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SEWALL WRIGHT

December 21, 1889-March 3, 1988

BY JAMES F. CROW

THE MATHEMATICAL THEORY of evolution and the science of
population genetics began with, and for a generation

was almost totally dominated by, three men: R. A. Fisher, J.
B. S. Haldane, and Sewall Wright. Wright's unique contri-
bution was his "shifting balance theory," which holds that
the best opportunity for evolutionary progress is afforded
by a large population comprising many partially isolated
local groups. Within each group a certain amount of trial
and error experimentation can take place, and successful
combinations can spread throughout the population. Al-
though the theory remains controversial, it has been very
popular and influential in the biological community.

Wright also developed much of the theory of inbreeding
(his coefficient of inbreeding is standard material in el-
ementary textbooks) and the genetics of quantitative traits.
In addition, he was a pioneer in physiological genetics and
was uniquely responsible for the developmental and coat-
color genetics of guinea pigs. Wright's method of path
analysis, originally used mainly by animal breeders, has be-
come a standard statistical technique in the social sciences.

Wright was elected to the National Academy of Sciences
in 1934.
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PERSONAL HISTORY

Sewall Green Wright (he later dropped the middle name)
was born in Melrose, Massachusetts, December 21, 1889.
His father, Philip Green Wright, was an economist who moved
with his family to Galesburg, Illinois, in 1892 to join the
faculty at Lombard College. There he taught an astonish-
ing variety of subjects—economics, mathematics, astronomy,
surveying, English composition—and was director of the
gymnasium. He also printed the Lombard College bulletin
on his own printing press. Later, he did research at the
Brookings Institution and published several books; one, The
Tariff on Animal and Vegetable Oils, included a statistical ap-
pendix by his son Sewall.

Sewall had two brothers. Both became distinguished,
Quincy in international law and Theodore in aeronautical
engineering. Quincy and Sewall regularly operated their
father's printing press and were the first to publish the
poetry of Carl Sandburg, then studying writing with their
father at Lombard College. Philip Wright was indeed a
polymath. Carl Sandburg called him the "Illinois Prairie
Leonardo."

Sewall was a precocious child. He could read before
starting school. At the age of seven he wrote a pamphlet—
still preserved—on natural history, with chapters on mar-
mosets, ants, dinosaurs, chicken gizzards, astronomy (he
had seen the constellation Lyra through his father's tele-
scope), and a wren that could not be discouraged from
nesting in the family mailbox. He read his father's math
books and learned to extract cube roots before entering
school, a skill that he said brought him instant, lasting un-
popularity with the other students. Later he became fasci-
nated with analytical geometry and invented for himself a
way of determining areas, somewhat like the integral calcu-
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lus that he would learn later from his father at Lombard.
His interests were clearly in science, and he never devel-
oped his father's passionate fondness for Greek and poetry,
although he did enjoy Latin and became interested in sound
changes and grammatical forms in the Indo-European lan-
guages. He found grade school a disappointment, having
learned most of the material at home on his own. In high
school he pursued his interests in natural history and took
what science courses were offered; but, as with grade school,
he did most of his learning outside. In his senior year he
read Darwin's Origin of Species in its entirety.

Entering Lombard College Wright started to major in
chemistry, but found much of analytical chemistry, at least
the way it was taught, not to his liking. He took math
courses from his father, going as far as differential and inte-
gral calculus. He never took any advanced mathematics
and his later theoretical work in population genetics de-
pended on methods that were learned on his own or were
his own invention.

Philip Wright also taught a course in surveying and this
led to Sewall's obtaining a job between his junior and se-
nior years. At that time the Chicago, Milwaukee, and St.
Paul Railroad was building a new spur through the Chey-
enne and Standing Rock Indian Reservations in western
South Dakota, and Sewall's knowledge of surveying was put
to use. He also used his mathematical skills to calculate the
rail curvature. The year was a rich experience in the old
west tradition, with hardships, adventures, and Indians. In
his nineties, Wright still remembered words from the Sioux
language. These were the same local tribes that had de-
stroyed General Custer's troops at the Little Big Horn thirty-
three years earlier. In the latter part of the year Wright's
work was cut short by an attack of pleurisy. During his
illness he lived in a caboose and read about quaternions. I
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find it interesting that J. B. S. Haldane also read the same
book (Tait's Elementary Treatise on Quaternions) while conva-
lescing from war injuries. The book is still preserved, along
with some of Wright's marginal notes, so it is possible to see
that he got about halfway through the book. This was the
year of Halley's Comet, and Wright saw it from the roof of
his caboose. Unfortunately, his failing eyesight prevented
his seeing it again in the 1980s. As a result of his lung
infection, Wright was refused standard life insurance, a fact
that he found increasingly ironic as he continued to live
into his late nineties.

Returning to Lombard for his senior year, Wright took a
biology course for the first time. Wilhelmine Entemann
Key, one of the first women to receive a Ph.D. from the
University of Chicago, was an inspiring teacher and led a
graduate-type seminar. Wright learned his first genetics by
reading Punnett's article in the eleventh edition of the En-
cyclopedia Britannica. His professional interests were now
clear. He obtained a $250 scholarship to the University of
Illinois. (This was awarded automatically to the valedicto-
rian of the class. Wright was second in a class of seven, but
the woman who was first declined.) William E. Castle vis-
ited the University of Illinois during this year and, on meet-
ing Wright, offered him a Harvard assistantship on the spot.

Castle was then the nation's leading mammalian geneti-
cist. Each student had a species to study. C. C. Little
worked on mice and later founded the Jackson Laboratory.
E. C. MacDowell studied rabbits and Wright took over the
guinea pig work. At the time, Castle was selecting hooded
rats for greater and lesser amounts of white. Wright played
a crucial role by suggesting the experiments to distinguish
between the view, wrongly held by Castle, that the color
changes were in the major gene itself, and the opposing
(and correct) one, that there were many segregating modi-
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fiers. Wright did important size and coat-color experiments
on guinea pigs, starting a program of research that he con-
tinued for more than forty years.

Upon receiving his doctorate from Harvard, Wright moved
to Washington where he became senior animal husband-
man in the U.S. Department of Agriculture (USDA). There
he took over the analysis of a colony of guinea pigs, some
of which had been sib-mated for many generations. Wright's
analysis of the effects of inbreeding and hybridization are
classic. At the same time he continued his studies of coat-
color inheritance. This was the period in which Wright
began to make major theoretical advances. He worked out
the consequences of various mating systems, and his studies
on quantitative inheritance, along with those of R. A. Fisher,
became the foundation for scientific animal breeding. During
this period Wright also developed what he later called the
"shifting balance theory."

In 1926 he moved to the University of Chicago where he
continued his theoretical work as well as his experiments
with guinea pigs. He also took up the standard academic
duties, teaching several courses and supervising graduate
students. This continued until 1955 when he retired from
Chicago at age sixty-five and moved to Wisconsin, which
had a retirement age of seventy. Wright was not paid a full
salary, only a supplement to his Chicago retirement annu-
ity. This lasted for five years, after which Wright continued
to work an additional quarter century. What a bargain
Wisconsin got!

After his second retirement Wright completed the monu-
mental set of four volumes, Evolution and the Genetics of Popu-
lations (1968, 2; 1969, 2; 1977; 1978, 1), in which he not
only summarized his own work but reviewed and analyzed
an enormous body of experimental and theoretical litera-
ture.



444 BIOGRAPHICAL MEMOIRS

In his nineties Wright's eyesight became so poor that he
could read only with the aid of an enlarging machine. He
gradually gave up active research and scientific reading.
Yet he continued to write. His last paper was published in
1988 and reprints came only a few days before his death.
My last conversation with him was concerned with his ask-
ing me to mail reprints to his friends and with his wonder-
ing how he could handle his income tax from a hospital
bed.

Wright was in excellent health until the end. It was on
one of his customary long walks that he slipped on an icy
spot. He died suddenly and unexpectedly a few days later,
March 3, 1988, from a pulmonary embolism, the conse-
quence of a pelvic fracture. He had passed his ninety-
eighth birthday anniversary three months earlier.

In 1921 Wright married Louise Williams, a genetics teacher
at Smith College. She died in 1975. This left him very
lonely, but he didn't complain; this was not his nature. He
just went on working.

Wright was survived by three children, Richard (dec. 1993),
Robert, and Elizabeth (Mrs. John Rose).

SCIENTIFIC WORK

Wright's first scientific paper was published in 1912. It
was a morphological study of a fish parasite, a trematode,
done while he was at the University of Illinois. His first
genetic paper (1914) was a suggestion that one could make
a distinction between auto- and allo-polyploidy by the fre-
quency of homozygosis for recessive genes.

Three of Wright's major areas of interest were apparent
in the next few years, at Harvard and USDA. These were:
correlation analysis, animal breeding, and mammalian physi-
ological genetics. His evolutionary ideas followed soon af-
ter. Although the major papers were published after reach-
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ing Chicago, the main idea was already formulated while
he was still in Washington.

Statistics. Wright's first statistical paper (1917, 1) cor-
rected Raymond Pearl on the use of probable error to test
Mendelian ratios. In the same year (1917, 2) he used the
additivity of variances and covariances to separate guinea
pig weights into within- and between-strains components.
This was actually analysis of covariance, though he was un-
aware of Fisher's work and the words were to come later.
Wright (1920, 1; 1926, 1) also found a transformation to
linearize cumulative percentage data, now called the probit
transformation.

Wright's most important contribution to statistics is his
method of path analysis (1921, 1; 1934, 10; 1983; 1984, 2).
He always wanted to use statistics interpretatively rather than
for description and prediction. Although the mathematics
are those of partial regression, the point of view is original.
A simple and useful Wrightian device is to diagram causal
sequences so that paths of direct causation are indicated by
arrows, while correlations between anterior, unanalyzed causes
are represented by double-headed arrows. Each causal step
is associated with a path coefficient, a partial regression
coefficient standardized by being measured in standard de-
viation units. These coefficients measure the relative im-
portance of the different paths. From such a diagram Wright
found simple rules by which one can easily write all the
appropriate equations. The method has the virtue of mak-
ing immediately obvious whether there are enough data
and relationships to permit a solution.

In addition to using the method for genetic problems,
Wright applied it to such diverse situations as growth and
transpiration of plants, respiratory physiology, prey-preda-
tor relations, and the relative importance of heredity and
environment in human IQ. The most impressive analysis is
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that of the production and prices of hogs and corn. Wright
had 510 correlations, and did the calculations himself, a
time-consuming job in those days before computers. He
was able to account for 80 percent of the variance of hog
production and prices by fluctuations in the corn crop, vari-
ous intercorrelations, and cleverly adjusted time lags. This
paper (1925, 1) was not published immediately; it was deemed
improper for an animal husbandman to write a paper in
economics. It required the help of Henry Wallace, who
prevailed on his father, then secretary of agriculture, to
intervene and see that the paper was published.

From 1920 to 1960 the method was seldom used outside
of animal breeding circles. Scientists in general and biolo-
gists in particular made almost no use of it. Why? One
reason is that the method cannot be applied routinely; it
doesn't lend itself to "canned" programs. The user must
have a hypothesis and diagram it. Biologists have made a
great deal of use of correlation and regression analysis, but
the emphasis has been on prediction and significance tests,
for which Fisherian methods are more appropriate. At the
same time psychologists preferred to use factor analysis,
which uses much of the same algebra but has a different
conceptual basis.

Recently, however, path analysis has become popular in
the social sciences. New methods of formulation, and particu-
larly the use of computers, have greatly increased the power
of Wright's methods. Yet, he was not always pleased with
the uses, or with mathematical criticisms of it. One of his
last papers (1983) was a spirited defense of his methods.

Animal Breeding. Wright's (1922, 2-4) studies on inbreed-
ing and crossbreeding of guinea pigs, utilizing the accumu-
lated USDA records and data of his own, were masterful.
The meticulously-kept records included not only pedigree
information, but many kinds of measurements—litter size,
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individual and litter weight at various stages, and viability.
The husbandry conditions were often miserable, including
wartime shortages and the Washington summer heat. It is
a testimony to Wright's analytical skills that he could ex-
tract so much consistent and useful information. He docu-
mented the usual, but not invariable, decline on inbreed-
ing; the recovery on crossbreeding; and the quantitative
predictability of decline when these hybrids were inbred.
He showed that all this was entirely consistent with Mende-
lian inheritance and dominance.

At the same time Wright developed his widely used algo-
rithm for computing the inbreeding coefficient for any pedi-
gree, however complex (1922, 1), and wrote a series of
papers on the consequences of different mating systems
(1921, 3-7). He later (1925, 3; 1926, 4; 1943, 1) showed
how to separate the effects of nonrandom mating from those
of reduction in population size, and showed that in Short-
horn cattle the small size of the breeding population was by
far the most important.

For many years animal breeding was dominated by a single
figure, Jay L. Lush, of Iowa State University. A Wright dis-
ciple, he carried the gospel. He wrote a book that became
the standard, and his numerous students came from all
over the globe. As a result, Wright's path analysis, inbreed-
ing theory, and prediction formula for selection of quanti-
tative traits spread widely and rapidly. Animal breeding
changed from an art to a quantitative science. In recent
years, with computerized records and artificial insemina-
tion, the methods have become very sophisticated. The
steady improvement of milk production testifies to the ef-
fectiveness of a well-organized, cooperative selection pro-
gram. The current methods superficially look quite differ-
ent from path analysis, but they trace back to the Wright-Lush
influence.
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Mammalian Genetics. Wright's work on physiological and
developmental genetics is much less well known than his
work on animal breeding and evolution. Yet for many years
Wright devoted the major share of his research time to
guinea pig studies. He did his own mating and record
keeping; the guinea pig colony was often the best place to
find him. He continued this work throughout the Chicago
years and stopped on moving to Madison only because the
University of Wisconsin could not furnish guinea pig facili-
ties. I believe this was fortunate, for it gave Wright the
chance to complete his long-contemplated project, writing
his four-volume monument (1968, 1; 1969, 2; 1977; 1978,
1). As it was, he spent his first five years at Wisconsin
writing up his guinea pig studies, some done years before.

Early in his Washington years Wright wrote a series of
eleven papers on color inheritance in various mammals (1917,
2-9; 1918, 1-4). These papers are noteworthy in two re-
gards. First, Wright interpreted the color interactions in
terms of the latest knowledge of pigment chemistry and
enzyme kinetics. Second, he discovered extensive similari-
ties among the mammals and inferred that the causative
genes had a common ancestry, facts that are now being
definitively confirmed by DNA similarity.

Throughout his guinea pig studies Wright went as far
toward a chemical explanation as knowledge of the time
would permit; he wanted to explain dominance and epista-
sis in chemical terms. His quantitative bent led him to
formulate the relationships in path diagrams and to ex-
press the kinetics as differential equations, assuming flux
equilibrium kinetics. Wright's major analyses (1941, 1, 3)
appeared the same year as the work of George Beadle and
Edward Tatum on biochemical mutants in Neurospora. This
started a new direction in genetic research, and molecular
biology and microorganisms took over. Wright continued
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his guinea pig studies for another fifteen years, but these
later works—masterful as they were in extracting maximum
information from difficult material—attracted little atten-
tion.

Wright's early work was ahead of its time in other re-
gards. One of these was in the correlation of size of various
body parts (Wright 1918, 6). He analyzed the phenotypic
variance into components associated with general size, limb-
specific factors, fore- and hind-limb specific factors, and
factors associated with the upper and lower limb (whether
fore or hind). This kind of work has had a recent resur-
gence of interest.

Population Genetics and Evolution. In this area the name of
Wright is regularly associated with those of Haldane and
Fisher. Each had his own style and made distinctive contri-
butions. Haldane wrote a series of papers exploring selec-
tion under a variety of genetic conditions; usually, but not
always, these involved single factors. Fisher dealt with many
problems, but his best-known was showing how to deal with
gene interactions for quantitative traits, in particular for
fitness itself. He showed in his "Fundamental Theorem of
Natural Selection" that, regardless of gene interactions, se-
lection acts on the additive (least squares linear) compo-
nent of the genetic variance. To Fisher, gene interactions
and random gene-frequency fluctuations were impediments
to efficient selection, much like noise in a physical system.
To Wright, these provided an opportunity for evolutionary
creativity.

Wright's shifting balance theory is a way of taking advan-
tage of gene interactions. He had long been concerned
with cases in which genes interacted in ways not predict-
able from their individual effects. He believed that evolu-
tionary creativity often depended on putting together fa-
vorable combinations of genes that were individually
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deleterious. But selection will not ordinarily incorporate
such genes in a large, sexually reproducing population. So
he argued that the best chance for the evolution of harmo-
nious gene combinations lies in the population structure.
In a population divided into many local populations be-
tween which there is limited interchange, the gene frequen-
cies will vary randomly in each of them (provided the size
is small enough). Among the local populations, one or
more may drift into a happy gene combination. This local
population will then be at a selective advantage relative to
the others and can be expected to reproduce faster. It will
then increase or, more likely, send out migrants to adjacent
local populations upgrading them to the level of the immi-
grants. These in turn become more fit and send migrants
to still other populations until eventually the whole popula-
tion attains the favorable gene combination.

This theory has found a great deal of favor with biolo-
gists who are impressed by interactions and see this as a way
for a sexual population to have some of the benefits of
asexuality (i.e., the ability to select for the entire genotype
rather than individual genes) and still retain the advan-
tages of Mendelian segregation and recombination. The
theory has been criticized on three grounds: (1) The theory
requires rather specific relations among the magnitude of
selection, migration, and local population size—conditions
that may not often be met; (2) The theory may not be
needed. It may be that a population hardly ever, if ever,
finds itself in the position that no allele frequency change
can increase fitness. A Fisherian process may suffice. (3)
The theory is very difficult to test, mathematically, experi-
mentally, or observationally.

The different viewpoints of Wright and Fisher led to a
bitter controversy that lasted from around 1930 until Fisher's
death. It produced two opposing camps that to some ex-
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tent still exist. It is quite possible that both were correct;
that evolution usually proceeds by a Fisherian process but
that some innovative changes take place by the Wright model.
In his last paper, written at age ninety-seven, Wright (1988)
was more conciliatory:

Kimura's "neutral" theory dealt with the exceedingly slow accumulation of
neutral biochemical changes from accidents of sampling in the species as a
whole. Fisher's "fundamental theorem of natural selection" is concerned
with the total combined effects of alleles at multiple loci under the assump-
tion of panmixia in the species as a whole. He recognized that it was an
exceedingly slow process. Haldane gave the most exhaustive mathematical
treatment of the case in which the effects of a pair of alleles are indepen-
dent of the rest of the genome. He included the important case of "altruis-
tic" genes, ones contributing to the fitness of the group at the expense of
the individual. I attempted to account for the occasional exceedingly rapid
evolution on the basis of intergroup selection (differential diffusion) among
small local populations that have differentiated at random, mainly by acci-
dents of sampling (i.e., by local inbreeding), exceptions to the panmixia
postulated by Fisher. All four are valid.

Wright made many contributions to the mathematical
theory of population genetics. As mentioned before, he
developed the F-statistics. These extend the inbreeding
coefficient to include hierarchical population structure. They
now form the basis for analysis of natural population struc-
ture. With the coming of molecular polymorphisms, this
theory has found a much wider use.

The stochastic theory of population genetics comes mainly
from Wright and Fisher. Although Fisher first worked out a
quantitative theory, he largely dismissed it as not likely to
be very important. Wright, in contrast, regarded random
processes as central and spent much of his life working out
more and more general forms of his basic stochastic equa-
tion. I enjoyed reading Wright's papers sequentially, seeing
that as the methods became more general and sophisti-
cated they became easier to understand. Wright (1945, 4)
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finally realized that his equations were solutions of the
Kolmogorov forward equation. These equations represent
the high point of Wright's mathematical work.

Wright's work in population genetics was almost entirely
theoretical, but he had an important collaboration with Th.
Dobzhansky. Dobzhansky played the same role in evolu-
tionary circles that Lush did in animal breeding. By his
combination of lucidity, forceful personality, and indefatig-
able experimentation, Dobzhansky did more than anyone
else to bring Wright's work to the biological public. Their
collaboration (1941, 2; 1942, 1; 1943, 3; 1947, 2) was the
beginning of a burst of activity studying natural popula-
tions of Drosophila, a subject that is enjoying a renewed in-
terest because of molecular techniques.

WRIGHT AS PHILOSOPHER

Wright was one of a small number of biologists who had
a serious, personal, original philosophy. Early in his life he
arrived at what is now called "panpsychic dualism." Wright
rejected any notion of emergence. He saw no clear bor-
ders between living and nonliving, or between thinking and
nonthinking. There is no place at which one can say that
mind exists after this point but not before. Emergence of
mind from no mind is, in his words, "sheer magic." He
thus arrived at the view that mind is everywhere. Mind and
matter are both universal. Science can produce a statistical
description, but not the deeper reality. "Science is a lim-
ited venture, concerned with the external and statistical
aspects of events and incapable of dealing with the unique
creative aspect of each individual event," he wrote (1964, 1).

Most biologists have either disagreed with, or more often
have ignored, Wright's philosophy. Some regard the mind-
body problem as something best left to philosophers. Oth-
ers think of mind as a consequence of a sufficiently compli-
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cated and appropriately organized state of matter. Wright
did, however, find a sympathetic companion in his philoso-
pher friend, Charles Hartshorne, who was for many years
Wright's colleague at the University of Chicago. Wright was
quick to say that his philosophical views had little relevance
to the day-to-day practice of science, and philosophy hardly
ever entered his conversations with biological colleagues.

WRIGHT'S IMPACT

Wright made lasting contributions in statistics, mamma-
lian genetics, animal breeding, population genetics, and
the theory of evolution. He would rank as an important
contributor in any of these areas. Collectively they place
him among the greatest of twentieth-century biologists. I'll
cite one example of his remaining influence: The 1988
Science Citation Index lists some 500 articles that refer to his
papers.

WRIGHT AS A PERSON

Socially, Wright was shy and retiring. He had no small
talk and was hard to engage in conversation. But, para-
doxically, when he did start to talk about something of in-
terest—his childhood, his experience on the railroad sur-
veying team, his ancestors, guinea pigs, evolution, genetics,
politics—he could, and would, talk at length. His lectures
invariably ran far over the allotted time. He was always
gentle, yet he defended his views forcefully and he stated
them fully.

Wright was extremely generous with his time. He spent
an inordinate amount of time helping others with their
papers and data analysis, and often this involved extensive
calculations. Likewise, he was an extremely careful reviewer
of manuscripts, often providing the author with substantial
improvements. He was a conscientious teacher, and spent
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many hours in the classroom and in the laboratory, which
he ran himself. In regard to his time, he was generous to a
fault. He published 211 scientific papers, most of them
alone. What would he have done had he followed the not
uncommon practice of selfishly concentrating on his own
work?

Wright has received virtually every honor that is open to
evolutionary biologists. He received ten honorary doctor-
ates, far fewer, he used to say, than Herbert Hoover. I have
appended a list of honors.

I should like to repeat an anecdote that I have frequently
cited before, but which epitomizes this modest, unselfish
man and his self-deprecating wit. In his late eighties while
writing his four books he received a small stipend from the
National Science Foundation. When I brought him the
news that the foundation had offered to provide an infla-
tionary adjustment he demurred. According to his calcula-
tions, he said, his productivity was declining at the same
rate as the value of the dollar and he therefore didn't de-
serve any increase. He never accepted it.

Wright died at the age of ninety-eight. It is perhaps wrong
to regard a death at this age as premature, but I do. Wright
was in good health, enjoying life, and intellectually alert.
He knew that a centennial celebration was being planned
and looked forward to it. But for encountering an icy spot
on the sidewalk, he would surely have been in attendance.

MY MAIN SOURCE of information has been a regular association
with Wright for more than three decades. I obtained much infor-
mation from a full-length personal and scientific biography by Will
Provine (1986), based on hundreds of hours of taped interviews
with Wright and a study of his extensive correspondence. It is a
treasure of information for those who would like to know more
than can be presented in this short article. I have also drawn freely
on my own earlier writings, listed in the references below.
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1906 Enrolled in Lombard College.
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with Knox College.
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1912-15 Graduate student with W. E. Castle at Harvard Univer-
sity, receiving Sc. D. in 1915.

1915-25 Senior Animal Husbandman, U. S. Department of Agri-
culture, Washington.

1921 Married Louise Smith, February 21, in Granville, Ohio.
1926-29 Associate Professor of Zoology, University of Chicago.
1930-37 Professor of Zoology.
1938-54 Ernest D. Burton Distinguished Service Professor.
1943 Hitchcock Professor, University of California, Berkeley.
1949-50 Fulbright Professor, University of Edinburgh.
1955-60 Leon J. Cole Professor of Genetics, University of Wiscon-

sin, Madison.
1960-88 Professor Emeritus.
1988 Died in Madison, Wisconsin, March 3.

HONORARY DOCTORATES
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1948 Yale University
1951 Harvard University
1955 Michigan State University
1957 Knox College
1958 Case Western Reserve University
1959 University of Chicago
1961 University of Illinois
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