy, dignified demeanor and a
modest but highly competent approach to science (Figure 2.1). In spite of his
shyness and reserve, he was a man of much personal warmth. Step by little step,

Figure 2.1. My Wesleyan mentor, Professor H. B. Goodrich, and his wife
Clara. The photograph was taken at a testimonial dinner for Dr.
Goodrich's retirement in 1956. Courtesy of the Department of Biology,
Wesleyan University.
he became like a father for me. I had great confidence in his judgement and
apparently he in mine. He suggested the research problem and then left me more
or less alone-an approach that I appreciated and emulated during my own
professional career many years later.
I was instructed to study the effect of ultraviolet (UV) irradiation on the
skin of a hybrid of the common goldfish, Carassius auratus. This hybrid, called
"calico shebunkin," was interesting because of its highly variegated pigment
pattern. This fish gradually forms clusters of black pigment cells, melanophores,
here and there in the skin during the entire life cycle. The idea was to see if an
unpigmented part of the surface could be stimulated to form clusters of
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melanophores precociously. The UV treatment did just that, suggesting that
latent unpigmented cells called melanoblasts, exist throughout in the skin but
only form pigment when stimulated in one way or another. The result was
unambiguous. Clusters of melanophores did indeed appear in the irradiated area
far more frequently than in untreated areas of the skin. But the cellular basis for
the result remained obscure. More work was necessary to see if the hypothesis
was valid. In spite of this unsatisfying conclusion, the project was, nevertheless,
good training. I had to handle the living material carefully during each treatment,
check the fish at daily intervals for effect of the treatment, examine control areas
for the appearance of melanophore clusters, make photographic records, read the
literature bearing on the subject, and so on. This preliminary investigation was
published in a short paper, The differential effect of radiations on mendelian
phenotypes of the goldfish, Carassius auratus by Dr. Goodrich and me in the
Biological Bulletin, 1939, 63 years ago. It is not an earth-shaking paper, but it
was my first published title. I knew when the journal was going to be published
and impatiently checked the new journal stacks in the library for about two
weeks before the issue with our paper finally arrived. Needless to say, I was
thrilled to see my name in print for the first time in a well-respected scientific
journal. I felt as ifl was a real biologist. It was the first of many publications that
has now included the eight decades from the 1930s to the present (see Appendix
I). Even after all these years of publishing, I still get a surge of pride and pleasure
from seeing a new publication for the first time. Publications are what we
scientists use to mark our professional lives and gauge our intellectual
accomplishments.
To carry on this research I was assigned a gloomy windowless comer in
the attic of the laboratory. I gradually established myself there and also used it
for some of my studying for courses. I shared this space with another student on
another research project. This chap, Vincent Lopez, was a quiet, unobtrusive
young man whom I hardly got to know in spite of our frequent physical
proximity. I remember him mainly because he was very neat and excessively
orderly. Everything was carefully stacked or lined up in place. One day he came
in with a handful of corks; back in those early twentieth century days we used
stoppers made of cork as well as rubber and glass. When he left, I noticed that he
had carefully arranged the corks in an exact row by size, from the smallest to the
largest. I could not resist exchanging a middle-sized one with a smaller one. The
next day I checked to see if he had noticed. He certainly had! The corks were
properly realigned. That is the end of the story. I never knew whether he thought
I did it or whether it was a small lapse on his part. For a change, I was smart and
didn't repeat the trick. I had my fun and let it go at that. If he suspected that I was
thus playing with him it might have sullied an otherwise amicable relationship.
This calls to mind another cute, self-satisfying trick that I cannot resist
recounting. It occurred in Woods Hole, many years later. One day, a volume of a
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journal in hand, I plopped myself at one of the many desks near the windows in
the stacks of the library of the Marine Biological Laboratory. At the desk, I found
an interesting doodle penciled on the surface of the desk. Someone, no doubt
from Harvard, had neatly drawn a copy of the Harvard seal, complete with the
Harvard motto--VERITAS. Happily, it was in pencil. So I very carefully erased
the ER and replaced it with AN and just left it there. I have no idea who did the
doodle or even whether the culprit saw my tweak. Ah, the little satisfactions of
our little lives!
My second experience in research at Wesleyan was much more
interesting. It was a so-called honors project and thus counted as a full course.
Scientifically, it was a problem in what was then termed physiological genetics
and it involved a little old friend of mine, the common tropical aquarium fish, the
guppy, Poecilia reticulata (formerly called Lebistes reticulatus). The guppies and
other tropical fish were housed in a lovely small greenhouse at the end of the hall
of the ground floor of the Shanklin Laboratory. To be near my material, I was
assigned a laboratory room a few steps from the greenhouse. Imagine me, just a
junior in college, only 20 years old, with my own private lab! This was a
privilege that accrued from my decision to select an excellent small college.
Again, my mentor was Dr. Goodrich and my problem was again, not
unexpectedly, in the area of his research interest-the genetics and
developmental physiology of fish color patterns.
My project was to describe the cellular basis and the genetics of a new
variety of guppy that bred true. It was called "blond" because of its light yellow
color that was expressed in both males and females. In contrast, the familiar wild
type guppies are darker and strikingly sexually dimorphic; the females are solid
silver and the males possess a brilliant variegated black, yellow and red color
pattern.
First I had to determine whether the blond variant depended on a single
gene and, if so, whether it was recessive to the wild type, and whether autosomal
or sex-linked. This determination normally involves straightforward breeding
experiments. The guppy, however, required a special twist. It is viviparous. The
female retains the fertilized eggs within her body, with a gestation period of
about 30 days, until the developing embryos are ready to hatch, at which point
these quite advanced embryos or larvae are spewed into the surrounding
medium, the water of the aquarium, or wherever. Thus, to get an accurate count
of the phenotype of the young, you had better be there at the time of birth or soon
thereafter, else the mother might have devoured some of her babies and thus
skewed the result. Also, since the sperm from a single copulation remain in the
folds of the uterus up to eight months, as established by a Danish biologist,
Ojvind Winge, it is necessary to segregate young females from male fish as soon
as they can be distinguished. Then they must be bred with a single male of
determined genetic constitution.
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Knowing these facts of the life cycle of Poecilia, I went to work. Of
course it was great fun for me-an old tropical fish fancier. I crossed a virgin
wild type female with a blond male and vice versa and found that in both crosses
the offspring all had the wild type color pattern. Then I crossed a female with a
male, and vice versa of this F 1 generation and found that the resulting F2
generation segregated into a ratio of wild type phenotype to blond phenotype of
approximately 3: 1. Back crosses of F 1 fish to blond fish segregated
approximately 1: 1. I repeated all of these crosses several times, about 16 times
for each type of cross. The results lead to a simple conclusion. The blond
phenotype depends on a single autosomal recessive gene. It is not carried on a
sex chromosome, i.e., is not sex-linked.
Making these crosses may seem like old stuff, typical of a first exercise
in any genetics course, but it wasn't. There is a big emotional difference between
routine genetic crosses in a course laboratory and making the crosses with your
own organism of unknown genetics. First, I had to provide myself with a set of
ripe virgin blond females and sequester them (imagine the crap I took from
fellow students for this). Next, I made the crosses, then waited for the offspring
to appear, making frequent trips to the greenhouse to check. Then I discovered
the living evidence that the hypothesis was valid, and finally separated the sexes
as soon as sexual dimorphism appeared. Well, these results were immensely
satisfying and all terribly exciting, providing an early example of the vibrant
enjoyment of research in biology as well as the elegant logic of genetics.
Study of the development of the blond phenotype revealed something
quite fascinating. The cells for the red and yellow pigments and for the reflecting
tissue of the blond guppies were normal in number and appearance, just like the
wild type. But the cells for black pigment, the melanophores, were quite
different. Although present in the same number, they were distinctly smaller than
their wild counterparts and mostly failed to disperse their melanin granules into
dendritic extensions of the cell surface. Indeed, almost all of them were simply
little punctate dots. This is why blond guppies are colored light yellow. The
yellow pigment cells (xanthophores) dominate. I tried to induce blond guppies to
distribute their pigment granules out into their cytoplasm by various treatments,
including drugs known in those days to have this effect, by denervation, and by
varying the darkness of the background of the aquarium. Unfortunately, I never
succeeded in influencing the behavior of melanophores. They remained punctate.
Wouldn't it be interesting to recover this blond mutant now and check the
microtubules in the cytoplasm of the melanophores? Micro tubules are currently
the subject of much intensive research and are known to be the intracellular
structure responsible for distributing pigment granules in the cytoplasm of
melanophores. Nowadays it would be reasonable to hyopthesize that the action
of the blond gene is cell-specific, producing its phenotype by interfering with the
propensity oftubulin subunits to polymerize to form microtubules (or by altering
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kinesin-tubulin interaction) but this was 1938-40. Microtubules were then
unknown, and were not discovered until 25 years later by Byers and Porter. My
work on the blond guppy was published in the journal Genetics in 1944, along
with the results of some others on another mutant.

Summer in Michigan
Beginning in 1938, I continued my education in biology in the summer
time. I learned in my sophomore year that I would take the famous Embryology
Course at the Marine Biological Laboratory at Woods Hole in the summer of
1939. So I decided that it would be good experience to go first to a fresh-water
laboratory and take a course not available at Wesleyan. Besides, I was making so
much money at a terrific job with a Middletown tailoring agency, picking up
dirty clothes from students and delivering them clean, that I no longer needed the
small summer income I made as a naturalist/counselor at Camp Wawepex. I had
a small surplus! So I asked around, wrote for catalogs, and fmally decided on the
University of Michigan Biological Station on Douglas Lake near the northern tip
of the Lower Peninsula. I knew, of course, that the University of Michigan was
a great university; moreover, the course program of its summer station and the
eminence of some of its faculty appealed to me. I applied, paid tuition, and got a
job waiting on tables to pay my room and board and off I went. I hitchhiked to
Ann Arbor and then was driven to Douglas Lake by a nice couple from the
Zoology Department at Michigan.
Incidentally, I hitchhiked all over the place, a common practice among
the young in those days. We were low on cash and not in much of a rush. Mainly,
hitching worked quite well. However, once on my trip to Michigan, I had a worry
that I might not get to Ann Arbor in time for my ride. Some nice driver let me off
in Sandusky, Ohio and there I was stuck for I don't know how many hours. Just
as I was losing hope, somebody finally picked me up. Sandusky, my entry to the
Midwest, remains to this day a bad memory. As everyone knows, hitchhiking has
long since virtually disappeared in America as a cheap means of travel-too
dangerous-too many horror stories about either the driver or the passenger.
What a shame! I suppose young people nowadays can afford public
transportation, or possess a car, or don't travel.
My summer in Michigan was superb-a most welcome change from the
naturalist job at Camp Wawepex, which had become boring. I took one
absolutely first-rate course and one lousy one. The first was in helminthology
jointly taught by two distinguished parasitologists; W.W. Cort from the Johns
Hopkins School of Public Health and Hygiene and Lyell Thomas from the
Department of Zoology of the University of Illinois. What fun, digging out
parasitic worms from the guts and wherever of various fish, amphibians, reptiles,
birds and mammals, identifying each, preserving it as a mounted specimen and
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studying their often complicated life cycles. Thomas was in charge of the lab and
was a good teacher. In addition, he was an extremely nice man, although a
terrible lecturer. Cort gave most of the lectures, and they were outstanding. He
was an impressively dignified man with great style and presence. He lectured on
all sorts of interesting subjects such as hookworm and Ascaris in the South, and
infection with blood flukes (schistosomiasis) in the Nile delta via intermediate
snail vectors. None of my biology lecturers at Wesleyan had Cort's authoritative
style and clarity. Cort was a model for me in my later lecturing days. The other
course I took hardly merits attention. I took it as a gut. It was entitled
Mammalogy and Herpetology taught by Charles Creaser from Wayne State
University in Detroit. It wasn't a rigorous course but it was summer and I liked
the animals and the field trips in the woods and swamps and out on the lake.
That summer at "Camp," as the habitues called it, was my first vacation
with people my own age of 20 or older and I basked in it (actually, I was about
the youngest student there). I discovered what a fun-loving character I can be,
given a chance. I also learned that I had a knack for making those around me
have a good time too. It was a true vacation. I enjoyed it all-the summer, the
courses, the lake, the swimming, hacking around with other young men in our
male compound of primitive little shacks, waiting on tables (everyone ate in the
mess hall), playing the clown at a Station party, where I impersonated a woman
(Figure 2.2).

Figure 2.2. The author in drag at a party similar to the one at Douglas
Lake. This party was held some years later at the MBL Club. Two of my
friends are on the right. The bartender is George Davillafranca, a
professor at Smith College. Roger Milkman, then a graduate student at
Harvard, is next to Davillafranca. Roger was a scientific collaborator with
me and now lives in Woods Hole.
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I managed to get into the group photo twice, by sitting at one end and
then, after the scanning camera moved past me, running around back of the
crowd to seat myself at the other end before the camera reached it. I also dated a
young woman briefly toward the end of my stay-Dorothy Cort, the comely
daughter of the imposing Professor Cort. The last time we were together I rowed
her out on the lake, but we were late getting back. There was a strong offshore
wind. Later that year Dorothy invited me to a dance-weekend at Goucher College
in Baltimore. I stayed with her parents, whom I suspected approved of me as a
companion for their attractive daughter, but nothing came of it.

Back to College
In my third year at Wesleyan (1938-39), it had become clear to me that
the fields of biology that interested me the most were genetics, cytology and
embryology. The good biology courses I took as a sophomore and my own
research were important in pointing me in these directions. My leanings were
solidified and became essentially irreversible by reading five books that by sheer
good luck were published around that time by some of the giants in these fields.
Genetics and the Origin of Species by Theodosius Dobzhansky (1937), Recent
Advances in Cytology (1937) by C.D. Darlington, Embryonic Development and
Induction by Hans Spemann (1938), An Introduction to Genetics by A.H.
Sturtevant and G.W. Beadle (1939) and Principles ofDevelopment by Paul Weiss
(1939). And, then to top it off, I took the Embryology Course at Woods Hole in
the summer of 1939 and attended Richard Goldschmidt's controversial Silliman
Lectures at Yale University entitled The Material Basis ofEvolution in December
1939. What an intellectual feast this all was and how fortunate was I to have all
of them come to pass in those very years when my specialized interests were
coalescing.
In looking over my old copy of Sturtevant and Beadle from my college
days it occurs to me that current students of genetics (and some of their teachers)
would do well to study it and learn how remarkably intellectually coherent and
sophisticated a science genetics was before its molecular phase. Some seem not
to realize that the foundations of genetics were established well before the advent
of the Watson-Crick model of DNA, a landmark discovery that is commonly
taken as the beginning of molecular genetics. I particularly suggest that current
day embryologists could learn a lesson from how carefully these early geneticists
were able to analyze the logical structure of genes. They did this analysis long
before the molecular basis of heredity was understood. The best of them were
careful not to prejudge what this molecular basis might tum out to be.
Although my early interest in biology caused me to concentrate on
courses in science and to accelerate completion of my major in biology there was
still time enough to study much outside of science. Two full-year courses that
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stand out in my memory are American Cultural and Intellectual History by Hugh
Brockunier and Introduction to the History of Philosophy by Cornelius Kruse.
These were huge eye-openers. With the guidance of Brockunier, an excellent
lecturer and the author of an authoritative work, Roger Williams and Early Rhode
Island Democracy, and the full required readings, I gained an appreciation of
many vital aspects of American history to which I had never before been
exposed. In the philosophy course I learned and pondered the thinkings of
Western philosophers that I had barely heard of before: Plato, Descartes,
Spinoza, Hume, Kant, Hegel, Schopenhauer, William James, and Bergson.
Indulging in philosophy didn't influence my scientific thinking much but it was
a marvelous intellectual game and helped me develop my own view of how I
should lead my life.
In particular, the philosophy course brought to a head my growing
doubts about conventional religion. Although I was outwardly a good Methodist
up to my departure for college, I had already begun to wonder about some of the
"eternal" truths that had been an integral, but unthinking, core of my younger
years. The origin of some of these doubts was to be found in the Marxist
literature that I had been reading as a senior in high school. By studying
philosophy I found that there are a lot of ways of looking at the concept of a
supreme being and a lot of ways of building an ethical, moral life and that the
latter does not necessarily depend on one's belief in the former. Not surprisingly,
this was a frequent topic of discussion in bull sessions with fellow students. The
upshot of all this was a realization that belief in the existence of God is based on
a hypothesis that can neither be proved nor disproved. P.B.Medawar, the brilliant
English immunologist and essayist, put it best in his 1984 book The Limits of
Science; "A reasonable case can be made for saying, not that we believe in God
because He exists but rather that He exists because we believe in Him." A belief
in God requires faith (faith being the acceptance of things without evidence).
Thus, there were two questions for me. Do I need to believe in a God in order to
behave ethically? Do I need faith for a happy, fulfilling life? I decided that for
me the answer to both questions was no. With this decision, I became an atheist.
This meant that I could not depend on a religious institution to prescribe my
ethical life for me. I had to do it myself. In essence, I consciously codified what
I more or less already believed ethically, as a result of my background, with
honesty and compassion being at the center. This decision has turned out for me
to be of life-long importance. I am still that way, with the same principles, but,
of course, with a certain degree of fine-tuning that has come inevitably with
experience and reflection.
As you might imagine, given my proselytizing nature, reaching this
conviction got me into a lot of arguments with various religious types on campus,
mainly Catholics (the chief enemies of my Protestant parents). By my senior
year, however, I came to understand that these frequently impassioned
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discussions were getting nowhere. Nobody was converted. What became most
important for me was how people behaved, not what they believed. "Actions
speak louder than words." "By their fruits, ye shall know them." In the process,
I became more tolerant of many of the beliefs of others, religious or otherwise,
judging individuals primarily by their behavior.
Now, after my long life in science, I can report that almost all scientists
I have known don't think enough about religion to call themselves atheists or
anything. Although most are highly ethical individuals, religion is just not an
important part of their lives. The very few who are religious do not let it interfere
with their science, otherwise they would not be very good scientists. For this
reason, there isn't much constructive dialogue between science and religion, in
spite of continued efforts to promote it.
In reminiscing recently with a Yale colleague, Allen Garen, a keenwitted molecular geneticist, about how I turned atheist during my early years in
college he asked, "What took you so long?" Good question. I think I know why.
Right up to the end of my high school years I was having too good a time in our
Methodist Church belting out those rousing Protestant hymns and going to
church parties to grapple with whether God really existed or not.
In retrospect, I am most grateful for the fine exposure to the history of
philosophical thinking through the ages that I had in my philosophy courses
during those student years. It helped me through the final stages of the
formulation of a personal ethical and moral philosophy that has served me well.
A course in the history of various philosophies, not only Western, should be
required in the education of all college level students.
In addition to the big history and philosophy courses, I took some little
courses for my general education, such as psychology, French, political science,
astronomy and music appreciation. For me the last was certainly the most
important. I had learned very little about classical Western music at home and at
school. The music course introduced me to Palestrina, Purcell, Verdi, Bach,
Haydn, Mozart, Beethoven, Brahms, Stravinsky, Debussy, Tchaikovsky and all
the rest. It was an enchanting, enriching experience. In addition, it was very
demanding, requiring hours and hours of listening to records and recognizing
what we heard when the instructor played parts of one or another composition in
an examination. This course laid the basis for my subsequent lasting rudimentary
enjoyment of classical music. As I recall, I only received a B or maybe a C in the
course, a sure sign that grades don't tell everything.
The astronomy course was taught in the charming little Van Vleck
Observatory up on the hill above the athletic fields and overlooking an ancient
New England country cemetery. The classroom was tiny, with only about a dozen
desks. The teacher, Professor Slocum, was lean, dry, bespectacled and
humorless, a Gothic novel's caricature of a college professor. With him, however,
we could peer through the observatory's excellent 20-inch refracting telescope
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on clear nights. That was also an eye-opener. The course did not require much
concentrated study and I consequently did not learn much; however, it was
certainly agreeable. The cemetery by the observatory was one of my favorite
haunts on nice weekends. I would sit there peacefully by myself and read and
dream, leaning against a large gravestone.
Since Wesleyan was a private college, it was rather expensive, as are
virtually all private colleges in the U.S. I made my way, like many others in
similar economic circumstances, by a combination of small help from my parents
(who saved money by not having to feed me) and savings from my jobs in
Rockville Centre and at Camp Wawepex in the summer. I also received
scholarships and loans from the college and jobs at Wesleyan, such as waiting on
tables, working for a tailoring agency, and serving as a laboratory teaching
assistant in the Introductory Biology Course, as a junior, and in the Comparative
Anatomy and Embryology Course, as a senior. I was flattered for having been
chosen for this and discovered again by practice how much I enjoy teaching.

Woods Hole
I am not certain now when I first learned about the Marine Biological
Laboratory (MBL) in Woods Hole. I possibly knew of it by the end of high
school but certainly during my first year in college. Already, during my
sophomore year, Dr. Goodrich, who was the Director of the Embryology Course
at the MBL, assured me that I would have a scholarship from Wesleyan to pay
my tuition for that course during the summer after my junior year. Furthermore,
he told me that I could cover my room and board by waiting on tables in the mess
hall. As the time approached, I was naturally filled with expectations. The
reticent Dr. Goodrich didn't tell me much, but I had seen a photograph of a brick
laboratory building in Woods Hole. I knew that, along with the Stazione
Zoologica in Naples, Woods Hole was the most famous marine laboratory in the
world, a place where many important and well-known biologists worked during
the summer months. This was enough. The place already had an almost magical
aura for me.
So, around the middle of June 1939, the semester over, I took the train
for Woods Hole. It was the legendary "Cape Codder," New York-Woods Hole
direct. The trip was uneventful, until we passed over the Cape Cod Canal. Now
we were on the Cape; we were close. We moved through forests of scrubby pine
trees, slowed down, had a brief glimpse of the sea and stopped. It was the end of
the line, the little village of Woods Hole. When I got off, nearby I saw the docks
for the steamboats or ferries for Martha's Vineyard and Nantucket. Wide-eyed, I
walked along the harbor toward the MBL just down the street. I soon found the
Brick Laboratory I had seen in the photograph, but much expanded. Across a
little street from it was a small, nondescript, U-shaped wooden building, its
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shingles weathered gray. This was not like my arrival at Wesleyan, no charming
campus. Actually, except for the harbor, it was rather bleak. Then I noticed a little
sign on the wooden building saying simply EMBRYOLOGY. This was the place.
I had arrived (Figure 2.3).

Figure 2.3. Old Main at the Marine Biological Laboratory, similar to how
it looked when I first saw it. Photograph used by permission of the Marine
Biological Laboratory Archives.

I soon learned that this building was the original main research and
teaching laboratory of the MBL, and was referred to as "Old Main" for that
reason. When I arrived, and for some years after, it was devoted almost entirely
to teaching-Embryology and Physiology in the first part of the summer and
Invertebrate Zoology in the last part. Almost all research by "investigators" was
done in the big "Brick Lab" across the street, which also housed the library.
After a brief introductory lecture by Professor Goodrich, the so-called
"Poison Ivy and Sunburn Lecture," the course started right off. We were given
outlines. This was a course on many aspects of embryogenesis: fertilization,
cleavage (holoblastic, mosaic and spiral, indeterminate and determinate)
gastrulation, organogenesis, formation of larvae, metamorphosis to the adult,
regeneration, polarity and gradients, reconstitution, parthenogenesis, and
polyspermy. We were to study these in the living embryos of organisms that
thrive in the rich ocean waters around Woods Hole: vertebrates (teleosts) and
various invertebrates [coelenterates, especially hydroids, sponges, annelids,
molluscs, squid, echinoderms (starfish and sea urchins), crustaceans, and
tunicates (sea squirts)].
We were a pretty large class, about 35 of us from all over, and there
were five instructors and two assistants. The faculty was outstanding: H.B.
Goodrich, the Director, Viktor Hamburger from Washington University, Donald
Costello from the University of North Carolina, Oscar Schotte from Amherst
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College, and William Ballard from Dartmouth College. In his quiet way, Dr.
Goodrich was clearly a man of excellent judgement. The assistants, Eugene
Copeland from Harvard and John Milford from New York University were
helpful and congenial, as assistants should be. With Gene Copeland, this began
a life-long friendship, which so far has lasted 63 years. We still see each other
from time to time, for he retired to Woods Hole, as have so many biologists. He
still calls me Jasper, which had become my Woods Hole nickname.
Each day started with a lecture by one of the instructors or sometimes
by a guest. Since the lectures took place in the laboratory, we had to be sure to
shut off the noise of the running sea water system beforehand (and not to forget
to turn it back on again after). Then we went to work on the beautiful marine
embryological material. For me everything was new. I had read about some of it
but had never seen any of it before in the flesh.
As I settled down, I soon discovered, gradually, that there is much more
to Woods Hole than the Harbor, Old Main, the Brick Lab, the Mess Hall and the
bed I slept in. The MBL library was magnificent, with a rich collection of
journals, and, can you believe it, they were arranged in the stacks in alphabetical
order, instead of by some screwy Dewey Decimal System. Also, there was an
outstanding collection of reprints. It was the most convenient library I had ever
used (and still is). Just behind the Brick Lab was the Eel Pond, full of boats. Why
it was called a "pond" I could not fathom since it was really a small, safe, almost
land-locked extension of the ocean. To the west, just down the street, was the
"Fisheries," another old wooden building, which, I was told, was the oldest
marine laboratory of the U.S. Bureau of Fisheries. To the east, also just down the
street, was the renowned Woods Hole Oceanographic Institute, with its seagoing, sailing laboratory, the ketch Atlantis. Beyond the laboratories, but not far,
were the beaches-Stony Beach and Gansett Beach on Buzzards Bay and
Nobska Beach with its lighthouse on Vineyard Sound. There were two lovely
peninsulas-Penzance Point, where most of the rich people lived, and Juniper
Point, where other rich people lived, and where the U.S. Coast Guard had a major
station. Since Woods Hole is itself a peninsula, the sea dominates all-Buzzards
Bay to the north and Vineyard Sound to the south, separated from each other by
Woods Hole and the Elizabeth Islands, which begin at Woods Hole and string
down southwest. The swift tidal current running between Woods Hole and the
first of these islands, Nonamesset, the Woods Hole Passage, was also called a
hole- "The Hole." (Figure 2.4).
Although all of this scenery and the extracurricular enjoyment of it was
great stuff, it was the Embryology Course that really excited me the most. There
was the beauty and wonder of working with living embryos, many of which were
so lucid, almost transparent, that we could observe many features of
development directly, even at the cellular level. I was especially impressed with
the striking beauty of developing embryos and the bewildering array of
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developmental motifs to learn. I was awed by the meroblastic cleavage (a kind
of cleavage seen in eggs with a large amount of yolk, such as birds and fish,
where the cleavage furrows don't divide the entire egg, but instead form a
collection of cells resting on a yolk mass) and dramatic gastrulation of the
beautiful embryo of the killifish Fundulus heteroclitus; and the holoblastic
cleavage (here the whole egg, yolk and all, is cleaved), gastrulation and
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Figure 2.4. Map of the Woods Hole region.
formation of the famous trochophore larva of the sand worm Nereis limbata
(also those of another worm, Chaetopterus) and its phylogenetic significance;
holoblastic cleavage and gastrulation of the sea urchin, Arbacia punctulata
(Figure 2.5) and the formation of its jewel-like pluteus larva; and by the
formation of the tadpole larva of the sea squirt Ciona.
Ciona was of interest because these ascidians were chordates
(subphylum Urochordata), part of the same phylum as all vertebrates, including
humans. Admittedly, they are primitive chordates, and by looking at the adult
forms one would never guess that they are more closely related to humans, than
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Figure 2.5. Early embryos of the sea urchin, blastula on the left, gastrula
on the right. Photographs courtesy of Charles Ettensohn.

say are sea urchins. To the untrained eye, a sea cucumber (of the phylum
Echinodermata) and a sea squirt (of the phylum Chordata, subphylum
Urochordata) seem more alike than say a sea squirt and a cat. Ascidian larvae,
once fully formed, however, have the basic chordate body plan with a dorsal
tubular nervous system, a skeletal notochord just ventral to the nervous system,
and a complex anterior portion of the anterior digestive tract called the pharynx,
associated with paired branchial (pharyngeal) arches that form skeletal elements
that support gills (in fish) or make up the face (in humans). I had learned all of
this comparative anatomy in the abstract in my undergraduate courses, but here
was the opportunity to actually see these embryos alive and developing before
my eyes. I was excited by this prospect and enthralled by the beauty of these
minute creatures.
It was equally fascinating to observe in detail the remarkably similar
regular (mosaic) cleavage of the mollusc Crepidula and the annelid (segmented
worm) Nereis and ponder its evolutionary significance. And, we did experiments,
repeating classical work on the same or similar material at Woods Hole and
Naples, such as parthenogenesis, polarity and gradients, reconstitution of
hydroids and sponges, and we experimented on our own. For me, this laboratory
work on this gorgeous material was the meat of the course and, I believe,
intended was to be so by the faculty.
Each day commenced with a lecture by a member of the faculty. Almost
all of the lecturers were good and some were superb. They were based mainly on
the embryology of the very species we were studying in the laboratory and of
related species and on the developmental questions posed by them. In addition,
there were 1 or 2 special lectures each week by members of the staff or guests.
Some guests! E.G. Conklin on ascidian development, F.R. Lillie on development
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of the feather, Mary E. Rawles on development of feather pigment patterns, A. H.
Sturtevant on genes and cytoplasm, Caswell Grave on ascidian metamorphosis,
William Duryee on the lampbrush chromosomes of the amphibian germinal
vesicle, and Charles Packard, the Director of the MBL, on historical aspects of
embryology. Two lectures by members of the faculty stood out: Viktor
Hamburger on Spemann and His Historical Background and Oscar Schotte on
Amphibian Limb Regeneration. Hamburger was a student of Hans Spemann at
the University of Freiburg in the heyday of German experimental embryology.
For this, there was a certain aura about him. Two of his fellow students in
Freiburg were Johannes Holtfreter, a brilliant experimental embryologist who
studied morphogenetic cell movements in amphibian embryos, and Hilde
Mangold, who discovered the amphibian "organizer" in her doctoral research.
Hamburger was an excellent lecturer with a strong but easily understandable
German accent. Lean in appearance and rather formal in manner, he was,
nevertheless, kind and helpful and had a dry sense of humor. I came to respect
him very much. Hamburger's students at Washington University (in Saint Louis)
loved to tell this story about him. His English was excellent and correct but
limited in American slang. Each year in his embryology course at Wash. U., he
would have the students perform parthenogenesis (artificial fertilization) by
pricking unfertilized frog eggs. Half the class would simply prick the egg and
half the class would do the same with a needle that had been immersed in blood.
At the end of the experiment the results would be tabulated on the blackboard:
the percentage of parthenogenesis with "clean pricks" and with "pricks with
blood." This went on for some years before Hamburger finally understood the
double entendre. Professor Hamburger lived a long, fruitful life and died only
recently at the age of 100. He was active until almost the end. I count it as one
of the outstanding privileges of my life to have known and worked with this great
man.
Schotte was also a fine lecturer, with a charming but God-knows what
accent. He came from several countries in Europe and also from Spemann 's
laboratory, where he performed the famous Schotte-Spemann xenoplastic (crossspecies) transplantation of salamander ectoderm from the flank to the
prospective mouth region of a frog embryo. The result was the induction of
mouth parts, but of the donor, the salamander, showing that the genetic
constitution of the responding cells was the determining factor. This experiment,
in the 1930s, laid the foundation for much contemporary analysis of the genic
basis of development. In contrast to Hamburger, Schotte was a little rotund man,
with a little moustache, and a big ebullient personality. He could be difficult but
also very charming and had a constant, quick eye for the ladies.
I remember Hamburger's lecture as one of the conceptual high-points of
the course. It was, of course, a thrill for me to get lessons straight from the
horse's mouth, so to speak. Both Hamburger and Schotte had come relatively
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recently from Freiburg, which, like Yale under Ross Granville Harrison, was a
Mecca for embryologists.
Other members of the faculty lacked the presence of Hamburger and
Schotte, but they were expert in their subjects and attentive teachers. My
memory of Dr. Costello is of a pale, very thin, rather fragile, very careful man,
for whom life seemed a little difficult. I do not recall that he ever smiled.
However, he was an excellent embryologist and a devoted teacher. He suffered
from congestive heart failure and was sickly much of his adult life. W.W. Ballard,
the last and one of the best students of Harrison, was vigorously young and
handsome. In addition to knowing his embryology, he was an excellent oldfashioned zoologist, a naturalist, like Hamburger. Bill Ballard and I became close
friends, and in later years he became a colleague in research as well, as our
interests in early fish embryology converged. Our friendship continued until the
end of his life just recently (1998) at the ripe old age of 92.
Among the guest lecturers, Edwin Grant Conklin, of Princeton
University, was a student ofW.K. Brooks at Johns Hopkins University, as were
E.B. Wilson, R.G. Harrison and T.H. Morgan. He gave an outstanding lecture,
almost like a preacher, which he once was, his legendary vigor undiminished by
advanced age. Frank R. Lillie, of the University of Chicago, was a student of
C.O. Whitman at Chicago, who was the first Director of the MBL. His lecture
was neat, clear and uninspiring. I gathered that he was like that personally. I was
also told that, in addition to his fine science and excellent students, such as B.H.
Willier, he was an outstanding administrator at Chicago and a great long-time
former Director of the MBL. Alfred H. Sturtevant of California Institute of
Technology, was a student of T.H. Morgan at Columbia University, along with
C.B. Bridges and H.J. Muller, and, as such, was one of the founders of modem
genetics [("modem" for us at that time (1939)]. His lecture was exceedingly lowkey and not very illuminating, but to see and hear him was nevertheless an
inspiration for me, ever the romantic. He was, after all, the man who had
constructed the first chromosome map when he was a graduate student and had
since then been famous for his short, compact, precise papers on important
discoveries in Drosophila genetics and for his outstanding Introduction to
Genetics with Beadle. Lectures by famous biologists, such as these, who were in
residence at the MBL as investigators, were certainly part of the glamour of the
institution.
Not surprisingly, I enjoyed my fellow students a great deal. All were
more or less interested in embryology and some, like me, very much so. Our
mutual interests led to many vigorous and profitable discussions of
embryological issues, big and small. Also, I was lucky. With few exceptions, we
were a congenial lot. We worked together, we ate together, and we played
together. I made a number of friends, some of whom have remained so for years:
Martha Barnes, who was the belle of the course and was called "Barney," Elmer
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Broeker, Fred Ferguson, Charles Metz, John Shaver, Marcus Singer, Ray
Watterson, Dorothy Wellington and Chuck Wilde, who quickly attached himself
to Barney. Dorothy Wellington, a very sweet, attractive young woman, invited
me to a dance weekend at her college, Wheaton College, during the very next
year. The situation in the course was apparently just right, for in this short period
of several weeks I made more lasting friendships than in all my four years at
Wesleyan.
I was also lucky in that some of my fellow students were very smart and
excellent young biologists. I have learned since that not all classes of the course
are so endowed. Many years later, when we were both old men, Marc Singer told
me that Viktor Hamburger had told him that ours was the best class he had taught
in all his years of teaching in Woods Hole. As the years passed, an impressive
number of our fellow students went on to notable careers, some distinguished.
For example, Charles Metz, my lab table partner from Cal Tech, whom I called
Chaz and who gave me the nickname "Jasper," an appellation that stuck for many
years. Others were Marcus Singer (Harvard), Martha Barnes (later Martha
Baylor) (University of Illinois), Ray Watterson and Howard Hamilton
(University of Rochester), Nevin Schrimshaw (Harvard), John Shaver
(University of Pennsylvania), Louis Delanney (Stanford University), Frederick
Ferguson (Wesleyan), Roy Gillette (Washington University) and Charles Wilde
(Dartmouth). In particular, Marc Singer went on to do very elegant work on the
quantitative role of nerves in amphibian limb regeneration, working at Cornell
and Western Reserve. Chaz Metz later helped me get a job at Yale and still later
ran the Fertilization and Gamete Physiology Course at the MBL, along with
Alberto Momoy, Director of the Stazione Zoologica in Naples. Ray Watterson
finished his career at the University of Illinois, where he did outstanding research
on chick development. Nevin Schrimshaw changed fields and became the head
of an important laboratory in tropical disease in Costa Rica. Martha BarnesBaylor became an important member of the faculty at the State University of
New York at Stony Brook and Charles Wilde was on the faculty at the University
of Pennsylvania.
We worked morning, afternoon and evening. We went swimming. And,
as we got to know each other, we fooled around and drank a lot of beer. Our
classes (and Physiology, Botany, and Protozoology) were all coed, so there were
plenty of young women around. Having classes with young women was a
refreshing change for me after my monastic existence at Wesleyan. I even met
Dr. Goodrich's daughter, Mary, an extremely likable young woman. We became
friends and enjoyed dancing together. I distinctly recall her once saying, "Jasper,
I really enjoy dancing with you." Well, me too, I enjoyed dancing with her, and
with a number of others. Perhaps I was too young and too inexperienced to make
anything of her remark, which was probably innocent. Mary and I simply
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remained good friends. Eventually, she married one of my classmates in the
Embryology Course, Nevin Schrimshaw.
Some of my most vivid memories of that summer were social events
connected with the course. Two were embryological: collecting Nereis and
towing for plankton. Nereis limbata (the sandworm) is attracted to the surface by
light in some phase of the moon. At just the right lunar phase, huge numbers
swarm near the surface in a sort of sexual minuet. We would grab them with a
little flat net before they grabbed each other, keeping the sexes separate, and take
them back to the lab to fertilize the eggs to observe penetration of the sperm and
their typical annelid mosaic cleavage. The collecting on the unstable floating lab
dock in the Eel Pond, with everyone trying to see the swarming, led to instability
of the collectors, not a few of whom invariably found themselves in the Eel Pond
with the Nereis. The other event involved crowding onto the biggest MBL
collecting boat to go towing in the harbor for pelagic eggs, embryos and larvae;
then came the excitement of trying to identify the varied collection in the lab.
Trochophore and pluteus larvae in the wild! I remember Ballard being a big help
here.
The biggest and most memorable social occasion was the annual course
picnic of students, staff and families at Tarpaulin Cove on Vineyard Sound, a
splendid sandy indentation ofNaushon, the biggest of the Elizabeth Islands. This
outing included a lovely boat trip, swimming, walking to the lighthouse and
across the island to Kettle Cove on the Buzzard Bay side, and gorging ourselves
on lobster, steamed clams, mussels and watermelon. It was a wonderful day.
Toward the end of the Embryology Course, we students put together a softball
team for the traditional game with Physiology. I don't remember who played
which position, except me of course. I was the talkative catcher and hit a double.
It was a notable occasion-the game, we boisterous players, our loyal and loving
fans, the idiotic chatter and the beer. To top it off, we won! All in all, this was
certainly the best summer of my life up to that point. Now, in retrospect, after
many fine summers since, it still remains among the best.

Cold Spring Harbor
The Woods Hole Embryology Course terminated near the end of July,
so I had to make plans for the rest of the summer. I certainly did not want to
spend August in Rockville Centre. I thought of genetics and this lead me to think
of the Carnegie Laboratory of Genetics and Experimental Evolution at Cold
Spring Harbor. So I wrote Dr. Blakeslee to see if I could work there as a
technician. He responded right away, offering just that opportunity. So, when the
MBL course was over, I took myself to CSH and found myself working on
somatic mutations in the flowers of Portulaca. Nowadays, I suppose these
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random streaks of color would be thought due to migratory genes called
transposons. Cold Spring Harbor was pretty quiet after Woods Hole. I read a lot
in their little library, when I was not working, and I would visit my parents on
weekends.
In those days the Cold Spring Harbor Laboratory was small and bucolic,
not at all like the posh, science-chic campus of today. Some of us summer
technicians and research assistants were housed in tents, each set up on a wooden
platform. My tentrnate was named Taylor Hinton, an intense, voluble young man,
who was working on a problem in cytogenetics with Milislav Demerec and was
nuts about the problem and about genetics in general. We talked a lot about his
research, which involved trying to localize a gene on a salivary chromosome of
Drosophila, and he filled me in on some of the professional gossip in the field of
genetics. Another young geneticist at the laboratory, Philip Bridges, was quite the
opposite, rather quiet and shy. He stood out anyway because he had the
misfortune of being the son of the brilliant geneticist, Calvin B. Bridges, the
author of one of the pillars of genetics, Nondisjunction as proof of the
chromosome theory of heredity (Genetics, 1916) and many other important
papers. Bridges was also a philanderer of international note. An English
geneticist was said to have remarked: "Bridges? Remarkable man. All brains and
balls." Poor Philip! My stay at Cold Spring Harbor was an interesting but not
very exhilarating period and I was happy to return to Wesleyan when the summer
was over.

Back to College Again
Along with my full curriculum at Wesleyan, I also participated in
certain extracurricular activities, mainly political, given my convictions. I
considered theatre, building on my high school attachment to acting, but decided
against it. Too time consuming. Politically, I was active in the then current
national left-wing student organization, the American Student Union (ASU), I
was its President during my senior year at Wesleyan. I don't recall that we did
very much. Also that year, I was the President of the John Wesley Club, a nonfraternity social organization, and was elected Secretary-Treasurer of the college
body. This was a consolation prize; I was voted down for both President and
Vice-President in the campus-wide election. My election to this position was a
joke; I've never been interested in money or good at handling it. The
membership of the John Wesley Club was a hodge-podge of students, who, for
one or more reasons, did not belong to one of the so-called Greek-letter
fraternities-lack of money, being Jewish, black, or maybe even Greek (the
fraternities discriminated), or principle. In my case, being a WASP, the bigotry of
the fraternities was no obstacle. For me, it was money and principle. I could not
afford it and I would not associate with a club that so discriminated. And they
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really did, completely out of keeping with the academic spirit of the college as a
whole. I was also a member of the varsity swimming team, but only in a formal
sense. I was the third breast-stroker. Unfortunately, try as I might, I never got
better than the second breast-stroker, so I never competed in an actual
intercollegiate meet. But the training in technique was excellent and it was
healthful (as if, at that age, one needs to swim 50 laps a day in order to be
healthy).
As a reward for having achieved the prestige of being a political big
shot, BMOC, a big fish in a small pond, I was elected to one of the two honorary
senior secret societies-Mystical Seven, whose meeting place was a small, brick,
heptagonal building. I enjoyed it because the six other members were worth
knowing. The most interesting for me was Charles Gillespie, a chemistry major,
who went on to graduate school at Harvard to study history and then to a long,
distinguished career as Professor of the History of Science at Princeton and
author of the fine work The Edge of Objectivity.
I recall devoting a considerable amount of energy and enthusiasm to
these various extracurricular activities but, strangely, do not now remember my
participation in them in anywhere near as much detail as I do my course work,
my research and my intellectual life. I bet if I had been a star athlete, especially
in football, I would remember a lot about that. No matter. When all is said and
done, my college did the essential things for me.
Being an outgoing person, I made many friends in college but for one
reason or another only three of them lasted. Clifford Davenport was a good leftwing friend, but after he graduated I more or less forgot about him. He was a very
fine person but too serious for me. He had little sense of humor. We saw each
other again recently as old men in Mill Hill, California. He was still very serious.
David Jones was smart and a lot of fun. We saw each other a little after
graduation in the military service in Italy and later at a cocktail party in his
apartment in Harlem. He was a lawyer trained at Harvard Law School, and held
an important administrative post for the city of New York. His wife was chic and
as beautiful as a professional fashion model. I found her rather cold in
comparison with her handsome husband and with Jewel Plummer, my warm,
attractive friend from Woods Hole, who had brought me to the party. Dave's wife
was the daughter of the then President of the NAACP. Also, at this smashing
party, I met a jolly young professor from Princeton, Charles Davis, who later
joined the faculty at Yale University, where he became Head of AfricanAmerican Studies and Master of Calhoun College (see p. 212). At Yale, we
became close friends, enjoying many a merry lunch together. Very sadly, soon
after I last saw him, Dave died very young and quickly from a very aggressive
cancer.
Robert Cohen was a freshman when I was a senior and he quickly
became a sort oflittle brother for me, and I a sort of big brother for him. He was
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a very warm person and absolutely brilliant intellectually. Later, when I joined
the Yale faculty, I was delighted to find Bobby there as a Fellow of the American
Council of Learned Societies in the philosophy of science. I had many good
times with him and his wife Robin before they left New Haven for Boston, where
he eventually headed the Physics Department at Boston University. I also
enjoyed associating with a number of other fellow students, but none of them
were close or of enough interest for me to look them up after college. Except for
Cliff, Dave and Bobby, they apparently felt the same about me, for I haven't seen
any of them since except at our fiftieth (and for me only) class reunion.
My senior year was the richest in many ways. I have learned since from
many others that this is often so. I had grown up intellectually to a marked
degree. I concentrated on my research and writing my honors thesis. I took
seminars in political science and modem philosophy, the last being a class of but
four of us meeting weekly with Professor Kruse. Each week each of us would
read a paper on an assigned aspect of a particular philosopher. Our seminar took
place in The Honors College, a fine, old, imposing Georgian mansion, with
lovely gardens. We would always take a break for tea. I liked that. This was the
regal, intellectual day of each week, an important part of the slow civilizing of
J.P. Trinkaus.
During that year I was elected to Phi Beta Kappa, the American
honorary scholastic society. Although I knew that this honor was based entirely
and only on my course grades, I was nevertheless happy to accept it. Curiously
at the time, the Wesleyan student body year after year voted overwhelmingly that
this was the highest honor that could be bestowed on an undergraduate. Also, in
those days, men frequently sported pocket watches rather than wristwatches, and
in academic circles it was easy to identify a member of Phi Beta Kappa by the
key suspended from his watch chain. Appropriately, my commencement present
from my parents was a Hamilton pocket watch, for which I quickly bought a
chain from which I could suspend my Phi Beta Kappa key. Later, in graduate
school, when I learned that most of my associates had been elected to Phi Beta
Kappa as undergraduates, the key lost its luster. I became a little embarrassed at
my pretentiousness. I quietly put my key away and have since misplaced it.
Early in my senior year I needed to get my act together on the matter of
where and with whom to do my graduate work. I was also still in a quandary
about my chosen field of study. Should I choose embryology, cytology or
genetics? Here too Dr. Goodrich was of much help. I fmd that even now, after all
these years, I am uneasy referring to this great man simply as "Goodrich," as if
he were a peer. I still have great respect for his guidance and intellectual ability.
I was imprinted early to think of him as Dr. or Professor Goodrich. My leanings
were toward embryology because of the Woods Hole experience, and I was tom
between studying with Benjamin H. Willier at the University of Rochester and
Victor C. Twitty at Stanford University. I found myself thinking more about
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Twitty. He was a first-rate embryologist, an extremely congenial man, one of
Harrison's best students at Yale, and he was in California. Dr. Goodrich was
gently pushing me toward Willier, also a first-rate embryologist, one of F.R.
Lillie's best students at Chicago, and a proven successful mentor. He had
attracted and trained students like Mary E. Rawles and Dorothea Rudnick and
my fellow students in the Embryology Course, Ray Watterson and Howard
Hamilton. But I had found him a little distant upon meeting him. Moreover, he
was in Rochester up in upstate New York, with its challenging winters. In spite
of the winters, however, I had to face an additional important factor. Unlike
Twitty, Willier had as a faculty colleague one of the world's great geneticists,
Curt Stem, who was also a superb human being. So I finally bit the bullet,
applied to Rochester, and was accepted.
But, then, completely out of the blue, I received a letter from the Dean
of Dartmouth College informing me that I had been awarded the Cramer
Fellowship of that year for studies in genetics. I had not applied for this
fellowship. In fact, I had never heard of it. What a colossal, marvelous surprise!
With this fellowship I could go anywhere. I quickly thought of England but that
was impossible. There was a war going on over there. So, where to go? I had
learned just that year that Theodosius Dobzhansky at Cal Tech and Marcus
Rhodes at Indiana, both leading geneticists, had just moved to Columbia
University. These, with the faculty already there, made Columbia one of the most
attractive universities anywhere for the study of genetics and cytology. Indeed,
L.C. Dunn, a leading mouse geneticist, was a developmental geneticist. So, I
decided to go to Columbia for a year and wrote Dr. Stem at Rochester about my
decision (Willier in the meantime was moving to Johns Hopkins). Dr Stem was
characteristically gracious and reserved an assistantship for me for the following
year.
During this search for a graduate school, I also thought of Princeton
University. It had a good embryologist, Elmer Butler, and a good cytologist,
Gerhard Fankhauser, and a reputably beautiful campus. Since Princeton was
nearby, I went for a visit. Professor Butler, a quiet, dignified man, was a generous
host and gave me the $5.00 tour of the campus. Princeton really is a beautiful
university, almost out of Hollywood; but for my special interests it was not up to
Stanford or Rochester. I also thought briefly of the University of Chicago and
Paul Weiss. However, although Weiss was already the dominant figure in the
field of development, he also had a very dominating personality and thus was not
my kettle of fish.
At each Wesleyan Commencement the Rich Prize was offered for the
best commencement oration. A friend from my philosophy seminar, Asher
Moore, and I won the preliminary competition and thus competed for the prize
at Commencement. The prize was $100, a fair amount ofmazuma in those days,
certainly well over $1,000 in today's dollars. Since we had both beaten out the
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competition and did not fmd either better than the other, we decided secretly to
split the prize. The title of my oration, Science and the Crisis ofModern Thought
was, I am afraid, youthfully ostentatious and, as Commencement approached,
seemed somewhat out of place with what was happening across the Atlantic. This
was June 1940 and we were all shocked by the disintegration of the French
armies and the imminent fall of France to the Nazis. In fact, Marshal Petain sued
for an armistice with Germany on the 16th of June, the very day of
Commencement. I felt that I should somehow refer to this enormous event in
some relevant way in my oration, but failed to find the proper words. Although
this was an ominous and frightening event, as a matter of fact, life went on for
us Americans then and for some time after in pretty much the same way,
regardless of what was happening in Europe. Anyway, I won the Rich Prize, to
the delight of my parents and myself. I graduated with High Distinction in
Biology and soon thereafter I sent Asher his half of the prize money.
Recently, after completing a rough draft of this chapter, I consulted the
report of the 50th Reunion of the Class of 1940 to see if I had overlooked
something worth mentioning. To my amazement, I found something meritorious
about myself that I had completely forgotten. "The results of the Argus Poll (of
June 1940) showed that John Trinkhaus and Henry Anderson were tied in the
judgement of the Class for having done the most for Wesleyan." (Whatever that
means.) This, in spite of my politics, which is interesting since the overwhelming
majority of the Class were Republicans or became so as alumni. I cite this lapse
of memory as testimony to my well-known, deep-seated sense of modesty, but it
would have been nice if they had spelled my name correctly.
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Back to the Hole
I had had such a marvelous time in so many ways in Woods Hole when
taking the Embryology Course that I wasted little time arranging to return the
very next year, this time for the whole summer. I was to be a sort of research
assistant to Dr. Goodrich. In fact, I spent little time at research and much at the
beach. I paid my way by waiting on tables at the mess, and working part-time at
the Supply Department, the collecting arm of the MBL and part-time making up
Drosophila (the fruit fly commonly found around decaying fruit in the summer)
bottles (containing culture medium for the larval stages of the fly) for Dr. L.V.
Morgan, wife of the legendary geneticist, T.H. Morgan. She was a very
distinguished geneticist in her own right. T.H. was always there, too, peering
through a microscope. I never dared disturb him. I attended only those lectures
at the laboratory that interested me and basically took a big vacation.
I have learned since that many students often have a hard time getting
down to work right away after an extended period of concentrated study. Many
a postdoctoral student does little the first year after finally completing the
doctoral dissertation. We call it the postdoctoral slump. I guess the summer of
1940 was my post-baccalaureate slump. And what a good slump it was!
Devoting little time to my laboratory work, with the silent, genial
connivance of Dr Goodrich, I was left with lots of time to indulge in the
diversions of summer life in Woods Hole-swimming, fooling around at the
beach, women, boating, picnics and beach parties. There was an old boat called
the Winifred that for a small fee would take a bunch of us to Weepecket Island
near Naushon Island, or to Oak Bluffs on Martha's Vineyard for night parties.
We'd light a big fire with driftwood, cook hamburgers and hot dogs, and down
them with lots of beer. There was much singing, often raucous. Couples would
drift off down the beach.
My friend Bill Ballard from the Embryology Course had a leaky, old
"Old Town" canoe that he had bought from Hanna Croasedale, a colleague at
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Dartmouth, for a song, about $5.00. On occasion, when it was stormy and the
harbor sufficiently rough, he would look me up and off we'd go, battling the
waves in an intrepid push to cross the Hole. On one such day we swamped,
clothes and all before we reached the Hole and had to swim the canoe back.
There on the pump dock to greet us in the rain was a big anxious crowd worried
about those two men struggling with their canoe. Among them was the kind and
dignified Professor G.H. Parker from Harvard who graciously retrieved my
watch, claiming to have a foolproof way of drying it out. Then, after bailing the
canoe, and to the consternation of the crowd, off we went again joyously into the
teeth of the gale.
I also explored the area of Woods Hole. The islands-Devil's Foot,
Nonamesset and Naushon-the bays and inlets, particularly Hadley Harbor and
the various salt ponds and swamps (now fashionably called marshes or
wetlands). A favorite place was the great sand dunes of Barnstable on the other
side of the Cape, where we would go jumping off dunes and then cool our sweaty
bodies in the clear, icy waters of Cape Cod Bay.
My work with the collecting crew at sea in the boats of the Supply
Department was mainly a sheer joy but delivering live specimens to the labs of
investigators was not always so rewarding. Most people were happy to see us
arrive with the organisms they wanted for their research and thanked us. Some,
however, were less gracious. Knowing little or no natural history and none of the
problems of collecting, they would often find the material too small or too few
or, worse, they would let what we had previously delivered die and rot in the
aquarium from inattention. We had a generic name for them; they were "New
Yorkers."
An unexpected bonus of that summer was my laboratory mate Fred
Ferguson. Curiously, we had known each other for a year or so at Wesleyan and
took the Embryology Course together but had never become close. Now, thrust
together in the same small lab we became fast friends. He was shy and wasn't a
great brain, but beneath his shyness lurked a fun-loving personality. We soon
began talking silly together like a couple of kids. We also waited tables together
in the mess and that led to some hijinks. For him and for many around Woods
Hole my name was Jasper.
On one of our picnics, Gene Copeland and I generated an idea to go
climbing in the White Mountains of New Hampshire. Sometime in August we
did it, the two of us, starting at Franconia Notch, following the Appalachian
Mountain Club trail and sleeping in its shelters. I had never climbed a mountain
before. Hard work, but exhilarating. Gene talked a lot about Mary Goodrich. I
think he was in love. After a couple of days, drenched in sweat, constantly
bothered by black flies and with a painful knee that got worse as the day
progressed, Gene had to quit. So I continued by myself and climbed Mount
Washington and the rest of the Presidential Range. This brought me above the
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timber line for the first time, an unforgettable experience-clean, fresh, cool,
pure air, no trees obscuring the view. I sensed a bit the lure of the heights for
mountain climbers.
Around the middle of that summer Dr. Goodrich informed me that the
faculty of the Embryology Course had decided to appoint Charles Metz and me
to be the new assistants in the Course to replace the retiring Copeland and
Milford. I was of course quite flattered and looked forward to the job and
working with my friend Chaz Metz. Another honor came my way early in August
on the occasion of the annual meeting of the MBL Trustees. They would always
have lunch in the mess after the hoi polloi had left. Miss Bell, being in charge of
the mess hall, chose two waitresses and one waiter to serve these important
gentlemen. I was happy to be chosen as the waiter but a little leery about it. What
if I spilled the soup on some internationally famous biologist like T.H. Morgan,
F.R. Lillie, Edwin Grant Conklin, Ross Granville Harrison, G.H. Parker, H.B.
Goodrich, Franz Schrader, B.H. Willier, C.W. Metz (father of Chaz), or A.H.
Sturtevant. Well, I didn't and so all in all was able to enjoy the spectacle of so
many distinguished biologists all in a bunch at lunch. How I longed to become
like them! At the time, I didn't think I could ever be as great as I imagined them
to be. This experience at least defined a clear goal for me.

Columbia
My main recollection of the first day at Columbia University was
registering for classes and for my room. After the usual long waiting in line at
such times I finally found myself confronting a middle-aged woman whose hair
was somewhat askew. This was slightly startling and a second glance convinced
me that she was bald and wearing a rug. This was the first time I had knowingly
seen a bald woman. Since the gene for baldness is a sex-linked recessive one
should not expect to see many bald women and one almost never does. They do
a good job of cover-up. Perhaps she had some rare disease that caused her hair
to fall out. At any rate, the impression of this bald woman remains as a memory
of my first day at Columbia.
Since I had decided to go to the Department of Zoology of Columbia
with my fellowship for just a year to take advantage of its outstanding curriculum
in genetics and cytology, I did not plan to do research. All of my courses but one
were in the Schermerhorn Laboratory. Of all my courses, the most intensive and
rewarding was certainly the Cytology Course, taught by Franz Schrader and
Arthur Pollister. It was a full-year lecture course with a demanding laboratory
and a great deal of reading. I essentially lived in that course. Being a lowly first
year graduate student, my personal lab-office was merely a small section of one
of the benches in the laboratory of the course, which was just fine.
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The Cytology Course was really dominated by Schrader, who taught the
major part on the cell nucleus. His research specialty was chromosomal
movement during mitosis. He was a very thoughtful, rather distant and
unassuming, but thorough and careful man, who had an engaging way of treating
students as intellectual colleagues. I respected him immensely; the term scholar
applies particularly well to him. In addition to his personal qualities, Schrader
had an impressive entourage, beginning with his wife, Sally Hughes-Schrader,
who was also an excellent chromosome cytologist. In contrast to her husband,
however, she was quite warm and outgoing and seemed to feel it her mission to
encourage neophytic zoologists like myself. Many years later, when lecturing at
Duke University, I was delighted to find her in the audience. She was so attentive
that I ended up giving most of the lecture to her. Also associated with Schrader
were two outstanding advanced graduate students, who sort of took me under
their wing-Francis Ryan and Hans Ris.
Ryan was a stocky man with a shock of blond curly hair who sported a
constant pipe and a black vest with, yes, a pocket watch and a chain. He was very
bright, yet easily approachable. Also, he knew a great deal of zoology and hence
was an excellent source of useful information and critical judgment. He was a
wonderful man. Quite coincidentally, he came from my hometown-Rockville
Centre. He left Columbia when I did, at the end of that year, to enter the then
revolutionary field of molecular genetics in one of the laboratories giving it
nurture, Cal Tech under George Beadle and Edward Tatum. After his research in
Neurospora genetics in Pasadena he returned to Columbia as a faculty member
to have what everybody assumed would be a brilliant career. It was cut short
several years later by a fatal cancer. Everyone who knew Francis shared a sense
of profound sadness at this premature catastrophe.
Hans Ris, a burly, indestructible Swiss, was of the same intellectual
fiber as Ryan, but expressed in a more unyielding way. He was always tough and
often challenging. I liked this. Hans was good for me and, I am sure, for many.
He left Columbia to join the faculty of the Biology Department at The Johns
Hopkins University. Soon after, he left for the University of Wisconsin, where he
spent the rest of his professional life and made major contributions to cell
biology, including the discovery and role of DNA in chloroplasts, the green
photosynthetic organelles of plants. He was rightly well-honored for this. Many
years later, when I lectured at the University of Wisconsin, the distinguished and
more relaxed Professor Ris entertained me for dinner and a delightful evening.
Obviously, these two young men contributed much to my pleasure and
intellectual life in the Zoology Department, a phenomenon I was to discover to
be true throughout my graduate studies. Great universities attain preeminence
because they attract highly accomplished professors, who then attract
outstanding students. Then these students contribute to the education of each
other in uninhibited, intimate, casual ways that faculty can rarely equal.
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Arthur Pollister taught the cytoplasmic part of the Cytology Course. It
was much less interesting than the chromosomal section, partly because Pollister
was not the giant that Schrader was but mainly because of the really rudimentary
state of cytoplasmic cytology in 1940. Something was known about cilia,
flagella, the Golgi apparatus, mitochondria, chloroplasts, cytoplasmic streaming,
the mitotic spindle, centrioles, astral rays and all that, but not in much essential
detail. Indeed, not much more was known than what had already been
summarized in E.B.Wilson's classic, The Cell in Development and Heredity.
Microtubules, microfilaments and ribosomes, for example, had not yet been
discovered and the details of structure and function of the known entities awaited
the application of new technology. At that time, we had no idea that mitochondria
were such complicated metabolic machines. What Pollister had to say, he said
well and it was important, but greatly limited by the state of the subject. Imagine
trying to teach cytoplasmic cytology before the advent of the ultracentrifuge, the
electron microscope, phase contrast and Nomarski optics, fluorescent antibodies
and scanning electron microscopy! All this had to wait until the War was over
and way beyond.
My other courses were seminars in Population Genetics by Theodosius
Dobzhansky and Developmental Genetics by L.C. Dunn, General Physiology by
Selig Hecht and Human Evolution by J.H. McGregor. All were international
leaders in their fields and each course was in its own way rewarding. Selig Hecht,
a student of Jacques Loeb, was a bombastic, entrancing lecturer. He gave quite a
show. Hecht's lab and classroom were on the top floor ofPupin Hall, the building
housing Columbia's great Department of Physics. Hecht later became known to
the general public after the advent of the atomic bomb because of his clear and
concise book explaining the background physics of the bomb.
McGregor's course was also a show, but not because of his personality.
He was a soft-spoken, impeccably dressed, precise little gentleman. The
spectacle was the bones. Each lecture was illustrated by abundant skeletal
material covering the big wide lecture bench at the front of the room, with little
Dr. McGregor moving from one skeleton to another to make a point. I recall
McGregor best for his strong opinion on the Piltdown controversy. Based on
straight-forward anatomical grounds, he argued that the famous English fossil,
Eoanthropus dawsoni, the so-called Piltdown Man, much touted by the British,
was a hoax, the cranium of a modem human with the jaw bone of an ape. In this,
he and other anthropologists predated by over a decade the detailed analysis of
the material itself (fittingly by British anthropologists) that demonstrated for
once and for all that Piltdown Man was indeed a hoax.
The seminars in genetics were both highly instructive, especially the
one taught by Dobzhansky, who was not only a great geneticist but a flamboyant
Russian character. One day, as I was reading in the departmental library he came
by and I greeted him with a cheery, "Good Morning, Professor Dobzhansky,
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How are you today?" "Gorgeous," he replied, "gorgeous." Dunn, also a
distinguished geneticist, was a very fine person, but more conventional in
personality and unfortunately somewhat boring as a teacher. As I noted earlier,
people in those days displayed their membership in Phi Beta Kappa. I will never
forget Professor Dunn for the enormous, well-worn, Phi Beta Kappa key that
hung from his watch chain. These seminars and their readings turned out to be
very important to me in an unexpected way. They provided the final blow in
convincing me that, although I would always be interested in genetics, it was not
my cup of tea for a research and teaching career. The morphological beauty of
embryology won out over the logical beauty of genetics.
There were other delights in my life at Columbia. The famous Jessup
Lectures took place that year and were presented by Ernst Mayr of the American
Museum of Natural History. Mayr was a specialist on speciation and evolution
of isolated bird populations on islands (literally in the ocean or, more
metaphorically, in the jungle). He gave a brilliant series of lectures, entitled
Systematics and the Origin of Species, with much emphasis on his fascinating
studies of the avian genus Pachycephala. This genus includes Whistlers and
related species of New Guinea, Australia, and surrounding islands. They are
typically small (6-inch), chunky insectivores ranging in color from monotonous
drab brown or gray to strikingly handsome birds with a black crown and bib, a
white throat and yellow belly and back. The wings are typically dark in gray,
brown, or black. The many different species are clearly closely related, being
color variations on a simple morphological theme, yet separated by geography,
so they have been isolated into separate populations and have become separate
species, i.e. incapable of interbreeding. Systematists in my readership will
probably cringe at this oversimplification, but this is what I took away from
Mayr's lectures. I felt privileged to be in attendance, both for the quality of the
lectures and later because in book form they had a profound impact on research
in taxonomy, systematics, and evolution. Some years later, Mayr joined the
faculty of Harvard University, where he has been a luminary in evolutionary
biology ever since. Mayr is still alive and intellectually active even though he
was born in 1904. For example, he recently published (with Jared Diamond) The
Birds of Northern Melanesia: Speciation, Ecology, and Biogeography (Oxford,
2001), an amazingly complex and detailed (almost 500-page) book about these
heretofore poorly understood birds. His intellectual vigor is really astonishing
and admirable.
Along with the Jessup Lectures there were other important lectures by
other guests from other institutions. This was a new and rich experience for me.
These occurred only rarely at Wesleyan, a serious deficiency. One memorable
lecture at Columbia was on new research that turned out to be a singularly
important milestone in the early history of molecular genetics. It was by Oswald
Avery of the Rockefeller Institute (later University) demonstrating the
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transformation of one type of Pneumococcus (a common bacterium) by the DNA
of another type, a key piece of the puzzle to establish the chemical basis of
heredity. There were many other exciting and challenging lecturers who passed
through Columbia. Because of the stellar group of geneticists at this fme
institution, other geneticists would drop in from time to time. Another
unforgettable lecturer was Barbara McClintock, who was then working nearby at
the Cold Spring Harbor Laboratory and was already famous for her brilliant
work on the cytogenetics of maize. She was a close friend of the geneticist
Marcus Rhodes, a new member of the Columbia Botany Department. Both were
graduate students at Cornell with Emerson. Often enough, budding scientists
become friends in graduate school and remain so for life. This phenomenon may
be similar to the friendships that are kindled during military service. Although
graduate school is not commonly a life-threatening experience like war, there is
nevertheless a related baptism under fire that breeds close friendships. Like war,
graduate school is often an intensely stressful period of challenge and growth,
experienced by intimate groups of young people. Anyway, Barbara McClintock
was definitely in the same class as Rhodes scientifically, and clearly could have
replaced him on the Columbia faculty. But that was unthinkable in those days.
In fact, the matter never came up, and it certainly never occurred to me. She was
a woman and I and most everyone else was living in a man's world. I treasure
my meeting McClintock then as a mere student because later when she lectured
at Yale and I at Cold Spring Harbor, she recognized me and we had warm
stimulating conversations together. What a superbly intelligent, fine person she
was! She later received the Nobel Prize for her work on wandering genes.
My intellectual life was also enlivened by visits by recent graduates of
the Department like Kenneth Cooper, then at Princeton, and John Moore, then at
Brooklyn College. In addition, Sol Spiegelman, then a research assistant to Burr
Steinbach at Columbia, and Barry Commoner, then at Queens College, carried
on an informal but scheduled series of discussions of philosophy and methods in
science. Both of these young Turks achieved fame later at other places,
Spiegelman as a leading molecular geneticist at the University of Illinois and
Commoner as one of the founders of environmentalism at Washington University
in Saint Louis. John Moore's studies of the early development of frog species
hybrids, a very original approach, laid the basis for extended studies by a
graduate student of mine many years later.
The stock room of the Department, where we got our microscopes,
slides, coverslips, stains and other paraphernalia, was run by the Schrags, a
couple known widely as Herr and Frau Schrag. He was in charge of the big stuff,
like microscopes and centrifuges, and she of the little stuff, like slides and cover
slips. It was mainly Frau Schrag we saw at the window. They were both out-ofthe-book stereotypes of the by-the-numbers Germans, very efficient and helpful
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(but not more than necessary), if you strictly followed the regimen, but stubborn
and unhelpful if not.
My living quarters at Columbia consisted of a bare prison-like room in
John Jay Hall, a student dormitory. There was a small bed or cot, a sink and a
small table, but no toilet. I used my garret solely for sleeping. It was the only
unpleasant feature of that great year at Columbia.
A pleasant, relaxing everyday aspect of my daily life at Columbia was
lunch. Not just lunch. Lunch with Salome Schoenheimer and Sylvia Frank. We
were three strongly opinionated people. Salome (later Waelsch) was Dunn's
research associate and responsible for most of the work on the developmentally
significant T-locus in mice. She was also the wife of Rudolph Schoenheimer, the
renowned biochemist. Sylvia was a second-year graduate student in a different
field of biology from mine and quite left-wing politically, like me. They were
two very bright, fun-loving women and the three of us had many good times
gossiping together over our sandwiches and coffee. Salome had been a student
of Spemann at Freiburg, his last, I believe. Later, as the times changed, she
finally received appropriate recognition and was appointed Professor of
Anatomy at the Albert Einstein College of Medicine. I recall that she didn't have
a very high opinion of her fellow student Viktor Hamburger as a scientist-not
very creative. Time has proved her to be wrong.
During that year, while I was deciding to become an embryologist, I
thought briefly of staying on at Columbia. It was such a stimulating place in so
many ways. But sitting in on lectures by Lester Barth, the house embryologist,
convinced me otherwise. I found him too casual and relaxed in his approach to
science. Moreover, at that time he had no good students. In the meantime, B.H.
Willier had left Rochester to head the Department of Biology at The Johns
Hopkins University in Baltimore. So I wrote to him saying I would like to follow
him there and to Curt Stem at Rochester expressing my regrets. Soon thereafter
Stem also left Rochester to join the faculty of the University of California at
Berkeley. So, my initial decision, at the urging of Dr. Goodrich, to go to
Rochester, a fine but not highly prestigious university, because of the personal
scientific qualities of Willier and Stem, was justified. Both were obviously in
demand and soon left Rochester for defmitive positions at much more prestigious
institutions. Although I was leaning toward embryology and studying under
Willier before he left Rochester, I was secretly happy to learn that he was going
to Hopkins. Because I was a bit of a snob, doing my graduate work and taking
my doctorate at an elite institution, particularly famous for its legendary strength
in biology and medicine, was certainly one of the most important factors in my
ultimate decision to work under him. Willier's moving to Hopkins thus enabled
me to kill two birds with one stone.
The Johns Hopkins University was associated internationally in the
public mind with biology in general and medicine in particular. But, far more
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important for me and other students interested in embryology, cytology and
genetics, it was the academic birthplace of several leaders of these very fields,
who were then still alive or only recently deceased. E.B. Wilson, T.H. Morgan,
E.G. Conklin, R.G. Harrison, H.V. Wilson and others all did their graduate work
there under W.K .Brooks. And, just then, as I was committing myself to go
to Hopkins, Willier was installing an excellent new faculty: Boris Ephrussi
(developmental genetics), Folke Skoog (plant physiology), Carl Swanson and
my friend Hans Ris (cytology), as a beginning. Obviously, I was delighted at the
prospect of becoming a small part of this glamorous institution and trying to earn
a place in such a line of great scientists. Some of the faculty were heroes to me
and I felt immensely fortunate to be able to learn from them. Only later did I
realize what a good career move I had made. At that time, I was excited to have
such distinguished research scientists as teachers and often found myselflooking
forward to classes and seminars.

Woods Hole Again
At the end of that superb year at Columbia, I left immediately for
Woods Hole to take up my duties as an assistant in the Embryology Course. The
work was not particularly arduous and in fact, not surprisingly, mostly enjoyable.
After all, I had now made my big decision to become an embryologist, so
working with the mainly beautiful embryological material and teaching students
how to prepare and manipulate organisms collected by the Supply Department
was my meat. I was young, enthusiastic, and often marveled at my good fortune
to be working at something I loved so much (Figure 3.1).
In addition, Charles Metz and I worked well together, and all the faculty
but one were relaxed and reasonable about their roles and ours. The exception
was Oscar Schotte. Copeland had warned me about Schotte and had a good word
of advice. I should be prepared for frequent changes in protocol and expect to be
yelled at because Schotte was so disorganized and temperamental. So, as the time
approached, I prepared and it went OK. In fact, I enjoyed Schotte. It was pure
theatre-he the big (little) professor, amusingly pompous with his strong
European accent and extroverted emotions, and I the properly subservient
assistant. When lecturing on artificial parthenogenesis (activation of an egg
without fertilization), he loved to tell the class about the discovery at Woods Hole
by Jacques Loeb, the legendary cell physiologist, that one could induce
parthenogenesis artificially in sea urchins by merely immersing their eggs in
hypertonic (higher salt concentration than normal or isotonic) sea water. This got
some publicity in the press and soon after, so the story goes, Loeb received a
letter from two maiden ladies of Boston wondering whether it would be safe for
them to continue their salt baths in the ocean, as was their wont.
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Figure 3.1. The 23-year-old author in the laboratory in Woods Hole in the
summer of 1941.

The big event for me that summer was falling in love. She was a
waitress in the mess hall. Her name was Galina Ivanovna Gorokhoff, known to
everyone as Gee Gee or Galya. We quickly hit it off and began seeing more and
more of each other, enjoying each other's company more each day in the joyous
summertime in Woods Hole, and we fmally came to realize that we were in love.
We were young. I was but 23 and she but 20. I was a beginning graduate student
and she an undergraduate college student at Smith College in Northampton,
Massachusetts, where her father, Ivan Ivanovitch, was Professor of Oral Music.
We had no idea whether our ecstatic affair would last or be ephemeral like many
a "Woods Hole Romance," cooling with the passing of the summer and dying
with the separation of the winter. Anyway, we never thought of that, and last it
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did. We were happily married two years later, when I was in military service and
she a senior in college.
I assisted in the course for two summers. In 1942 Viktor Hamburger was
Director of the Course, Dr. Goodrich having retired, and my co-assistant was Ray
Watterson, another alumnus of the Embryology Course (class of 1939) and a
former student of Willier. By then he was (or was soon to be) on the faculty of
the University of Illinois. Ray was a reserved, conventional person, very
different in personality from me, but we got along very well together
nonetheless. He was an excellent embryologist and a superb teacher with a
remarkable ability to draw ambidextrously. He could effortlessly diagram a
bilaterally symmetrical organism on the blackboard, drawing the right side of the
organism with his right hand and the left side with his left hand, simultaneously.
He certainly did not engage at all in my kind of rambunctious behavior, but he
did not disapprove of it and, indeed, led me to believe that he vicariously enjoyed
it. He was a genuinely warm and decent person. Many years later, before his
premature death, he wrote me a very moving letter recounting his fond memories
of that summer we worked together, stating that in retrospect it was the best
summer of his adult life.
A good example of my rambunctious behavior that summer occurred
when they were taking the Physiology Course group photograph on the steps of
the Brick Lab (now called Lillie after F. R. Lillie, famed embryologist and the
former Director of the MBL). I did my best to disrupt the occasion by throwing
lit firecrackers at them from the window of Ray's and my lab across the street on
the second floor of Old Main. As soon as the picture was taken, a crowd of
physiologists came rushing across the street to capture and punish their annoying
molester. I remember deciding that there was no point in resisting and passively
let them drag me to the floating dock of the Eel Pond just behind the Brick Lab.
As we were arriving I feigned contrition, telling them that I realized that what I
did was downright rude and childish and that I deserved a dunking. So they
relaxed and, as I handed someone my watch and wallet, I suddenly burst into
activity and knocked two of them into the drink before they picked me up and
threw me in. I still savor that wet Pyrrhic victory.

Johns Hopkins
The Department of Biology at The Johns Hopkins University is located
on the Homewood Campus, a lovely, grassy, wooded island at the northern edge
of the more chaotic, urban part of the large city of Baltimore. It is across town
from the famous Johns Hopkins Hospital and Medical School, which, in contrast,
are embedded in a run-down and depressing area of what was for me at that time
a largely unattractive city. The Homewood, nonmedical part of Hopkins, where
I was located, the so-called Faculty of Philosophy, was quite a small university.
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It was compact, set in an intimate, verdant campus. I was comfortable with such

a setting from my days at Wesleyan. I liked that and quickly felt at home.
Although the physical aspects of the Homewood Campus were
agreeable, the reason I was there was to do research, to enter the field of
development, and Willier quickly assigned me a problem. I was to study the
development of the sexually dimorphic pigment pattern of the feathers of a breed
of chicken known as the Brown Leghorn. The problem was intrinsically
interesting because it involved the action of a hormone in the differentiation of
feather color pattern. The distinctive pigment pattern of the feathers of the female
depends on appropriate levels of estrogen, the female sex hormone. The hormone
somehow acts on the undifferentiated pigment cells (melanoblasts) in the
growing, regenerating feather germs, causing them to form red or black melanin
pigment granules and to arrange in certain characteristic ways (see below), as
they differentiate into mature melanocytes.
At first I was a little disappointed not to be working on early embryos,
for I had been drawn to the field of embryology in part because of the engaging
aesthetic features of early embryonic development-fertilization, cleavage,
gastrulation and organogenesis. But I soon learned that the formation of pigment
pattern in a developing feather was as good and beautiful a system for the study
of cellular differentiation as one could ask for at that time. One could induce the
formation of a new feather at will by merely plucking a feather. And, then, by
studying day by day the growth, differentiation and morphogenesis of the
regenerating feather germ, one could observe the progress of the formation of the
feather and of its pigmentation pattern at the level of individual cells. It was for
systems like this, developmental processes that go on throughout the life history
of the organism, that Paul Weiss coined the term "developmental biology" to
replace "embryology."
All that Willier indicated to me was that my research was to determine
how estrogen acts on the feather germ to cause the profound distinctiveness of
the feather pigment patterns of Brown Leghorn hens. From then on I was on my
own, the way he was trained by his professor, F.R. Lillie at Chicago, and the way
most of the outstanding mentors I knew or knew of trained their students. Also,
it was a Hopkins tradition. The aforementioned W.K. Brooks apparently knew
little about the monumental work of his student E.G. Conklin, on the mosaic
cleavage of the gastropod Crepidula. He was said to have commented when
Conklin presented his dissertation to him, "Well, Conklin, we have given
doctoral degrees in this University for counting words; so we might as well give
one for counting cells." In point of fact, Professor Willier did not help me much.
But I knew, we all knew, that he had very high standards and there would be no
doctoral degree if we did not tum in a credible piece of work publishable in one
of the respected journals of the field.
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So my first job was to learn what was known about the development of
feathers and their pigment patterns. This meant studying a rich and often difficult
literature and familiarizing myself directly with the growth, morphogenesis and
histogenesis of the feathers of my bird. The most relevant literature for me was
the analysis of Lillie and his student, Hsi Wang, at the University of Chicago of
the structural dynamics offeather development and ofWillier and Mary Rawles
and their students on the differentiation of feather pigment patterns. The
epidermis of the skin forms the elaborate feather. All birds have many different
kinds of feathers, ranging from, for example, the large primary wing feathers
(once used to make quill pens and still used by birds for flight) to small insulating
down feathers (on the breast). The undifferentiated epidermis (of ectodermal
origin) of the feather germ is induced to form a feather rather than ordinary skin
epidermis or a scale by the connective tissue dermal papilla at the base of each
feather germ (of mesodermal origin). In response to this inductive stimulus the
epidermis of each region of the bird asserts its own specificity and responds to
the induction by providing its own kind of feather, whether it be different tracts
in the neck, breast, saddle or wing. The epidermis is thus tract-specific. As is
often the case in development, both embryonic and postembryonic, the inductive
stimulus is more general, in this case inducing a feather rather than say a scale,
whereas the responding system is more specific and detailed, concerned with
determining the kind of feather produced. The epidermis also determines the
tract specificity of each feather's pigment pattern in any particular breed of
chicken; whereas, the breed or species specificity of the pigment pattern depends
entirely on the genetic constitution of the melanoblasts, i.e., their genes. When
neural crest-derived melanoblasts of one breed are grafted to a host embryo of
another breed, the resulting pigment pattern in the feathers of the host is
invariably of donor origin. In a spectacular demonstration of this, Mary Rawles
grafted melanoblasts from the embryo of an American robin (whose eggs had
been collected in the wild) to the base of the wing bud of a 3-day-old embryo of
a White Leghorn chicken. The result upon hatching was a white chicken with one
wing bearing the pigment pattern of a robin.
In view of current interest in stem cells I should point out that the basal
cell layer of the epidermis, the stratum germinativum, is a typical population of
adult stem cells. During the entire life history of the organism they undergo cell
division and differentiate into several different epidermal structures. In birds, like
the chicken, their cell products form ordinary skin epidermis and various kinds
of feathers-down feathers of babies and full tract-specific features of the
adult-depending on the general inductive stimulus provided by the
mesodermally derived dermis beneath. These epidermal stem cells also form
scales on the feet and legs. However, they have not been shown to form
any other kind of tissue, such as neural or glandular tissue. In the Brown
Leghorn, the undifferentiated melanoblasts are also stem cells, producing black
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or red pigment granules depending on which epidermis they come to inhabit and
on whether they come under the hormonal influence of estrogen.
While studying this quite fascinating literature, I began to examine the
feathers and feather germs of chickens directly. To obtain the latter I needed a
capon. For some reason or other the absence of the male sex hormone,
testosterone, causes the feather follicles of a capon to react quickly to the
plucking of a mature feather by forming a new one in its place. So my first job
after procuring some Brown Leghorns was to learn how to castrate a cockerel. It
turned out to be easy, not even requiring anesthesia. You simply tie the bird down
to a board, with him fighting and squawking all the way. Then, when he has
quieted down, you cut a small incision in the body wall at the level of each testis,
spread the opening and go in and surgically remove each testis. The bird
struggles mightily until tied down, but then does not seem to mind the operation.
I soon became expert at avian orchiectomy.
The next step was to pluck a regenerating feather germ from a caged
capon, split it, and spread it open under the microscope. By doing this, I could
see for myself the orderly arrangement of the rows of epithelial cells forming the
living barb ridges, the primordia of the barbs of the definitive feather, and the
regimented way the highly dendritic pigment cells line up along each barb ridge.
So here I was studying pigment cells again! But these were functionally different
from the fish melanophores I had studied in college, which persist as living cells
responding to differences in the light of the background. The avian pigment cells,
termed melanocytes, show no response to background; indeed, the impermeable
sheath of the feather germ shields them from it. Their function is to deposit their
melanin granules in the cells of the growing barb ridges. They do this by
extending long, dendritic processes along the rows of epidermal cells. Then, by
a process that is poorly understood, the melanin granules of the extending
dendrites of each melanocyte are expelled from the melanocytes and engulfed by
the epidermal cells before the latter keratinize to form the barbs of the definitive
feather. The collective end product of this cooperation is the death of both cell
populations and the formation of a distinctive, often striking feather pigment
pattern.
The breast feathers of a male Brown Leghorn are solid black due to the
deposition of black melanin by their melanocytes. The breast feathers of a
female, in contrast, are salmon-colored, due to deposition of reddish melanin
granules by their melanocytes. In confirmation of previous studies, I found that
when I injected a single dose of a powerful estrogenic hormone, estradiol
monobenzoate, into a capon, the black melanocytes of each regenerating breast
feather germ were replaced by red ones, but only during the period when the
concentration of the hormone was above threshold in the circulation of the
capon. Then, when the concentration sank below threshold, black melanocytes
replaced red ones. In consequence of this process, the resulting black feather had
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a salmon colored bar in its middle, accurately reflecting the change in
melanocyte population in response to the hormone. The colorless melanoblasts
at the base of the feather germ had been induced by the estradiol to produce red
instead of black melanin granules. I had in my hand a neat system for
investigating the influence of a hormone on cellular differentiation. Since the
pigment patterns of the feathers in different regions of the chicken skin differ,
e.g., breast versus saddle, the response of the melanoblasts to the hormone also
reflected the interaction of the melanoblasts with the tract-specific epidermis of
each feather germ.
Defining the problem in this general way and becoming skilled at these
and other techniques for handling the material, like tissue culture, was about as
far as I got during my first year of research. There were other demanding matters
on my schedule and some of these also required a lot of time and energy. First of
all, there were some required courses. Willier strongly recommended that John
Saunders, his other first-year graduate student, and I take the medical school
course in physiological chemistry, including the laboratory, which was a good
idea. The distinguished William Mansfield Clark and other members of the
Department such as Barnett Cohen taught the course. It was, as expected, a
superb course. "Red" Saunders, as we knew him then, was very skillful in the
laboratory. I admired him for this and profited a lot by working beside him. In
addition to physiological chemistry, there were the seminars. All students in
embryology and genetics took Willier's seminar in development and Ephrussi's
in developmental genetics. Since the number of students was small, each of us
had to make a presentation on a specialized subject quite frequently. And, since
many of the articles to be reviewed were frequently in German, preparation of a
report often required quite a special effort. Authors like Hertwig, Mangold,
Bautzmann, Holtfreter, Danchikoff and, of course, Spemann became familiar. I
had taken courses in German in high school and could still sing Die Lorelei but
that didn't help much. Before the War and before Nazism had destroyed German
science, much of what was important scientifically was published in German,
even by foreign scientists like some Japanese and Americans. Ross Granville
Harrison's big papers on the lateral line organ and on fish fin development, for
example, were published in German.
In those days of experimental embryology German terms like
Entwicklungsmechanik (developmental mechanism) and Anlage (primordium, a
primitive embryonic structure destined to become something more complex
later) were part of our everyday vocabulary, We consulted frequently journals
like the Zeitschrift for Gierschaft und Krankschaft Kunde. (Now, many years
later, my memory of the scientific German I learned laboriously as a graduate
student and then as a young faculty member has almost vanished. This causes
little problem because English has long since become the international scientific
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language.) Anyway, regardless of the language of the papers reviewed, these
seminars were excellent training in rigorous scientific thinking and presentation.
In addition to these courses, we students taught the laboratories of
undergraduate biology courses, as I already had at Wesleyan. This "assisting"
was not difficult; it simply consumed time that most of us felt could be put to
better use. In any case, it was monetarily essential for me. It provided my meager
living wage. I no longer had the luxury of the generous Cramer Fellowship I
enjoyed at Columbia. Along with the courses and the assisting, there was the
War. It was increasingly on the minds of all of us, particularly of us young males,
but more about that later.
In the midst of all these activities there were people. As a sometimes
proper and respectful student, I will first deal with the faculty. Benjamin Harrison
Willier was student of F.R. Lillie and later became a faculty member at the
University of Chicago. From Chicago he went to the University of Rochester to
become head of its Biology Department. There he demonstrated a keen sense of
how to judge ability and assembled a fine staff, as he did later at Johns Hopkins.
Willier was a formal, dignified man who was always impeccably dressed. He had
a strong face and was quite handsome (Figure 3.2).

Figure 3.2 Benjamin H. Willier, my mentor at
The Johns Hopkins University.
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Personally, Willier was quiet and shy and, curiously, considering his
position, rather awkward socially, a characteristic that revealed itself in many
ways, but particularly in his lecturing. He was a poor lecturer (in contrast to
many of his students). But he made up for this partly by thorough organization
and by adopting the approach of a "chalk talk." This gave clarity to his lectures
in spite of his hesitant delivery. As a scientist, his main merits were his solid and
meticulous but not brilliant research, his carefully composed publications, the
respect of other embryologists, and his attraction and training of many fine
students. He was not highly creative in the way of Paul Weiss, whose work and
stimulating approach to problems of development were very important to me
during most of my career. In contrast, after I left Hopkins, I practically never
consulted the papers of Willier. I realize now that Willier was only 51 years old
when I first arrived at Hopkins and he had already left the bench, i.e., active,
hands-on research, (a practice that unfortunately has more and more practitioners
in the field of biology). I never got to know him well personally. Indeed, I made
little effort because he was not my type and for me, not a very interesting man.
In fact, I found him quite boring. Nevertheless I respected him for his work and
knew that he expected the best of his students. I also appreciated the way he gave
me full independence in my research. His only serious fault as a professor was a
small tendency to play favorites among his students. Those of us who were not
favorites joked about this a little but weren't bothered by it. Actually, it had a
small benefit; we weren't asked to mow his lawn. Appropriate to his position as
an old-fashioned permanent department chairman and his orderliness of mind,
Willier had designed for himself a large, imposing office in the new
Merganthaler Laboratory, in which, to be sure, everything was very properly in
its place. He even had his own personal lavatory just across the hall, known
discreetly around the Department as the "Royal Flush." But after hours we used
it. Some students referred to him as "The Chief." I never did. Later I learned at
Yale that Harrison was also called "The Chief." I found this more appropriate.
Many, years later, when I was introduced to the hilarious French Les Reglements
du Chef, posted on the wall in the Station Biologique de Roscoff in Brittany, I
found that some of them applied well to Willier.

Article 1-Le Chef a raison.
Article 11-Le Chef a toujours raison.
Article 111-Meme si un subalterne a raison, c'est l'artcle I qui s'applique.
Article IV-Le Chefne mange pas, il se nourrit
Article V-Le Chef ne boit pas, il goute.
Article VI-Le Chef ne dort pas, il se repose.
Article VIl-Le Chefn'estjamais en retard, il est retenu.
Article VIII-Le Chef ne quitte jamais son service, il est appeli.
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Article IX-Le Chef n'entretient pas de relations avec sa secretaire, il
l'eduque.
Article X-Le Chefne litjamais son journal pendant le service, ill'etudie.
Article XI-On entre dans le bureau du Chef avec des idees personelles, on en
ressort avec les idees du Chef.
Article Xl/-Le Chef reste le Chef, meme en caleron de bain.
Article Xl/1-Plus on critique le Chef, moins on a de primes.
Article XIV-Le Chef est oblige de penser pour les autres.
Willier's research associate was Mary E. Rawles. For some years she
had done all the bench work for his research. At the time I first met her, she was
increasingly on her own. Mary was one of the delights of my life at Hopkins. She
took her doctorate with Willier at Chicago and was a bright, skilled, charming,
very opinionated, outgoing lady of the South. She originally hailed from a small
plantation in Emporia, Virginia, in southeastern Virginia, near the North Carolina
border. She spoke with a full but quick southern drawl. There was nothing slow
about Mary. She also had her favorites and I, fortunately, was one of them. She
helped me a lot with some operative procedures and daily stoutly defended me
at lunch against the constant, harsh but joking personal "attacks" by certain
fellow students. She was really great fun. Her constant companion, John
Spurbeck, the departmental artist and photographer, also joined in the fun. In
keeping with the chauvinism of the times and in spite of their long association,
she always referred to Willier as Dr. Willier and he to her as Mary. Indeed, Mary,
like me, did not like Willier very much.
Boris Ephrussi was originally Russian, from Bessarabia, I believe, but
had lived in France a long time. He had left France because of the War and then
joined the faculty of the Biology Department at Hopkins. He was intellectually
brilliant and cut a striking figure with his thin stature, dark complexion and
prominent aquiline nose. He was also arrogant and often unpleasant, even mean.
I considered him a bastard personally but greatly admired his penetrating,
creative intelligence and his research accomplishments, especially his analysis
with Beadle of the eye color mutants of Drosophila. I learned much in his
seminar about how to analyse a research paper in a critical way. Otherwise, I
avoided him as much as possible.
There were other new members of the faculty appointed by WillierFolke Skoog, a plant physiologist; Hans Ris, a cell biologist; and Carl Swanson,
a cytogeneticist. Swanson was a genial expert at his trade but Skoog and Ris, my
friend from Columbia, were not so genial. Along with Ephrussi, they had
contempt for Willier and let it be known. Curiously, all three were brilliant,
articulate Europeans, and Willier was a colorless, awkward, Midwestern
American.
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As at Columbia, I found myself in the company of some outstanding
students; a few became good friends, one intimate. I have already mentioned
John Saunders. He had come from the University of Oklahoma and was then
already the courtly gentleman of the South. In spite of our great differences in
personal style, we became close friends, and remain so to this day. I respected
him then and have come to respect him more as our lives have continued and his
research has placed him in the highest rank of world embryologists. I had already
known James Foulks from the summer before at Woods Hole, where he was a
student in the Embryology Course. We became close quickly and decided to
room together in Baltimore where he was already established as a student in the
entourage ofWillier.
We shared a dingy, basement apartment near the campus with Nelson
Spratt, who was a research associate with Willier. It was a funny arrangement
because Jim and I were such slobs, bed usually unmade and dirty clothes littering
the floor, and Spratt so neat. We got along anyhow. Jim Foulks was a tall, lean
Texan with the regional drawl but a precise way of expressing himself. He hailed
from Houston where he received a good education at the Rice Institute. He and I
were not only excellent scientific colleagues but, more important, deep, fun
friends and together heavily involved in political activity. Another friend, Mark
Nickerson, was also on the left and very smart scientifically. Later in life, when
he had changed fields and had become a pharmacologist, he won the Able Award
for the best research of that year for developing one of the earliest beta-blockers,
dibenamine. Both Foulks and Nickerson were very tough intellectually and would
miss no opportunity to smite me, their favorite victim, for the merest lapse in
sharp thinking- Jim with love, Nick sometimes with a little impatience.
Obviously there was a need for defense and I was usually capable of defending
myself I had learned not to put up with too much unjustified crap and when the
attacks came at lunch, Mary rallied to my cause. On one memorable occasion at
home, when it was my turn to do the dishes (Foulks, Nickerson, Spratt, and I
always had dinner together before returning to the lab), I was making a nuisance
of myself I would constantly harass my friends about where to put this and that.
Finally, with dish cloth in hand and with feigned exasperation, I demanded, ''Now
what should I do with this?" The response came with one voice, "Shove it."
During this eventful year I had an old wooden armchair in my lab for
my guests. One day it broke in half and left its occupant sprawling on the floor.
The broken halves fitted neatly together so I carefully fitted them together
without glue, sneakily prepared for many succeeding awkwardly surprised
occupants. What fun, until the day the imposing Professor Ephrussi came to see
me about God-knows-what and moved to seat himself in our "innocent" chair. I
almost had a heart attack while brusquely preventing him. What a disaster that
would have been! Ephrussi already had some doubts about me and, given his
haughty personality, that would have surely sealed my fate. After that I was a
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little cautious with the chair. When I left at the end of the year I willed it to Nick
who was not so cautious, allowing the night watchman to sit in it, with
consequent injury to the poor man.
From all this it must be clear that I made more good friends in graduate
school than in college. For me the reasons seem obvious. My fellow graduate
students were much more highly selected for intellectual qualities and field of
interest than college students. In spite of their small numbers, I had a lot more
like-mined peers to choose from.
While occupied with my research, my courses, and my student
shenanigans and political life, World War II was going on and it was hanging
over our heads. This was the 1941-42 academic year. Pearl Harbor was attacked
on Sunday, December 7, 1941. What a shock! A bunch of us were at the lab when
we received the news. We crowded around the globe in the seminar room to get
geographic perspective on this incredible attack. Immediately we were at war
with Japan and soon thereafter with Germany and Italy. What was I to do? Like
practically all Americans, I believed that, unlike controversial World War I, this
was a right and just war. Imperial Japan and Nazi Germany threatened
civilization itself. My social and political conscience told me that I had to be
involved in the most direct way-military service. I tried the Navy, but with my
lousy vision failed the eye test. So I simply allowed myself to be drafted into the
U.S. Army, which happened just after completion of the Woods Hole
Embryology Course in August, 1942. I was not alone. Almost all my male fellow
students entered the military service at the end of that academic year-Foulks,
Killough, Saunders, Spratt, Wilbur, but not Nickerson, who was disqualified for
some physical ailment. This was certainly a complex year of graduate study. The
War was indeed a distraction, but we were young and irrepressible and enjoyed
ourselves anyway. At a departmental going-away party Professor Willier threw
for us, we found ourselves confronted by only a single bottle of whisky for the
lot of us. Red Saunders quickly appointed himself bar tender and saw to it that
he and I had two generous drinks.
I do not recall entering military service as being an especially traumatic
event for me. In my mind going to war was simply and obviously the thing to do.
There was a clear and present threat to our civilization. Our entire nation was
unified in the belief that we were fighting against two (three if you counted Italy)
powerful and vicious Fascist regimes. The nation was threatened and the young
men had to go to fight the threat. There were many millions of us who shared this
conviction. So off we went. It really was that simple back then.

Military Interlude
Although my service in the military consumed three and one-half years
of my young life, it was not for me a very adventurous period. For one thing, as
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it fortunately turned out, I was rarely in danger. I was based entirely in the States,
except for a short but glorious expedition to Italy. Even there I was quite safe, for
the Italians had been defeated and the Germans chased north to Bologna.
My first few months in the service were the usual miserable boring day
after boring day ordeal of basic training, in my case in a new, hastily built, muddy
dump called Camp Pickett, honoring the famous Confederate General. Some
honor! The only saving grace was that it was in Virginia not terribly far from
Emporia, the hometown of Mary Rawles. My best memories are the three-day
passes I managed to spend in Mary's comfortable home on that small Virginian
plantation. Mary's mother, Miss Fanny Rawles, or more usually Miss Fanny, was
a wonderful, vigorous, hospitable woman, and a great character like her
daughter. She ran the house, the kitchen garden, and the chickens. I can still see
her chasing the chickens. The rest of the farming and the heavy work was the task
of Rustin, her black tenant farmer (I never knew his last name). Rustin, the first
black farmer I had ever met, was a handsome, dignified, congenial man and
obviously an excellent farmer. He seemed to appreciate and like Miss Fanny. I
know that she treasured him. Those were lovely days in bucolic Emporia, far
from the War, with the barbecued squirrel and other local delicacies, long talks
with Miss Fanny, and long walks around the plantation and the woods filled with
birds. Mary visited once when I was there and that was a treat. She sought my
advice on whether she and John Spurbeck should get married at their age. We
were standing under the grape arbor and I was touched by the intimacy. I said,
"Hell yes!", and they did.
As I look back on it, the only training I really enjoyed during my
military basic training was learning how to fire the standard, old Army
Winchester rifle, a genuine precision instrument. There were long hours at the
firing range for target practice. I became quite a good marksman. As in the Boy
Scouts, I was awarded a marksmanship medal to pin on my chest. Firing the
Winchester was much more fun than shooting the little B-B gun I had as a boy.
Men, like boys, enjoy the excitement of fires, fireworks, and firearms. My brief
military experience has given me some understanding of how people get
suckered by the gun companies and take extremist pro-gun positions.
My happiest day at Camp Pickett was the day orders arrived
transferring me to Randolph Field, Texas, "The West Point of the Air," to begin
training as an aviation physiologist, along with 15-20 other young biologists.
Everyone I knew at Camp Pickett, was jealous, officers included, saying, "I sure
wish I was going with you."
Life at Randolph Field, a permanent, well-groomed Army Air Force
base near San Antonio, was more comfortable than at Camp Pickett and the work
at the Altitude Training Unit was interesting. Our job was to train Air Force
officers-pilots, navigators, bombardiers-in the use of oxygen equipment and
the dangers of the bends (bubbles of nitrogen in the body fluids) all done in a
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low-pressure chamber (no pressurized airplanes those days). I spent many
hundreds of hours at a simulated altitude of 38,000 feet, a fifth of an atmosphere.
The work was important and moderately interesting, although after a while rather
routine and boring. However, as is often true in the military, there were many
hours, even days, when we didn't have much to do.
To escape boredom I filled off-duty hours reading some of the great
literature I had never gotten around to in college. There was an excellent little
library at the base where I found books like Tolstoy's War and Peace,
Dostoyevsky's Crime and Punishment and The Brothers Karamazov, also Jean
Christophe by Romain Rolland. I tried Proust because I knew how important he
was but got bogged down in all the verbiage. There were many other books but
the most engaging was War and Peace. The characters became so real for me that
they frequently appeared in my dreams.
Inevitably when you crowd a bunch of young men together there is
bound to be a certain amount of horsing around. Although we soldiers were
technical personnel, not at all trained for fighting, this was The Army. So we
privates were awakened in what seemed to be middle of the night to march and
drill before breakfast. We soon learned in the dark to pretend that we hadn't
heard the command "To the right, march!" and continued to march over a
flowerbed and piled up against the wall of a "noncom" barracks. Chaos! Or "To
the rear, march!". The front heard it and the rear pretended not to. More chaos.
We had so much fun that I actually looked forward to this ridiculous ritual. If a
sergeant really annoyed us one way or another (i.e., was too G.l.), we just
wouldn't sit with him at the mess. So there he sat alone at a big long table meal
after meal. Quite effective.
An important character at Randolph Field was a certain Dr. Karpovitch,
a physical-conditioning expert from Springfield College. One day, as his pilot
pupils were enthusiastically pumping iron, he stopped them. "Gentlemen," he
said, with his marvelous Russian accent, "Stop! Slow down. The point is to fly
the airplane, not lift it."
During the spring of 1943 I obtained a week's leave to get married and
took the train for the long trip to Northampton. Galya and I were married in a
simple ceremony in the small, homey Smith College Chapel; she in her white,
formal wedding gown and I in my Army uniform. My oldest brother, Charles,
served as best man. We had a short, happy honeymoon in New York City after
which I quickly returned to the vast, patriotic, largely barren state of Texas,
expecting a long, sad separation from my bride. Several months after my return,
however, with my already known penchant for good luck, Galya and I were
brought back together. I received orders commissioning me as a Second
Lieutenant and transferring me to another old, permanent Army Air Force Base,
Mitchell Field on Long Island, incredibly just a stone's throw from my home
town of Rockville Centre. It was a place I knew well from my youth. It was quite
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near the take-off field of Charles Lindbergh's epochal flight across the Atlantic
to Paris. I knew this area from walking there for my "Fourteen Mile Hike" as a
Boy Scout. Mitchell Field was my permanent base for the rest of the War, a long
two-and-one-half-year period that was largely uneventful except for a few short
trips to other bases in the U.S.A. for special training and for a very exciting few
months in the war zone in Italy.
In the fall of 1944 another officer, George Hollander, and I were
assigned to the Ninth Air Force Fighter Command in Italy to install anti-G
equipment in fighter planes like the P-38 (Lightning), P-47 (Thunderbolt), and P51 (Mustang). The P-38 was surely one of the world's most beautiful aircraft of
that period. It had two powerful engines in paired fuselages on either side of a
central pod for the pilot. The twin fuselages each had their own separate rudders
but were connected by a single stabilizer. Our job was to train pilots in the use of
anti-G suits. I was trained for this role at the Air Force Material Command at
Wright Field in Ohio. This was interesting work. When an aircraft ascends
rapidly or turns sharply, the body is subjected to increased gravitational force,
causing blood to pool in the abdomen and the lower extremities. The result is
lowered blood pressure in the head, which quickly causes loss of vision, called
"black out." The purpose of the anti-G suit was to counter this pooling of the
blood by exerting pressure on the abdomen and legs by means of inflatable air
bags. The air bags worked really worked well. I personally tested the
effectiveness of these anti-G suits in a huge centrifuge at Wright Field. These
suits increased the maneuvering ability of the pilots substantially. I greatly
enjoyed being on the air bases, working on the airplanes and being with the
mechanics and the pilots. The pilots were mostly young men who loved their
powerful, speedy machines and their role in combat. A privileged by-product of
our work was to watch some spectacular aerial acrobatics, as the skeptical pilots
tried out the equipment to see if it really was as good as we said. It was.
But let us not forget beautiful Italy. After our plane had made a few
stops at airbases in the Azores, Casablanca and Algiers for refueling, we finally
landed in Naples. Then we piled into an Army truck, and made our way down the
narrow streets to an old run-down hotel near the harbor that had been taken over
by the American Army to house officers. I was goggle-eyed. This was my frrst
time in a foreign country and it certainly was different from my customary
surroundings.
Since we had a short lay-over in Naples, I had a chance to look around
and was thrilled to discover that the Stazione Zoologica di Napoli, once the most
important marine station in Europe, was just down the street from the hotel. This
was the laboratory where Theodor Boveri, Hans Driesch, Oscar Hertwig, Sven
Horstadius, Edmund B. Wilson and a host of other great embryologists had made
major discoveries. More even than Woods Hole, especially in the old days, the
Naples Station was a Mecca for biologists of all sorts and nationalities. The
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building was as I had pictured it from photos but its little park was a mess,
scalloped with several bomb craters. It was only by a miracle and the inaccuracy
of American bombing preceding the invasion of Italy that the building escaped
being hit. First, I visited the public aquarium on the ground floor and saw for the
first time some of the organisms that I had known about only from lectures and
reading. Then, summoning up my courage, I mounted the steps to the laboratory
itself, and, with my sometimes-useful chutzpah, knocked on the door of the
Director. A tall man with straight bearing greeted me. It was Reinhardt Dohrn,
the German Director of the station and son of Anton Dohrn, the Director in the
heyday of the laboratory. I presented myself in my uniform and introduced
myself as an American student of biology who had worked under Schrader and
Willier. Dohrn was cordial, and since afternoon tea was about to begin, he invited
me to attend and introduced me to everyone in the group. I recall only one
because of his hom-rimmed glasses, his origin-Sicilian from Palermo--and his
non-Italian name-Alberto Monroy. As the years passed, I became familiar with
his research on fertilization and we eventually became friends at Woods Hole
where, for a number of years in the 1960s, he taught the Fertilization and Gamete
Physiology Course with my old comrade Charles Metz. How small is the
biological world! An amusing aspect of Monroy was his lineage; he was of royal
blood-Alberto Monroy, Principe di Pandoljino. When Alberto died at Woods
Hole in 1986, shortly before I was to present a Friday Evening Lecture, I
dedicated the lecture to him, my old friend whom I had met over 40 years ago in
Naples.
During the rest of my stay in Italy, as we moved from airbase to airbase,
I was the happy tourist in Rome, Pisa, Assisi, Florence, Bari, Livomo, Rimini,
and Siena, with my way paid by Uncle Sam. Toward the end of our stay, George
and I were based in Florence, where we had a "room with a view" of the Ponte
Vecchio, the only bridge over the Amo River that was left standing. In addition
to enjoying the local color, the charming countryside, the monuments, churches,
Roman ruins, sculptures, and paintings, I also made friends in the Italian
population. I had a simple strategy. Occasionally, when settled in a new town for
a while, I would seek the local headquarters of the Communist Party, and with
my very rudimentary Italian would introduce myself as a compagno americana.
I was always greeted with enthusiasm. I got ideas as to what I must see in that
city, talked politics, and would sometimes bring my friends some C-rations from
the nearby Air Force base. The fighting was over in that part of Italy but the
ravages of war left most people with such a meager diet that they were very
grateful for the uninteresting but nutritious C-rations. One day in Florence, when
I was raving about its beauty, one of my Florentine friends said, "Ah, but you
must go to Siena." I did and found it the jewel of all the cities I had visited in
Italy.

GRADUATE STUDIES
AND THE WAR
I was discharged from the service in December, 1945 (Figure 3.3).
Well, obviously I was very lucky indeed in my overseas military duty. I loved
Italy for all the usual reasons and left determined to return some day. I even
enjoyed my Air Force work. And, most fortunately of all for me, I was rarely
exposed to danger, except for the few times the pilot of the slow C-47 transport
plane I was in got lost and we found ourselves close enough to the German lines
to attract some anti-aircraft fire. The pilots didn't like maps. Although I have
been exposed to a lot of other kinds of flack in my life, these were the only times
I got scared. I was so entranced by the personal uniqueness of my adventures in
Italy that for the only time in my life I kept a diary. It has long since been lost. I
wish I had it now to read it again and share with you. The rest of my time at
Mitchell Field was uneventful except, of course, for the end of the War. The
Army did a nice thing for me and many of its officers. It gave me a terminalleave promotion. I therefore left the service in December, 1945 as a Captaingood for my resume.

Figure 3.3. Captain J. P. Trinkaus luckily lived to tell about his experiences
in World War II.
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Back to Hopkins from the War
In spite of my continuing passion for biology, I gave it little thought
during my years in the military. I put it out of mind to concentrate on the business
at hand, defeating our enemies. This must have been commonplace for those of
us in the service during the War, wherever we were. The quite different daily life
of the military, with its different rules and the uncertainty of what would come
next and, fmally, of how long the War would last, left us year-by-year and then
month-by-month in an intellectual limbo. So, we carried out our duties and
waited. Personally, I was confident that once I got out and returned to civilian life
and biology, the transition would be easy and so it was. Obviously, however, I
had the great advantage of knowing what I wanted to do and having a job waiting
for me. Also, I was lucky to avoid death, serious injury, or debilitating
psychological trauma, suffered by so many of my comrades in arms during the
War.
In spite of my pervasive optimism, I had changed a bit, and was a little
less free-wheeling, although I was still rather uninhibited (Figure 4.1). I was
seriously at my research to produce a good dissertation. Also, I now had been a
married man, for over two years, with my wife heavy with our first child. The
almost 28 years old and felt that I'd better buckle down and start to work
first thing was to find an apartment we could afford. We ended up in a federal
housing project euphemistically called Armistead Gardens-certainly no gardens
but an adequate little house and a small yard. It was quite far from Hopkins but
several of my fellow students with families lived there. We lived a life of
convenient cooperation.
Our first baby, a boy we named Gregor, was born on January 10, 1946,
in the hospital of the Medical School of the University of Maryland, located, like
the Johns Hopkins Hospital, in a depressing slum area of Baltimore. It was less
chic but cheaper than Hopkins. Gregor was sickly at first with a severe intestinal
malady, and we young parents were frightened and deeply worried. To Galya's
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Figure 4.1. The author in 1948, exuberantly skipping rope behind
Merganthaler Hall at Hopkins.

and my great relief, he soon began to thrive and thankfully remained a healthy
baby after his initial difficulties. How wonderful it was to watch him gain weight.
The Department of Biology had changed (Figure 4.2). Willier, my
mentor, was still there and so was Swanson, but Ephrussi had returned
to France, and Skoog and Ris had left for the University of Wisconsin (Madison).
Three of their replacements were young men of our age and undistinguished.
Three others, however, were excellent additions: Vincent Dethier, an insect
physiologist; Bentley Glass, a geneticist and an impressively cultured gentleman;
and, William McElroy, a cell physiologist and biochemist. I don't recall or
perhaps never knew how these three young men had avoided the draft and were
thus able to fmish their graduate studies. We returning veterans felt a little cocky
and snobbish about them. We all knew about how some graduate students in
biology had suddenly discovered how interested they were in medical school or
some other excuse when the draft was hanging over their heads. Besides, we
were about the same age, had our military experience to mature us, felt that we
were better biologists, and even had more children. I'm sure the new people felt
the tension but of course no one talked about it.
The year started off with me getting some Brown Leghorn fowl and
taking a course in biochemistry with McElroy, which was a good idea. Mac or
Bill, as we soon called him, had been a student of E. Newton Harvey at Princeton
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Figure 4.2. The Biology Department of The Johns Hopkins University,
circa 1948, on the steps of Gilman Hall. Professor Willier is front row,
center, Mary Rawles to his right, and Carl Swanson to her right. William
McElroy is on the far left of the second row. John Saunders is just behind
McElroy and to the left. I am in the center of the last row. James Ebert is
to my right and Clem Markert is to Ebert's right. Bentley Glass is between
Ebert and Markert in the row in front of them. Nelson Spratt is just
behind Willier and to the left.

and before that a varsity football player at Stanford. He was a very bright,
energetic, ambitious, easily approachable man who had a robust sense of humor
and really knew the field of intermediary metabolism, to which he introduced us.
It was a course in biochemistry, as opposed to the physiological chemistry course
I had taken 4 years before in the medical school. Here we had a fme introduction
to adenosine triphosphate (ATP) and the energy-rich phosphate bond, the very
basis oflife, purple bacteria, C.B. Van Niel, evolution of biochemical syntheses,
Fritz Lipmann, Advances in Enzymology, bioluminescence, 4-carbon acidsgreat stuff. McElroy's zest was infectious. What a contrast to the stuffy,
uninspiring Willier and the tough, humorless Ephrussi. He was just what the
doctor ordered for me and for the Biology Department. His course really brought
me back into biology with enthusiasm and I have ever been grateful to him for
this (and to Willier for attracting him). Mac and I were on the same wavelength
and I always enjoyed his company, even in later years when he had become a bigshot administrator, as Chancellor of University of California at San Diego, and
even just before his death a few years ago. I offer these accolades for McElroy
not simply because of what he meant for us at Hopkins but to illustrate how one
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gifted and talented person can electrify an entire department, even a
distinguished one. In my long life I personally have seldom known another quite
like him. Although McElroy's catalytic effect was good and indisputable, there
was a caveat. Like everybody, he was wanting in an important way. He really
felt, I believe, that if the biological research was not directed to the molecular
events underlying phenomena, it was less scientific, and somewhat backward.
This view is unfortunately rampant today in the biological sciences. His disdain
for my kind of research and the work of others (e.g., Rawles, Spratt and
Saunders) didn't bother me much when I was there. I tolerated his bias because
of his many excellent positive features.
Since then, however, I would not have been so tolerant. Are there any
special reasons why molecular biologists believe that their research is more
fundamental? My impression is that they justify this bias on the grounds that all
the other levels of phenomena depend upon and are the result of actions at the
chemical level. Not, however, that these people would likewise agree that
chemistry is less important than physics or than quantum mechanics should
supplant organic chemistry, although the same logic would lead to those
conclusions. I suggest that the different levels of biology (and all scientific
disciplines, for that matter) are best regarded as links in a chain, with the
molecular level merely one link near one of the ends of the chain, if indeed the
chain actually has ends. How foolish to argue, or believe, that one link is most
important because it is nearer an end. And, when I have made this counter
argument, some molecular types begin to blurt out some further justifications,
especially that the other levels should be deducible from the molecular level.
They like to think that logical reasoning works better from one end, their end,
upward. It may be asked rhetorically if various discoveries at one of the higher
levels-cells, tissues, organs, organisms, populations-could have been deduced
a priori from any amount of prior molecular facts. Personally, I find the most
satisfying biological research to be the kind that integrates information from
multiple levels into a coherent explanatory picture. What a pleasure it is to be
able to piece together molecular, cytological, and behavioral results into a
comprehensive understanding of a complex biological phenomenon.

Tissue Culture
My preparation before the War for my research on the development of
the sexually dependent pigment pattern of the Brown Leghorn stood me in good
stead as I returned to research, but I didn't know what to do. There was no help
from Willier, of course, but anyway I didn't want any. Although I approved of
this as a way of training graduate students, it was not easy. I went up several
blind alleys. For example, you may recall that the female sex hormone estradiol
causes melanoblasts in the breast feather germs of a capon to form red rather than

EMBRYOLOGIST
black melanin granules. An important question before me was how does this
happen on the cellular level. As each unpigmented melanoblast comes under the
influence of the hormone is it transformed gradually to form at first a mixture of
black and red granules or is it an all-or-none process, with each melanoblast
forming entirely red melanin granules? So I looked carefully in sections of the
transition zone of transforming feather germs for melanocytes with a mixture of
granules, but found none. However, the fixation necessary for sectioning might
well have obscured the appearance of such an intermediate stage. Since the
density of the melanocyte population obscures cellular detail in the living feather
germ, I had to resort to tissue culture.
Tissue culture is a powerful and fascinating technique for the study of
living cells and was en vogue in those primitive days. One placed a piece of the
tissue to be cultured on a sterile cover slip and then added a drop of clear plasma
prepared from chicken blood, which we drew directly from the chicken heart, to
be mixed immediately with a saline extract of homogenized chick embryos-socalled embryo extract. Addition of the latter adds essential nutrients to the plasma
and causes it to clot. The cover slip with tissue embedded in the plasma clot is
then inverted over a slide with a depression and sealed, giving us a "hangingdrop" tissue culture preparation. Since the tissue is in direct contact with the
glass of the cover slip, we have an optical situation favorable for viewing
individual cells as they migrate out of the tissue explant, forming attachments to
the cover slip. All of this must be done under rigorous sterile conditions to avoid
ending up with only a luxurious culture of bacteria or fungi, or both, since we did
not yet have antibiotics. All cultures were maintained at body temperature, 37°C.
My approach was two-fold. First, I excised and cultured pieces of tissue
from the zone of differentiation near the base of a regenerating breast feather
germ at a specified time after an adequate injection of hormone in the chicken,
when I had reason to expect that melanoblasts would be differentiating into
melanocytes. Then I looked for transformed melanocytes moving out of the
explant onto the cover glass. The second experiment was to add estradiol directly
to the culture medium. Tissue culture is an exciting technique when successful
because of the gorgeous spectacle of living cells moving on a transparent glass
substratum. But it is often difficult to succeed with adult tissues, even those in
the process of regeneration. In consequence, I had an expected hard time for a
while mastering the subtleties of culturing my material. However, I finally
succeeded and the effort was rewarding for a time simply because of the
unalloyed, even seductive beauty of my growing cultures. In those days, many
biologists had become so fascinated with the show that they occupied themselves
trying varying culture techniques, using the technique of tissue culture as an end
in itself. Professor R.G. Harrison, who was the first to use tissue culture to
answer a fundamental biological question (whether axons extend directly from
embryonic neuroblasts), once remarked in conversation that tissue culture is after
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all just one of many techniques for the embryologist. He went on to suggest that
those who spend much of their research lives just culturing cells had made a kind
of religion of it.
But I had a serious problem to solve and hoped that tissue culture would
help me solve it. Unfortunately, it did not. No matter what I tried, my cultures
with estradiol rarely produced red pigment cells and certainly no intermediates.
Red melanocytes appeared in large numbers only when tissue was cultured
directly from red feather rudiments. I had spent a lot of time at this tissue culture
approach but finally had to admit that I was not really making any scientific
progress. I still have no clear idea why the cellular transformation I was looking
for did not occur in my cultures. Perhaps the disorganization of the cells of the
epithelial barb ridges as they spread and dispersed in culture was a factor. I had
often been told that in scientific research one is frequently presented with such
no-go results but one should not be discouraged. Well, here I was precisely in
that situation and I was discouraged and forced to search for a new approach. I
was also worried. I had expected to have my Ph.D. eight or nine months from
then and I didn't feel that I could yet write a really good dissertation. My selfconfidence was shaken. My prewar roommate, Nelson Spratt, was a good
sounding board for my concerns and ruminations but didn't come up with any
good suggestions.

A New Idea Appears
Finally, one hot summer day I had an idea, a good idea. Inspiration! I
knew that melanoblasts in the breast feather germ respond to induction by
estradiol by synthesizing red instead of black melanin granules. I did not know
whether these same melanoblasts or their progeny would respond to the hormone
if placed in the epidermis of feather germs where there is normally no response,
such as the germs of juvenile wing feathers. The procedure was obvious.
Transplant adult Brown Leghorn breast basal barb ridges containing responsive
melanoblasts to the wing bud of a White Leghorn embryo and see ifthey migrate
in the growing wing bud and enter the forming juvenile wing feather germs.
Then determine whether they can express their ability to respond to estradiol in
their new environment of immature barb ridge epidermis. I felt confident
immediately that the experiment would work because Mary Rawles and Mark
Nicholson had already shown that melanoblasts from adult feather germs retain
their capacity to migrate. Why did I not think of this straightforward experiment
before? In a matter of minutes, my despondency evaporated and was replaced by
exhilaration. I immediately started planning my experiment.
I removed a small piece of the most basal barb ridges full of
melanoblasts from a breast feather germ of a Brown Leghorn capon and grafted
it to the base of the wing bud of a 72-hour White Leghorn embryo. I then closed
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the opening in the shell of the egg and waited. I did a lot of these operations
because usually many host embryos do not survive the trauma of the operation.
Some did survive, some of these hatched, and some of these grew up to become
big chickens with feathers of the right wing heavily pigmented with a typical
Brown Leghorn juvenile pigment pattern (Figure 4.3). The next step was to
inject such host birds with estradiol to determine whether the melanoblasts in
their growing feather germs responded to estradiol. They did not, demonstrating
that melanoblasts with an incipient genetic capacity to respond to estradiol must
be associated with mature, tract specific, competent epidermis to express it. With
this result I had laid the foundation for an acceptable Ph.D. dissertation and for
a publication in a respected journal of the field.

Figure 4.3. White Leghorn chicken, which received a graft to its wing bud
of Brown Leghorn melanoblasts as a 3-day embryo. Reprinted with
permission of John Wiley & Sons, Inc.
For me this was a clear demonstration of the role mature tract-specific
epidermis plays in the differentiative response of Brown Leghorn melanoblasts
to the female sex hormone estradiol. The story does not end there. While
performing these grafting experiments, I began investigating the activity of
thyroid hormone in pigment pattern formation. In brief, a thyroidectomized fowl
of either sex possesses a different reddish pigmentation and a rather scruffy
plumage due to abnormal formation of the barbs of each feather. If the thyroid
hormone, thyroxine, is injected regularly, the newly f01med feathers show
normal male or female pigment patterns respectively. Therefore, in order for a
Brown Leghorn to generate a normal female feather pigment pattern at least four
combined factors are necessary: 1. genetically specific, pluripotent melanoblasts;
2. mature, tract-specific epidermis; 3. a normal level of thyroid hormone; and, 4.
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a normal level of estradiol. There are two responding cellular systems acting
somehow in concert, and two inductors, both necessary to stimulate the
melanoblast-epidermis system to form a female feather pigment pattern.
Incidentally, in this system the inductors are chemically defined and two of them,
estradiol and thyroxine, are readily synthesized. This is an unambiguous case of
multicausality operating during development. One wonders whether other
factors not yet investigated might also be necessary.
There is an important general lesson here. When one discovers a factor,
such as nerve growth factor (NGF) or fibroblast growth factor (FGF), acting as
inductors or "organizers," it is certainly operating in concert with other factors in
the embryo that are there but have not yet been investigated. So, my hard work
and some desperate thinking had a rich pay-off in the end. I not only provided
some understanding of how one developing system differentiates but in addition,
because of this, I am able to suggest a lesson to be considered in the analysis of
other inductive systems at other stages of development. It may be objected that
this is not a good model system because hormones are not classical inductors;
they normally move to the target cells by way of the circulation. This is so, but
it is a trivial objection. Estradiol, at least, can have the same transforming effect
on melanoblast differentiation by moving directly through tissue like an
embryonic inductor. This was shown many years ago in a neat experiment by two
British biologists, A.W. Greenwood and J.S. Blythe, and published in 1929 in the
Proceedings of the Royal Society of Edinburgh.
Melanocytes of all vertebrates are derived from the neural crest, an
unobtrusive population of stem cells on the dorsal aspect of the neural tube along
its entire length during very early embryogenesis. The neural tube is the rudiment
of the central nervous system. The neural crest is a remarkable structure in that
it is not only the source of pigment cells but also of a host of other tissues and
organs, like spinal and sympathetic ganglia, the medulla of the adrenal gland,
head cartilage and others. Neural crest cells are classic embryonic stem cells. We
do not yet know if they would demonstrate this multipotency if transplanted to
an adult but someone should certainly try to see. Neural crest cells reach their
often distant destination by active cell movements, like those ofmelanoblasts. In
contrast to the melanocytes, however, which retain in the adult their capacity to
migrate long distances when grafted to the embryo, cells of these other
derivatives lose their capacity for migration when they have reached their
definitive location.

Personalities
Along with the big downs and ups of my research, life at home and with
our friends went on its merry way. Our little family made a great leap forward.
We hoped to have a daughter to compliment our son and we did. Tanya was born
on January 15, 1948, without incident, and was soon a chubby, happy, little girl
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baby. We also had a big black Maine Coon cat named Misha, who liked to sit on
top of the piano when Galya played. He would let his tail hang down, swishing
it lightly with the music.
My previous Hopkins friends were gone, except for Red Saunders, who
returned from three and one-half years in the Navy in the Pacific, but new
colleagues soon appeared. The one I saw the most was Clement Markert who was
also a student of Willier. Like Red and me, he lived in Armistead Gardens. Also,
he had a car. So I arranged to travel with him to the lab every day, sharing the gas
and producing a lot of our own along the way. Clem was a definite character. He
had had sufficient anti-Fascist conviction and downright guts to volunteer for the
Abraham Lincoln Brigade to fight against the Fascists during the Spanish Civil
War and survived to tell about it, unlike many. During World War II, the Army Air
Force refused to accept him, because of his political record, so he enlisted in the
Merchant Marine in the Pacific, which involved very dangerous duty. Clem and I
hit it off intellectually right from the start. We both had strong opinions on many
subjects like politics, philosophy, religion and science but we pretty much stayed
away from sex and art and other such matters, for they didn't seem to interest him
much. We mostly agreed, and I enjoyed his company but I soon learned that if I
disagreed, there was little to be gained by pursuing the subject further. I found this
more amusing than bothersome when we were both young. Later in life, when he
became a colleague and we were not so young, I, and others, found his unyielding
conviction of his own rectitude, even on small matters, at a minimum boring and
sometimes downright annoying. Clem had a very wise wife, Margaret, who
somehow, with humor, put up with his idiosyncrasies. He had little interest in
women or in understanding them, and women mostly turned away from him.
Mary Rawles could not stand him and referred to him as "That Markert!" Later,
Clem made an important discovery-tissue-specific isozymes, enzymes that vary
in form in differentiated tissues. His work was an important cornerstone of the
concept that cellular differentiation was controlled by differential gene activity.
He was a formidable intellect and a marvelously clear and persuasive lecturer. In
1964, because of his strength in science, teaching, and administration, we invited
him to come from Johns Hopkins to chair the Biology Department at Yale and
oversee the opening of the magnificent new Kline Biology Tower, a world-class
biological research facility.
I had other new friends, of course-young veterans back from the War.
Ed Daniels, who had lost a leg in the Battle of the Bulge, and Tom Yost, who was
among the first troops to land in Normandy. These were very bright, rollicking
pals, and drinking buddies. We had lots of fun together on all levels. They both
were married in graduate school just before I fmished my Ph.D., and I was best
man at each wedding. Weddings are such fun because they sanctify and celebrate
an optimistic beginning to a new union. A couple of years later, Tom was
appointed to the faculty at Amherst College, which is not far from Yale, so we
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both enjoyed a really deep, warm friendship over many years. Tom usually called
me "Touch," only rarely Trink. For some reason, I have accumulated a number of
nicknames.
Another fellow student, James Ebert, a student of Willier like myself,
was doing interesting work on organ-specific antigens during early chick
development. We were not at all close and I mention him only because
circumstances have brought us into contact from time to time during my entire
career. He was frequently at Woods Hole in one administrative capacity or
another. After he left Hopkins, his research, which attracted a lot of attention at
the time, didn't pan out and he left research to become a biological administrator
for the rest of his life. He was excellent at administration and became a big shot.
As life went on, I never sought him out because we were polar opposites
personally and had little in common. I found him increasingly stuffy, pompous
and pretentious. To his credit, he was the Director of the Carnegie Institution of
Washington, which, under his distinguished leadership, continued its proud
tradition of excellence in research in developmental biology. For his pomposity
and pretension of being a leading biologist (as opposed to a leading
administrator, which he was), he was the butt of many a joke around Woods Hole
and elsewhere. Sadly, Ebert and his wife died recently in an automobile accident
on their way to Woods Hole.
In the late fall of my last year at Hopkins, my dissertation research was
in good shape, and my eyes turned toward the future. So I wrote some wellplaced friends, telling them that I was looking for a job and would appreciate any
suggestions. There were two fine responses, one from Charles Metz at Yale and
the other from Bill Ballard at Dartmouth. At Metz's suggestion, J.S. Nicholas,
Chair of the Department of Zoology at Yale, made a point of attending my paper
at the annual "Christmas" meeting of the American Society of Zoologists in
Chicago in 1947. Nicholas invited me afterward to have lunch with him and
Willier. The upshot of all this was an invitation to interview for a position at both
Yale and Dartmouth. Soon after, I lectured at Yale on my research. I had been to
Dartmouth before and once again was impressed with the charm of its campus
but my main memory of that trip in January was Bill's large hospitable family
and what Bill called a fine "crisp" day, -29 a F.! I had never been exposed to such
cold before. I was not used to having my nostrils freeze on inspirationinteresting but not appealing. At Yale, I could tell that my lecture was wellreceived in spite of some hard questions on the subject of the melanins from
Heinz Hermann, a friendly but very serious young chemical embryologist, who
was a research associate in the Zoology Department. What most impressed me
at Yale was not the campus (I actually saw very little of it) but the Osborn
Zoological Laboratory, an imposing brownstone structure with luxuriously high
ceilings, that was known internationally as OZL. So this was the famous OZL. I
was mightily impressed.
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Well, both places offered me a job, an instructorship, paying $3,200 per
annum. I accepted the Yale offer for obvious reasons. Yale was the greater
university. In addition, Yale meant Harrison and embryology. Clem Markert said
flatly that he found the low salary insulting and would not accept such an offer.
Somebody suggested that perhaps he was jealous. Clem jealous? Never. Actually,
the salary was not out of line for those days. Instructors at Hopkins made even
less-$2,800. This salary was so low that we veteran graduate students, with our
salary as teaching assistants supplemented by a stipend from the G. I. Bill of
Rights, were better compensated than the youngest faculty.
Thus far I have confined my remarks about research almost entirely to
my own; after all, this is my memoir. However, science is a collective activity
and excellent research by others can be very exciting vicariously. For example,
at Hopkins, just down the hall from me, John Saunders was making a discovery
and doing an analysis on the development of the vertebrate limb. His
discoveries would eventually lay the basis for one of the currently most active
areas of contemporary developmental biology. As was the case for all of his
students, Professor Willier assigned John his dissertation problem. Saunders
was to study the origin of the axial properties of the developing feather tracts of
the shoulder of the chick embryo. His study involved reorienting blocks of
ectoderm and mesoderm in the prospective shoulder of the three-day chick
embryo. He stained the area with the vital dye Nile blue sulfate to enhance the
visibility of the field of operation. We embryologists often use vital dyes to see
better what we are doing. A vital dye, when properly applied, usually does not
harm the embryo. Quite serendipitously Saunders noticed that the dye revealed
a thickening of the ectoderm at the tip of the wing bud. A search of the literature
revealed that others before had noticed this thickening but its significance was
not examined experimentally. Saunders, an experimentalist, wondered what
would happen if he removed this tiny terminal bit of the wing bud. The result
was astounding. This simple operation stopped further outgrowth of the wing
bud. By excising this thickening later and later in development, he showed that
its presence is required for the proximal-distal sequence of the origin of all parts
of the wing. He named this thickening the apical ectodermal ridge (AER), and
he and the AER have been famous ever since. Some doctoral dissertation
research! Incidentally, to our credit, we other graduate students appreciated the
importance of this discovery at the time. Red has since told me that although
Willier had not been involved in this discovery, he was a great help in preparing
the results for publication, as indeed he was for me as well, when I came to
writing up my dissertation. Both our theses were published in 1948 in the
Journal of Experimental Zoology (JEZ), one of the old, established journals of
the time. This reminds me to tell you about my comment on a button that was
popular among graduate students at Yale in the '60s. The button was
emblazoned with the statement, "Feces on Theses." I remarked to one graduate
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student that in his case, he might more appropriately wear a button that said,
"Feces in Theses."
Immediately after publication of Saunders's results, another
embryologist, Edgar Zwilling, at the Connecticut Agricultural Experiment
Station in Storrs, took advantage of a wingless mutant chicken available to him
to extend the analysis. He found that varying degrees of truncation of the limbs
of homozygous mutants could be correlated with deterioration of the AER in
early limb bud stages, thus confirming the importance of the AER in limb
development. Zwilling, who quickly became a friend of both Saunders and me,
was an avid fisherman for blue fish and striped bass (rockfish), and both he and
Red gushed about how well fishing together off Naushon Island and the Woods
Hole passage advanced their analysis of wing development. As the years passed
Saunders made two other fundamental discoveries: I. a small but very important
population of cells in the posterior part of the limb bud that he called the zone of
polarizing activity (ZPA) ;and, 2. cell death or apoptosis, as it came to be called,
as a normal process involved in sculpting the limb, e.g., in creating fingers and
toes on the ends of limbs. To celebrate a lifetime of ground-breaking scientific
research, John Saunders was honored by an international symposium in 1998, to
commemorate the fiftieth anniversary of his Ph.D. dissertation.
In the spring of the year, my dissertation complete, my thoughts turned
to a larger future, my next research. Aside from cleaning up some details of the
thyroid hormone work and composing an additional publication on that and a
review, I had no interesting ideas for further analysis of feather pigment
problems. As it happened, I was not alone in this. Watterson, Hamilton, Foulks,
Nickerson, and Markert all also dropped work on feather pigment patterns after
they left Willier's tutelage. This isolated example was somehow symptomatic of
the field of embryology during those early post-war years. After the long exciting
period of experimental embryology or Entwicklungsmechanik, to which I was
thoroughly exposed as a student and whose major triumph had been the
discovery of the amphibian organizer by Hildegarde Proscholdt (later Hildegarde
Mangold) and Hans Spemann, there came an intense period of search for the
chemical nature of the organizer in the 1930s and 1940s. These studies, which
took place in several countries, were so full of expectation that they were called
the "Gold Rush for the Organizer." But, for all the effort and numerous occasions
for hope this massive international effort generated, it brought only a welter of
opposing, contradictory, and confusing results leading to no clear conclusion.
The failure to identify the chemical nature of the organizer, even though those
involved were internationally respected and even revered for their other
contributions to the understanding of development (e.g., Spemann, collaborating
with the biochemist G. Fischer and Johannes Holtfreter in Germany; Jean
Brachet in Belgium; and C.H. Waddington and Joseph Needham in England),
was a crushing defeat that took away much of the attraction previously enjoyed
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by the field of experimental embryology. For whatever the reason, four of my
best fellow students left embryology immediately after receiving their
doctorates: Francis Ryan for molecular genetics; James Foulks and Mark
Nickerson for pharmacology; and James Case for neurophysiology. The
chemical nature of the organizer has been greatly clarified in the 1980s and
1990s by the application of the powerful new techniques of molecular biology to
classical problems of developmental biology. The pioneers in this effort failed to
identify the organizer because their search was technologically limited.

Planning for the Future
In spite of this atmosphere, Saunders had made a major contribution
right next to me and since I was quite satisfied with my own results, I was not at
all interested in seeking my research fortune elsewhere. My youthful enthusiasm
for embryology remained intact, but now what to do? It was spring in Baltimore
and the campus was lovely, my dissertation was accepted for publication in the
JEZ, I had a good job and my growing family was thriving. I suddenly had an
interlude to think and reflect on the major problems of development. I started by
rereading Spemann's renowned Silliman Lectures at Yale, Embryonic
Development and Induction, and Paul Weiss's Principles of Development (both
published before most of the frustrations of the Gold Rush). I browsed
considerably in our very pleasant departmental library. I mulled over the great
themes and phenomena of development: embryonic fields and progressive
organization of the embryo; determination and self-differentiation; mosaic and
regulative development; gastrulation; regeneration; and my own area of
expertise-specificity of induction and competence.
All of this relaxed intellectual activity was most enjoyable, educational,
and stimulating to boot, but nothing grabbed me until I discovered a series of
papers by Johannes Holtfreter, written when he was in Canada, first in German
in 1939 and thereafter in English. Holtfreter was a star in the Spemann
laboratory in Freiburg, an extraordinarily creative experimentalist (Figure 4.4).
I was quite familiar with his work before I discovered this extraordinary series
of papers on early amphibian development. Fortunately, early in the War, he was
able to escape from Germany to Britain and eventually to Canada, where he was
"interned" at McGill University in Montreal and free to continue his research. It
was a very productive period for him. It seems to have started with an extensive
revolutionary paper so famous that almost everybody after the War knew it by its
original title Gewebeaffinitiit ein Mittel der embryonalen Formbildung, although
the whole paper has been translated and republished in English-Tissue affinity,
a means of embryonic morphogenesis. It was followed by two long,
comprehensive papers in 1943 and 1944, A study of the mechanics of
gastrulation. For me, these papers by Holtfreter were mind-blowing. Yes, indeed,
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the mechanism of gastrulation! What a great subject for new experimental
approaches! Here was a subject of outstanding developmental importance whose
mechanism was poorly understood but which was defmitely attackable, as
Holtfreter had so brilliantly demonstrated.
Why is gastrulation so important? It is a crucial stage in the early
embryogenesis of multicellular animals (the Metazoa). At the very beginning of
embryogenesis, the fertilized egg first divides itself into many cells, a process
called cleavage, and then gastrulation commences. Gastrulation occurs by
massive cell movements, called morphogenetic cell movements, that involve

Figure 4.4. Johannes Holtfreter, experimental embryologist
extraordrinaire, whose important work inspired my interest in Fundulus
gastrulation. Photograph coutesy of Kurt E. Johnson.

invagination, involution, convergence, extension and epiboly, or the spreading of
the outer sheet of cells over the inner cell mass. Invagination is the coordinated
inpocketing of the outer surface layer of cells to form a short tube inside the
gastrula. In some gastrulae, invagination leaves a hole or depression in the outer
surface called the blastopore, at the site of invagination. During involution, outer
(superficial) cells roll over the blastopore, bringing more cells inside the embryo,
extending invagination, to form the walls of the primitive gut. Convergence is a
wheeling movement of superficial cells as they converge toward the blastopore
from several directions and then undergo involution at the blastopore. The large
mass of cells that has now been moved inside the embryo now undergoes
extension, it elongates or extends itself and by doing so, gives the embryo a head
and tail end. All these movements toward and over the blastopore and then inside
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the embryo [to form the endodermal gut tube and the mesodermal structures such
as somites (precursors of vertebrae and muscles, among other things)] take place
in a carefully controlled sequence. The details of the control mechanisms are still
largely a mystery to us. Although I have described these movements as if they
were separate entities, in fact, they are a precisely coordinated ensemble of
movements, reminiscent, perhaps, of the complex rearrangements of the
individual players in a well-practiced marching band. The remaining superficial
cells also spread toward the blastopore but do not pass through it into the interior
of the embryo. This process is called epiboly. This extensive spreading
movement eventually covers the entire outer surface of the gastrula, giving rise
to ectodermal structures. The formerly superficial cells, those that underwent
convergence, involution, and extension, move deep to the ectoderm and
subsequently induce it to form the central nervous system (brain and spinal cord)
and the epidermis (superficial epithelial layer of the skin, which covers the outer
surface of our bodies). There is also continuing mitosis during gastrulation,
although the rate of cell division declines prior to the beginning of gastrulation.
Gastrulation is complicated!
The result of all this spectacular motile activity is a drastic
rearrangement of the embryo. By the end of gastrulation many groups of cells are
now in the correct position to form the major organ systems: the central nervous
system; the primitive gut tube and its derivatives; the skeleton; the skeletal
muscles; the heart and blood vessels; the kidneys; and the skin. In short,
gastrulation is the embryo's way of laying down its basic body plan. After the
completion of gastrulation, the formation of these organ systems and their
constituent tissues begins-organogenesis and histogenesis-and a vague
outline of the form of the animal emerges. One can now distinguish the head end
from the tail end, and the dorsal (back) from the ventral (belly) surface.
Although the mechanism of the morphogenetic cell movements that
rearrange the embryo were (and still are) little understood, a great deal has been
known for a very long time about the process of determination that takes place
during gastrulation and leads to the formation of primitives organs and tissues.
At first, the cells are undetermined, i.e., multipotent, but they become determined
and begin to form organs and tissues as they are brought by the movements of
gastrulation into contact with inductors. Thus, as undetermined ectoderm is
brought to lie over and in contact with the underlying mesoderm, the ectoderm
is induced to form brain and spinal cord. Without this stimulus these multipotent
cells would form something else.
The situation is similar in the blastocyst of the human embryo. The
pregastrula cells of the inner cell mass of the early blastocyst are undetermined
or multipotent and will not form any particular tissue until they are brought under
the influence of specific inductors during gastrulation. These cells are called stem
cells nowadays and the use of them is the subject of much current controversy.
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There is good reason to believe that with modem techniques of tissue culture and
cell transformation, human stem cells could be induced to form various adult
human tissues and thereby replace diseased or faulty parts found in adults ill with
diabetes mellitus, Parkinson disease and Alzheimer disease. The multipotency of
these pre- and early gastrula cells of vertebrates has been known in much detail
since the first half of the twentieth century but embryologists in those days were
entirely concerned with understanding how the embryo develops. There was
therefore no thought of trying to force these cells to form adult tissues. Moreover,
there were no living early human embryos abundantly available for experimental
work, as there are now.
There were no highly advanced fertility clinics ready and willing to
supply discarded 5-day human blastocysts for research on the potencies of the
stem cells of the inner cell mass. Now there are plenty of these clinics.
Unfortunately, our current government, unduly influenced by the religious right,
refuses to supply research funds to enable the research to go on freely in
universities and research institutes like the National Institutes of Health. Instead,
this important research defaults to the hands of private industry, where the skill
of the investigators is in doubt and where any results will be kept secret as
proprietary industrial secrets and patented. Generous federal funding and free
communication among scientists is essential for the advance of such difficult and
important research. In view of this scandalous situation in the United States, it is
fortunate for humanity that opportunities for free research on the potency of
human stem cells exist in certain other countries. Recently, Roger Pedersen (one
of the instigators of the "Feces on Theses" buttons at Yale), and more germane
to the present discussion, one of America's leading legitimate researchers in this
field, left a tenured position at the University of California in San Francisco for
a similar position at Cambridge University in England, where a more enlightened
government funds research on stem cells derived from early human embryos.
The use of human embryonic stem cells is certainly where most of the advances
will occur. But advances will come slowly. This is a promising but uncertain area
of research, not only for scientific reasons but also because of its ethical and
political complexities.
This aside on the possibilities of human stem cell research in support of
regenerative medicine could not have entered my mind 50 years ago. As a student
I knew all about induction of the central nervous system by the mesoderm and
about other inductions, but how do the cells of the mesoderm come to lie under
the ectoderm in order to induce it? How do cells rearrange during gastrulation in
such precise ways to make possible these normal inductions? And, how does
ectoderm spread in epiboly to come to lie on top of the mesoderm? These were
the questions that excited me in the spring of 1948. As I pored over those papers
of Holtfreter, more and more convinced that this was a subject for me, I
remembered gastrulation in the egg of the teleost fish, Fundulus, which I knew

92 (;)

EMBRYOLOGIST

well descriptively from the Embryology Course in Woods Hole. One of many
movements of gastrulation, epiboly, spreading of the blastoderm over the yolk, is
spectacular in teleosts and particularly beautiful in Fundulus because of the
relative transparency of the egg. So, I decided to study the mechanism of epiboly
in Fundulus. Quite luckily, Yale, like some other universities in those days,
routinely rented laboratory space at the MBL for the summer. There was a Yale
lab, a Columbia lab, a Penn lab, etc. So I contacted the Zoology Department at
Yale, found that the Yale lab was free during the summer of 1948 and signed up.
When I arrived in Woods Hole, I was happily surprised to discover that the Yale
lab was on the third floor on the south side of the Brick Laboratory, with a
splendid view of the harbor, the Hole, and the islands.
After having decided to work on epiboly in Fundulus, I ran across a
little paper published just recently by a venerable and distinguished figure among
embryologists of that day, Warren H. Lewis of the Wistar Institute in
Philadelphia, that gave me a further lift. Working on the zebra fish egg (long
before the intense current interest in the development of the zebra fish, see
p ...... ), he proposed that the blastoderm is pulled down over the yolk in epiboly
by contraction of the exposed yolk surface. This gave me a concrete hypothesis
to shoot at with experiments.
In due course, the day of Commencement at Johns Hopkins arrived and
since I was still in town, I decided to attend and formally receive my degree of
Doctor of Philosophy. It was a colorful, pompous occasion, like all
Commencements. I love them all, if they are not too long. Actually, however, the
biggest event for me that day was a tense, nervous hour with an inspector of the
Commissioner of Motor Vehicles of the City of Baltimore, taking my driving
test. I passed. So, at the age of 30, I could finally drive a car. I simply had not
gotten around to learning to drive because I never felt a desperate need. There
were always buses, trains, and friends with cars and hitchhiking, and I could
walk. But, then, with a family and the need to transfer this family to a strange
place, necessity imposed its will.
So I did not get my degree until I was thirty years old, not exactly
according to my plans of ten years earlier. I found it no big deal. Indeed, quite
the contrary. I was full of vim, vigor and enthusiasm. The long years that so many
of us lost in the service simply did not make much difference to me. This is worth
mentioning because of the youth culture in this country. I have known many Yale
undergraduates, who, contemplating taking a year or so off after college, worried
about losing some of their youth in the process and maybe holding themselves
up professionally. Then, there were the 1960s, when one of the popular sayings
was, "Don't trust anyone over 30." Many times I have reassured these students
that many millions of my generation took several years off in their youth and, if
they were not killed or maimed, they were better off for the experience gained
with the lost time.
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Although the embryos of many bony fishes, or teleosts, are very
beautiful because of their exceptional clarity, certainly one of the most stunning
is that of Fundulus heteroclitus, commonly called the killifish or mummichog.
This active little fish is common in the bays and brackish estuaries along the
Atlantic coast of North America. Fishermen often use it for bait. Because of the
transparency of the embryo, it is easy to observe much of its development in
cellular detail. Because the fish live in estuaries, they are easy to collect either by
seining or trapping. Thus, during the spawning season, one can have fertilized
eggs in the laboratory simply by manually squeezing eggs from a gravid female
into a petri dish and then adding milt, a rich sperm suspension, by similarly
squeezing a male.
In unfertilized eggs, the cytoplasm is confined to a uniformly thin,
superficial layer at the egg surface encompassing a large, almost transparent
sphere of viscous, fluid yolk about 2 mm in diameter. Soon after fertilization, this
cytoplasm streams toward the point of sperm penetration and slowly accumulates
there to form a protruding cap containing the nucleus of the fertilized egg
(zygote). This cap is called a blastodisc. About an hour after its formation, this
cap divides in the first cleavage. The yolk does not divide. Succeeding cleavages
occur regularly with typically no change in total cytoplasmic volume-basically,
a constant volume of cytoplasm is cleaved into smaller and smaller cellular
packets called blastomeres (Figure 4.5). After 10 cleavages, when there are just
over 1000 cells, this cap is called a blastoderm.
For several hours, depending on the temperature, the blastoderm just
sits there with no gross change, as its cells continue to divide. Then, almost
imperceptibly at first, it slowly flattens and starts spreading over the yolk
(Figure 4.6). This spreading, the process of epiboly, marks the beginning of
gastrulation and continues steadily for several hours until the blastoderm has
entirely covered the yolk sphere (Figure 4.5). While this truly spectacular
epiboly is going on, the cells of the blastoderm are busily engaged in other
morphogenetic movements of gastrulation, e.g., rearranging themselves by
sinking in from the surface of the blastoderm-called ingression, followed by
converging toward the dorsal side of the egg. There they undergo extension in
the future head-tail axis to form the rudiments of the early embryo. This
convergence and extension, whereby a broad flat array of cells rearranges itself
into a long narrow one, is a fundamentally important morphogenetic mechanism
in many embryos, and was first carefully described and documented by one of
my best students, Raymond Keller, now a professor at the University of Virginia.
By the end of epiboly, we can discern an elongated condensation of cells that will
soon form an embryonic brain, rudiments of the eyes, the spinal cord, vertebrae
and muscles.
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So, here in Fundulus is a classic example of vertebrate gastrulation,
with the great advantage for the embryologist that it is occurring in a clear egg,
where details of cellular motile activity, such as mitosis and cell movements, are
not obscured by the presence of opaque yolk. Also, important to me, the eggs and
embryos of Fundulus had already been the subjects of important embryological
research. There was a vast literature to be studied and harvested. Distinguished
biologists like Thomas Hunt Morgan (1895) (during his embryological phasebefore he helped found modem genetics), Francis B. Sumner (1904), Charles R.
Stockard (1915) and Jane M. Oppenheimer (1930s and 1940s) had all been
entranced by the special properties of the Fundulus egg and its availability and
had worked extensively on its early development. But none of these
embryologists concerned themselves with the problem that most interested methe mechanism of the morphogenetic cell movements of gastrulation. Jane
Oppenheimer had done most of the work on the early development of Fundulus
including constructing a fate map of the gastrula. Fate mapping is a classical
embryological technique where vital dyes were placed on earlier structures to
A
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Figure 4.5. Drawings of various stages of early development in Fundulus
heteroclitus, taken from the normal table published by Armstrong and
Child. (A) Stage 3, 2 cells; (B) Stage 10, blastula; (C) Stage 14, beginning
of epiboly; (D) Stage 17, middle of epiboly; (E) Stage 19, end of epiboly;
(F) Stage 21, body of embryo now visible, with head and eyes at the top of
the figure. Reprinted with permission of John Wiley & Sons, Inc.
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Figure 4.6. Photomicrograph of a living Fundulus blastula. Micrograph
courtesy of Rachel Fink.

determine what they would later become. She was not concerned with how the
cells moved where, and she paid little attention to epiboly. The problem of the
mechanism of epiboly was there for the taking.
Along with its many advantages, the egg of Fundulus presented some
disadvantages. Because of its short spawning season, eggs were available for
operations on the living embryo only two months of the year or less, in
comparison with, say, the chick embryo, which is available throughout the year.
So, like some students of amphibian embryology, likewise limited by short
spawning seasons, one works hard when the material is available. For Fundulus,
in Woods Hole, this is fortunately in June and July, when an academic like me is
free and it is summer!
Two other disadvantages stem from properties of the egg itself. Like all
fish eggs, the Fundulus egg is enveloped by a protective membranous shell
called a chorion. The Fundulus chorion is extremely tough, in keeping with the
rigors of the intertidal zone in which the embryos develop. So tough, indeed, that
it is often difficult to remove this shell without destroying the delicate
encapsulated embryo. Well, I knew it could be removed in early stages by the
technique of J.S. Nicholas, with iridectomy scissors (used mainly for ocular
microsurgery). I tried this but it did not work well in my hands. So I devised
another technique, using finely sharpened Swiss Dumont watchmaker's forceps
to microscopically cut off the chorion, which solved the problem.
The final disadvantage of the egg is quite minor-a cluster of oil or lipid
droplets lie at the surface of the yolk, beneath the blastoderm. These droplets
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often blocked the view of the embryo. I have often expressed my belief that these
droplets were placed there by a vengeful Old Testament God to bug the
experimental embryologist. These oil droplets are actually stored nutrients used
to fuel the early development of the embryo. Happily, there are ways of getting
around these annoying lipid droplets either by reorienting the egg or simply
aspirating them with a fme suction pipette.
To tell the truth, I had a rather good time fooling around trying to devise
a new technique for removing the chorion, (dechorionation), and succeeding.
The chorion poses a genuinely tough technical problem. I've tried many times to
teach others how to dechorionate eggs but was mainly unsuccessful. When I
succeeded, that is, when they succeeded, it was generally because they already
had a steady hand and manipulative skills acquired from much experience with
microsurgery. Colleagues have often teased me because of this challenging
dechorionation problem, saying that I work on Fundulus early development only
because few can dechorionate the egg during cleavage and gastrulation and thus
repeat my work. True but not true. I am certain that all would find my work
repeatable if they could only remove a Fundulus chorion. But I would say that
anyway. I have thrown down the gauntlet. Now pick it up, but first dechorionate
a Fundulus egg! This reminds me to mention that for me the source of one of the
frequent satisfactions in the practice of science has been the manual aspect:
handling the eggs and embryos, facing challenging technical problems, devising
new techniques and making them work to give answers to interesting questions.
We scientists call this craftsmanship. This satisfying and often challenging
craftsmanship of science is often unappreciated by those who think that the arts
and sciences are really separate disciplines. Not so. They share much in common.
I didn't learn much about the mechanism of epiboly that first summer
but I certainly had an absolutely absorbing time. For one thing, I learned a lot
about early Fundulus development that I had missed before as a student and later
as an assistant in the Embryology Course. There is no better way for sharpening
the senses than having a research problem in mind during observations.
Moreover, many of the little experiments I tried gave quick answers. Ifl made a
wound in the yolk surface the edges of the wound would immediately retract
elastically and then the edges would thicken and contract to close the wound in
a matter of minutes. If the wound were made near the margin of the blastoderm
during epiboly, contraction of its margins would pull that region of the
blastoderm toward the point of wound closure. This observation was consistent
with the hypothesis of Warren Lewis that contraction of the yolk surface causes
epiboly. This "instant research" was in happy contrast to my long, sometimes
tedious experiments during the analysis of a feather pigment pattern! With
Fundulus, I would enter the lab in the morning and often have a result by lunch.
I also measured the relative degree of expansion of different regions of
the blastoderm by affixing minute black particles (blood carbon) to its surface
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and following their movements by using a camera lucida to make tracings every
hour during epiboly. A camera lucida is an interesting optical device that can be
attached to a microscope. It is used to project an image from the microscope onto
a clean piece of paper. It allows the observer to view a specimen and the
observer's tracing hand at the same time. Thus the observer can make accurate
drawings of a specimen. By the way, the old name for a photographic camera was
camera obscura, to distinguish it from a camera lucida.
In contrast to the wound closure experiment, the marginal region did not
expand faster, which is probably inconsistent with Lewis. With these and other
experiments I by no means solved the problem of epiboly and was a long way
from any definitive answers, but I got myself thoroughly into the analysis. It was
a good and felicitous beginning to a charmed life, scientifically.
Galya and I enjoyed the summer delights of Woods Hole, this time en
famille . She and I and our two small children, Gregor and Tanya, lived close
together, squeezed into a single room in the Brick Dormitory. We ate our meals
at the mess hall. An apartment was way too expensive. Anyway, our living
arrangements worked out beautifully. All of us enjoyed this relaxed and
productive summer at Woods Hole.

YALE- THE EARLY YEARS

Some Memories from My Early Days at Yale
Came September 1948, off we went to New Haven, for me to join the
faculty of Yale University. This move to a faculty position was naturally quite
exciting and I was filled with expectancy. I soon discovered, however, that the
faculty of the Department of Zoology located in the Osborn Laboratory was a
mixed bag, which I suppose is to some degree true of university departments
everywhere.
To borrow a few currently popular and well-worn American
expressions, the Osborn Laboratory, at world-class Yale University, was a stateof-the-art, old brownstone edifice, constructed like a fortress, and housed many
modem and well-equipped laboratories. It harbored a Zoology Department that
was very good but certainly not at the cutting edge. Designed by Ross Granville
Harrison around 1914, the laboratory was L-shaped, with the larger part, on
Sachem Street, for Zoology (OZL) and the smaller part, on Prospect Street, for
Botany (OBL). I was assigned a small office and laboratory in the basement of
OZL. I was terribly proud of my new facilities. I liked my small office and lab
just across the hall. Each had a sink and the office had a desk and ample
bookshelves. The lab had a good broad lab bench, which I quickly equipped with
the necessary microscopes, glassware, balances, and chemicals from the
departmental supplies. I felt comfortable in both and needed no more space since
I had not yet attracted any students. I quickly felt at home here because I was the
sole resident. It was my first solo home since Wesleyan, but now I had a lot more
books and bookshelves to accommodate them. As I think back on it, I am
entertained at how Spartan it really was, but at the time it seemed quite splendid,
luxurious even. I was thrilled to have such a good setup to begin my research.
I was active in research, along with my absorbing life in teaching,
political activity and helping raise three young children, during those early Yale
years. As I have already recounted, my doctoral research at Johns Hopkins did
not lead me directly into a life-long investigation of the development of the
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particular system with which I was familiar and, in consequence, I had to look
around. The search was fruitful and led me to begin a study of a fascinating
problem, the mechanism of epiboly in a fish embryo. As soon as I could return
to Woods Hole I went back to epiboly.
In the meantime, however, I had a higher priority-bring to completion
my studies begun in Baltimore of the role of thyroid hormone in the
differentiation of feather pigment pattern in the Brown Leghorn. This meant
adding chickens to the amphibians, flies, spiders, mice, Paramecia and other
fauna of the menagerie of OZL. The only convenient place for a hen-house was
an abandoned photographic dark room just down the hall from my lab. Even
though I removed its heavy shutters to expose the window and let in a little of
the light of day, a lighted dark room still is a pretty gloomy place. But the
chickens didn't seem to mind or even notice, being chickens, and cooperated
nicely to help me to tie up some loose ends of the experiments I described in
Chapter 4. As I was doing this, I went to work writing up the thyroid hormone
work for publication.
In this, I had some important help from the departmental artist, Lisbeth
Krause, an elderly, very kind and talented German lady who was quite well
known in the international world of embryology. She had spent her career doing
the wonderful art work illustrating the papers of Professor Harrison and his
students and was particularly known for the unpublished but liberally distributed
"Harrison Stages" of the normal embryonic development of the spotted
salamander Ambystoma maculatum. In 1969, these wonderful drawings were
finally published in Harrison's Organization and Development of the Embryo
(Figure 5.1). She also did a fine job for me, depicting a scrawny,
thyroidectomized Brown Leghorn in a scheme I devised to illustrate and
summarize my operative procedures. In those days, before we faculty had
research grants from the National Science Foundation (which did not yet exist)
or the NIH, large zoology departments like ours themselves provided some of the
essential amenities. We not only had an "artist-in-residence," but also a
photographer, a carpenter, a glass blower (in Physics), and a collector, who was
also the chief of general services.
The collector, Carl Antonson, was a Swede from the old country, a
rather dominant character who considered himself to be Professor Harrison's
personal Diener, in the old-fashioned German sense. Although "Diener"
translates as "servant," Carl was a key player, much more than a servant. Perhaps
he was more like the maitre d 'hOtel of a fine French restaurant-bossy, officious,
tyrannical. Like all good Dieners, he was indispensable for the running of the
place, especially in the spring during the salamanders' spawning season. He was
a very skillful collector, knowing all the best ponds and the right moment for
finding beautiful clutches of eggs at the very beginning of development.
He also worked for others in the Zoology Department, even for new young
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Figure 5.1 A few of the many drawings of different developmental stages of
the spotted salamander, Ambystoma maculatum, drawn by Lisbeth Krause,
the talented departmental artist of Yale's Zoology Department. Reprinted
with permission of Yale University Press
faculty such as myself, but he was devoted only to the Chief. I believe his
greatest pleasure in life was collecting those early clutches of eggs for Harrison
and his students and for various visiting embryologists. Carl knew many
locations in the forests not too distant from New Haven when he could find
vernal ponds. Those that retained their accumulated winter rain water long
enough into the summer for the eggs to hatch into larvae, and for the larvae to
metamorphose into miniature versions of adults, usually contained large clutches
of eggs, sometimes scores of them. Interestingly enough, eggs are only found in
long-lived ponds, but never in those that dry up quickly after the spring rains let
up. Adults return each year to their natal pools, thus assuring that they will spawn
only in those pools that were adequate for their early growth and development. I
think they do this by smell.
As an interesting aside, I should tell you why the newly spawned eggs
of Ambystoma maculatum are such good material for experimental embryology.
The eggs are a lovely chocolate brown color above and creamy below. They are
among the largest amphibian embryos readily available. Their great size allows
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many interesting microsurgical experiments to be performed. The adults have a
truly pathetic sex life. Following the first heavy rains after the winter thaw, males
migrate to ponds and deposit small white sacs of sperm on leaves and sticks at
the bottom of the pond. Then they leave. After they have left, the females come
to the ponds, pick up the sacs of sperm, place them in their genital tracts (where
fertilization occurs), and then lay up to several hundred eggs enrobed in a stiff
mass of jelly. There is no courtship, no external genitalia, no copulation, not even
touching of genitalia for gamete transfer, certainly nothing as much fun as
intromission, just secretion of gametes.
Carl was a master of the breeding behavior of Ambystoma and shared his
knowledge freely with anyone who showed appropriate interest and attentiveness.
Because of his seniority and importance to the work of the Chief, most of us
always treated Carl with great respect. But not Chairman J.S. Nicholas. One day
I happened on the upper-class Nicholas, in ill temper, upbraiding the lower-class,
elderly Antonson for some minor lapse, as if he were a kid, and I then understood
graphically how well Nicholas deserved his nickname, "Nick the Prick." The
scene was most embarrassing; I quickly moved on.

My Early Interactions with Yale Colleagues
I have hinted that the faculty of the Department of Zoology was not
extraordinary. Although this was largely true, I became aware of it only after I
had been on the premises. When I received the offer of an instructorship at Yale
the previous winter, I was so pleased at being offered a faculty position at a great
university that I quickly accepted without looking into the details. There were
only three truly eminent biologists in the Department of Zoology and two of
them, Harrison and Alexander Petrunkevitch, were emeriti. The one eminent
active member, G. Evelyn Hutchinson, was one of the world's great ecologists,
a specialist in the study of fresh water lakes (limnology) and possessed such a
deep, penetrating and broad-ranging intelligence that he was really a kind of
Leibnitzian character. I have never met the likes of him. The other ecologists,
John Brooks, Edward Deevey and Gordon Riley, all students of Hutchinson,
were solid but dull. There was also Daniel Merriman, an oceanographer, superfriendly and well-bred, perhaps overly (his father was Master of Eliot House at
Harvard), and S. Dillon Ripley, a traditional, undistinguished, upper-class type
ornithologist, who much later on, quite surprisingly to me, became an excellent
Secretary of the Smithsonian Institution in Washington, D.C. Among the
embryologists, J.S. Nicholas, the Chair, a student of Harrison, was not very
strong, either as a teacher or scholar. E.J. Boell was an excellent, polished teacher
and an excellent researcher but by my arrival, depended almost entirely on his
research associate for what I considered to be a quite uninteresting research
program. D.F. Poulson, a student ofDobzhansky at Cal Tech, was important for
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he was among the founders of developmental genetics because of his earlier
ground-breaking studies of the embryological effects of major, lethal genetic
defects in Drosophila. But his research activity had dwindled and he wasn't
doing much anymore. Among the younger faculty, the most promising were
Charles Metz from Cal Tech, who was then working on mating in the protozoan
Paramecium, Talbot Waterman from the Society of Fellows at Harvard, a visual
physiologist, Charles Remington, also from Harvard, an entomologist, and,
finally, me, from Johns Hopkins. There was also another former Yale graduate,
Randall Reyer, an embryologist. Talbot Waterman grew in the years to become a
distinguished comparative physiologist and for me a continuing, warm friend.
Waterman wrote an exceptionally lucid and lively treatise, Animal Navigation
(1989, Scientific American Library). Now, in his late eighties, he is working hard
to complete a major work on the physiology of organisms living at
environmental extremes-Life at the Frontiers. With the exception of a few of
us, the Department was quite ingrown, in contrast to departments at Columbia
and Johns Hopkins. Whatever their professional merits, however, the entire
faculty was a congenial lot, at least for me; all seemed to make a special effort to
make me feel at home, and, I did, quite quickly.
Another feature that put me at ease was the weekly departmental faculty
meeting, every Wednesday at noon in the very agreeable departmental seminar
room, a cozy, third-floor comer room with southwest exposure, ample windows
and a big blackboard. Everyone attended, including the emeriti, unless ill or out
of town. It was a pleasant ritual, except for some of the usual, boring
departmental business. At these meetings, preceded by lunch, which we bought
ourselves, one quickly got to know everybody. Nicholas, the Chair, sat at the
head of the table and Harrison, the Patriarch, at the other end. I deliberately kept
quiet for the first few months, except for idle chatting. I decided that I had better
get the lay of the land before I started shooting my mouth off. Although those
who know me might think this was a strain, it was actually easy and relaxing, just
to sit there watching and listening. It was theatre; like going to a disorganized,
mostly boring play, in which my colleagues played different roles, as they sorted
out issues of departmental governance. To the participants, these discussions
were serious matters, but candidly, I remember pitifully few substantial
decisions. You know the expression, "It's only academic," used to describe
discussions with lots of heat and smoke but little enlightenment or authentic
importance.
One way or another, I learned quite soon that we were fairly
homogeneous politically, practically all liberal Democrats (except Nicholas and
George Baitsell, another elderly professor). Bit by bit, as the year progressed and
I became involved in the discussions of small but occasionally important
departmental and university matters, there was often a lot of squabbling. We
were, in fact, quite divided. This paradox puzzled me until I had an idea and
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thence counted noses more carefully. It turned out that by and large the
"conservatives" in these verbal scuffles were those who had long been in the
Zoology Department, several even as students. Those in the "liberal" camp were
generally those who had had their training elsewhere and, as good liberals, often
disagreed with one another. It was as simple as that. To tell the truth, we were all
conservatives, each favoring mainly policies he had been raised with. So, I
learned an important academic lesson that first year at Yale. Never hire one of
your own students to join your faculty, unless he or she is truly exceptional; seek
candidates from other institutions with different backgrounds. Diversity of
experience, training, and opinion is vital to the vigor of a university.
Almost immediately after my arrival I was plunged into teaching,
running the laboratory part of the Yale College Embryology Course, something
I knew well how to do. Nicholas gave the lectures. I soon discovered that running
the laboratory involved a good deal more than teaching the developmental
anatomy of frog, chick and 10-mm pig embryos. Nicholas, surprisingly, given his
ease at conversation, was a terrible lecturer--disorganized, disjointed and, from
time to time, just plain wrong. In consequence, in teaching the laboratory, I had
a lot of explaining to do to make up for the lectures, all the while trying to be
subtle at it. The best student in the class and the only one I remember was Joseph
Gall, who continued at Yale as a graduate student under D. F. Poulson, working
on the sensational lampbrush chromosomes of the amphibian oocyte. As his
career progressed, first at the University of Minnesota (where I helped get him
the job) and then back at Yale, he used his great intelligence and superb skill as
an experimentalist to become one of the best cell biologists of his generation.
Gall became famous at Yale for asking carefully worded, enlightening questions
following seminars. "Gall's questions" were often more interesting than the
lecture itself. He became one of the most distinguished and widely respected
members of our department, and, indeed, in the wider world of cell biology
because of his broad knowledge and penetrating intellect.
After all those years as a graduate student teaching other people's
courses, I was finally assigned to teach a course of my own, Introductory
Zoology, during the second semester of that first year. There I was in charge of
the whole kit and caboodle, both lectures and laboratory. I gave all the lectures
and, of course, loved it. It was my first experience at formal lecturing to a large
class of undergraduates (about 200), mostly freshmen and sophomores, three
days a week, all semester long. Here I was again on center stage, as back in my
acting days in Southside High School. I was in my element. It was certainly more
relaxing than delivering seminar reports before a highly critical group of faculty
and fellow graduate students. I reveled in the response of the often wide-eyed
college students. I explained principles of zoology, and even found myself
spontaneously introducing a little levity here and there, lightly of course (or
maybe not so lightly), as I became more at ease with this attentive and
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appreciative young audience. With this I discovered that it is possible to give a
light touch to many a serious scientific subject without trivializing it and I
became quite good at it, so good indeed that it has been a hallmark of my
lecturing ever since, to this very day. A bit of levity certainly helps keep the
students awake. I also learned in teaching this class that the tiniest oblique
reference in a lecture to sex or Harvard, "the institution to the north," invariably
elicited a smile or a chuckle in this young, male, very Yale crowd. My course was
a heavy teaching load for a new faculty member, but I didn't mind because I was
enjoying myself so much. Perhaps also I was in a bit of a postdoctoral slump and
teaching my own course was a convenient and useful escape from the hard
intellectual work of research. Besides, there were no Fundulus eggs available
until June, after the course was finished.
One student in this class was destined to become a life-long friend and
sometime collaborator in research. We arrived at Yale at the same time, he as a
callow freshman and I as a callow young faculty member. Michael Bennett stood
out then and since throughout a long, distinguished career in neuroscience as a
brilliant and sometimes rambunctious character. He had a distinguished
undergraduate career at Yale and won a Rhodes Scholarship in his senior year
(the first science major to do so, maybe ever), then proceeded to drink his way
through Oxford. Amazingly, even now, he continues to run the New York
Marathon-more about Mike later.
For me, running and runners have always been boring. Runners love to
"entertain" anyone who will listen with tales of their exploits. For me, these
monologues disguised as conversations have always been painful to endure.
Mike and other running friends have long since learned that I am bored with tales
of their running exploits. As Mike once said, "Trink gets that glazed look in his
eyes when we talk about running." Here is my translation of a runner's
description of a marathon. "I started out fresh, ran for a long time, got very tired,
and felt like I had accomplished something extraordinary for enduring boredom
and pain." Distance running takes considerable training and physical stamina,
but I have always had a rather dim view of "sports" such as running, which
involve little hand-eye coordination. In my younger days, I rather more enjoyed
a good squash match. It requires training, stamina, determination, deception, and
racquet skills dependent on hand-eye coordination.
My initial teaching experience left little time for research. I devoted
myself to finishing up my thyroid hormone work on the Brown Leghorn,
composed a small paper on some of my summer's research on Fundulus epiboly
and, with the sponsorship of Professor Harrison, published it in the Proceedings
of the National Academy of Science (PNAS).
The buying power of my small Yale salary was even lower than
expected because in the interval the government had lifted wartime price
controls, with consequent inflation. Although Galya and I had to economize
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carefully, renting a space-heated summer cottage on the shore, drinking even
cheaper beer and smoking fewer cigarettes, we still managed to have a good
time. The big event in our family life that first year at Yale was the arrival of our
youngest child, Erik, on Christmas Eve ( 1948), like the Christ Child, but no
manger for him, just the Grace-New Haven Hospital. Poor kid, he always had his
birthdays and Christmases scrambled together. He seems to have survived well
regardless of the poor timing of his nativity.

Involvement in the Yale Community
Only after I got somewhat settled in the Zoology Department and OZL
did I begin to explore and inspect the rest of the Yale University. First, I was
impressed with its size, much bigger and much more complete than Hopkins. The
Yale campus is so famous that it would be redundant for me to lead a tour, but it
is worth mentioning how delighted I was with a very charming, frequent
architectural feature. Many Yale buildings and quadrangles enclose some of the
outdoors, in lovely, hidden courtyards. One could easily pass by the residential
"colleges" and the impressive Law School, the Hall of Graduate Studies, and
even the magnificent Sterling Library, for example, without knowing what
greenery lurks within, in their courtyards. I liked particularly the one most
hidden, the courtyard of the Library. These hidden bowers of vegetation are
certainly among the jewels ofYale. At first, I was somewhat repelled by the false,
twentieth century gothic facade of many of the buildings. But, you know, with a
little time and the seductive calm of the courtyards this purist recoil dwindles and
one comes to love them. Once, years later, after giving an English cell biologist
friend the 35 cent tour of the campus, he remarked "By God ! You know, it's
Oxford with plumbing." Not quite.
The Payne Whitney Gymnasium is an enormous gothic edifice that was
then one of the best college gyms of the day, with its thirty plus squash courts
(singles and doubles), three swimming pools, and even a rowing pool, along with
the usual other facilities. It played an important role in my life at Yale. I have often
said that the two unquestionably wonderful institutions at Yale University are the
Law School and the Payne Whitney Gymnasium. Many are the happy hours I
have spent in the gym through the years, playing squash, pumping iron,
swimming and bullshitting with students and colleagues. For many years I played
squash regularly. I was skillful enough to enjoy the game and the competition but
not good enough to win consistently. I am not a very good loser and have never
been a fan of the old sports adage, "It mattereth not whether you win or lose but
only how you played the game." So, one day I quit playing squash because I was
annoyed at losing so frequently and then angry at myself for being so upset over
such a small matter. But, it's not a small matter! I turned to weightlifting and
swimming-healthy, noncompetitive and civilized activities. These diversions
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were also convenient, since I didn't need to round up a partner. I didn't need to
make a rendezvous with anybody. Recounting this reminds me of the only
argument I have against coeducation. In those pre-coeducation days, we men
would walk nude to the pool, towel in hand, and swim in our birthday suits. I was
so used to this and so casual about it that one day soon after coeducation had
arrived, in 1970, I was accosted in the hall, blithely on my way to the pool, with
a shout, "Trink, get back in the locker room! There are women around."
Since my early days on the faculty the University has changed much
architecturally, and for the better. Many new buildings have been added and
some of them are absolutely stunning, such as Bunschaft's Beinecke Rare Book
and Manuscript Library, Louis Kahn's Yale Art Gallery and Center for British Art
(the latter, architecturally, certainly one of the most exquisite art galleries
anywhere), Eero Saarinen's Ingalls Skating Rink, and even a handsome,
functional science laboratory, the Bass Center for Molecular and Structural
Biology. The Medical School has expanded greatly and part of High Street, in the
center of the campus, has been transformed into a charming walkway.
Yes, the Yale campus has changed much and is more beautiful and
enjoyable than ever, but not so the inner city of New Haven, in the midst of
which Yale is located. I was fortunate to arrive in New Haven over 50 years ago,
before the downtown area became run-down, grungy and downright scary. It had
the same magnificent, New England village green that is still there, with its three
lovely churches, and it was so safe in those days that one strolled through its
expanse leisurely, without thinking about it. All the downtown buildings were
then occupied and thriving. There was a big, fine, established local department
store, Malley's. There was an excellent dry goods store, Horwitz's. There were
two superb, old-fashioned hardware stores, a number of Italian grocery stores,
two excellent fish markets, a few popular restaurants, including Kasey's across
the street from the Shubert theatre, where many Broadway plays opened. It was
the convenient, agreeable downtown of a bustling, small American industrial
city-New England style-big enough to have everything, small enough for
easy access. We loved it and walked everywhere. There was even a small homey
saloon, with wooden tables and beer by the pitcher, The Old Heidelberg ("The
OH"), on Park Street across from Davenport College. Now, all that I have
mentioned and much more are gone, having suffered the sad fate of so many
cities of America. I certainly relished it while it lasted, especially the Green, the
hardware stores and The OH.

Teaching-Zoology 23
My teaching baptism of fire, preparing and teaching in my course,
Introductory Zoology, didn't last long. I didn't even have a second year in which
to burnish and repeat the lectures I had so laboriously and carefully composed
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during my first year. A new course was suggested, and was devised by the three
of us who were to teach it-Metz, Reyer and I. It was to be a full-year, twosemester course in comparative vertebrate anatomy, histology and embryology,
combining three originally one-semester courses. The course began with
fertilization, cleavage, gastrulation and induction and then organogenesis,
combined with comparative anatomy and histology; organ system by organ
system. For example, when we tackled the circulatory system we considered its
embryology together with its comparative anatomy and histology, and so on for
each system. This integrated approach made embryological, anatomical,
histogenetic, evolutionary and pedagogical sense, and the result was an exciting,
rigorous and gratifyingly popular course for the 100 or so students who emolled.
It also offered the students a full-year course in comparative embryology and
anatomy, providing some of the most impressive evidence for evolution. This was
a particular pleasure for me because, in addition to embryology, the most exciting
part of biology for me was evolution. This course was designated Zoology 23; it
was required for all students majoring in zoology, but many non-majors also
elected to take it. The students studied hard, spending many hours, often late into
the night, in the lab preparing for our tough practical exams; they called
themselves the "winter soldiers," a group set apart. There was excellent esprit de
corps. For many years after, returning alumni would tell me that this was at the
same time the most demanding and the most rewarding course of their Yale
College years. Furthermore, many of them said that they felt complimented to
have been treated so roughly, as if we considered them to be men and up to the
challenge. Good old Zoo 23! Mike Bennett and I have occasionally reminisced
about how he once wrote a perfect exam paper in Zoo 23 and that, just for fun, I
gave him only a 97 or 98. In he came, storming with righteous rage. He still
insists, "You refused to change it!"
I also made many friendships among the best students in Zoo 23, some
of which have lasted to this day. A standout among them was John W. Drake, a
lean, bright, energetic young man from Chicago who also worked for me as a
"bursary student," a part-time research technician. We always had a good time
together, at work or at play. We also worked together at Woods Hole. Later in
life, after graduate work at Cal Tech with Renato Delbecco, Jan became an
important figure in the fundamental field of gene mutations and for 15 years(!)
until recently was the superb Editor of Genetics, the central journal of the field.
Parenthetically, with all this talk of bright, hard-working students, I should point
out that I never ceased to be impressed each year by the number of Yale
undergraduates who were either dumb or lazy or both. How did they get in?
George W. Bush obviously had family connections. His father, President Bush I,
is a famous alumnus.
Along with the students, I also learned a few things from Zoo 23.
Always make the course you are teaching rigorous and demanding, as well as
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interesting and thought provoking. Treat them rough. The good, serious students
appreciate and respect this, for it forces them to dig more deeply and thus profit
more intellectually and sometimes experience the exhilaration that comes with
mastering a subject. Like children, students sometimes like being treated as
adults. I was told that some less serious or perhaps less able students were turned
away by the course's tough reputation. Tant pis.
A single anecdote will suffice to make this point. I used to delight from
time to time peeking in at the class of the required genetics course during one of
Don Poulson's lectures, which always occurred at a deadly hour, early afternoon,
after lunch. To add to this, Poulson was a soporific lecturer. Once, when I peeked,
the scene was spectacular. More than half the class was asleep! Later, I was
astonished to discover that when these students took the departmental
comprehensive exam as seniors, they almost uniformly did well on the difficult
genetics part. How come? On enquiry, the students told us that the quiet, gentle
Don Poulson was one tough cookie when it came to exams and laboratory reports,
so they had to study hard to survive (and in the process learned some genetics).
I also came to the conclusion in teaching Zoo 23 that the primary
purpose of a lecture or a series of lectures should be to inspire, corny as that may
sound: inspire interest in the subject and the field, not just describe and explain.
Give as many facts as necessary and explain in a carefully organized way, but
place the emphasis on concepts and ideas. Much detailed factual material can be
left to the many excellent textbooks, and, of course, to the laboratory. Along with
emphasis on a conceptual approach, the lecture should indicate aspects of the
subject that were not yet fully understood, questions that begged answers, points
that need clearing up. All science is in many ways incomplete, uncertain and
developing. This questioning approach was relatively easy for me when
discussing embryological and development matters because this is my field of
research, my passion, my struggle. Herein lies the reason why a university must
have a faculty engaged in research, the more incisive the research the better, if it
leads to excellence in teaching. It was not so easy, however, for me to be leading
inquisitive students when discussing histology and, especially, comparative
anatomy, so I had to bone up on these topics. On the way, incidentally, I got a
fine education myself. Good students rise to the challenge of this combination of
rigor, conceptualization, and questioning, and often, in the process, get quite
excited about the subject and the field. Some of them are alert and incisive
enough to challenge the faculty. It is always rewarding for a teacher to realize
that students are thinking about what they are being told, while they are being
taught. Also, a little breeziness is not excluded, when it fits, even a little story
here and there. I have been told that my college-level courses were nationally
known for their blue humor.
I mentioned at the outset of this chapter that two of the three eminent
personages of the Department, Professors Harrison and Petrunkevitch, were
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emeriti; i.e., retired from teaching and other academic duties. Nevertheless, they
came to OZL every day, worked in their laboratories and participated somewhat
in the department's social life, like attending lectures by visiting biologists and
so on. I treasure the rare occasions when by chance I was present as they met
each other in the hall with a "Good morning, Harrison," and a "Gcod morning,
Petrunkevitch," even though they had been colleagues for decades. I liked it. It
seemed so straightforward and dignified. "Ross" and "Alexander" somehow
would not have fit. How has it happened that for a long time now such a greeting
would seem distant or unfriendly to most Americans? Everybody wants to be on
a "first-name basis." Several years ago, when my wife and I went to buy a car
out on Whalley Avenue in New Haven, the young salesman asked me (I was in
my seventies) "What is your name, Sir?"
"Trinkaus."
"But, what is your full name?"
"J.P. Trinkaus."
"What does J.P. stand for?"
"John Philip."
"Well, John, we have just the car for you."
This phony friendliness and mock familiarity is meaningless and degrades true
friendliness. Furthermore, I refuse to, "Have a nice day," as a reflex. Ifl want to
have a crappy day, let me do it on my own good time, thank you, and in my own
way. I have been around long enough to have whatever kind of day reality thrusts
on me. I am a curmudgeon about things like this.

Professors Harrison and Petrunkivitch
I was privileged to have close contact with Professor Ross Granville
Harrison quite often. He was a gentleman in his eighties but still acute. He was
quite thin, bald, and had a long, angular face. By the time of my arrival at Yale,
he had been elevated to an iconic status. He was a great American scientist and
a kind man. He used the technique of tissue culture in 1910 to answer
fundamental questions about the development of the nervous system. While at
Yale, his laboratory became a center for experimental embryology and he trained
many outstanding embryologists of the generation before me. He had an
enormous and richly deserved reputation and yet was a rather quiet, dignified,
unassuming man who treated most people, especially students and junior faculty,
in a caring and thoughtful manner. (Figure 5.2).
In addition to attending faculty meetings regularly, he always had lunch
the other days in a storage area of the attic of the laboratory with anyone who
wished to join. Several of us, generally graduate students and young faculty, came
fairly regularly. I was pleased to fmd that in this informal context the great man
was just as informal as the surroundings. Conversation was easy and relaxed and
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he readily participated whenever the subject drifted toward something of interest
to him. A couple of his many reminiscences are worth telling.

Figure 5.2. Professor Harrison in his laboratory at OZL. Reprinted with
permission ofYale University Press.

Many years ago, I suppose around 1912 or so, Professor Harrison was
visiting his colleague and friend Thomas Hunt Morgan at Columbia University
and, as they left the laboratory on the way to lunch, they passed through "The Fly
Room." Morgan waved a hand toward the Drosophila bottles and said "I've been
working on these flies it seems for ages and still haven't gotten a damned thing
out of them." They hadn't yet found the famous white-eye mutant. Discovery of
the white-eye mutant was important because it showed that Drosophila is good
material for studying genetics. Furthermore, the fruit fly has only four
chromosomes and they are prominently banded, helping clever geneticists to
assign chromosomal "addresses" to mutant genes, gradually mapping the
chromosomes. Discovery of the white-eye mutant encouraged further search in
Drosophila for other mutants and this served as a crucial step in the research of
Morgan's lab that laid many of the foundations of modem genetics.
Another reminiscence came when the conversation turned to religion
and I recall it well because it struck home personally. Professor Harrison, like
me, was raised as a Protestant and when young, attended church regularly. One
gorgeous, delicious spring Sunday morning in May, however, he mused that he
would really rather take a long walk in the woods than go to church. So he took
the walk and, as he told it, never went back to church again. The conversation
ended there. How marvelously simple and wise, compared to the lengthy
philosophical ruminations I went through in the process of breaking away.
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Incidentally, Sally Wilens, his long-time devoted assistant, always
addressed him as "Professor Harrison" (one word). So did I. But often when
speaking ofhim we referred to him as "The Chief." For example, one day during
this period I had a hurried call from Oscar Schotte, at Amherst College, asking
me to please go out and buy a properly wrapped bottle of Courvoisier "for The
Chief," for his birthday. Harrison savored Courvoisier and this was Oscar's
annual gift. For those of you who are interested in more Harrisoniana, you should
consult the wonderful collection of lectures and papers by Harrison,
Organization and Development of the Embryo (Yale, 1969). Sally Wilens
lovingly edited this charming book.
Alexander Petrunkevitch was Russian, another Russian character
crossing my path. He was one of the world's foremost authorities on spiders and
had the added distinction of having taken his doctorate in Germany with August
Weissmann, making him for me a living link with one of the giants of the past.
Everyone in the Department knew Professor Petrunkevitch, at least casually,
because he always held tea Thursdays at 4:00; one would often say, "I'll see you
at Dr. 'Pete's' Tea." I would attend from time to time, but after the first time, I
always paid attention to where I sat. That first time I suddenly saw with a start,
jiggling my cup, that I was sitting just next to an enormous, living Tarantula.
Professor Petrunkevitch noticed my reaction and with his rich accent reassured
me that it was caged and anyway "wouldn't do me any harm." I was not very
reassured but I thanked him and then discreetly moved a little farther away. Dr.
Pete had composed a fixative for preserving arachnids that came to be known as
Petrunkevitch fixative. The story has it that one day one of his students
approached him with a histological preparation that so pleased the Professor that
he asked, "What fixative did you use?" "Petrunkevitch's, Sir." To which he
responded, "Good, good. I use it myself."
Professor Petrunkevitch was not only a great biologist and an
interesting character; he was also an avowed atheist and had even published a
scholarly tract on the matter. You will therefore appreciate how shocked I was
after his death to learn that his memorial service was to be held in one of Yale's
Christian chapels (Dwight Hall) and officiated over by the University Chaplain,
the mellifluent Reverend Sidney Lovett (apparently by request of family after
Petrunkevitch's death). "Uncle Sid" (as he was affectionately known by students)
proceeded to add insult to injury by saying that Professor Petrunkevitch was such
a fine man that, in spite ofhis atheistic philosophical preaching, the spirit of God
must have been moving within him. Several of us remarked afterward that we
could distinctly hear Dr. Pete turning over in his grave. I hope this doesn't
happen to me. If it does, I hereby formally charge one of my friends at the funeral
with the duty to stand up and remind any preacher extolling my virtues in a
religious context, that I was a devout atheist. I have more than enough
praiseworthy secular virtues to fill at least one (horribly boring) sermon. With
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any luck at all, I will have a quick secular burial followed by a good party.
Perhaps an Irish wake with plenty of Paddy's.

The Colleges
Yale has a college system patterned after that of Oxford and Cambridge,
and like the Harvard house system, to house and feed its undergraduate students
and provide an alternative to the noxious Greek letter fraternities. There were 10
colleges. Each college has a master, in those days generally a full professor in
Yale College, appointed by the President of the University, and a fellowship,
composed of a faculty from various disciplines, appointed by the Master of the
College. The fellowship's primary obligation is to interact with students in an
informal way. To this end each fellow had meal privileges in the College dining
hall to facilitate this interaction (75 free meals per semester). A year or so after
my promotion from Instructor to Assistant Professor of Zoology in 1950, I was
appointed a Fellow of Branford College, the college with the famous Harkness
Tower. From the inception of my appointment, I had lunch in the college almost
every day either with students in my class or other students or with various
fellows. I also participated in an informal way as referee/overseer in various
undergraduate contests (Figure 5.3).
The fellows also met separately twice a month with the master for
cocktails in the Fellows Common Room and then, often warmly inebriated, for
dinner in the dining hall. We would have port and sherry after dinner in the
Common Room. It was basically a men's club of intellectuals, quite English
actually. There were as yet no women on the Yale faculty. It was a new thing for
me, not at all something out of my boyhood dreams of the life of a scientist, and
I liked it. So this is Yale, I said to myself. The Master who appointed me was
Norman S. Buck (Steve), a Professor of Economics who was Dean of the
Freshman Year and later Provost of the University. He was a rather formal and
imposing sort of man but nevertheless congenial within the ambiance of
Branford College. He and his wife, Polly, and their two daughters lived in the
sumptuous Master's House, a part of the College on High Street. Polly wrote an
interesting autobiography in later years entitled The Masters Wife. A few of the
fellows lived in well-appointed suites. Two of my closest faculty friends were
college resident fellows, John Rodgers (Geology), in Branford College and
Talbot Waterman (Zoology) in Trumbull College. I remember with pleasure
many a party in both of their suites.
Membership in the Branford College Fellowship was for me one of the
truly delightful features of faculty life at Yale, and still is. Because of its imposed
intellectual diversity, such a fellowship is an almost unique experience on the
American university scene. For, in addition to getting to know some of my
students better, I became a colleague and friend to many faculty in other
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Figure 5.3. The author orating as the strict judge of the annual beerdrinking contest between Silliman and Timothy Dwight Colleges.
The winner was awarded a cup.
disciplines far removed from my own from all over the university, individuals
whom I would never or rarely have met otherwise. There were about 30 of us.
Among the many Branford fellows whose company I enjoyed frequently in those
early years were John Rodgers (Geology), Charles Feidelson, Dwight Culler,
Alvin Kernan and Martin Price (English), Leonard Krieger (History), Sidney
Ahlstrom (History and Divinity), Keith Wilson and Donald Currier (Music),
Clarence Mendel, Professor of Classics and former Dean of Yale College and
Master of Branford College, George Schrader (Philosophy and later Master of
Branford), Thomas Forbes (Anatomy), Leo Pospisil (Anthropology), Frank Firk
(Physics), Frederic Redlich (Psychiatry and later Dean of the Medical School),
Peter Rose (Classics), Robert Lane (Political Science), Richard Lytle (Painting)
and Martin Saunders (Chemistry). Some of them are still around and we see each
other occasionally at meetings of fellows.
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Remarkably, all of these Branford Fellows became friends, but, of
course, in different ways. I didn't dislike anyone. All were warm and interesting.
John Rogers, an eminent and vivacious geologist and an authority on the
Appalachian Mountains, traveled a great deal and spoke fluent French. He could
even lecture in French, but always with a terrible American accent. I remember
attending one of his lectures at College de France in Paris and as an American,
found his French exceptionally easy to follow. John knows about his accent and
likes to tell this story about himself. One day, some years ago, when on a field
trip of an international meeting of geologists in Algeria, he turned to the man
next to him on the bus to comment on something in French. His French colleague
responded politely saying, "Je m 'excuse. Je ne parle pas I'anglais."
Keith Wilson was Professor of Wind Instruments in the Music School
and Conductor of The Yale University Marching Band. At a fellows meeting one
day, after he had gotten wind of my family relationship to John Philip Sousa (see
p. 2), he suggested that it would be fun to have a cousin of Sousa, and a biologist
to boot, conduct the band in a concert in Woolsey Hall the Saturday evening after
the Dartmouth football game. Because of my relation to Sousa, we agreed that
one of his marches would be appropriate. We chose The Stars and Stripes
Forever. Keith let me borrow a recording of the tune so that I could practice at
home. This I did, memorizing the music and concocting an act to conduct as a
flamboyant caricature of a real maestro. I dressed formally for the occasion in a
dark suit, white shirt, and long black tie. So, thanks to Keith's and my robust
sense of humor, I conducted the band in a rousing rendition of the famous march
with comic flourish a la Charlie Chaplin. What a good time I had, and the
audience and the band too! Keith and my wife said I had everyone in stitches. I
repeated this several more times, once with William Sloan Coffin, the College
Pastor, Bill conducting one piece and I another of Sousa's marches.

Anti-Semitism at Yale
Sometime around 1950, I met a fellow student of pigmentary pattern in
animals named Morris Foster at a meeting of the American Society of Zoologists.
He worked on genetically controlled coat pigment patterns in the guinea pig and,
since I found his work interesting and himself congenial, I invited him to lecture
on his research in our department. A day or so after his lecture, Chairman
Nicholas called me into his office and informed me that the tenured faculty had
been considering Foster for a junior faculty appointment and "that someone
wondered whether he was of Hebrew origin, because of his first name, Morris."
I was taken aback by the brutal directness of the question, but, for once, I had an
appropriate response immediately, instead of an afterthought in the car driving
home. Lying, I said, "I don't know." Pause. Then I said, "Well, if that is a
consideration for getting a job in this department, I guess I should be looking for
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a position elsewhere." With this outburst, I turned and strode off, head held high,
into the sunset, stunned by the blatant bigotry experienced in Nicholas's office
but braced by my excellent response. This may seem like bragging but, as Dizzy
Dean said, "It ain't braggin' if you'd done it." The upshot was that Morris Foster
got the job and the Zoology Department now had its first Jewish faculty member.
I think that the "someone" who wondered whether Misha (Morris) was Jewish
was Nicholas himself and I suspected afterward that my outraged response may
well have forced him to offer the position to Foster. I think he was forced to offer
him the job in spite of his prejudice. Actually, I thought Misha's science was
good and interesting but not good enough for a job at Yale. Personally he turned
out to be congenial and a good colleague but not very interesting. He was later
let go. But that is irrelevant to the story.
This incident was my abrupt introduction to anti-Semitism at Yale
University and forced me to look at the situation and think about it. I knew there
were very few Jews in biology departments generally at American universities:
none at Yale, none at Wesleyan, none at Amherst, none at Dartmouth, only one
at Columbia (Selig Hecht) and one at Johns Hopkins (Boris Ephrussi). In fact, I
have been told that Ephrussi, a refugee from the Nazis, had a hard time getting a
position at an American university, in spite of his superb scientific qualities, and
that B.H. Willier had rescued him. Good for Willier! Willier had similarly hired
Curt Stem, also Jewish, at Rochester. Until my encounter with Nicholas I had
assumed that anti-Semitisn in colleges and universities was subtle and handled
euphemistically, when I thought about it. I was not anti-Semitic myself, trying
to judge people by their actions only, but, I guess, being a WASP and egocentric,
I did not think much about it. For me, personally, it was not a pressing personal
problem. The obvious and expressed anti-Semitism of Nicholas, therefore, came
as a jolt. It woke me up and started my thinking about all the outstanding
embryologists, geneticists, physiologists and biochemists I knew, or knew about,
who were Jewish. Where were they? In America, they were mainly in medical
schools or research institutes, not in nice traditional biology, zoology and botany
departments in the liberal arts. When I arrived at Yale, there were a number of
Jewish faculty in the Medical School. There was only one full professor in the
entire Faculty of the Arts and Sciences (Yale College and the Graduate School}Paul Weiss, a brilliant and outspoken student of Alfred North Whitehead, who
was appointed Professor of Philosophy in 1946 after much controversy. Salome
Schoenheimer's husband, Rudolph, for example, one of the world's most
creative biochemists, was at Columbia's medical school, The College of
Physicians and Surgeons, not down at 116th Street on the liberal arts campus.
And, note, Salome herself did not have a faculty position. She was twice damned.
Relevant to this, a close friend, Clifford Grobstein, an eminent embryologist, told
me years later that when he was a senior in college at City College of New York
(CCNY) in 1938, he was given kindly advice by a faculty advisor (who was
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Jewish) about the risk he was taking by seeking a career in biology. "I guess by
your name, Grobstein, that you are Jewish. If so, be warned. There are very few
positions open to you out there in academia."
Now that my consciousness was finally raised on this important matter
I came to the realization that one of the reasons why the Department of Zoology
at Yale was less interesting scientifically than it should be was because irrelevant
barriers like anti-Semitism stood in the way of hiring faculty solely on the basis
of their professional excellence. We young faculty, Brooks, Metz, Remington,
Reyer, Waterman and myself, would probably not have been appointed if we
were Jewish, whatever our professional qualifications. Clearly, one of my
obligations, as a member of the Yale faculty, was to help see to it that our search
for new faculty would not be impeded by such irrelevancies. You can't build a
first-rank department of biology or of anything if you let such stupid prejudices
stand in the way. The coin of the realm in academia is supposed to be intelligence
not ethnic or racial background.
I learned later that my personal awakening at the beginning of the 1950s
was actually part of the times; it was happening in colleges and universities all
over the country. Given the increasing competition for excellence, American
colleges and universities could no longer afford to bathe in the luxury of antiSemitism. Arthur Galston from Cal Tech was appointed to a professorship in the
Yale Department of Botany in 1955 by the new chairman, Oswald Tippo, and
thus became the first Jewish full professor in the sciences in the Faculty of the
Arts and Sciences. Others gradually followed him. Also, around 1953 Cliff
Grobstein left his research position at The National Institutes of Health (NIH) in
Bethesda. His new and exciting approach to the problem of embryonic induction
by placing porous plastic filters of varying pore size between the mesenchymal
inductor and the epithelial responding system was attracting much attention, and
lead to an appointment as Professor of Biology at Stanford University. Harvard
also courted Grobstein but he said that he found it too snotty. By the 1960s, Yale
and other universities were no longer giving Jewishness much thought, just
hiring the best people we could attract. Thus, even at Yale, I could begin bragging
that not only were some of my best friends Jewish but some of my best
colleagues as well. An excellent, detailed history and discussion of anti-Semitism
at Yale, chapter and verse, may be found in Dan A. Oren's insightful book,
Joining the Club: A History ofJews and Yale (1988, Yale University Press).
A sad fact I had to face in this midst of my awakening was that at least
part of the reason why the Yale Zoology Department was so ethnically pure was
because from about 1907 Professor Harrison was the Chair. This is interesting
because as a young man he had worked in Bonn with Nussbaum, whom he
greatly admired and who was certainly Jewish. Moreover, in all our many
conversations at lunch he never showed any sign of bigotry, quite the contrary.
Probably on this matter Harrison was simply a passive member of the white,
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male, Protestant, patrician senior faculty. Of course, I never discussed the matter
with him.
Coincidentally, shortly before my mind was thrown into this hubbub
over anti-Semitism I discovered that one of my friends from college days, Bobby
Cohen, was at Yale. He had obtained a Ph.D. in physics and was awarded a
Fellowship ofthe Council of Learned Societies to study philosophy of science in
the Philosophy Department at Yale. We made contact and enjoyed each other's
company on many an occasion. One Sunday afternoon, when he and his friend
(from Wesleyan days), Adolph Griinbaum, were chatting and joking about the
"J's" of some borough of New York City, I impulsively asked that since we were
all three atheists and shared a great deal philosophically (in a general sense), why
did they think of themselves as Jews? I didn't think of myself as Methodist. My
naive question elicited a quick, succinct answer. "Because other people think of
us as Jews." I have since learned that this was Jean-Paul Sartre's definition of a
Jew.
I have often thought of this little snatch of conversation when reflecting
how fortunate I have been living my life in the United States free from the
annoyances and restrictions that would beset me if I were Jewish, or Black or
Hispanic, or Asian or even, at least when I was young, Italian or Polish or
Catholic, or whatever. My parents, incidentally, did not think much of any of
these groups.

Political Activity
The era of McCarthyism was a very upsetting period for all Americans
who believed in civil liberties. I bring it into this account of the life of an
embryologist because it affected me deeply as an individual. As everyone knows,
the investigations by Senator Joseph McCarthy and the House Un-American
Activities Committee (HUAC) represented a dire threat to the constitutional right
to free expression of all, not only of those directly attacked. For this reason alone,
as a responsible citizen, I had no choice but to oppose McCarthyism. In addition,
because of my left-wing political activities and those of some of my friends, we
were personally threatened. Although I had the good fortune not to be called to
testify against myself before the Committees, some of my friends were less
fortunate and in the process were accused brutally, with much publicity, as being
disloyal Americans. These attacks seriously damaged their lives.
I was threatened personally because I had in fact been a member of the
American Communist Party in Baltimore before and after military service and in
New Haven until the beginning 1950s. I joined the Party because it was the only
political organization, along with the Socialist Party, that closely represented my
personal progressive social and political philosophy. I chose it over the Socialist
Party because it was more tightly organized and disciplined and, therefore, more
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effective politically, and because of its international nature. Like science, it
appealed to my deep-seated, emotional international feelings. I was, of course,
aware that Communist Parties in certain other countries, in particular that of the
Soviet Union, grossly violated certain freedoms of expression, but that was not
true of the American Communist Party, as I knew it. As far as my experience was
concerned, we were a group of progressively minded, compassionate individuals
who agreed fundamentally on a number of important political and social issues,
including freedom of expression, and that we would be more effective acting on
these beliefs collectively, as a group. Of course, we all believed idealistically that
socialism was the ultimate answer for the social and economic needs of society,
but that was in the distant future. In the meantime, we should do what we could
do realistically to better the plight of people under the present system. For
example, we worked enthusiastically in support of the candidacy of Henry A.
Wallace for the Presidency of the United States and in the Civil Rights Movement.
As I think about it, I find myself proud of these political activities of my youth,
except that we paid little attention to the rights of women (more about that later).
My only regret at the time was the necessity for secrecy, hiding my
affiliation with the Communist Party, imposed by the historical anti-Communist
milieu of the U.S.A. If we were known to be Communists it would have been
seriously damaging to our political effectiveness, even with those large numbers
of people who agreed with us on all sorts of specific political objectives, such as
care for people who cannot care for themselves--children and old peoplesocialized medicine, free college education for those qualified (like the
wonderful but temporary G.L Bill of Rights), racial equality and so on and so on.
I disliked this clandestinity because of my outgoing nature and believe we would
have been more effective if the atmosphere permitted the openness enjoyed by
Communists in the more open democracies of Western Europe. Incidentally, the
atmosphere of hostility in the U.S. was such that our secrecy extended even
within the organization. The only Communists I knew personally were the
individuals in my own group or cell plus a professional organizer for the Party,
who would meet with us occasionally. Since then I have never explicitly
identified any of them. Actually, I only know about a dozen.
Because of our strong international outlook, some people thought of us
as "agents of a foreign power" or potential spies. I was neither and personally
saw no evidence of either in the Party. I was simply a member of a legitimate,
left-wing, progressive, American political organization that effectively
represented my philosophy and provided me with an emotional attachment to
other people like me at home and in other countries all over the world.
A few years after my arrival at Yale I drifted away from the Party
because under the relentless and effective attacks of HUAC and McCarthy and
the repressive atmosphere they created the Communist Party in my opinion had
become irrelevant on the American scene. I think it still is. In my time, however,
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it was a vital and important political force. Certainly, ifl had been, say, an Italian
living in Italy, I would have continued my membership in the strong and open
Italian Communist Party with enthusiasm, like many Italian intellectuals. Indeed,
my friend Alberto Monroy was a strong supporter of the Italian Communist
Party. Also, the Italian Party had demonstrated its independence of the Soviet
Union, in contrast, for example, to the equally open and strong French
Communist Party. As we have all learned since, no socialist country has found a
way to build socialism without restricting political liberty and that most people
seem to need the profit motive to work hard and efficiently. In my old age, it
now seems to me that the democratic capitalist countries of Western Europe have
currently the best working solution-highly regulated capitalism, with the state
responsible for the welfare of the people, and full democracy.
The thinly disguised basic purpose of HUAC and McCarthyism, of
course, was to destroy a small but very effective left-wing force, namely the
American Communist Party, and put fear into liberals that they might be accused
as being close to the Communists as "dupes" or "fellow travelers." History
shows that McCarthyism was successful in both accounts. It emasculated the
Communist Party and blunted liberal political activity across the spectrum. As a
French Communist said to me in Paris during the student uprisings in the spring
of 1968, "Ne sous-estimez jamais le pouvoir de Ia bourgeoisie." (Never
underestimate the power of the capitalist class.)
My limited political activity during this repressive period was devoted
not to pushing a progressive program but to trying to beat back the attack on our
old-fashioned traditional and constitutional rights of free expression, protected
particularly by the First Amendment of the Bill of Rights. To this end, I helped
raise funds and support for friends under subpoena to appear before the
"Committees," as did many others, like John Saunders, for example, then on the
faculty of Marquette University. I also joined the New Haven chapter of the
American Civil Liberties Union. Three friends were called to testify before a
Committee: Marcus Singer, then doing his important work on the role of nerves
in regeneration of the limb and a member of the faculty of Cornell University,
and Mark Nickerson and Clement Markert, both then at the University of
Michigan. As I recall, Cornell ultimately supported Marc Singer, but not before
he suffered much trauma and lost lots of sleep. Unfortunately, Nickerson was
not. The Chair of Nick's department, the Department of Pharmacology in the
Medical School of the University of Michigan, disgracefully and forcefully told
him to leave. So, a great University lost a brilliant, young scientist just because
he refused to testify before one of those head-hunting Committees. Nick went to
Canada and spent most of the rest ofhis career at McGill University in Montreal;
good for McGill and good for Canada; and shame on the University of Michigan
and the U.S.A. Markert was on the faculty of the Zoology Department at the
University of Michigan. His chairman, Dugold Brown, was in a quandary about
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what to do about Clem. I recall several wandering discussions of the matter with
Brown at Woods Hole. I challenged him. Did he believe in the First Amendment
or not? He protested that it was not that simple; Michigan being a state university
posed certain problems. In fact, Clem was suspended for refusing to testify, but
soon thereafter was reinstated. So he stayed in Ann Arbor for a time, but then left
to join a better department at Johns Hopkins.
Two other friends of mine during this period also left for Canada-Ed
Daniel to the University of Winnipeg and Jim Foulks to the University of British
Columbia. Lord knows how many others did the same. What a superb gift to
Canada. What a terrible loss for the United States. Interestingly, Tom Yost was
safe on the faculty of Amherst College. A particularly sad and disturbing aspect
of all this was the number of university administrators who were caught up in
the hysteria. I just recently read in the obituary pages of the New York Times that
Sigmund Diamond, another friend from my Baltimore days, was turned down
for a part-time lectureship in history at Harvard University because he refused,
under pressure from no less an academic big shot than McGeorge Bundy, the
Harvard Dean of the Faculty, to identify other former Party members. Sig had
admitted publicly that he had been a member of the Communist Party after he
left the Party in 1950. The Committees and the FBI and their acolytes in
academia were not satisfied with personal admission. They wanted us to rat on
our friends, the way Kazan did in Hollywood. Despicable! How low can
you sink? To hell with Harvard! Sig got a good job at Columbia, where he
eventually became Giddings Professor of Sociology and History. For the
record, my memory of Sig from those exuberant days of our youth is of a
scintillatingly bright young man with a sparkling sense of humor. He was great
company.
I wonder how Nicholas and Yale would have reacted had I and others at
Yale been called to testify? I was prepared to fight but I was not optimistic.
However, I was never called. No one at Yale was. I have never heard a good
explanation for this except for a rampant rumor going around then that the
Republican Senator Robert Taft, at the time Senate Majority Leader and a
Member of the Yale Corporation, simply told McCarthy and Company to stay
away.
On the general political front, my activity was confined to my
membership in the good old American Civil Liberties Union (ACLU), the
organization that was in the vanguard of the resistance to McCarthyism. The
ACLU was and still is the primary organization in America whose sole purpose
is protecting the civil liberties of all Americans. I soon became Program
Chairman of the New Haven Chapter and was active in organizing protest
meetings, inviting speakers and supporting unfortunate individuals under attack.
My former student and now pal, Jan Drake, was also involved and was a big help
in distributing posters for meetings.
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In addition to doing what I felt was right and proper politically at the
time, this activity brought me new friends, people at Yale and in the New Haven
Community, who were as outraged as myself and felt the need to do something
about it. Two were distinguished and influential members of the Law School
faculty, under siege themselves at Yale for their firm, outspoken and effective
left-wing convictions-Thomas Emerson and Vern Countryman. There were
many stodgy types, both at Yale and among the alumni, who clearly wished to
get rid of Tom Emerson, even though he was a full professor with tenure. They
could not nail him because he never let his political views come into his lectures
in any way that seemed improper. Vern Countryman was younger and since he
did not have tenure was more vulnerable. To my regret and that of many others
he eventually left Yale for another law school. I do not recall the exact
circumstances. Although I quickly became friends with Tom and Vern, the main
member of the Law School faculty with whom I worked in the ACLU was Ralph
Brown, who was Chairman of the New Haven Chapter and during that period a
significant figure on the national scene as a defender of civil liberties. Ralph was
more in the center politically and thus could not be suspected of having
Communist links. Although he was a devoted, conscientious chairman and we
worked well together, we never became close because he was personally rather
distant and didn't have much of a sense of humor. I was astonished and mildly
outraged upon reading his obituary just recently in the New York Times to find no
mention of his really important defense of constitutional liberties during a
critical, repressive period of American history.
Among the many members of the New Haven community I got to know
in the ACLU, the most outstanding professionally and most sympathetic
personally was Robert Goldburgh, Rabbi of the local reform temple,
Congregation Mishkin Israel. Not coincidentally, he was a dear friend of Bobby
Cohen. We struck it off immediately. He was really a wonderful man, quite
remarkable, marvelously intelligent and articulate (good for his calling), with an
ever-ready, rollicking sense of humor and, above all, a deep sense of social justice.
He was enthusiastically loved by most of his congregation and cordially hated by
some important conservative types who abhorred his politics, which he pointedly
introduced into his sermons. Each time Bob's reappointment came up they tried
to block it. I remember that it was a sort of community project each time to get
him reappointed. Finally, he got tenure. I have such a warm feeling of
comradeship about Bob. He was a strong force for good in the small community
of Yale-New Haven and to some degree in a wider arc. Also, I enjoyed his
company immensely. We frequently smiled and laughed a lot together.
One of our many interesting conversations is worth a little space. Here
was this rabbi, an intimate friend of Cohen and Trinkaus, two atheists. What was
going on? Bob explained. He too was an atheist, but decided as a young man
committed to the cause of social justice that as a Jew in the U.S.A. one of the best
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ways to act on his convictions was to become a rabbi. But what about the God
question? "God" for him was a symbol of the conviction that there is warmth and
justice in the world and that is how he used God in his sermons.
Bob Goldburgh achieved some national notice in 1957 when he
officiated at the marriage of his friend Arthur Miller, the playwright, to Marilyn
Monroe. Since she did not have a faith she decided to adopt the faith of her
husband. So Bob gave her lessons in Judaism, a bit at a time, stretching it out
over as long a period as possible. In addition to her fame and beauty, he found
her to be an exceptionally warm and sensitive person. Quite naturally, he took a
certain amount of razzing for those lessons.

The Philosophy of Science
The aforementioned Robert Cohen and Adolph Griinbaum were young,
very bright, enthusiastic philosophers of science. Cohen even proposed, with the
sponsorship of the Philosophy Department, to teach a course in Marxist
Philosophy in Yale College. What a radical idea! Not unexpectedly, in spite of
his qualifications, his proposal was disapproved by the conservative faculty of
the College. Bobby eventually left to lead the Physics Department of Boston
University. Griinbaum, after completing his doctoral studies at Yale, joined the
eminent Philosophy Department of the University of Pittsburgh, where he carved
out a stellar career for himself. Conversing with these two experts quickly got me
interested in the philosophy of science and I read or tried to read various works
that they recommended. I found the subject matter to be a fascinating, even
seductive, introduction to an important area of modem philosophy. I found the
most comprehensible and hence the most useful of these books to be Readings in
Philosophical Analysis, by Herbert Feigl and Wilfred Sellars, which had just
appeared (1949) and contained essays by some of the big guns of the subject, like
Camap, Nagel, Hempel, and Reichenbach. The subjects were the nature of truth,
meaning, probability, causality, logic, free-will, induction, the scientific method,
teleology, and so on. I recently dug out my copy and found by my underlining
and marginal comments that I clearly studied those essays seriously.
It was fun having a go at philosophy again, especially on themes basic
to science, and with two excellent tutors. It was also a fine exercise in rigorous
thinking. But, significantly, however, in my long life in scientific research since,
I have hardly looked at Feigl and Sellars at all. Is a little grounding in the
philosophy of science necessary for doing science? Apparently not. Many
individual biologists in my rather wide entourage have done excellent research
in spite of a background essentially devoid of knowledge of modem philosophy
of science and they think little during their daily operations about problems such
as induction versus deduction. For me too, personally, someone who thoroughly
enjoyed his brief immersion in this marvelous intellectual game, when I turned
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to my laboratory science, I found myself thinking only about the discrete,
concrete embryological and cell biological problems before me that seemed to be
solvable. In other words, the every day practice of science for me has been a
highly practical activity, limited to an effort at honest, hard-nosed thinking about
how to move forward on the discrete problems before me and to which
application of the available techniques would be profitable. Notably, my
successful research on aspects of the differentiation of pigment pattern as a
graduate student was accomplished before and without my introduction to the
philosophy of science (although it may well have proceeded more expeditiously
had I been thinking more clearly).
Indeed, a sound education in the philosophy of science is not only
unnecessary for doing good science, it may even stand in the way. I knew two
young, promising biologists, Earl Hanson at Yale and John Gregg at Duke
University, who became so enamored of and involved with study of the
philosophy of science that it gradually replaced their straight, excellent, daily
scientific research. Earl left Yale and became the director of a teaching program
at Wesleyan, relating thinking in science to art and literature, a job offered
initially to me. The last time I saw John Gregg he was crafting finely wrought
bows and arrows in his laboratory in the Biology Department at Duke.

FISH EMBRYOS: EPIBOLY AND EMBRYO
CULTURE

Mechanism of Epiboly
In early June, as soon as classes and exams were over, we would rent a
trailer, pack the family and the cat in the car, and off we'd go for the summer in
Woods Hole. At first, when Erik was still a babe in arms, we all squeezed into a
room in the Brick Dormitory of the MBL and ate our meals in the mess. Later,
we made less crowded arrangements. With the usual severe winters and mild
summers of the Cape Cod region, the Atlantic Ocean remained cool enough in
those days to keep the Fundulus spawning throughout June and well into July.
So, summer after summer we would have a good research season.
I returned to the MBL and to the problem of how the blastoderm at the
animal pole on top of a fish egg spreads over its large sphere of yolk during the
morphogenetic movement of epiboly. I had to pay careful attention to the
detailed anatomical features of the blastoderm and the spatial relations of the
different parts of the embryo. So, please bear with me as I describe all this in the
egg of Fundulus heteroclitus. I think this brief background description is
necessary for non-biologist readers.
During division of the blastodisc into many cells during cleavage, it
becomes subdivided into three layers (Figure 6.1). At its surface is a thin
monolayer of cells that are so tightly joined to one another that they form a tight
epithelium or envelope. For this reason, it is called the enveloping layer (EVL).
In the rich French and German literature on teleost (bony fish) development, it is
referred to as "la couche enveloppante" or "die Deckschicht." Beneath this
enveloping layer, and entirely covered by it, is a loosely bound mass of many
cells that are referred to collectively as deep cells. These deep cells form the
embryo proper during gastrulation and subsequent embryogenesis.
At the base of this deep cell population is a third layer, on which the
deep cells rest and which separates them from the yolk. This layer is a curious
and distinctive feature of teleost development. Instead of being composed of
cells, like the EVL, it is a continuous sheet of cytoplasm and nuclei with no cell
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membranes separating the nuclei. Such a collection of many cell nuclei
contained within a large mass of protoplasm, not divided into individual cells by
cell membranes, is called a syncytium. Although all multicellular animals are
composed mainly of discrete cells, each typically with one nucleus surrounded
by a small amount of cytoplasm, in fact, syncytial protoplasm is also
histologically important. For example, the major contractile part of a skeletal or
voluntary muscle fiber (cell) is a syncytium, its cytoplasm containing many
nuclei within one cell membrane, separating it from its neighbors. In the old

EVL

YCL

1-YSL

DC

1-YSL

YCL

Figure 6.1. Fundulus blastula above and early gastrula below.
Y, yolk; YCL, yolk cytoplasmic layer, N, nuclei; DC, deep cells;
EVL, enveloping layer; I-YSL, internal yolk syncytial layer;
P-I-YSL, prospective internal yolk syncytial layer, E-YSL, external yolk
syncytial layer; GR, germ ring; SC, segmentation cavity.
Reprinted with permission of John Wiley & Sons, Inc.
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teleost literature, the syncytial sheet at the base of the blastoderm was called the
"periblast" but, after working with it in our studies of gastrulation, we found it
made more sense to name it the yolk syncytia/layer (YSL). The YSL and the
EVL are firmly attached to each other at their margins. Thus, the YSL, beneath,
and the EVL, above, form a sort of sac enclosing the deep cells and all three
entities together form the blastoderm.
The yolk beyond and vegetal (i.e., on the yolky side) to the blastoderm
is shaped and confmed as a sphere by an exceedingly thin, contractile cytoplasmic
covering that totally lacks nuclei. We learned later that this cytoplasmic covering,
called the yolk cytoplasmic layer (YCL) is, quite remarkably, only about 2
micrometers (2 millionths of a meter) thick. It is confluent with the yolk syncytial
layer but much thinner. As the YSL expands in epiboly, the YCL concomitantly
diminishes. Since the YSL and the YCL are confluent and together surround and
contain the fluid yolk, they and the yolk form a cell that we have come to call the
yolk cell, because it is a cell, albeit a huge cell, almost 2 mm in diameter! It has a
protoplasmic surface layer, nucleated in part as the YSL, and containing an
enormous vacuole (filled with yolk).
Since the monolayered, cellular EVL exhibits neither growth nor cell
division during epiboly, it becomes thinner and thinner as the sheet expands.
Toward the end of epiboly, it is so thin that its intercellular contacts, although
constantly firm, become very difficult to see in the living embryo, even with the
best microscopy. In fact, back in the 1950s, before we had Nomarski differential
interference contrast optics (a bit of optical trickery that converts differences in
refractive index in specimens into an impression of depth with contours like a
relief map), we could not be sure of the boundaries of the EVL cells except by
examining fixed and stained preparations. The YSL also expands in epiboly and
likewise becomes increasingly thinner. The deep cells engage in the movements
of convergence and extension between the YSL and the EVL as epiboly
progresses and slowly form the embryo proper (see Chapter 11). I have bothered
you, perhaps boringly, with what may appear to be arcane and unnecessary
histological and cytological details because our studies have shown that all these
structures and their relations to each other are involved in the mechanism of
epiboly.
But how? Does each participate actively or is one layer actively epibolic
while the others are passive, with the active one pulling the others over the yolk?
With a little microsurgery with my homemade instruments, a hair loop, and
finely pointed glass needles, I found that I could sever the narrow marginal
attachment of the EVL to the YSL quite easily in mid-epiboly, when the
blastoderm has spread to the equator of the egg. I could then lift the EVL and the
large mass of deep cells clinging to it totally off the underlying YSL. As with any
detached epithelium, the EVL slowly retracted and rolled itself up into a ball,
with the deep cells inside. While watching this for the first time with fascination,
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I forgot momentarily about the rest of the egg, the YSL and the yolk cell left
behind, now bereft of the cellular components of the blastoderm. When I turned
back to the egg, something astonishing had happened. The exposed, naked YSL
seemed to have increased in area and advanced a little in epiboly.
Setting aside the rolled up ball of the EVL and deep cells, I concentrated
on the apparently expanding YSL, making camera Iucida tracings of its progress.
My first impression was correct. It was actually spreading over the yolk in
epiboly by itself and continued to spread, until it had completely covered the
yolk. It had undergone epiboly and completed it on its own, independently of
EVL and the deep cells, the cellular entities of the blastoderm! This was an
exciting and important discovery, and, I must say, quite unexpected. Who would
have thought that a lowly syncytium, showing no apparent surface motile activity
at its margins, would be able to expand linearly over such a vast distance, several
times its initial area? And, how did this "independent" expansion of the YSL
relate to the normal epiboly of an intact blastoderm?
Was the enveloping layer expanding passively, pulled over the yolk by
its attachment to an actively expanding YSL? Or, was the EVL also expanding
actively, spreading over the YSL as it expanded, coordinating its rate of
spreading with that of the underlying YSL? Solving these questions required
another experiment. I exposed part of the YSL by severing the marginal
attachment of the EVL to the YSL only half the way around the perimeter of the
egg. The cut part of the EVL margin retracted quickly, leaving about a third to a
half of the YSL exposed, indicating that the EVL is under a lot of tension. Then,
slowly, the severed, retracted margin of the EVL reattached to the YSL surface,
as the latter was spreading in epiboly, and began to spread slowly itself over the
exposed area of the YSL, gradually covering it, until it reached the YSL margin.
From that point on, the EVL and YSL continued epiboly together, both reaching
the vegetal pole and closing over the yolk at the same time. Because of these
results, I concluded that the YSL has the capacity to undergo epiboly
independently of the cellular part of the blastoderm and that the cellular part of
the blastoderm, principally the enveloping layer, also has the capacity to spread
and expand in epiboly given its normal substratum, the yolk syncytial layer. The
picture that emerged was that epiboly in Fundulus is due principally to an
independently expanding YSL surmounted by an actively spreading EVL, whose
rate of expansion is somehow precisely coordinated with that of its substratum,
the YSL.
Along with these experiments, I also studied the surface behavior of the
yolk cytoplasmic layer as it diminishes in area during epiboly. The hypothesis of
Warren Lewis proposed that epiboly of the whole blastoderm is due to its
attachment to an actively contracting YCL. If this hypothesis is valid, carbon
marks placed on the YCL should move closer to each other during epiboly. They
did not, suggesting that even though the YCL has contractile properties, it does
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not contract during epiboly and therefore is not the postulated epibolic force
pulling the blastoderm over the yolk.
I presented all these results and others in a big paper in the Journal of
Experimental Zoology and sent a reprint of it to Professor Lewis, still alive in his
eighties and active in his laboratory at the Wistar Institute in Philadelphia. In due
time, I received a long, detailed answer. Lewis complimented me on my
"devilish" experiments that had severely damaged his hypothesis but pointed out
that the spreading of the partially detached EVL over the YSL could be an
anomaly and therefore misleading. He suggested that, like any epithelium, the
retracted edge of the detached EVL would naturally tend to spread, given a
proper substratum, and thus its spreading over the YSL in my experiment could
be simply a form of epithelial wound closure, not at all related to normal epiboly.
This was a valid criticism, but at the time I didn't like it. It threw my hypothesis
into question. We scientists all too often fall in love with our hypotheses and
sometimes stubbornly stick to them, in spite of evidence to the contrary.

Exogenous Control of Development
After establishing the crucial role of the YSL in epiboly, my interest in
the mechanism of epiboly abated somewhat, mainly because I could not think of
what next steps to take in analysis of the central but puzzling independent
expansion of the YSL. Also, I had a new, unrelated idea that led to a new and
different project. It occurred to me that, with my technique of severing the
marginal attachment of the EVL to the YSL, I had a means of freeing the cellular
part of the blastoderm completely from its nutritional source, the yolk. Therefore
I was able to study the role of various compounds in early embryonic
development by culturing such isolated, yolk-free blastoderms in media of
known chemical constitution. My interest in such a project was certainly
influenced in part by the work of Nelson Spratt, my former roommate in
Baltimore. Spratt had been studying this problem in isolated chick blastoderms,
but I figured that the isolated Fundulus blastoderm would give cleaner results
because it can be so neatly separated from both the YSL and the yolk. The
differentiation of isolated blastoderms had also been studied in other fish eggs:
in Fundulus by Jane Oppenheimer at Yale, in the goldfish by T.C. Tung in
Peking, and in the trout and pike by Charles Devillers in Paris. In each of these
studies, however, the cellular blastoderm was not clearly separated from the
underlying yolk syncytial layer, hence a little yolk may have been included with
the isolate, rendering interpretation of their findings ambiguous.
The background inspiration for this project actually came from courses
I took as a student. I was thoroughly exposed at Wesleyan and Johns Hopkins to
the brilliant work on microorganisms cultured in chemically defined media,
where by controlled changes in the media it was possible to unravel the relations
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to metabolism and growth of many exogenously required compounds. This
approach would not be useful in the study of the role of yolk-derived factors in
the development of, say, amphibians and sea urchins because in these embryos
the yolk is contained endogenously within each cell. By contrast, however, such
an approach might well be rewarding in eggs like that of Fundulus, where the
embryo derives its nutrients exogenously from the subjacent yolk mass. The
hope was that by varying the constituents of the media we might not only study
the role of various exogenous factors in total development but also possibly elicit
organ-specific shifts in development, as in contemporary stem-cell research.
Since this project would require large numbers of cultured blastoderms,
I needed assistance. At first Mike Bennett came to Woods Hole to help and then
David Prescott, a new graduate student, but soon after both of them left the
country-Mike to study at Oxford and Dave to wander and do farm work in
England and Western Europe. I helped Dave get back into science by suggesting
that he look up my friend Erik Zeuthen at the Carlsberg Laboratory in
Copenhagen. This worked out well and soon he showed up at Woods Hole where
I introduced him to Daniel Mazia. Dan took him on as a graduate student at
Berkeley where he shone brilliantly. Dave then continued on a distinguished
career as a cell biologist at Brookhaven National Laboratory and then at the
University of Colorado, where he has been ever since. We had good times
together playing around with Fundulus eggs in the lab initiating the project,
boozing it up in the Cap'n K.iddjust down the street, got in some solid beaching,
but made just a start on the research. The serious and productive part of the
investigation came later, from a few summers of collaboration with Jan Drake,
who continued coming to Woods Hole in the summer after he had graduated from
Yale College while he did his graduate studies in molecular genetics at Cal Tech.
Jan and I began this research with considerable enthusiasm. We had an excellent
and important problem before us-study the role of defined chemical factors in
early morphogenesis. We had beautiful material to work with, were expert at the
required operations and had the energy and optimism of youth. And, we had
antibiotics, suddenly available after the War. This meant no worry about the
frequent contamination of cultures that plagued earlier embryologists working
with amphibian and fish material and rendered most of their operations useless.
As we hoped and expected, isolated, early gastrula blastoderms did not
show cellular differentiation or morphogenesis in non-nutrient physiological salt
solution-Holtfreter solution (a dilute version of mammalian Ringer solution
used for amphibians), except for a small number that formed what appeared to
be a rudimentary neural tube. The next step was to add an energy-rich carbon
source, glucose. This stimulated quite a lot of morphogenesis in most
blastoderms. They looked like little embryos, with head-tail axiation, a
rudimentary spinal cord and brain, optic vesicles (embryonic eyes), a
rudimentary gut, a few somites and occasionally an otocyst (precursor of the
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inner ear), but no heart. We also got this degree of differentiation by culturing in
a number of other simple metabolites, like cysteine, alanine, pyruvate and
a.-ketoglutarate. These were certainly interesting results, demonstrating
conclusively that we could stimulate development in isolated blastoderms by
adding simple energy and carbon sources. There were two caveats, however.
First, these little embryos developed harmoniously; no organ system seemed to
be favored over any other. These nutrients apparently supplied some of the
nonspecific carbon and energy sources necessary for early development of
anlagen already in place but nothing organ-specific. Secondly, the
morphogenesis of these little explanted embryos was far behind that of control
normal embryos developing at the same time in the intact egg, in both length and
breadth. In addition, the control embryos had beating hearts and circulation.
Clearly, normal epiboly, which of course these explants lacked, and whatever
factors the blastoderm had already received from the yolk via the yolk syncytial
layer prior to explantation are essential for advanced early embryogenesis.
We couldn't replace epiboly in our explants but we could try to see if an
enriched, synthetic tissue culture medium would promote further development.
Our attempts were made a few years before the elaboration of various synthetic
media for tissue culture so we had no choice but try the only one available, White
medium. This we did and it indeed encouraged more advanced morphogenesismore somites, a more advanced central nervous system, a gut and a pronephros,
some pigment cells, etc., but still no heart and circulation. In sum, in spite of the
enriched medium, the differentiation of the blastoderms was defmitely quite
stunted in comparison with that of control embryos of intact eggs.
Another important difference between the explanted blastoderms and
normal embryos was their size. The explants did not grow, even in White medium.
There was no increase in mass, as in normal embryos, which increased greatly in
mass during the same period. We could not explain the lack of growth in our
explanted blastoderms but were aware of a small but fascinating literature
showing that artificially increasing the mass of embryonic primordia in tissue
culture by fusing a few together and thereby reducing their surface-volume ratio
often enhanced their differentiation. For example, my friends Clifford Grobstein
and Edgar Zwilling had recently demonstrated this so-called mass effect on
differentiation by fusing pieces of chick blastoderms together in culture. So we
tried this approach, fusing two Fundulus blastoderms together before culturing
them. This did spur their development, as judged by an increase in somite number,
but not much, perhaps because after their initial fusion, the two blastoderms
separated partially, forming two little attached embryos, rather than one big one.
Accordingly, there was no significant decrease in surface-volume ratio.
It had also been shown that simply crowding embryonic primordia in
culture without fusion improved their development by some kind of positive
feedback mechanism [stimulation of an activity of a system by its own
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product(s)]. Apparently, the cultured blastoderms were giving something useful
to each other. This suggested to us that our blastoderms might likewise develop
better if we crowded them, e.g., 10 in a given volume of medium in a culture
vessel instead of one. Indeed, they did develop better, a little. But what could
these crowded blastoderms be giving each other? Whatever it was it must be
diffusible and soluble in water. Our first thought was of carbon dioxide (C02), a
universal product of aerobic metabolism. To test this hypothesis, we needed a lot
more blastoderms. With what turned out to be an outstanding piece of good luck,
Peggy Cranston, then a graduate student in entomology at Harvard, showed up
at that moment looking for a part-time summer job. This young woman said she
was good with her hands, and she surely was. In no time she learned the difficult
technique of removing the chorionic membrane from the eggs and then the
cellular part of the blastoderm from the yolk syncytial layer. I am proud of my
operating ability, but she was much better. Anyway, Peggy enabled us to do the
crowding-C02 experiment. She would cheerfully and rapidly dechorionate eggs
and provide us with the extra blastoderms we needed and then as quickly be off
to the beach or at sea on a boat.
Without going into details of the crowding, adding C02, eliminating
C02, and the controls, the experiment was a success. We demonstrated that
crowding enhances differentiation and that the positive feedback factor in the
crowding was clearly C02. This small foray into ecological embryology was of
interest and suggested that C02 might be a feedback factor in nature in systems
where crowding enhances differentiation, as in clutches of eggs developing close
together under confined conditions. Inasmuch as C02 is a simple metabolite, it
may only be satisfying a general requirement for the living process, perhaps by
participating metabolically in the Krebs cycle or in an intracellular buffering
system. Thus, its significance for the differentiation of tissues is probably
nonspecific and, in consequence, is less interesting for an embryologist seeking
specific chemical factors influencing organogenesis and histogenesis.
The results of our research on isolated blastoderms in chemically
defined media, though falling short of our initial expectations, nevertheless
merited publication. We published our results in two papers in which we reported
our findings in detail and, because of their variation, with appropriate statistical
analysis of their significance. We also discussed at some length the various
factors that may have stood in the way of obtaining a higher and more selective
degree of differentiation, such as low permeability of the outer surface of the
enveloping layer. About 15 years later I was involved in a collaboration with
Mike Bennett, by then on the faculty of the Albert Einstein College of Medicine,
and another Woods Hole pal, Philip Dunham (of Syracuse University). We found
that the whole Fundulus egg surface, EVL and YCL, has very high electrical
resistance (low permeability) and is even only slightly permeable to water. We
showed the latter by exposing eggs to radioactive, (tritiated) water. Very little
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isotope penetrated. In view of these unambiguous determinations, it seems
unlikely that much of the constituents of our defmed White medium penetrated
the isolated blastoderms. These studies on permeability fit into an interesting
story that I will tell later on, when I return to epiboly.
Admittedly, we were rather naive to think that small molecules such as
simple metabolites and amino acids could have organ-specific effects, but not
entirely so. Certain other small molecules have profound organ-specific effects
on differentiation along with their general effects. The steroid sex hormones,
estradiol and testosterone, are responsible for the differentiation of the female
and male sexual apparatus, respectively, during embryogenesis, along with their
general effects on secondary sexual anatomical characters and sexual behavior.
Notably, estradiol has a well-established effect on melanoblast differentiation.
Thyroxine, also a small molecule, influences the differentiation of feather
structure and pigmentation in the Brown Leghorn, along with its well-known
effects on general metabolism. Now, however, many years later, it seems that the
molecules that control early morphogenesis in organ-specific ways at the stages
we are examining are all large molecules. These various inductors, or "growth
factors," were discovered in the 1980s and 1990s and now, in the new century,
are major subjects of embryological research. We were culturing fish
blastoderms in the early 1950s, obviously working on this problem well before
its time had arrived (as indeed were those seeking the chemical nature of the
organizer back in the 1930s and 1940s).
As our studies on the differentiation of isolated Fundulus blastoderms
were winding down, we were satisfied that we had conclusively nailed down C02
as the crowding factor but were disappointed that all our cultured blastoderms had
differentiated far less than normal control embryos. But that's OK. We loved
doing the research. There was the excitement of the original idea and of having
more ideas as the work progressed. We also enjoyed the comradeship in planning,
the joy of craftsmanship, working with beautiful material that we knew how to
handle, and getting answers that satisfied our curiosity. I should not to forget to
mention the little, ordinary pleasures like stripping eggs from really ripe female
fish at the height of the spawning season and the flow of good sperm. "The eggs
this morning are really nice." It is always a challenge trying to write good papers
for publication and in them evaluating the significance of the results, and when
our papers were fmished and published we liked them. They were honest, clear,
thoughtful and critical. I have just reread them after over 40 years and still like
them. The point is that the whole process of research from beginning to end can
be thoroughly enjoyable, as it was for us, contrary to a popular impression that
scientific research consists mainly of heavy planning, hard, long hours at the
bench and nerve-wrecking frustration at failures, all to be justified fmally by the
excitement of discovery at the end. The exploratory process of research is a joy in
itself, even when the end results are disappointing.
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In addition, I had a great collaborator in the indefatigable Jan Drake. He
still has enormous energy and spirit and high motivation for getting somewhere
in his research. There were no little psychological hang-ups in this guy. It is no
exaggeration to say that we more or less constantly had fun together those
summers, inside and outside the lab.
Our lab at the MBL was still the Yale Lab, where I first started studying
Fundulus development during my first summer after leaving Hopkins, room 323
on the third, top floor of the Crane Building, looking south at the harbor and the
Islands. Herring gulls wheeling over the harbor and swinging toward the
laboratory would suddenly soar, shooting up just in front of us as they avoided
the building. One day, as I was looking out, dreaming, watching the gulls, one of
them let fly a big fecal bomb precisely as it soared to avoid the building. It hit
our other window dead center, leaving a big white splotch. If the window had
been open, as it often was, it would have splattered Jan just as he was moving a
blastoderm from one dish to another. We left the splotch right there for the rest
of the summer as evidence of the chance we took in opening a window.
We didn't pay much attention to the people in other labs on our floor,
but our next door neighbor called our attention to his presence early in the
summer. At frequent but erratic intervals a soft, deep-throated, purring motor
would start up in his lab and then suddenly stop only to start up again soon. Our
neighbor turned out to be the eminent neurophysiologist, K.C. Cole, inventor of
the voltage clamp, an important boon to research on the function of nerves. What
we heard from his lab was Cole's humming. It went right through the locked
connecting door and was a real conversation stopper.

Fun and Games at Woods Hole
We spent a fair amount of time in the Cap'n Kidd, some of almost every
evening with various friends. On one such occasion I claimed that I could
dechorionate Fundulus eggs even when drunk, holding up my steady hand for
confirmation. I was immediately challenged. So, after a few bottles of our usual
Dawson's Ale (the cheapest available) and satisfactorily inebriated, I went back
to the lab and dechorionated a few eggs. I could do it, if I concentrated intensely.
But I noticed something interesting. When I screwed up, as I often do normally,
I wasn't annoyed. I didn't care. That's one of the reasons we drink! We even tried
culturing blastoderms in beer. It did not work, too acidic. Occasionally,
especially in the morning, our uncontrolled hand movements under the
microscope were quite annoying. We first tried to take care of the problem by
omitting coffee from our morning regimen but eventually solved it by titrating
any caffeine in our system with measured amounts of beer.
Among our friends was a certain lanky, relaxed geneticist named
Franklin Stahl, a housemate of Jan at Cal Tech, who later, with Mathew
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Meselson, performed the beautiful Meselson-Stahl experiment that validated the
semi-conservative theory of DNA replication. This important and elegant
experiment showed conclusively that when double-stranded DNA replicates, the
two complementary strands separate and then serve as templates for the synthesis
of complementary strands, rather than say by complete disassembly and then
reassembly of both strands. Because of the general shortage of money and a
desire for a central, pleasant place for the cocktail hour, Frank and Jan came up
with a neat idea and established a cut-rate canteen on the lawn beneath a
spreading tree between Kidder House and Old Main Lab, just across the street
from the Brick Laboratory. This became the famous "Gin and Tonic Tree." "I'll
see you on the lawn under the Gin and Tonic Tree." There we would all sit on the
grass, wander around, imbibe and talk. Much of the talk was of the so-called
"New Biology." There was defmite intellectual excitement in the air those years.
This was 1954-55, just after the advent of the Watson-Crick model of the doublehelical structure of DNA.
It has often been said that Woods Hole is a summer paradise for
children (of all ages). It certainly was for my family. Some of my best memories
as a father, along with reading to my children at bedtime, are playing in the sun,
sea, and sand with them at Woods Hole. We went mostly to Stony Beach on
Buzzards Bay because it is a quick walking distance from the lab and its waters
are shallow and mostly calm, ideal for young kids. We also went to Nobska
Beach under the lighthouse on Vineyard Sound, with its beautiful, typical, Cape
Cod sandy beach. Our children, all three of them-Gregor, Tanya, and Eriklearned to swim at an early age and were at home in the water, making for more
horsing around.
After crowding four of us in 1948, and five in 1949, into a single
dormitory room, we decided that we needed more space. Fortunately, it came our
way in a big chunk. I learned that as a new member of the MBL Corporation, I
was entitled to buy a plot of MBL land. After some exploration of the woods
around the MBL, Galya and I decided to take advantage of this extraordinary
land deal. In August, 1949, we bought a small plot (about a third of an acre) on
a street in the woods that was just being cut-F.R. Lillie Road (named after the
eminent embryologist and former long-time Director of the MBL). Our lot cost
us $700.00! On this land, back in the woods hidden from the road, we erected a
very small house, a sort of shanty, resting on a huge rock. We planned the house
ourselves and made sure to have a big living room (for parties) and a big
fireplace (for those cool evenings in June). Now our children had not only the
beaches for play but the woods as well, climbing the big beech tree by the rock
and building huts out in the woods. That was certainly one of the smartest
decisions of my young life and the site of many a fine soiree ever since.
These soirees usually occurred Saturday evenings and were generally
crowded. There was nothing formal about them. We would invite people as the
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generally understood that these parties were BYO (Bring Your Own). Galya and
I certainly didn't have enough spare mazuma from my Yale salary to entertain
large crowds frequently. Most people we knew were in the same boat. I would
supply lots of ice from the lab and turn on the record player. These parties got to
be so popular that often complete strangers showed up, usually friends of friends.
"Are you going to the Trinks' tonight?" Jan Drake was, of course, a regular.
James Dewey Watson reported in Genes, Girls, and Gamow (Knopf, 2002, pg.
86) that he didn't think much of one of those parties because not much planning
went into them. He is a brilliant scientist but I can't say that I remember much
about him at those parties. Maybe he didn't think much of those parties because
he, unlike some others there, didn't "get lucky." All these parties were fun. It was
summer! It was Woods Hole! And, we were all happy to celebrate our good
fortune. I've been told that many an amorous affair sprouted from contacts made
in that little shack on F.R. Lillie Road. Wonderful! It is a fact that we sometimes
heard people thrashing around in the underbrush late at night. Probably not Jim
Watson though.
During the same epoch, the 1950s, our children were still young and
couldn't be left unsupervised, even for a short time. As many Woods Hole
parents know, getting a baby sitter there in the summer is often difficult. The
potential sitters were likely in the lab or out having a good time in some other
way. One day we solved that problem by hitting on a great solution that was both
easy and cheap: ask a friend if he'd like to spend the evening in our house with
a companion, keeping an eye on the children. This solution became so popular
that we had friends ask, "Do you by chance need a baby sitter tonight?" Jan
Drake sat frequently and Jim Watson once, with a "girl," of course.
From 1953 to 1957, I took a week off from research to teach fish
development as a member of the staff of the Embryology Course. Although it
came in the middle of the Fundulus season and took valuable time from our
work, I really enjoyed it. It was a special joy to be lecturing on an area of
embryology of intimate familiarity and there were always more than a few
excellent students in the class who gave feedback. I also had some interesting
fellow staff members, like Meryl Rose, Ed Zwilling, Nelson Spratt, Maurice
Sussman and Mac Edds.
It was while teaching in the Embryology Course that I started a brief
tradition at the annual picnic at Tarpaulin Cove. I would take my children, then
about 5-8 years old, down the beach to search for buried pirate treasure. They told
some other kids and off we went. They all loved it and reminded me of it the next
summer. The morning of the picnic, they and their friends would show up at the
boat all set, fully equipped with shovels and hoes and excitement. I would draw a
map on the boat trip to Tarpaulin Cove, making sure to sign it in my own blood
"W K" (for the notorious pirate, William Kidd). (Figure 6.2) When we reached
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Tarpaulin they waited impatiently while I stocked myself with a quart of cold beer
and then, map in hand, we took off, me leading the way. Some adults called me
the Pied Piper or Peter Pan. Soon we found where X marked the spot, "5 paces
from the 3rd rock toward the big oak tree" and they dug. And they dug. When a
piece of waterlogged wood appeared they'd bring it to me wide-eyed. "Let's see
if it sinks," I would say. It sank. "Then it must be teak, maybe part of the treasure
chest!" More digging. Soon the hole was some hole, so deep the littlest kids
couldn't climb out. The big ones helped them out then the tots jumped back in
again. What blast! I don't know who enjoyed it the most, my little pals or myself.
Just recently I bumped into Jack Rose, one of those kids, and the first thing that
came to his mind after all the many years was "The Treasure Hunt."
'•

6.2. Cap'n William Kidd's Treasure map. The spots on the lower right are
dried drops of the author's blood.

I cannot leave this account of those crazy summers in Woods Hole
without mentioning a concoction that came to be known as Trinkaus solution
(TS). (After all, there was Ringer solution, Holtfreter solution and Steinberg
solution, so why shouldn't there be a Trinkaus solution?) After frequent
complaints that it would be nice to have some mixed drinks at our class parties
instead of the usual beer and coke, I came up with an unoriginal but rousingly
successful idea. From somebody somewhere I had learned of a more potent way
of making the customarily genteel wine punch. The secret formula was 8 parts
sauterne, 4 parts gin, 1 part brandy- scrimping on brands in favor of price-and
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lots of ice (from the Physiology Course, naturally). To our untutored tastes it was
deceptively smooth; it sort of "snuck up" on you. At one of those lethal punch
parties the enthusiastic group singing became so spontaneous that some
participants ended up singing to themselves and Mike (Deforest) Mellon, one of
my Yale Zoo 23 veterans taking the Embryology Course, finished up drinking
some punch from his sneaker.
After another one of those parties a bunch of us crashed a typically
sedate, staid party at the MBL Club, which, I must say, we enlivened with
considerable noise and gaiety. Incidentally, Trinkaus solution was sometimes
referred to as Trinkaus reagent, principally by physiologists.
In addition to these fun and games parties there was another evening
occasion in Woods Hole that in a different way was just as much fun, gatherings
to discuss some new discovery or new equipment, often spur of the moment. The
wonderful informal intellectual life of Woods Hole! One of these in the early
1950s stands out for me. We had all heard with much interest about a new
microscope invented in Holland by Fritz Zemicke called the phase-contrast
microscope. Its optics improved the contrast of structures within and on the
surface of living cells so much that one could see structures in living cells better
and more accurately. Heretofore, these structural details could be observed only
in dead, artifact-ridden, fixed material. Kenneth Cooper of Princeton, one of
Franz Schrader's prized students at Columbia, had gotten a copy of Zemicke's
original time-lapse movie ofliving grasshopper chromosomes in meiosis viewed
with phase-contrast optics. He projected it for a select group of us one evening
in one of the apartments of the MBL Apartment House. It was an unforgettable
experience- living chromosomes, jostling and moving toward the poles before
our eyes, as black and obvious as if they had been fixed and then stained with
good old Heidenhain iron hematoxylin (a widely-used, old-fashioned stain for
nuclei and chromosomes)! This was the excitement of post-war technologyfirst readily available radioisotopes and antibiotics and now powerful new optics,
all of which were to become invaluable me in my own research. Zemicke was
later awarded the Nobel Prize for his outstanding invention.
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The Determination Concept
Meanwhile back in New Haven during the fall and winter I began
tussling with the determination concept, threading my way through the complex
literature of one of the significant achievements of the experimental analysis of
Metazoan development. This concept states that during embryogenesis the
various organ and tissue primordia pass through stages of increasing specificity
and stability of differentiation until they finally form characteristic tissue types.
All embryologists of my generation were raised in the aura of this concept, which
had become a kind of sweeping developmental law based on numerous
observations that supported the concept. The basic idea is quite simple. A
receptive (competent) mass of cells receives a stimulus from another mass of
cells called an inducer. The inducer causes the receptive mass of cells to
differentiate in a particular direction to form a certain tissue or organ. The
induced tissue is then determined to differentiate in that particular direction even
after the removal of the inducer or after transplantation to another site in the
embryo. Determination occurs even though the induced tissue has not yet formed
the morphological features characteristic of a differentiated tissue. In other
words, after induction, the responding embryonic structure is "determined" to
form, in due course, a specified type of tissue, such as cartilage, nerve or muscle.
The determination concept arose from a series of brilliant experiments
principally by the German school of embryology and confirmed and refined by
others all over the advanced biological world. Of the myriad of examples of
determination, let me cite just one. As the prospective mesoderm comes to
underlie the dorsal ectoderm during gastrulation of a vertebrate embryo, it
induces the overlying ectoderm to form brain and spinal cord. The walls of
the brain bulge out to form the optic vesicles, still attached to the brain by the
optic stalks (later to become the optic nerves). Almost immediately, these
invaginate to form the optic cups. Each optic cup then induces the adjacent head
ectoderm to form a lens. Once this contact has been made, the ectoderm in
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question will form a lens even if it is transplanted to the flank of the embryo. It
is therefore determined to form a lens. Notice that there is a cascade of inductive
events involved here.
In my young years, as a graduate student and faculty member, the
determination concept was given a seal of approval and preached as gospel by
Paul Weiss, the most creative, most flamboyant and, we all agreed, the dominant
embryologist of the day. It was he, for example, who proposed the term
"Developmental Biology" for the study of developmental phenomena at all
stages, including in adults. Weiss, often referred to as "The Pope," enunciated
that once a tissue or organ primordium and its constituent cells are determined,
the cells are "irreversibly fixed" and thereafter can no longer be influenced to
change into any other cell type. This principle of irreversible differentiation
found widespread acceptance and for many, including some big names in the
field, served as an established fact of development upon which theorizing on the
mechanism of cellular differentiation could be based. For them, once cells were
determined the process of development was essentially over, except for the
details. Incidentally, my old professor from Hopkins, the canny Boris Ephrussi,
was not one of these. But how then could one explain regeneration in the adult,
both natural, as in skin, feathers and hair, and artificially, induced by amputation
of, say, a limb? What about cancer? What about the "dedifferentiation" of cells
in tissue culture? Some of these changes in culture were shown to be temporary
and reversible and were called "modulations" of the normal, stable,
differentiated state. Others were not.
After I came to Yale and was in frequent contact with Harrison, I
learned that he had long ago concluded that the concept of determination was not
as clean and neat as portrayed in much of the literature. He had expressed some
of his thoughts on the matter in a critique published in 1933 in the American
Naturalist (a distinguished old professional journal that often published critical
or speculative reviews). The title of the article was Some Difficulties in the
Determination Problem. He gave me a reprint of his article, which I have since
treasured. Harrison's well-documented point was that the determination concept,
resting as it does on negative evidence, is necessarily lacking in scientific
certitude. "There is no way of finding out with certainty whether the particular
quality which a cell seems to have is finally fixed, for there always may be new
conditions, not yet tested, under which other potencies may be revealed." This
seminal paper opened my eyes and caused me to examine the literature more
critically. Inexplicably, Harrison's important critique had never been called to my
attention during all my years of graduate study, perhaps attesting to the
dominance of the determination concept. Paul Weiss certainly seemed to have
ignored it. As many great scientists, Harrison had a flair for finding a catching
way of expressing himself from time to time. In referring to "determination" he
wrote,
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"This word has come very much to the fore in the past few
years, born as it were, under an unlucky star and reaching
maturity at a time when physics has nerved itself to cast aside
the notion of causality in a strict sense and to talk
indeterminism-to the comfort, I may add, of those wistful
thinkers who see in this modem development of science a
ground for their belief in the freedom of the will. It is as if a
sort of Presbyterian biology were coming upon the scene just
as physics is about to go over to the Baptists."
This needs to be read aloud. You can imagine my pleasure reciting this passage
to my class each year as I discussed the problem of determination. I also required
the students to read the paper.
As I was pondering the concept of the stability of differentiated tissue
cells, I was struck by some exceptions to the rule of fixity whose significance
was at the time largely ignored. In the annals of pathology, there are many cases
of tissue cell change in both morphology and function under conditions of
disease or after surgery. Most of these exceptions to the dogma of determination
had not yet been analyzed. One such transformation, however, had been
subjected to careful analysis and was being studied right under my nose in the
Department of Anatomy of the Yale University School of Medicine by L.S.
Stone, one of Harrison's former students. "Stoney," a bouncy little man and a
meticulous investigator, showed that when the fully differentiated and visually
functional neural retina in the eye of an adult red-spotted newt (Notophthalmus
viridescens viridescens) is surgically removed, the cells of the epithelial retinal
pigment layer adjacent to the neural retina multiply, depigment, and differentiate
to form a new, functional neural retina, complete with rods and cones. Any such
spectacular transformation of an adult functional tissue is termed metaplasia by
pathologists. Stone's convincing results caused me to wonder whether other, or
even all, differentiated cells could be caused to transform into another tissue type
under certain altered circumstances and, if so, what normally keeps them in their
normal differentiated state. The retinal pigment layer normally remains retinal
pigment layer because of the constant presence of the nearby neural retina. This
unorthodox idea of the potential transformability of differentiated cells rested on
a reasonable but unproved genetic assumption: that each differentiated cell
contains the entire genome, the entire genic complex in a potentially functional
state.
This fundamental supposition rested at that time on some very ancient
experiments by some of the giants of the field. Hans Driesch showed in 1892 that
if the blastomeres of a two-cell sea urchin embryo were separated, each would
develop into a complete (albeit half-sized) embryo. This result demonstrated,
with modem hindsight (since genes were not discovered until long after), that
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each of the two cells possessed the complete genic complex. Soon after, in 1894,
Jacques Loeb observed quite fortuitously that when he ruptured fertilized sea
urchin eggs, the extended cytoplasm, bereft of a nucleus, remained uncleaved
until occasionally a nucleus from the cleaving egg entered it, causing it to cleave
along with the main cell mass. The result was also the production of two
complete embryos. Hans Spemann did a logically equivalent experiment 20
years later in an amphibian embryo. Very cleverly, he constricted the fertilized
egg with a noose of baby hair, causing the egg to assume a dumbbell shape,
isolating the nucleus on one side of the constriction. When the cleaving nuclear
half reached the 8-16 cell stage, he loosened the constriction and permitted a
nucleus to slip into the cytoplasm that had been without nuclei. Here, as in the
sea urchin, the portion formerly without nuclei now cleaved and formed a
complete embryo.
These observations established the genic equivalence of nuclei up to
about the 16-cell stage, but no further. On the basis of these famous, old, really
remarkable experiments, and the consistent chromosomal cytology of dividing
mature cells we all assumed that advanced, fully differentiated cells also
probably possess the complete genic complex; but we certainly didn't know for
sure. What was needed was a definitive experiment in which a nucleus from a
fully differentiated cell of an adult is transplanted to an egg from which the
nucleus had been removed. If this gave rise to an adult animal we would have
definitive proof that adult cells possess all the genes in a potentially functional
state.
With these wild thoughts about the possible developmental potentiality
and genic completeness of differentiated cells rumbling around in my head, I
attended an annual meeting of the Growth Society (whose name had just been
changed to the Society for Developmental Biology) on the lovely campus of
Connecticut College for Women in New London. I have no recollection of the
various papers presented at the meeting but remember vividly a lively
conversation with three friends, all excellent embryologists, all a little older than
I. It was a pleasant, sunny, warm summer day in June. Clifford Grobstein, Ed
Zwilling, Robert Briggs and I were taking a break from the meeting and the old
fundamental question about the genes of differentiated cells came up. Wouldn't
it be wonderful if there were a way of removing a nucleus from a differentiated
cell and then inserting it into a merogone, an egg whose nucleus had been
surgically removed. Bob Briggs in his measured, dry way, and with his strong
Yankee accent, allowed that he was trying to do just that in the common grass
frog (Rana pipiens). His research background was in the study of chromosome
behavior in haploid and triploid amphibian embryos during cleavage, so he had
both the technical and intellectual background for the job. The other three of us
chimed in with vigorous encouragement. I remember pointing out to Bob that he
was precisely the man for this chancy research; he had the background, the
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tenure, and the time. He had a permanent research position at the Institute for
Cancer Research in Fox Chase near Philadelphia, with no teaching. We all
realized that it would take a lot of time, effort and expertise to succeed at this
truly crucial but very tricky experiment.
Briggs quickly attracted a superb collaborator in Thomas King. The two
together were soon successful in transplanting a nucleus from a frog blastomere,
a blastula cell and eventually from an early gastrula cell to a nucleus-free egg.
The result of this important experiment was that a small percentage of the eggs
cleaved and reached the stage of swimming tadpoles with many differentiated
cell types. This was monumental work and appropriately attracted immediate
attention. Nevertheless, however, the big question still remained. Would a
nucleus from a fully differentiated adult tissue cell transplanted to a nucleus-free
egg support full development to a normal adult? This awaited slow, persistent,
step-by-step advances in a number of laboratories in the technology of nuclear
transplantation and in the husbandry of raising the resulting clones. The answer
finally came in 1970. John Gurdon and R.A. Laskey in Cambridge (England),
transplanted a nucleus from a skin epidermal cell of an adult Xenopus laevis (the
South African clawed frog) to a nucleus-free egg and from this finally obtained
a complete normal adult toad. Now, as everyone knows, one can produce a fullygrown sheep ("Dolly") and other mammals, such as cows, goats and mice, by
basically the same technique, transplanting a nucleus from an adult differentiated
cell to a nucleus-free egg of the same species. All of this wonderful
contemporary research on cloning has proved beyond a doubt that what we
believed as an hypothesis a half a century ago and more was really true.
Differentiated tissue cells of animals do indeed possess the complete genic
complex in a potentially functional state. On my enquiry, one of the
embryologists who produced the first mammalian clone admitted that since the
transplanted nucleus came from a cell of the mammary gland, they could not
resist naming her "Dolly," after the legendarily bosomy country music chanteuse
and actress, Dolly Parton.
While all this nuclear work was going on in animals, F.C. Steward of
Cornell University produced spectacular evidence that differentiated plant cells
also possess the complete genic complex. He grew a complete carrot plant,
leaves and flowers and all, from a single, fully differentiated carrot root cell by
persistent punctilious nurture of his clones in tissue culture.
I present this highly truncated version of this long and challenging
series of investigations for two reasons. First, to lay the hypothetical groundwork
for some of my own research at the time and, second, to make a point about how
science progresses. The background leading to current research on the cloning of
domestic animals that has attracted so much popular interest for itself and for its
possible human implications lies in the thinking and research of embryologists
thirty to fifty years ago. These scientists were not reflecting about the possible
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practical applications of their work for the cloning of higher organisms, in so far
as I know. They were consumed by a passion to fmd an answer to an important,
theoretical, developmental question, not by its possible practical applications. I
can say this because I was heavily involved in this research indirectly as a very
interested bystander and intellectual participant, as a fan, as it were, as were
many embryologists of the day. More importantly, I had the good fortune of
interacting personally with two of the original prime movers of this field, Briggs
and Gurdon, and with several of their friends and colleagues.
On a number of occasions I had one-on-one discussions with Bob
Briggs and John Gurdon on the progress of their research and the mitotic and
technical difficulties encountered, such as bow to get a nucleus of a post-mitotic
cell to engage in mitosis. And, they routinely sent me reprints of their papers.
Immediately after Briggs and King published their landmark paper in 1952, I
invited Bob to New Haven to give a seminar on his work done with Tom King,
emphasizing details of their technique of nuclear transplantation and problems
encountered. As in the case of the contemporary cloning of mammals, only a
miniscule fraction of their transplantations were successful. I first met Gurdon in
1960 in Oxford, where be was a graduate student beginning his research on
nuclear transplantation in Xenopus. Two years later he visited me in my
laboratory at Yale, where we spent an entire afternoon together discussing his
research and the problems encountered. He was convinced that Xenopus was
better material than Rana. John was a sandy-haired, handsome, rather dashing
young Englishman with a passion for embryology and sports cars (like Briggs for
motorcycles). He was knighted a few years ago for his superb career in the study
of development and I had the pleasure of meeting him days after the
announcement and addressing him with gusto as "Sir John," to his boyishly
modest embarrassment. Gurdon is certainly among the few best embryologists in
the world. Now it is inspiring to note how, undaunted by all the honors bestowed
upon him, be is still going full steam trying to solve some of the most basic
problems of development. He persists in his drive to excel, in contrast to many
others so honored, who thus reveal that one, perhaps the only, motivation for
their research was precisely to gain such recognition.
In my discussions with Briggs and Gurdon, the entire emphasis was on
how to get at the fundamental biological question of nuclear and genic
equivalence. Never do I recall looking ahead to envision the practical
consequences that might ensue. We were filled with plans as to bow to do
experiments to solve the big embryological and genetic question and with
curiosity about how the results would tum out developmentally. I emphasize this
because I can think of no better example in my life experience of bow basic
research, with no eye to future application, may lay the basis for future
spectacular practical application. Few people nowadays excited by the birth of
Dolly and the intriguing probability of cloning humans in the near future realize
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that the groundwork for this was laid many years ago by research on the embryos
of lowly sea urchins and frogs.

Differentiation of Mixed Cell Aggregates
Our concepts of the process of determination during embryonic
development were based largely on results obtained by extirpation,
transplantation and culturing of intact organ primordia consisting of many cells.
However, the size of the mass, i.e., the number of cells, makes a huge difference
in the results obtained. In a neglected and almost forgotten paper published in
1933 (coincidentally the same year as Harrison's paper), a Russian embryologist,
G. Lopashov, showed that single explants of presumptive head mesoderm of an
amphibian embryo, when cultured in synthetic medium in glass dishes (in vitro),
formed only mesodermal derivatives. In contrast, when larger masses of
identical cells, derived from fusion of several of the same primordia, were
cultured, they formed both mesodermal and ectodermal derivatives, not only
muscle and notochord but also brain and sensory anlagen. This result
demonstrated that culturing a given mass of cells does not necessarily reveal the
potencies of its individual constituent cells. It also raises the possibility that when
an intact tissue mass is judged to be determined by the usual experimental
criteria, individual cells within the mass may well retain wider developmental
potencies. Given this result and our conviction in those days, which turned out
later to be true, that all cells have the complete set of genes, why shouldn't we
try to reprogram cells by some different means to see if they then form different
tissues from those of their normal destiny? Without using the same terminology
and with no medical thoughts in mind, I now realize that by trying to reprogram
advanced differentiated embryonic cells, I was trying to do just what biologists
are trying to do in current stem cell research with far more sophisticated
technology.
While I was mulling over speculations about the stability of the
differentiated state, and pondering how to test it, an opening appeared. In 1952,
an Israeli biologist, Aaron Moscona, from the University of Jerusalem, then
working at The Strangeways Research Laboratory in Cambridge, England,
published an important paper in the Swedish journal Experimental Cell
Research. Moscona showed that cells of embryonic chick organ primordia could
be dissociated from one another to form living suspensions of individual cells by
treatment with trypsin, a strong proteolytic enzyme. Astonishingly, the cells not
only survived this rough treatment but even underwent primitive morphogenesis
when brought together again to form an aggregate in organ culture. This
demonstration was very important for me for two reasons: its timing, just the
right time, and the unexpected possibility it raised for challenging the potency of
cells in a new way. Incidentally, this was not the first time that something
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unexpected had come out of "The Strangeways," an institution often suspected
in the English popular mind to be some sort of insane asylum.
Johannes Holtfreter, in his typical daring way, had already shown that
cells of very early amphibian embryos could survive dissociation by an alkaline
saline solution and then undergo primitive morphogenesis when brought together
again. At the time, neither I nor most other scientists believed that this or any
other means of dissociating cells would work on more advanced embryonic
stages or on the embryos of the evolutionary "more advanced" chickens or mice.
How could one therefore anticipate that fragile, closely united, living cells of
later chick embryos would survive the aggressive treatment with trypsin and
then, when aggregated, go on to reconstitute their tissues! Well, Moscona
showed that it could be done and his work gave me an idea. Here was a new way
of attacking the determination problem. Would "determined" or even partly
differentiated cells be transformed and differentiate differently if brought into
intimate, surface-to-surface contact with cells of a different developmental
origin? My plan was to mix dissociated cells of one histological type with
dissociated cells of another type in the same cell aggregate to see if, with their
immediate environment so altered, they would be induced to change their
direction of differentiation and thus yield important information on the potency
of differentiating cells.
So I got some trypsin and a small grant from the newly founded
National Science Foundation, which gave me enough funds to hire a research
assistant (my first and someone completely essential for the proposed research)
and we went to work. We used the mesonephros (embryonic kidney) and wing
buds from chick embryos. Dissociation of these anlagen into suspensions of
discrete viable cells turned out to be much more difficult than I expected. For
example, the published composition of the calcium- and magnesium-free saline
solution given by Moscona was incorrect and did not work; it killed the cells and
it took some fooling around to get it right. I never considered this deliberate on
his part, just a bit negligent. Ah, how important are the Methods sections of
scientific papers! In addition to trypsin we also added versene (EDTA), a
chelating agent that binds divalent cations such as calcium and magnesium
(cations known to be essential for cell adhesion), that Ed Zwilling had found also
aids cell dissociation. My assistant, Peggy Groves, a fine, young woman from the
South, was excellent and patient, as we progressed slowly in this new area of
research, feeling our way and making our mistakes together.
We dissociated several 5-day chick mesonephroi and limb buds into
suspensions of individual cells, mixed the cells together thoroughly, centrifuged
them to form a large aggregate, and then cultured pieces of the aggregate in organ
culture, a culturing technique that by discouraging cell outgrowth encourages
histogenesis and morphogenesis. After several days in culture we fixed and
sectioned the aggregates to see what had happened inside. It was hard to wait.
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The results would be most interesting, however they turned out. We found that
the original tissue types were restored in the aggregates and reconstituted in both
expected and unexpected arrangements. Limb cartilage ended up in the center (as
it is in a developing limb), keratinized epidermis on the surface (as in the limb),
and mesonephric tubules and loose mesenchyme in between, as if by default
(Figure 7.1). These results were fascinating both because we didn't know what

Figure 7.1. Sorting out in a mixed cell aggregate derived from mixing
approximately equal quantities of dissociated cells from 5-day chick
mesonephros and 5-day wing bud. Note regional differentiation of
cartilage (in the center) and mesonephric tubules (below). Reprinted
with permission of the National Academy of Sciences.

to expect (nobody had done this experiment before) and because they were
consistent; all aggregates showed more or less the same pattern of organization.
Although these results were reproducible, I did not think them ready for
publication, for we didn't know the answer to a very big question-the original
tissue origin of each cell in the differentiated aggregate. Did the tubules arise
entirely from prospective tubular epithelial cells of the original mesonephros or
partially from transformed limb bud cells? Did the cartilage arise entirely from
limb procartilage or partly from transformed kidney cells? Or, did the cells of
each cell type move within the aggregate until they made contact with other cells
of the same type and adhered to them and then differentiated? That is, did the
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cells of each type segregate or sort out within the aggregate according to their
origin and, because ofHoltfreter's "tissue affinity," adhere to other like cells and
reestablish their tissue type? To answer these equally interesting and important
questions we would have to label the original cells in such a way as to be able to
follow their fate in the aggregate. We did not yet have such a label.
While we were in this state of confusion, who should show up but an
old friend from Baltimore, Dietrich Bodenstein, an outstanding insect and
amphibian embryologist and a charming, and spontaneously outspoken man,
who bought his suits a size too large because they were more comfortable that
way. He and Victor Twitty at Stanford had done beautiful work on the
development of pigment patterns in the three species of Californian newts
(Taricha). Dietrich grew up in East Prussia before the War and took delight in
referring to himself as one of the last true "Junkers." I took him to lunch at
Branford College and on inquiry told him about our research on mixed cell
aggregates, the technical problems, the results and the uncertain conclusions, and
my hesitation to publish immediately because of the important but unanswered
questions they raised. He was intrigued about our approach to the problem of
determination and by our results. In his marvelously enthusiastic way he stopped,
as we were walking across the campus, and strongly urged me to publish our
findings and the questions they raised as soon as possible, as work in progress.
He pointed out to me that we had already established something very interesting
and that I was certainly not the only one to have recognized the possibilities
raised by Moscona's work. Dietrich was an older and more experienced scientist
and a warm friend and, in addition to enjoying his refreshing company, I
respected his science very much. He bolstered my self-confidence and brought
me to realize that for the first time I could be entering a competitive area of
research and that I would be wise to react accordingly. So Peggy and I worked
up and published a short paper in PNAS in 1955, complete with illustrative
photomicrographs and some possible interpretations.
Shortly after submitting this paper but before it had appeared, I decided
to give a seminar on this research at one of the regular Tuesday evening seminars
in the big auditorium of the MBL, then a regular feature of the summer season
in Woods Hole. Quite by chance it turned out to be a memorable occasion for me
and for some members of the audience as well, who have occasionally reminded
me of it since (even lately). Last summer at a small dinner, Joel Brown told the
story once again. The person who was chair for the evening asked each of us four
speakers to be sure to repeat each question asked after our presentations so that
the whole audience could participate. He had just reminded me of this after my
talk when his eminence, the esteemed Professor Paul Weiss arose to pose a
question. As was often the case, his "question" was really more of a little lecture
describing how his laboratory had already explored what I was reporting. I was
stymied; there was no short question to repeat. So I simply asked, "Did
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everybody get the question?" The audience burst into sustained laughter. Weiss
was livid and muttered to someone next to him about my "nervy disrespect." I
commented to the effect that I knew about the work he described but it was not
the same as ours. I remember being confident and pleased to realize that I was
not intimidated by the great man, not only because I was a little nervy by nature
but also because I knew what I was talking about. This little interchange and the
audience reaction had two consequences. First, the next day, whenever I bumped
into someone who had been to the seminar, I received congratulations. "Good
seminar (quickly) but that was really great what you did to Weiss!" Ordinary
decent people do not like powerful, pretentious big shots, no matter how
outstanding they may be as scientists, as Weiss certainly was. I was for the
moment a kind of folk hero, Jack the giant killer. Second, for about the next five
years, I was not invited to any small meetings in my area of interest until in 1960.
Michael Abercrombie told me in London about one such meeting organized by
Weiss in Nordweg-am-See in Holland and, surprised that I had not been invited,
extended me an invitation himself. By then Weiss had apparently cooled down
and maybe even forgiven me, for we had a pleasant exchange about mutual
research interests at the meeting. At his best, Weiss could be gracious, brilliant,
and open-minded. He was an exceptionally creative thinker.
Dietrich Bodenstein was right about not waiting to publish our
preliminary results. Our little inconclusive paper, "Trinkaus and Groves,"
attracted considerable attention, more even than my big paper on epiboly in
Fundulus a few years before because, I presume, of the possible general and
heuristic significance of the method and the results, the striking illustrations and
our discussion of possible interpretations. People were fascinated by the
phenomenon. Tangible evidence of this came in a telephone call the next winter
from Elmer Butler at Princeton. He was then President of the American Society
of Naturalists, saying, "I understand that you have some new and interesting
material. " He then extended an invitation for me to read a paper at a symposium
on Problems in Differentiation at the annual meeting of the Society at Michigan
State University in East Lansing. This I did, with joy, and followed it with a
review on the stability of"determined" and differentiated cells under the title The
Differentiation of Tissue Cells published in the American Naturalist in 1956. It
was a pretty good paper, a sort of updated footnote to Harrison's 1933 classic on
determination published in the same journal. It helped establish me as someone
to watch in the area of cell determination, even though as yet I had no conclusive
results to show for my efforts.
In the thinking that led to this research and my essay on the stability of
tissue cells there were two friends who contributed immensely, introducing me
to critical items of literature and sharing with me ideas about cell differentiation,
each with a critical but sympathetic eye. Both were originally from New York
City and were products of its college system in the 1930s when at these free
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public institutions a highly selected student body received an excellent education
from a tough and demanding faculty. Edgar Zwilling went to Brooklyn
College and Clifford Grobstein to the City College of New York (CCNY). They
both had smart, tough, critical, searching minds but differed greatly in
personality. Ed was small and blond, modest in behavior, absolutely
unpretentious and kind and easily approachable but somewhat inarticulate and
sometimes even boring, the kind of person you wouldn't notice in a crowd. I
actually fell asleep on him once at the MBL, my head on his shoulder, during a
one-on-one discussion after lunch one warm summer afternoon (after a late
boozy evening the night before). He woke me up saying, "Trink! Wake up." And
then, self-depreciatingly, "I knew I was boring, but not that bad." I was terribly
embarrassed but with his kind, typically laid-back reassurance, I relaxed again
(but not too much). He was a solid friend and took it as a joke. Cliff Grobstein,
in contrast, was tall, dark-haired, and handsome. He had a precise, clear way of
expressing himself, and altogether, cut quite an imposing figure. He used to say,
"Now, gentlemen, let us get down to the concreta." Both were leading
researchers in embryology but Grobstein had more general impact because he
tackled big issues publicly in his articulate way. Intellectually, they were equally
important to me. Since both were somewhat shy, I believe they enjoyed my wit
and easy, extroverted personality. Zwilling ended up on the faculty of Brandeis
University (by way of the Connecticut Agricultural Experiment Station at Storrs)
and Grobstein at Stanford and later at the University of California-San Diego
(UCSD) in La Jolla. Cliff and I became even warmer friends with the passing of
the years, sharing many aspects of our lives together in spite of the separation of
distance, largely because he married my dear friend and former student Ruth
Beloff. They lived in Rancho Sana Fe near La Jolla, where I spent two academic
leaves at UCSD. We often stayed with the Grobsteins.
At the same time that we were studying the behavior of cells in mixed
cell aggregates of chick organ primordia, Johannes Holtfreter (by then in the
U.S.A. at the University of Rochester), unbeknownst to us, was extending his
studies of reconstitution of the germ layers of gastrulae and neurulae of
amphibian embryos. As I understand it, the bench work was done mainly by an
M.D.-Ph.D student, Philip Townes. The student was so lackadaisical at writing
up his dissertation for publication (like many a graduate student) that Holtfreter,
ever impatient, took over and the result was a monumental paper published in the
Journal of Experimental Zoology that almost immediately became a classic. It
appeared in 1955 soon after the little Trinkaus and Groves paper. In an amphibian
gastrula and neurula one can distinguish the germ layers from each other in situ,
ectodermal cells being small and pigmented and endodermal cells being large
and unpigmented. Townes and Holtfreter took advantage of these natural marker
differences in a brilliant way to provide the first critical evidence of cell origin
in the morphogenesis of mixed cell aggregates and thus begin the analysis of
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their reconstitution. In an extensive series of experiments in which they mixed
cells of different germ layers of gastrula and neurula stages, they found that the
cells moved within the aggregate. Ectodermal cells always accumulated at the
periphery and endodermal cells in the interior. Mesodermal cells, which were
identified by their intermediate size and absence of pigment, likewise segregate,
forming sectors in the interior between the ectoderm and endoderm. Precise cell
origin was not established in all instances, since, in the case of the mesoderm
there were no unequivocal markers and several tissue types resulted from their
differentiation in mixed aggregates. Nonetheless, these experiments provided
conclusive proof that cells of the three different embryonic germ layers, when
dissociated and mixed in aggregates segregated more or less according to their
original germ layer origins, re-establishing their former normal associations and
differentiating in accord with their normal fate. They sort out.
In this masterful study by Townes and Holtfreter it was utilization of the
bounties of Nature that enabled the investigators to take the first steps toward an
understanding of tissue reconstitution in mixed cell aggregates. But the cells
from chick embryos with which we were dealing possessed no such natural
markers. I wish we had thought at the time to use pigmented retinal cells, with
their natural markers of pigment granules. The only way we thought of to
determine whether cells in our aggregates transform into different cell types or
maintain their differentiated state and sort out from each other was to label them
with a radioisotope prior to dissociation. Among the several radioisotopes
available, I chose radioactive sulfur (S 35 ) because sulfur is found in many
proteins. We would label the mesonephroi with S35 , dissociate them, and mix
these cells with cells from dissociated, unlabeled wing buds. After several days
in culture, we would then fix and section the aggregate, and detect the radioactive
cells by a neat technique current at the time called autoradiography. The
technique was simple and elegant. We merely placed a strip of photographic film
or spread a liquid emulsion (of the same material deposited on photographic
film) over the stained tissue sections on a slide in the dark. Black and white
photography is based on exposure of small grains of silver salts to light. The
energy in the light causes the formation of a latent image in the film, which when
developed by chemical solutions, results in the deposition of black silver
particles. When a lot of light hits the emulsion, a lot of silver is deposited in the
negative. When the negative image is projected on a piece of paper containing
similar silver compounds, and the paper is immersed in appropriate chemical
baths, dark areas in the negative become light in the print and vice versa.
Essentially the same process is used in autoradiography, except that the radiation
from the radioisotope in the specimen causes latent grains to form over the
radioactive part of the specimen. When the latent image is developed, black
silver grains appear in the transparent emulsion. In essence, the source of the
radioactivity, a cell or a part of a cell, can be unambiguously located in a tissue
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section. The amount of radioactivity in labeled specimens is often low so they
must be exposed for days, weeks, or even months. So we left them in the dark
room and waited, (easily the hardest part of the experiment) long enough for
silver grains in the film to be activated by the radioactivity emanating from the
labeled radioactive cells. When the films were developed, we could see which
cells were radioactive by the presence of black silver grains above them. With
S35 labeling, it became clear that there was much sorting out. Most silver grains
were over labeled mesonephric tubules. But since there were also some black
silver grains above unlabeled wing bud cartilage cells we couldn't be sure
whether these were transformed mesonephric cells or wing bud cells that had
picked up the label during culturing by transfer of labeled protein end products.
Protein synthesis is a very dynamic process with much turnover, so some of the
S 35 marker may have been released from the labeled mesonephric cells and
picked up by unlabeled limb bud cells. Or some labeled mesonephric cells had
transformed into limb bud cells. In sum, we had clear evidence for much sorting
out of labeled mesonephric cells and maybe for transformation of some
mesonephric cells into limb bud cells as well.
In the meantime, Moscona was not idle. As I learned afterward, he was
stimulated by our 1955 paper to try labeling cells himself. He was now in Weiss's
laboratory at the Rockefeller Institute and hit on the idea of mixing mouse and
chick cells because they could mostly be distinguished from each other by their
different staining properties in ordinary histological sections, a much easier
technique than labeling with radioisotopes. He also found that cells retained their
tissue type and sorted out when in such a preparation. However, since the
staining difference between mouse and chick cells is not always clear, some cell
transformation was not excluded. Clearly what we needed was a stable label that
remained in the cells in question and rendered them unambiguously visually
distinct.
Just as we needed such a label, lo and behold, tritiated thymidine
became available (thymidine W). Because thymidine is incorporated into new
DNA as it is formed and because DNA does not turn over like proteins, we had
a permanent label for any cell that undergoes mitosis and therefore synthesizes
DNA. Fortunately, cells readily take up thymidine. And, moreover, it is a highresolution label. The ~-particles from tritium are of such low energy that only
silver grains directly over a labeled cell are activated in autoradiographs. This
technique had just recently been used at the Brookhaven National Laboratory of
the Atomic Energy Commission to study cell proliferation and migration in
intestinal epithelium, so we decided to use it to trace the migratory and
differentiative history of cells in mixed cell aggregates.
The only possible drawback of this technique was that with the
inevitable small amount of cell death (cytolysis) that occurs during the
dissociation process, the DNA released from necrotic cells might be incorporated
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by unlabeled cells. We had to check on this. When we mixed labeled
mesonephric cells with retinal pigment cells, which can easily be distinguished
by their elongated melanin pigment granules, there was very little transfer of
label. We concluded from this that tritiated thymidine is an excellent marker for
cells and subsequently confirmed the conclusion ofMoscona and our own results
with S35 that cells in mixed aggregates of chick embryonic cells do indeed sort
out from each other. We found no evidence for cell transformation.
This was of course a disappointing setback and led me to abandon the
search for a way to test the potentialities of differentiated cells in spite of my
considerable intellectual and experimental investment in the project. Although
disappointed I had no regrets for this tum of events in my research life. I had
thoroughly enjoyed reading the literature, the many stimulating discussions with
first-rate colleagues and friends like Grobstein, Zwilling, Bodenstein, and with
my students. I enjoyed doing the experiments. I had helped demonstrate that
under the conditions of our experiments, certain advanced tissue cells retain their
cell type; and, in addition, can move within a randomly mixed aggregate, contact
other like cells, adhere to them selectively, and reconstitute the tissue. In short, I
had made contributions to the discovery of the phenomenon of sorting out.
Incidentally, as you might imagine, my research interest in the determination
problem and then the sorting out and reconstitution in mixed aggregates enriched
greatly my teaching, both in Yale College and the Graduate School.
Cell sorting was obviously a fascinating business in itself and
captivated me for some time after I abandoned pursuing the problem of
determination. I was particularly taken by the surprising capacity of normally
topographically stable tissue cells like those of kidney tubules and procartilage
to translocate rather considerable distances (several cell lengths at least) within
the aggregate. How did they do it? Did this involve changes in cell shape? Since
we could not see movement of unmarked cells in a living aggregate we needed
cells whose form would be revealed by easily visible inclusions present
throughout the cytoplasm. Excellent candidates for this were cells of the
pigmented layer of the retina, which we had already shown to sort out when
dissociated and mixed with cells of several tissues. The pigmented retina is a
pure tissue consisting of only one cell type, each of which is densely packed with
black melanin granules. We mixed dissociated cells of the pigmented retina from
5-day chick embryos with cells from the 4-day chick heart ventricle and
observed pigment cells sorting out at the surface of living organ cultures and in
fixed sections. These studies in the living aggregates revealed that pigment cells
begin to move and contact each other very quickly, within a few hours. By five
hours in culture, all pigment cells have contacted other like cells to form small
clusters distributed throughout the aggregate. No individual, separate pigment
cells remained. Since these aggregates are quite opaque, not at all like the semitransparent Fundulus blastoderm, we could observe the shape changes of retinal
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pigment cells during migration only in sections of aggregates fixed during the
first hours in culture. What we found was that as movement begins there is a
striking change in cell form. These pigmented epithelial cells, which in vivo in
the developing eye are cuboidal or columnar in shape and tightly joined to each
other, become elongate and extend delicate processes as they move, demarcated
by the abundant pigment granules within their cytoplasm. They reminded me of
the melanocytes of the feather germs of adult chickens, extending dendritic
processes along rows of barb ridges, during feather regeneration. This
spectacular change in form of retinal pigment cells during the migratory phase of
the aggregate suggests that the dendritic form is a necessary accompaniment of
migratory activity. After these cells have met other pigment cells and formed
clusters within the aggregates, they resume their usual epithelial rounded or
cuboidal form. They are very adaptable, changing form whenever the cellular
environment changes.
It is apparent from these observations and other studies of cell sorting
that a number of tissue cells ordinarily considered to possess complete positional
stability in vivo, i.e., stay in one place, such as various tightly organized
epithelial cells, migrate actively when dissociated and mixed with different kinds
of tissue cells. They retain their early previous capacity for migration during
gastrulation and the presence of a microenvironment of unlike cells seems to be
a stimulating factor. Conversely, the normal topographic stability of these
particular tissue cells within the organism seems likely due to the normal
microenvironment of like cells. The presence of close neighbors, it seems,
suppresses an ever-present latent capacity for migratory activity. On the other
hand, it is possible that the apparent topographic stability we see in fixed
histological sections is statistical, viz., a sort of steady-state stability, with slow
cellular turnover. The principal danger of working with fixed material is that it
can give a false impression of the true dynamics of the living state. When stable
tissues are observed with modem optics, their cells, though staying in place, are
not at all immobile. They often quiver like an excited dog on a leash. Tissue cell
stability is a highly dynamic process.
Around this time I published an illustrated essay summarizing these
observations and thoughts in a French publication, La Vie et L 'Homme, entitled
Mobilite des Cellules et Stabilite des Tissus. Soon thereafter, in collaboration
with my then assistant Judith Lentz, who had come from Cornell University, I
reported our studies of sorting of pigmented retinal cells from heart ventricle
cells. In this work, we tracked the progress of cell sorting in living cell
aggregates hour by hour and day by day. This was the first study of sorting out
where one of the components could be distinguished during the process. It
showed that sorting begins immediately, occurs rapidly, and that once the
pigment cells are bound to one another in homotypic clusters, they remain there.
Like likes like. The clusters are stable and move very little, fusing to form larger
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clusters only if they are in close proximity. We published this work fully in
Developmental Biology, the most fashionable journal in the field of development
at the time. As it turned out, this paper was the swan song for my involvement in
this line of research.
I remember well the moment of that decision. One day driving home,
waiting for a red light to change, it hit me that "Dammit, even for the pigment
cells, you can see at best very little and usually nothing of what is going on in
the opaque black box of the aggregate." The toot of a hom behind woke me up.
Once convinced that no cell transformation was occurring, what interested me
most in studying cell behavior in mixed cell aggregates was the migrations of the
cells and we had not gotten very far with this. Besides, as an embryologist, I and
many others had come to have some general misgivings with these studies of
mixed aggregates. After the romance of the discovery of this spectacular
phenomenon was over, many of us came to face up to certain indisputable facts.
Except for the study of Townes and Holtfreter, which involved cells from the
germ layers at the same stage of development, the cells used in these
investigations were derived from tissues and organs that never see each other in
normal development. What can studying the sorting out of cells of liver and
kidney and limb bud and heart tell us about development? Moreover, each of
these organs is composed of a complexity of tissues. What kind of
morphogenetic sense does it make that a diverse population of cells sort out from
one another? For example, kidney cells, consist at a minimum of renal epithelial,
vascular endothelial and various connective tissue cells; or, a similarly diverse
population of cells exists in an embryonic heart ventricle. What can this tell us
about how these organs form during normal embryogenesis? My answer was
simple. Not much! So, I decided to focus instead on real morphogenetic cell
movements.
I abandoned this line of research, leaving the field to others. My
involvement over several years was by no means a waste of time and energy. I
had made some significant contributions to the subject. I enjoyed it until toward
the end. It brought me into contact with interesting embryologists and cell
biologists whom otherwise I would have known only casually. Most importantly,
it led me to a renewed interest in morphogenetic cell movements, especially
during embryogenesis, which, after this episode in my life, became the dominant
theme of my research and that of most of my students.
Among others who remained committed to solving the problem of
reconstitution of aggregates and sorting out, the most enthusiastic were Aaron
Moscona of the University of Chicago, Malcolm Steinberg of Johns Hopkins,
and then Princeton, and Adam Curtis of University College London and later at
the University of Glasgow. They were all entranced by the question of what
makes cells of different organ rudiments come together and then stick together
whether the cause be type specific adhesion, chemotaxis, surface tension, the
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time sorting out takes, or whatever. These were bright, driven, stubborn men so
convinced of the correctness of their own hypotheses that they paid little
attention to the hypotheses of the others. They were therefore doomed to
disagree, often with passion. In addition, they seemed not to have very high
regard for each other personally as well. Aaron and Malcolm had great antipathy
toward one another. Adam Curtis looked down on both of the others with upperclass English hauteur. Actually, I was and am friends with both Mal and Adam
for their many fme personal and scientific qualities but have long had an
unwritten agreement to stay off the subject of sorting out with both of them. I
never considered Moscona a friend. He was too stuffy, unctuous and arriviste.
Anyway, I had lost interest in the subject for reasons I have already
described. I, like many others, was in addition turned off by the acrimonious
bickering and inconclusive wrangling. I give one example. I had known Malcolm
from his student days at Amherst College and Woods Hole and then as a graduate
student at the University of Minnesota with Nelson Spratt and with Ed Zwilling
at Woods Hole, so we were close enough for him to confide in me not
infrequently about his low regard for Moscona personally and scientifically.
Moscona often got invited to present his work in symposia (no doubt in part
because of his connections with Paul Weiss) and Malcolm was often left out in
the audience questioning Moscona's approach and conclusions. One day, after
one of his presentations, Moscona blurted to Steinberg "It does not seem possible
for me to present our research without being pestered afterward from the
audience by little Malcolm Steinberg!"
Eventually, both Curtis and Moscona dropped out of the picture,
attracted by other interests, but not Malcolm. He was and still is wedded to his
"differential adhesion hypothesis" (DAH) and resists vehemently any criticism
of it. When one of his former graduate students, Herbert Phillips, gave a seminar
on it at Yale years ago, two of my then graduate students, Kurt Johnson and
Albert Harris, took him over the coals. The results were upsetting for Phillips,
who, like virtually all Steinberg's students, was a devoted disciple of the DAH.
They also elicited a vitriolic letter to me from Steinberg, severely criticizing and
blaming me for "allowing" Johnson and Harris to treat poor Herb Phillips so
roughly. He incorrectly assumed that I had some control over these rambunctious
characters. I took the trouble to answer his letter sternly, emphasizing that my
students are free agents; they say what they wish. When a few years later one of
Steinberg's former students lectured at a meeting in Louisville, Kentucky, in
support ofthe same DAH, and we dared to raise questions about the hypothesis
and its embryological significance, the result was yet another outraged letter to
me from Steinberg. I started to answer it but then decided enough is enough; this
was a waste of time. So I dropped my draft in the wastebasket. Holtfreter was
also quite annoyed with Steinberg's unyielding stance and once wrote me stating
that Steinberg presents his case like a lawyer defending a client. About three
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years ago, Malcolm sent me a bunch of reprints "proving" the hypothesis.
Without looking at them, I sent them all to Albert Harris (at the University of
North Carolina, where he is on the faculty). Albert is one of the few scientists I
know outside the Steinberg entourage (and a bunch of mathematicians) who is
still interested in the problem of cell sorting. Albert is a very bright and
unrelenting critic, so Steinberg just tries to ignore him (the way Moscona tried to
ignore Steinberg). He rarely sends Harris reprints and he never cites the critical
paper Albert published in the Journal of Theoretical Biology proposing an
alternative hypothesis. Malcolm is wrong to be so stubborn about this because he
and Albert are among the few scientists who believe that the mechanism of cell
sorting overlaps that of gastrulation. If they are right in believing in this overlap,
and this remains an open question, by the way, Steinberg's hypothesis takes on
infinitely more developmental significance.
Through all of this passion Malcolm has remained a good friend, an
enjoyable, humorous companion on occasion, and we've even taken him and his
wife in our boat to dig for clams in Hadley Harbor. And, he is an excellent
scientist but for one thing. He is fanatic about proving that his hypothesis is
correct and simply doesn't want to listen to other possible explanations. It is
rather sad, such a waste of talent and unbounded energy. Unfortunately, he is not
the only biologist I have known that is so committed to his hypothesis that he
becomes seduced by it and defends it against all odds. Just because a particular
explanation is reasonable doesn't prove that it is true. Another "reasonable"
explanation might possibly withstand the test better.
An undeniable consequence for me of the type-specific segregation of
cells in mixed aggregates was a stimulation of renewed interest in the old
problem of the specificity of cell adhesion. How do cells recognize other like
cells when they make contact and adhere? What then keeps them adhering to
each other to form tissues? What keeps tissues together to form organs?
Specificity of cell adhesion is certainly one of the fundamental features of the
development of multicellular organisms at all stages of the life cycle and as such
has been the sole or primary research interest of a myriad of embryologists and
cell and molecular biologists. It is also a difficult and frustrating field of
investigation where the extreme difficulty of asking simple questions that yield
unambiguous answers has rendered it an area where, unhampered by an array of
hard facts, speculation has been rampant and where vision seems to have been
clouded by conviction somewhat more frequently than usual in biological
investigation. For these reasons, and in spite of its undeniable importance, the
mechanism of intercellular adhesion has never been a subject that has absorbed
me per se, as a field of research. Its interest for me has always been ad hoc, in
connection with other problems such as cell movements in vitro, in cell and
tissue culture, and in vivo, during morphogenetic cell movements during
embryogenesis and regeneration. I have been forced, however, to pay attention
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to the large, rather boring and often inconsequential literature of cell adhesion
from time to time and felt compelled to devote considerable attention to it later
on in the two editions of my book Cells into Organs. More about this later.

The Neural Crest
Enough of this at first fascinating but eventually baffiing and often
inconclusive world of cell sorting and selective cell adhesion. It was fun for me
until my interest lagged and it was not without its personal benefits. In part,
because of my involvement in it, I had a good idea on how to attack successfully
a problem of great importance during normal development-namely, the
migration of the cells of neural crest. The neural crest is a strip of cells
surmounting the early neural tube and running the length of it. The neural crest
had been shown by the Harrison school and others by means of extirpation and
transplantation experiments to be composed of a population of what we now call
stem cells. They give rise to numerous important, diverse, and widely dispersed
progeny, e.g., like sensory and sympathetic ganglia, facial cartilage and bone,
cells that produce the bone-like dentin of teeth (odontoblasts), pigment cells and
the medulla (central core) of the adrenal gland. The melanocytes of feather
germs, for example, arise from the neural crest. But nothing was known about
the extensive migrations of these remarkable cells. How do they get from the
dorsal neural folds to their distant final destinations, e.g., in spinal ganglia,
developing teeth, or the adrenal medulla? Do they move only to these distant loci
as arrows to a target or do they wander aimlessly and differentiate and multiply
only in these certain sites? If there are special paths of migration, where are they
located in the embryo?
One day, as we were studying the efficacy of tritiated thymidine for
tracing the movements of individual cells, the neural crest came to mind, perhaps
because of my Yale environment and Harrison's historical influence. I suggested
to James Weston, a new graduate student who had just arrived in 1958, that he
should investigate the problem of neural crest migration, using tritiated
thymidine to tag its cells and then follow them during subsequent development
in autoradiographs. One could transplant radioactively labeled neural crest to an
unlabeled embryo of the same stage and then trace the paths and the destinations
of the labeled cells in the host embryo as it develops. This was a great Ph.D.
problem; it would yield interesting important discoveries however the results
turned out. But it would be tedious. Jim, though a naturally careful and hesitant
young man, was nevertheless convinced. Yes, it was a good project, even though
very difficult to pursue, mainly because, as he quickly discovered, the cells of the
neural crest divide more frequently than expected and, of course, with each
mitosis the radioactivity of each cell is halved. This decreasing degree of
radioactivity with each cell division meant long (3-14-week) exposure of the
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autoradiographs in the dark, depending on the time the radio labeled graft resided
in the host. This required careful planning and much patience on Jim's part.
Already at the beginning of my professorial career I left my graduate students
alone, giving them maximum independence, as was the case in my own research
as a graduate student under Willier. At low moments Jim would lament that "I'm
only confirming what everybody thought." My rejoinder was that that was what
they "thought" but had neither demonstrated conclusively nor did they know
crucial details such as the precise paths followed by migrating neural crest cells.
Fortunately, along with his other fme qualities, Jim has an almost ever present
sense of humor. This helped him carry through the low moments of his work.
Jim's results were splendid. Weston showed for the first time that cells
of the neural crest migrate in two defined streams--one leading ventrally down
the side of the neural tube to form the sensory and sympathetic ganglia and the
other dorsally, directly into the superficial ectoderm to form melanocytes
(Figure 7.2).

Figure 7.2. Migration of fluorescently labeled NC cells (lighter cells at
arrows) in an unlabeled host (darker surrounding cells). Photograph courtesy of Y. Wakamatsu, M. Mochil, K.S. Vogel, and J.A. Weston. Reprinted
with permission of the Company of Biologists Limited.
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The migrations are in no sense helter-skelter or random. They are
precisely directional. The cells remarkably follow favored pathways and then
cease their movements in destined loci far from their origin and in regions
histologically different from their neural beginnings. This was a beautiful study
performed completely by James Weston and completely verifying the correctness
of my idea to attack the problem of migration of neural crest cells with tritiated
thymidine and justifying my encouragement of Jim along the way. His doctoral
dissertation was published in 1963 in Developmental Biology as the important
paper An autoradiographic analysis of the migration and localization of trunk
neural crest cells in the chick. This paper ignited the flame of renewed modem
research on the neural crest. This research today continues at a high peak as one
of the provocative areas of basic research in developmental biologyprovocative because of its intrinsic developmental importance and because of
current widespread medical and human interest in stem cells of all kinds. When
I look back on my idea to use labeled neural crest cells to trace their migration,
I think it represents one of the high points of my research career and is an
innovation for which perhaps I deserve a certain amount of credit

MATTERS OF LIFE · SMALL AND LARGE

Money
While involved in this research on determination and cell sorting my
academic and personal life moved along inexorably but with a number of
important developments. I had arrived at Yale with the rank of instructor, the
lowest faculty rank, so low indeed that it has long since disappeared, except in
medical schools. After two years I was promoted to a three-year term as assistant
professor, which was then repeated for three more years. I was grateful for these
promotions for the small recognition they signified but particularly because each
one increased my salary slightly, although not enough. With post-war inflation
(no more war time price controls), I really didn't make enough to sustain our
growing family (three small children) and felt forced to seek additional
compensation. There was at that time a small women's college in Hartford called
Hartford College that depended for much of its teaching staff on part-time
teaching by underpaid faculty of nearby, established, larger institutions. I was
one of those, driving to Hartford twice a week to lecture to young women on
Introductory Biology. I thought it necessary for the small monetary
compensation, but it certainly drained time and effort from other activities,
mainly my research. I was already devoting little more than the necessary
minimum as a teacher at Yale and as a husband and father at home.
What about the importance of money in my life? I did not then, nor have
ever since, placed much value on the accumulation of gelt as such. When as a
youth I was dreaming and planning to become a biologist and a professor, I never
gave a thought to how much money I would make. Later, the very low salary
offered by Yale as an instructor did not faze me. I knew it would be difficult but
I couldn't turn down an opportunity like that. Well, I taught that course at
Hartford College for a few years when we felt a bit desperate. When Yale
increased my salary a little more, I quit my moonlighting in Hartford. Some
people, I gather lots of people, who already have good salaries (I'm not talking
about the poor), enjoy the accumulation of more money than necessary in order
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to satisfy expanding expensive tastes or for its own sake, as a status symbol, or
for having been poor as children. Not I. I need enough, and perhaps a little more,
to keep healthy and have fun in my own way. As everyone who knows me
knows, I have mostly had a ball living out my life, in a spite of a constantly low
income typical for a professor in a faculty of the arts and sciences. I would
certainly have been more affluent if I had been on the faculty of a medical school
or law school.

Tenure
Yes, there is more than money to academic life, much more, such as
tenure, a much discussed but poorly understood feature of essentially all
American colleges and universities. Tenure means permanence of position with
a guarantee of academic freedom. Once one has gained tenure, at either the
associate or full professor level, one not only has an assured job for the rest of
his or her career but also, and very important, freedom to express one's mind on
almost everything. This latter feature, I believe, was the reason tenure was
established in the first place. Certainly freedom of expression is essential for the
optimal operation of a university with a creative, independently minded faculty.
This critical aspect of tenure is often forgotten in the tense drive of young faculty
to climb successfully the ladder leading to it. It's the security of a permanent job
that is on their minds and, of course, their egos as well.
Personally, I hardly gave tenure a thought in my young years as a
nontenured assistant professor. I lost no sleep over it. I was happy in the present
and not much concerned about the future. However, an event very close to me
suddenly reminded me that there is a future. When I was in my second term as
assistant professor, my colleague, Charles Metz, my old friend and Woods Hole
buddy, was denied tenure. I was not particularly surprised because his research
was lagging and he showed much less interest in his teaching than I, for instance.
After receiving the bad news, he left quickly in a huff, well before the year was
out, to take a temporary research position at Cal Tech with his old mentor Albert
Tyler, with whom he had taken his Ph.D., never to be seen at Yale again. Chaz
was so deeply embittered by this rejection that he hated Yale and everything
about it for many years, perhaps forever. His ego, it seems, was irreparably
wounded. This setback even sullied his friendship with me and rendered our old
relationship at Woods Hole a little touchy, unless we confined our conversation
to fishing or sailing, at both of which he was very skillful. I tell this sad story of
Charles Metz to illustrate how corrosive denial of tenure can be to the victim.
Metz ended up on the faculty of the University of Miami for the rest of his
impressively productive academic life.
The period of waiting as the tenure decision approaches can also be
psychologically damaging, indeed profoundly stressful for the agony one usually
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goes through. It is a genuinely important event in one's young life. I can report,
however, that in my own case, it was pretty much a matter-of-fact issue. For
whatever the reasons, I was not really worried about it. When I was promoted to
associate professor with tenure in 1956 I was not surprised. Whether this was due
to exaggerated self-confidence, immature bravado, my happy-go-lucky nature,
or all three, I'm not sure. It was certainly not due to any conscious sense of
nobleness on my part, being above it all. From my years at Wesleyan on I had
been blessed with a chain of repeated good luck, so why not now? I was glad to
have tenure but, as I look back on it now, I believe that there was indeed an
element of good luck, more than I thought at the time. As I have pointed out, the
Zoology Department at Yale at that time was not a very strong department and
weakness tends to perpetuate weakness. I am afraid that my scholarly record then
would not have assured me of tenure today in our much stronger department. On
the other hand, I had shown genuine promise in the originality of my research
and, if I may say it, excellence in teaching; I was widely recognized as the
leading and by far the most popular teacher in the tough and demanding courseZoology 23. Whatever the reasons, my record since in scholarly research
and in the outstanding research of some of my graduate students and
postdoctoral fellows has certainly validated the correctness of the decision for
my tenure.
The question of tenure often poses agonizing problems for the
department and the university as well as for the candidate. How to be sure that
this bright, productive young person, who is sometimes an outstanding teacher,
will continue that way? If a mistake is made, for many reasons, including softheartedness, you are stuck with a colleague who is not a productive scholar, often
for many years to come. They usually hang on and, in effect, become parasites
of the university. Some become deans. Tenure decisions are exceedingly
important for the university as well as for the individual and are often tough for
both sides.
Anyway, I was glad to have been granted tenure for three good reasons.
First, it bolstered my already reasonably intact ego. Second, it assured me the
academic freedom that my political principles and obstreperous character would
surely need. Third, it gave me economic security, not much in dollars, but
enough for us to be able to think immediately of buying a house.
After renting and living in four other people's houses over an eight year
period, we all had a yen for settling down in a place of our own. Quite by chance,
we had met a man named Milton Wolff at an art show in New Haven. I was bored
by the paintings and so was he. As I wandered away from the crowd I
encountered Wolff, alone like me. We exchanged comments and thus started a
friendship. Milt, a big, robust, dominant man, was sympatico and charismatic,
instantly attracting my attention. I soon learned that Milt was also a kindred spirit
politically and really quite famous. He had not only fought in the Spanish Civil
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War but was the Commandant of the Abraham Lincoln Brigade, the American
contingent of the International Brigade (the same unit in which Clem Markert
had fought). I bring him up here, however, for another reason. He lived in Stony
Creek, a small unpretentious village on Long Island Sound about 10 miles east
of New Haven to which, through Milt, we had become quite attached. It so
happened that as we began looking for a house he told us of one that had just
become available down the street and around the corner from his own, facing
directly on Long Island Sound and the Thimble Islands off shore. It was an ideal
place for raising children-swimming, sledding, bird-watching, exploring the
woods and the islands, fishing, name it. So we bought it. We brought our old
Aimesbury dory down from Woods Hole. We visited the islands (after their
summer people were gone). Our son Erik used the dory to tend several lobster
pots he had put out. I raised chickens and occasionally boozed it up with Milt
and two lobstermen, Clare and Milton Bradley, whose shack on the water was
just below our house. We had three cats and a dog.

Graduate Students
As I became more established as a faculty member and scientist, I began
attracting graduate students. Since the Doctor of Philosophy degree is a research
degree, it involves training in original, independent research. This is a complex
and subtle business, varying somewhat from student to student and from professor
to professor and with the relationship established between the two. In my opinion
there are two extremes to be avoided. The first is to permit a student to select a
problem outside the area of expertise of the mentor and give the student so much
independence that he or she may falter drastically and become lost. Unhappily I
must admit guilt in committing the first extreme with my very first graduate
student. This bright young woman came to me with the idea of doing an
immunochemical analysis of the developing lens of the chick embryo. I knew
quite a lot about chick embryos, even their eyes, but very little immunochemistry.
So she struggled, sought and obtained good help from others, and, in the end,
produced a thoroughly acceptable dissertation. Her name was Ruth Beloff.
Perhaps the greatest benefit of our student-professor relationship was a warm,
life-long friendship of immense value to both of us. Later on our friendship was
enhanced and extended by her secret, torrid romance with my dear friend Cliff
Grobstein in the 1960s, a romance that eventually led to marriage. What a
handsome couple they were and what good times we had with them, mainly in La
Jolla and thereabouts. Cliffby then was Dean of the Medical School at UCSD and
not long after Ruth became Director of Oncology at the Scripps Clinic.
The other extreme in the student-teacher relationship leading to the
Ph.D. degree is to assign the student a problem that is a limited segment of the
research program of the mentor, who then supervises the student's progress very
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frequently, even on a weekly or daily basis. This method gives the students
virtually no independence and hence little opportunity to learn from their own
mistakes, learn how to correct them, and develop their own ideas. It is in part a
means of using the student as a high-level technician to advance the research
program of the professor, a violation of the purpose of a graduate education-the
creation of a new independent scholar. A university is our most advanced
educational institution, not another research institute. At its worst, this method of
training can be intensely stressful for the student. There is good reason to suspect
that the much-publicized recent suicide of a graduate student in the Chemistry
Department at Harvard was at least in part caused by the pressure of such daily
research conferences with his professor. It is also questionable how well this
close supervision equips candidates for going out on their own, where they are
confronted with the necessity, and I hope the pleasure, of building their own
research programs. Needless to say, I have assiduously avoided this military
approach in the training of graduate students. Extreme though it is, this way of
training students in research seems to be rampant today. Perhaps it is a necessary
adaptation to the team nature of much modem research in biology. Is the epoch
of the "independent investigator" drawing to an end? I am afraid that it is. This
trend is an inevitable result of the increasing complexity and expense of modem
biological investigation but I confess to a strong nostalgia for the old days when
scientists could focus more on research and less on funding their "group" of
technical experts.
Since I have been reasonably successful in the training of graduate
students, as judged by the number who have had successful research careers and
fine academic positions after leaving Mother Yale, my approach to training
students for research and teaching careers may be of interest. After my initial
mistake with Ruth Beloff, my approach became a modification of the oldfashioned European method I had been exposed to under Willier. After some
discussion, assign the student a problem that has a high probability of being
soluble in my general area of research, or accept a problem proposed by the
student subject to the same requirements. Usually, the latter had to be abandoned
after a good trial because the proposal was unrealistic. I tried to err in the
direction of giving the students latitude, even if I thought their ideas were not
very good. In some cases, I tried to coax the students into a more fruitful
direction while making them think my ideas were theirs. I didn't hesitate to use
this kind of subterfuge, because I felt it was in the student's best interests-as
they say in the NBA, "No harm, no foul." I required that they chose problems in
"my general area of interest" so that I would possess enough expertise to be of
use when needed but not precisely in my own program of research. I was busy at
the bench myself and didn't need help from a graduate student; moreover, there
was the danger of using the student's energy and enthusiasm to further my own
research goals rather than their own.
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Once a problem was agreed upon, the old approach of independence set
in. We would consult once in a while, once every few months or at least once a
year when I was away on leave, but still communicating with the students via
extensive letters. Former students have kidded me that these letters were more
valuable than personal meetings because I was more often awake while writing.
Essentially, the students were on their own, free to do their own thing. Professor
Harrison, who used this approach with famous success, called it the "sink or
swim approach." The idea was that if a degree candidate is able "independently"
to produce research that clearly advances the field and is acceptable for
publication in a reputable journal, the student merited the award of the Ph.D. I
am afraid that quite a few potential students sank or sought guidance from other
mentors. It is my impression that, in general, the best students prefer this high
degree of independence. A number of my own students have told me so, and that
this was one of the reasons they chose me as their adviser. This "independent
research" was not performed in a vacuum. Science is a highly social human
endeavor. The students, depending on their needs and inclinations, were in
frequent contact with the literature, other students in the laboratory and, when
needed, other workers in their specialty. When I was at Johns Hopkins, I almost
never had discussions of my research with Willier, my professor, but discussed it
freely and often with great profit with some of my excellent fellow graduate
students. This has led me to believe that there are four major functions of the
professor. The first is to be distinguished enough to attract highly intelligent,
highly motivated students who possess great energy. The second is to assign
interesting, soluble problems. The third is to give the students much
independence. The fourth is to set high standards by example in one's own
research and especially in the composition of the dissertation. Members of such
a group of students then get much of their daily education from each other.
Not coincidentally, leaving students alone was of great benefit for me,
the professor. The students had the time to make their own mistakes, learn from
them, develop new ideas and entries into the problem, and prepare for their own
research careers after Yale. Conveniently, I also had time to pursue my own
interests, curricular and extracurricular. Although it was self-serving if you
wish, it gave me freedom of mind and lots of time for my own research and is
one of the reasons why I have been able to enjoy being at the bench myself my
entire academic life. Also, so as not to appear overly self-congratulatory about
the success of my graduate students, let me point out that the ability to work
independently is usually a reliable predictor of later success after graduate
school. My system was selective for success and my failures weren't really
counted against me. In addition, the students were selected for high intellectual
capacity before they ever go into the graduate program. How convenient.
Later on, as I had more students doing their dissertation research with
me and an occasional select undergraduate and a postdoctoral fellow or two, we
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would all meet together once a week in my large, comfortable office to discuss
our current work. We were often joined by a graduate students or postdoctoral
fellows from another lab in the Biology Department or from the Yale Medical
School. Occasionally guest investigators who happened to be in town would
discuss their own research. These seminars were highly informal with one of us
(including myself) discussing what we were doing or thinking of doing at the
moment. I tried not to dominate and believe I mostly succeeded. Discussion was
free and open-ended with frequent interruptions. We met at 4:30 on Friday
afternoon, followed by beer and whatever with spouses and friends. These TGIF
seminars were always enriching intellectually and added spirit to the lab. The
discussions were always spirited and at times acrimonious, but everyone knew
that if you could pass through this intellectual Parris Island unscathed, you
could excel making presentations in less critical company. The role of Drill
Instructor usually fell to some senior graduate student. I was most often more
laid-back, trying to learn something new. These sessions, although grueling,
were excellent training for the students and an efficient way for me to keep
abreast of my field.
Toward the end of each graduate student's career there was the problem
of writing the dissertation, most often a big problem. During this period I
invariably became deeply involved. Being products of American schools, most
of these very bright young people had never been taught to write clearly in a
well-organized way, so it was up to me to teach them how to use the English
language, as well as how to write a scientific paper. This was often pretty
damaging to the egos of some, but they survived and profited from it and most,
but not all, thanked me afterward. For example, one of my students had to write
seven drafts of his dissertation over the course of a full year while one of his
slightly junior colleagues (and chief rivals) wrote his dissertation in a few
months without requiring substantial revision. You see, one student could write
well and the other could not. The poor writer was nearly driven to distraction by
what he assumed was favoritism. Years later, after he had matured, he confided
to me that he really appreciated my high writing standards, painful as they were
at the time. The poor writer eventually came to recognize the superiority of his
rival's writing style and the two have been good friends ever since that difficult
time. In most cases, the reward was not only a well-written dissertation and a
Yale Ph.D. degree, but also a published paper or two of their own.
Following tradition and principle, ·I never added my name to the
authorship of the published papers based on the doctoral research of any of my
graduate students. Willier did not add his name to the papers of his students, nor
did Harrison, nor T.H. Morgan and so on. The students are proud of the research
and happy to be the sole author of its publication, often their first. By this, the
students are introduced as a new, full-fledged member of the scientific
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community and could proudly send a reprint to their parents, siblings, and
friends.
This ancient practice needs emphasis since it seems nowadays that the
big professors of every lab, wherever, invariably and automatically add their
name to the list of authors of every paper published by anyone and everyone in
their laboratory (especially in medical schools).
I encountered a good example of this widespread segment of
contemporary scientific culture just a couple of years ago at cocktails before a
Fellows Meeting in Branford College. Jokingly, I asked the chairman of one of
the important departments in the Yale School of Medicine, who had previously
bragged to me about how many papers he had published that year, "How many
papers did you publish this year?"
He answered, "I have published 14."
"Are you sure? Not 13 or 15?"
"Yes, 14!"
"Were you involved in the bench work for all of this research?"
"No, but I was involved intellectually and all these people are in my
lab."
He never got the joke. Or maybe he did. He hasn't showed up at a
Fellow's Meeting since. Childish, this hang-up on the number of papers
published. However, he is by no means alone. E.O. Wilson, the ant man, a truly
great biologist and gifted writer, who should know better, brags in his memoirs
that he had published something like 55 (I don't recall the exact number) papers
by the age of 29! It is easy to understand why there is so much emphasis on
numbers of publications, rather than, say, the quality of the papers or their
importance and impact on the field. Promotions and tenure decisions are often
made by groups of colleagues who have difficulty making critical evaluations of
the quality of work (because of increasing specialization and fragmentation of
scientific disciplines), so they seek refuge in the more easily measured quantity
of work. Pressure for academic advancement has also led to the questionable
practice of MIRVing papers, i.e., turning one study into numerous papers
(cynically named for the intercontinental ballistic missiles known as Multiple,
Independently targeted Reentry Vehicles), stealing other's ideas, or even simple
fabrication of results. The same pressures currently apply to obtaining grants to
support research. Granting agencies use detailed review by a panel of peers in
awarding grants. Often, the peers rely on numbers of papers and reputation of
journals in which these papers appear, rather than strictly evaluating the quality
of the proposed experiments. Decisions on grant awards, like promotion and
tenure decisions, are often made intuitively and quantitatively because the
technical details of the science can be so specialized that few evaluators are
authentic intellectual peers.
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One of the several ingredients of the good life of a professor is
academic leave, the opportunity to be free of teaching and other academic
duties for a semester or even a full year in order to devote oneself entirely to
scholarly pursuits. Indeed, one of the perquisites of tenure was the right to take
academic leave from time to time. My first thought when receiving tenure was
to buy a house. That being done, my thoughts turned to taking a year leave of
absence in a foreign country. My brief tour in Italy, when in the military, gave
me a taste of Europe. But this was unthinkable for me in 1957-58 because of the
infamous Loyalty Oath. To obtain a passport I would have to pledge "that I am
not now nor ever have been a member of the Communist Party" etc. I could not
make such a pledge on two grounds. First, and most important, it was a clear
violation of my rights under the First Amendment to the Constitution. Second,
the pledge would be an outright lie about my past. Then around 1958, the
Supreme Court ruled that the Loyalty Oath was unconstitutional, a violation of
the First Amendment, thus freeing me to apply for a passport, which I did
immediately.
But where to go and how pay for it? I decided on Paris. Why Paris?
Principally, because it was exotic enough to be exciting and refreshingly
intriguing but familiar enough to be comprehended and managed. It was
fascinating without being intimidating. Also, there was a good embryologist
there, Etienne Wolff, an expert on embryonic sexual differentiation at College de
France, whose work I knew from my graduate student days. And finally, women.
I had the typical romantic male American idea of the special attractiveness of
French women and was eager to find out if it were true. My marriage to Galya
was in disarray, slowly falling apart over the last several years, and I was looking
around and susceptible.
I should emphasize that while our marriage was deteriorating, we
maintained a deep feeling of love and responsibility for our children. There was
essential agreement between us on how to raise the children. I think we were
both excellent loving parents and were generally regarded as such. Anyone who
knows any of our children now will testify to what fme people they are. Anyway,
Galya and I thought that Paris would be wonderful for our children, as well as
for us.
The next step to tackle was how to pay for this grand voyage of not only
myself but of my whole family. I applied to the John Simon Guggenheim
Foundation for a Guggenheim Fellowship and to the State Department of the
Federal Government for a Fulbright Fellowship. I was awarded a Guggenheim
but was turned down for a Fulbright. There is a story to tell here. It so happened
that my friend Ed Zwilling was a member of the committee appointed by the
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State Department for reviewing candidates applying for a Fulbright in biology.
As he told me, the review committee approved my application and recommended
that I be awarded a Fulbright. Knowing that my political background might
create problems at the State Department (in spite of the Supreme Court's ruling
on the Loyalty Oath), they put me emphatically at the top of their list.
Nonetheless, the State Department turned down my application, obviously on
political grounds. I have often told this story of how the private Guggenheim
Foundation ignored my political background in awarding me a fellowship,
whereas the still McCarthyite State Department clearly took it into account, even
in the case of a biologist. The same thing happened to Bert Lowenberg, an
historian at Sarah Lawrence College and a friend and colleague of my brother
Charles. Lowenberg's review committee of historians was outraged and
protested this blatant and illegal political discrimination openly in a letter to the
New York Times. I don't recall the outcome. My committee of biologists was
also angry but apparently did nothing about it.
There is a sequel to this story. Clement Markert, my friend and fellow
student at Johns Hopkins, applied for a Guggenheim Fellowship some
years later, when he was a colleague in our Department at Yale, and was turned
down. Those who knew Clem can imagine how outraged he was by this affront
and will not be surprised to learn that he quickly looked into it. What he
discovered was that the Guggenheim Foundation apparently regretted its award
of a fellowship to me because of having overlooked my radical background and
was not about to make the same mistake again because of Markert's even more
radical background. Clem recently assured me that his source for this
information was impeccable. So much for the purity of the Guggenheim. Clem
wrote me just last year, completely in character, months before he died of lung
cancer, that he was " ... annoyed by the Guggenheim and never again asked them
for anything."
It was an honor to be awarded a Guggenheim Fellowship, but the
stipend unfortunately was not very generous and insufficient for our needs. Yale
took care of this through the offices of the Master of Branford College, Norman
S. Buck, who had just become Provost of the University. He found some hidden
source of university funds for me that, added to the Guggenheim, made our
dream to spend a year in Paris come true.
Incidentally, because of my approach to the training of graduate
students, I gave little thought to abandoning my students for the year. Robert
Hilfer, J. Richard Whittaker, and James Weston did very well without me.
Norman Wessells, who was in his last year and writing his dissertation, sent
drafts to me in Paris for corrections and suggestions. All four survived and
eventually went on to distinguished careers. So my method of benign neglect
worked, especially given the high quality ofYale graduate students.
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A year in Paris! That was some year. I was in awe of this great city
straight off, without quibble or doubt. I loved it, like most everyone. We lived in
a very ordinary apartment on Boulevard Lefevre in the rather ordinary 15th
Arrondissement (except for the Institut Pasteur) but that made no difference.
Paris is a large but compact city. We could easily go everywhere by Metro and
of course see more by just walking. Like good tourists we got a Guide Michelin
Vert and, with its help and the help of friends, eventually visited most of the usual
attractions. I found myself to be a typical avid tourist. But the best part of Paris
for me was to be found in aimlessly wandering around exploring the innumerable
charms not found in the guidebooks. My favorite haunt soon became the Left
Bank, the 5th Arrondissement, where I worked at College de France, and the
adjoining 6th (Saint Germain des Pres). I was particularly charmed by Isle St.
Louis, with its almost labyrinthine, secretive streets.
We sent our children to an excellent, well-known, French private
school, !'Ecole Alsacienne, where they were plunged immediately in the French
language and, as children, quickly picked it up. They also learned a lot of other
things. Their new French school was quite demanding, a big contrast to the
American public schools they had been attending in Connecticut. I too had to
work seriously on my rudimentary knowledge of spoken French so I went
regularly to Alliance Fram;aise, a superb French government school for teaching
the French language to foreigners. Everything was in French, everything. My
classmates in the beginner's class consisted of about a dozen young German
women (probably jeunes filles au pair) and one young American. He was a
friendly chap and as we laughed, stumbling over our fractured French, I soon
learned his name, Donald Brown, and what he was doing in Paris. In addition to
being a pleasant classmate, he turned out to be a useful intellectual contact. He
was spending the year as a postdoctoral fellow at the Pasteur Institute in the
famous laboratory of Andre Lwoff, Jacques Monod, and Fran9ois Jacob, where
so many Americans and others got their start in molecular genetics. Don let me
know when an interesting seminar was coming up at the Pasteur and introduced
me to its excellent library, which I frequented a lot during the course of the year.
He certainly profited from that year's experience. Later he did outstanding
research on the molecular basis of development at the Department of
Embryology of the Carnegie Institute of Washington in Baltimore. Incidentally,
I really enjoyed those classes at Alliance Franqaise and found trying to
communicate in French at the lab (easier, because when speaking to me, my
French colleagues used more proper and simpler French) and in the street (more
difficult because of the widespread use of difficult slang) to be great sport, a
challenging daily contest.
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After we got settled in I looked up Professeur Etienne Wolff at College
de France, a marvelous old building on la rue des Ecoles, with a statue of
Champollion, the discoverer of the Rosetta Stone, in its courtyard. College de
France is just across la rue Saint Jacques from the Sorbonne. Following the
directions of the concierge, I soon found my host, a very formal but gentle and
cordial man. He greeted me warmly and gave me a choice of a personal
laboratory there at College de France in Paris or at the main operation of his
Institute of Embryology at the edge of the Bois de Vincennes in Nogent-surMarne, a suburb of Paris. Without hesitation, I chose to stay in Paris and quickly
moved into a little room of my own at College de France. There is nothing
special to report about my quarters for I intended to spend the year analyzing data
from work done in New Haven and Woods Hole and writing papers. However, I
cannot resist mentioning some essential facilities down the hall-/es toilettes.
There were two bowls, each half concealed by partial doors, and a lavatory. And,
it was coed. I frequently met a colleague, female or male, entering or leaving.
Coming from puritanical America, it took me a while to get used to it. The
French are so grown-up and realistic about the bodily functions. While using
these facilities, I could usually detect the approach of a woman by the clickclacking of her high heels out in the hall.
Although I worked in Paris at College de France and in the library at
the Pasteur I would also visit the laboratory in Nogent-sur-Marne regularly to
attend the weekly seminar. This worked out nicely thanks to the hospitality of a
colleague in the next lab, Fran9oise Dieterlen, who had a car and would take me
there. Luckily for me, she spoke English fluently and with great patience, she
became a wonderful instructor in the French language. She was also an
invaluable source of inside information on the Wolff laboratory in particular, and
the wider pleasures of Paris. We quickly became friends. The seminars were held
in the little library of the laboratory. I'll never forget the first one. We arrived
early so I sat down to browse a journal. Suddenly it was quiet and I looked
around. Everybody was standing, so I stood up too. Monsieur le Professeur Wolff
had just entered and went directly to take his place at the head of the table. Only
after he had sat down did the rest of us do so. Then he introduced the topic and
the speaker of the day. At the end of the talk he would commence the discussion
with a "Maintenant, qui veut prendre Ia parole?" ("Who would like to begin the
discussion?")
(You could also say, "Who would like to speak first."). I
gradually learned that this was old-fashioned French academic protocol where
there was always one professor, "le Professeur," per department. Fred Wilt, a
bright, fun-loving American visitor at Nogent for the year, and I were quite
amused by the repeated show each week. Seminars at the Pasteur, in contrast,
were quite relaxed-American style.
As time passed and I got to know other biologists, like Charles Devillers
at the Sorbonne, I learned that Monsieur Wolff was well-known as a remnant of
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the old academic formalities and a devotee of correct French. Often when one of
these less conventional colleagues taught me some new slang or popular phrase,
it was followed by a warning, "Mais attention! On ne dit pas 9a devant Wolff."
("But by no means say that when speaking with Wolff.")
A lively feature of many a day was lunch with an American student
who had been introduced to me by my old buddy Tom Yost. This young man,
Thomas Benjamin, had just graduated from Amherst College, where he had
been one of Tom's best students, and, like me, was spending a year in Paris.
Unlike me, he was fluent in French. He would find me in my lab at College de
France and off we'd go, buying bread and cheese or saucisson and some lousy
French beer at the marche in the nearby Place Maubert, and then go straight to
our lunch site of the day. The places varied greatly but it usually was one park
or another, like the Jardins du Luxembourg or Place des Vosges (a favorite) or
down by the Seine watching the barges go by. Tom had a very probing
intelligence, full of curiosity. This made for constant, interesting, questioning
conversation. He was a splendid, sympathique companion. Among the many,
many subjects discussed there was one that bothered him a lot. Like many bright
premedical students, he had become fascinated by biology in college and was in
a quandary whether to become a physician or a biologist, particularly a
geneticist. We discussed the pros and cons and the upshot was his pursuing
graduate studies in genetics at Cal Tech with the great Italian geneticist Renato
Delbecco. Tom eventually landed a faculty position at Harvard Medical School,
where he has carved an outstanding career in virology. Since we both have
houses in Woods Hole, we've had the pleasure of each of other's company every
summer now for many years.
Like many families spending a year abroad, we wished to take
advantage of the proximity of neighboring countries by making a tour. This
became reality one day when Jim Shelburne, a friend and former Yale student in
France, then in the American military, said, "Take my car and go." We couldn't
afford to rent one. Thus, we toured Spain, Italy, Germany, the Low Countries,
and, of course, the French countryside. We also spent Christmas in London with
friends from my student days at Johns Hopkins. All of this was fascinating but
for me what stood out was the French countryside- the little villages, the fields,
the churches, the caves, such as Lascaux, with its fabulous upper paleolithic
paintings and engravings, and the rivers. As someone who had grown on the edge
of the ocean, France was my introduction to the spell of rivers-the Seine, the
Loire, the Rhone and many little ones.
In the winter, I bought myself a motor bike, a Peugeot velomoteur, a
smart little decision. When it wasn't raining, it was more convenient than the
Metro for short distances and much more fun. In the summer I went on a
camping trip by myself on my little velomoteur to visit the caves in the Dordogne
and their prehistoric art. The real paintings at Lascaux were still open to the
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public (later they were closed and a replica site was produced to prevent further
deterioration of the real cave paintings) so I took advantage for a second visit.
My God, what a stunning, mind-blowing show that is!
I had never got to Great Britain back in 1940 on my Cramer Fellowship
because of the war but now there was no such obstacle and I decided to make a
biological tour, i.e., a tour of embryologists, their work and where they worked.
My first stop was in London to see Ruth Bellairs and Michael Abercrombie at
University College London. Ruth worked on early chick development and had
visited with me at both Yale and Woods Hole. She and her husband, Angus, also
a biologist, invited me to stay with them, a gracious gesture that I accepted with
pleasure. Ruth is a very warm, feisty person whose friendship and collegiality I
have enjoyed through the years. I don't remember much about Angus except that
he was a jolly fellow and took me to a charming Edwardian pub, splendid with
all its mirrored walls.
I spent a few profitable hours in the laboratory with Michael
Abercrombie because his discovery with Joan Heaysman of contact inhibition of
cell movement was for me then and since one of the most elegant studies of
tissue cell motile behavior. They discovered that fibroblasts (connective tissue
cells) cease moving when they contact each other in tissue culture. This finding
has great significance for the study of invasive movements of embryonic cells
during morphogenesis and carcinogenesis. Abercrombie showed me some of
their time-lapse films. I knew from his work and reputation that Michael
possessed an outstanding intellect. In addition on meeting with him I discovered
to my delight that he was exceedingly kind, considerate, and a modest
gentleman. All in all, he was a truly remarkable person. Another treat in visiting
Abercrombie was meeting Adam Curtis, who was then a postdoctoral fellow and
was to become a stimulating colleague and firm friend in later years.
From London on to Cambridge with its magnificent colleges and a
detailed guided tour of them by my host, Sidney Smith, a rotund, bubbling bon
vivant, whom I knew because of his dabbling in fish embryology. He was a
generous, enthusiastic host, bestowing on me not only his adoration and detailed
knowledge of Cambridge but also use ofhis rooms in Saint Catherine's College,
of which he was, appropriately, the wine steward. I discovered after a night of
carousing, that the colleges close at midnight. One of my most memorable
escapades in England was being helped to climb over the gate of Saint
Catherine's after hours by some of my recent Yale students with whom I had
been carrying on all evening. Sidney's energetic hospitality even extended to
London where he took me to his gentleman's club and gave me a detailed tour of
the National Gallery, explaining with unhesitant certainty the significance of
each painting to this uncultured American, as we paused interminably. After we
said good-bye at the entrance and he had disappeared, I returned to the Gallery
to judge and enjoy the paintings on my own.
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My visit to Oxford was mainly scientific and important
embryologically, for this is when I first met John Gurdon, who, as a graduate
student, was in the beginning phases of his nuclear transplantation work on
Xenopus. I saw little of the Oxford colleges, having no guide as I had in
Cambridge. No matter, at the time I was less interested. I had just come from
Cambridge and Oxford, unlike Cambridge, is embedded in a rather ugly city, and
it didn't have the same lure for me. I made up for this by living in New College
some years later.
From Oxford I was off to Edinburgh to visit the eminent embryologist
C.H. Waddington, Director of the Institute of Animal Genetics. He had arranged
for me to stay at a charming rooming house in Edinburgh, took me to a country
pub where he introduced me to a perfectly clear scotch whisky, my first, and, of
course, showed me around the Institute. Wad had been one of the embryologists
chasing the chemical nature of the organizer but by then, like everyone else, he
had given up. What turned out to be the main event of this nice trip to Scotland
was a cocktail party at the Institute. While in Scotland, I had a yearning to visit
the Highlands and, in particular, the Isle of Skye. Mentioning this wish brought
quick fulfillment. A man named Ken Jones came forward saying he had a few
days on his hands and would be delighted to take me on the trip. The ride to the
Isle of Skye was a speedy, scary pub crawl. Ken's car was a little English sports
car, an MG, and he did some pretty tight passing on those curvy Scottish roads.
As my hands gripped my seat, I thought I might die in Scotland. My tension was
intermittently relieved, however, by frequent stops at country pubs where we
aroused a robust "on the house" welcome by quickly revealing our nationalities,
he Welsh and I American, and by dropping a few snotty hostile comments about
the uppish English. Upon arrival at Skye and full of juice we climbed the
mountain at midnight. It was late June and there was plenty of daylight. I
remember being greeted by a sea gull sitting at the summit. That was some pub
crawl and Ken was just the right companion.
For all my fanciful, optimistic imagining about women in France,
nothing had really worked out. Then, one evening early in September something
utterly improbable happened. I was attending a banquet in the restaurant of the
zoo in the Bois de Vincennes at the end of a colloquium that Monsieur Wolff
had organized and was looking around for my assigned place at one of the
tables. Couples were separated by design by Madame Wolff. When I fmally
found my seat and took a fast look around the table I found my eyes lingering
on the woman just next to me on the right. She was dark-haired, beautiful, chic,
and looked very French! Our eyes met. Thus commenced the most pleasant,
most relaxed, most sparkling evening I could remember. She was indeed
French, spoke no English and her name was Madeleine-music, magic! We
quickly ignored everyone else at the table; I have absolutely no recollection of
the person sitting on my left. Madeleine was so beautiful, so vivacious and so

MATTERS OF LIFESMALL AND LARGE

(!) 175

warm. I liked everything about her. And, obviously, she liked me! I know it
sounds corny, but I literally basked in her smiles, her laughter, her dark eyes. I
felt terrific. We drank a lot of wine and toasted with champagne, our hands
entwined. She had lovely hands. Disregarding everyone else at the table, indeed
hardly aware of them, we arranged to meet again. She suggested a rendezvous
at the famous Drug Store of the Champs Elysees close to the Arc de Triumph at
9 o'clock in the morning a few days later, after I had returned from a meeting
in Holland. We were in love. It was a coup de foudre. "Strangers in the
Night ...." I arrived at the Drug Store a few minutes before nine. It was empty,
its void intensified by her absence. Would she show up? I kept checking my
watch. She did, a very few, excruciatingly long minutes later. Thus began the
rest of my life.
In love in Paris in September (Figure 8.1). Paris never seemed so
beautiful. I was living as if my life were a novel. But soon I had to return to the
States. Fear not. I returned to France as soon as possible, the very next June. This
time I needed wheels for two and so bought myself a fine Italian scooter, a
Lambretta. Some friend who seemed to know said it was more durable than the
more popular, less expensive Vespa. Anyway, it served me and Madeleine well,
both in Paris and in the South of France. And, I had good times driving myself
from Paris to the Cote d' Azur and back. Madeleine had mixed feelings about that
machine in Paris. It was OK when the traffic was light, but when it was heavy
and chaotic, e.g., at !'Etoile (Place Charles de Gaulle), with cars jockeying for
advantage by rapid and unpredictable lane changes, she was scared out of her
wits. She would cling to me for dear life screaming, "There's a car to the right,
one on the left, another passing in front!" On the more bucolic roads of Provence,
however, it was a different story and she hugged me tenderly as we cruised
through the vineyards often along the edge of the Mediterranean Sea. Once we
went to Venice by train. What a marvel that city is!
Finally, her husband had the wonderful idea to spend a year at the
Rockefeller Institute and to bring his family with him to New York. At the end
of that year, Madeleine and I both left our spouses and I took her to Woods Hole,
with its sea, science, and social life. She had never known any place like it. There
isn't. On arrival, I lifted her in my arms and carried her across the threshold of
our little house. Small and unpretentious though it was, she fell in love with it. It
was her house, her first American home. My crowd of friends accepted her
immediately and quickly introduced her to the easy social scene of Woods Hole.
In the midst of this, Mike Bennett, newly wed, arrived with his bride, Ruth. It
was a happy occasion not only for Mike but for us as well. It was wonderful
meeting Ruth and good luck for Madeleine. For, in addition to her other fine
qualities, including her very Latin beauty, Ruth spoke some French. She and
Madeleine took to each other like sisters and so they have been to the present day.
I'll write more about our other Woods Hole friends later.
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Figure 8.1. The author and Madeleine at dinner with friends in Paris.

After our difficult divorces were finalized (are they ever easy?), we
married. We wished to have a secular ceremony, but with class and elegance.
Who could do this for us and where? I immediately thought of Bob Goldburgh,
who was the only member of the clergy in my entourage and a person who would
certainly compose a beautiful ceremony. The place was the Memorial Room of
Branford College, a lovely, intimate, gothic chapel at the base ofYale's Harkness
Tower, a room long popular for marriages. Bob agreed enthusiastically to
officiate and to compose a secular sermon just for us. Tom Yost, my best friend,
was my best man and Ruth Bennett was Madeleine's matron of honor. It was
October 6, 1963, a gorgeous fall day, the foliage in full color. Our wedding was
a beautiful, moving marriage of a French Catholic and an American atheistic,
former Protestant, officiated over by a Jewish rabbi in an English gothic chapel
in twentieth century America. I have often fancied that our lovely little marriage
symbolized in its own way the unity of Western Civilization. At the conclusion
of the ceremony, our rabbi saluted all of us in the wedding party with a broad
smile and a lusty, "Maze! tov."
Fate works in strange and unpredictable ways but for us she was
certainly smiling. If Madeleine's husband had not been invited by le Professeur
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Wolff to attend the banquet after the colloquium, and if he had not insisted that
his decorative wife cut short her vacation in La Ciotat on the Mediterranean near
Marseilles to return to Paris and accompany him to the banquet, she and I would
certainly never have met.

Professional Life
I was in my mid-forties, fifteen years on the Yale faculty, and still an
associate professor. Most of my friends and colleagues in my age group at other
universities were full professors. Although I had tenure, it was embarrassing for
me to have not yet been advanced to a professorship. It offended my sense of
personal dignity, my pride. Well, first things first : first our courtship, then our
divorces, then our marriage, now the professorship. Since I detected no sign that
my department was about to do anything about it, I decided to take the reins
myself and immediately after our marriage let various friends know that I was
available for an appointment at another important university. In addition, I
systematically approached each full professor in our department to tell him the
same. Results came rapidly: a professorship at Case-Western University (whose
star faculty member in Biology was my old pal, Boris Ephrussi); a membership
at the Wistar Institute in Philadelphia, with an adjunct professorship in the
Anatomy Department at the University of Pennsylvania across the street; and a
professorship at Brooklyn College of the City University ofNew York. All of this
extraterritorial activity stimulated my department and Yale to such a degree that
by Christmas I was promoted Professor of Biology at Yale University, effective
July 1, 1964. I guess they decided that they would miss me and would not be able
to stand the quietude. I wonder how long it would have taken my dear colleagues
to get around to promoting me if I hadn't decided to take the ball and carry it
myself? I was very tempted by the Wistar-Pennsylvania offer, but felt in my heart
that Yale was, after all, the best for me and so I decided to stay.
Having made a definitive decision to remain at Yale, I felt an obligation
to try to improve the place in my own small ways. The first step of this new
professor was to see the new Director of Undergraduate Admissions of Yale
College appointed by the new President of the University, Kingman Brewster,
Jr. I was not very sanguine about how far I would get with the new Director, since
I knew only his name: R. Insley Clark Jr. (nicknamed "Inky"), a typically upperclass WASP Yale name, if there ever was one. My proposal to him was to admit
students solely on their scholarly and personal merits, regardless of their
financial need, so-called "needs-blind admissions." To my astonishment, he
agreed with my proposal immediately and said it would be done. "This is going
to cost the University some money," he added. This young, handsome Yale
gentleman and I were henceforth friends, in the same tune on many matters
concerning admissions to Yale College (including the famous Jewish question,
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recruitment at excellent inner city high schools, etc.). How wrong one can be in
stereotyping people. Getting to know Inky was also my introduction to how fine
a President Kingman Brewster would be. It was he, after all, who had appointed
Inky.
Next I learned that a departmental decision had been made to ask me to
replace G. Evelyn Hutchinson, the long time Director of Graduate Studies (DGS)
in Biology. Evelyn was a very great scholar and an outstanding ornament of the
Department, but he was a terrible DGS, changing nothing as science changed and
progressed. I accepted. At the same time as my appointment as DGS, Clem
Markert was attracted to Yale to chair our Department. At my request he
appointed a blue-ribbon committee chosen by me to revise graduate education in
biology at Yale (Hutchinson, Joseph Gall, Charles Sibley and Alvin Novick). We
went to work immediately, totally revising and modernizing the graduate
curriculum and the requirements for students, something that had not been done
within memory, if ever. Apparently, I was effective at this really massive job
(which I enjoyed), for we got it done in spite of a need for considerable tedious
treading on the private curricular property of some conservative faculty. At the
conclusion of our deliberations and our squabbling with various colleagues, I
was complimented by the eminent Professor of Ornithology, Charles Sibley. He
knew that I was a former bird-watcher. Like many ornithologists, he had nothing
but contempt for bird-watchers. To counter his playful scorn, I enjoyed razzing
him about some of his feathered friends, e.g., the double-breasted seersucker, the
full-breasted dowager, and the hairy-chested nut-scratcher. He did not find this
amusing. Hard-nosed, crusty curmudgeon that he was, he nevertheless told me
that anytime thereafter whenever he was asked to serve on any important
committee he would be delighted to serve if I were the chair. Sibley and some of
his colleagues later used molecular techniques to revolutionize (controversially)
bird systematics. In the late 1960s, I had a lab near Sibley's in Kline Biology
Tower. We shared a coldroom that was invariably stuffed with all manner of dead
wild birds used in Sibley's molecular studies of bird systematics. The naturalist
in me was appalled by this carnage but I didn't say anything about it to Charles.
In my time, I had done in more than my share of birds (chickens).
Big things happened to me in rapid succession after my marriage to
Madeleine. First the full professorship, then the appointment as DGS in Biology,
then appointment as Master of Branford College and, most important, a
rejuvenation of my research. I will discuss the mastership later. Now let's get
back to embryology.

REJUVENATION OF RESEARCH

With my research on determination and cell sorting drifting to a dead
end and the turmoil of my personal life settled, I was ready and eager in many
ways to begin a new life. In retrospect the last years of my marriage with Galya
and the few years of my ecstatic courtship with Madeleine were considerable
distractions from the planning and progress of my research. Now, cosily married
to Madeleine, and having made a decision to remain at Yale, my mind was fmally
cleared and I was free to contemplate and plan seriously what direction my
subsequent research should take. An added event egged me on. Right after I
assumed my professorship I was invited to present one of the principal papers at
the 25th Symposium of the Society for Developmental Biology on Major
Problems in Developmental Biology to take place at Haverford College in 1965.
This was an honor to be taken seriously and I did so. I chose Morphogenetic Cell
Movements for my title, for this was what was on my mind and where I decided
my major research efforts would be henceforth. Following on my readings of
Holtfreter's stimulating papers on gastrulation at the end of my graduate work,
my own studies of epiboly in the Fundulus embryo, and my abrupt realization of
the motile capacities of many normally stable tissue cells from the aggregation
work, I decided to concentrate my research on cell movements or, more
generally, cell motility in the Metazoa, multicellular animals, with emphasis on
the morphogenetic cell movements of gastrulation and early development.
Curiously, once again at an important juncture of my research career I
encountered my friend Dietrich Bodenstein. To my delight, he was the chair of
my session at the Symposium and gave me a brief but generous and humorous
introduction. By then, Dietrich was also in good shape personally. He finally had
an academic position commensurate with his distinguished scientific and human
qualities-Professor of Biology at the University of Virginia (where he quickly
became a fan of Mr. Jefferson). Ordinarily I am reasonably relaxed when
lecturing, but this time I was distinctly nervous. The audience was very
distinguished, including Dietrich, C.H. Waddington, Paul Weiss and others of
similar stature. But once I got going, my well-honed speaking abilities took over.
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In order to try to understand the motility of ordinary tissue cells, i.e.,
cells bereft of specialized motile organs like cilia and flagella, I had to turn
myself into a cell biologist, both intellectually and technically. Fortunately, with
the advent of spectacular technical advances like electron microscopy, phasecontrast and Nomarski optics, and autoradiography, to name a few, the field of
cytoplasmic cell biology had become light-years more sophisticated than it was
when I was a graduate student at Columbia (taking the Cytology Course 25 years
previously). With these new armaments and vastly increased understanding of
the cytoplasm, the subject was so changed it was no longer called "cytology." A
first step in my new program of research was to reinvigorate my study of epiboly
in Fundulus with the benefit of some of the new technology. For this I needed to
become proficient in electron microscopy and time-lapse cinemicrography. The
latter was easy, the former difficult. With good luck, the husband of my devoted
research assistant, Judy Lentz, was a cell biologist in the Anatomy Department
of the Yale Medical School, an expert electron microscopist, a fine, careful
scientist and a person eager to teach me. So I moved myself over to the Medical
School a few days a week to learn some electron microscopy with Thomas Lentz
and the Anatomy Department's electron microscope technician (a position we
lacked in the Biology Department). It was great fun being exposed to a most
powerful and elegant but very subtle technique with infinitely patiEnt instructors.
My work over there in Anatomy with Tom Lentz soon led to a very profitable
collaboration in Woods Hole on the fine-structure of the Fundulus blastoderm
during cleavage, blastulation, and gastrulation. Now that I was in a position to
evaluate the quality and the meaning of electron micrographs, I decided that my
most productive research effort with electron microscopy would be
collaborative. I know a lot about fish development and could thus define the
problem and with my surgical skill prepare the material for fixation; my
collaborator would do the electron microscopy. We would then evaluate the
results and write the papers together. This worked out very well with Tom and
the result was three papers eventually published in the Journal of Cell Biology,
representing my formal entry into the field of cell biology.
To renew my research on Fundulus meant a return to Woods Hole
where I had not worked since before that great year in France. It was the
summer just before my marriage to Madeleine at Yale. Madeleine loved Woods
Hole. The beaches and sun brought back fond memories of her many vacations
in La Ciotat on la Cote d 'Azur and she reveled in the immediate, warm
acceptance and hospitality of my Woods Hole friends. She especially enjoyed
the relaxed social life of the laboratory, something she had never been exposed
to before. We spent frequent evenings in the Cap'n Kidd with various friends

REJUVENATION
OF RESEARCH

~

181

and at small cocktail parties. Also, this was her first total immersion in the
English language. Although her command of English was still pretty
rudimentary, she managed well with her desire, vigor, vivacity and, of course,
her marvelous Gallic charm. I naturally took great pride in displaying my warm,
beautiful woman. Along with the sun, the beaches, and our friends, she also
adored our unpretentious little shack in the woods, now her own summer home,
and in no time, with the little money we had, transformed and endowed it with
a decorative charm it had never had before.
In that first summer at Woods Hole for Madeleine, we had a number of
attractive friends but certain ones stood out. They were, of course, Mike and
Ruth Bennett, and we met Allison and Marie Burnett at what turned out to be sort
of a coming-out cocktail party thrown by Red and Lil Saunders in their Devil's
Lane cottage. AI was an embryologist like me and a member of the staff of the
Embryology Course. Madeleine and I immediately found AI and Marie
sympathique-wonderful, vivacious company.
AI was strikingly handsome, even beautiful, like a Greek god in a
Michelangelo statue. He had a trim, well-proportioned body, a finely crafted
chin, sparkling eyes, and flamboyant mane of curly, prematurely graying hair. He
was full of all kinds of funny stories, a truly gifted raconteur, and even a poet.
The four of us quickly struck it off and spent much time together throughout the
languid summer evenings, laughing at Al's elaborate stories. He would always
start a story by saying that every word of his tale was true, no matter how weird
and hilarious the stories were that he unfolded. He delivered his convoluted tales
in an elaborate and colorful style, at a rapid, entertaining pace, all the while
laughing, moistening his lips, and looking about for encouragement. He was a
wonderful companion.
AI was also an avid and sophisticated bird-watcher, which led to a
memorable expedition one early morning in July. He and Phil Dunham, another
jolly friend, arrived to pick me up at 5:30A.M. in the Burnett station wagon,
properly equipped with binoculars and a couple of 6-packs of cold beer. With the
windows wide open, AI would identify birds for us from their songs and then we
tried to find them with the car and see them with the binoculars. After the beer
had flowed and our senses sharpened, we heard and saw more and more birds
(without even leaving the car). By 8:00A.M., the birds stopped singing and there
were fewer of them available for sighting by car. So we all went home and went
back to bed.
Phil was a cell physiologist and some years after the birding adventure,
we did a neat little experiment on Fundulus eggs with our mutual friend Mike
Bennett. As I look back on it, Phil and AI were two of the most fun-loving people
Madeleine and I have ever known. Mirth and outright laughter came so easily
with both of them. Regretfully, however, we haven't seen either of them now for
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many years. Phil got divorced and remarried. His new bride unexpectedly did not
like Woods Hole, particularly, I think, some of Phil's partners in crime. So he
stopped coming.
Al Burnett later on slowly, tragically, and inexorably drank himself out
of his excellent faculty position at Northwestern, out of his marriage, and, finally
out of his life. His decline and ultimately his premature death were apparently
beyond his control. What a sad, heartbreaking end that was for everybody who
knew him. How could someone who enjoyed life so much end it so tragically?
Obviously, some of the joy with which he enlivened so much the daily lives of
his many friends must have been a fa9ade. Years ago, alcoholism was viewed as
a character flaw. Al could be the poster boy for the notion that alcoholism is a
disease like diabetes mellitus or schizophrenia. As far as I know, Al didn't have
a bad bone in his body. Al Burnett was brilliant, handsome, generous, apparently
tortured by unseen demons, but now he is simply gone. I'm getting depressed
just writing about it. I wish he were here to lift my spirits with a funny story.
In the laboratory, my plan was to study the surface activity and contact
relations of the four entities of the Fundulus embryo during cleavage, blastulation
and gastrulation-namely, the monolayered enveloping layer (EVL) at the surface,
the deep cells and the yolk syncytial layer (YSL) beneath the EVL, and the yolk
cytoplasmic layer (YCL) containing the yolk (see Figure 6.1). For this study we
used electron microscopy and were particularly interested to learn what changes
occur during gastrulation, particularly epiboly, at the level of fme structure. It was
quite exhilarating, a fascinating old problem with a new technique and a new
collaborator. An unknown world was about to open up in familiar territory. And it
did. I refer the reader to Chapter 6, for detailed description of the developmental
anatomy of a fish embryo during these early stages.
We found that the cells of the epithelial enveloping layer were joined
together by circumferential, occluding tight junctions as early as the cleavage
stages, coupling each cell tightly to its immediate neighbors. Then, as
development proceeds and epiboly begins, these tight junctions increase in extent
and other junctions appear, in particular desmosomes, which are fiber-anchored
cytoplasmic plaques that firmly attach many epithelial cells to their neighboring
cells. During epiboly, the EVL is subjected to ever-increasing tension, as the
blastoderm expands to cover the large yolk sphere, and its cells need to be firmly
attached. The circumferential tight junctions and desmosomes serve this function
and prevent the cells from being tom apart by the tension created by traction
forces generated by spreading at the margin of the blastoderm and transmitted
across the continuous epithelial sheet of the superficial cells of the blastoderm.
Gap junctions are also present. These are so called because although
their plasma membranes are closely apposed to one another, there is a narrow
intercellular gap clearly visible between them. Gap junctions have another
interesting feature. They consist of arrays of six protein subunits, embedded in
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and spanning the cell membrane, creating aqueous channels between adjacent
cells. Gap junctions are of great importance physiologically because they allow
passage of small molecules such as water, ions, and even small regulatory
substances between cells. They provide the structural basis for electrical
coupling between cells, perhaps allowing groups of coupled cells to
communicate with one another. Mike Bennett, my old friend from his
undergraduate days at Yale, who was then, after his Rhodes Scholarship years at
Oxford, a Professor of Neuroscience at the Albert Einstein School of Medicine,
was just down the hall from me at the MBL. We were both interested in studying
electrical coupling in Fundulus, he because of his involvement in the
electrophysiology of cell coupling and I because, as an embryologist, I am
always interested in cell communication. Mike, as an old alumnus of Zoo 23, was
also damned interested in embryos. The collaborative research project was easy
for me. I would provide Mike with nice, clean dechorionated (remember, few
can accomplish this difficult microsurgical maneuver without trashing the
embryo) Fundulus embryos at the right stage of development and he would study
their electrical properties with his sophisticated electrophysiological apparatus
and delicately controlled microelectrodes. Mike sported a rather luxurious beard
at the time and I was always worried that he would drag it through the medium
as he hunched over the microscope. He found that the cells of the EVL are indeed
electrically coupled by the gap junctions and by extracellular space as well. He
also found that the outer surfaces of the EVL and the yolk cytoplasmic layer have
extraordinarily high electrical resistance, that is, they are virtually impermeable.
Both of these discoveries are of great interest embryologically-the coupling to
provide a means of communication between cells and the low permeability of the
egg surface to protect the egg from the variations in salinity of its capricious,
intertidal aqueous environment. While Mike, Phil Dunham, and I were making
electrophysiological observations, we also exposed Fundulus eggs to radioactive
water for an hour or so and then checked them for uptake of radioactivity. Only
a minute quantity of radioactive water entered the embryos and very slowly at
that. The small amount of labeled water that did get in also took a long time to
get out. We found that the embryo is even impermeable to water! So, the
Fundulus embryo doesn't develop in brackish seawater at all; it develops inside
in its own internal environment, its own milieu interieur, in the phrase of the
great nineteenth-century French physiologist, Claude Bernard. Its impermeable
surface and its tough chorion protect the Fundulus embryo satisfactorily from the
vicissitudes of its tumultuous and variable environment.

Cell Rearrangement
An arresting feature of Fundulus gastrulation is that once the EVL is
formed in the blastula stage, its cells essentially cease dividing. How then does
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this cellular monolayer handle its great expansion during epiboly with only about
5,000 cells? In two ways. First, its individual cells expand in area enormously,
under the tension, becoming exceedingly thin and flat; its array of junctions
preventing the cells from pulling apart. This explains the integrity of the EVL
during the great expansion of epiboly but does not address another feature-the
topographic changes within the EVL as its margin expands approaching the
equator of the egg and then diminishes, with a decrease in the number of cells at
the margin, as it moves past the equator toward the vegetal pole. Second,
Raymond Keller (then at Berkeley) and I decided later on that individual cells of
the EVL must somehow change position, i.e., rearrange, to make for these
topographic changes. Ray had already shown, during his postdoctoral stay in our
lab at Yale, before he joined the Berkeley faculty, that equally tightly joined
epiblast cells of the frog, Xenopus, rearrange extensively during gastrulation, as
the cell sheet moves toward the blastopore to undergo involution. So why not
Fundulus EVL cells? In an important way the Fundulus cells were more
interesting because we had considerably more electron microscopic and
electrophysiological information about them.
I would fix and stain the surface of the EVL with the old-fashioned
silver nitrate technique to reveal its cell boundaries, and Ray would record the
detailed process of rearrangement of the very thin, highly transparent living cells
with time-lapse cinemicrography, using Nomarski differential interference
contrast optics. Because of the thinness of the cells, this presented an
exceedingly challenging focusing problem. We found, however, in spite of these
technical difficulties, that cells of the EVL do indeed rearrange during epiboly
and appear to do so without disrupting the tight permeability barrier. For
example, individual cells recede from the margin during the last half of epiboly
and cells in the deep interior of the sheet move and rearrange also. With this, we
established that the cells of the EVL adjust to the topographic changes in the
sheet imposed by epiboly by active rearrangement. Indeed, these militarily
precise rearrangements are integral active players in the mechanism of epiboly.
We had affirmed for Fundulus epiboly a new class of morphogenetic cell
movement.
Exciting and important though this discovery was for helping
understand gastrulation, it raised an intriguing and mystifying cell biological
question. Given their junctional complexes with large tight junctions, lots of
desmosomes and gap junctions, how do EVL cells rearrange with no leakage?
They must either break and reform their intercellular junctions rapidly or
somehow slide along the surfaces of their immediate neighbors without breaking
the junctions, much as jostling arrays of soap bubbles can rearrange, exchanging
neighbors, without separating. The answer is not known. Clearly these neatly
defined, structurally complex junctions that appear to be so stable in static
electron micrographs are in fact very dynamic. This presents a fundamental
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problem for the cell biologist that has not yet attracted appropriate attention.
And, finally, there is another unanswered question. What forces control the
wondrous precision of these rearrangements?
Among my collaborators, a few people stand out. Raymond Keller is
one of these. He came to do postdoctoral research with me on the
recommendation of a dear friend from my student days at Woods Hole, Ray
Watterson. Keller had just completed his doctoral research at the University of
Illinois, a masterly study of the normal morphogenetic movements of
gastrulation in Xenopus, when he came to our lab to begin studies of the cellular
mechanisms underlying gastrular movements. Thus began one of my closest
friendships. Stocky in stature, keen of intellect, deft of hand, funny, and
absolutely nuts about gastrulation, Ray is a distinct personage and fabulous to
work with side-by-side, hour-by-hour. With our often idiotic ways and our
running jokes, he and I have always had a marvelously good time together, at
work or play. Also, Madeleine's comely daughter, Anne-Laure, just loved Ray's
eyes-"Quels beaux yeux," she said one evening! First thing I did the next
morning was take a look. Ray and I had a lot of fun together at Woods Hole, not
only in scientific collaboration, but also in informal social settings (Figure 9.1).

Figure 9.1. The author shucking clams for dinner on the deck of his home
in Woods Hole. Ray Keller took the photograph.

EMBRYOLOGIST
Programmed Endocytosis
In my first studies of epiboly, I had established that the underlying yolk
syncytial layer has the capacity to undergo epiboly by itself, bereft of the rest of
the blastoderm (see Chapter 6). This observation suggested that the YSL could
be the motive force of epiboly and that the epiboly of the cellular blastoderm is
therefore passive, except for the active cell rearrangements within the EVL sheet.
Since only the marginal cells of the EVL are attached to the YSL, the attachments
between them must be especially firm. The electron microscope revealed that
they are indeed firm. Where each marginal cell of the EVL is in contact with the
YSL, it forms an especially extensive tight junction. As epiboly progresses and
the pull on the EVL by the independently expanding YSL increases, the already
large tight junctions increase further, and the marginal surface of each EVL cell
becomes deeply embedded in the underlying YSL. This contact remains
unbroken as epiboly advances and the EVL is put under more and more tension.
There is additional reason to believe that the YSL is the motive force in
epiboly. The YSL completes epiboly independently of the EVL and the deep
cells. Indeed, removal of the EVL and deep cells leads to an acceleration ofYSL
epiboly, as if it is normally held back by the burden of pulling the cellular
blastoderm. So, given the central role of the YSL in blastoderm epiboly, its own
epiboly deserved close scrutiny. After all, we are talking about a truly spectacular
developmental process-during epiboly, the surface area of this syncytium and
its attached EVL expands more than tenfold!
As the YSL expands, the yolk cytoplasmic layer (YCL) (with which it
is confluent) diminishes. Does the YCL surface contribute to the YSL surface
during this process? When carbon marks are placed on the YCL during epiboly,
they remain immobile until approached by the expanding YSL; then they simply
remain in place at the margin of the YSL and are carried with it to the vegetal
pole. The YCL surface seems to disappear at or in the immediate vicinity of the
border of the YSL. It does not contribute to the expansion of the YSL surface.
Carbon marking experiments answered one question but raised others.
How does the surface of the YCL disappear at the margin of the YSL and where
does it go? Being dissuaded that it does not simply evaporate into thin air we
looked more carefully. There were a myriad of vesicles in the marginal
cytoplasm of the YSL viewed in the electron micrographs. This observation
suggested to my then collaborator, Teiichi Betchaku, that these vesicles may be
derived from endocytosis or engulfment of the surface of the YCL, and, if so, this
would explain the disappearance of YCL surface in that region. To test for
endocytosis, we placed eggs undergoing epiboly in a solution of the fluorescent
dye lucifer yellow for a few minutes and then washed and observed them in a
microscope suitably equipped to detect the fluorescent tracer. What we saw was
absolutely stunning! The thin band of the external YSL at the junction of the YSL
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with the YCL was jam-packed with tiny fluorescent yellow vesicles, indicating
rapid endocytosis of cell surface. Moreover, the endocytosis was confined to this
narrow strip, forming a thin, bright, fluorescent ring around the egg. No other
part of the egg surface was fluorescent. Our previous studies of the surface of the
E-YSL with SEM showed it to be highly folded, suggesting that this folding
might be somehow involved in endocytosis at this precise locale. We checked
this by exposing eggs in mid-epiboly to ferritin, an electron-dense protein. Sure
enough, when viewed in the electron microscope, the ferritin was engulfed in the
valleys between the folds, indicating that this highly local endocytosis is
somehow related to this highly local folding of the E-YSL. This explains the
disappearance of the YCL at this juncture. We found that the YCL is internalized
and gets out of the way, instead of standing in the way of the expanding YSL.
Since this endocytosis occurs in Holtfreter solution or even distilled water, it is
not mediated by macromolecules in the medium. In short, we are dealing with a
programmed ring of internalization of cell surface that passes as a slow wave of
precisely localized endocytosis down the surface of the egg only during epiboly.
There is no endocytosis before epiboly begins, none after it ends, and none
elsewhere on the egg surface. Since this internalization accounts for the
disappearance of the YCL as it is replaced by the YSL, it represents a crucial
facet in the mechanism of Fundulus epiboly and is therefore a prime example of X
programmed endocytosis serving as a morphogenetic mechanism. Moreover, it
may well operate in other embryonic systems where cell surface diminishes.
Incidentally, the endocytotic vesicles derived from the surface of the YCL do not
join the surface of the YSL from beneath. They move down into the lower
cytoplasm of the YSL.

Microvilli and the Storage of Cell Surface
The YCL does not contribute surface to the YSL. Where does the
increasing surface of the YSL come from? It could come from the insertion of
newly synthesized surface material from the cytoplasm beneath or from
unfolding of surface already there at the onset of epiboly. One of my students,
Carol Erickson, and I had already shown with the scanning electron
microscope that stationary fibroblasts have numerous minute, finger-like
projections called microvilli. Then, when the cells spread and begin to move,
these microvilli are replaced by lamellipodia. Since the surface area of the
microvilli of the rounded cell approximately equals that of the flat surface area
of a spread cell, we concluded that the expanded surface of a spreading cell is
derived from surface already there in the microvilli of a rounded cell. Insertion
of new surface is not needed. When Teiichi Betchaku and I examined the surface
of the internal YSL of the Fundulus egg at the onset of epiboly, we were amazed
to fmd a strikingly similar situation, a forest of long, branched microvilli much
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like those of a rounded fibroblast (Figure 9.2). Then, in more advanced stages of
epiboly, these long microvilli were gradually replaced by fewer shorter
microvilli. When we made a rough estimate of the total surface of the YSL at the
beginning of epiboly, taking microvilli into account, we found there to be enough
surface in storage to provide for almost all the spreading of surface during
subsequent epiboly. An expanding YSL does not need insertion of new surface
material. It has its own reserve store of ready-made surface in its microvilli
before epiboly begins. The change in surface contour during the spreading of the
arcane syncytial layer of a fish embryo in vivo and of the ubiquitous fibroblast in
vitro is certainly striking and surely suggestive of how other cell surfaces spread
during embryogenesis. How these microvilli redistribute their surface in both the
fish YSL and the mammalian fibroblast is still a mystery. However, the presence
of contractile microfilaments in both suggests a possible mechanism.

Figure 9.2. Scanning electron micrograph showing surface details of
unspread stationary (left) and spread motile (right) deep cells of the
Fundulus gastrula on the surface of the YSL. Reprinted with permission of
John Wiley & Sons, Inc.

Similar to its surface, the rest of the protoplasm of the YSL also
redistributes during the progress of epiboly. The thickness of the YSL at the
beginning of epiboly, 27-45 Jlm, diminishes to 2.5-4.0 Jlm at the end. This large
initial amount of cytoplasm clearly suffices for the subsequent expansion. The
cytoplasm of the slowly replaced YCL probably also contributes. But not much.
The YCL is only about 2.0 Jlm thick.
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Since much of this fine structural analysis of the normal relations of the
various layers of the Fundulus embryo required fixation of the whole egg, with
its large viscous yolk mass, the collaboration of someone extremely skilled and
creative in electron microscopy was a ,necessity. Teiichi Betchak:u was just such
a person. He was meticulous to a fault. His skills as a photographer and
microscopist were so great and his standards so unreasonably high, that he was
not sufficiently productive. While he worked in my lab as a postdoctoral fellow,
several of my graduate students picked his brain on photography and microscopy
to great advantage, increasing their technical skills as a result of his expert
instruction, but being careful to take his advice with a grain of salt. He was like
Ansel Adams in the scientific darkroom with his attention to achieving perfection
in printing negatives. Unfortunately, he was not as prolific as Ansel Adams. He
moved on to my lab from a position as our departmental electron microscopist.
He was fired as department microscopist because he insisted too often that the
microscopes were not yet fine-tuned enough for routine usage. However, what
was a fault for the department was for me exactly what I needed for the Fundulus
research. After many trials his persistency and meticulousness triumphed and
provided us with the beautiful and convincing structural detail I have just been
describing. He was a strange man and we had a strange relationship, marred
frequently by misunderstandings stemming in part from our different cultural
backgrounds and no doubt also from our mutual stubbornness. Me stubborn? As
an old-fashioned (and patriotic) Japanese, he found it extremely difficult to
express any disagreements with me verbally. It took me in my nai"vete quite a
while to realize that when he said humbly "Yes, but..." he really meant, "No, not
at all!" Well, we had many misunderstandings, but since we were both filled
with curiosity about how epiboly works and both basically are warm human
beings, we produced some good stuff together. Mind you, Teiichi was by no
means merely a superb technician; he was a very bright, indeed creative man. For
example, it was his idea to look for endocytosis in the external YSL to explain
the disappearance of the YCL surface, one of our major discoveries. However
keen his intelligence, it was unfortunately quite disorganized, rendering him
incapable of composing an acceptable scientific paper. In sum, in spite of
misunderstandings and various aggravations, we complemented each other and,
given patience, were actually a good team. Our published papers testify to this.
Our magnum opus, covering epiboly of the EVL, YSL, and YCL, was so long
that one journal wanted us to split in two. Split epiboly? Never! So we published
it in the good old JEZ. Fortunately the JEZ had just gone to larger pages and
smaller print, otherwise our big paper, with its 51 illustrations, would have filled
a full single issue!
Teiichi loved Woods Hole, its scientific life and the swimming, and I am
sure that that helped him to tolerate his frequent impatience with me. Curiously,
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this very intelligent man never became fluent in English, spoken or written, in
contrast to his lovely wife, Yasuko, who spoke fluent, unaccented English. (She
incidentally was quite a considerable person professionally-head of the
Japanese section of the Metropolitan Museum of Art.) In some ways, Teiichi was
a caricature of the occidental image of a Japanese tourist. He actually bragged
about possessing fifty (50) cameras. Well, when we weren't annoyed with each
other for one thing or another we genuinely enjoyed each other's company. We
had a bond; we were both entranced by epiboly in Fundulus and its potential as
a model for other developmental systems.
With this brief discourse, I have tried to present in an understandable
way some of the highlights of our research on how epiboly takes place during
Fundulus gastrulation and how our results relate to certain problems of
development generally. Now I must point out that although this research on
epiboly required considerable effort on my part and that of my collaborators, it
occupied me full-time only intermittently over a span of over twenty years. This
is a frequent situation in scientific research. Many investigators succeed or fail
in one or several lines of research fairly quickly if the problem is discrete.
However, where the research problem or program entails a global system, like
the development of a whole embryo, as in the case of epiboly, the research may
extend over many years, with sustained attention during some years and
complete neglect in others. Delays along the way may be caused in many ways,
such as a sudden paucity of new fruitful ideas, the absence of eye-opening
technology not yet invented or perfected, like transmission and scanning electron
microscopy, and Nomarski differential interference contrast microscopy, and,
finally, the distraction of new, exciting ideas in other lines of research that invited
pursuit. All of these were involved in my many years of intermittent attention to
epiboly. The pursuit of a scientific problem is often like that.

The Origin and History of the YSL and the Onset of
Gastrulation
After the really captivating research on cell rearrangement, the storage
of cell surface, and programmed endocytosis, I personally had no further good
ideas for a while on how to continue attacking epiboly, and also Betchaku had
disappeared, with no notification, never to be seen again. Nevertheless, my
fascination with the process and my long devotion to my beautiful, faithful and
sometimes cooperative companion, the Fundulus egg, never flagged; and one
day I got to thinking. Here I've been spending a sizeable chunk of my life
working on the incredible epibolic spreading of the YSL without ever taking a
good look at how the egg forms this layer in the first place. Indeed, we knew
little more about how this syncytium forms in teleosts generally than what was
described over a hundred years ago in famous papers by Alexander Agassiz (at
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Harvard and son of Louis Agassiz) and C.O. Whitman at Chicago (1884) and
H.V. Wilson at the University ofNorth Carolina (1889). My friend and colleague
Charles (Chuck) Kimmel and R.D. Law at the University of Oregon had
confirmed some of the old work in a small paper in the 1980s on the zebra fish
but, although they didn't carry their study on to the beginning of gastrulation,
their nice study with modem optics was a stimulus for me. How about a really
full study of the origin and early history of the syncytial layer in Fundulus? Why,
yes, indeed. By then I was an old man in my seventies, but, being emeritus and
thus relieved of teaching and committee work, I could devote full-time to it.
Moreover, since the study would require mainly the use of time-lapse
videomicrography, at which I was expert, I could do it all by myself. By the way,
by then we were no longer making old-fashioned movies but had switched to
time-lapse video. It had the immense advantage over movies in that we were able
to run the tape right off and see immediately if we had gotten it right, instead of
waiting for days for the film to be processed in Boston.
I knew already from the literature and my work with Tom Lentz that the
cytoplasm of the YSL of Fundulus is derived from the uncleaved cytoplasm of
the yolk cell at the base of the cleaving blastodisc. I soon confirmed earlier work
of others, namely that it becomes nucleated by the collapse of certain marginal
blastomeres during late cleavage. One day early on as I had just observed
numerous nuclei in the YSL, I stepped out of the room for a few minutes. On
returning, the nuclei were no longer visible! What a shock! I couldn't believe my
eyes. Where had they gone? After some frantic intense watching, however, they
reappeared, smaller and twice as numerous. They had disappeared while
undergoing mitosis. I felt like the fool I was. I'm sure glad nobody else was in
the room.
The first YSL nuclei engage in mitosis in waves that pass through the
cytoplasm from right to left or from left to right. Then, the next nuclei to invade
from the blastoderm undergo mitosis, and the next, and so on. The most gripping
feature of these orderly mitoses is that the first nuclei to invade divide just five
times and the next nuclei to invade divide just four times and the next just three
times and then they all stop mitosis simultaneously. The number of mitoses for
each nucleus in the yolk syncytium is obviously controlled by their time of entry
into the YSL cytoplasm. The most reasonable hypothesis to explain this regimen
of mitoses is an increase in the nucleocytoplasmic ratio. There is a great increase
in the number of nuclei in the forming YSL with little or no increase in
cytoplasm. Just because an hypothesis is reasonable doesn't mean it is valid. It
needs to be tested by an experiment. This cessation of mitotic activity takes place
gradually, with the duration of each mitosis (and especially of each interphase
between mitoses) increasing steadily with each succeeding mitosis. This
deceleration and cessation of the nuclear cycle in the formation of YSL was of X
interest to me not only as a widespread phenomenon of early development in
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many organisms, as in Drosophila, but particularly for its special consequences
in Fundulus. Soon after mitosis ceases in the YSL, an entirely new process
begins. The now wider YSL with its numerous, evenly spaced nuclei
(Figure 9.3) begins to contract.

Figure 9.3. Evenly spaced nuclei (arrows) in the YSL of the Fundulus
embryo. The animal pole is at the top of the photograph. Reprinted with
permission of John Wiley & Sons, Inc.

This contraction has several important consequences. First, the broad
expanse of the nucleated YSL ringing the blastoderm narrows. With this, its
nuclei become increasingly crowded and one by one slip beneath the blastoderm
and nucleate the unnucleated cytoplasm of the yolk cell, forming the internal
YSL. As contraction of the YSL continues, its surface is thrown increasingly into
folds, laying the basis for endocytosis, which now begins precisely in the valleys
between the folds. The internal YSL and the attached blastoderm, i.e., the
enveloping layer, begin to be pulled over the yolk by the contracting E-YSL. This
is how epiboly begins. Very soon after the onset of epiboly, other movements of
gastrulation begin. Deep cells within the blastoderm undergo ingression and
begin their convergent movement toward the embryonic shield, where they will
contribute massively to the formation of the embryo proper. You can imagine my
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wonder and excitement as I watched this sequence, so fundamental for formation
of the embryo, unfold before my very eyes (accelerated and dramatized by timelapse video).
Since these events, commencing with cessation of mitosis in the YSL,
eventually result in a transition from one phase of development (cleavage and the
formation of the YSL) to another phase of development (gastrulation), I have
termed it the YSL transition. This transition is similar to another transition that
has been intensively studied in other embryos, such as sea urchins and
amphibians. Since there is no cell growth during cleavage, i.e., no increase in
cytoplasm, the nucleocytoplasmic ratio is about doubled each time a blastomere
divides. As the nucleocytoplasmic ratio increases, the cell cycle becomes more
and more prolonged, with irregular mitoses and longer interphases, until it finally
stops. The cessation of cleavage is then followed by a new developmental phase.
Cells become motile and new messenger RNA (mRNA) is synthesized for the
first time. Molecular biologists speak of mRNA synthesis from DNA as
transcription, i.e., the genetic code of deoxyribonucleotides is transcribed into a
related intermediate code of ribonucleotides in mRNA. Next, by translation, the
code ofmRNA is translated into an amino acid sequence that forms the backbone
of a protein molecule. I confirmed this series of events in the cleavage of the
Fundulus blastoderm, observing the onset of motility, but not mRNA synthesis.
Chuck Kimmel and others confrimed both of these observations for the zebra
fish embryo. This important transition at the end of cleavage has been named the
mid-blastula transition. It precedes the YSL transition and marks the beginning
of cellular differentiation. The YSL transition marks the beginning of
gastrulation and morphogenesis.
This research on the formation of the YSL and the beginning of epiboly
and other cell movements of gastrulation, which I count among my most
important, was performed alone. I was solitary, my only company being the
Fundulus embryo, my then state-of-the-art optical and video equipment, and my
full view of the Hole, Nonamesset Island and the flag of the Fisheries, which
gave me the wind direction. I had a very good time. Collaborative research for
me has been by and large profitable scientifically and enjoyable socially but there
is no substitute for working by yourself with beautiful, familiar material on a
problem that you know will yield significant results and new insights, given
proper attention.

Zebra Fish
During the later phases of our research on Fundulus, work on the
embryogenesis of the zebra fish (Brachydanio rerio) came on the scene in a rush.
Warren Lewis had already appreciated the lucidity of its egg and the ease of
breeding it in the laboratory in the 1940s but it was not until George Streisinger
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at the University of Oregon demonstrated how its genetics could be manipulated
did the zebra fish embryo become a major subject of research on development.
Here was a vertebrate that could be easily bred in the laboratory, like the mouse;
and, whose genes, like those of the mouse, could be studied for their role in
development. But the zebra fish has a big advantage over the viviparous
(producing live young after internal incubation in adults) mouse. It is oviparous
like Fundulus. Its fertilization and development occur outside the female. For
these important attributes, research on zebra fish development soon became
popular, even fashionable in recent years, contributing much to our
understanding of vertebrate embryogenesis.
It has been quite satisfying and exhilarating for me to watch this
beautiful teleost embryonic material so widely and often wisely exploited. It has
also been rewarding for my ever-voracious ego to suddenly see our work and that
of Jane Oppenheimer on Fundulus and of Bill Ballard on the trout and other fish
recognized by a large group of investigators and cited frequently in their
publications. Unfortunately, to this day, although the importance of our work on
Fundulus is duly cited and recognized, little of it has been repeated on the zebra
fish embryo. This is a shame because the zebra fish egg is smaller than that of
Fundulus and consequently completes its epiboly at an earlier stage of
gastrulation. There may be important and interesting developmental differences
between these two piscine species. To try to stir interest in repeating some of the
Fundulus work on zebra fish, I invited myself to lecture on Fundulus epiboly at
the biannual meeting on zebra fish genetics and development in Cold Spring
Harbor in 1996 (the first time, in contrast to many others, that I invited myself to
present a lecture). My invitation was accepted and I gave the George Streisinger
Memorial Lecture titled Lessons from Fundulus. For a while it was to no avail. I
simply did not understand why. Wasn't anybody curious? A friend afterward
complimented me on my "splendid lecture" but intoned that it was perhaps a
little long. I responded like Senator Hubert Humphrey. "Was it? Well, I enjoyed
every minute of it!" Incidentally, I dedicated this lecture to my long-time friend
and close embryological colleague, Chuck Kimmel, for he more than anyone else
stimulated research on the development of zebra fish. It is rare that a whole field
of research gets started primarily from the steady, enthusiastic, and productive
investigative activity and personality of one person.
So, did my lecture to a large assemblage of zebra fish embryologists
have any effect? It is hard to gauge these things but maybe it did. In the last few
years, for example, considerable attention has been paid to the YSL of zebra fish,
particularly to patterns of movement of its nuclei and the importance of the YSL
in early induction and determination of the blastoderm. One substantial paper on
nuclear movement in the zebra fish YSL, published in 2001, was even dedicated
to "Professor J.P. Trinkaus on the 50th anniversary of his discovery that the Yolk
Syncytical Layer of the Fundulus heteroclitus embryo is capable of undergoing

REJUVENATION
OF RESEARCH
autonomous epiboly after removal of the embryonic blastoderm." What a gift it
is to be so old that you have the opportunity of seeing in print appreciation of
some of your earliest work!

Individual Cell Movement
During those years of on and off research on the mass movement of
epiboly, I also wished to learn something about how individual tissue cells and
groups of them move in vivo, within the living organism, especially in directional
ways that lead to the formation of tissues and organs. One of the several reasons
for my fascination with this problem and my persistent interest in it was the work
by Weston on the neural crest, taking place right under my nose. Neural crest
cells move directionally as individuals and in groups, and, in many cases, park
themselves at great distances (on the embryonic scale) from their source. Neural
crest cells and a myriad of other motile tissue cells wend their way mysteriously
with only the usual equipment of virtually all tissue cells; namely, a plasma
membrane at the surface with variable adhesiveness, a highly structured
cytoplasm with microtubules and contractile microfilaments. My consuming
interest, of course, was to gain some insight into the motile activities of
embryonic cells during the massive movements of gastrulation. I soon learned
that an interest in the directional movements of cells required a broad, catholic
approach, viz., study of both normal and cancerous cells in culture. You see, in
many kinds of cancers, cells become increasingly mobile, often breaking away
from their primary site of origin, say in the breast or prostate gland, and invading
other organs such as the brain, lungs, and liver. I also became interested in all
kinds of moving cells in adults, such as wound epithelia and white blood cells,
as well as during embryogenesis. This meant not limiting myself or my
laboratory to one or another organism or tissue or to any particular stage of
development. The object was to discover something about how tissue cells move
and how they often do so directionally. Some cells are more convenient material
for this kind of research. But the emphasis was always on the problem, not the
precise material or techniques. This broad approach needed many minds and
hands and was possible for me only because during those years I had an
increased number of graduate students and postdoctoral fellows, some of whom
were outstanding. They would follow up on one or another of my ideas and
quickly generate new ideas and approaches of their own (which is what one
expects of advanced students).
Though much of our work on the movements of individual cells and
groups of cells is fascinating and of general interest, it is much too big a subject
to recount at this point. It needs a full chapter of its own and will get it after I
deviate to retrace our steps and delve into some of the memorable aspects of our
lives around and outside my research during those many years.

THE SIXTIES

Botany and Zoology
In the year 1962, a long-overdue intellectual event took place at Yale
University. After much discussion and some disputation, but not really much
opposition, the separate Departments of Botany and Zoology fused to form a
single Department of Biology. While some botanists joked that "Animals eat
plants," the main and most stubborn opposition came from Oswald Tippo, the
cigar-smoking, dominant chair of the Botany Department, who had seen this
happen before. "Every time Botany and Zoology fuse," said he, "Botany ends up
screwed to the wall." Having a separate Botany Department actually made a lot
of sense in many state universities, where the applied science of agronomy was
a vital part of the institution. This was not so in a liberal arts college or university,
where teaching of the shared fundamental properties of all living organisms
stood head and foremost. With each passing year (indeed decades), the many
fundamental similarities of plants and animals in their genetics, biochemistry,
cell biology, ecology, and evolution had become obvious. It was unfair
intellectually to our students and to ourselves as faculty to persist in retaining this
artificial barrier between the two disciplines. In addition, it became clear that the
duplication of educational effort this split entailed was stupid. So, the two
departments fused. Tippo left, the students profited, and Trinkaus enjoyed the
happy good fortune of more frequent and closer contacts with colleagues who
shared many interests with him in certain basic areas of biology but who
happened to use plants or microorganisms instead of animals as their research
material.

Introductory Biology
As plans were being made to join the departments, the problem of the
introductory course quickly came up. Obviously, a combined department
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needed a combined course that reflected the revolutionary advances that had
occurred in biology as a whole over the last several decades. Arthur Galston, a
distinguished plant physiologist, and I volunteered to run the course. As with
Zoo 23, it involved a new approach to the standard old way of presenting
biology to young college students. The old-fashioned separate introductory
courses in botany and zoology, with their time-worn themes of phylogeny,
anatomy, physiology, genetics and development of plants or animals, needed to
be joined and integrated with emphasis on great general biological principles.
Galston and I were both skillful lecturers, so-called "large-class types," each
with his own distinctive style to be sure, and we took on the task with
enthusiasm. It was also kind of a mission for us. Inasmuch as we were among
the first in the U.S. to try to bring the teaching of introductory biology up to date
and at a higher intellectual and conceptual level, our course served as a model
for reevaluation of the teaching of introductory biology in many colleges across
the country.
Arthur was in charge of the first semester, where emphasis was mainly
on the cell-biochemistry and cell biology, photosynthesis, genetics, and growth
and differentiation. I was in charge of the second semester, where the emphasis
was mainly on form and function of multicellular plants and animalsdevelopment, adaptive and behavioral physiology, biodiversity, and ecology and
evolution. We would do most of the lecturing ourselves but bring in colleagues
from our new department and some other departments to help out. Junior faculty
and graduate students ran the laboratory.
After having agreed on the general structure of the course and our
resolve to introduce biology as an enthralling intellectual discipline, Galston and
I pursued our independent ways. I, for example, laced my lecturing with inviting
topics such as Vesalius and the origin of observational science, the menstrual
cycle, early human embryogenesis, homeostastis, the physiology of desert
mammals, bird flight, how whales stay submerged so long, fish migrations, and
coral reefs, leaving some of the standard material to the text. I would also bring
in an occasional distinguished colleague from another department to present a
special lecture on topics such as immunology or the latest finds in human
evolution. The students loved it and so did the lecturers. It was a tough but
fascinating and intriguing course and got high marks from the Yale College
Dean's Office, where there was much concern about the teaching of introductory
science. The lectures were at 9 o'clock, Tuesday, Thursday and Saturday
mornings. Sometimes I was not in the best of shape lecturing Saturday morning
but usually stayed alert and oriented during the lecture. Once I actually fell
asleep during one of these early Saturday morning lectures, my own lecture. I
remember feeling drowsy and leaned against the blackboard. The next thing I
knew I was sliding slowly to the floor and woke up to the wide-eyed
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consternation of the pupils in the front row. What a horror show! They told me
that they thought I had suffered a heart attack. This was an embarrassing
exception to an otherwise good track record as a teacher. Most of my
undergraduate lectures were lively and rigorous. For various reasons the lectures
were nationally known as being highly entertaining, especially for their
occasional raunchy asides.
Galston and I were a good team, but, curiously although he and I shared
much philosophy and worked well together professionally, we never became
particularly close personally, joking around and all that. I think I was a bit too
laid-back for him and he a bit too pompous and formal for me. Now that we are
both old men the differences are less important and we enjoy each other's
company. Anyway, we ran that course successfully together for 5 years. The
lecturing was a fun and enriching experience for me and, I believe, for many
students, but 5 years was enough; there were other things to do.
Around this time, a book entitled The Underground Guide to the
College of Your Choice, appeared, saying about Yale College that " ... groovy
undergraduate courses include Chinese Politics with Professor Bernstein,
Biology with J.P. Trinkaus (he grosses kids out), and Ancient Drama with
Professor Segal.. .. " The fmal recommendation is about Eric Segal of the
Classics Department who wrote the best-selling Love Story. Being considered
groovy was a nice compliment, I guess. The gross part, I presume, refers to my
notorious "Junior Prom Lecture." Each year, just for fun and as expected, I would
schedule my regular lecture on the human reproductive cycle and the beginning
of human development for the Saturday morning of the big spring dance
weekend. Most of the lecture was straightforward, graphic description of
reproductive function, enlivened, however with a bogus list of references,
including Is Sex Necessary? by James Thurber and a few jokes. The joke that
invariably brought the house down was the old gynecologist's introduction of a
new patient, "At your cervix, Madame." Of course, the patient would reply,
"Dilated to meet you, Doctor Speculum." In this setting, even the perfectly
legitimate scientific word "gonad" would get a laugh. Yale College was only for
male undergraduates at the time but the show always attracted a large
coeducational audience, packing the largest lecture hall in the Department of
Biology. Now that I think back on all of this, it is pretty sophomoric, although
this was before the widespread use of birth control pills and the liberating sexual
revolution of the Sixties. You must remember that this was a fairly conservative,
all-male institution at the time. It was long before anyone thought about being
politically correct. A lot of what went on was juvenile but we had a lot of fun
while learning a lot of biology. I regret to say that my human reproduction lecture
seems to be the main item some alumni remember about me. At least I am not
entirely forgotten.
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Movies
During this same period, Yale decided to produce a film on campus life
called To Be a Man and brought in a professional director, Allen Lerner, to do the
job. He ranged all over Yale College but for teaching concentrated on two of us,
namely Paul Weiss in Philosophy (a former prize student of Alfred North
Whitehead at Harvard) and me in Biology. He filmed me giving my introductory
lecture on evolution (a good choice) and in some informal sessions with students.
I had never lectured on camera before but the director apparently knew what he
was doing and I simply cooperated with keen interest. One day I suddenly
wondered why he was filming me so much and thought to ask. The quick answer
was, "You are good camera." Visions of Hollywood and perhaps changing my
profession. But what is "good camera?" No big deal it turned out. He said, "You
are relaxed and natural during each shooting. The camera doesn't bother you."
Interesting, but a come down, as my egotistical fantasy about a movie career
evaporated.
After cutting and splicing, all the participants and some friends were
brought together for a viewing. I have two happy memories of the occasion. One
is that it was a good film, an excellent glimpse of Yale undergraduate life of the
day. The other was meeting the other faculty star-the philosopher, Paul Weissa brilliant, feisty and absolutely charming man, with a strong lingering lowerclass New York accent, which was carefully preserved and not appreciated by
some of his stuffy colleagues in the humanities. Nothing shy about him. He
immediately complained to me that, "They shot too much footage of you and not
enough of me!" This was the beginning of a warm, robust friendship. What a
breath of fresh air! Having terminated his "Sports Period," Paul was in his
"Painting Period" at the time. After one of his parties, he generously presented
Madeleine with one of his latest canvasses. It still hangs in our house. It is not a
very good painting but every time we look at it we think of Paul and feel a little
better. To Be a Man was interesting enough to be shown quickly across the
country on Public Television, giving rise to some calls from apocryphal
Hollywood moguls wondering if I would agree to come out for a screen test.
Incidentally, Paul Weiss died recently at the age of 101. What a full, exciting life
that wonderful man lived.
This was certainly my movie period, for soon after the crew of To Be a
Man had left, a Swiss crew arrived to do a film on American student life for
Europeans. I was shot much again, this time in part because I spoke French and
had a French wife. It was also fun for me but the result was not as good as Lerner's
film. I am afraid that the lure of movies had gone to my head those days.
Remember, I was really interested in acting in high school and have always been
a bit of a ham. One evening when we had been invited by the Yale Drama School
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to attend the official opening of Butch Cassidy and the Sundance Kid, at the
Schubert Theatre, a press type rose in front of me taking shots. I began posing a
little but was immediately stopped in my tracks by my wife's stage whisper: "You
idiot. He's not interested in you. Barbara Streisand is seated just behind us."

Branford College and the Sixties
Being at this movie opening was just one instance of our having
somehow joined the smart set at Yale. Our recognition had to do largely with the
movies, my being the new Master of Branford College and, with this, our new
friendships with people like John Hersey, the writer, and his wife, Barbara, and
the new Director of the Drama School, Bob Brustein, and his wife, Norma. John
and Barbara were sweet, decent people and we came to like them very much. It
was a heady period for us. The signal event began one cold, gray, rainy, dreary
Sunday afternoon in March 1966 with a telephone call. "There is a man with a
very cultured voice," said Madeleine. It was the President of the University,
Kingman Brewster Jr., asking if we could join him and his wife, Mary-Louise, at
the President's House for a drink. So we put on our Sunday-go-to-meeting
clothes and went over. After some small talk over drinks before a warming fire,
he let me know that he would like to appoint me Master of Branford College, the
very college where I had been a fellow so many years. I was thrilled and said I
was inclined to accept, except for a certain reservation. So we left the women and
went up to his study to talk it over. I felt ill at ease and a bit snobbish about my
hesitancy but put it bluntly, saying, "Frankly, I don't like some of the company
I would be keeping amongst some of the other masters." Some were the kind of
academicians who had given up on serious research. He quickly dispelled my
worries, saying that he agreed with me and asked me to name some names. He
then let me know some of the distinguished gentlemen he had in mind as their
replacements. Having no longer any reason for holding back, I accepted and we
had another drink. Now, then, I asked what ideas or plans he had for the colleges.
"None, especially," he said. "It will be up to the masters." His first appointment
was John Hersey to be Master of Pierson College. I was his second for Branford
and for Trumbull College, he intended to appoint Eugene Rostow, Dean of the
Law School (who, however, soon became Undersecretary of State and was
replaced by Ronald Dworkin, who turned out to be one of the most brilliant and
amusing legal minds to be found anywhere). Appointment of R.W.B. Lewis of
English; Robert Triffin of Economics; Horace Taft of Physics; Eltin Morrison of
History; A. Bartlett Giamatti of Literature; and Vincent Scully of the History of
Architecture, soon followed. This group of distinguished intellectuals was a
stimulating conglomeration of diverse and independent minds. But some of the
good old ones, like Eli Clark of the Law School, Duke Henning of History, and
Thomas Bergin of Italian stayed on, to my pleasure. It became clear that
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Brewster's idea was to juice up Yale College, the true heart of old Yale, and part
of his scheme was to stimulate new life in the Residential Colleges, giving each
a distinctive style. Being a very smart man, he knew that this would depend to a
very large degree on the masters.
Actually, my appointment was not a complete surprise. I already knew
that the Committee of Branford Fellows (of which I was a member) had met
without me and recommended me to the President. I also learned from my friend
Talbot Waterman that the Trumbull College Committee had likewise
recommended me for the mastership of Trumbull. Talbot reported that
Brewster's retort at the time was "Trink is very smart but has a rather sharp quick
wit." This was not necessarily a compliment from his point of view but I took it
as one.
What was especially nice was the way Brewster asked me to do it. Not
by letter. Not by a call from his office. An invitation for me and my wife to meet
with him and his wife, alone in the living room of their splendid residence.
Among his many qualities, Brewster had class. Although the wives of masters
were not given titles officially (the way the spouses are nowadays), President
Brewster knew how important wives could be in helping to build a certain
ambiance. I'm certain therefore that my marriage to Madeleine was an important
factor in the recommendations of the committees and the decision of President
Brewster. Class appreciates class (Figure 10.1). Also, having her around
probably reduced the riskiness of the appointment.

Figure 10.1. Madeleine at the wedding of my son, Gregor.
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There is so much to say, and much has been said about the Residential
Colleges at Yale and the corresponding Houses at Harvard. But, I will confme
myself to a few summary remarks. They were both patterned after the Colleges
of Oxford and Cambridge. Branford College, named after the village in which
Yale was founded, provided living space and dining for about 400 undergraduate
students plus quarters for the master, a dean and a few resident faculty fellows,
and offices for several additional faculty fellows. Branford College is one of the
gothic architectural masterpieces of James Gamble Rodgers at Yale, having a.
large stunning courtyard and three smaller ones, plus the imposing Harkness
Tower and its carillon. The sumptuous Master's House with its entry on High
Street looks out on the major courtyard and, in spite of its function as a luxurious
site for receptions of all kinds, was a very warm, livable place for us. My motherin-law, being old French, was especially impressed with the plumbing-eight
bathrooms! The colleges had been allowed to run down physically during
previous regimes. To our good fortune, part of Brewster's effort to spruce them
up involved refurbishing the interiors of the Masters's Houses. Madeleine was in
her glory as she worked with the interior decorator of the University buying and
borrowing furniture and going to Kebabian 's to select some splendid Persian
rugs. We also borrowed some paintings from the Art Gallery. The piece de
resistance was having a bidet installed in the master bathroom, a civilized facility
utterly absent elsewhere at Yale University. The pleasing result of all this was to
give our house an elegant, comfortable and distinctly French touch, "Le Charme
Discret de Ia Bourgeoisie." And, we had a full-time, live-in maid and cook! All
this, I might say, was quite a leap upward for this lower-middle-class, mostly
poor academician, not anymore so young. I fell into the life of a master
immediately, as if born to it. I enjoyed this temporary position of wealth and
comfort. It was as if I had been made an honorary member of the upper class.
Communism be damned, this was a sweet lifestyle. There is a funny gossip about
the bidet, recounted with delight by our maid. Once when we were away in Paris
on academic leave for a semester, the American wife of the substitute master was
so embarrassed and offended by it that she covered it over.
Among the many prerogatives of the master was determination of the
use of the varied space of the college. Branford College was singular in
possessing a treasured jewel of space that had unfortunately passed entirely out
of its control-a lovely, small gothic chapel at the base of the Harkness Tower,
complete with fan-vaulting and a large stained glass window. In my day, it was
frequently used by the Church of Christ in Yale University and always referred
to as the Branford Chapel. It was a popular venue for weddings; Madeleine and
I were married there. After a little investigation I discovered that its original
name was the Memorial Room, so named by Mrs. Harkness as a memorial to her
son killed in the First World War. It had no designated function. One of my first
acts as Master was to reclaim it, rechristen it the "Memorial Room," and open it
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for all kinds of secular activities like chamber music concerts and recitals, poetry
readings, lectures for small audiences, as well as for weddings and even funerals.
This meant a call to William Sloan Coffin, one of my locker room buddies at the
Payne-Whitney Gymnasium, whom I knew mainly in the buff. Bill was Pastor at
Battell Chapel, the Yale Church. He was an outspoken liberal and had some
lively and entertaining public debates with William F. Buckley, Jr., his
conservative counterpart. Both men were great speakers, clever, articulate,
opinionated, outrageous at times, and always full of facts to intimidate the
opposition. Buckley especially was a master of the veiled personal attack. He
would begin a convoluted personal attack with, "Surely you couldn't expect one
to believe your position that ..." or, "Only a fool or a misanthropic Jacobin would
suggest that ....." Their debates were exceptionally entertaining events, great
theater really. Anyway, I informed Coffin, over his protests, that the room was no
longer a monopoly ofthe Yale Protestant Christian Establishment.
My next move was to call the Yale Rabbi at Hillel to offer him the room
for Friday services. He was very interested but questioned whether it would be
proper. I understood his hesitation, the WASPiness of Yale and the relatively
small number of practicing Jews on campus. To convince him I informed him
that the room was no longer part of the Christian Establishment and that its size,
seating about 40 people, would be quite convenient for his congregation. He
soon called back joyfully to accept the offer. Thus the Memorial Room came to
serve as a small makeshift synagogue every Friday evening. Being in an
ecumenical mood, I next called the Catholic Chaplain offering him also the use
of the room on occasion. He thanked me very much but demurred because, not
surprisingly, they were very well taken care of it in the Saint Thomas Moore
Chapel over on Park Street. The "Old Blues" were probably upset by all this
inclusiveness but my interest was in overthrowing the ancien regime and
establishing more of a meritocracy. Remember, I am an old left-winger, a real
Jacobin minus the guillotine.
Where to begin in describing my ideas on changing Branford College?
There were many significant duties of the mastership but the most important in
my mind was the intellectual. Traditionally, and particularly under Brewster,
most masters were full professors in the Faculty of the Arts and Sciences and,
occasionally, very distinguished outsiders like Hersey. When asked about the role
of a master by the Yale Daily News I was quoted as saying, "A master should set
an example of what a scholarly life is all about. A master should promote within
a college his idea of a university." I promoted this idea in many ways. One simple
way was easy and habitual. Since the master's study overlooked the main
courtyard, I would deliberately leave the curtains open so that students could see
me at work throughout most evenings. Above all, each of my deans and I
promoted the intellectual life of the College in many overt ways that will become
apparent as I proceed.
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The whole idea of the college system was to give students in a large
university some of the intellectual and other intimacies of small colleges, such as
Wesleyan or Swarthmore. This was accomplished by breaking up the student
body into small, separate residential units, each with a master, a dean and a
varied large group of faculty fellows, with the master and dean in residence. It
worked. In fact, it was much better than Wesleyan, the only small college I knew
well. Yale undergraduate students had easy access to faculty in various
disciplines in a charming cadre and a relaxed social milieu. Many fellows in the
residential colleges are authentically excited about their intellectual pursuits. In
tum, the intense involvement of fellows can infect susceptible students,
challenging the students in ways that they never imagined. Reciprocally, the
youthful proteges can energize the fellows, perhaps even giving them new
perspectives on their research. If the students were so inclined, they could make
significant didactic contacts with scholars doing research on the cutting edge of
their respective disciplines. Although not all students take full advantage of this
tremendous opportunity, it represents an authentic portal to the intellectual life.
Although cynics may think that this view is unrealistically idealistic, I can assure
you that this sort of intellectual symbiosis (formally speaking, in biological
terms, two separate organisms living in mutually dependent and mutually
beneficial association) actually happens. Not always, but often enough to be
exciting.
A central idea of having a master and his wife living in a college with
the students was also to provide some measure of in loco parentis. We took this
seriously in our own liberal way. Being very informal by nature, it was easy to
create the impression of being available for help on all sorts of problems,
personal and otherwise. On a number of occasions certain students took
advantage of our availability for help with some deeply personal problems, such
as difficulties with their parents or matters of love. On the other hand, I made it
clear that we considered them to be adult and thus free to carry on their personal
lives as they wished, including drinking and sexual activity, as long as they did
not infringe on the rights and tranquility of others. After all, this was a university,
not a prep school. Once a bunch of jocks broke the rule and in noisy, drunken
enthusiasm broke down the heavy oaken door of one of the suites. For
punishment, I "rusticated" them for a week-banished them from campus. So
what did they do? They sent back for display photos of themselves beside a lake,
lolling on the beach, fishing and swimming. Nowadays, this tolerance of
intemperate student behavior is considered permissive, in large measure because
alcohol abuse among college students has lead to many deaths from alcohol
overdose, an unheard of problem when I was Master of Branford College.
University policies now wisely prohibit underage drinking.
I made a point of having lunch almost every weekday in the college
dining hall where I could have contacts with students and fellows and settle many
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college problems. This way I disposed of much of the business of the college and
freed myself to spend a lot of time up on the Hill in my laboratory. We also held
an open house most Friday evenings in the Master's House with a keg of beer.
These parties were invariably great fun. A special feature of the college system
was the highly varied extracurricular activities, particularly sports-games
pitting college-based teams against one another-swimming meets, football,
basketball, baseball, squash, and hockey. This was a wonderful outlet for those
student-athletes who shunned the dedication and time required for varsity sports.
It was relaxing-sports without practice or training. We would attend a game or
two a week, especially Madeleine who was considered the good luck mascot of
the football team. I'm a pretty strong swimmer so I tried out for the Branford
team, but was not good enough. Each fall at the annual sports rally around a keg,
I would give my usual rousing, beery speech always ending it with. "It mattereth
not how you play the game, but only whether you win or lose." Speaking of
sports, something we enjoyed very much of a fall Saturday afternoon was Yale
football in the Yale Bowl, with all the trimmings, especially the tailgating with
friends in the so-called VIP parking lot, a privilege that came with the
mastership. In the process of becoming a devoted fan, my wife came to
understand a lot about American football, certainly more than most other French
people.
There were also concerts, lectures, poetry readings by students, student
theatre, talks by well-known guest speakers, name it. One of the fellows from the
Drama School, Arnold Weinstein, a playwright, had a neat idea: have wellknown professional actors from the Yale Theatre come over from across the
street and read some of their favorite poems, standing, as Arnold liked to say, in
the armpit of the piano. It was the job of the Master to stimulate such activities
by creating an atmosphere that encouraged spontaneity.
It goes without saying that we reveled in those close student contacts.
As my mother-in-law, in her eighties, said sagely, "Moi aussi je prejere les jeunes
gens-den 'importe que! iige." ("I too prefer young people-whatever their age.)
However, since there is a higher probability of finding youthful spirit among
those who are young in years we took full advantage of their company. Many of
our friendships with Branford students were intimate and we have remained
close to some ever since. When I was very sick and close to death a few years
ago, who came to visit me frequently in the hospital (aside from my wife, who
came every day)?-a number of Branford College alumni, even from New York
and Boston. And they also took care of my very worried wife.
When I become a Master, Yale College was still a place for men only.
Hence, one of the additional great joys of our mastership came well into it-the
admission of women to Yale College in 1969. The faculty in my day were always
in favor of coeducation (in contrast to the administration and the alumni) but in
the Sixties the students became involved, as in many other colleges and
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universities, and as a result Yale College became coeducational. I had truly
enjoyed all those years with only male students but when those young women
arrived it was so warm and natural that I wondered how I'd gotten along without
them. Madeleine, especially, enjoyed having young women friends. Anyway,
their acceptance was instantaneous. Even stodgy alumni, who initially were
opposed, accepted coeducation when it was pointed out to them that now their
daughters as well as their sons might go to Yale.
Although men's colleges all over the country were going coed in those
days, each went at it in its own way. At Yale, most faculty members were for it,
but the impetus that brought the situation to a head came from the male
undergraduates. They took it on as a real political mass movement with a
campus-wide poll (taken by Branford students), highly in favor and an ingenious
gimmick called "Coed Week," during which students from various women's
colleges in the area came to Yale for a week, stayed in the dormitories and
colleges, attended classes and generally participated. It certainly stirred things
up. The President reacted, but in a way that betrayed his male aristocratic
background (Yale, Harvard). The first idea was to bring Vassar College to Yale,
reminiscent of Radcliffe and Harvard. That didn't work. Vassar refused Yale's
overtures. So he agreed to open Yale to women but confine them to one
residence. The inane idea was to empty Trumbull College of its students and
house the women there, separate from the men, (more Radcliffe). The Trumbull
students would have none of it and in a wild, often profane, meeting in Trumbull
they convinced Brewster that that wouldn't work either. I personally was closely
in touch with this particular confrontation because by then I had become known
as an activist master who vociferously favored the admission of women. Just
after a Yale College Faculty Meeting in Connecticut Hall one afternoon, a group
of Trumbull students visited me in the Branford Master's House under the
obvious leadership of a student named Avi Soifer, a very bright, articulate and
charming young man. They wanted to know of faculty opinion. I told them and
advised them to make clear to the President their complete opposition to his plan.
"He's not going to be able to move you out of there if you won't move." I assume
no responsibility for the ensuing profanity. The students made their point; but no
one had ever before addressed the imposing, adept, upper-class, Kingman
Brewster, Jr. in this way, publicly at least. He was shocked and humiliated.
The next day several of the masters were on the phone worried about
how Kingman would react to this free-wheeling, often insulting encounter. A few
days afterward, he invited us all to lunch at Mory's, in one of the private rooms
upstairs, to discuss the matter. He was very stubborn and angry, even at us. I
don't remember saying much myself because I already had such a bad reputation.
He would listen to some other master more than to me. I recall that Hersey was
quite splendid in letting Kingman know that women should be admitted and
treated equitably and that he should find a way of managing it. It was a
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contentious session that got nowhere. A few days later there was another meeting
with the masters. It was a gloomy Sunday afternoon meeting in the Corporation
Room in Woodbridge Hall. This time I did make a remark to the effect that it was
ridiculous at this time in the twentieth century to treat women students as if they
were different from men students. And, what was so special about Yale? This got
a cutting retort from Brewster that this was a typical sort of loose, poorly thought
out, permissive attitude. He was angry. At some point he made some snotty
remark about us (he was really quite magnificent when he was angry and I liked
that) and then somebody reminded him that he had appointed most of us and was
getting what he asked for. In some ways the President revealed himself as a kind
of conservative law-and-order type, in the way we all are for some things. His
law and his order was basically traditional old Yale, the way it was, except for
the need of some fine-tuning intellectually. Well, coeducation was really a big
thing and he found the idea of mixing men and women in the same living
quarters unacceptable. Finally, after our worry that he might resign from the
Presidency, he instead became resigned to mixing men and women students in
the colleges. He quickly promoted Elga Wasserman, a friend of mine who had a
Ph.D. in Chemistry from Nobel Laureate Woodward, from Assistant Dean to
Dean of the Graduate School.
Elga was not appointed an Assistant Dean ofYale College, which would
have been appropriate, because, according to her, of opposition in the male
Dean's Office. Instead Kingman came up with the cumbersome title of"Special
Assistant to the President on the Education of Women and Chairman of the
Committee on Coeducation." In her calm, sensitive, clearly intelligent way, she
set about settling the women in the colleges and advising them and the
administration in many ways, in particular of the desperate need for more women
faculty. Elga, incidentally, was in her person a classic example of the repression
of women. In spite of her doctorate in Chemistry she was at Yale only because
her husband, Harry, also a chemist, had been appointed to the faculty. Indeed, I
first got to know Elga because Harry and I were colleagues and friends. After her
stint at getting the undergraduate women integrated, she finally gave up and went
to law school, at Yale of course, and has had a successful career since as a lawyer
and a writer on the obstacles women scientists face moving up in the professions.
Soon after the arrival of women students, I was introduced directly to
the politics of feminism and the new women's movement. I knew about it
before, of course, and I was aware of how the feminist movement was taking on
new life in the Sixties, but it was Branford women students who really
introduced me to the subtle as well as the obvious vocational inequities of the
situation. I had much to learn and am still learning. Curiously and significantly,
of all the freedoms we talked about and worked on during my young days in the
left-wing movement, I don't remember the liberation of women as ever being
given much attention; it was only rarely mentioned. The American Communist
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Party, as I knew it, was pretty blind to the oppression of women, as was I. So I
must admit, as I did to those young women of Branford, that along with all my
considerable personal charm I was basically yet another male chauvinist pig. I
was quickly convinced of the necessity for vocational equality and indeed
believed in that many years before. But I never did anything about it as a tenured
member of the faculty and hardly gave a thought to the many other facets of the
male-female problem. Those young women students really raised the level of my
consciousness and I owe them a great debt. My previous backwardness was
certainly due in part because, as a typical male, I profited every day of my life
from the lower caste of women.
Two of the many fine features of the part-time administrative job of
master of a college at Yale is that it is not at all as demanding as being a chair of
a department. There is no budget to deal with and no time-consuming and often
wrenching appointments and promotions and firing (i.e., denying tenure) of
faculty members. By contrast, the appointments of faculty and distinguished
local citizens to the fellowship of Branford College was a relatively easy activity
that I enjoyed very much. Among a number of others, I made my dear friend Bob
Goldburgh an associate fellow of Branford. This killed two birds with one stone.
For his many qualities he was a marvelous addition to the College for both
students and fellows and Madeleine and I got to see him frequently at fellows
meetings. Some of the other outstanding appointments were Gloria Schaffer, the
Secretary of the State of Connecticut, Willie Ruff, the eminent jazz musician in
the Music School, Albert Solnit, head of the Yale Child Study Center, Robert
Wyman, a new assistant professor in Biology and Kenneth Mills a new assistant
professor in Philosophy. Bob Brustein, of the Drama School, got himself
transferred to Branford from his assigned college.
Soon after we were installed in the Master's House I left one evening to
attend a fellows meeting in the Fellows Common Room, men only, of course, as
always-an enjoyable and cosy men's club which I enjoyed. Madeleine
understood this but, being French not English, never approved of it. It suddenly
hit her that now that I was in a position of power I could invite the wives of the
fellows to one meeting a month. Great idea! It had never occurred to me. Thus
originated one of the most popular things I did in the opinion of most fellowsinvite the wives. The women loved it, came in droves and dragged their husbands
with them. The meetings quickly became so jammed in the Fellows Common
Room that one couldn't get to the bar. So we moved them to the Master's House.
And so it has been ever since. And, incidentally, because it activated so many
fellows, it was also good for fellows-student relations.
This was the late Sixties and student political activity was in the air,
particularly left-wing, an atmosphere in which I naturally felt at home and
pushed issues that had long interested me. As a strong believer in the First
Amendment, however, I vigorously encouraged all points of view and much
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openness. In consequence, Branford quickly gained a campus-wide reputation as
being hospitable to a diverse collection of people and ways of looking at issues.
Because of my liberal positions, some people even jokingly referred to me as the
"Red Master." Little did they know that when I was young I really was a Red.
One evening during this time of increasing ferment, a fellow from the Law
School, Abraham Goldstein (soon to become Dean of the Law School), asked me
if I would like to add a genuine right-winger to the Fellowship. "Is he
distinguished?"
"Yes."
"Does he drink?"
Abe assured me, "Of course."
"So write down his name."
Thus Robert Bork became a Fellow of Branford College (better that
than the Supreme Court). He and I knew enough about the other's opposing
political views to avoid discussing such matters. He was, however, a genial
member of the fellowship.
The essence of a mastership is informality, but there is one formal
occasion. At the end of each academic year, the master of each college awards
degrees and prizes to the graduating seniors of that college in an intimate
commencement ceremony in the college courtyard that takes place after the big
Yale-wide Commencement on the Old Campus. So, finally, I had to rent a robe
and the Johns Hopkins Ph.D. hood in order to attend my first Yale
Commencement and afterward preside properly over our own ceremony. I would
always conclude the occasion with a little speech of advice and farewell. Since
they were young they tended to look to the future and as they got older look more
and more to the past, my advice was not to forget the present. Live each day fully
with only an eye to the future. As I was composing my little homily for my
second Branford Commencement I suddenly had a useful thought. Since last
year's graduating class is gone and will never hear my speech again and the new
class has never heard it, I can give the same speech year after year. And so I did,
to the boredom of the attending fellows.
Although the mastership brought no increase in my professor's salary,
there were certain monetary benefits. The Master's House was rent-free and Yale
University paid the liquor bill. Then, when we added Madeleine's salary from
teaching French to school children and the two-ninths being added to my salary
from my NIH grant each summer, we were financially comfortable for the first
time. This meant having funds available for some of the luxuries of life like
entertaining, frequent visits to New York, and great vacations. The first idea for
an upper-scale style of entertaining came from an invitation to a black-tie dinner
party in the Masters House in Pierson College. Our hosts and fellows guests were
all gliterati and some literati-the Herseys, John and Barbara, the Brusteins,
(Bob and Norma, drama critic and actress), Lilian Hellman (writer) and the
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Coffins, Bill (preacher) and Eva, a very beautiful woman and daughter of pianist
Arthur Rubinstein. All of us beautiful people looking beautiful. I was so happy
at the unexpected world I had brought my classy wife into. So we soon
reciprocated with a black-tie dinner party of our own, with Madeleine carefully
supervising the cook for some refined French cuisine. We loved those
marvelously snobbish formal dinners, with the ladies in their long dresses, but
that sartorial fad did not last long. In any case, we continued to expect coat and
tie at all our dinner parties. The current informal couture of blue jeans and T-shirt
or underwear or whatever, regardless of the occasion, fortunately had not yet
become Ia mode.
Generally speaking, the mastership did not interfere unduly with my
research and teaching. I had much help for everyday matters-a dean, excellent
secretaries, a superintendent of building and grounds and other kinds of help.
Indeed, during those years my laboratory was exceptionally productive. I had
some of my best graduate students, one of my best postdoctoral fellows and all
in all we published a lot of papers in established journals. One activity of the
mastership was somewhat time-consuming; however, it was certainly one of its
most rewarding features--originating college seminars for academic credit and
recruiting teachers for them. The purpose was to make available treatment of
subjects not available in the standard course regimen of the Yale College
curriculum. My ideas were to introduce courses in film-making, poetry,
psychiatry and creativity, and the like.
Yes, this was the Sixties and there was political turmoil in the air on
college campuses everywhere in Europe and the United States. There is no need
for me to indulge in a lengthy disquisition on all of this. The story has been told
and retold and analyzed many times. Since I was involved in some of it, however,
in France and at Yale, comments on my own experiences may be of interest. For
me it really began in the spring of 1968 in Paris ("Les Evenements de SoixanteHuit"). I was on leave working in the laboratory of my fish embryologist
colleague, Charles Devillers, at the Faculte des Sciences in the old Hailes aux
Vins. There were many issues but some involved the traditional educational
system in France. It was for this issue that I became involved in the complaints
of the younger faculty. For once, coming from a country that didn't even have
socialized medicine, I was in a position to point out something superior about the
United States. There we had young faculty, instructors and assistant professors in
our great and small universities who taught courses on their own. They had their
own research grants and had a full vote on most departmental matters, in contrast
to France, where The Professor, one per department, had all to say and had full
control of the purse. Paris in 1968 was a very exciting and absorbing place.
Schools and universities were shut down and everyone was in the streets. I will
never forget a huge demonstration of about a million people at the height of the
fervor. It started at La Place de la Nation on the Right Bank and headed for Place
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Denfert-Rochereau on the Left Bank. Marching 15 people abreast, when the head
of the cortege had reached Denfert-Rochereau, the tail had not yet left Nation!
When I returned to Yale and America the same kind of ferment was
building. There was some discontent with the traditional system of education but
the big issues were the Vietnam War and racism. I remember meeting my three
children in Washington for a big mass protest rally against the Vietnam War.
They carne down from the University of Wisconsin (where they were all in
college), as people came from everywhere. It was nice to see them. My own
political activity at Yale was to help in a small way to bring in the women, get
rid of the Reserve Officers Training Corps (ROTC), a military program of the
Defense Department, and engaging in a movement to increase the number of
black students and faculty at Yale.
Although the ROTC was a small unit at Yale, eliminating it became a
cause celebre. I wrote to the Yale Daily News at the time, "Much of the
philosophy of the military runs counter to that of a university and, besides, lowlevel trade school courses have no place at Yale." In retrospect, the small Yale
ROTC may seem a small matter. But it wasn't. It was a lightening rod. In the
atmosphere of the time it was a big matter and, besides, as Abbie Hoffman so
sagely put it, "Think globally but act locally." I took center stage in the
movement against ROTC quite unexpectedly and spontaneously. There was a
small meeting of a few hundred students and faculty in the Ingalls Skating Rink
on the matter. There were a number of little speeches that were sort of going
around and around and the meeting wasn't getting anywhere. Suddenly it
occurred to me that I should try to break the impasse. So I went up on the
platform, asked for the microphone and made a simple motion to deny the ROTC
use of the Yale's facilities and that the University make up any scholarship
money that the ROTC students might lose because of the action. The motion was
seconded and passed unanimously. This certainly did gel the situation and the
upshot was a big University-wide meeting of almost 3,000 people, organized by
the President's Office in the Ingalls Rink, to put the matter to a vote. In the
meantime, the radical, humorless student organization, the Students for a
Democratic Society (SDS), had so vastly complicated my simple motion that it
received only a tie vote. But that turned out OK. The result was the demise of the
ROTC at Yale. This struggle had its importance. It was local, concrete and
distinct, and raised people's consciousness politically. It also made me notorious
campus-wide. The President was pretty annoyed at me for a while but he got over
it. I was pretty annoyed at the SDS and did not get over it. Having no sense of
humor is an unforgivable sin.
I had no problem getting along with black people. I am not a racist, but
I needed some better understanding of the depths of black rage. I discussed my
deficiency with some black students and received some good preliminary advice.
Read the Autobiography ofMalcolm X and Soul on Ice by Eldridge Cleaver. Both
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were eye-openers for this lily-white, naive academician and genuinely
radicalized my opinion. My increasing closeness with black students came
mostly from our day-by-day associations in Branford College. I also became
friendly with a small number of black faculty. I rarely saw blacks up on science
hill, except for one of my postdoctoral fellows, James Hogan, and one faculty
member in Biology, Richard Goldsby, both of whom became friends.
Then, one day, who should show up but Charles Davis, the charming
guy from Princeton I had met in Dave Jones's apartment in Harlem years before.
Yale had induced him to come to New Haven to head the Black Studies Program.
I saw a lot of Charlie, usually at lunch, for three reasons. Principally, we enjoyed
each other's company, both being laid-back with a sharp sense ofhumor. Second,
he wanted to learn about Yale so he questioned me endlessly, trying to become
more sophisticated about its social structure. Third, I wanted to increase my
understanding of black people. Not long after he joined the Yale College faculty,
President Brewster appointed him Master of Calhoun College to succeed Dick
Lewis. Calhoun was named in honor of John C. Calhoun (1782-1850, Yale,
1804), a South Carolinian who served as a Congressman, Senator, Vice-President
(twice, under Adams and Jackson), and Secretary of State. Calhoun, being a
gentleman of the old South, owned slaves. Charlie quickly made himself at home
at Calhoun College. One of his first official acts was to have the huge portrait of
Calhoun moved from the dining hall to his office, so that John C. Calhoun could
look straight at Master Davis, a descendant of slaves, day in and day out. In
addition to jointly marveling at the profound changes in America from the 1860s
to the 1960s, Charlie and I had a good laugh over the symbolism of his placement
of Calhoun's portrait.
The leftist and relaxed reputation of Branford College grew. This
reputation was augmented, I believe, by my own open politics and that of several
activist fellows, for example, my predecessor as master, George Schrader, and
not only Branford students but increasingly like-minded students from other
colleges frequented the dining hall-left-wing, black, and otherwise. Even
faculty would frequently drop in, like Charles Reich from the Law School, who
was then writing his Greening ofAmerica. This made Branford College a pretty
crowded place at lunch and dinner. Because students could transfer from one
college to another for meals, the Branford dining hall was for a period serving
more meals than any other dining hall at Yale, except for the Commons. As long
as it lasted, it was a "happening" that made for much camaraderie and was quite
a show.
This extraordinary period at Yale, from about 1968-1971, brought social
and political consciousness to many students (and some faculty) to a degree they
had never experienced before. The big event then and since, that has drawn most
attention was a murder trial of a member of the Black Panther Political
Movement which was to take place in the New Haven County Court House on
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the Green. This trial and general outrage against the war and racism drew many
people to New Haven for a mass protest meeting on the Green the first of May
1970. This protest demonstration presented two dangers that many of us worried
about-trashing by a minority of wild-eyed far-left students and over-reaction
from a very anxious and fearful National Guard. Roads into and out of downtown
New Haven were manned by soldiers who checked identities to be sure that
individuals belonged in that area. Bizarre rumors of impending violent antics by
far-left crazies and Black Panthers abounded. Thousands of soldiers in full battle
gear cordoned off the streets surrounding New Haven Green, providing an
unexpected and terrifying powder keg that could have led to real disaster. As I
understand it, cooperation between some highly responsible student leaders, the
Governor of Connecticut, President Brewster, and the local Chief of Police
prevented any serious disaster. Yale was lucky, very lucky. A few days later, four
students were shot and killed by Ohio National Guardsmen at Kent State
University.
The eve of May Day, 1970, a small group of national left-wing
organizers met in the Branford Master's House and the question of the National
Guard came up. We were worried that if they were too close to the demonstrators
on the Green some "crazy" might throw a bottle at them and provoke an attack.
It was decided to try to keep the Guard away from the Green out of sight. How?
Someone suggested that maybe Brewster could manage it. So I called Kingman,
he agreed to discuss it and five of us trooped over to the President Brewster's
house. It was about 10 o'clock in the evening. Brewster was alone with his friend
and member of the Yale Corporation, Cyrus Vance. We were Tom Hayden, John
and Ann Froines, David Dellinger and myself. Dave was a very intelligent,
responsible left-wing leader and a friend of mine from a number of previous
contacts. (He was also a Yale College Alumnus, one of the ones that turned out
right politically-solidly left.). Bill Coffin soon showed up, not unexpectedly. A
strange gathering of some people who otherwise would never have made contact.
The proposal was that Kingman should call the Governor of Connecticut to get
the Guard to stand back, close to but out of direct view of the demonstration on
the Green. Brewster hesitated, stating that he was not sure Governor Dempsey
would listen to him after Brewster's famous statement that he doubted that a
black revolutionary could get a fair trial in the United States. Cyrus Vance
impressed me as a diplomatic, highly intelligent man. He was thoughtful and
mostly quiet, but offered valuable advice, a fine example of the old chestnut,
"Still waters run deep." The upshot was that the National Guard did stand back,
there was no dangerous provocation, and no regrettable confrontation. May Day
for all its heat and fervor went off without serious damage to life, limb or
property and was an occasion that none of us will ever forget.
Side-by-side with the genuine, political, social, and cultural outrage of
this epoch was hippyism, a light side of what was going on in the minds of many

214

EMBRYOLOGIST

American young people, and many others (including me), not so young. Again,
there is no need of a disquisition from me on this profound change in life-style,
except to say that I liked some aspects very much-looser sexual mores, far-out
clothing, men with jewelry, and an optimistic view of the glories of the simple
aspects of everyday life. "Today is the first day of the rest of your life," was
plastered all over campus. I even liked marijuana, great stuff (but not around the
College) and had much fun with laughing compatriots. And I inhaled! But for me
this was a passing fancy, lasting only through the 1970s. Grass never replaced
alcohol, the dominant and more socially acceptable drug of our culture.
Well, this was certainly an exhilarating epoch and it was also successful
to a degree. The mass opposition to the war in Vietnam certainly helped stop it
eventually. Yale broke away from the military, admitted women in increasing
numbers, began luring women faculty and made progress against its long
standing discrimination against blacks, Jews, and other minorities. Perhaps the
most important feature was the stimulation of questioning, especially by
students, of many features of our society. Curiously, my old radical friend, Clem
Markert, by then at Yale as Chairman of the Biology Department, was not much
involved. He was very critical of the minority fringe hippy aspect, stating that
one could not take such people's political dedication seriously. Clem was
basically an old leftist, in a way a kind of Stalinist, and he never got over it. He
even got to look like an aging member of the Politburo.
After the heady intense political activity had quieted down after 1970, I
devoted more of my time at Branford College to encouraging Branford
intramural sports. We had a lot of good athletes in Branford, so all we needed to
do was get them engaged. And the more involved they became the more they
won and the more they won the more they won. The outstanding result was that
Branford College won the Tynge Cup for the best sports record of the year of all
the twelve colleges. We were very proud of that. Not only did we win the Cup,
but we shattered the old stereotype that radical political activity and intellectual
pursuits and sports don't mix. We proved that they can and we did it.
Finally, after seven years as Master of Branford College, I was relieved
of my job. The President was under much pressure from conservative alumni and
faculty who disliked both my politics and my lifestyle. I understood the reasons
and bore no grudge against President Brewster. Quite the contrary, I was most
grateful to him for having appointed me a master in the first place and for having
thus contributed to some very rich and happy years for me and Madeleine. At
various times during my tenure as Master of Branford College, and after, even
today, I have been complimented by various colleagues for having brought a
"fresh wind to the climate of Yale." (Of course, some people thought I was
simply fresh. I haven't heard from them.) Then my friends have often added that
Kingman, as President, created an atmosphere in which such creativity and
independence of spirit that I and others possessed could flourish. They hung my
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portrait (an informal one) in the Fellows Common Room of my dear Branford
College with those of previous Masters (Figure 10.2).

Figure 10.2. The fourth Master of Branford College.
It was a privilege serving under President Kingman Brewster, Jr. He
was a very smart, cultured man, who had a cutting sense of humor, great dignity
and charisma, and understood deeply and well the refined degree of intellectual
leadership and boldness expected of the president of a great university. He was
an intellectual leader in the best sense and dispensed his leadership with a brio
unmatched in his day. He was widely considered to be the outstanding American
university president of the epoch. Also, it didn't detract that he had the class and
attractiveness of a strikingly handsome man. It should be pointed out, however,
that along with his outstanding personal qualities Kingman was in a way a
product of his times. I wonder whether he would stand out so obviously
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nowadays, when, sadly, it seems that universities, large and small, expect more
management expertise and fund-raising capacities of their presidents than
intellectual leadership.
A question often raised is why Yale did not blow up in the late Sixties
as did Harvard, Berkeley and Columbia and some others. Certainly Brewster had
something to do with it. He had a hard time understanding what was going on.
For example, it took him quite a while to come to oppose the Vietnam War. But
he had help from the masters of the residential colleges who were closer to the
students than any other faculty group and he listened to us even when he thought
we were wrong. Perhaps the most important factor that kept Yale intact was the
residential college system itself. Students, faculty and administration had a much
closer relationship than at any of the other universities that did in fact blow up.

Vacations
As our marriage got under way Madeleine insisted on several changes
in my behavior. 1) I could devote myself to my work fully during the week, but
weekends belonged to her, except when an experiment demanded a little
attention. 2) We would take big, beautiful vacations (European style). 3) I could
dress in any sloppy way, jeans and all, when at work, but when we went out
together, I would dress "properly." Wonderful rules and some of the reasons our
marriage has been so successful.
As soon as she got her green card and we were free to travel, we visited
many places, but mainly France; Paris and la Cote d'Azur. Each summer for 13
years beginning in 1964, after the Fundulus season was over in Woods Hole in
mid- to late July, we would take off for Paris and the South of France (le Midi de
Ia Belle France). There we settled comfortably in the Salle de Garde of a small
chateau in a small, walled medieval village on the top of a hill called Le Castellet,
a so-called "village perche." Our quarters overlooked the Mediterranean between
Marseille and Toulon. We had arrived at night. I'll never forget my first day there.
As soon as I arose in the morning, I threw open the shutters and there spread
before me was all of France, it seemed, shimmering, bathed by the benign sun of
Provence. Our home was called Hurlevent (Wuthering Heights). It was much
photographed and the subject of postcards. Never mind how it all worked out. It
was idyllic. There we thrived on French gastronomie. We bought our wine straight
from the tonneau in the cave of M. Marius Peronne, a few steps below us in the
village (rose de Provence, naturally). We went swimming at various beaches
(principally Bandol), dropped into one of our favorite cafes for a pastis (a
yellowish licorice and anise-flavored liqueur that turns milky when diluted with
water, widely consumed especially in the South of France) when food shopping.
We often played petanque in the evening.
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Petanque deserves some special attention. Although it is a specialty of
Provence and played in every village, it is popular all over France. It is a little
like Italian boccie but better. It is played with a somehow more aggressive style.
The balls are of steel and when they collide, you hear the click of steel against
steel. It can be played anywhere-preferably on bare ground. "Every average
Frenchman has a set of boules de petanque in the trunk of his car." A perfect
place for us was the Place du Village of Le Castellet right at our doorstep. The
idea is for the pointeur of the team to toss a ball so that it lands close to a little
wooden ball, the cochonnet, and rolls toward it. Then the tireur of the opposing
team tries to knock your ball away with his ball. Neither Madeleine nor I became
very good as tireur, but were good enough as a pointeur to make our games
highly competitive. I became good enough to team up with two local teenage
boys at an annual Fete du Village of Le Castellet once to beat a team of
professionals from another village in a very tight game. Que! coup! What a
razzing the pros took from our abundant audience! "Do you realize that you were
just beaten by two kids and an American?" Our opponents slunk off without a
word, while we and our friends went jubilantly to the Cafe de la Poste to
celebrate our victory with a pastis d'honneur. One year when we stayed on in the
autumn I used to play every evening with our next door neighbor, Eric. We were
quite equal and had very good games but then I improved and started winning.
Tough. Finally, his wife, Martine, insisted that we stop. His losing was ruining
their evenings. Serious business this petanque.
After many happy summers in Le Castellet, we moved to a farmhouse
in the vineyards below a neighboring village, La Cadiere d' Azur, also a village
perche. Here, with pleasure, I took care of the chickens, one sheep, two ducks,
some rabbits and a cat and a dog. These minor chores brought me back to my
childhood. The dog and I would run together in the vineyard and play hide and
seek between the rows of vines. Our proprietor, Jean-Michel Combe, was a
physicist at the University of Toulon who had picked up jogging during one of
his sojourns in the States and could often be seen running alone on the deserted
country roads around La Cadiere, the only jogger I had ever seen in Provence. It
was a strange sight for the locals. One day when we were low on vin rose, I
lugged our bonbonne (1 0 liter flask) to La Noblesse, our favorite vineyard just
around a bend in the road, and, as usual I would have a taste and shoot the breeze
a little with the vigneron, Monsieur Jourdan. He asked, "Monsieur Combe, il est
un peu bizarre, non ?"
I said, "Non, pas specialement. Pourquoi?"
"Vous savez,"said he, "Il court."
"Moi aussi, je cours. J'ai couru apres un lapin echappe ce matin."
"Mais attention," said he, "M. Combe, lui, il court pour rien! II n 'est
pas un peu fada?"
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Translation: Mr. Jourdan said, "Mr. Combe, he is a little strange, no?"
I said, "No, not especially. Why?" Mr. Jourdan said, "You know, he runs." I
said, "So do I. This morning, I ran after a rabbit who had escaped." Mr. Jourdan
said, "But notice, M. Combe, he runs for nothing! Isn't he a little crazy?" M.
Jourdan, a stolid hard-working farmer, could not comprehend someone running
except for a good concrete reason, as away from a neighbor's husband. He
thought Combe was nuts. The people of Provence are full ofPagnol stories like
this.
These were lovely days for Madeleine. She was back in her cher Midi.
Her mother and son, Jean-Francois, and daughter, Anne-Laure, would stay long
periods with us. Jean-Francois and I spent a lot of time on the Place du Village
at petanque. He was quite a good tireur. This is a good place to reveal my French
name. Madeleine's family preferred to call me something French and it turned
out to be quite straightforward. Since my given names are John Philip I became
Jean-Philippe. And so it has been ever since for her family and all members of
our French extended family. I like it. Somehow Jean-Philippe seems more
elegant than John Philip.
My days in the Midi were simple-write a little in the morning, the cat
sprawling on the manuscript, the dog at my feet. Then we'd go to the beach for
a swim and sun, have lunch at a charming little bistro right at and over the water,
another swim, leave when the afternoon crowd arrived and write some more back
at home. Our evenings and nights consisted of a pastis, petanque, delicious long
dinners, lots of rose de Provence and long deep sleeps.
Finally, as we found it more and more difficult to park the car at the
beach and find a spot on the sand to spread a towel, we decided that the hassle
of the ever increasingly crowded, indeed jammed, Mediterranean coast of France
in August wasn't worth it. Why not stay on in Woods Hole in August and enjoy
its tranquillity? So, after 1977, we stayed in Woods Hole for the whole summer.
Among the many reasons why Woods Hole is a very special place is its
geography (see Figure 2.3). It sits on a small peninsula jutting out between
Buzzards Bay and Vineyard Sound. It is crowded with many institutions and
homes. The MBL, the Fisheries, the Woods Hole Oceanographic Institution, the
US Coast Guard Station, the Steamboat Wharf, the Golf Course, lots of big,
mostly old homes and estates of rich people, and all the little homes of the rest
of us are all there. It is full. There is no room for the sprawl of condominiums
and shopping centers that have plagued and tarnished much of the rest of Cape
Cod (and much of the U.S.A.). Hence, Woods Hole today is basically the same
captivating place for work and for living that it was when I first arrived over sixty
years ago.
Since its founding, the Marine Biological Laboratory has been a
marvelous place for both science and vacations. The MBL beach, Stony Beach,
on Buzzards Bay, is a superb salt-water swimming hole and an easy, short walk
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from the laboratory. When I was busy at the lab, Madeleine and I would often
meet there for a swim, some sun and our lunch. For the stated reasons it was very
popular-a pleasant place for a swim and for lazing away an hour with various
friends. We loved it and also Nobska, a sparkling, white, sandy beach on
Vineyard Sound lorded over by a stunning lighthouse.
When I was younger I sported a French bikini at these beaches, as I did
in France, the opinions of the conventional laboratory crowd be damned. I love
swimming nude and this was the closest to it. Also, because I am vain, I was
always in good physical condition. One day Nancy Rosenbaum, the wife of Joel
Rosenbaum, a departmental colleague from Yale, couldn't wait to tell me that
one of their very young daughters had just asked her, "Have you seen Dr.
Trinkaus's bathing suit?" "Yes." "Well, it's disgusting-You can almost see his
thing!"
When the weather was right-sunny with little wind and no fog-our
favorite way of going to the sea was in our little boat. I adore the fog, watching
it roll in on a beach or on a dock, but in a small boat it is no fun and exceedingly
dangerous. Our boat, an 11-foot Boston Whaler with an outboard motor, was
conveniently moored in the Eel Pond, just two steps away in back of the lab.
Madeleine would pack a special lunch, a bottle of Sancerre or Muscadet, a little
scotch (for me) and always a few bottles of ice-cold Ballantine's IPA for the boat.
Thus equipped off we'd go down the islands. There was always Devil's Foot
Island, just across the harbor separating it from the Hole, for ten-minute trips
and, if the tide was right, for clams and mussels. I collected clams with the aid
of a face-mask and Madeleine collected the mussels. With more time we would
strike out directly for the beautiful Elizabeth Islands that run southwest between
Buzzards Bay and Vineyard Sound-Nonamesset and Uncatena, the closest, and
Naushon, the biggest. On each, we had our favorite beaches where almost
invariably we would be alone. We had a felicitous routine-beach the boat,
spread the blanket, set up the umbrella, collect driftwood for a bar and a little
table, have a drink, take a swim, open the wine (properly chilled), set the table
and have lunch. After lunch, I would often go beach combing or spear fishing and
Madeleine would read. Maybe a little siesta for us both. Another swim. Those
trips were little fragments of paradise. Sometimes we'd go farther, to Tarpaulin
Cove to the beach below the lighthouse, to Kettle Cove, or to the beach on
Nashawena Island at Quick's Hole. Once we went to Cuttyhunk to see the village
but that was too far. In tight little Hadley's Harbor, between Nonamesset,
Naushon and Uncatena, we would gather clams in the mudflats and watch the
birds. A special treat for weekend visitors was to take them to one of our
secret beaches.
Phil Dunham would occasionally accompany us to one of these beaches
during the week. He especially liked a beautiful little cove on the Buzzards Bay
side of Naushon Island called Crescent Beach. He fittingly knicknamed it
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"Bareass Beach." We treated this tranquil, out-of-the-way strand as if it were our
own private nudist colony.
And at night? It was for years the Cap'n Kidd with several other
regulars, and occasional private parties, especially at the Bennetts' or our place.
It was at the Bennett's that we met Joel and Benny Brown, who soon became
close friends and remain so to this day. Around a lot of very intelligent people in
Woods Hole, Joel is exceptionally so, another bright neurobiologist. He is also a
tough-minded character, and, though full of himself, is a man of strong passion
and deeply loyal to his friends, like Madeleine and me. He doesn't go swimming
or fishing like lots of people at the MBL; he cooks, superbly, deliciously, like
Madeleine. One evening, after a fine dinner at one of our houses, he and I began
ruminating about the former directors of the MBL and faced the obvious fact that
although many of the working scientists at the lab are Jewish, no director had
been. In our good mood after dinner, we decided to do something about this. We
felt free to make the point since although Joel is Jewish, at least by ancestry if
not by religious conviction, I am not. The result was interesting. Most people
didn't give a damn, but there was strong opposition from a few Jews, the old
worry about being thought of as being pushy. After a bit of fun, we dropped our
little campaign. Guess what? The next director was Jewish, by accident (as it
should be).
We threw and attended numerous parties during these Woods Hole
summers. Many of these parties were spur of the moment but soon we developed
a tradition of having one big party each summer. They became famous-"The
Trinks' Party." We invited all sorts of friends whose company we enjoyed for one
reason or another but who did not necessarily dig each other. Joel couldn't stand
some of our guests. With lots of booze, ice from the lab, and Madeleine's famous
terrine, everybody soon had a good time, Brown included-in the house, out on
the deck, and up on the roof. Many heavy hangovers the next morning. We also
hosted occasional small dinner parties, French cuisine, of course, prepared by an
excellent French cook.
In addition to the long summer rests at Woods Hole, we also took short
vacations at the same time as the students, at Christmas time and at spring break.
These were invariably in the Caribbean at first. Madeleine, an excellent skier,
had lost her enthusiasm for skiing after having almost lost her life being swept
down a mountain in an avalanche at Val d'Isere and I, a poor skier, who never
learned as a child, both decided that we preferred the tropics. This led us to a
wonderful discovery-a French-based organization operating resorts called Club
Med. These resorts offered five essentials-the sun, the sea, French, SCUBA,
and a crazy relaxed ambiance. I had learned diving back in the 1950s with Clem
Markert at the Bermuda Biological Station, where we had a lot of fun diving
together. I continued diving some in the beautiful Calanques of Marseille and
Cassis, searching successfully for red coral and Greek and Roman amphora, but
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only sporadically. At the Club Med I would dive every day for two solid weeks
in spectacular waters. Our first trip to the Club was in Tahiti, more precisely
Moorea, an incredibly beautiful island with its jagged peaks and turquoise
lagoon. Ah, the South Pacific! We had a marvelous time, our best vacation up to
then. The diving in the lagoon and in passes through the barrier coral reef was
the best ever. I was just gaga about diving-the kinesthetic freedom of the diving
itself, the biological splendor of the coral landscape, the amazing biodiversity of
multicolored fish, and the camaraderie of the fellow divers. I was back to the
natural history of my boyhood but now at the bottom of the ocean. Also, I
became quite good at diving, adding progressively to its enjoyment. This meant
always being assigned to the best and most experienced group of divers at the
Club and thus having better and longer dives. Also, I must confess, I was a little
macho about it. Why not? I was still young in body, one of the best divers and
had fun fooling around with other divers on the boat and down among the fish.
SCUBA diving is really a terrific sport, given the right conditions, and it is not
very dangerous, if you are at home in the water and follow the rules. Moreover,
it is not very demanding physically. Some of the best divers I knew were women.
I continued enjoying it until the age of 72, although at that point I was no longer
strong enough to hoist the tank up onto my shoulders all by myself before
jumping into the sea. But once in the water everything was easy. We alternated
trips to the Club Med at Moorea and at Martinique. Australians brought a lot of
fun to the former and French Canadians to the latter. Every once in a while some
over-worked colleague at Yale would comment with a hint of hostility that
"You're so lucky to have such great vacations, Tahiti and all that." "It's not luck,
my friend. It's planning."

Academic Leave
Since academic leaves were for us a mixture of work and vacation this
is a good place to insert a word about them. Yale has a wonderful program of
academic leave. Tenured faculty may take every sixth semester off, with full
salary. I took them all. And, since my wife worked for me and could go with me,
we always left town. What an extraordinary privilege! These leaves took us to
many wonderful places: France of course-College de France, Devillers's lab in
the Faculte des Sciences, the Station Biologique de Roscoff, and places in the
States: twice in Jonathan Singer's lab at UCSD in La Jolla, thrice in Ray Keller's
lab in Berkeley, once at the Kewalo Marine Laboratory in Hawaii. All of these
leaves were richly restoring both intellectually and personally. We usually
traveled by air because it is faster or by car in the U.S.A., but twice we went by
boat, for the fun of the boat and because of Madeleine's fear of flying.
One of those voyages stands out. The trip over on the sumptuous Italian
liner, The Michelangelo, was a delight. The trip back on the equally sumptuous
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French liner, The France, was a disaster. We had a luxurious cabin, with big
windows facing the bow of the boat. It was winter and we were in the midst of a
heavy North Atlantic storm. This wreaked havoc in the bars and restaurants,
sweeping glasses and food from the tables with each gigantic toss. Madeleine
was getting dressed for dinner in the bathroom and I was lying on one of the
beds, when I heard a large BOOM! A huge wave broke through the windows.
Then another wave smashed into the windows and with the driving rain, water
began filling the cabin. I rushed to the door. It opened inward against the rising
water and I had to struggle to open it. Finally, I opened the door enough to allow
Madeleine to slip out. Then, the door slammed shut again, the cabin rapidly
filling with water. I was suddenly aware of the possibility of dying in this aquatic
coffin. While I was thinking about death by drowning, the door opened, pushed
by people Madeleine had found. Out poured the sea, rushing down the hall and
the stairs. We were wet, relieved and saved. Then suddenly I realized that the
films I'd been studying in Le Castellet and Paris and my manuscript were still in
the cabin. Madeleine ran back to the cabin yelling to the boat workers, who had
just arrived, to please rescue them for me. Then they took me to the infirmary to
dress my battered hand and give me a tranquilizer. That accident was certainly a
shocker but it could have been much worse. If Madeleine had been standing in
front of the big wall mirror by one of the windows as she was dressing, instead
of in the bathroom, she would have been hit by the full force of the wave and
possibly killed. We were told that a person in similar place in a similar accident
on The Michelangelo had been beheaded. We were well shaken up but very
lucky. The ship's captain gallantly visited our table in the restaurant and extended
his regrets, saying it was the most vicious storm he had been through during all
his years at sea. I washed the salt off my films in the bathtub of our new cabin
and Madeleine lost her fear of flying.

Houses
Our new affiuence permitted something more that has given us and our
families and friends many years of pleasure. In the middle of the mastership we
decided to expand our little shack in Woods Hole and convert it into something
with some panache. Automatically we consulted an architect. But we did not like
her ideas and decided to plan it ourselves. The result was a house with a tower
high off the ground on stilts, big windows and decks, including a roof-deck with
a view of Vineyard Sound and Martha's Vineyard as far down as the Menensha
Bight. It was a great house for us and our parties. It even got a write-up in the
local newspaper, The Falmouth Enterprise, with a picture. The point is that we
were able to plan it ourselves. As an embryologist, I have a feeling for space and
can readily think in three dimensions. Madeleine has a very refined sense of
color. Once the house is built and she can occupy the space, she furnishes it with
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taste. My sartorial taste is so underdeveloped that I am often challenged to have
matching socks. Furthermore, for years, I wore the same thin black knit tie.
When it became stretched by overuse, I would simply let it grow. Madeleine
finally convinced me to get rid of the tie in favor of something more stylish.
Thus, I was the architect, with input from my wife, and she was the interior
decorator, with input from her husband. Wisely, Madeleine listened attentively to
my decorating "tips," agreed that they were wonderful suggestions, and then
completely ignored them without condescension. We were a team. We ended up
with a useful, beautiful house that was perfect for us. In addition, we had the
immense pride and joy of having created it ourselves.
Not long after that we left the Master's House, we needed a home for
the academic year. Back to the drawing board. Fresh from our successful Woods
Hole venture, we bought an acre of woodland in Guilford, a lovely colonial town
on the shore of the Long Island Sound, not far from New Haven, and planned
another quite different house. To this home we soon added a study-guesthouse
out in the woods, separate from the main house, and a wood shed. With all these
buildings we had an estate, albeit a rather modest one.
In each case, of course, we needed an architect to convert our crude
drawings into formal plans satisfactory for a builder and to make sure we were
within the building code. These architects had mixed feelings about us, with
remarks that they had known other amateurs like us who had tried to plan a house
for themselves but were unsuccessful. Well, we were successful and are still
happy with the results many years later. And so have been our cats. We always
have had one or two, for all the reasons people love cats and, besides, some
months after the crushing loss of one, Lailah, Madeleine decided that we must
find another. As she said, "A home without a cat is less a home." We loved them
all, drove them across the country to La Jolla and Berkeley and took them with
us to Paris, Le Castellet, and Roscoff. Each had his or her own character and
personality but Mitzou stood out. He not only was a great traveler but actually
took walks in the woods with us and lived a full 20 years. He even had a pet
name, Mimi. He was around so long and was such a character that many of our
friends remember him well and considered him "family."

"YOU CAN OBSERVE A LOT BY JUST
WATCHING."
(Yogi Berra)

Some General Comments on My Approach to Studying
Problems of Embryonic Development
The development of multicellular organisms has three fundamental
processes. First, apparently similar cells differentiate into distinctive cell types
(cytodifferentiation). Second, groups of cells conspire to form distinctive tissues
(histogenesis) and then organs (organogenesis). Third, there is growth, caused by
increase in cell number, cell volume, and amount of extracellular matrix, leading
to increases in mass and volume of the embryonic and then adult organism.
Morphogenesis is a generic term that applies to developmental processes
resulting in the generation of new form and, by definition, typically involves all
three of the aforementioned processes. Imagine this! Each person reading this
book (and indeed all multicellular organisms on earth), arose from a single cell,
the zygote, resulting from the fusion of a paternal gamete, the spermatozoon, and
a maternal gamete, the egg or ovum. Two important thoughts occur to me here.
The first is that we still lack much of the understanding of the fundamental
details of precisely how this incredible transformation of a zygote into a person
(or a fly, frog, or mouse for that matter) occurs. The second is that I am surprised,
dumbfounded even, about how much we have learned about these processes in
my lifetime.
The study of cytodifferentiation requires research primarily at the
subcellular level beginning with the genes, that is, DNA, and how the genetic
information encoded in the DNA is transcribed into RNA and then translated into
proteins. The essence of cytodifferentiation is the expression of selected genes in
the complete genome, leading to the accumulation of a cell-specific ensemble of
functionally active proteins. Ultimately, we need to know how these proteins
interact and somehow produce the cytoplasmic proteins and assemblages of
organelles that characterize each differentiated cell type. The molecular
composition of genes, their location on the chromosomes, and the nature of their
molecular and cellular expression is a dominant and fashionable area of current
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embryological investigation. And now, with all the hullabaloo over the
sensational and truly exciting essential completion of the massive Human
Genome Project, many embryologists have come to believe that we are now on
the brink of solving the secret of development. Far from it. Important though this
project and other research on the genes is and how engrossing our pursuit, we
have so far largely ignored the complicated pathways in the cytoplasm starting
from the genes. These pathways lead to the differentiation of the many different,
characteristic tissue cells-neurons or intestinal epithelia or red blood cells, to
name just a few, or even the cytoplasmic organelles of which they are composed.
To be sure, the genes contain the genetic information for development
and provide the starting point for cytodifferentiation, but how the proteins they
produce interact and synthesize other chemical agents, and, finally
morphological structures, is yet the big mystery in the study of development. For
example, a gene on the mammalian Y (male) chromosome, when somehow
appropriately activated at the right time and in the right gonadal precursor cells,
produces a "testis determining protein," leading to differentiation of an
indifferent gonad into a testis instead of an ovary. Other cells in the testes then
produce the enzymes that catalyze the synthesis of the male sex hormone,
testosterone, which then acts on the sexually indifferent genitalia, ultimately
causing formation of a penis and scrotum rather than a clitoris and labia majora.
Testosterone also alters brain development and ultimately some behaviors. I have
oversimplified the actual cascade of events that leads to sexual differentiation,
but the point is that there are long, complicated pathways of interactions that, in
the end, are far from the initial genetic determinants. These interactions are
called epigenesis and they operate normally when the reactant tissues are in the
right place at the right time and competent to react.
Besides simply fertilization, cell divisions and growth, embryonic
development of animals results from some rather strange combinations of two
key processes, one of which is cell differentiation, and the other of which is
active cell movements. These key processes are often closely related. For
example, cell movement first begins in earnest as a result of some primitive cell
differentiation. Cascades of cell differentiation are triggered when one set of
cells move in the embryo to a new location, contacting new neighbors, and
inducing new rounds of cytodifferentiation. Most researchers who work on
developmental problems have focused on some aspect of differentiation, and the
mechanisms that control it.
My own research, in contrast, has been mostly concerned with the other
main set of phenomena that form anatomy, namely cell locomotion and cell
rearrangements in general. Cells do a remarkable amount of active moving
around in embryos, more than any sensible person would ever have expected,
and also more than anybody has yet been able to explain. Maybe it is because all
the really serious researchers have focused their attention on differentiation.

EMBRYOLOGIST
Somehow it got left for me and my graduate students to discover a rather
surprising fraction of what anyone has been able to find out about the cell
motility aspects of how embryos work. People used to assume that it was growth,
in the sense of cells being pushed around by one another's enlargement, or
maybe by cell divisions. In plant development, that is partly true; but much less
true in animals.
In order to form tissues and organs, you need to get the correct
differentiated cell types to be spatially arranged into their proper geometrical
patterns. The sensible way to accomplish this would be to have molecular signals
control gene activation in the correct spatial patterns, so that cells differentiate at
the locations where they are needed, and then just stay there. In other words, the
early embryonic cells that are located where the liver needs to be would simply
differentiate into liver cells. Those cells that are in the various places where
muscles are needed would differentiate into muscle cells, and so on for the
thousand or so different cell types in our bodies. That would be the sensible way,
and much of development really is approximately that way: in higher plants,
virtually all of it is, but animal development also depends strongly on active cell
movements. For example, in your body, all the voluntary muscle cells, the ones
you use to bend your arms and legs by volition, begin their development along
the middle of the back. We still have many muscles in our backs; so their cells
didn't move very far. On the other hand (literally!), all the muscles in your hands
and feet, and everywhere else but in the middle of your back, were formed by
actively migrating precursors of muscle cells. There are lots of other examples,
including the pigment cells about which I did some of my early research in
Goodrich's and Willier's labs now these many years ago. Melanoblasts originate
in the middle of the back, as part of the primitive nervous system, and then
migrate to many different locations in the body, where they then differentiate into
pigment cells.
When people write, as just about all of the embryology textbooks do
nowadays, that embryos form anatomy by each cell somehow being told what to
do, or "knowing where it is" relative to other cells, and then activating the
appropriate genes corresponding to their location, then that is something of an
over-simplification. If humans had designed embryos, then that's how we would
have designed them to work: each cell would just be told how to differentiate,
according to position, and then it would stay there. To a large part, that really is
what happens in embryos; and since that's how we would have designed it, then
it is comprehensible to us when embryos do that. It makes sense to us, and we
can recognize those aspects of what is going on. If only there weren't so much
of this strange cell rearrangement going on, with lots of kinds of cells starting
differentiation in one location, and then crawling off somewhere else, then
embryonic development would make a lot more sense. We would then be able to
explain it all much better than we do, and would probably be able to control it
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medically much more effectively. There wouldn't be gastrulation, neurulation,
neural crest cell migration, and cells would be able to sort out by type when
randomly mixed together.
Cell sorting, which interested me for a time, and to which I made some
significant contributions (see Chapter 7), is a good example of the
incomprehensibility of the motility aspects of development. Although H.V.
Wilson discovered this phenomenon, in primitive marine invertebrates, he
resisted the idea that the cells could be rearranged by cell type. For many years,
he thought they must be switching from one differentiated cell type to another;
and after that he tried to prove that the phenomenon was entirely a matter of
differentiation of previously undifferentiated archeocytes; and that was more
than 30 years after he had discovered sorting. He just didn't think of the
anatomical arrangements of cells as being produced by properties of individual
cells, neither adhesive properties, motility, nor any other intrinsic properties. The
bricks in a wall got their locations by someone putting them in place; nobody
knows how to make bricks that can crawl up forming walls and climb into place,
under their own power. If the bricks and other components of a house did have
intrinsic, structure-creating properties, then if a bulldozer knocked down a house,
its bricks, etc. would be able to sort out to form a new house (or a row of
cottages) where the old house had been. This is one way to think about cell
sorting and tissue morphogenesis, but it leaves open many questions about
exactly what cell properties are related to the formation of which parts of our
anatomy.
At a Friday Evening Lecture in Woods Hole just two years ago I had the
pleasure of attending a clear, refreshingly unpretentious lecture describing
beautiful, elegant work. The lecture was about how a research group had
identified the genes and the proteins necessary for the continued mitosis of the
primitive precursors of gametogenic cells and the migration of these primitive
sex cells in the worm Caenorhabditis elegans. The lecture then ended, as if that
is all that needs to be said or done. There was no mention of the big unsolved
problems before us, i.e., how do the genes, and the proteins they produce, lead to
continued mitosis and the migration of whole cells? There was no mention of the
myriad possible connections between the chemical beginning and the cellular
end. Unfortunately this is typical of the presentations of such results by many of
those working at the level of DNA. They lay the chemical genetic basis, often
brilliantly, but do not pursue the subsequent molecular and cellular work or even
mention the need for it. This gives the audience and in particular young students
the idea that laying the initial DNA-RNA-protein basis for an eventual cellular
trait suffices. Moreover, although this field of contemporary biological research
is certainly of outstanding importance and even glamorous, unfortunately in the
rush to explain everything on the initial molecular (genic) level, many equally
important aspects of development are nowadays getting less attention than they
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deserve. These include the differentiation of cytoplasmic organelles and
cytoskeleton, the cell surface, the cells themselves as motile interacting units,
cell movement, rearrangement and contractility in the shaping of organs, (not to
even mention evolutionary aspects of development).
Additionally, there is also an unfortunate, childish arrogance displayed
by some molecular biologists that implies with scorn that if biological research
is not molecular it is not really scientific or at least less so. Insinuations of this
sort abound in conversations and lectures, and are well-documented by the
distinguished entomologist, E.O. Wilson, in his autobiography, but I will mention
only one of a number that I have personally experienced. It occurred during the
question period after my lecture at the University of Virginia on some of our
research about 20 years ago. After a few questions, a man at the back of the room,
whom I recognized as the current head of the Department of Biology and whose
field of research was protein structure, arose to offer the following comment.
"This is interesting work you have presented, but it is all descriptive." He was
being critical, meaning that the work was not molecular. If I were younger, I
might have been floored by this gentle but direct affront. But I was no longer
young. I responded that, "Yes, much of what I presented is descriptive, but not
all. Some was experimental. Tell me, what is wrong with description? All
science begins with careful description, as, for example, using x-ray diffraction
to study protein structure." Accompanied by a few smiles and some tittering in
the audience, Trinkaus had yet again emerged triumphant!
What is totally ignored in much of the research on gene action is
precisely what is studied in an area of research known as "developmental
genetics." Here, as I define it, the emphasis is more on the embryological
consequences of gene activity than on the gene itself (for many "das Ding an
sich" of biology). The investigators create mutants and observe them, not merely
the end result in the damaged embryo or adult, but work to trace step by step the
deviant developmental directions taken in the genesis of the abnormality. Much
of the developmental genetics of Drosophila, the mouse, the chick, the zebra
fish, and the worm Caenorhabditis has used this approach with great profit and
has in this way revealed some of the hitherto unknown intricacies of normal
development.
Yet another approach to the study of development is to ignore the genes,
fundamental as they are in providing genetic information, and to study the
development of the normal phenotype on a cellular and cytoplasmic (and
molecular) level. This was the old-fashioned, traditional way of embryological
research in days of yore, before we knew about the chemical nature of genes or
much about gene expression during development. It has taught us most of what
we know about development. This approach, for example, is how we first learned
about stem cells, a subject of intense current biomedical research-by research a
long time ago on the neural crest, the most spectacular of embryonic stem cells.
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Also, transplantation of nuclei many years ago led directly to the contemporary
cloning of mammals. One of the central objectives of this approach to the study
of development is to understand cell motile behavior during morphogenesis. We
need to know how cells change shape and move, how they generate motility, and
how cells' collective behavior forms groups or clusters of cells, sheets and other
cell masses that ultimately form tissues and organs. Now, with the incredible
advances in cell and molecular biology and powerful new techniques for
studying the cell surface and the cytoplasm, there is more and more emphasis on
the mechanisms of the movements of cells and their contact behavior. A pressing
human need for this approach to development is posed by the problem of cancer.
Most malignant cancers spread by cell movement, the invasion of neighboring
tissues and organs, and by metastasis, movement of cancer cells to different
regions of the body after invasion of the blood stream and the lymphatic system.
By continuing this invasiveness, cells move out of these vessels to invade other
parts of the body. For these reasons and out of plain old dumb curiosity I have
dedicated most of my research life to the study of this grand problem of cell
movement within the organism.
So I think the real issue may be whether my work can yet be connected
to any or all of the new discoveries in molecular biology. And, in that respect, I
share my critics' regret. Unfortunately, neither I nor they have been very
successful in connecting the mechanical aspects of embryonic development to
their molecular aspects. Maybe they think, if they ignore the mechanical aspects,
then they will go away; and that we can just pretend that turning genes on is all
there is to it. Or maybe they think nobody should study subjects that are not
immediately "connectable" to what is already known. At least that criticism
would be more logical than complaining that my work is more descriptive than
theirs. If I knew how to connect my discoveries to theirs, then I would have done
so with great delight. Indeed, my students and I have tried as hard as we could to
make such connections, admittedly without much success. But we often felt as if
we were trying to dig a tunnel from one side of a mountain, or build a bridge
from one side of a river, and people on the other side were not helping, by
digging from their side, toward where we have managed to reach.
Until this point in my book, I have placed emphasis on our work on the
movements of masses of cells, particularly of a certain cell sheet and a certain
syncytial sheet, setting somewhat aside for reasons of clarity our often
accompanying studies of the contacts and movements of cells as individuals and
in small groups. This was an oversimplification. Cells move and rearrange
within cell sheets. Individual cells congregate to form cell masses of various
contours and degrees of contact. Now in this chapter the emphasis will be on
some of our primitive understanding of mechanisms of movement of discrete
cells. Their motility begins after the cessation of cleavage and continues
throughout much of early embryogenesis and, indeed, continues in some cases
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normally in the adult, as in the migrations of white blood cells, during wound
closure, during regeneration, and abnormally, as in cancer.

Cells into Organs
My heavier involvement in the motility of individual cells was
commensurate with the composition of a little book on cell movements during
embryogenesis. This book, which finally appeared in 1969, began as part of a
multiple textbook series for undergraduates edited by my old friend Clem
Markert. He asked me to write a volume on embryonic induction, organizers, and
the like. As I began assembling my thoughts in preparation I soon came to realize
that I didn't want to write on the assigned topic at all but instead on
morphogenetic cell movements, a subject that passionately interested me and that
I had already recently reviewed. Moreover, I believed that there should be a
volume on this subject in the series. I discussed my change of heart with Clem
and he agreed, showing remarkable flexibility.
I wrote my book mainly during our summers in the South of France,
in Le Castellet, where distracted only by the sun, the sea and petanque, I was
free to read, reflect and write on problems close to my heart. It was a perfect
way to do it. Being away from Yale and Woods Hole, I had virtually no
distractions. I wrote partly from memory and partly with the aid of a large
collection of reprints I brought with me, stuffed in my briefcase and one of the
suitcases. I would take care of corrections and illustrations back in New Haven.
Since I never learned to type, my good wife took time off from the beach and
from our charming life in Provence to transform my scrawlings into a legible
typescript using an old typewriter we had rented in Marseilles. As I was in the
midst of my writing, we had a visit in Le Castellet from my brother, Charles,
the Renaissance historian, on his way home from a summer of teaching in
Florence, Italy. He asked me about the book and the title. I mumbled something
like Morphogenetic Movements and he said, "Terrible. Boring. What's it
about?"
"It's about how cells move around in the embryo and get together to
form tissues and organs."
"Ah," said he, "Cells into Organs," and I instantly knew that I had a
suitable title.
To help make the book seem important, I later added a rather
pretentious subtitle: The Forces that Shape the Embryo. In addition to being a
distinguished scholar, Charles was good at titles. One of his books on intellectual
life in the Renaissance was titled Adversity s Noblemen and his latest and most
ambitious work is titled In His Image and Likeness. For my book we designed an
elegant cover, using real images of contacting fibroblasts from one of my papers
(Figure 11.1).
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As I got going on my book I pretty soon abandoned pitching it as an
undergraduate textbook. Instead, I wrote it more as an extended essay on the
movements of a subset of all cells, namely those bereft of cilia and flagella,
during the early development of a number of carefully chosen, well-studied
organisms. The book would be intended not just for advanced undergraduates but
also for graduate students and for biologists outside the field of motility who
might thereby become interested in cell movements. I made a concerted effort to
point out what was known but also what needed to be investigated. From
comments and reviews and by numerous citations in professional journals, I was
soon pleased to find that the book served not only these purposes but also as a
monograph for embryologists and cell biologists already working in the field.
Several of my former students said they got good new ideas for their own
research from the book. Great! To my immense gratification, my book
entertained and enlightened not only neophytes but also helped experienced
scientists. Although I hadn't expected this outcome when I wrote the book, I was
happy to learn that my work was useful to a broad spectrum of readers.
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Figure 11.1. The scuffed cover, giving testimony to the usefulness
of the first edition of Cells into Organs.
Reprinted with permission of Prentice-Hall.
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Motility of Individual Cells in the Embryo
About this time two enthusiastic new graduate students arrived from
little Union College, where both had received good solid training in embryology
from a former Yale graduate student, Ray Rappaport. Ray is one of the most
creative people trying to understand how cells divide (cytokinesis) . I persuaded
one of these new students, Richard Ebstein, to join me at Woods Hole to begin a
study of the genesis and morphology of the movement of deep cells in the
Fundulus blastoderm before and during gastrulation, using time-lapse
cinemicrography to speed up their movements. Dick was a bright, talkative,
funny guy and great fun to have in the lab. The other student, Gary Conrad,
returned to Salisbury Cove, in Maine, to continue his work with Rappaport. With
Dick's able assistance and boundless energy, I had a very profitable summer. No
one had previously studied the motility of individual cells moving before and
during gastrulation of a living vertebrate embryo using time-lapse
cinemicrography. Many of you have probably seen time-lapse films of a flower
blooming or a butterfly hatching from its chrysalis. Basically, this technique
works by taking individual frames of movie film at say, one minute intervals, and
then projecting the film at say 16 frames per second. This collapses a slow event
by a factor of960. High-speed cinemicrography can be employed in the opposite
manner. Specially designed cameras can take thousand of frames a second and
then project them at 16 frames per second, slowing down a quick process. You
may have seen films of a speeding bullet shattering glass or a car slowly
disintegrating after a violent collision. Anyway, frog, chick and mouse embryos
are too opaque to see much of what goes on inside them during morphogenesis.
In contrast, in the nearly transparent Fundulus embryos, we could not only see
the cells as individuals, but also follow their detailed changes in surface features,
shape, and movement. Although time-lapse cinemicrography is an old technique,
Dick and I were neophytes. We were provided with many adventures trying one
interval or another, stabilizing the microscope, and deciding which cells to
follow and what to focus on. We were limited to old-fashioned bright-field
microscopic optics because phase-contrast microscopy is useless in a threedimensional system. Furthermore, Nomarski differential interference contrast
(DIC) optics was not available. But we learned much with the proper use of our
ancient but excellent Zeiss optics, and because of our synergistic enthusiasms for
the new venture. The results were gratifying, real eye-openers, both because they
were new, and, more importantly, because they yielded a great deal of new
information about the onset of cell movement in vivo, i.e., in the living embryo.
As in most organisms, the cleavage blastomeres of Fundulus are
quiescent, except, of course, during cell division. At first, Fundulus blastomeres
divide rapidly, say every hour or so (depending on the temperature), but soon, the
rate of cell division declines. Then, soon after the near cessation of cleavage, the

"YOU CAN OBSERVE •
A LOTJUST BY
WATCHING."
mid-blastula transition begins along with the appearance of new messenger RNA
and the onset of cell movement. We discovered that the onset of cell motility
appears gradually. The first signs of it are gentle, barely perceptible undulations
of the cell surface. As these surface undulations increase in magnitude over a
period of about 30-40 seconds, one of them suddenly expands to form a large,
clear, hemispheric blister that we have come to call a bleb, essentially a small
mobile cortical blister. Then, seconds later another bleb appears. It takes seconds
for blebs to form in real time, but when movement is speeded up by time-lapse
cinemicrography, their appearance is explosive and truly spectacular. They
quickly retract and are just as quickly replaced by new ones. At first, few cells
form blebs, but, with time, the number increases steadily until by the late blastula
stage, before the beginning of gastrulation, almost all deep cells are forming and
retracting blebs and the blastoderm is converted into a bubbling, jostling cell
mass. What a show! During this frantic but brief phase of development the cells
do not change location; they just sit there merrily blebbing--exercising in place,
as it were. In this phase each bleb is a clear, hyaline hemisphere totally lacking
cytoplasmic organelles such as mitochondria, Golgi and endoplasmic reticulum.
Transmission electron microscopy showed that these organelles are excluded
from the bleb by a dense barrier of actin-containg micro filaments at the base of
each bleb. Blebs seem to form as the plasma membrane peels away from the
microfilament-rich cortex of the cell and then blebs balloon out into a
hemispheric form, presumably forced to bulge away from the cell cortex by the
normal hydrostatic pressure of the cytoplasm.
Motility next enters a new phase; instead of retracting, some blebs
protrude farther. The microfilamentous barrier at their base breaks down and
cytoplasm full of organelles flows into the bleb from the cell body. This not only
extends the bleb, giving it a long, blunt finger-like form; it also decreases the size
of the cell body and thus represents the first small phase of cell movement, a big
event. The cell begins to displace by literally pouring cytoplasm into the
extending bleb, which we now called a lobopodium because of its change in form
and its function as an organ of locomotion. As the lobopodium continues to
extend, the cell moves forward. This mode of cell movement obviously
resembles one aspect of classical amoeboid movement, namely, extensive
cytoplasmic flow. In some cases, the lobopodium adheres to the surface of the
syncytial layer beneath and spreads on it, forming a lamellipodium. This
locomotory organelle is a flattened, spreading, adherent extension of the cell's
margin. It forms as a dominant structure in the direction of cell movement, e.g.,
if a cell were moving from left to right, the right end of the cell would have the
largest lamellipodium. Lamellipodia are, in effect, the feet of many moving cells,
in animals and in artificial culture conditions. Lamellipodia can also attach to a
subtsratum or another cell, and contract, thus pulling the cell forward. With the
development of these locomotory structures, the deep cells begin a massive
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random displacement during the blastula stage, before gastrulation. This was at
first a surprising discovery, but not once we thought about it. Cell movement
begins before gastrulation, but, of course, muscles contract and move before a leg
and a runner moves. It seems that gastrulation commences in Fundulus in two
phases. First, the cells somehow differentiate the mechanisms for movement in
the blastula. Second, the now moving cells respond to certain directional cues, as
gastrulation begins, and move toward one site, where they congregate to form the
embryo proper. Before moving directionally, you first have to learn how to move.
Shortly after these adventures and discoveries with time-lapse
cinemicrography, a young woman named Cheryll Tickle arrived from Britain to
work in my laboratory as a postdoctoral fellow. She had taken her doctorate from
my friend Adam Curtis at the University of Glasgow and elected to do her
postdoctoral research work with me in order to continue her studies of cell
sorting. Adam might well have sent her to work with Steinberg or Moscona, but
she chose to come to my laboratory. I neither encouraged nor discouraged her in
this research, in accord with my practice of giving postdoctoral fellows
maximum independence. Gradually, on her own, she lost interest in cell sorting,
an intelligent and wise move in my opinion, confirming my impression that this
petite and rather shy woman was very bright. This left room for something else
in that penetrating intellect. Sure enough, her inquisitiveness and good instincts
came up with a very good idea, namely to see if Fundulus deep cells become
more extensible or deformable commensurate with the onset of the movements
of gastrulation.
I had previously observed that gastrula cells more often than not flatten
on a glass substratum in vitro whereas blastula cells remain rounded and do not
attach. I had suggested in print that this flattening is due to increased surface
adhesiveness. Cheryll thought otherwise-that flattening could as well be due to
increased deformability of the cell surface or a combination of increased
adhesiveness and increased deformability. Yes, indeed; I hadn't thought of that.
So she constructed a Rube Goldberg machine for exerting negative pressure or
suction on the cell surface. The idea was to thrust a micropipette against the cell
with a micromanipulator and measure the amount of negative pressure required
to suck a protrusion of a given length from the cell surface into the pipette.
With this equipment, I took Cheryll to the MBL to test the hypothesis
and to give her the "Woods Hole experience." On finding our lab, I affixed our
names to the door-"Tickle Trinkaus." Ordinarily I hadn't bothered to label the
lab door with names, but this time I couldn't resist. Sure enough, a few days later
Joel Brown stuck his head in to inquire, "Is that in the imperative?" We all had a
good laugh. We quickly got our equipment set up and went to work. I prepared
the cells, dissociating them and culturing them in a depression slide. She applied
the negative pressure. Her job was the tough part. The seal between the pipette
and the cell surface had to fit perfectly, of course, with no leakage. Since there
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was often leakage this was often an exasperating operation. One day, after a
particularly trying series of leakages, a friend dropped in, looked around and
asked, "What in the hell does that contraption do?" "It sucks!" said Cheryll.
With skill, determination, humor, and the legendary British stiff upper
lip, Cheryll succeeded in establishing unambiguously that less negative pressure
is required in vitro to deform early gastrula cells than cells from early blastulae.
This fmding correlated nicely with the normal behavior of deep cells in vivo, in
the blastoderm: early blastula cells, as noted, are rounded, form blebs, and do not
engage in locomotion; whereas, early gastrula cells form extended lobopodia and
lamellipodia and engage actively in locomotion. The increased deformability of
the gastrula cells also correlates with the breakdown of the micro filament barrier
at the base of each bleb and the consequent flow of innner cytoplasm into the
bleb. Possibly, a liquification of the cortical cytoskeleton, due to
depolymerization of actin-rich microfilaments, is the basis of the commencement
of locomotion.
As often happens in cell research, when you are looking for something
particular to happen and you are watching carefully, you may find the cells
reacting in unexpected ways. One day Cheryll called me over to watch as she
brought a micropipette against the surface of an early blastula cell preparatory
for testing its deformability. A few seconds later the cell formed a bleb on its
opposite side. We soon found that if the cell was in tight contact with another cell
then the second cell would also bleb, a few seconds later than the first. Nudging
a cell causes it to form a bleb and then communicate some sort of signal to an
adjacent cell. This result so fascinated us that, even though we didn't yet have an
explanation for these observations, we published them in a short letter to the
British journal Nature. Later, after Cheryll had returned to England, I continued
nudging cells myself (it was great fun and easy, again instant research). I found
that if the nudged cell were in close contact with a chain of five or more cells all
in tight contact, each cell blebbed sequentially, on down the line, after the first
one was nudged. The time (in seconds) of formation of a new bleb on each cell
varied directly with its distance from the first cell.
The results of these arcane experiments provide evidence for
transmission from cell to cell of a stimulus for a cell surface activity that lies at
the basis of the commencement of their locomotion. In the tightly packed
blastoderm, once one of these cells forms a bleb, it may pass a stimulus for bleb
formation to cells adjacent to it and thus increase profoundly the efficacy of the
surface activity leading to cell movement. Once movement has begun, this could
be a major factor in the coordinated mass cell movements of gastrulation.
Incidentally, deep cells of Fundulus had been shown to be electrically
coupled in vivo and in vitro and James Hogan in our lab found that gap junctions
occur between deep cells. These communicating intercellular junctions might
allow the passage of a signal for blebbing, i.e., by a low molecular weight
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messenger, which passes from cell to cell through these low-resistance, aqueous
channels. However, this would provide only part of an explanation. Electric
coupling is essentially an instantaneous process and, in consequence, far faster
than the coupling ofthese cells for blebbing, which usually takes several seconds.
Thus electrical coupling might be involved as the first step, with the fmal end
effect on the cell surface being delayed in the cytoplasm by the additional time
required for activation of the cytoskeleton in the blebbing mechanism. Also, of
course, these cells at this stage of development might be on the verge of forming
a bleb normally and need only one final push to go into operation.
Later, in 1977, I had the pleasure of reporting these results at the
celebration of the 500th Anniversary of the renowned University of Uppsala in
Sweden. One of the joys of science is that, being so international, it often takes
us to other countries and other peoples to discuss our work. My trip to Sweden
gave me, for example, the opportunity to meet with and enjoy the company of
a legendary experimental embryologist, Professor Sven Horstadius, a hero from
my student days because of his famous, gorgeous microsurgical experiments on
early sea urchin embryos. He and his wife were charming people and the four
of us had a delightful time together. At our departure he presented me with a
copy of his book on sea urchin development. A few months later, Horstadius and
his wife visited us at Yale and spent the night in my study-guesthouse in
Guilford.

Cell Motility in Culture
In the same years as this research on Fundulus deep cell motility was
going on in Woods Hole different lines of research were being followed in our
lab in New Haven. Although my main interest was to study cells in the embryo
as they engage in morphogenesis, much was to be learned from working with
cells in tissue and cell culture, where they are under optimal optical conditions
and can be manipulated manually and chemically with relative ease. The subject
of most of the work on cell movement in tissue culture in those days was the
chick embryo fibroblast, a connective tissue cell that thrives in various culture
media. However, most of the work on fibroblast movement was unsystematic
and anecdotal until a certain English embryologist entered the field. In the mid1950s, Michael Abercrombie at University College London published with Joan
Heaysman a few papers that systematically established how fibroblasts at the
edge of a chunk of tissue move away from it out onto the glass substratum and
thereby form an ever widening zone of "outgrowth." Their method was
statistical analysis of cell to cell contact and motile behavior as observed in
time-lapse ftlms. When a fibroblast contacts another it adheres to it and stops
moving. They called this contact inhibition of cell movement. Then the free
margin of the cell begins motile activity and with this the cell soon breaks away,
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moving even farther from the tissue mass until it contacts another cell, is contact
inhibited and so on. This work showed that one could explain the mass behavior
of a myriad of cells in culture by close, careful observation of the motile
behavior of individual cells, concentrating systematically on single aspects of
the movement. Afterward, they followed this work by combined light
microscopic and electron microscopic studies of the morphology of a fibroblast
in different phases of its movement. These papers of Abercrombie and
colleagues were of seminal importance to our laboratory. Thanks to them,
instead of gazing with wonder at these marvelous moving cells, as we had done
so often in the past, the study of cell movement had became a more disciplined
science.
I count my association with Michael Abercrombie to be among the
richest experiences of my life. It began in I 960, when I first visited him at
University College London. There, he showed me films of some of the very
cells on which he and Joan Heaysman had founded the concept of contact
inhibition. Two years after that, I persuaded Jim Weston to do his postdoctoral
research with Michael. About 10 years later, Albert Harris, certainly one of the
brightest and most creative of my graduate students, chose on his own to pass
his postdoctoral years with Michael (before he accepted a faculty position at the
University of North Carolina). And, finally, Norman Wessells, one of my best
early students and by then a member of the faculty of the Biology Department
at Stanford, chose to spend a sabbatical year with Abercrombie. In addition,
Michael and I personally drew constantly closer in our research interests and
enjoyed each other's company frequently at various international meetings from
Philadelphia to London to Moscow to Glasgow. Abercrombie was a profoundly
intelligent man and a thorough, penetrating scholar, with a generous but modest
personality. I learned from Albert Harris that Michael's father was a
distinguished English poet and Professor of Poetry at Oxford. Robert Frost lived
with the Abercrombies, for a year or so, just before World War I, before Frost
published his books of poetry that made him famous. Michael never mentioned
any of this to me. He didn't like to talk about personal issues. Although Michael
and I were quite different in our social demeanor, we nevertheless got along
famously.
We became in effect the senior members of an extended family, he the
chief and I the deputy. Three of my best students became also three of his best
and his fine entourage merged readily and happily with me and mine, in
particular a robust young Englishman from Yorkshire named Graham Dunn, who
collaborated with Albert Harris. Curiously, although much admired and even
loved for his consummate professional and personal fairness, Michael almost
always insisted on being the leading author of all his collaborative publications.
Nobody seemed to mind this quirk much but it seemed out of character so none
of us could figure it out.
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I chaired a 1979 Gordon Conference in New Hampshire on Cell
Contacts and Movements, a truly great honor. Although I had invited
Abercrombie and eagerly looked forward to visiting with him again, our most
distinguished anticipated participant was sorely missed. Michael Abercrombie
had shockingly died of lung cancer only a few months earlier. He had smoked a
lot when he was younger. He was also cured of Hodgkins disease by irradiation
in the 1930s (a rare cure at that time) and this may have contributed to his lung
cancer. As Chairman of the Conference I dedicated the meeting to this great man,
to the scientific spirit he exemplified, and to the warmth of his character that so
inspired all who knew him.
Teiichi Betchaku and I got into the swing of the important lessons
learned from Michael Abercrombie. We began to study contact inhibition in great
morphological detail. We showed that the rufiling motile activity of the spread
leading lamellipodium of a moving fibroblast is paralyzed locally, precisely at
the point of contact with the surface of another cell. This suffices to stop
temporarily the contacting cell's movement until it forms a new rufiling
lamellipodium elsewhere on the cell surface. This made such a pretty picture that
I used a stylized version of it for the cover of my book Cells into Organs (Figure
11.1 ). More importantly to our laboratory, I persuaded several of my students to
devote their graduate research to studying cell movement in tissue culture. There
were three good reasons for this push on my part. First, the importance of the
questions currently begging answers. Second, the impossibility for graduate
research to be limited to summer research at Woods Hole. Third, as had been my
practice for years, I didn't believe graduate student research should be a segment
of the professor's personal research program.
We had a lot of fun in my lab in the late 1960s and early 1970s. There
were a lot of students around and some of them were pretty funny. I was having
a wonderful time working on my own research and with the motley crew of good
junior colleagues while serving Yale as Master of Branford College. I was
usually in a good mood and pretty much on top of my game (Figure 11.2). Let
me give you an example of the fun we had. Albert DiPasquale, a junior graduate
student, worked for a time in my lab alongside Albert Harris, who was, at the
time, putting the fmishing touches on his dissertation research. Two Alberts in
the lab at one time created a nicknaming problem. Albert H has a great sense of
humor and Albert D was an extremely reserved, Italian American, who most
assuredly had led a sheltered, very Catholic life, graduating from Villanova
before coming to Yale. Naturally, Albert H quickly dubbed Albert D, Al "The
Biologist" DiPasquale as if Al The Biologist were a torpedo for the Mafia. I
recall that at the time, there was a lot of news about a Mafioso in New York with
the nickname "Big Tuna." The sobriquet for Albert D was utterly ironic, because
Al The Biologist was reserved and shy, the antithesis of a button man. By the
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way, Al The Biologist studied the movement of epithelial cells in culture, did a
nice dissertation, and later went on to medical school.

Figure 11.2. The author in 1970, in a relaxed pose in his office on the tenth
floor of Kline Biology Tower, on top of his game. Photograph courtesy of
Kurt E. Johnson.
Albert Harris worked on the role of the adhesion of fibroblasts to the
substratum to gain the traction necessary for cell movement and after achieving
his doctorate went to Abercrombie's lab in England, where he studied cell
surface movement during the spreading of fibroblasts. Michael was very grateful
to have had Albert (and earlier Jim Weston) working in his lab for a while and
thanked me feelingly. Albert collaborated extensively with Graham Dunn, who
worked in Abercrombie's lab at the same time.
What a pair of characters Harris and Dunn were! Albert Harris is tall,
about six feet, six inches and imposing (physically and intellectually). He has
impressive verbal skills, both in technical and jocular matters. Being raised by
parents who were cultured, his mother a psychiatrist and his father a well-known
professional painter (of paintings not houses), Albert didn't drink, smoke, or
swear. He was the sort of man who would laugh at the Mexican pronunciation of
the Spanish word for "virgin, " which comes off sounding like "beer hen." In
contrast, Graham Dunn was much shorter, spoke with a thick Yorkshire accent,
was bearded, and drank, smoked and cursed a lot. They both shared an
appreciation for the twisted comedy of the brilliant English comedy troupe
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Monty Python, and both had aggressive, critical personalities. In short, they were
a Mutt-and-Jeff-like pair who regularly terrorized their scientific competitors,
playing together like a wrestling tag team. I took great pleasure in sitting back
and enjoying the fray at several important international convocations.
One of the important discoveries of Abercrombie was that a certain
strain of cancer cells did not show contact inhibition. The cells appeared to move
over fibroblasts, criss-crossing as it were. Both Paul Bell and Carol Erickson,
graduate students in my lab, checked this on two different cancerous cell lines.
They found by careful microscopy, to Michael's dismay, that the criss-crossing
of these cells with normal cells is not due to cells crawling over one another, but
instead by crawling under them. Harris and others had shown that moving cells
adhere to the substratum only at the marginal lamellipodia at the leading edge
and at the firmly stuck trailing edge. My old mentor, Professor H. B. Goodrich
first described these cells in the 1920s. He called them "canoe cells" because of
their shape. So another cell can crawl under the unattached middle of the cell. In
addition, Carol Erickson and I studied the source of surface membrane in a
spreading fibroblast with scanning electron microscopy (SEM) and found that it
comes from a reserve of surface already present in blebs and microvilli of
rounded mitotic cells. This observation was an exciting piece of research for it
demonstrated that a fibroblast needs to manufacture little or no new surface in
order to spread so vastly as it settles on the substratum prior to beginning
locomotion. These new discoveries also provided a useful model for Betchaku
and me when studying the epibolic expansion of the yolk syncytial layer in
Fundulus.

Lessons from Tissue Culture
All this intensive study of the movement and contact behavior of
normal fibroblasts and cancerous cells by my graduate students and by Betchaku
and myself provided me with a sophisticated education on how tissue cells move
in vitro. This education was much more than I would have gained by simply
reading the literature-a perfect application of the old instructive maxim
promulgated by Louis Agassiz, "Study nature not books." With this background
and with new technology, I turned back to the movement of Fundulus deep cells
in gastrulation. This time my collaborator was not a first year graduate student
but a sophisticated young investigator, Carol Erickson, who had completed a
splendid dissertation on the contact behavior of cancerous cells in vitro and was
therefore an expert on morphology and motile behavior of cells in culture. She
was by then on the faculty of the University of California at Davis.
With the limitations ofbright-field microscopy, our first observations of
deep cell movement could only go so far. With extreme good luck for us, two
techniques for observing cells in far more detail soon became available:
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Nomarski optics (DIC), for observing living cells within a three dimensional
system like an embryo, and the scanning electron microscope for observing cells
at high magnification in whole embryos after fixation. Carol was, and still is, a
person of boundless energy, with a smart inquiring mind and a passionate interest
in knowing how cells move, interact and change during development. Also, she
didn't hesitate to differ with me-often-openly-refreshingly. It is warming for
me to recall what fast friends Carol and Cheryll became, both to one another and
to me, when they were both working in my lab.
What Carol and I found was that Fundulus embryonic cells in vivo do
not flatten on their yielding living substrata, the yolk syncytial layer or the
underside of the enveloping layer, the way fibroblasts do in vitro, on their hard
inanimate substrata of glass or plastic. But this difference is trivial. In other
respects most moving deep cells in vivo closely resemble fibroblasts in vitro.
They form large dominant lamellipodia and very fine filopodia (fine-pointed
marginal extensions) at their leading motile edge. These surface protrusions
adhere firmly to the substratum (Figure 11.3). Their trailing edge, which also
adheres tightly to the substratum, is pulled out to form a long pointed tail as the
leading edge spreads forward, just like that of a moving fibroblast. As the
spreading leading edge advances, the cell becomes more and more elongated

Figure 11.3. A scanning electron micrographic landscape of Fundulus deep
cells moving on the YSL after the blastoderm has been removed. Reprinted
with permission of John Wiley & Sons, Inc.
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until the trailing edge finally breaks away from the substratum. Whereupon, the
leading edge springs forward, several micrometers per second, just as it does in
a moving fibroblast, shortening the cell considerably. Then, the leading edge
moves forward again or the cell remains immobile for a while until a new
filolamellipodium forms and the cell then moves in its new direction. These
results were very encouraging because they demonstrated that the movement of
fish embryonic cells in vivo resembles in important details the movement of the
far more studied chick or mammalian fibroblast-like cells in vitro. Our findings
consequently established for the first time that much if not all that we learn about
the mechanism of the movement of cells in tissue culture can be extended and
applied to cells moving in vivo, including cancer cells. As we find ways of
inhibiting cell movement in vitro, the same therapy might conceivably be applied
with profit to inhibiting the movement of cancer cells in vivo.
For unknown reasons we have only occasionally been able to get
Fundulus deep cells to move in cell culture, no matter what media or substrata
we tried. Our attempts to do so used up a lot of time and movie film as we studied
lovely normal cells that seemed about to move but rarely did. It was tantalizing.
Paradoxically, this may be the only case in which more is known about how cells
move in vivo than in vitro. You see, research on cell movement is not always as
dynamic and exciting as I have portrayed. There are, as in life, genuine
depressing disappointments along with the exhilarating successes. Our failure in
this case was an intensely frustrating experience.

Directional Cell Movement
With our new understanding of the morphology of the movement of
gastrulae cells, we were in strong position to tackle gastrulation itself. Marking
studies by both Jane Oppenheimer and me, showed that cells in the marginal
germ ring move dorsally from the right and the left to converge to form the
embryonic shield, out of which the embryo proper is fashioned. Do all the cells
move continuously? Do they converge in a straight line or do they meander
toward the shield, stopping occasionally or even reversing direction from time to
time? What is the role of cell division in convergent movement? We were wellequipped to seek answers to these and other questions but didn't get around to it
until some years later. Other research intervened.
This is a good place to mention an important change that occurred in my
laboratory when I was in mid-career. During a brief period around 1974 President
Richard Nixon froze all grant funds and I had to fire my assistant. Coincidentally,
Madeleine lost her teaching job because her school eliminated the French
program. So, I had no assistant and she had no job. After some thought, I decided
to hire her. Why not? She was very intelligent [having graduated at the head of her
class at Hautes Etudes Commerciales in Paris (the top school for economics)], full
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of energy and devotedly conscientious. Anyone with those qualities could learn to
do well, given a little patience, what I required of an assistant. Also, we agreed
that I would be boss at the lab and she the boss at home. This arrangement has
worked out beautifully for both of us to this very day.
I mention this here because in addition to being my assistant, Madeleine
later became a full collaborator. When I turned my attention to the convergence
of cells in the germ ring during gastrulation, she joined me and Rachel Fink on
the project. Rachel was my last postdoctoral fellow. Among her superb human
qualities of high intelligence, good sense, warmth, and humor, she is a technical
genius with equipment, quite unlike me. She convinced me to shift from
cinematography to videography. When we arrived in Woods Hole this time it
was my collaborator who put our names on the door-"Trink and Fink."
Although some of the most impressive and best studied morphogenetic
cell movements during vertebrate embryogenesis are the spreading and folding
of cell sheets, it must be noted that cells also move as individuals and as clusters
within flowing cell streams. Since the movements of individual cells are often
hidden from the eye, either because of the opacity of the embryo or because the
cells in question are deeply embedded within, direct study of the detailed motile
behavior of living individual cells and small cell clusters is largely precluded.
What was needed were highly lucid or transparent eggs in which the cell
movements in question take place at the surface of the egg. The converging germ
ring of Fundulus is perfect for this. Also, because the egg of Fundulus is fairly
large, 1.8 mm in diameter, its cells are less densely packed and thus more readily
observed as individuals than in smaller eggs, like those of the zebra fish.
"By taking advantage of the favorable optical properties of the
Fundulus egg, the low population density and the approximate monolayered
state of the germ ring, we have been able to answer a number of questions
concerning the motile and contact behavior of cells moving directionally in a cell
stream during a massive movement of convergence during gastrulation. Since
movement in cell streams is widespread during both embryogenesis and the
spread of cancer and because, insofar as we know, this is so far the only detailed
study of this type of morphogenetic cell movement in a living embryo, we
believe that our results should have a certain general interest." So we wrote in
the Discussion of our paper. Bluntly, our observations were unique. By the bye,
among the zebra fish people, our big paper on convergence came to be referred
to as "Trink, Trink and Fink."
So what were these observations? All cells in the marginal region of the
blastoderm are motile and, amazingly, all move toward and into the embryonic
shield. This is a 100% efficient directional morphogenetic movement. Actually,
these movements would not need to be 100% efficient to be effective. But they
are. Constant directional forces are obviously at work. But no cells move toward
the shield in a direct line. They all wander or meander considerably, moving
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forward and backward and to the side and even stopping, but their net movement
is unidirectional. Cells move mainly by means of filolamellipodia and less
frequently by blebs. Actually, however, there is very little movement by cells as
individuals; all cells are almost always in adhesive contact with other cells in
moving cell clusters. These clusters vary constantly in size, continually
aggregating with other cells and other clusters and splitting from them. The
cellular displacement process is exceedingly dynamic. Significantly, the cells
show contact inhibition of movement (one of the few cases where this has been
observed in vivo). Nevertheless, they move and do so directionally, possibly
partly because of this.
An unexpected and highly significant observation emerged from our
cell-by-cell and minute-by-minute tracings. Cells and clusters nearer the shield
move faster toward their target than those farther away. There is a gradient in rate
of movement. The net rate increases the closer they are to their target. This is not
due to an increase in cell motility, as might be expected, but to a decrease in
meandering. As they move closer to the shield they meander less, some moving
almost in a straight line. We reason from this that some factor(s) in the
environment influences the protrusive activity of the cells such that they show
more motile activity on the side of the cell closest to the shield. We also found
that this putative directional factor(s) acts in a gradient whose high point is in the
embryonic shield. Consistent with this, the most ventral cells and cell clusters,
i.e., those farthest from the shield, meander the most and show the least
directionality. We do not yet know the nature of this gradient of attractivity. It
could be a chemotactic signal emanating from the embryonic shield, but we do
not yet know.
During all of this convergent movement, there is active cell division. As
one of my graduate students, Kurt Johnson, showed for amphibian gastrula cells,
cell division temporarily stops cell motile activity cold. The same is true of
Fundulus cells and for Metazoan cells in general. There is apparently an
antagonism between cell movement and cell division. We were, therefore,
mildly surprised to observe how frequently these very actively motile cells
divide, for, as expected, they do indeed cease locomotion when they divide. It
turns out, however, that the total duration of the mitotic cycle averages only 2025 minutes plus 2-5 minutes for cytokinesis itself before movement of the
daughter cells begins. While in one sense this delay is a considerable period, it is
small compared to the many hours during which cells are actively converging.
Moreover, only a small proportion of the cells is dividing at any one time. We
conclude, therefore, that cell division does not impede convergence in any
significant way. It takes the cells out of their dorsad trek toward the embryonic
shield only briefly. Then, at the termination of cytokinesis, the daughter cells
rapidly join the throng and begin moving with them, quite as their mothers were
doing before.
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One day when Rachel Fink and I were dechorionating Fundulus eggs to
prepare to do some experiment, she observed something remarkable. Deep cells
in the yolk sac of a very advanced gastrula were moving toward an accidental
wound in the enveloping layer at the surface of the egg, where they slowly
aggregated into a dense cluster. Something in the wound was attracting them. We
became quite excited because we immediately thought of galvanotaxis. Two
facts suggested this to us. Wounds in biological systems have long been known
to generate an electric current, and cells in tissue culture will move selectively
toward one pole or the other in an artificially constructed electric field. This
movement is called galvanotaxis, and has often been proposed but has been
difficult to prove as a means of directing cell movement in developing embryos.
We were especially elated because we had a beautiful set-up for studying in
detail the potential for operation of a galvanotactic directional cell movement
during embryonic development: a highly transparent embryo with the cell
movements in question taking place at the egg surface just beneath the very thin
EVL, with its glass-like transparency. All we had to do was puncture the EVL
with a fine needle and watch and videotape the cells moving toward the tiny
wound. The response was both rapid and widespread; cells from as far away as
800 11m responded as quickly as those nearby and by 100 minutes after wounding
up to 90% of the blebbing cells within this radius had moved to the wound site
and aggregated around it. The attraction was clearly powerful because the cells
moved quite directly toward the wound with little meandering. Aside from our
interest in the mechanism of the phenomenon, this is a striking example of the
quick reaction of the embryo to protect itself from any outside physical insult
(Figure 11.4).
We naturally took advantage of this opportunity to study details of
the cells' motile behavior. For example, when a stationary cell finds itself under
the influence of the factor emanating from the wound, its locomotory activity
begins by forming a bleb on the side of its surface facing the wound. When cells
have aggregated at the wound they keep milling about in spite of their close
contacts. Thus they are not contact inhibited. Along with these detailed
observations and several others our main interest, however, was to determine if
the cells were moving directionally in an electrical field. To this end we
approached Lionel Jaffe, a friend and colleague at Woods Hole, who was at the
time the world's authority on biolectric fields and their biggest fan. Lionel was
convinced that we had a beautiful case of galvanotaxis and gave us access to
his equipment and staff to see if we could prove it. First, we confirmed that,
indeed, wounding does set up an electric field. But that was not enough. We had
to show that the cells were responding to the field rather than, say, a chemotactic
signal or some other stimulus emanating from the wound. To check this
possibility, we used microelectrodes to inject current through the EVL, into the
subepithelial space. We were attempting to block the normal wound current by
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injecting current of equal magnitude and opposite polarity. To our great
disappointment, this technique did not work, except for a few times. So we were

Figure 11.4. Photographs of deep cells moving directionally toward a
wound in the Fundulus EVL. Left, six minutes after wounding,
right, 75 minutes after wounding. Notice the aggregation of deep
cells at wound site. Scale bar equals 100 Jlm. Tracings of cells'
tracks to wound site revealed highly directional movement.
Reprinted with permission of John Wiley & Sons, Inc.

left with an excellent system for inducing and studying directional cell
movement during embryogenesis, but no evidence for the cause of the
directionality. But we survived. We did learn much about details of directional
cell movement and had an amusing and sometimes exhilarating time working at
it. We published a paper on our findings, and Rachel used part of our footage for
her beautiful and popular video series, A Dozen Eggs.
In the 1960s, I turned myself into a cell biologist in order to be a better
embryologist and subsequently suggested to a number of graduate students that
they study cell motile behavior in tissue culture. None did so more successfully
than a young Chinese student from Taiwan who came to Yale from a small
college in Boston and spoke broken English. Since his American compatriots
made no effort to pronounce his Chinese name, they named him Jake, Jake Chen.
I quickly put an end to that, insisting that everyone address him by his given
name, Wen-Tien. Because of his language problem, I had no accurate idea of how
good he was. He turned out to be a sleeper. After the usual slow start, Wen-Tien
Chen revealed himself to be an exceptionally creative researcher with an added
bonus-a lively sense of humor. I gave him a very straightforward problem:
explain how the taut, pointed tail of a moving fibroblast detaches and retracts
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during the course of the cell's jerky, crawling movement. He not only did an
excellent job at that but also showed outstanding serendipity. How many of us
have watched the snap retraction of the tail of a moving fibroblast without paying
any attention to the leading lamella during the process. Well, Wen-Tien did pay
attention and made a remarkable discovery that generated a good deal of
excitement at the time. As the trailing tail retracts, either spontaneously or with
the aid of a microneedle, the leading lamella, that had been moving the cell
forward, undergoes a quick spurt in spreading, 10-30 fold as fast as normally
within eight seconds of the onset of the retraction. This surge in protrusive
activity moves the cell farther forward. This observation was important for three
reasons. First, measurements showed that retraction of the trailing edge provides
new surface material for spreading at the leading edge. Second, by reinforcing
this spreading, it explains why a fibroblast tends to move in the same direction
for a while. Third, it provides a ready means of inducing spreading: simply
disrupt the adhesion of the trailing tail with a microneedle and observe directly
the increased spreading of the leading lamella as the trailing edge retracts.
Chen called this retraction-induced spreading (RIS) and I arranged for
him to publish his findings quickly as a Rapid Communication in the Journal of
Cell Biology. We had just learned that our good friend and colleague, Graham
Dunn, in Abercrombie's lab in Cambridge had simultaneously made the same
discovery and, revealing a little competitive spirit, we didn't want Wen-Tien to
be scooped. It was a joint discovery by two very talented young investigators.
Graham's contribution was appropriately noted in Wen-Tien's paper.
But how does the cell surface and its associated cytoskeleton manage
this quick spectacular shift? With this question in mind, I sent Chen to do
postdoctoral work with my old friend and fellow of Branford College, Jonathan
Singer, to find out. Jon had transferred to the University of California at San
Diego and was certainly one of the best molecular and cellular biologists
anywhere working on the cell surface and the cytoskeleton. It was he who
provided the final evidence for the fluid mosaic structure of the plasma
membrane, a truly major advance. I thought that if anybody would have some
good ideas as to how to attack the mechanism of the RIS it would be Singer. But
no. Jon was not interested. I learned later that everyone in Singer's lab works on
projects that he suggests, which are usually very good. After Wen-Tien left La
Jolla, Jon told me that ifl have anyone else as good as Chen I should please send
him out. Incidentally, when Jon left Yale, he told me that his main regret was
leaving the Branford College Fellowship.
All of this naturally brought me back to Fundulus gastrulation. Does
RIS operate during convergence to reinforce cell directionality in vivo as in does
in vitro? To get the best quality images of moving cells, I prevailed on Rachel
Fink, by then on the faculty of Mount Holyoke College, to help me with her
state-of-the-art, computer-controlled video equipment. It was not easy to find
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cells in the germ ring isolated long enough from their neighbors to give the
required information, but I found some cells moving by themselves and, by God,
they definitely exhibited retraction-induced spreading. When the taut trailing tail
ruptured and retracted, the leading edge surged forward. Thus RIS could be a
factor reinforcing directional movement toward the embryonic shield. How
significant it is for gastrulation remains for future investigation.

Curiosity
Back in May, 1980, Madeleine and I went to the famous Station
Biologique de Roscoff in Brittany to study epiboly in another fish egg.
Considering the enormous taxonomic variability among the teleosts, it occurred
to me that I really ought to try to see if epiboly operates in the same way in
another teleost, one somewhat different from Fundulus. I chose the lumpfish
because of its rather large eggs (lumpfish caviar). The collectors of the station
dutifully provided me with lumpfish eggs, but, sadly, they were unsatisfactory. I
found it imposssible to remove their membranes.
What to do? I discussed the problem with Alain Maron, one of the
excellent marins (collectors) of the Station. After some brief contemplation he
came up with a suggestion-the blenny (Blennius pholis), a strange looking little
teleost that hangs around the intertidal zone and deposits its eggs on the
underside of rocks of almost any size, from pebbles to enormous boulders. He
showed me some eggs. What I saw was a very lovely translucent embryo with a
beautiful pigment pattern, especially in the pectoral fins, reminiscent of
Fundulus. Clearly, I had to see the early stages. The next step was to crowd a
bunch of blennies in the aquarium in my little laboratory in the old original
building of the Station (with a direct view of a charming walled garden). I added
a pile of flat rocks, fed the blennies chopped frozen fish (they preferred mackerel,
but in fairness, I should have fed them chopped lumpfish or caviar) and waited.
Not long. With my well-known luck, there were hundreds of eggs on the
underside of one of the rocks the very next morning. This carpet of eggs was
fascinating of itself. Each egg was deposited by the female literally cheek by
jowl in a precise monolayer on a common community adhesive pad.
Extraordinary! With little effort, individual eggs could be dissected off the pad
and their membranes quite easily removed. They were of a nice size (about 1.2
mm in diameter) and sufficiently lucid to reveal cell motility. So, I went to work
to follow early development using an antique dissecting microscope lent me by
the Station.
Exploring new beautiful material like this is captivating. In addition,
being on leave from my duties at Yale gave me plenty of time to delve into my
own little biological world by myself and at my leisure. Fortunately the Blennius
egg develops slowly, in keeping with the temperature of the local seawater,
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which hovers around 12° C. in the month of May. What struck me quickly soon
after gastrulation had begun, was something totally unexpected. Two big black
spots slowly appeared just lateral to the prospective trunk region on either side
of the embryonic axis. What in the world were they doing there so precociously?
The neural crest was surely just beginning to form. Naturally I was curious;
indeed, I was entranced. So I postponed studying epiboly.
By then I was late for dinner and had to leave, else Madeleine would
worry. We had no telephone. So I walked quickly home along the harbor. It was
low tide and all the boats were up on stilts. At home, I downed a generous scotch
to celebrate my bizarre discovery, had dinner and then immediately drove back
to the lab. I remember that little trip vividly. It was night; there was dense fog;
the streets were empty; and, the Station Biologique was in complete darkness. I
opened the gate in the garden wall and suddenly remembered the ornamental fish
pool. I never gave it a second thought during the day, except to watch the fish,
but now, in the dead of night I realized that I might fall in. Fortunately, I felt the
gravel of the path beneath my feet and with this as a guide groped my way to the
faintly looming bulk of the laboratory. Upon entry, I once again, for the
thousandth time, appreciated the wonderful little illuminated button installed at
the entry and at the foot of the stairs, as is the case throughout France. Voila, I
had light.
I was wise to have returned so quickly. The spots had expanded. Their
distal periphery now had a ragged look as if they were spreading. So I decided
that I'd better stay with my materials. It was a bit eerie being alone in the
laboratory at night. It brought me back to my student days, but with a difference.
Back then, there were always other night-owls like myself. Here there were none.
Maybe the French are different, at least at Roscoff. Anyway, I liked it-"the
lonely scientist sequestered with his embryos in his simple nineteenth-century
laboratory." Corny, but cosy.
The spots continued to spread and, as the intensity of their blackness
decreased, they were assuming the appearance of a typical spreading epithelial
sheet in which the cells now seemed to be arranged in a quasi-monolayer. Also,
typical of a spreading sheet, rifts that slowly widened to form semicircular gaps
began to appear between the submarginal cells, indicating increasing tension in
the spreading sheet (Figure 11.5). As spreading continued, the gaps widened
and some groups of distal peripheral cells began to break away from the sheet
and to spread on their own over the yolk sac away from the sheet and, of course,
away from the embryo. This dismembering continued until there were several
such directionally moving groups.
Suddenly, it hit me. I had made a discovery! In the excitement I had
unconsciously risen and was pacing my little laboratory and talking to myself.
"Trinkaus, do you realize that you are observing active directional movement of
cell clusters in vivo in the embryo for the first time ever! For the first time in
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history!" Pause. "Yes, indeed." I wanted to tell somebody. But there was not a
soul to tell. So I told myself. Then, after a moment of excited reflection, with
heart throbbing (I do not exaggerate), I returned to the microscope, and resumed
my observations. Where will these clusters go?
Lacking a camera, I had been making drawings as I watched, to record
what my simple curiosity was revealing. Now, however, my drawings began to
make scientific sense. I had discovered an important phenomenon and I had
better record it well and in significant detail. I should point out, not at all
incidentally, that I was prepared to recognize the significance of this discovery.
John Kolega, one of my graduate students, was at the time in the midst of his
doctoral research on the movement of cell clusters in tissue culture. "Nature
favors the prepared mind."

Figure 11.5. Two clusters of moving pigmented cells in the yolk sac of a
Blennius pholis embryo, recently studied at Station Biologique de Roscoff.
In the lower left cluster of cells, the light spheres are cell nuclei.
I ended up spending much of the night following this remarkable
phenomenon. The spots, or "pigmented cell masses," as I came to call them,
continued to spread slowly, breaking up into a dozen or more cell clusters. The
more peripheral ones moved directionally, more or less steadily away from the
embryo proper, until each side of the yolk sac was dotted with more or less
equally spaced black epithelial, monolayered cell clusters. Curiously, movement
of all ceased when the most peripheral ones reached the most ventral region, just
short of the mid-ventral line, suggesting passage of some kind of a message.
There is much more to tell. Later, the cells of these scattered epithelial
clusters transformed into mesenchymal dendritic melanocytes, a dramatic
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change in cell type. The clusters then disaggregated in a gradient, beginning with
those closest to the embryo and the melanocytes thus liberated migrated
directionally as individuals toward the pectoral fin bud on each side of the
embryo. As they reached the pectoral fin bud, they penetrated it and eventually
formed an intricate beautiful pigment pattern, the very pattern I had seen when I
first observed a Blennius embryo.
The following spring and the spring thereafter, I returned to Roscoff
fully equipped optically and photographically and studied with passion all of this
and more with great care. I continued to collect eggs from an aquarium. But since
the captive fish did not always cooperate, I had to supplement my supply with
frequent trips to the vast intertidal zone (Ia greve) of Roscoff. Here, the two or
three capable and jovial marins of the Station accompanying me would tum over
little and huge boulders to look for blenny eggs underneath. This was really a
festive sport, communally enjoying the look and smell of the sea, the rocks, the
seaweed, finding the eggs, and feeling as if we were safely embedded in Mother
Nature's womb.
I tell this little story in an effort to convey some of the emotional impact
of a simple scientific discovery and the importance of following one's curiosity.
But think, as is often the case, this discovery depended in large part on a striking
stroke of good luck. If the cells of those spots were not stuffed with black
melanin granules they would never have caught my eye. I also tell this story to
try to convey some of the vitality of my love for experimental work on living
embryos. Imagine this. I have been fortunate enough to have been doing my kind
of science, for a pretty good living, for more than 60 years, having a lot of fun at
it, and having received more than my fair share of admiration and even affection
from respected colleagues.

EPILOGUE

My First Book
Not many years after publication of the first edition of my book,
Cells into Organs, it became clear that expansion and progress of the fields of
morphogenetic cell movements and tissue cell motility in general demanded a
highly revised and substantially enlarged second edition. I embarked on this with
some zest for there had been enough new and exciting discoveries on cell
movements for me to change my organization. I proceeded by classes of cell
movement, with a chapter on individual cells, cell clusters and cell streams,
another on cell sheets, another on invagination, involution, etc., rather than
proceed organism by organism, as in the first edition of the book. The similarities
in the ways cells move in the embryos of organisms that are widely separated
phylogenetically seemed to me to be more impressive than the differences, and
hence the fundamental mechanisms were conserved during evolution.
Conservation of a DNA sequence, protein structure, or particular kind of cell
behavior immediately alerts any thoughtful biologist to the importance of the
conserved feature.
For example, once animals came up with autonomous locomotion, they
slowly evolved into creatures with heads, placed on the leading end of the
moving organism. The heads eventually had eyes and chemical sensors and
brains with collections of neurons to integrate sensory input from receptors in the
head with motor structures in the rest of the body. Instead of passively waiting
for food to drift by, or blindly wandering about until they happened to encounter
food, animals could now become predators able to find, pursue, capture, kill, and
eat other organisms. And, most importantly, they could reproduce, forming
similar offspring. Heads, eyes, and brains at the front end of animals were
conserved in evolution. Other variants arose, but some of the earliest and most
successful autonomously motile predators (probably some kind of primitive
worm) had crucial elements of a body plan that persists to this day in highly
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evolved predators such as lions or Homo sapiens. Students of natural history had
noticed this basic body plan and knew that it was fundamentally important.
In recent years, molecular biologists have isolated and manipulated
homeobox genes, the highly conserved genes responsible for assembling this
basic body plan. These genes are remarkably similar (conserved) in worms, flies,
frogs, mice, and humans. Once Nature discovers a good plan, she holds on to it
and improves it. There is one other intersting sidelight here. Homeobox genes
were first observed in action by the classical studies of so-called homeotic
mutations in fruit flies. Certain mutants had wildly misplaced body parts;
antennae where feet should have been. At that time, decades before the discovery
that DNA contained the genetic information, the geneticists who observed these
remarkable flies knew they had found something important, they just didn't
understand what was going on. With this as background, I decided to use more
of an evolutionary approach to my second edition of Cells into Organs.
Again, I worked on the manuscript mainly in faraway, fanciful places,
putting it together in bits and pieces over a span of several years. I wrote during
the summers in Woods Hole and in the village of Le Castellet and the vineyards
of la Cadiere d' Azur in the South of France. I also worked on the book during a
number of my academic leaves in several other spots, including my study in the
woods at our home in Guilford, Connecticut. Finally, in the last year of
production, I finished it off at Yale University. It was a rewarding effort and,
because of its considerable expansion, it was really a new book. In the final year,
bringing it to completion, I devoted myself to it entirely (with the indispensable
aid of my wife), excluding everything else professionally except, of course,
teaching my undergraduate course in Developmental Biology. The book finally
came out in 1984, 15 years after the first edition, and, ifl may say so, many parts
of it are still worth perusing. Most of the questions I raised have not yet been
answered and most of the projects I proposed have not been attacked or only
partially so. This second edition, with its over 500 pages of text and illustrations,
is for me a great source of personal pride. It still stands alone as the major
comprehensive effort to understand how cells move during the course of
embryonic development. In recent years it has even been referred to as a classic.

Some Students
In all those 40 years in the Biology Department at Yale, before I became
Emeritus in 1988, I had many students, postdoctoral, graduate, and
undergraduate, a number of whom, to their credit and my joy and pride, did
excellent research and went on to distinguished careers. Indeed, a good portion
of my own reputation internationally rides on the high quality of a number of my
students. I have not mentioned some of them before in this volume because their
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research was not intimately related to my own personal research program or in
the context of what I was discussing. Nor have I collaborated in research with
any of them since. Two of these students were among my earliest and my best,
Norman Wessells and Richard Whittaker.
Norman Wessells graduated from Yale College. I ftrst knew him as an
outstanding student in Zoo 23, where he developed his interest in embryology. I
also knew him as a resident of Branford College. After spending two years in the
Navy, he returned to Yale to do his graduate work with me. He did a ftne piece
of work on the differentiation of chick embryo epidermal cells in situ and in
chemically-defined media, but his best research accomplishments came later at
Stanford University where he was a postdoctoral fellow with my old friend
Clifford Grobstein. There he was soon appointed to the faculty and built a
distinguished career for himself. He trained some excellent graduate students,
won a prize for excellence in undergraduate teaching, and ultimately became
Dean of the Faculty of Arts and Sciences. With his ever blossoming research on
branching morphogenesis in vertebrate glandular organs, and his pioneering
work on the role of micro filaments in invagination, he became recognized as a
leading embryologist, and was elected President of the American Society for
Developmental Biology. The last time I saw Norm was about 10 years ago at the
banquet of a zebra ftsh meeting in Eugene, Oregon, where he was Provost of the
University of Oregon. He, Bill Ballard, my old friend and an important
role model for me, and I cornered a table behind the screen so that we
wouldn't be disturbed by the after-dinner lecture. We had a pleasant, intimate
dinner together, with all three of us ultimately becoming lightly and happily
inebriated. Bill, though in his eighties, loved his vin rouge and Norm and I had
always been drinking buddies. I remember Bill's slight stagger as he left to walk
home.
J. Richard Whittaker arrived at Yale after excellent preparation at
Queens University in Ontario. Following the already established tradition of
independence in my laboratory, he, being an independent cuss, wished to follow
his own idea for dissertation research. He had plenty of time to work at it when
I was away in Paris (1959-60) but when I returned it was clear that his proposed
study hadn't worked out. He reluctantly accepted something I suggested, namely,
an analysis of the dedifferentiation and redifferentiation of retinal pigment cells
in culture. His discoveries earned him a Ph.D. but soon after, when he left to take
a faculty position at UCLA, his real and life-long interest in classical problems
of development came forth. He began his beautiful analyses of the relation of
determinate cleavage to development in the ascidians (primitive sessile marine
protochordates commonly called sea squirts), pursuing his research mainly at
marine stations such as Woods Hole, Friday Harbor in Puget Sound and Roscoff.
He also followed some of my other footsteps, initially as an assistant and later as
a faculty member of the MBL Embryology Course, where he ultimately he
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became a co-director. He moved from UCLA to the Wistar Institute in
Philadelphia early in his career and then directed the Boston University Marine
Program at Woods Hole. Now, he is at the University of New Brunswick, happy,
I think, to be back home in Canada. In view of his research on ascidian
development and his outstanding qualities as a zoologist, particularly of the
invertebrates and prochordates, he is now considered a foremost authority on the
evolutionary origins of the Phylum Chordata (of which both ascidians and
humans are members). Although Dick is often dour on the surface, his dry sense
of humor has served him and his friends well through the years. The following
Whittakerism was posted in his lab at Yale. "One night when I was sad and
lonely and without a friend a voice came to me from out the gloom saying ,
'Cheer up! Things could get worse.' So I cheered up and, sure enough, things got
worse." He graciously left this treasure with me when he left. I read it back to
him years later, when I had the pleasure of introducing him at his MBL Friday
Evening Lecture. I am forever indebted to Dick for his regularly appearing gift
of the latest collection of essays by the brilliant English essayist and biologist,
P.B. Medawar.
Although outshown by the strong personalities of Wessells, Weston and
Whittaker, with whom he was a partial contemporary, Robert Hilfer in his quiet,
unassuming and retiring way possessed the persistence necessary for the problem
I gave him and made some interesting discoveries, leading to the award of his
Ph.D. His project was to study the stability of differentiated chick embryonic
thyroid cells in vitro, an offshoot of my then interest in tissue cell stability. I
mention Robert here for the distinguished career he has subsequently built for
himself after he left my lab and Yale. Apparently I did something right in his
training. He joined the faculty of Temple University in Philadelphia, where he has
had a number of fine students and with them has done truly outstanding work on
(you guessed it) the development of the thyroid gland and other related problems.
Growing up in science is a complicated business. I have had some students who
were bright lights as graduate students and then afterward virtually disappeared.
Others have been slow developers. Robert was one of these to his and my great
satisfaction and, incidentally, it has done wonders for our friendship.
Kurt Johnson was another of my students who found a thesis problem
for himself. He came to Yale at the suggestion of Malcolm Steinberg, then one
of Kurt's mentors at Hopkins. He found his project by a careful literature search,
after I told him that amphibian gastrulation was ripe for reinvestigation with
modem new tools. He started working on something or other in my lab, mostly
making messes, as soon as he came to Yale. He also started on antagonizing
many of my faculty colleagues. On the day of his oral dissertation prospectus
defense, I was surprised to see professors who were not only the expected
developmental biologists, but also ecologists and even plant physiologists, for
the love of Mike. I wondered innocently why there was such a crowd. His

256 !.jYGQ· ~ EMBRYOLOGIST
proposal was basically sound. In this case, the student's desire for independence
in the selection of a project was successful. Thereby hangs a tale neither of us
will ever forget. Several professors, whom Kurt had disrespected in classes and
seminars, came to his defense prepared to rake him over the coals. He helped
them by being unprepared. My colleagues made mince meat out of him. He later
told me that he was sweating hard five minutes into a session that lasted some
hours. Then we asked him to leave the room and wait in my office. Many of my
colleagues wanted to throw him out then and there, but after an hour or so of at
times heated debate, I persuaded them to give him another six months to show
that he deserved to stay at Yale. I had to call in some markers that day. The
examination had started at 2:00 P.M. and came to its awful conclusion well after
5:00 P.M. I marched down to my office and blistered Kurt. I was angry and
embarrassed by his poor performance and told him that he had six months to
produce some serious work or he was out. Then I told him that I was going on
academic leave for the next six months and that we would talk when I got back.
He buckled down quickly, writing me long letters describing his results while I
was away. It was quickly clear to me that this near disaster had lit a flame under
him, but I decided to let him sweat a little more. On my return, we sat down in
my office and Kurt was prepared with a two-foot high stack of results. It was
afternoon and, in spite of my interest, I was drowsy and soon nodded off. I was
jolted back awake when Kurt said, "Jesus Christ Trink, I'm standing here talking
as fast as I can trying to save my life and you are asleep. The least you could do
is tell me that I am done at Yale and let me get the hell out of here."
"What are you talking about so angrily?" I said.
"You told me that I had six months to prove myself1 Am I in or out?"
"In, of course, I thought you knew that already."
"No, I didn't, but thanks, I guess!"
Greatly relieved, he gathered his dog and pony show and left my office.
You see, I had neglected to tell him that his letters and results, sent to me in
France, had long-since satisfied me that he had come around. Well, anyway, the
end result was a fme dissertation and a well-earned Ph.D. He has now for many
years been Professor of Anatomy and Cell Biology at the George Washington
University. Kurt and Albert Harris were contemporaries, both very bright,
articulate, and a little crazy. They were a constant source of entertainment around
the lab and sometimes a bit upsetting for guest speakers.
Of the two Union College students I mentioned earlier, Gary
Conrad preferred Salisbury Cove in Maine to Woods Hole for the summer (and
still does) but nevertheless had the good sense to choose me as his mentor. I
suggested a tough problem: to study the synthesis of the connective tissue
elements, collagen and glycosaminoglycans, in the developing cornea of the eye
of the chick embryo and also in clones of cornea cells in vitro. With the
steadiness and capacity for hard work I learned to appreciate from this young
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man of well-organized intelligence, Gary learned a great deal about these
syntheses. His dissertation work was published in two papers in Developmental
Biology, the most rigorous and prestigious journal of the field of that time. He
has spent his entire academic life in far away Manhattan, Kansas at Kansas State
University (where he is now a "Distinguished Professor"). He married a graduate
student colleague, Abigail Hooper, and together they prospered, raising two fine
children. They chose to live in Manhattan, Kansas because they saw it as a good
place to raise a family, but I suspect they would have been just as good at raising
their family if they had lived in Manhattan, New York. We have had the delight
of seeing him and his family on many occasions since: at KSU, Salisbury Cove,
Guilford (his daughter went to Yale College) and even Paris and Uppsala. Like
me, he took full advantage of the freedom for research and the change of
atmosphere provided by the American university system of sabbatical leave and
took them all, living and working happily in places like Sweden and Paris for a
full year.
When Ray Keller was in the lab we saw a lot of Xenopus embryos and
it occurred to someone, Ray or me, I suppose, to take advantage of the strikingly
transparent dorsal fm of the Xenopus larva for a study of cell movement. So I
suggested to Gary Radice, a new graduate student (a Danforth Fellow no less),
that he study epidermal wound closure in this exceptional material. The result
was an elegant and, at the time, defmitive study of the spreading and contacts of
epidermal cells as they closed a wound in the skin of the Xenopus larval fin both
in vivo and in vitro. Cells at the margin of the wound begin migrating within
seconds after wounding, by extending broad lamellipodia across the wound
surface. Because these cells showed contact inhibition of movement, their
lamellipodia would stop moving when they met lamellipodia coming from the
other side of the wound. Gary's study demonstrated how normally stationary
cells can engage quickly in rapid motile activity that would never had occurred
had the skin not been wounded. Thus, in intimate cellular detail he presented a
graphic picture of the quick restorative regenerative powers of a vertebrate
organism. The result was an exceptionally beautiful dissertation.
Around 1980, John Kolega, a reserved, very together young man arrived
with an outstanding undergraduate record at the Massachusetts Institute of
Technology and decided to work with me. It took a while to get to know him
personally because of his shyness but I knew well his strong intellectual capacities
from his MIT background. I had just the problem for him: explain how small
groups or clusters of cells move and do so directionally. We had long known that
cell clusters move directionally during morphogenesis, as in the migrations of the
neural crest, but no one had analyzed these movements. John really sank his teeth
into this problem, using a fish melanoma whose cells separate in tissue culture to
form small independently motile clusters that tend to move long distances in the
same direction. He soon learned that these clusters vary greatly in speed of
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movement, depending on the distribution of their broad leading lamellae. As these
lamellae pull the cluster forward, the cells at the trailing edge are pulled taut under
the tension thus created and in consequence form no lamellae, no opposing
pulling force. This observation is really quite neat, for it explains the persistence
of movement in a particular direction once it has begun. It is self-reinforcing; no
exogenous attracting forces are necessary and there is no evidence for any. John
had a smart analytical mind. Since mechanical tension clearly prevents the
formation of spreading lamellae, he went on to study the structural basis for this
by analyzing the role of microfilaments and intermediate filaments in the
cytoplasm of moving clusters. The result was in effect the production of two Ph.D.
dissertations. Quite a feat! Since they were published 5 years apart, I suspect that
John found much to like about Yale and found it hard to leave. MIT would find it
interesting to learn that one of its products is having a fine time teaching gross
anatomy in a medical school. He just loves it.
My last graduate student, Charles Ettensohn, just dropped in the other
day, taking a couple of hours off from his chores as a member of the faculty of
the MBL Embryology Course, where he handles sea urchin development. As he
was leaving, he guessed, correctly, that he was my last student. I added under my
breath " ... and one of the best." He came to Yale from the University of Illinois
with a highly competitive National Science Foundation Fellowship in his pocket.
Ray Keller also came from Illinois. That great university has been good to me!
Chuck's wish was to work on the neural crest. I agreed, with hesitation, and soon
we had a charming colony of quail in the lab. You see, quails and chickens will
easily accept transplantations between their embryos, but the cells of each have
a distinctive nuclear morphology, allowing certain identification of cells
originating in transplants of quail neural crests into chicken hosts. Nicole Le
Douarin, a student ofWolffwhen I was in Paris, made this wonderful discovery.
Since then, Nicole has become, I would say, one of the most well-respected
embryologists working in Europe, particularly for her excellent research on the
neural crest. But again the student's research idea didn't work out and, convinced
that it was my fault due to my incompetence with the neural crest, I suggested
that Chuck transfer to the University of Oregon and work under Weston, as Carol
Erickson did as a postdoctoral fellow. But no, he preferred to remain at Yale,
even though it presented him with a wrenching alternative. Get rid of his pet
quails. So I offered him another problem--explain the clear, obvious, beautiful,
much-worked-on invagination ofthe vegetal plate during sea urchin gastrulation.
This got him hooked on early sea urchin development and his highly original
research at Yale and especially at Duke University in the lab of David McClay,
one of Moscona's proteges, and later at Carnegie-Mellon University has made
him one of the stars of the field.
I have of course had other graduate students throughout the years, who
performed satisfactorily, some of them writing excellent Ph.D. dissertations. But
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I have since lost track of them. Some left science to practice medicine and are
certainly excellent physicians. One got completely lost in the technology of
science. Two others simply quit research. Two did not even publish their Ph.D.
research, which is inexcusable. So be it. We can't win them all. I am exceedingly
fortunate and deeply pleased that most of my students went on to carve
distinguished careers in science and teaching for themselves and as a gift have
provided me with many excellent scientific grandchildren and by now greatgrandchildren as well. Some of them refer to me as "The Godfather." Around the
lab, some of my students referred to me as The Chief. This is a bit over the top,
because Professor Ross Granville Harrison always was and always will be The
Chief. Nevertheless, I am honored by these titles, whether or not they are actually
deserved. And before I spend too much time tooting my own hom, I recall that
once Albert Harris told me that he and others working in my lab were reluctant
to have me describe their results to others-at meetings I would attend but they
did not-because they were afraid that I would get their results wrong!

Choosing a System and Family Trees
In pursuit of research on how multicellular organisms develop, it is
often fruitful to stick with the organism or the system one began with, not only
because it is familiar, but, more important, because it is amenable to research on
the concepts of interest or the questions being asked. John Saunders did this with
the limb bud of the chick embryo, Ray Keller with gastrulation in Xenopus,
JimWeston with chick neural crest, Chuck Ettensohn with sea urchins, Albert
Harris and Wen-Tien Chen with tissue cells in culture, Bob Hilfer with the
thyroid, Gary Conrad with the chick cornea, and so on. But in other cases, with
the maturity that comes with the completion of graduate studies, it is sometimes
better to ask oneself once again whether this thesis material and this problem has
a future for me, given my innate abilities and interests. Thus, I shifted from chick
feather pigment patterns to gastrulation in Fundulus. Norm Wessells to salivary
gland morphogenesis and the role of microfilaments, Dick Whittaker to
"determinate" development in ascidians, Carol Erickson to neural crest, Cheryll
Tickle to chick limb development, and Rachel Fink from sea urchins to
Fundulus-all with profit. Sustained effort is required to get answers to
important questions, as everyone knows, but a little tinkering with other material
from time-to-time can be both refreshing and scientifically revealing, as I have
found with fibroblasts in culture and with Blennius and Albert Harris has found
with sponges. In any case, the guiding principle for serious research should
always be the problem or concept involved, not the organism, whether one is an
embryologist or ornithologist.
When I was younger some people interested in my research on
Fundulus would wonder with whom I took my doctorate. On responding I
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occasionally found myself spicing the answer with a recitation of my impressive
scientific lineage. Like many, if I stand taller, it is not only because I stand on the
toes of my competitors but principally because I stand on the shoulders of giants,
my renowned scientific ancestors. I took my degree with B.H. Willier (1890 1972) at Johns Hopkins. Willier had taken his degree with F.R. Lillie (1870-1947)
at Chicago. Lillie had taken his degree with C.O. Whitman (1842-1910), also at
Chicago. Whitman had gone to Germany for his studies, where he took his degree
under K.G.F.R. Leuckart (1822-1898), the great parasitologist, at Leipzig.
Leuckart took his degree at Gottingen with R. Wagner (1805-1864), who did his
studies in Paris with none other than Baron Georges Cuvier (1769-1832), the great
French zoologist and paleontologist (see Appendix II). Once when lecturing at the
Faculte des Sciences in Paris (in my lousy but enthusiastic French), I regaled the
audience in my introduction with this lineage. I started with myself at the bottom
of the blackboard and ending with Cuvier at the top, then hamming it up with,
"Vous voyez, nous sommes taus descendus de Cuvier." (pause). "Vive Ia France!"
Vigorous applause. They loved it. I could also play this lineage game with my
professor in college, H.B. Goodrich, who was a student of E.B. Wilson at
Columbia, who took his degree from W.K. Brooks at Johns Hopkins, and Brooks
from Louis Agassiz at Harvard. The great Agassiz, of course, was Swiss but took
his degree at the University of Erlangen in Germany.

Children
While on the subject of ancestry, this is perhaps a good place to bring
you up to date on what had happened to my own children. Yes, I have fully
grown-up children. Those three kids I read stories to, went swimming, bird
watching, and boating with and took to Paris so long ago are now in their fifties.
They are all fine people with many good friends. Each had an excellent college
education at the University of Wisconsin (Madison) and is now consumed with
and successful at his or her profession. Gregor, the oldest, works for the
Massachusetts Board of Library Commission as a librarian and preservation
specialist. Tanya, the middle one, went to the Rhode Island School of Design
after Madison and is a painter. She exhibits her work frequently. Erik, the
youngest, is a paleoanthropologist, specializing in the Neandertals. He went to
graduate school at the University of Pennsylvania and now is on the faculty at
Washington University in Saint Louis. Each of my children is happily married
and we enjoy the company of all three couples, and their children: Jennifer
and Christopher of Gregor, Alex and Trina of Tanya, and Sasha of Erik. My
children and their children are all healthy, bright, handsome, and affectionate.
What a lot of good fortune they and I have had. None of them has had any serious
diseases, accidents, or devastating personal problems. Not all parents have been
so lucky.
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Anne-Laure, Madeleine's daughter, also a very fine person, is likewise
married well and has three young children, all boys, our French grandchildren:
Clement, Victor, and Antoine. We recently had a joyful, 10-day visit from her
entire family in our (it turned out not so) big Woods Hole home. Anne-Laure is
a Chef de Cabine for Air France and can easily take or send her family
everywhere. She often sends segments of her family to visit us.

Grant Support
It occurs to me that I have not explained where the fmancial support
came from for my research and that of my students and postdoctoral fellows. In
the beginning, in the early 1950s, it came from the then newly founded National
Science Foundation (NSF), a magnificent step forward for American science. My
first grants were small, appropriate for a small operator. However, as my
laboratory grew a little I needed more support and was advised to apply to the
National Institutes of Health (NIH). For a while I had grants from both agencies
but then the NSF informed me that I should shift entirely to the NIH, which I did.
The National Cancer Institute has been funding me ever since, including a
MERIT award in 1987, which supported me for 9 years. I was naturally very
pleased and honored by this recognition for it came from the Cell Biology Study
Section, a tough reviewing committee of colleagues in the field. They not only
thought highly of my grant proposal and my ability to carry through on it but laid
the money on the table. I was really pleased to receive a Merit Award, which
supported me until I was 77, when the NIH finally turned me down, for the first
time. Then the NSF took me on again with a baby grant for three years. Like
everybody else, I hated the intensive, often exhausting chore of applying every 3
or 5 years (except during the MERIT Award). But I was always funded, except,
of course, when Nixon stopped all grants temporarily in the '70s. The
competition for grants is basically a good system, with its peer review. Also, it
makes one think more incisively and critically about one's research. So, I have
nothing to complain about. Indeed, I didn't even have to pay for it by serving on
a study section. I don't know why. Perhaps stupidly because of my left-wing
political background, or perhaps because the powers that be thought little of my
judgement. I never looked into it. "Ne reveille pas le chat qui dort." Whatever
the reason, I am fortunate to have received this crucial support, without which
my life's work would not have been possible.
I am also thankful for not to having been asked to serve in any major
administrative capacity during my entire academic career other than the very
enjoyable part-time years as Director of Graduate Studies in Biology (one year)
and as Master of Branford College (seven years). I also was the organizer of one
Gordon Conference (on Cell Contact and Movement), which was also a pleasure.
I have never been nominated to be President of the American Society for

Development Biology or any other society. Best of all, I was never asked to Chair
the Yale Department of Biology. I guess they knew I didn't want it and perhaps
they didn't trust me. It seems, in retrospect, that I have been very lucky. I have
been largely left alone during almost my entire professional life to savor my
work as a biologist and professor, fulfilling surprisingly well the naive, romantic
daydreams of my teenage years.
In my forty years as an active member of the Yale Biology Department
and my fourteen years since, as Professor Emeritus, I have had so many
colleagues that I momentarily forget some of them. I knew many well and
worked well with them, but only a very small number stand out as life-long
friends. Nevertheless, I should be grateful for this much, for as far as I know, I
have had no enemies. Bitter enemies sometimes share the same department. Nor
has our department been beset by the acrimonious splits and cliques that have
plagued some departments (except recently when evolutionary biology and
ecology split away, to my regret). This intramural squabbling can be very
distracting and distressing, even depressing.

Loca/34
Since those intense political years of my youth and mid-life, my overt
political activity has been sporadic. Indeed, I thought it was probably over when
we left Branford College and my intellectual life became more and more
dedicated only to science. However, the political animal in me reawakened
briefly in the mid-1980s, when the Yale clerical and technical workers formed a
union, Local 34. Because the administration refused to meet the worker's
demands, mainly for increases in their poverty-level salaries, they went on
strike-an event that gained national attention, it being at Yale and because the
union members were mainly women. For the faculty, the strike struck home, as
it were. These were our technicians, our secretaries, our librarians, and many of
them our friends. Many faculty members supported their just demands. We
came mainly from the Law School, the social sciences and the humanities, some
from the sciences but fewer (not surprisingly) from the Medical School. We
joined their picket lines, formed our own picket line once a week at Woodbridge
Hall (the President's office), petitioned the administration and so on. Many
faculty members moved their classes off campus. I gave the lectures to my class
in Developmental Biology in the basement of one of the churches facing the
New Haven Green. Along with this support I was asked to give a few speeches,
this being one of my talents. One was a sermon of revival at a rally of the Union
in Center Church, one of the fine old churches on the New Haven Green. My
Uncle Henry, the Methodist minister, would have been proud to find me
speaking from that pulpit. I certainly was proud to be there, addressing those
good people. Because of my visibility, many union members came to call me
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"our professor." Well, the union finally won, after months of a bitter strike, from
a stubborn and, in my opinion, stupid administration. A. Bartlett Giamatti, a
friend and fellow former master, was then President Giametti and in many
respects an excellent one. I never understood how he could be so dumb and
unfeeling about the union and its demands. There were also amusing aspects.
For many years after the strike I profited from a small but delightful fringe
benefit. Union members in varied places campus-wide, like the Library, the
Treasurer's Office, the Parking Office, etc. greeted me warmly by name and
were especially happy to take care of whatever need I was there for.
Incidentally, my old friend and political comrade, Clem Markert, did not
support the union. This cooled our relationship considerably. I now regret that I
never discussed the matter with him. However, his lack of support was
consistent with his increasing personal arrogance and his status as a sort of
upper-class scientific "statesman."
At tense times like that, terms like conservative, liberal and radical take
on special political significance and are bandied about loosely, often without
really telling you much about the person or taking into account the subject, the
context or the milieu. I don't like these designations as applied to a person.
"She's a liberal. He's a conservative." Let me cite an example. Socialized
medicine is believed by many Americans to be a liberal even radical idea. But in
Europe, where the practice of medicine has been socialized for many years, there
is nothing radical about it. It is happily accepted as an essential feature of
democratic life in an advanced, civilized society. Moreover, I know from
personal and family experience in France, the one European country with which
I am intimately familiar, that socialized medicine works extremely well. I
therefore find my position as a strong supporter of socialized medicine for every
American to be very reasonable, as well as compassionate, and not particularly
liberal or radical at all; indeed, one might say "conservative." You don't have to
be a socialist or a communist to understand the major reason why the US is so
backward in this regard-the heated opposition of the capitalist health industry
and its control over much of the media and many members of our government.
Another area in which I might be considered conservative is my strong support
for conservation of our national resources-our forests, oceans, the beauty of the
countryside. Here again the main enemies are big industries like lumbering,
mining, fishing, and their acolytes in the government. In other areas, I would be
considered liberal or radical. For example, like many compassionate people, I
consider it the obligation of responsible government to take care of people who
cannot take care of themselves, principally children, the mentally ill and
handicapped, and the very elderly. One of the wonderful features of France is the
state-run Ecoles maternelles for little children. Here again, incidentally, Europe
is well ahead of us. So what am I politically? I am conservative, liberal or radical,
depending on the area of dispute, as indeed are very many people.
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This brings me to another big controversial matter. It arose on a
gorgeous California day in a gorgeous setting, the elegant house of Cliff and
Ruth Grobstein in Rancho Santa Fe, a posh suburb of La Jolla. We were at the
wedding reception of one of Ruth's daughters, and I found myself in
conversation with a couple from Woodbridge, Connecticut. They were "nice"
people-white, educated, middle-aged and affluent. I forget how the
conversation began but at some point they had reason to ask me "Aren't you
proud to be an American?" My answer was clearly stated, "No. What do I have
to be proud of?" Their eyes opened; they were shocked. Then, I went on, saying
I was born American by chance. That's nothing to be proud of. There are
wonderful aspects, like some of the countryside, our Bill of Rights and some of
our great universities. I enjoy working at one of them. But I didn't found them
and barely fashioned their history. There are also awful aspects, like the abject
poverty of many people in the midst of fabulous wealth, or the treatment of
homeless people, many of whom are schizophrenic, for no fault of their own. I
am an American, of course, by birth, speech and in a number of cultural traits,
but that is just because I have lived and worked here most of my life. This gives
me no reason to be proud and patriotic, however, and I am not. Besides, I am a
scientist and for this reason, as well as others, I am deeply international in spirit.
We scientists admire or disapprove of the research of others utterly regardless of
their nationality. A beautiful experiment is a beautiful experiment by whomever
and wherever. Being international has added great richness to my life, enjoying
to the best of my ability the best of whatever country I am in, including the
United States of America.

"Retirement"
I became professor emeritus in 1988 at the age of70, as obliged by law.
This meant retirement from teaching and all other academic responsibilities like
committee work. The advent of my becoming emeritus was celebrated in two
events, one in the magnificent dining hall of Branford College, principally for
Yale colleagues, former students, members of Local 34, and friends and family.
All three of my brothers and their wives attended. Even Madeleine's daughter,
Anne-Laure, came from Paris. It was good for everybody to see everybody. Like
weddings and funerals, retirements serve an excellent communal function.
The other event was a much more elaborate-a two-and-one-half day
international symposium on Cell Movement and Morphogenesis at the MBL in
Woods Hole (see Appendix III) with a research lecture by me and a banquet with
speeches. Almost all my former graduate students and postdoctoral fellows were
there plus a good sprinkling of former undergraduates, from both Biology and
Branford College. In addition, there was a considerable number of colleagues
and friends from all over the States, even Iowa and California, and from the UK,
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France, Israel, Austria, and Sweden. They called it "Trinkfest '88" and issued
everyone a button emblazoned with my picture at the tiller of our boat, my
resolute jaw jutting forward (Figure 12.1).
By neat planning, Trinkfest '88 was built around my 70th birthday, May
23, which occurred right in the middle of the symposium. By incredible
coincidence, the symposium itself was part of the celebration of the 1OOth
Anniversary of the Marine Biological Laboratory. It was a wonderful occasion

Figure 12.1. A photograph of the author at the tiller of his boat, used to
make a commemorative button for Trinkfest '88.

-serious science and the gay camaraderie of old friends getting together. Even
the weather was fine and some of the speeches at the banquet had a light touch.
Norm Wessells, the only dean among us, was the roastrnaster. Jim Weston was in
full flower, playing with the title of my book. John Saunders was his gracious,
generous self. Dick Whittaker had some sharp things to say about my sharp wit.
Sandra Mayerson, a dear friend from the class of 1973 of Branford College, stole
the show with her tales of what a naughty boy I was as Master Trinkaus. Even
my Yale colleague, Joel Rosenbaum, bestowed a warm accolade, thanking me for
never having bored him. My children were there and our lovely granddaughter
Trina sat with Madeleine and me. Well, it was a grand occasion and we all had a
good time. Afterward, everyone came out to our house to continue the party.
Cheryll Tickle in London couldn't come but sent me a sawed off mammoth
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molar by way of Graham Dunn. Adam Curtis from Glasgow brought me a model
of the Loch Ness monster. Carl-Olaf Jacobson from Uppsala brought a seal of the
University of Uppsala and a record of their singing group. Bathed in all this
honor, love and gaiety, I relished every minute of it. A normally sober, careful
cell biologist from the Yale Medical School, Gabriel Godman, bumped into me
in the drug store in Woods Hole and said to me incredulously, "You know, they
really love you!" I imagine that this is true, except, of course, for those who
didn't want to show up.
I learned afterward that Carol Erickson secretly organized the
celebration, with the equally clandestine help of various interested parties like
Madeleine, Jim Weston, Albert Harris, and Rachel Fink. Carol, it turned out, was
stuck in bed in her home in Davis, California for the last months of a delicate
pregnancy and thus able to devote herself almost entirely to arranging
everything. Dear Carol. It's so sad that she missed the fun. But soon after the
party she received her reward, a beautiful (and more importantly, healthy) baby
girl named Julianne Caitlin.
Retirement was not a traumatic event for me, mainly because I didn't
bother to retire. Since I no longer had graduate students or postdoctoral fellows
I needed less space. However, our department has a tradition of providing small
space for its emeriti and I was adequately taken care of. This has been
exceptional good fortune. In some departments, emeriti are often simply thrown
out. Intellectually, retirement has been quite easy. Because I had never left the
bench in my research, I simply turned the part-time research of a professor into
full-time research. For colleagues, who had left the bench a long time ago to run
big labs, retirement could pose a problem. Not for me. I actually was quite
productive and did some good research in my seventies. Indeed, I consider my
papers on convergence (with Madeleine and Rachel Fink) and on the yolk
syncytial layer to be among the best of my career. I also got into an exhilarating
controversy with Chuck Kimmel over involution versus ingression in the zebra
fish and Fundulus. We both won and have agreed that there is marginal
ingression in zebra fish and submarginal ingression in Fundulus. In addition, I
have had fme collegial relations with a number of zebra fish people, especially
young people. Oh yes, everybody is now "young" compared to me.
I have often been asked, "Don't you miss the teaching?" Yes, I miss the
freshness of the undergraduate students and my orating before them. But I am
glad to be rid of preparing lectures, making up exams, and reading term papers.
Thus, in sum, I do not miss teaching. To make up for the lecturing I have lectured
a fair amount on our research at various meetings and universities until recently.
One of the rewarding features of a life in science is that, like all work,
if you are any good at it, you gain the respect of the people you respect. I have
had that respect, I believe, and it has had the usual beneficial effect of adding to
my self-esteem-and confidence, my sense of well-being. It has also enhanced
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my personal and scientific relations with other biologists. This is basically all
that one should need in the way of honors. If there is some overt recognition
beyond this, it is fme and welcome, but basically icing on the cake. As I have
already mentioned, I was honored by being granted a MERIT Award by the NIH
and greatly moved by the grand tribute of the Trinkfest '88 symposium, people
and all together. Then, to top it all, I was awarded the Edwin Grant Conklin
Medal by the American Society for Developmental Biology in 1995. It was a
new award to "a developmental biologist who has made and is continuing to
make outstanding contributions to the field". I was the first recipient. I had never
heard of the award but certainly knew and admired Conklin's work. So it was a
wonderful surprise. To my great pleasure, the very next year the medal was
awarded to John Saunders. Following him, the recipients have been, in order,
Elizabeth Hay, Thomas Kaufman, Clement Markert, Charles Kimmel, John
Gurdon, and Gail Martin. I find myself in very distinguished company. I have
always had an uneasy feeling about prizes to individual scientists because one of
the beauties of science is its collectivity. Yet, on the other hand, some individuals
do play a leading role in the international collective. Anyway, I accepted. This
award was particularly pleasing because it represented the opinion of other
embryologists who knew professionally about my career and our research.
Taking in account all I have written in this paragraph it seems that I have been
generously honored.
Certain friends have expressed surprise or regret during the last 25 years
that I have not been elected to membership in the National Academy of Sciences
(NAS). This is a complicated business. Most members of the Academy certainly
merit their membership on scientific grounds and we all know a few who do not.
Most of us are pleased when a deserving colleague is elected and very happy if
he or she is a friend. And, we all know many who merit membership but who for
some reason have not been elected. My esteemed Yale colleague, Sidney Altman,
was not elected until after he had won a Nobel Prize. Honestly, my own lack of
membership has not bothered me, for, as I have written, I have for a very long
time enjoyed the respect of those whom I respect and I have always enjoyed
doing science for its own sake. In addition, I have less of an ego problem than
some others. It could be that I'm not important enough for the Academy.
Whatever the reason, I actually like myself as I am and have been and do not
intend to change. Exclusion from the NAS is a bitter pill for some fine scientists,
but not for all of us.

Old Age
I have been an old man for quite a number of years now so perhaps I
owe the reader a brief progress report on how things have gone. I retained the
good health and physical vigor that had been my good fortune all my life to a
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considerable degree up to the age of 74. On the basis of this we made
reservations to return to the Club Med in 1992 for more diving. But we had to
cancel at the last minute because of a cardiac accident, a leaky mitral valve. That
was taken care of quickly but I decided that this meant the end of diving. During
the next several years nothing life-threatening happened. I had a severe case of
trigeminal shingles, herpes zoster, a very painful malady and I still have it, but
only sporadically. I live with it as most elderly people do with all the various
inconveniences imposed by an aging organism. Old age is not for sissies. At the
time that all this happened, I was heavily engaged in research, studying
ingression of deep cells during early Fundulus gastrulation and the role of
microtubules during formation of the yolk syncytial layer and in epiboly with a
former student of Ray Keller. Then, at the age of 79, the shit hit the fan. I was
dangerously smitten-kidney failure, followed by a bleeding gastroduodenal
ulcer, apnea, inability to swallow, one after the other. All this required four
months of incarceration in the Yale-New Haven Hospital, often in intensive care,
during which I was close to death a few times. It was a terrible ordeal for my poor
Madeleine, who visited me every day, often not knowing for periods if she would
ever see me again. For me it was actually less of an ordeal. I did not suffer pain
and was out of touch a great deal of the time because of persistent hallucinations.
The upshot was that I miraculously survived. I count it as due to some excellent
medical care, much spontaneous healing, the love of my wife and the devotion
of some dear friends (particularly of some alumni of Branford College), and my
personal purity of spirit. I was of course considerably weakened physically and
with a tremor after all that travail but with some of my usual good luck, my
intellect remained intact and my hands regained their steadiness. I can still
operate on fish embryos, returned to Fundulus at Woods Hole and to Blennius at
Roscoff, and composed and published a couple more papers and still go
swimming at Stony Beach. And now, I have written this book. Given all that has
happened and could have happened I have experienced a fruitful old age, so far.
It must be clear to the reader that, by and large, I have lived a rich and
happy life and still do, even at my advanced age. Although there are many
reasons for this, including my optimistic temperament and ebullient personality,
the most important reasons for my continuing success at mastering the subtle art
of living have been the constant loving presence and intelligence of my wife,
Madeleine, and my work, my fulfilling research, writing, and teaching. This is
how it has been since we began building our lives together (Figure 12.2).
Somehow, I was wise and fortunate enough back then to be able to organize my
life according to a plan that has worked marvelously well. Number one in
importance has been my wife (and then some close friends and family, including
our cats, by the way). Number two has been my work. All other things that we
enjoy, and there are many, are tertiary in importance. If something goes wrong
with number one, the rooffalls in. Nothing else matters. If something goes wrong
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Figure 12.2. The author and Madeleine, his wife, after returning from a
vacation in Tahiti, circa 1983.

with number two, it is upsetting and requires serious attention. All tertiary
activities, though important, are readily adjustable or dispensable. I have not
been confused. I know my priorities. A big help in carrying out this master plan
has been my unquenchable optimism. I don't know or understand how I came by
this optimism, but I have certainly been optimistic most of my life. In large
measure, I have been lucky, to be born in a part of the world where one has
enough time left over to contemplate Nature rather than spending every moment
just surviving it. After all, water, food, housing, considerable personal freedom,
and adequate domestic tranquility were just there for me, unlike most of the other
inhabitants of our planet. I was lucky to have had parents who nurtured me
enough so that I could succeed. Many people are not so fortunate. I have been
lucky to have received a good enough early education and fortunate that I could
leverage my early experiences to receive a fine education at some of the world's
truly great learning environments. I sought out and found inspiring mentors,
colleagues, and proteges. I have also had many supportive friends, partly by luck
and partly by working at being a friend. I think my good sense of humor has been
important in my optimistic nature. I succeeded at many different things I tried to
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accomplish and so moved on to greater challenges. I grew up with an inquisitive
spirit and was usually rewarded handsomely for my endeavors. My optimism and
success have not been entirely the result of luck. I have also worked hard and
effectively at times. I have also followed religiously the adage, "All work and no
play makes Trink a dull boy." But surely, good fortune played a role as my life
unfolded. I at least had the good sense to answer the door when opportunity
knocked. I try to be intelligent and realistic about life and try to keep my head up
and eyes open. My optimism has been a huge lift for me and for Madeleine and
has certainly made me a more positive and pleasant personality. If you are
pessimistic, you might not try. If you are optimistic, you try.
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APPENDIX III

THE PROGRAM FOR THE SYMPOSIUM ON CELL MOVEMENT
AND MORPHOGENESIS (TRINKFEST '88)

SUNDAY, MAY 22
Afternoon
Noon-10:00 Registration in Swope Center.

Evening
6:00 Dinner in the Swope Center Dining Room foJiowed by a social hour in the
Meigs Room.

MONDAY, MAY 23

CELL MOTILITY IN CULTURE

7:00-8:30 Breakfast

Morning

Cell Movement and Cell Attachment in....ritm
Chairman, Colin Izzard
Whitman Auditorium

8:30-9:10

C. Izzard (SUNY Albany): MargiMl spreading and substrate
adhesion in fibroblasts: structure and molecular events.

9:10-9:50

J.

9:50-10:20

Coffee Break

10:20-11:00

B. Geiger (Weizmann Inst.): The involvement of A-CAM and
vinculin in junctioMl interactions of cultured cells.

Couchman (U. Alabama): Cell surface interactions in
fibronectin-mediated fibroblast migration i.!l....lzi.t!l.

11:00-11:40

K. Burridge (UNC, Chapel Hill): Actin-membrane interaction

at focal contacts.
11 :40-12:20

W.-T. Chen (Georgetown U.): lnvadopodia: a unique membrane

structure implicated in the invasion of cells into the
extracellular matrix.
12:30-2:00

Afternoon

Lunch

Biochemistry of the Cytoskeleton and Lamellipodium
Chairman, Lance Taylor

2:00-2:40

2:40-3:20

V. Small (Austrian Academy of Sciences, Salzburg): Structural
differentiations of actin in the leading edge of chick fibroblast
in vitro.
L. Taylor (Carnegie Mellon U.): The chemistry at the leading

edge of migrating cells.
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3:20-3:50

Coffee Break

3:5()-4:30

J. Spudich (Stanford U.): Genetic approaches to the role of

myosin in cell division and morphogenesis.
4:30-5:10

J. Hartwig (Harvard Med. School & Mass. General Hosp.):

Regulation of the macrophage cortical actin skeleton.
G. Oster (UC Berkeley): The biophysics of the leading lamella.

5:10-5:50

Evening
6:00-7:30

Dinner

7:30

Poster Session with mixer, Swope Center

TUESDAY, MAY 24

CELL MOTIUTY IN THE ORGANISM

7:00-8:30

Morning

Breakfast

Control of Directional and Invasive Cell Motility
Chainnan, Sally Zigmond

8:30-9:10

S. Zlgmond (U. Pennsylvania): DetecHng 11 gradient of
chemoattractant: the role of adaptation.

9:10-9:50

K. Johnson (George Washington Med. School): An oriented
fibrillar network rich in fibronecHn and laminin directs
mesodermal cell migration during amphibian gastrulation.

9:50-10:20

Coffee Break

10:20-11:00

R. Keller (UC Berkeley): FuncHon, expression and control of
active cell intercalaHon during Xenopus gastrulation.

11 :00-11:40

D. Noden (Cornell U.): Migratory properHes of avian

embryonic angioblasts.
11 :40-12:20

T. Poole (SUNY, Syracuse): Vasculogenesis and angiogenesis:

two distinct morphogenetic mechanisms establish embryonic
vascular pattern.
12:30-2:00

Afternoon

Lunch

Control of Patterning during Morphogenesis and Cell
Differentation
Chairman, Chris Wylie

2:00-2:40

K. Tosney (U. Michigan): Guidance of motoneuron growth
cones during development by general and specific navigational
cues.
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2:40-3:20

D. Bentley (UC Berkeley): Pathfinding in situ by growth cones
of peripheral pioneer neurons in grasshopper embryos.

3:20-3:50

Coffee Break

3:50-4:30

D. McClay (Duke U.): Properties that shape the embryo.
C. Wylie (St. George's Med. School): Cell commitment in the

4:30-5:10

early Xenopus embryo.
J.P. Trinkaus (Yale U.): The status of Fundulus epiboly- 1988.

5:10-5:50

Evening
6:00

Cocktails, Meigs Room

7:00

Banquet in Honor of J.P. Trinkaus

WEDNESDAY, MAY 25
7:00-8:30

Morning

Breakfast

New Methods for Studying Morphogenesis
Chairman, Albert Harris

8:30-9:10

G. Dunn (Med. Research Council, London): Cell motility
studied by quantitative interference microscopy.

9:10-9:50

S. Hilfer (Temple U.): Cell movements in living epithelial
primordia during placode folding.

9:50-10:20

Coffee Break

10:20-11:00

M. Bemfield (Stanford U.): Syndecan, a cell surface

proteoglycan that behaves as a developmentally regulated
matrix receptor and cell adhesion molecule.
11:00-11:40

A. Harris (UNC, Chapel Hill): Simple micro-computer
simulations of morphogenetic mechanisms.

11 :40-12:20

D. Frlstrom (UC Berkeley): The use of mutants to analyze
morphogenetic mechanisms in Drosqphila.

12:30

Lunch
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