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Akira Okubo's Obituary

Akira Okubo passed away on February 1, 1996, at the age of 70. A great and original scientist, Akira
was known both for his contributions to the theory of animal diffusion and for his exceptional
humanity. He was a member of the faculty at the Marine Sciences Research Center, State University
of New York at Stony Brook, for two decades; but his most lasting influence was as mentor and
colleague for countless others who vied for the honor of calling him sensei, the Japanese word for a
~ revered teacher.

Akira Okubo was born in Japan, and became a devotee of sumo, sushi, sashimi, samurai and baseball.
An oceanographer, he became chief of the Chemical Oceanography Section of the Japanese
Metedrological Agency in Tokyo. He came to the United States to study with Donald W. Pritchard at
the Chesapeake Bay Institute of the Johns Hopkins University, where he received his Ph.D. in 1963.
He stayed on at Hopkins until 1974, when he became professor of Mathematical Ecology at Stony
Brook.

Akira was a consummate theoretician, inspired by natural phenomena but with the quantitative skills to
derive order from what he and others observed. The author of over 150 papers, he had almost one
hundred collaborators on a wide range of problems in oceanography, ethology, and wherever his
curiosity took him. He won the prestigious Medal of the Oceanographic Society of Japan, and a
Senior Visiting Scholarship at the University of Oxford.

Akira Okubo distinguished himself by his work on a wide variety of problems, but his greatest and
most lasting contribution came from his success in dealing with the confusion of diffusion.His early
dye diffusion work is a classic in the oceanographic literature, and he extended it easily to the diffusion
of spores, of seeds, of fish eggs and larvae, and wherever his insights and interests led him. His work
on pattern formation in the plankton was my own point of contact with him, and led to a lifelong
friendship and collaboration.

Closest to his heart, however, were little animals, and his painstaking and brilliant analysis of midge
swarming has inspired numerous followers. Inspired by his earlier work and a love for nature, he
began extending his work broadly to animal movement, and his book on Diffusion and Ecological
Problems is a classic that has had a major influence on the field. (The book is an extension of an
earlier book, entirely in Japanese). One of the most powerful approaches being used today to study
and model animal aggregations, that of beginning from Lagrangian descriptions of individual
movements and proceeding to Eulerian descriptions, was inspired by Okubo's work and
encouragement. The famous wildebeest patterns, reported by Tony Sinclair and others, were brought
to the attention of theoreticians by Akira Okubo.

We have all lost a wonderful colleague and teacher; Akira's influence will live on through his work,
and through the countless students and friends that he touched.

SMB Newsletter Volume 9, Number 2, June, 199612 #85# X 317z, Simon A.Levin¥i%
(Princeton Univ.) OAARBELEANDHEHTY., SMBOEE TIHHEHI T TWEEEEL .
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Memorial to Prof. Ei Teramoto

Ei Teramoto and Akira Okubo were not only close colleagues in science, they were also old
friends tied by common interests such as baseball and sumo wrestling. They were both born in
February, 1925, and both passed away last February about a week apart. Late in life, they both became
inflicted by liver cancer, underwent operations around the same time, and fought against cancer for the
last two years of their lives while giving each other moral encouragement.

They graduated from different universities, but, both of them began their research career in
polymer physics, had achievements in areas of diffusion, and ultimately moved on to mathematical
biology. Although they were distinct in their personalities, they both shared a love of freedom, and
they both had an immense joy in doing science, which naturally infected the people around them.

From here, my talk will focus on the achievements of Ei Teramoto, and after that Simon Levin
will give a talk on Akira Okubo in his memory. I hope that we can succeed in conveying to you some
image of the two mathematical biologists that represent Japan, and of the accomplishments that they

each made, Teramoto in Japan and Okubo in the United States.

Ei Teramoto was born in 1925 in Matsue. When entering high school, he moved to Kyoto,
where he stayed for the rest of his life. He spent his university student days when Japan was fighting
World War II, and it was a harsh time for the Japanese. He said he had to survive on food rations of
two sweet potatoes a day.

He graduated from the Department of Physics of Kyoto University in 1947, and then he
immediately joined the faculty of Kyoto University, where he began his research career in statistical

physics of chain polymers. His entire work covers an extensive area spanning physics and biology.

His first research subject was on the elasticity of high polymers. Unlike other common matters,
materials like rubber increase in elasticity as the temperature rises; this is thought to be caused by the
thermal motion of the chain polymers that make up these substances. To derive such fundamental
properties of polymers using the methods of statistical mechanics, we need to determine the mean
square end-to-end distance between chain polymers. In the past, this had been determined without
taking into account the interaction between segments that form the polymer. But, in reality, two
segments cannot exist in the same space at the same time. This observation led Teramoto to carry out a
detailed analysis of the so-called excluded volume effect. The excluded volume effect can be explained
within the context of a random walk problem. In a random walk , where n flights take place, the mean
square distance is proportional to n. But if no flights are allowed to occur to places previously visited,

how would this affect the mean square distance? This is the key question in the excluded volume
-11-



effect. This problem is actually very difficult to solve, because the process is non-Markovian and we
have to know the entire past history of the random walk. Since it was still before computers were
available, Teramoto counted all the possible paths one by one using pencil and paper to prove his
theory. Later we heard from Teramoto himself that when he stacked the graph paper he used for the
calculations, it had reached a height of two meters. He also told us that his wife Sachiko played a large
role in his discovery by helping to draw the graphs.

| Teramoto presented his results at the 1953 International Conference on Theoretical Physics,
which was the first conference held in post-war Japan.

There remains a newspaper clipping vividly reporting on the Conference. Many prominent
scientists participated in this Conference, including Profs. Prigogine and Flory, both of whom later
received Nobel Prizes, and the article conveys the sense of excitement that gripped Japan at the time.

There, Professor Flory praised Teramoto's work as an outstanding breakthrough in polymer
physics and one of the major findings reported at the Conference.

Later Ei Teramoto became interested in biomolecules like DNA and did studies on helix-coil

transitions of DNA and in chemical reaction kinetics.

Meanwhile, he made great efforts to found a new department for Biophysics within Kyoto
University. In 1969, he moved from the Physics Department to this new department.

His new office was famous for its "Tatami" floor, which was probably the only one among all
Japanese universities. Over the window of this room one could see the panorama of Daimonji Hill that
lies in East Kyoto.

The seasonal changes taking place in the view of Daimonji Hill reminded Ei Teramoto of the
natural swings in animal and plant populations; and this perhaps led him to recognize mathematical
ecology as a field where theoretical research would be quite effective, and it could greatly contribute to
human welfare in the future. On a worldwide scale, mathematical biology was still a relatively new
field about to undergo a surge of new growth, but in Japan there were few researchers working in this

field. Teramoto and his team entered this unexplored territory with enthusiasm.

In the 70's, Teramoto and his students studied on the stability and structure of model
ecosystems, and they published a series of papers using the acronym "Mumay Tansky" where Tansky
stood for the initials of 6 co-authors (Teramoto, Ashida, Nakajima, Shigesada, Kawasaki, ahd
Yamamura).

After that, he carried out some fundamental studies in population dynamics and ecosystem
processes. Three representative studies among them are briefly introduced in the following:

In 1978, Teramoto and his colleagues started a series of work on the switching effect of
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predation. They first dealt with a model on switching predation, where one predator feeds on two
preys. If the predation rates are constant, the system is described by the Lotka-Volterra equations, and
it had been shown that one of the prey species always becomes extinct. However, Teramoto showed
that if the predator. preferentially attacks the more abundant prey species, the switching predator
- stabilizes the whole system, leading to coexistence of the three species. This is elegantly shown by
introducing a Lyapunov function. Furthermore, he extended this model to the case where the two preys
compete for a common resource. Again, he showed that the presence of a switching predator promotes
the coexistence of competing species. This series of work was the first of the kind that demonstrated
the switching effect in the framework of dynamical models.

Like Okubo, Teramoto was interested in biological diffusion, on which he did a series of
studies. At the time, Professor Masaaki Morisita was on the faculty of Kyoto University, and he had
done some studies on population pressure using ant lions. Teramoto and his team carefully examined
Morisita's empirical data and reached a nonlinear equation, which generally describes animal dispersal
under the influence of population pressure and environmental heterogeneity. They further extended this
model to a two competing species system, and showed that the inter-specific population pressure leads
to habitat segregation of the two species, even when they favor the same habitat. As a result, the two
species are allowed to coexist even though they are mutually exclusive in the absence of population
pressure.

Meanwhile, as the Tansky group broke up spontaneously as each member moved on to
different settings, the study on the structure and stability of ecosystems, which originated with Tansky,
was carried on by Teramoto, and it became his lifework. In his last paper, he gave an elegant

explanation of how the pyramid structure of energy trophic levels is realized by species interactions in

a food web.

At Ei Teramoto's laboratory, there were people working in all types of mathematical biology. In
addition to ecology, this ranged from neural networks to developmental pattern formation. More than

70 students in total came out of his laboratory. .

On top of these scientific achievements, he also contributed much to promote the development

of mathematical biology in Japan. _
In 1988, he established with Prof. M. Yamaguti the Japanese Association for Mathematical
Biology (JAMB), which now has more than 200 members.

Ei Teramoto was also one of the founders of The Biophysical Society of Japan, and served as

its president for two terms.

In 1990, He established fellowship fund for young scientists in mathematical biology
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(wakaime o hagukumu kai), and supported travel expenses for participating in international
conferences.

He organized the International Symposium on Mathematical Biology in 1978 and 1985, both
held in Kyoto. .

From 1982 through 85, he organized a major cooperative research program on sociobiology
supported by Monbusho, which contributed in establishing evolutionary ecology in Japan.
He also performed a number of important administrative roles, including Dean of the Faculty of

Science at Kyoto University.

Teramoto authored about a dozen books, and the most recent one, entitled "Mathematics of
Random Phenomena" includes his analyses of species-abundance relationships and the spatial structure
of populations.

A unique feature of the book is that each chapter contains a watercolor picture painted by
Teramoto himself; some show the scenery of the promenade that leads from Kyoto University to his

favorite pub.

Ei Teramoto loved company and conversations over sake, and would often spend hours

discussing science, philosophy and culture. He always related his stories with wit and humor, which

made people warm and relaxed.

In this way, he inspired many mathematical biologists of the younger generation. He will be

remembered for his warm character, humorous talk, and his way of achieving important jobs in an

entertaining way.
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4/9  Chaos with confidence: Estimation and applications of local Lyapunov exponents.
Stephen Ellner
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Please send your tax-deductible contributions (by check payable to the Society for Mathematical
Biology) to L. E. Keshet, Math Dept, UBC, Vancouver, BC, V6T 172, (keshet @math.ubc.ca) 604-
822-5889. Include full address and a receipt will be forwarded to you. With thanks, Leah E-Keshet.
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(SMBE—AR—JDEE)
A Fund in Honor of Akira Okubo

Dear SMB members, Friends, and Colleagues

Those of us who knew Akira Okubo were touched by the warmth, the brilliance, and the gentleness of
his personality. I, for one, will never forget the introduction of his classic book that, in modesty typical
to him, lists the "good luck" that brought this great work to fruition. Equally memorable to me is his
description of tracking 3D motion of flying midges - "impossible" according to grant agencies, yet still
possible "because the sun was shining". (Akira ingeniously used midge shadows and trigonometry to
reconstruct 3D positions).

SMB is now setting up a fund to preserve the memory of this dear and cherished colleague. The fund
will be invested, and income used in perpetuity to honor Akira, eg. by awarding a biennial prize for an
excellent scientific contribution, with the recipient invited to present at an SMB meeting. Si Levin has
agreed to coordinate with Yoh Iwassa, secretary general of the Japanese Association for Mathematical
Biology in an effort to make this fund-raising a joint effort. Details will follow in the SMB digest and
newsletter.

Please send your tax-deductible contributions (by check payable to the Society for Mathematical
Biology) to L. E. Keshet, Math Dept, UBC, Vancouver, BC, V6T 1Z2, (keshet@math.ubc.ca) 604-

822-5889. Include full address and a receipt will be forwarded to you. With thanks, Leah E- Keshet
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