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Preface: As good as it gets! 
 
During his whole life, Buzz has been driven by an insatiable thirst for 
knowledge from which he distilled novel discoveries.  He emerged from an 
introvert boy and a shy young man to become a brilliant scientist with 
never ending new ideas and a magnetic personality that attracted the best 
minds of his time. 
 
Buzz has received numerous awards for his scientific discoveries, most 
notably the Austrian Cross of Honor for Arts and Science (1975), and the 
Volvo Environment Prize (2008), culminating in the honor of being named 
an Officer of the Order of Canada in 2009. Yet, throughout his life he 
remained a modest, fun loving and caring man, a man who cared deeply 
for his family and friends, a man with great integrity in everything he did. 
 
Alas, even the most brilliant of minds can succumb to disease.  After 
finishing the first draft of his memoirs he fell into a deep depression 
(Cotard Syndrome).  The memoirs sat there for two years waiting to be 
finished.  I am thankful that now (end of 2015) he is able to work through 
them again and ǘƘŜ Ŧƛƴŀƭ ǇǊƻŘǳŎǘ ǿƛƭƭ ǎƛƳǇƭȅ ōŜ άŀǎ ƎƻƻŘ ŀǎ ƛǘ ƎŜǘǎέΦ 
 

With my deepest love and gratitude for taking me along for the ride, 
Ilse ς December 2015 
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Figure 1. Samoa: Clay sculpture by Ilse Holling 
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The Glass Bubbles 
by Samuel Greenberg 

 
 

The motion of gathering loops of water 
Must either burst or remain in a moment. 

The violet colors through the glass 
Throw up little swellings that appear 

And spatter as soon as another strikes 
And is born; so pure are they of colored 
Hues, that we feel the absent strength 

Of its power. When they begin they gather 
Like sand on the beach: each bubble 
Contains a complete eye of water. 

 
 
 

Source: The Oxford Book of American Poetry (Oxford University Press, 
2006) 

 
http://www.poetryfoundation.org/poem/244824 

 

http://www.poetryfoundation.org/bio/samuel-greenberg
http://www.poetryfoundation.org/poem/244824
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Foreword: An unexpected neighbor 
by Jon Schnute, February 2017 

 
¢ƘŜ ƘƻǳǎŜ ƴŜȄǘ ŘƻƻǊ ŎŀƳŜ ǳǇ ŦƻǊ ǎŀƭŜΦ Lǘ ŘƛŘƴΩǘ take long for a sign to 
ŀƴƴƻǳƴŎŜ ά{h[5έΦ aȅ ǿƛŦŜ [ŀǳǊŀ wƛŎƘŀǊŘǎ ŀƴŘ L ǿƻƴŘŜǊŜŘ ǿƘƻ ƘŀŘ 
bought it. 
 
In the meantime, Line Christensen had just finished a work term at the 
Pacific Biological Station (PBS), from which I had recently retired. You can 
picture Line as a creative, talented, compassionate young woman with a 
delightful energy that engages people around her in worthwhile projects. 
She was then a recent graduate from the University of British Columbia 
(UBC), where her father Villy Christensen was (and still is) a highly-
respected fisheries scientist. I offered mentorship to Line, particularly in 
the context of the R project for statistical computing (https://www.r -
project.org/). By mentorship, I mean mixing with bright young people in 
ǘƘŜ ƘƻǇŜǎ ǘƘŀǘ ǘƘŜȅΩƭƭ ƪŜŜǇ Ƴȅ ƳƛƴŘ ŦǊƻƳ ƎƻƛƴƎ ǎǘŀƭŜΦ hŎŎŀǎƛƻƴŀƭƭȅΣ L ǘǊȅ to 
ƴǳŘƎŜ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ƻŦ ǊŜǎŜŀǊŎƘ ǘƻǿŀǊŘ ŀǊŜŀǎ ǘƘŀǘ ƛƴǘŜǊŜǎǘ ƳŜΦ Lƴ [ƛƴŜΩǎ 
case, I suggested that she explore practical applications of my R package 
PBSmodelling. 
 
Her work term during the winter of 2007-2008 had passed quickly, and 
Line soon had to move from Nanaimo (where PBS is located) back to UBC 
in Vancouver. Her parents planned to assist the move, and Line arranged 
that we use the occasion to meet at a charming coffee shop named 
Coyotes in Nanaimo. A further email from Villy invited Buzz and Ilse Holling 
to join us. I had heard that the Hollings lived in Nanaimo, so I thought this 
would be an excellent opportunity to make contact at last. 
 
At the fateful hour of 3:00 PM on Saturday, March 29, 2008, a little group 
gathered at Coyotes: Line, her parents Villy and Ellen, Buzz and Ilse Holling, 
my wife Laura Richards, and I. We quickly found much to discuss. Buzz and 
I pursued scientific ideas, while Ilse and Laura chatted animatedly about 
personal matters. Ilse mentioned that she and Buzz had recently bought a 
home on a small street that we might not even know about. Further 
discussion revealed that it was the house next door to ours. Buzz and Ilse 
would soon become our new neighbors! 
 

https://www.r-project.org/
https://www.r-project.org/
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To me, this news seemed almost incredible. Events happen in life, some 
more likely than others. This one pushed the bounds of improbability to 
new limits. On the following Tuesday (April 1), I sent Buzz this message: 
 

Laura and I are still reacting to the remarkable events last 
Saturday. In fact, the word reacting fails to do justice to our 
feelings. English seems to lack an appropriate verb, so I'll 
invent one. Define resilate to mean άreact to events as if 
they indicate a transformaǘƛƻƴΣ ǊŀǘƘŜǊ ǘƘŀƴ ŀ ƳŜǊŜ ŎƘŀƴƎŜέ. 
Another, more psyŎƘƻƭƻƎƛŎŀƭ ŘŜŦƛƴƛǘƛƻƴ ƳƛƎƘǘ ōŜ άto suspect 
that the universe is trying to tell you something, even if 
tƘŀǘϥǎ ǎŎƛŜƴǘƛŦƛŎŀƭƭȅ ƛƳǇƻǎǎƛōƭŜέ. So, in that sense, Laura and 
I are still resilating to the events last Saturday. 

 
LΩƳ ǿǊƛǘƛƴƎ ǘƘƛǎ ƛƴ CŜōǊǳŀǊȅ нлмтΣ ŀƭƳƻǎǘ ƴƛƴŜ ȅŜŀǊǎ ŀŦǘŜǊ ǘƘŜ ŜǾŜƴǘǎ 
described above. Living next to Buzz and Ilse has indeed proved 
transformative. Although Buzz had dedicated much of his career to a field 
called resilienceΣ L ŘƛŘƴΩǘ ƪƴƻǿ ƳǳŎƘ ŀōƻǳǘ ƛǘ ŜȄŎŜǇǘ ǘƘŀǘ L ǿŀƴǘŜŘ ǘƻ ƭŜŀǊƴ 
more. I even had some skepticism, because resilience theory seemed to 
ƭŀŎƪ ǘƘŜ ǘƘŜƻǊŜǘƛŎŀƭ ŦƻǳƴŘŀǘƛƻƴǎ ƴŜŎŜǎǎŀǊȅ ŦƻǊ ŀ ǎŎƛŜƴŎŜΦ LΩƭƭ ǊŜǘǳǊƴ ǘƻ ǘƘƛǎ 
later, but I want to start with more personal experiences. Remarkable 
opportunities come from proximity as neighbors. For example, you can 
share a good bottle of wine without concern for the need to drive home. 
You can meet your ƴŜƛƎƘōƻǊΩǎ friends and family when they drop by. You 
can discover qualified tradespeople who work on your ƴŜƛƎƘōƻǊΩǎ house. 
Most especially, you can share the daily experiences that bring meaning to 
life, for better or worse. 
 
Most people who meet Buzz and Ilse quickly discover their remarkable 
qualities. For example, the woman who previously owned their home liked 
LƭǎŜ ǎƻ ƳǳŎƘ ǘƘŀǘ ǎƘŜ ŀŎŎŜǇǘŜŘ ǘƘŜ IƻƭƭƛƴƎΩǎ ƻŦŦŜǊ ŜǾŜƴ ǿƘŜƴ ōŜǘǘŜǊ ƻŦŦŜǊǎ 
might have been available elsewhere. (Laura and I remain immensely 
grateful for her gracious gesture to the neighborhood.) Ilse has artistic 
sensibilities, compassion, common sense, and an appreciation of nature 
that stem partly from her childhood in Austria and partly from her unique 
attitude toward life. She claims no knowledge of science, yet she makes 
astute comments about the ideas that swirl around Buzz and his 
companions. She played a vital role in hosting high level scientists and 
bureaucrats when Buzz directed the International Institute of Applied 
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Systems Analysis (IIASA) in Laxenburg, Austria. If Buzz and Ilse invite you to 
a party, you absolutely can count on meeting remarkable people. 
 
LΩǾŜ ǘƛǘƭŜŘ ǘƘŜǎŜ ŎƻƳƳŜƴǘǎ άŀƴ ǳƴŜȄǇŜŎǘŜŘ neighborέ ƛƴ ǊŜŦŜƴŎŜ ǘƻ WΦwΦwΦ 
¢ƻƭƪƛŜƴΩǎ ŦŀƳƻǳǎ ōƻƻƪ The Hobbit. The first chapter, ά!ƴ ¦ƴŜȄǇŜŎǘŜŘ 
tŀǊǘȅέ, finds Bilbo Baggins surrounded by a wizard and thirteen treasure-
seeking dwarves. As a neighbor, Buzz feels a bit like a wizard with 
connections to scientists pursuing treasures of ecological reality. They tell 
legends of forests, lakes, streams, and animal populations subjected to 
thoughtful scrutiny. During the next few years, I personally met many of 
the people mentioned in this memoir when they came to visit. 
Consequently, when Buzz started writing his opus in 2013, I could 
appreciate his efforts and assist where possible. I liked the human tone of 
his narrative, quite different from most scientific memoirs. Also, he had 
included original art by himself and others, thus creating a bridge between 
science and the humanities. 
 
{ŀŘƭȅΣ .ǳȊȊΩǎ ƘŜŀƭǘƘ ǘƻƻƪ ŀ ƴŜƎŀǘƛǾŜ ǘǳǊƴ ƛƴ ƭŀǘŜ нлмоΦ ¢ƘŜ ƳŜƳƻƛǊ ǇǊƻƧŜŎǘ 
languished. Despite considerable progress, it remained far from 
publishable. I became a strong advocate for its completion because, I felt, 
it represented an important chapter in scientific history described in 
simple language by the man responsible for its development. I carefully 
archived all existing drafts from various computers that held traces of the 
project. 
 
I then began extensive editing to fix errors, add tables of contents, and 
transfer figures from earlier drafts into the current version. Ilse went over 
everything with Buzz, who still had energy for the ideas, but not for 
editorial work. The draft slowly improved, and in some cases I revised text 
to make the meaning clearer. Fortunately, I could confirm directly with 
Buzz that every such change met with his approval. 
 
Lƴ ǘƘŜ ǎǳƳƳŜǊ ƻŦ нлмсΣ ǘƘŜ {ǘƻŎƪƘƻƭƳ wŜǎƛƭƛŜƴŎŜ /ŜƴǘŜǊ ǇǳōƭƛǎƘŜŘ ŀ άCƛǊǎǘ 
9Řƛǘƛƻƴέ ! ƭƛƳƛǘŜŘ ǇǊƛƴǘ ǾŜǊǎƛƻƴ ǿŜƴǘ ǘƻ ǾŀǊƛƻǳǎ ŦǊƛŜƴŘǎ ŀƴŘ ŎƻƭƭŜŀƎǳŜǎ ƻŦ 
Buzz. Not surprisingly, the first edition still included numerous errors, and 
readers (notably Lee Gass and Larry Dill) spotted further problems. 
Hopefully I have fixed most of them in this second edition. 
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Earlier, I mentioned my skepticism about the theoretical foundations of 
resilience as a scientific theory. It certainly lacks the solidity of physics, 
where mathematical rules make precise predictions. But such precision 
clearly is impossible in ecology, and human beings must make decisions 
based on limited data, uncertain predictions, and conflicting values. For 
that reason, Buzz focused on collaborative teams and realistic data 
collection. He wanted people to work thoughtfully and collectively toward 
understanding the complexities of our world. This involves social behavior, 
such as having unexpected parties to break the ice and writing limericks to 
capture humor. A nice bottle of wine sometimes loosens a log-jam. 
Resilience emerges when many channels of thought and behavior remain 
open for exploration. 
 
After resilating to the arrival of a wizard next door, I had a chance to 
witness his remarkable approach to science and the human condition. 
Readers of this memoir can witness it, too. 
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Introduction 
 
As a child in Ontario in the 1930s, my house bordered the edge of a forest, 
and I became entranced by the secrets that it seemed to hold. I was often 
left to my own devices as a boy, and would sneak off into the wild woods 
whenever I had a free moment. The boughs of balsam and poplar, birch 
and spruce beckoned to me and tangled me in their mysteries. I began to 
explore further, discovering a passion for the land beyond the forest as 
well. I would take to canoeing rivers and lakes, and read voraciously about 
the various animals, trees, and forms of vegetation that comprised the 
land beyond my tame backyard.  
 
What enthralled me most were the ponds scattered throughout the 
woods, each one like a small world within a world. I quickly discovered 
that there were two kinds of ponds, the first small and temporary, drying 
up as the seasons changed. Unique fauna made homes in these ponds, and 
could survive long after the water was soaked up by the soil. But there was 
little diversity, and it was the permanent ponds that captured my heart. 
They were rich with vegetation, and a variety of species of animals, which 
ranged from about an inch in length to microscopic size.  
 
The caddis flies fascinated me, making their homes out of twigs and moss, 
and shaping them in small tubes. Their tiny heads would peek out and they 
could snatch at prey, and then withdraw back into the safety of their 
homes.  
 
I found a sense of freedom and flexibility when immersed in nature, and a 
number of transformative ideas began to take shape, as I grew older. With 
each idea, it was as if a blind had been lifted and I now viewed the world in 
a slightly different light. I began to make connections, and notice things 
that I may have observed, but had never really seen clearly before. The 
world took on a new meaning with each major discovery, and I knew that 
an education in science and ecology would be the only way to appease my 
thirst for knowledge.  
 
This memoir begins at the onset of my scientific career. I will demonstrate 
how that same freedom and flexibility I found as a child in the forest 
continued to follow me through the various spirals of my life. I deviate 
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from my background in scientific writing to present a recollection of my 
life, and the most significant discoveries made throughout my career.  
 
These discoveries begin as the sudden appearance of a new idea. They 
seem to emerge in a spontaneous, unexpected manner, their source often 
unknown, or one that is singular and rare. Where do they come from? 
Why do they appear?  
 
Science, as an example, takes some ideas and, with an appropriate mix of 
enthusiasm and devotion of a few people and the skepticism of many, 
understanding grows. Normal science proceeds with hypotheses proposed 
and tests to disprove them, not prove them. It then abandons, accepts or 
modifies the original idea, often requires some additional tests, and then 
eventually pauses with a set of tested theories that form the basis for 
further enquiry that is now novel and different from what would have 
been.  
 
But those tested models or theories are always incomplete, so 
observations occur that simply do not seem to conform to existing 
paradigms. Typically, scientists comfortable with normal science initially 
ignore these exceptions, except for a few who delight in periodic change or 
revolution.  Then a new paradigm starts to struggle up, often launched by 
the sudden emergence of a new idea that is in principle testable. If it 
persists, then interest is aroused, and suddenly the paradigm shifts into a 
new view and a new emerging theory. 
 
So understanding occurs in spurts: long periods locked into one useful 
paradigm, or myth, alternating with a spurt into a new one. This is basically 
¢ƘƻƳŀǎ YǳƘƴΩǎ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǎŎƛŜƴŎŜΤ YǳƘƴΣ ǘƘŜ !ƳŜǊƛŎŀƴ ǇƘȅǎƛŎƛǎǘ ŀƴŘ 
philosopher of science who presented this argument in his ground 
breaking and controversial 1962 book The Structure of Scientific 
Revolutions. It perfectly reflects my experience, though I gather 
philosophers of science question his thesis. Typically, I have found that the 
spiral of exploration takes at least twenty to thirty years. I guess that is the 
same in all fields of enquiry.  It is a reflection of people and their behavior, 
not of a particular discipline. 
 
I compare the discoveries made throughout my life to the sudden, 
surprising appearance of a bubble, a tiny world on the verge of bursting. 
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These bubbles, or ideas, can pop and disappear, or expand into something 
extraordinary and life changing. This memoir focuses on these bubbles, 
melding my scientific life with my personal experiences. Art and music, 
nature and science, history, books and film, all in a jumble of interacting 
elements that define my life. These form a spiral: a spiral that interacts 
with the spirals of others and that lives on in succeeding spirals.  
 
I delight in discussing ideas that were and often still are new to me, and 
their source and spiraling influence in my life. So here are the bubbles I 
have encountered, discovered or created.  And here also are the spirals of 
thought and enterprise that followed. 
 
My bubbles are personal observations- some big, some small. My spirals 
are explanations, some small, some big, but all incomplete, and all open to 
new thoughts. What is revealing is what is not observed, not explained. 
The unknown is always larger than the known and is the source of 
surprises. Surprises become crises in a world where resilience has been 
lost.  And crises can become bubbles that open learning.  And so it goes. 
 

The Beginning of Beginnings 
 

Undergraduate years (1948-1952) 
 
While I was an undergrad student at the University of Toronto, working 
toward my Bachelor of Science degree, I learned of a program that offered 
summer employment through the Research Forestry Laboratory located in 
Sault Ste. Marie, Ontario. The program was directed toward exposing 
undergrad students to the work they were doing, and I jumped at the 
opportunity to be a part of it. 
 
The team I was a part of had been set with the task of assessing how much 
damage had been done to the dead and dying trees damaged by fire and 
by the wood boring beetles. When I arrived at my location, a heavily 
wooded area that was known for an expansive forest fire that had taken 
place years before called the Mississauga fire, I was eager to put my 
education into practice.  
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There were no roads in or out, and nothing but dense trees and vegetation 
ŀƭƭ ŀǊƻǳƴŘ ǳǎΦ ²Ŝ ŘƛŘ ƘŀǾŜ ŀŎŎŜǎǎ ǘƻ ŀƴ ƻƭŘ ŦƛǊŜ ǊŀƴƎŜǊΩǎ ŎŀōƛƴΣ ŀƴŘ 
established ourselves there. There was no electricity or means of 
communicating with the outside world, and so we, as a team, became 
immŜǊǎŜŘ ƛƴ ƻǳǊ ǿƻǊƪ ŀƴŘ ŜŀŎƘ ƻǘƘŜǊΩǎ ŎƻƳǇŀƴȅΦ   
 
¢ƘŜ ŦƻǊŜǎǘΩǎ ŜŘƎŜ ǎƪƛǊǘŜŘ ŀƭƻƴƎ ŀ ƭŀǊƎŜ ōƻŘȅ of water called Kindiogami 
Lake. The fishing was extraordinary - the lake was teeming with huge 
trout. During our second year there, two foreign camping groups were 
flown in for a fishing trip. My team and I objected to their arrival and 
decided to play a trick on them.  
 
We gathered a bunch of blocks of wood, and scurried up the side of a cliff. 
We attached the blocks of wood to a large string of number-nine wire 
(which is used in bush telegraphs), and draped a sheet over them. The wire 
slanted down to the far shore, where the tourists had set up camp.  We 
waited until nightfall to send the blocks of wood off, and one of my 
colleagues sounded a loud whistƭŜ ǘƘŀǘ ŜŎƘƻŜŘ ŀƴŘ ōƻǳƴŎŜŘ ƻŦŦ ǘƘŜ ŎƭƛŦŦΩǎ 
face, sounding chilling and ominous in the night. The tourists awoke with a 
start and scrambled away from the blocks of wood that tottered toward 
them. Once we were able to contain our laughter, we made the trek down 
to their camp and informed them that it was just a prank. 
 
We often had to eat off the land, because forest fires were abundant in 
the area and no provisions could be flown in during these times. So we ate 
spruce grouse, bull frogs, and trout. The spruce grouse were notoriously 
stupid animals. You could walk right up to them without them moving an 
inch, so they were very easy prey.  
 
Much of our work took us from the comfort of the tiny cabin out into the 
woods, which were riddled with dead trees due to the infestation of the 
wood-boring beetles. We traveled by canoe between the various project 
sites, loaded with power saws and our crew of five to six people.  
 
First, we identified the dead trees and cut them down at intervals, and 
then we took a one-foot block out of each tree, counted the number of 
wood bore cavities there were, and recorded them. We plotted the rate 
and extent of deterioration of the wood, with one question in mind: How 
much of that dead wood could still be used for pulp? 
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While in the small cabin hidden amongst the dying trees, I not only had my 
first taste of putting my scientific background to practical use, but I also 
learned to cook, and developed long-lasting friendships. I also learned of 
the long-horned beetle, Monochamus notatus, a magnificent insect 
ranging from 3-6 inches in size with long extensive antennae. It was an 
enriching time in my life that lasted for the following three summers of my 
.ŀŎƘŜƭƻǊΩǎ ŘŜƎǊŜŜΣ ŀƴŘ ŘǳǊƛƴƎ ǘƘŜ ǎǳƳƳŜǊ ƻŦ Ƴȅ aŀǎǘŜǊΩǎ ƛƴ 9cology. 
 

At Work with a aŀǎǘŜǊΩǎ Degree: 1952 
 
My career truly began in the Fall of 1952. I had just graduated from the 
¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ƻǊƻƴǘƻ ǿƛǘƘ ŀ aŀǎǘŜǊΩǎ ƛƴ 9ŎƻƭƻƎȅΦ !ŦǘŜǊ Ƴȅ ȅŜŀǊǎ ƻŦ 
summer employment, I was immediately offered a full-time position in 
Sault Ste. Marie, Ontario, to work at their Forest Research Laboratory.  
 
When I arrived in Sault Ste. Marie and joined the other scientists at our 
remote location, I was taken aback by the lack of technology and the sense 
of isolation that came with it. The lab was located at the juncture of Lake 
Superior and Lake Heron and the small city was a steel town at the time. 
The lab was a relatively new development that stood out amongst the 
industrialization that ran rampant through the city.  
 
The location had been chosen by J.J. de Gryse, a senior administrator in 
the Department of Agriculture and Forestry, due to his discovery that the 
local Algoma Hotel had a collection of rare wines hidden away in their 
cellar. Now that was a sound argument! However, the nearest decent 
library was at the University of Toronto, 500 kilometers away. There was 
no Internet, no email, and I was an awful correspondent.  
 
I had no alternative but to draw on my education at the Zoology 
department of the University of Toronto and create my own science. That 
eventually led to two very long memoirs regarding my work on predation, 
sufficiently new and fresh as to achieve a prize from the Ecological Society 
of America. Those predation studies led to generalized models that cast 
the process into a number of distinct types, each defined by one 
parameter in the predation equation. Those equations became rooted in 
the science ever since, and the papers describing them continue to be 
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referenced now in 2015, 60 years later. The functional responses 
triumphed! 
 
Despite the obvious drawbacks of our location, the working environment 
was open, well-funded and freely enterprising, and I joined with other 
science figures who had established themselves as leaders in ecology and 
bioclimatic studies: particularly Frank Morris, Bill Wellington, and from a 
somewhat later generation, George Green, Paul Harvey and others. What 
a team we formed! Frank shaped interdisciplinary research in forestry with 
his focus on insect outbreak species, particularly the wonderful spruce 
budworm. I was awed by the knowledge and passion of the scientists at 
the lab, which only further fueled by own desire to produce excellent 
work.  
 

 
Figure 2.  Small bird in teak by Buzz Holling 

Like me, most of the other scientists had grown up surrounded by nature, 
and the industrialization of the city came as a shock to all of us. We 
developed a small community of like souls who enjoyed art, music, and 
engaging in wild discussions of ongoing world events. Artistic activities, 
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music, and theatre were encouraged, and we met weekly, displaying our 
efforts to each other with laughter, jokes, and good food. It was a way for 
us not only to survive but also to thrive in this unfamiliar place, and 
distance ourselves from the industrial development that had stripped the 
city of much of its natural beauty.  
 
What was most remarkable about the lab was how it was established. 
During WWII, the nations fighting the war discovered novel ways to use 
science in war. The invention of operations research was a particularly 
large development at that time. From the various developments came the 
eventual success of the western allies, and after the war ended, each of 
the countries from the allied side shifted into a post-war mode of 
expanding in science. The United States, for example, had a long-term 
focus on universities and government. 
 
In Canada, government labs were spread all across the country, from east 
to west. The Forest Research lab I was employed at was one such effort to 
make scientific developments relevant to the problems Canada faced. 
These issues surrounded fisheries, forestry, agriculture, and genetics. The 
labs were given a remarkable charge: do good science that was applicable 
to the general area. So I examined spruce budworm, a variety of forest 
sawflies, small mammals and insectivorous birds.  
 
The work we did at the lab focused on the topic of predation, or predatory 
behavior. We strived to develop a general model of predation that was 
different from the familiar models that were derived deductively. Instead 
of being directed by deduction, our model would be directed by organized 
induction. I imagined components of predation: basic ones like rates of 
search, time exposed and handling time, and subsidiary components like 
hunger, learning, and avoidance.  
 
We were set with the task of not just creating a model of predation, but 
developing a deep understanding of it. The goal itself was outrageous: 
achieve a model that is precise, general, holistic, and realistic, and do so 
with experimental data from any beasts that best suited answering the 
question of the moment.   
 
With the scientific work that was going on at the time, this was an 
impossible feat. Non- integrated scientists drew largely from physics, 
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which is basically simple in itself, to test their experiments. Ecology, on the 
other hand, is an integrated science, multi-faceted and complex, so when 
physics was apǇƭƛŜŘΣ ƛǘ ŎƻǳƭŘƴΩǘ ŜȄǘŜƴŘ ǘƻ ŀƭƭ ŦƻǳǊ ǘǊŀƛǘǎ mentioned above. 
In an effort to do experiments that would explain a particular process, 
scientists intentionally fell short of achieving all four attributes.  
 
However, I decided to challenge this notion and conduct experiments that 
ǿƻǳƭŘ ǊŜǘŀƛƴ ŀƭƭ ŦƻǳǊ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΣ ŜǾŜƴ ǘƘƻǳƎƘ L ŘƛŘƴΩǘ ƘŀǾŜ ǘƘŜ 
language to do so at the time. I made use of components analysis, which 
was a way to examine key processes that affected animal numbers: 
predation, parasitism, disease, cannibalism, and so on.  
 
This was an approach that took a particular process and then tried to 
deduce the basic and subsidiary components of the process. By basic, I 
mean the elements existing in every possible example, whether it is a bird, 
a mouse, or an elephant (or a submarine).  
 
Once the basic components were present, the question must be asked: 
How will the subsidiary components affect the basic components? Using 
hunger as an example, when the hunger of an animal reaches a certain 
point, its behavior changes, thus affecting the basic components.  
 
The animals I largely used for my experiments were praying mantis, birds, 
shrews and deer mice. It required a small zoo to rear and maintain the 
necessary beasts. The mantis work, for example, required a small stable 
that provided a continual source of prey, such as Drosophila, houseflies, 
and blowflies. Another stable was required for the praying mantis 
themselves, whose egg cases came all the way from Pakistan.  
 
I chose to study the praying mantis partly ōŜŎŀǳǎŜ ƻŦ ǘƘŜƛǊ ǎƛȊŜΣ ŀǎ L ŘƛŘƴΩǘ 
require the use of highly expensive machines to measure them. Our 
budget was limited, and this was one expense we could not afford. 
Secondly, I wanted to study a creature that possessed clear responses 
from the predator to the prey. In the case of the praying mantis, these 
were: leaning forward, stalking, striking, and eating. Thirdly, they were 
practical to rear in large numbers and would have similar or identical 
behavior and attributes to each other, thus making them predictable and 
perfect for the type of experiments I was conducting. 
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Another creature I worked with were shrews, which were either bred in 
the laboratory or caught in the wild. They were also chosen largely due to 
their small size. 
 
I set up a large experimental enclosure that they could roam around in, 
ǿƘƛŎƘ ǿŀǎ ŀōƻǳǘ млΩ ǘƻ мрΩ ƛƴ ǎƛȊŜΣ ƛƴ ŀ ǊƻƻƳ ǘƘŀǘ ƘŀŘ ŀ ƭŀǊƎŜ ǇƭŀǘŜ-glass 
mirror so that I was able to observe their actions without disturbing them. 
They were also filmed, and the camera captured how many holes had 
been dug in the bottom of the sand in the enclosure. Sawfly pupae were 
buried in the sand, and the digging of holes indicated the rate of attack. 
They were buried at various densities to display what effect density had on 
the attack.  
 
In every instance with every species, it was a matter of how I could get 
individuals of similar condition that would leave some easy way to indicate 
what they were doing, whether it be through their movements, digging 
holes, and so on. It was a simple way to collect the data that I wanted to 
analyze.  
 
While I conducted my own experiments, the other scientists were free to 
explore separate bodies of work as well, but they all combined to make up 
a better understanding of a larger topic. We chose to focus mainly on the 
spruce budworm, as it was a dramatic outbreak species. Every 40-50 years, 
budworm would appear, seemingly out of nowhere, and flood the skies 
and trees with larvae. Within three years of defoliation, the trees would be 
dead.  
 
Enough research had been done at the time for us to predict that an 
outbreak would soon occur again. Such outbreaks typically stretched from 
Manitoba, Northern Ontario, Quebec, and New Brunswick to some 
northern states in the US.  
 
Frank Morris was the genius who discovered that the methods for dealing 
with a problem of such massive scale and length of time were techniques 
that had actually been developed for small areas and short durations. R.A. 
Fisher, a well-known geneticist and mathematician who had applied a 
variety of statistical techniques to his work, had developed these methods. 
Statistics were developed to focus on data collection that could be reliable, 
ŀǎ ƳǳŎƘ ƻŦ ǎŎƛŜƴŎŜ ƘŀŘ ōŜŜƴ ŀƴŜŎŘƻǘŀƭ ǳǇ ǳƴǘƛƭ CƛǎƘŜǊΩǎ ǘƛƳe.  
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Frank decided he would try to transfer the techniques that worked so well 
for the lab, and apply them to landscapes. This is what he did with the 
spruce budworm. Frank and his team were based out of Green River, New 
Brunswick, opening an exciting new method to field enquiry by applying 
the statistical approaches of R.A. Fisher for the first time.  
 
The spruce budworm project was the first large-scale study that was at 
least a little interdisciplinary. There were foresters, entomologists, 
economists, and ecologists, all applying their knowledge to the same 
problem. Ken Watt, my university friend, appeared and set the stage for 
computer analysis and modeling, which was one of the first ecological uses 
of computers. And I carved out fundamental work examining the 
foundations for predator/prey theory that was precise, realistic, simple, 
and holistic. Achieving that combination was impossible, of course; 
something surely had to be sacrificed. But which ones, at what cost?  
 
At the same time that Frank and his team were conducting their work, 
there was an effort to minimize the damage that the budworm was doing 
to the forest. An area was selected that would be undisturbed for Frank 
and his team to understand the outbreak phenomena, while other parts of 
the province were open to a spraying program. 
 
Around the same time that the spraying was taking place, an illness started 
to appear in young people. It had nothing to do with the spraying, but the 
public, in searching for a focus for their fears, blamed the spraying that 
was being applied to budworm larvae. The government responded in two 
ways: by changing the type of insecticide to appease people, and by 
getting a good publicist who described the spraying program as not an 
effort to kill budworm, but to keep the forest green.  
 
Frank and his team were trying to determine the density of budworm and 
measure the character of the trees at various stages of their infestation. 
¢ƘŀǘΩǎ ǿƘŜǊŜ ǎǘŀǘƛǎǘƛŎŀƭ ǎŀƳǇƭƛƴƎ ŎŀƳŜ ƛƴΥ ƛǘ ŀŎƘƛŜǾŜŘ ǊŜƭƛŀōƭŜ ǿŀȅǎ ǘƻ 
estimate the damage and density of the budworm. The forest, which had 
once been lush and thriving, had now become a barren graveyard for 
trees, dripping with budworm.  
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As Frank worked concurrently with the spraying program, a committee 
was formed to organize various distinct interests. It comprised 
representatives of the forestry industry, the pulp mills, the government, 
and various scientists. They developed a budget each year to buy or rent 
airplanes and enough spray to use for the year. A small air force was 
developed because the budworms were so pervasive.  
 
The committee also developed a rule for using the spray: whenever the 
trees reached a certain level of damage, that stand of trees would be 
sprayed. Each year, a different area of the forest would be sampled, and in 
each sample point there would be an estimate of how many spruce 
budworms were present, how many trees were affected, and what 
condition the trees were in. After this data was compiled, the committee 
would convene, analyze each area being sampled, and determine if the 
trees should be put on the spraying program.  
 
While Frank and his team were conducting their research, I was working 
with my team developing our own models of the forest. When we added 
ǘƘŜ ǎǇǊŀȅƛƴƎ ǘƻ ǘƘŜ ƳƻŘŜƭΣ ǿŜ ŘƛǎŎƻǾŜǊŜŘ ǘƘŀǘ ǎƻƳŜǘƘƛƴƎ ǿŀǎƴΩǘ ƳŀǘŎƘƛƴƎ 
up. We scoured our research and tried to determine where our mistake 
lay, only to discover that the committee had actually broken their spraying 
rule.  
 
A wealthy businessman who owned a large chunk of the forest was 
revolted by the spruce budworm. He secretly approached the more 
malleable members of the committee and convinced them to have all of 
his property sprayed, whether it needed it or not. This skewed the results 
of the model and provided a lovely example of a general principle: 
 

The face of reality can change dramatically when one is forced 
to recognize the actuality of a situation. 

 
My own work shifted again when Ken Watt introduced me to FORTRAN, an 
early programming language for computers. It provided a language that a 
typical scientist could learn very quickly that interfaced with machine 
ƭŀƴƎǳŀƎŜΣ ǎƻ ǘƘŜ ǎŎƛŜƴǘƛǎǘ ŘƛŘƴΩǘ ƘŀǾŜ ǘƻ ƭŜŀǊƴ ƳŀŎƘƛƴŜ ƭŀƴƎǳŀƎŜΦ !ǘ ǘƘŜ 
time, it was unimaginably new and exciting.  
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I suddenly had a language I could immediately apply to my praying mantis 
data and graphs. The basic idea behind the integration was the 
identification of thresholds and hunger. At certain levels of hunger, their 
behavior changed, and this could be measured by moving a model prey 
ǘƻǿŀǊŘ ǘƘŜ Ƴŀƴǘƛǎ ƴƻǘƛƴƎ ǘƘŜ ŘƛǎǘŀƴŎŜ ŦƻǊ ǘƘŜ ƳŀƴǘƛǎΩ ǊŜŀŎǘƛƻƴΦ  
 
Depending on the level of hunger, it would react differently. These 
thresholds were what organized the research I had done. FORTRAN made 
ǳǎŜ ƻŦ άLCέ ǎǘŀǘŜƳŜƴǘǎΣ ǎǳŎƘ ŀǎ άLF the hunger is greater than such and 
such, then GO TO Χέ Those IF statements provided a language that 
captured behavioral changes by a series of thresholds. The accompanying 
άDh ¢hέ ǎǘŀǘŜƳŜƴǘǎ ŀƭƭƻǿed the program to jump past irrelevant formulas 
to the one that was applicable. While I had developed an understanding of 
the mantis work, I now had a proper language to explain it to others.  
 
Bob MacArthur, the world ecological leader at the time, wrote me that 
analyzing predation in terms of its basic and subsidiary components work 
was fine and deserving of praise, but clearly it created too complex a 
result. Those results were precise, realistic and general, he argued, but not 
simple enough. After all, he wrote, if you are modeling a ball rolling down 
a hill, surely it is necessary only to know its height and the time available. 
Unlike MacArthur, however, I was also interested in the path down the hill, 
the bumps and stability regions where the ball can pause on its way down. 
That needed more. 
 
In order to collapse the complexity, I shifted the creature being examined 
to a person who simulated attack. She was blindfolded and placed before a 
table to which discs of sandpaper were tacked. She tapped at random 
places for a while, stopped when she felt a disc was touched, and picked it 
up before continuing to tap. This simple experiment was set up with 
various densities of discs to mimic predation, where the basic components 
were rate of search, time exposed, and time spent handling discs. The 
ǊŜǎǳƭǘƛƴƎ άdisc equationέ captured this basic set up, and effects of 
subsidiary components could be added: hunger, avoidance and learning. 
Four fundamentally different types of predation could be represented by 
four variants of a common equation.  
 
My predation theory and models triggered a search for tests of large ideas 
by me and others, and also led me to introduce cinereous shrews to 
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Newfoundland. Newfoundland had no shrews present, nor several other 
groups like snakes.  Charlie Buckner of the Manitoba Forestry Laboratory 
and I were the only ones who had ever discovered a way to capture 
shrews alive.  Bucket traps, nesting material, mealworms and cat food did 
the job!  Ask, search, and you will find.  
 
The larch sawfly outbreaks in Newfoundland were killing trees, but 
Newfoundland had no means of dealing with them. My work displayed 
that shrews were a particularly successful insect predator, and Malcolm 
Prebble, the senior administrator of the Department of Forestry, decided 
to introduce shrews to the head of the Forest Pest Division of the 
Department of Forestry. I thought it was a great idea. It seemed to me 
there would be very little risk of unexpected consequences because of the 
insectivorous habit of cinereous shrews.  
 
This took me to New Brunswick with a homemade carrying case sufficient 
to hold 24 shrews. I trapped 22 in Green River, and flew them by Beaver 
aircraft to Corner Brook, Newfoundland. We picked a plot partly isolated 
by roads and a river, and released the beasts over a gridded plot with lots 
of potential food added: cod and hamburger meat.  
 
The next year, there was an explosion of shrews in and around the plot. As 
I recall, there were over 40 animals per acre, more than anyone had ever 
seen.  That high density spread out in a wave front, collapsing back to 
normal levels as the wave passed, till the whole of Newfoundland Island 
was occupied by shrews several years later. It was a genetic bottleneck for 
sure, but a successful introduction.  
 
One unexpected consequence was that trappers of beaver complained 
about the shrews eating their beaver pelts, but they learned to shift to the 
pelt-drying approaches on the mainland and all was well again. Years later, 
at my cottage in Ontario, I even met a ΨNewfieΩ who talked with pleasure 
about the little shrews they discovered in hunting camps. He saw them as 
treasured myths of the woods.   
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The Four άCΩǎέ: How animals Feed, Fight, Flee, and Fornicate 
 
During my research, I launched collaboration with Ken Watt and Don 
Chant, who was Provost of the University of Toronto.  As our work 
developed, we began to realize that the labs, which were once bursting 
with innovation and flexibility, were now moving to a more rigid phase as 
the leaders of the institutions aged.  
 
Don established one of the first Environmental Organizations (Ecology 
Probe) in Ontario. That later led to Energy Probe. Both organizations have 
been remarkable in their combination of science with issues.  
 
Don was seen as THE environmentalist in Ontario. He was also long on the 
board of the World Wildlife Foundation and entertained with Prince Philip, 
their patron, off and on. He once helped the Liberal Premier of Ontario 
escape an unexpected parliamentary vote that his party would have lost, 
by accepting the Premier's plea to be the first CEO of a new Crown 
Corporation, Ontario Waste Management.  Don attached all sorts of 
conditions to accepting the position, such as opening new toxicology labs, 
having freedom to design in total, and the freedom to engage in a 
sequence of publicly advertised town meetings.  His approach designed 
disposal, recycling and redesigning of wastes as part of a Provincial 
industrial policy. 
 
It went on for about six years with lots of press attention, and was within 
weeks of being implemented when the Corporation was closed after a new 
election and the appearance of a new Conservative Premier.  That was 
Harris, an enormously energetic used car salesman as I recall, who was 
called the "Newt of the North" because of his savaging of Government 
programs.   
 
The government cutbacks initiated by Harris also resulted in the Walkerton 
scandal where several people died because of the absence, or reduction, 
in water monitoring, the absence of skilled technicians, and the 
appearance of a disease in the waters. Harry Swain, another good friend, 
was Commissioner of a Technical Commission on that very issue. This 
appropriately raised a big scandal in Canada.  
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Through all this, Don also maintained his research on the taxonomy of 
mites. He completed three monographs on this subject, from his home 
north of Belleville, OntarioΦ Lƴ ǘƘŜ тлΩǎ ƘŜ ǎŀƛŘ ǘƘŀǘ ƘŜ ƎǊŀŘǳŀƭƭȅ ǎƘƛŦǘŜŘ 
from his large scale political/administrative life to concentrate exclusively 
on mites, learning in the process "more and more about less and less."  
 
He added that, in contrast, I seemed to have moved to "learning more and 
more about more and more," from predation, to the functional response 
work of early years, to resilience of regional systems, to Panarchy in the 
world. But I objected.  In fact, I have moved to "learning less and less 
about moǊŜ ŀƴŘ ƳƻǊŜΗϦ ¢ƘŜ ǊǳƭŜ ƻŦ ƘŀƴŘ όŀǎ ƻǇǇƻǎŜŘ ǘƻ ǘƘŜ ΨǊǳƭŜ ƻŦ 
ǘƘǳƳōΩύ, inevitable uncertainty, and evolutionary and sociological jumps 
make that true. 
 
Don was a good man, and such a devoted fisherman as well, a fisherman in 
politics and science and life. He passed away from a heart attack in 2007. 
 
The behavior of a complex system involves multiple causes and 
connections. A rule of thumb, with its focus on a single feature, needs 
extension to a rule of hand that admits several important features. For the 
general public, three carefully chosen points (corresponding to the three 
central fingers of a hand) often suffice as a memorable summary. 
 

***  
 
Around 1960, we attended a large conference in which many Canadian 
government scientists were present, and decided to make a pitch to them. 
The key decision maker was Malcolm Prebble, whom I had had previous 
dealings with. He was a shy, introverted man who immediately took a 
liking to us and our sense of integrity.  
 
In an effort to revive the innovation that had once been so prevalent in the 
labs, we proposed a new Institute of Complex Studies. After we delivered 
ƻǳǊ ǇƛǘŎƘΣ aŀƭŎƻƭƳ ǎŀƛŘΣ άL ƘŀǾŜ ǳǘǘŜǊƭȅ ƴƻ ƛŘŜŀ ǿhat these people are 
ǇǊƻǇƻǎƛƴƎΣ ōǳǘ L ƭƛƪŜ ǘƘŜƳΦέ 5ŜǎǇƛǘŜ ǘƘŀǘΣ ǘƘŜǊŜ ǿŜǊŜ ƻǘƘŜǊ ƴŜŜŘǎ 
dominating government research and not enough resources to expand 
within the department. So change did not occur, at least not the 
fundamental change that we sought.  
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Even though our proposal failed, there were two developments that 
emerged of similar worth. The first was the Canadian Institute of Advanced 
Research, launched by Fraser Mustard. He was a brilliant physician, aware 
of a full range of science where the key in these different disciplines of 
science was a tremendous amount of innovation. He was so articulate and 
so well connected that he was able to get private money to establish this 
new institute, which had the unique feature of having no lab.  
 
The argument was to let the scientists stay where they were at their 
various universities and institutes, but save enough money to bring them 
together for a short period of time, and include grad students. It was an 
open network solution. He got a board together, in which I was a member, 
which consisted of bright people who had unbridled fascination with 
innovation. A novel center with no center.  
 
There was also an initiative that came out of the government. They 
wanted to get that innovation well placed in universities through 
endowment moneys. The person chosen for various endowment chairs 
would receive money for research. 
 
The second institute that was established around this time was the Santa 
Fe Institute. Several scientists associated with a nuclear laboratory in Los 
Alamos, New Mexico started it. 
 
It is a wonderful Institute that started in a monastery and later moved into 
a beautiful sprawling building of its own on a mountain. It is a welcoming, 
open space, with room to walk, talk and think. It also possesses a 
bicameral governance system, in which there is a policy and funding board 
of business, as well as an independent 20 to 30-person board of science. 
The first board gets the money and establishes overall policy; the second 
launches experiments and other studies that typically draw upon a group 
of thinkers and doers over a few days to a few months.  
 
I was on the early Science Board and loved it and the people. Santa Fe 
developed strong ties not just to science but to influential business and to 
art as well.  Stuart Brand, a columnist who created the Earth Catalogue, 
was the one who most impressed me in his imaginative leaps into lovely 
territories.  
 



Bubbles and Spirals - 26 - Second Edition 

IŜ ǿǊƻǘŜ άIƻǿ .ǳƛƭŘƛƴƎǎ [ŜŀǊƴΣέ ŀ ōƻƻƪ ǘƘŀǘ ƎŀǾŜ ǘƘŜ ƭƻƴƎ-term life of 
buildings the kind of episodic evolutionary features reminiscent of 
ecosystems; features created as time passed and as users shifted interests 
and developed new needs.  And in his book ά/ƭƻŎƪ ƻŦ ǘƘŜ [ƻƴƎ bƻǿέ he 
saw the world as one needing preservation and access to the slow 
processes that underlie complex systems.  
 

***  
 
But back to the lab in Sault Ste. Marie, I began to grow anxious and craving 
change. The Department of Forestry had opened a lab in Victoria (1965), 
called the Burnside Road Laboratory, and I asked that my family and I be 
ƳƻǾŜŘ ǘƘŜǊŜΦ .ǳǘ ǘƘŀǘ ǿŀǎƴΩǘ ŜƴƻǳƎƘ ǘƻ ǎŀǘƛǎŦȅ ǘƘŜ ǎŜŀǊŎƘ ŦƻǊ ƛƴƴƻǾŀǘƛƻƴΦ  
 
After my family and I were settled in Victoria I decided to test the flexibility 
of the Department even further, with a proposal that would stretch them. I 
asked them to support me on a one-year sabbatical in Hawaii.  The 
underlying argument was certainly a good one: I told them I had a desire 
to test the generality of the predation theory I was developing, based on 
extensive studies in the laboratory and in nature. After all, I did have a 
theory that was precise, holistic, and in organized sets, simple. But was it 
general? Where else to test generality than in the most unlikely place: not 
in my home forests of northern Ontario, but among the fish of tropical 
Hawaii. 
 
The administrators of the Department actually agreed and applauded. 
They truly had vision, and wanted to support novelty and adventure. They 
were senior civil servants of the highest stature, in a system that, at the 
time, allowed freedom and flexibility. That is very rare today; 
bureaucracies in government now do not allow public innovation, and staff 
has grown tame, not revolutionary.  
 
So off I went to Hawaii with family and ideas. My son, Chris, was five, and 
my daughter, Nancy, was two. The warm, balmy weather lured us into 
blissful contentment, and the gin clear waters of Hawaii enthralled and 
summoned us.  
 
It was in Hawaii that I first bonded with my children over my work. The 
waters sparkled with diversity, alive with butterfly fish and goatfish. There 
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were fish with the deep, rich hue of pomegranate, others as bright as 
burnished gold, some glimmering brilliant silver or black, all living and 
thriving on the reef at Kaneohe Bay. There were strange fish with snouts, 
stomatopod predators with grasping forelegs, and nudibranch 
invertebrates with colorful cloaks to confuse and capture prey. Chris spent 
more time in the water than out of it, and Nancy crawled through the 
waves till close to submergence. It was an entrancing environment ripe 
with opportunity.  
 
During my time in Hawaii I started to see unexpected behaviors.  Iao, a 
schooling fish, never touched the posts they gathered around, nor did they 
run away from predatory barracuda but instead swam around them, 
forming a zone of safety.  So I caught schooling fish and barracuda, 
observed their behavior in large aquaria, and developed models to explain 
their behavior.  
 
The behavior the iao demonstrated turned out to be the response of all 
species that were pelagic swimmers, that is, complete residents of open 
water.  But schooling fish, which were not exclusively pelagic but also used 
hiding holes in the reefs, swam away from the barracuda as soon as they 
touched the safety zone formed by the iao. They would swim away in 
tangents, continuing at an angle that made them curve away from the 
barracuda and help them find a safe path back to the reef.  Holding a fixed 
distance from an enemy gives a band of safety, for response if the 
predator shifts its attack. Caribou do it to wolves, iao to barracuda.   
 
I did various experiments to test the reactions of fish to predators, often 
using myself as the model predator. Many years later while searching 
online, I stumbled upon a web-based example where the same essential 
behaviors I had seen in fish were delightfully shown with hovering and 
flying autonomous robots.  
 
All it takes, according to their inventor, is for each robot to embody a 
simple rule regarding its nearest neighbor and the nearest obstacles. They 
calculate possible collisions from this information and adjust their own 
behavior to avoid them. They could even superimpose patterns of 
movement: figure eight through barriers, for example, or a full orchestra 
playing drums and cymbals!  
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In one of my later experiments, which took place at home in British 
Columbia, I used schooling salmon and developed mock situations where 
they were startled by the sudden appearance of a moving, endless 
patterned belt. Once they saw the belt, they would move away from it, but 
ǘƘŜƛǊ ǎǘŀǊǘƭŜŘ ŦƭƛƎƘǘ ǎǘƻǇǇŜŘ ŀǘ ǘƘŜ ŜŘƎŜ ƻŦ ǘƘŜƛǊ άȊƻƴŜ ƻŦ ŦŜŀǊΦέ ¢ƘŜ ǘŜǎǘ 
showed that further movement was dictated by the appearance of a 
corner, and as there was no corner on an endlessly revolving belt, there 
was no change in the signal and therefore no further movement. They 
acted like the robots that could be designed to mimic them.  
 
These observations in Hawaii are what got me into wonderful discoveries 
of near organism behavior, where movement rules of behavior popped out 
to explain trajectories of predator attacks, prey avoidance, prey flight, 
hiding, flocking and schooling. These simple rules were just sufficient to 
work, and I realized that they could one day be applied to technological 
advancements, such as robot movements or guidance for driverless cars, 
which now, in 2015, are close to being reality.  
 
L ŎŀǇǘǳǊŜŘ ƳǳŎƘ ƻŦ ǘƘŜ ōŜŀǳǘȅ ƻŦ IŀǿŀƛƛΩǎ ǿŀǘŜǊǎ ƻƴ ŦƛƭƳΣ ǎƴŀǇǇƛƴƎ 
pictures of mahi-mahi under a raft as they attacked prey, and schooling 
and solitary fish reacting to potential predators. I saw the same reaction to 
prey in ducks off the coast of British Columbia reacting to boats, and of 
school children in a field reacting to a runner as an aircraft filmed the 
interactions. AƴŘ ƭŀǘŜǊΣ ǘƻ ŦƭƻŎƪƛƴƎ ƛōƛǎ ƛƴ CƭƻǊƛŘŀΣ ǎƪŜǘŎƘƛƴƎ ±ΩǎΣ ²ΩǎΣ ŀƴŘ 
¸Ωǎ ƛƴ ǘƘŜ ǎƪȅ ŀǎ ǘƘŜȅ ŦƭŜǿΣ ŀƭƳƻǎǘ ǿƛǘƘ ƳŀƎƛŎΣ ŦǊƻƳ ŦƻǊŀƎƛƴƎ ƎǊƻǳƴŘǎ ǘƻ 
nesting islands.  
 
¢ƘŜǎŜ ǿŜǊŜ ŀƭƭ ōŜŀǳǘƛŦǳƭ ǎƛǘǳŀǘƛƻƴǎ ǘƘŀǘ ǿŜǊŜƴΩǘ ǊŜŀƭƭȅ ǿƻǊƪ ŀǘ ŀƭƭΣ ōǳǘ 
glimpses that led me a little closer to understanding the patterns of life. 
 

***  
My family and I returned from a happy, blissful year in Hawaii, to our new 
home in Victoria, British Columbia. Could there be a renewal in a place 
with traditions different from the lab in Sault Ste. Marie? Or was the state 
of growing rigidity persisting within the whole department?  
 
I immediately began to sense that the flexibility and freedom I sought by 
making this move to the Burnside Road Lab would not be found here. This 
lab was even more rigid than the one in Sault Ste. Marie, and the shift 
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from innovation to rigidity was a reflection of the age of most of the 
people, who had aged their way to less imaginative, less enterprising 
attitudes.  
 
I worked there for about four years, and while the work itself was 
unremarkable, it was there that I found a connection with my daughter, 
Nancy. As she grew, she developed a deep interest in animals. I introduced 
her and Chris to the ponds that had once captivated me as a child, and her 
fascination continued to grow. She discovered garter snakes, and despite 
the off-putting smell they would expel when threatened, she would collect 
them and entwine them around her bicycle handlebars. She affectionately 
ōŜŎŀƳŜ ƪƴƻǿƴ ŀǎ ǘƘŜ άǎƴŀƪŜ ƭŀŘȅέ ƛƴ ƻǳr neighborhood, and now, in 2015, 
she is a veterinarian who specializes in acupuncture for animals. 
 
When I later moved to UBC, one of my first PhD students was Larry Dill. 
Having discovered our shared interests in the topic, I invited him to co-
author a grand book with me based on our experiments and models of 
animal responses to nearby objects. We had a good phrase to capture 
most of the research for the book: Our experiments displayed how beasts 
feed, fight, flee and fornicate, thus becoming "The Four F's." This 
enjoyable collaboration continued after Larry took a faculty position at 
Simon Fraser University a few years later. 
 
For exampleΣ ǿŜ ŘƛǎŎƻǾŜǊŜŘ ǘƘŀǘ [ŀǊǊȅΩǎ ǿƻǊƪ ƻƴ ǎǘŀǊǘƭŜ ǊŜǎǇƻƴǎŜǎ ƻŦ ŦƛǎƘ 
to model prey of different sizes generated equations that were the same 
as the equations I had independently derived for attack by praying mantis 
to prey of different sizes. There was a slight difference, as his beasts used a 
monocular sensory system and mine used a binocular one, but they were 
essentially the same equation, with one parameter that turned the results 
from one for distance of startle to one for distance of attack.  
 
Larry and I tested the basic rules widely. One test used 12-year-old school 
kids in a field. About 80 kids were gathered in an area where a runner ran 
at them as they were photographed from an aircraft overhead.  They spun 
away, not directly, but at an angle identical to the way small fish escaped 
attacking barracudas in Hawaii.  That is, all but one boy, who simply sat 
down. That boy told us later he decided that he would show us that we 
were wrong: people are not just like animals! The child did not realize how 
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much truth there was to his statement, something I would come to learn 
in later work.  
 
One day, when I was doing research, I ran across the super ellipses of Piet 
Hein, a poet and scientist from Denmark, who designed squares in cities 
that were easy to navigate. IŜ ƎŀǾŜ ǘƘŜ ǘŜǊƳ άǎuper ellipsesέ to the 
shapes he applied to city squares. They were approximate representations 
of the avoidance contours of my schooling fish and did, in fact, represent 
easy routes along paths that were free of tension. 
 
Does this tell us that the world is created in an optimal and efficient way or 
an approximate and diverse way?  Or is it a combination of the two?  
 
All these observations illustrated the foundations that Larry Dill and I had 
discovered earlier. General laws, expressible in general equations of fairly 
simple form, described and explained all of the variants we observed and 
filmed, each as a limiting condition of a general equation. Moreover, we 
discovered that those rules were neither precise nor accurate, but rather 
were simple and just sufficient.  
 
They were not based on careful measurements of speed and distance, for 
example, but on instantly detected rates of loom of the approaching 
signal. As the object comes closer to a fish, the diameter expands, and this 
is called the loom signal. When the object reaches a certain distance from 
ǘƘŜ ŦƛǎƘΣ ƛǘ ǊŜŀŎǘǎΦ Lƴ ǎƘƻǊǘΣ ǘƘŜȅ ǿŜǊŜ άǉǳƛŎƪ ŀƴŘ ŘƛǊǘȅέ ŜǎǘƛƳŀǘŜǎΣ ŀƴŘ ǿŜǊŜ 
ŀŘŀǇǘƛǾŜΦ ¢ƘŜȅ ŀǊŜƴΩǘ ǇŜǊŦŜŎǘΣ ōǳǘ ǿƘŜƴ ƳƛǎǘŀƪŜǎ ŀǊŜ ƳŀŘŜΣ ǘƘŜǊŜ ƛǎ ǊƻƻƳ 
left to compensate for the error. Adaptive options are retained to correct a 
response if a mistake is made. Resilience, not efficiency, is the result. 
 
²Ŝ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ƴŀǘǳǊŜ ŘƻŜǎ ƴƻǘ ƻǇǘƛƳƛȊŜ ŦƻǊ ǘƘŜ άōŜǎǘέ ōŀǎŜŘ ƻƴ 
assumptions of complete knowledge, in the traditions of simple decision 
theory. Nor are its responses efficient. Actions are based on just sufficient 
ƛƴŦƻǊƳŀǘƛƻƴ ǘƻ ŀǎǎǳǊŜ ŀŘŜǉǳŀǘŜƭȅ ǘƘŜ ƻōƧŜŎǘΩǎ ŦǳƴŘŀƳŜƴǘŀƭ ƴŀǘǳǊŜ ŀnd 
provide options for reversal: likely small enough to attack safely vs. likely 
big enough to avoid. That is all strictly the consequence of evolved 
responses.   
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With inevitably incomplete knowledge come surprises and 
mistakes. But the mistakes become possibilities for new 
learning, not routes to failure.  

 
²ƘŜƴ [ŀǊǊȅ 5ƛƭƭ ŀƴŘ L ǿŜǊŜ ǿƻǊƪƛƴƎ ƻƴ άǘƘŜ ōƻƻƪ ǿŜ ƴŜǾŜǊ ǇǳōƭƛǎƘŜŘΣέ ǿŜ 
rented a cottage on the Sunshine Coast near Vancouver to continue 
writing. The cottage was a retreat. While there I noticed Pacific Northwest 
Crows behaving strangely.  They would discover a clam on the beach, fly 
out and pick it up, and then drop it on a large flat rock.  Each time the clam 
broke, the crows landed and ate their fill.   
 
Lǘ ƳƻǘƛǾŀǘŜŘ ƳŜ ǘƻ ǿǊƛǘŜ ŀ ŎƘƛƭŘǊŜƴΩǎ ǎǘƻǊȅ ŜƴǘƛǘƭŜŘ άaŀƭŀŘǊƻƛǘ aǳǊƎŀǘǊƻȅǘΣ 
¢ƘŜ /ƭǳƳǎȅ /ǊƻǿΦέ ¢ƘŜ ōŀsic point was that Maladroit Murgatroyt, after 
clumsily dropping a clam first by mistake, learned a new way to forage, a 
way that he taught to his buddies and all other crows.  When I later 
presented the fable to my grandchildren, they were thoroughly bored, but 
my 92-year-old father was delighted, enthusiastic about a creative way to 
show that novelty and learning could come from mistakes. He was a man 
of wisdom. 
 
And the lessons of my story really do hold: 
 
How to help create a new world that creates itself. 
How to find the few key processes that do this.  
How to keep on experimenting and perceiving that which is good.   
How to make destruction creative. We all die at omega; we all live at 
alpha.  
How to sustain diversity and equity. 
How to encourage surprise and benefit from it.  
How to think broadly, not narrowly.  
How to integrate the pieces, not be controlled by any one piece.  
How to make partners of local Common Crows (your pals). 
How to comprehend the distant Ravens (your remote strangers). 
 
Maladroit had discovered the beginning of the answers. He learned that 
mistakes produce surprises that can be turned into unexpected good. And 
that everything is in the timing: too soon and people ignore; too late and 
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ǇŜƻǇƭŜ ƻǇǇƻǎŜΦ LǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƪŜŜǇ ǘǊȅƛƴƎΦ  Have fun.  Be optimistic.  
Embrace risk. Collaborate.  
 

 
Figure 3. Three cormorants in acrylic by Buzz Holling 
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Slow Growth and Fast Collapse in Regions 
 
While employed at the Burnside Road Lab, an idea of sorts began to take 
form. I began to grow restless as the labs I worked at moved from a phase 
of innovation to that of conservation and rigidity.  The adaptive cycle 
started to emerge.  I sought change, and this deep need for something 
new seemed to present itself every eight to ten years.  
 
The Department of Forestry seemed to be going through its own cycle of 
sorts, which I experienced firsthand. When I was first employed there, it 
was undergoing a phase of innovation, slowly achieving successful 
inventions and designs, then shifting to steps that attempted to control 
those very inventions, which led to overall rigidity.  
 
But then I realized that there was also a subsequent, and rapid back loop 
when the rigidity suddenly broke as innovators bitched or fled, allowing 
them, and in some cases the institution itself, to recover and renew from 
the rigidity and collapse to a fresh, new innovation phase again. In Hawaii, 
for example, my personal adaptive cycle slipped back into the innovative, 
alpha phase of innovation. My various working locations and institutional 
history were shaping ideas about the adaptive cycle, just hints and items 
for jokes, and not yet for science.  
 
I continued to grow restive at the lab (1967), but an opportunity for 
change soon presented itself. I had written a paper that essentially argued 
for interdisciplinarity, computer use and a systems orientation. That 
ŘƻŜǎƴΩǘ ǎŜŜƳ ǾŜǊȅ ǊŜǾƻƭǳǘƛƻƴŀǊȅ ƴƻǿΣ ōǳǘ ƛǘ ǿŀǎ ŀǘ ǘƘŜ ǘƛƳŜ ŦƻǊ ǳƴƛǾŜǊǎƛǘȅ 
education and research.  
 
Gordon Harrison, of the Ford Foundation, read my paper, and believed 
that it could give direction to his new program entitled Resources and the 
Environment. He was an historian who had written about the US General 
George C. Patton and had a breadth of vision and experience that suited 
him in this new job. The Ford Foundation is a well-known private 
foundation that gives grants to innovative programs.  
 
I received a letter from Gordon about my paper, and we agreed to meet. 
We immediately hit it off and he offered a one-year-plus job as a 
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consultant to help implement the plan I had described in my paper and he 
had amplified.  
 
It was a time that was ripe with opportunity, as I had also been offered a 
faculty job at the University of British Columbia, partly in Zoology and 
partly in the Graduate school. I accepted the position with UBC, but 
arranged a start date a year later when the position with the Ford 
Foundation was completed.  
 
I worked with one additional senior staff member, Bill Felling, who was an 
applied physicist whose main career was with NASA. He was one of the 
staff who projected the first satellite that went into orbit. We were based 
in New York, and were tasked with identifying programs consistent with 
the theme of the Resources and Environment program. If the program 
passed our judgment, we would bend them somewhat in the direction we 
sought and offer them a grant to continue with their work.  
 
Bill and I functioned by getting independent information from papers that 
were written by an interesting group at a particular institute. Once we 
discovered these groups, we established contact with the head behind it, 
and received permission to meet them. We flew to various institutes 
around the world, met with the people behind the groups or programs, 
and determined whether they were worth supporting.  
 
One program we chose to support was at the University of Manitoba. We 
traveled all over Canada, the United States, and even flew to Australia and 
Japan.  
 
The visit to Australia was wonderful. The beaches, with their warm, gilded, 
sand and turquoise waves, seemed to stretch for miles, and like Hawaii, 
the fauna was visually striking. I witnessed a duck-billed platypus, lazily 
swimming through a body of water. I glimpsed a red kangaroo, sitting on 
its tail, facing another kangaroo. Both were in attack mode, a regular sight 
in Australia. Dogs would chase kangaroos up and down the beach and no 
one batted an eye. We visited centers and institutes along both coasts and 
in several major cities. While we met many brilliant people there, we 
ŘƛŘƴΩǘ ŦƛƴŘ ŀƴȅǘƘƛƴƎ ǘƘŀǘ ŎƻŀƭŜǎŎŜŘ ƛƴǘƻ a fruitful program.  
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The trip to Japan was just as interesting, but equally challenging. At the 
time, Japan was very hostile to the United States due to the Vietnam War. 
There was much public conflict, and our host was very hostile to 
Americans because of this.  
 
As I was Canadian, they were very welcoming to me, and when we were 
ŦƛǊǎǘ ƛƴǾƛǘŜŘΣ L ǿŀǎ ŀǎƪŜŘΣ ά!ǊŜ ȅƻǳ ŎƻƳƛƴƎ ǿƛǘƘ ȅƻǳǊ ǿƛŦŜΣ ƻǊ ǿƻǳƭŘ ȅƻǳ 
ƭƛƪŜ ŜƴǘŜǊǘŀƛƴƳŜƴǘΚέ L ǿŀǎ ǎƘƻŎƪŜŘ ōȅ ǘƘŜƛǊ ŦƻǊǿŀǊŘƴŜǎǎΣ ŀƴŘ ōȅ ǘƘŜ Ƴŀƴȅ 
strange, foreign traditions they clung to. It was a tradition that when a 
visitor comes to Japan, he was assigned a geisha.  
 
Bill, however, was an American, and they made a point of making him 
uncomfortable. During meals, they offered him distasteful food that even 
they did not eat. One of the dishes was sea urchin gonads, but there were 
other dishes much more revolting. Bill, being the perfect gentleman, 
simply thanked them for the food and ate what they served him. The 
behavior of our hosts upset me greatly, but Bill remained unfazed.   
 
The city itself was very commercial, with a high-speed train running 
through it. There was one place, though, where I could forget about the 
commercialism of the city: the palace gardens in Tokyo. They were 
stunning, and highly developed.  
 
What was most memorable about the trip was our departure. We left for 
the airport and our host joined us. As we waited for our flight, he turned to 
Bill and saƛŘΣ ά¸ƻǳ ŀǊŜ ǘƘŜ ōŜǘǘŜǊ Ƴŀƴ ǘƘŀƴ ǿŜΦέ Lǘ ǿŀǎ ŀ ǾŜǊȅ ŘƛŦŦƛŎǳƭǘ 
meeting and ŘƛŘƴΩǘ ǊŜǎǳƭǘ ƛƴ ŀƴȅǘƘƛƴƎ ǘƘŀǘ ǿas applicable or interesting for 
our program.  
 
After a year, we spent about eight million dollars on programs in the 
United States and Canada, seeds that did have some consequence for the 
future of the field. The increases in computers, systems approaches and 
interdisciplinary design became new seeds for the future. 
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People Become the Central Subject: The UBC Years 1967 
 
At the end of my year with the Ford Foundation, Bill and Gordon suggested 
I set up a program from the base I was just starting at the University of 
British Columbia. UBC had a very well known, appreciated institute of 
Fisheries on the west coast. It had done a lot of mathematical models of 
fish population dynamics that had been applied to the surrounding ocean, 
and I felt that there was a lot of freedom and room for growth here.  
 
UBC was richly endowed with innovative people in influential positions. 
Peter Larkin, a key person there, was noted internationally, and was 
behind the application of novel mathematical modeling approaches to 
fisheries populations. He was a giant on the west coast, and allied with the 
other giant in the field, Bill Ricker, who was at the Fisheries Research 
Board Lab located on Vancouver Island.   
 
Up until that point, the universities in Canada had been failing to change. 
There were few young Canadian scholars growing into the new world of 
integrative science. The government began to realize this, and resources 
were shifted from the government labs to universities.  
 
I came to UBC with a large grant of $500,000 from the Ford Foundation, 
and I argued for the development of a new institute. These arguments 
took over a year, but resulted in moving the work that had been done in 
the fisheries program to living resources in general. I wanted to apply the 
lessons that had been learned in fisheries to a wider arena, and I planned 
on doing this by hiring people from a wide array of disciplines, such as 
mathematics, business, forestry, and ecology.  
 
The new institute that came out of this conversion was initially called the 
LƴǎǘƛǘǳǘŜ ƻŦ wŜǎƻǳǊŎŜǎ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘΦ ¢ƘŜ ƴŀƳŜ ŘƛŘƴΩǘ ƭŀǎǘ ƭƻƴƎΣ 
however, as there was a botanist on the council who argued that since 
there was no botanist employed within the new institute, the name had to 
be changed to something more specific. We finally agreed on The Institute 
of Animal Resources and Environment.  
 
The Dean of Science and the Vice-President imaginatively sequestered 
money to match the salaries from university sources for the half dozen 
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new faculty members after 5 years of Foundation support. So we hired 
great people, good people and unintentionally lousy ones in a set of 
interdisciplinary centers.  
 
I situated these people part-time in the institute and part-time in a 
particular home that specialized in their discipline. I wanted to establish an 
interdisciplinary center for studying and learning about living resources in 
general, and we worked together for about four years. 
 
We had to proceed cautiously because the university was rooted in 
individual disciplines, whereas our group worked in interdisciplinary 
groups. We set up new projects that were moving rapidly, outside of the 
ƛƴǎǘƛǘǳǘŜΣ ǎƻ ǘƘŀǘ ƛŦ ǘƘŜȅ ŘƛŘ ŦŀƛƭΣ ƛǘ ǿƻǳƭŘƴΩǘ ŀŦŦŜŎǘ ǘƘŜ ƛƴǎǘƛǘǳǘŜΣ ōǳǘ ƛŦ ǘƘŜȅ 
succeeded, those involved would be recognized for their achievements. 
 

 
Figure 4. The Swan: Sculpture in white onyx by Lee Gass 
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hǳǊ ōǳƛƭŘƛƴƎǎ ǿŜǊŜ ǘŜƳǇƻǊŀǊȅ άƘǳǘǎέ ǘƘŀǘ ǇǊƻǾƛŘŜŘ ǇǊƛƳƛǘƛǾŜ ƻŦŦƛŎŜǎ ŀƴŘ 
labs. After WWII, the university established an agreement to rescue 
whatever huts they could from the military up and down the coast. Each 
hut was turned into a temporary university building with a lecture room, a 
big lab, and several offices. They were used by the university for decades, 
and were great because if you needed another lab you could simply build 
onto it yourself. Somehow the informality of the huts coalesced with the 
informality of the minds to enforce a synergistic connection. It was if the 
Rutherford Laboratory was born again. 
 
The group at UBC included Lee Gass, who was a very fine observational 
scientist whose focus was on hummingbird behavior (he is now a talented 
sculptor); Carl Walters, who was a critical member of the team, and Don 
Ludwig, our insightful, brilliant mathematician partner.  Collaboration with 
Don was a marvelous experience, and I learned a bit of mathematics, 
sufficient for my purposes. I was also delighted to take on Ric Charnov as a 
ƎǊŀŘǳŀǘŜ ǎǘǳŘŜƴǘ ƛƴ ǘƘŜ ƭŀǘŜ слΩǎΦ  IŜ ōŜŎŀƳŜ ǿŜƭƭ ƪƴƻǿƴ ŦƻǊ Ƙƛǎ ƭŀǘŜǊ 
work in animal behavior. I gave him all my mantis experimental data, the 
data that I had used to create the functional response types for predators.  
With that, he then created optimal foraging theory, which had a huge 
impact on the field.  
 
A new body of science and theory that emerged after the Second World 
War that was rooted around the idea of optimization: the idea that any 
activity could be developed such that the components behaved in an 
optimal manner. An optimal manner generally meant an efficient manner, 
where the maximum benefit was achieved for minimum effort.  
 
Ric picked up the idea of optimization and applied it to animals. He posed 
the argument that their behavior was optimal and was designed by 
evolution to be efficient. My work went further, and dictated that the 
organisms did not simply evolve designs that were efficient; they also 
designed mechanisms that were resilient. What I meant was that there 
was a measure of efficiency in the mechanisms, but there was a lot of 
latitude for mistakes. The real organisms evolved a method that would 
more or less succeed, but left room for failure as a means to learn from it.  
 
John Krebs, a new graduate from Oxford, also joined our institute for a few 
years. He also became known as one of the key originators of optimality to 
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animal behavioral studies. He later left, for family reasons, and ultimately 
joined the amazing group at Silwood Park, Oxford. It began as an ecology 
group out of Oxford, and took on new leadership with Richard Southwood, 
a senior scientist and ecologist of great repute. They had exceptionally fine 
scientists, who were good at both science and communicating. 
 
Through the work of Southwood, and another predominant figure in the 
field, Bob May, they were able to tap into traditions of government 
research in the UK that led to the scientists in the Silwood Circle becoming 
recognized as policy people in the government.  
 
Bob May was a noted physical scientist, mathematical ecologist, and 
former head of the Royal Society of the UK, as well as a formal science 
advisor to the UK government. The Royal Society is the first society in the 
world, dating back to the 16th century, to become a club for scientists. 
Richard Southwood actually lobbied over years to have several of his 
Silwood Park colleagues selected to be Fellows of the Royal Society. Such 
colleagues jokingly referred to FRS as Friends of Richard Southwood. 
Canada established a society of her own, of which I am a member, called 
the Royal Society of Canada. However, it has never been as distinguished 
ŀǎ ǘƘŜ ƻƴŜ ƛƴ 9ƴƎƭŀƴŘ ōŜŎŀǳǎŜ ƛǘ ƛǎƴΩǘ ŀǎ ǇƻƭƛǘƛŎŀƭƭȅ Ŏonnected.  
 
Bob May was also the recipient of the Crawford Prize in Sweden, the prize 
being a million dollars for those sciences not recognized by the Nobel 
Prize. It was well deservedΣ ōǳǘ ƛƴ Ƙƛǎ ǎǇŜŜŎƘ ƘŜ ǎŀƛŘΣ ά5ƻ ƴƻǘ ŎƻƴŎŜƴǘǊŀǘŜ 
on ecological theory τ most of the important advances have already been 
ƳŀŘŜΦέ L ǿŀǎ ƭŜŦǘ ƎŀǇƛƴƎΣ ŦƻǊ L ǿŀǎ ǘƘŜ ǊǳƴƴŜǊ-up, invited with Bob to 
Stockholm and to meet the King.  
 
As president of the Royal Society, Bob May partnered with a number of 
the Silwood Circle to demonstrate the power of combining mathematics 
and experiment ς John Krebs for foraging behavior, wonderful Roy 
Anderson for epidemiology, Mike Hassell for predation and John Lawton 
for ecology, and John Beddington for marine fisheries policy. They all 
became involved in official government service. Bob became chief 
government scientist, and the others were active in various aspects of the 
UK government.  These were heady times indeed; all very well described in 
a recent book by historian Hannah Gay entitled The Silwood Circle.  
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***  
 

A similar ecological group emerged in Canada, scattered from coast to 
coast and collaborating in applied resource fields of forestry, agriculture 
and fisheries. These included Frank Morris, creator of regional scale 
ecological and statistical studies, Bill Wellington creator of bioclimatology, 
Bill Ricker and Pete Larkin mathematical ecologists of aquatic systems and, 
a little later, Ken Watt, in computers, Don Chant in population biology, Carl 
Walters in fisheries and systems ecology and me. We were spread out in 
Sault Ste. Marie, Ottawa, Fredericton, and Vancouver. While we never 
named our group, our focus remained on our budworm research. 
 
Our own institute was highly effective in our first two years. This was a 
turbulent time, indeed, but perhaps the best new effort came from our 
first interdisciplinary workshop that was focused on the economic and 
ecological effects of development in the Gulf Islands, off the coast of 
British Columbia. The project was called the Gulf Islands Recreational Land 
Simulator (GIRLS), and the mathematical model we developed was called 
the GIRLS model. Lots of inappropriate jokes ensued. It was beneficial to 
work on projects that were colorful and fun, and also built up the spirit of 
those working on it.  
 
We developed the model, not following the traditions of the time, but 
instead using the predation work I had done as the foundation for the 
model. We invited anyone who wanted to attend the first workshop, and it 
beckoned students and people from numerous disciplines, such as 
resource economics, fisheries, and forestry, who we could recruit for 
future projects.  
 
There I began to discover the rules for interdisciplinary workshops, and to 
sense the rhythm of change that occurred as learning progressed.  I posed 
the project as one of land acquisition and development on various classes 
of recreational land, using the grand predation equations to structure and 
focus our discussions. The land for sale was the prey, and predators were 
the buyers, settling the market each year in an auction.  It worked just 
great and generated predictions of development and costs that matched 
the real world for 30 plus years.  
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We modeled the system with a new IBM 1130, a small institutional 
computer that freed us from the big university computer.  We could play 
the kind of games needed for exploration; all coded on stacks of cards, 
every run of 100 years taking at least half an hour when now it would be a 
small fraction of a minute on a portable. The waiting time made room for 
discussions of previous runs and their significance and allowed exploration 
of the ecological, social and economic dimensions of the project that had 
much wider relevance.  And this was at the time of the student 
revolutions, the ebullient explorations of alternate ways of doing and 
knowing.  
 
At the end of each year we arranged to have a party. The party was held 
on a small houseboat, and as we drifted past the islands, we saw exactly 
what we had observed from the maps and discussed how effective we 
were at evaluating the quality of the land for development. There was a lot 
of booze and raucous times involved, and the trips were fun while still 
being productive. 
 
On the first trip, I invited a man named Dick Bocking, a documentary-
filmmaker with the CBC. He came on board with his cameraman and put 
together a documentary on the Gulf Islands. Our institute strived to 
produce projects and workshops that consisted of a lot of hard work, but 
were also flexible and fun. 
 
The GIRLS model was further developed through the institute, and it came 
from fun experiments and my past research. I summarized the central 
equation in a lecture at UBC, and Geneticist David Suzuki objected that this 
equation had already been developed in enzyme kinetics. At the time, his 
argument made the work seem controversial, although from my point of 
view it highlighted a remarkable aspect of science. The same mathematical 
equation often occurs in different contexts with completely distinct 
interpretations. 
 
The experiments we conducted at UBC expanded to embrace everything I 
had learned in more traditional experiments: hunger effects, learning, 
avoidance; experiments with several other predator and prey species. I 
had a factory in my lab; producing praying mantis, Drosophila, house flies, 
blow flies, deer mice, shrews, birds, and, by implication, submarines! It all 
resulted from experimental work with predators of various taxonomic 
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groups, each chosen because it lent itself to answering one of the 
questions of the moment. The combined results were therefore a strange 
chimera of preying mantis, ichneumonid parasites, deer mice and 
ǎƘǊŜǿǎΧand young ladies. 
 
The equations described not only predation, but hoarding as well. Shrews, 
for example, specifically the short-tailed shrew and cinereus shrew, hoard 
items to a sustained level as prey density increases, while deer mice hoard 
to a maximum, then decrease hoarding to zero as density continues to 
increase. Shrews seek their certainty by continually covering their bet with 
uncertainty; deer mice seek certainty when it is essential, but shift to 
flexibility or resilience when it is not.   
 
It was all great fun, and a complex simulation model captured the 
generality, the reality and the precision of all these systems. The disc 
equations and their variety captured the simplicity.   
 
We held other workshops as well, in response to groups elsewhere in the 
world who wanted our assistance. One such workshop took place in Banff, 
at a time when we were using the Michigan Terminal operating system 
and running on the large computer at the University of Michigan. Our task 
was to present to them an example of the work that could be done with 
computers. There were no portable computers at the time, so computers 
had to be remotely accessed through the Michigan Terminal System.  
 
It was barely possible to do that with the communication of the times, but 
we did.  We had an early version of a big graphics screen to display the 
results to the group, a screen that could only be transported in a berth 
rented from Canadian National Railways. This logistical feat was achieved 
by Carl Walters.  
 
As one of the rituals at workshops, we always had a competition for the 
first and second best limericks. A final section of this memoir shows a 
selection of them. 
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Deepening the Regional Focus 
 
Around 1970, I received an invitation from Howard Raiffa to spend a 
sabbatical with his new interdisciplinary center, the International Institute 
of Applied Systems Analysis (IIASA). It was located in Laxenburg, Austria, in 
a grand summer palace of the former Habsburg Dynasty. Howard was a 
self-assured, engaging man who was a grand decision theorist and 
entrepreneur of institutional transformations. His offer enticed me to fly 
my wife, my children, and myself to Austria in 1973, to await the next 
adaptive cycle in my life to unfold. Chris was twelve at the time, Nancy was 
ten, and the newest addition to our family, Jamie, was five. 
 
Despite the ugly name, which had been chosen by a committee that had to 
compromise with the USSR, IIASA was a wonderful place whose focus was 
both scientific and political. It was to be a place that investigated problems 
shared by nations, in the hope of building bridges between east and west 
across the Iron Curtain.  
 

 
Figure 5. Three-dimensional response surface by Dixon Jones 

(red string in a Plexiglas cube) 
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I had no idea who would be there, who we would meet at IIASA, or even 
where we would stay. I arrived in late July, and brought Dixon Jones and 
Bill Clark along with me, both from UBC. I proposed to Howard that we 
work out of hotel rooms, and immediately launched into our work, 
ǇǊŜǇŀǊƛƴƎ ǇǊƻǇƻǎŀƭǎ ǘƻ ƳŀƪŜ ŀǘ LL!{!Ωǎ ŦƛǊǎǘ ŎƻƴŦerence.  
 
Dixon was still recovering from his experiences in the war in Vietnam, and 
decided to desert the applied physics background he was trained in and 
learn ecology. He ended up creating the first example of the broad 
application of isocline and catastrophe theory to any ecological system. 
Both theories had to do with mathematical ways to understand and 
explain abrupt changes in a system that moves it into a different regime. 
Sadly, shortly after our stint at IIASA, he passed away from a heart spasm 
while running, and a brilliant career was cut short.  
 
Bill was an energetic, brilliant, and broadly based graduate student 
destined for great things, first at the Oak Ridge National Labs, and later at 
Harvard. His specialty became the vulnerability of social systems and 
institutions to shock, something that balanced and enriched our future 
research as it developed. I had first heard of Bill when he wrote me and 
asked me to accept him as a PhD student. He had all of the necessary 
credentials, as a graduate of Yale would, but I simply had no space at all -- 
none.  
 
Lǘ ǿŀǎƴΩǘ ƭƻƴƎ ŀŦǘŜǊ L ŘŜŎƭƛƴŜŘ .ƛƭƭΩǎ ǊŜǉǳŜǎǘ ǘƘŀǘ L ƘŜŀǊŘ ŦǊƻƳ ǘƘŜ 5Ŝŀƴ ƻŦ 
¦./ ǘƘŀǘ .ƛƭƭΩǎ ǎǳǇŜǊǾƛǎƻǊ ƘŀŘ ōŜŜƴ ƛƴ ǘƻǳŎƘ ǿƛǘƘ ƘƛƳ ŀƴŘ ƘŀŘ ŜǎǎŜƴǘƛŀƭƭȅ 
told him that I must take Bill as my PhD student.  
 
My dean, Ian McTaggert-Cowan, arranged for an open position for Bill. 
Backed into a corner, I agreed to the arrangement and promptly forgot 
about it. I was reminded six months later when Bill Clark turned up for his 
fellowship. I soon learned how bright he was, and a fine relationship took 
shape with this fellow who possessed a wonderful mind. He ended up as a 
faculty member of the Harvard Sustainability Project, and concentrated on 
social resilience from the reactions and actions of people affected by 
unexpected disturbances.  
 
When we arrived at IIASA, I was told that Ilse Beckey was the conference 
coordinator at the institute, and had been appointed to be my guide. 
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However, upon my arrival, I discovered that she had not yet returned from 
her vacation. When she finally returned, in time for the conference, I was 
struck by the sight of this beautiful, vivacious woman, with her blonde hair 
and piercing blue eyes, who summed me up with one glance as an 
arrogant scientist.  
 
The conference at IIASA consisted of pre-planned talks and parties that 
followed them, and guests arrived from fifteen organizations throughout 
the world. We came to the conference with five projects that we offered 
for collaboration with myriad scientists from different backgrounds and 
disciplines. George Dantzig, a notable creator of optimization approaches, 
was in charge of selecting the collaborative project for the institute. The 
attractive Austrian girls of IIASA adored George, and nurtured and cared 
for him as he stood and purred.  
 
During one of the talks, a Russian scientist, Ananichev, stood up from his 
seat and suggested that the ecology group at IIASA center their focus on 
ƳƻƴƛǘƻǊƛƴƎ ƻŎŜŀƴǎΦ άLǘΩǎ ŀƴ ƛƴǘŜǊŜǎǘƛƴƎ ƛŘŜŀΣέ L ǎŀƛŘ ǇƻƭƛǘŜƭȅΣ άōǳǘ ǿŜ ƘŀǾŜ ŀ 
ŘƛŦŦŜǊŜƴǘ ŦƻŎǳǎΦέ IŜ ǊŜǘǳǊƴŜŘ ǘƻ Ƙƛǎ seat, and I was satisfied that my 
answer had placated him.   
 
The following day, he interrupted a talk again to deliver the same speech. I 
tried to be amicable, but my irritation with this man was beginning to 
ƎǊƻǿΦ ά²ŜΩƭƭ ŎƻƴǎƛŘŜǊ ȅƻǳǊ ǇǊƻǇƻǎŀƭΣέ L ǊŜǇƭƛŜd, unable to keep the tinge of 
anger from my voice.  
  
The third day, I noticed him seated near the stage, and I watched him 
warily as the talks were unfolding. Sure enough, halfway through, he stood 
from his chair and began to deliver the same speech once more. I erupted. 
ά9ƴƻǳƎƘΗ ¢Ƙƛǎ ƛǎ ƴƻǘ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ǿŜ Ǉƭŀƴ ƻƴ ǘŀƪƛƴƎΦέ IŜ ǎŀǘ Řƻǿƴ ǎƭƻǿƭȅΣ 
glaring at me through narrowed eyes. I tried to brush off the incident and 
enjoy the rest of the talk.  
 
That evening, Howard threw a Heuriger, a fall event where the new wine 
of the year is sampled. It was a very popular event in Austria, and we 
mingled outside at a vineyard, dining at outdoor benches and tables and 
sampling simple foods and jugs of wine.  
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I glimpsed Ananichev from across the courtyard, shadowed by a group of 
his compatriots. I felt a touch of guilt for my blow-up earlier that day, and 
when one of his companions sauntered over to where I stood, I opened my 
mouth to offer an apology. It was cut short as he shoved a napkin in my 
hand. I unfolded the crumpled napkin to see a crudely sketched drawing of 
ŀ ǎƪǳƭƭ ǿƛǘƘ ǘƘŜ ǿƻǊŘ άōŜǿŀǊŜέ printed underneath. A knife was tucked in 
the fold of the napkin.  
 
I knew I had to diffuse the situation then, so I turned my gaze to Ananichev 
and raised a two-litre flask of wine in a gesture of challenge. He grabbed 
his own flask, and we began to chug the wine as fast as we could. When 
we had both finished, Ananichev collapsed, and I somehow stumbled back 
to my room in a haze. 
 
I awoke the next day to a wicked headache, but willed myself out of bed to 
attend the last talks of the conference. Everyone was there, except 
Ananichev. Ten minutes into the talk, the doors flung open and there he 
stood, held up by two henchmen supporting him on either side. They sat 
him down, and he remained silent through the majority of the talk. Then, 
just as it was coming to a close, he stood up and began to deliver his 
speech. I quickly rose and told him to sit down, and surprisingly, he did.  
 
After the talks of the day had concluded, there was a small party, and each 
guest was given a glass of wine to toast. Ananichev was now standing on 
his own, and he approached me on unsteady feet. We stood in silence for 
a long moment, and then he raised his glass, aƴŘ ǎŀƛŘΣ άtǊƻŦŜǎǎor Holling, I 
ƭƛƪŜ ȅƻǳǊ ǎǘȅƭŜΦέ 
 
During the conference, George Dantzig became fascinated with our 
budworm proposal. He was in awe of our models and the immense 
knowledge that had been obtained on the subject. He felt that this was a 
place for him to show the power of the optimization techniques he had 
developed. At the time, optimization could not handle such an extensive 
number of variables if the system was non-linear, and the budworm 
model, at its largest, extended to thousands of variables. But George was 
able to find a way to compress those thousands of variables into about 
three or four.  
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As soon as my team and I knew our proposal was going to be pursued, I 
contacted my old friend Gordie Baskerville, and asked if he would like to 
join our team and lead the research in Fredericton, New Brunswick. He 
was a forester with a deep understanding of the ecology of forests, and we 
worked together and held workshops at both of our locations.  
 
The work we did for the IIASA Ecology project was enriching, and I easily 
lost myself in it. Skiing trips, the opera, the wine Heurigens and practical 
jokes ǿŜǊŜ ŀǎ ƳǳŎƘ ŀ ǇŀǊǘ ƻŦ ǘƘŜ ƛƴǎǘƛǘǳǘŜΩǎ ŦǳƴŎǘƛƻƴ ŀǎ ǿŀǎ ǘƘŜ ǿƻǊƪ ƛǘǎŜƭŦΦ 
Dear collaborator and partner of the Ecology Project Mike Fiering and I 
even got a visiting US Ambassador to delay a flight and join us in learning 
to yodel in the rooms of the Laxenburg palace. During another misguided 
adventure at one of our skiing trips, in the middle of the night, Andrei 
Bykov, the Soviet Secretary, and I lifted a small car parked outside the 
hotel we were staying at into the ƘƻǘŜƭΩǎ lobby. There was great 
consternation the next morning by ǘƘŜ ƘƻǘŜƭΩǎ ǎǘŀŦŦ, when the car was 
discovered. Laughter, hard work, and good people gave the institute its 
life.  
 
Despite this, my wife began to yearn for our home back in British 
Columbia, and after a year at IIASA, I flew our family home. But the work 
had only just begun to develop at IIASA, and I made arrangements to 
continue on a half-time basis, flying between Vancouver and Vienna every 
other week. This put a strain on my already crumbling marriage, but by the 
ǘƛƳŜ L ƳŀŘŜ ǘƘƛǎ ǊŜŀƭƛȊŀǘƛƻƴΣ ƛǘ ǿŀǎ ǘƻƻ ƭŀǘŜ ǘƻ ǊŜƳŜŘȅ ƛǘΣ ŀƴŘ L ǿŀǎƴΩǘ ǎǳǊŜ 
that I wanted to.  
 
After my first marriage failed, I launched myself whole-heartedly into the 
work we were doing at IIASA. The overall purpose of the IIASA Ecology 
Project was to take all of the techniques that had been developed in a 
variety of disciplines, and apply them to at least one case we were all 
familiar with to see wƘŀǘ ǿŀǎ ǎǳŎŎŜǎǎŦǳƭ ŀƴŘ ǿƘŀǘ ǿŀǎƴΩǘΦ hǳǘ ƻŦ ƛǘ ŎŀƳŜ ŀ 
book, ά!ŘŀǇǘƛǾŜ 9ƴǾƛǊƻƴƳŜƴǘŀƭ !ǎǎŜǎǎƳŜƴǘ ŀƴŘ aŀƴŀƎŜƳŜƴǘΦέ  
 
It showed how management could be developed iteratively with interest 
groups in a way that could enhance resilience and effectiveness of the 
resulting policies. We held a final meeting after the book had been written, 
ŀƴŘ ŀƭƭ ƻŦ ǘƘŜ ǎŜƴƛƻǊ ǇƻƭƛŎȅ ǇŜƻǇƭŜ ǿƘƻ ƘŀŘƴΩǘ ƛƴƛǘƛŀƭƭȅ ƘŀŘ ŀƴȅ ƛƴǇǳǘ ƻƴ ǘƘŜ 
book were given the opportunity to read it and offer their opinions. 
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We had great difficulty finding good scholars from the USSR to work with 
us as part of our IIASA Ecology Project. That difficulty was only 
exacerbated when Mike Fiering joined us, as he had just disengaged 
himself from a Soviet Water Project after exhaustion from fighting them 
for a more balanced approach. Those particular Soviet scholars at IIASA did 
not want balance, they wanted control. So there we were, not only with 
no good Soviet scientist in our team but also with an American who had 
deserted a Soviet project to work (and sing) with us. But then, suddenly, 
after lots of pressure from us, Alex Bazykin, a Soviet mathematician, 
appeared at IIASA and joined us. 
 
Alex was such a fine fellow.  He was a mathematician with both depth and 
breadth who could communicate and represent the simple heart of 
complex ecological systems.  He became a coauthor of our popular book 
Adaptive Environmental Assessment and Management, and participated in 
a terrific workshop in Venezuela designed by good friend Jorge Rabinovich, 
an entomological ecologist.  For several years that book was the most 
popular one at IIASA and was also translated into Russian. The authorities 
there simply could not have read it.  It was so antithetical to their kind of 
control and their assumptions of sufficient knowledge that it might have 
been read as a revolutionary text.  And Alex ended up suffering for it.   
 
On our return from Venezuela, a pair of thugs forced him and his family on 
a plane back to Moscow, where he was consigned to regional arrest. The 
stupidity of a politicized bureaucracy is astonishing. His work with us was 
in harmony with the themes of non-linear systems.  He offered a small 
number of alternative representations of key functions and showed how 
each could affect behavior.  Multi equilibrium behavior was inevitable.  We 
were just delighted and easily integrated his ideas with ours in a way that 
enriched both. I have no idea what particular act on his part made him 
unacceptable for IIASA, but we had no option to protest. It was done. 
 
At the same time that we were working on the book, we also continued 
with the spruce budworm research. In my third year with IIASA, I felt 
confident that we were ready to present our findings at the second IIASA 
conference.  
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I enlisted my son, Chris, to help create a computer-generated animation of 
the output from our model of the Eastern Canadian forest, as affected by 
the spruce budworm. The technology then made such efforts slow and 
difficult. Chris sat for hours in front of a Techtronix screen, recording on 
ŦƛƭƳ ŜŀŎƘ ŦǊŀŎǘƛƻƴ ƻŦ ŀ ȅŜŀǊΩǎ ƻǳǘǇǳǘ ŀǎ ƛŦ ǾƛŜǿŜŘ ŦǊƻƳ ǎǇŀŎŜΦ Lǘ ǿŀǎ 
consistently changing the entire province of New Brunswick with the 
height of the 3-D graph, showing budworm densities or foliage quality and 
quantity. As I recall, a 100 years run took him several hours. The results 
were beautiful. 
 
For the first time, we could see the wave of the outbreaks that started in 
northwestern New Brunswick and spread progressively over the province. 
Every 50 years, outbreaks would appear, and spread over a 10-15 year 
period, leaving a large mortality of balsam fir in their wake. When a run 
was made with the policies we developed from the non-linear optimization 
model, the outbreaks were suppressed and the forest grew to maturity. 
Our models and the movie forced a change in spraying and harvesting 
policy in the Province that lasted for at least one or two decades. Gordie 
Baskerville ensured that it happened when he was named Assistant 
Deputy Minister by a new political government.   
 
Chris' movie communicated the reality of the spruce budworm 
wonderfully well. In 20 minutes, an audience viewing the movie could 
understand our conclusions and the reasons for them. When the movie 
was presented at the IIASA conference in Vienna, the Soviet Chairman of 
the IIASA Board, DzƘŜǊƳŀƴ DǾƛǎƘƛŀƴƛΣ ǊŜƳŀǊƪŜŘΣ άCƻǊ ǘƘŜ ŦƛǊǎǘ ǘƛƳŜ L ƴƻǿ 
understand why this forest problem and solution is an example of good 
ǎȅǎǘŜƳǎ ŀƴŀƭȅǎƛǎΦέ hǳǊ ǎǇǊǳŎŜ ōǳŘǿƻǊƳ ǊŜǎŜŀǊŎƘ ǎƘƻǿŜŘ ǘƘŜ ƪƛƴŘ ƻŦ 
fruitful collaboration that was possible with our team (and son) from 
Canada, and leading lights from optimization and decision theory, with the 
scientist and policy people on the ground in New Brunswick. 
  
While we were at IIASA, we were also developing the Resilience theory. 
Resilience represented the ability of a system to persist under the 
influence of disturbances, giving room to evolve and adapt. Resilience, in a 
sense, encouraged flexibility, not efficiency.  
 
It caught the attention of Wolf Häfele, the first leader of the Energy Project 
at the Institute. ²ƻƭŦΩǎ goal was to systematically organize the full range of 
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energy sources and uses to project alternative futures, costs and benefits, 
for various global schemes. He could, therefore, judge the value of 
different mixes of nuclear, water, wind and coal energy production.  
 
The project was run in a highly organized German fashion with fine people 
and impeccable guidance from Wolf. It was structured top down, very 
differently from our bottom up, and horizontally collaborative design.  But 
both projects worked marvelously well.  Wolf became interested in 
resilience as we had discovered and written about it, and searched for a 
German translation.  After half a day he came up with 

άSchlagabsorptionsfäƘƛƎƪŜƛǘέΦ  Where, I asked him, had the magic gone? 

¢ƘŜ ƳǳǎƛŎΚ  ά{ǘǊƛƪŜ ŀōǎƻǊǇǘƛƻƴ ŎŀǇŀōƛƭƛǘȅΗέ ¢ƘŜ Ǉƻƛƴǘ ƛǎ ǘƘŀǘ ǿƻǊŘǎ Ŏŀƴ 
open or close ideas.  
 
What also came out of my time at IIASA was the mythical Ralf Yorque.  It 
was a tradition that started at UBC, when an oceanography student 
recollected the initiation that students in Oceanography at the University 
of Washington had to take. Each would have to stand at the fantail of a 
ǎƳŀƭƭ ǾŜǎǎŜƭΣ ƛƴ ǊƻǳƎƘΣ ǎǘƻǊƳȅ ǎŜŀǎΣ ŀƴŘ ȅŜƭƭ άwŀƭŦ ¸ƻǊǉǳŜέ ƻǾŜǊ ǘƘŜ ǎǘŜǊƴΦ Lǘ 
signified the sounds that one might make when retching.  
 
We developed it further at IIASA as a way to lighten up the formal aspects 
of the institute. Ulrike Hilborn, my secretary at IIASA became the 
instigator, with an utterly irreverent newsletter that gossiped and quoted 
ǘƘŜ ǎǘǊŀƴƎŜ ŘŜǘŀƛƭǎ ƻŦ wŀƭŦΩǎ life. It became a newsletter in great demand, 
ŀƴŘ ǿŜ ŀǊǊŀƴƎŜŘ ŦƻǊ WƛƳ ¢ƘƻƳǎƻƴΣ ŀ ŦƛƴŜ ŎŀǊǘƻƻƴƛǎǘ ƻŦ LƭǎŜΩǎ ǎǘŀŦŦΣ ǘƻ 
illustrate him. What he produced was a strange man smoking a cigarette 
ŀƴŘ ǿŀǾƛƴƎ ŀ ǎƛƎƴ ǘƘŀǘ ǊŜŀŘΣ ά[ŜŀǾŜ bƻ ¢ŜǊƴ ¦ƴǎǘƻƴŜŘΣέ ŀ Ǉƭŀȅ ƻƴ ǘƘe 
ǇƘǊŀǎŜΣ ά[ŜŀǾŜ ƴƻ ǎǘƻƴŜ ǳƴǘǳǊƴŜŘΦέ  
 
¦ƭǊƛƪŜΩǎ ƘǳǎōŀƴŘΣ wŀȅ IƛƭōƻǊƴΣ Ǝƻǘ ƘƛƳ ƛƴǘƻ ǘƘŜ !ƳŜǊƛŎŀƴ aŜƴ ƻŦ {ŎƛŜƴŎŜ 
as Ralf Yorque from the University of McMurdo Sound, with his wife 
Esmeralda and two kids. Every once in a while we elected a new member 
to the Ralf Yorque Society, ending up with a spread of very fine people.  
Andrei Bykov, the senior Soviet at IIASA, was one, as was wonderful Mike 
Fiering, the hydrologist from Harvard.  
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We picked it up further in Florida in November 1992 as we unrolled the 
five years of workshops for the Resilience Project.  Again, a wonderful 
range of people were nominated and invested. Steve Carpenter, in fact, 
placed the award on his CV and highlighted it during his Australian 
Academy of Science lecture. Both he and Buz Brock, the economist and tap 
dancing guru, got the award on beautiful Heron Island where all the pieces 
of the Panarchy book came together.  
 
After three years of travelling back and forth to IIASA, I decided to return 
to UBC on a full-time basis. But before I left, I had dinner with several of 
my colleagues, most notably Ken Arrow, a famous Nobel laureate 
economist, and Paul Ehrlich. The discussion that arose at dinner 
surrounded climate change, which had just begun to be studied in depth. 
The trigger for those studies, for many people, was the surprise in the 
Antarctic, where suddenly the signals of the ozone hole became apparent 
as an entity that was growing in size annually.  
 
Now this was very much against the existing theory, which was largely 
linear, as the ozone hole was a non-linear phenomenon. Initially, those 
doing the studies thought it was a breakdown of their instruments, but 
after testing at their home laboratory in England, they found that their 
equipment was functioning properly and they were in fact detecting an 
increase in the size of the ozone hole.  
 
Traditional scientists, in the normal mode of skepticism, criticized the 
reality of the discovery that only began to get credibility when Paul 
Crutzen added his backing and explanation of it.  
 
During our dinner, Ken Arrow commented that traditional atmospheric 
theory, while it totally missed the Ozone hole, could still predict 98% of the 
tropospheric observations.  That comment stunned me at the time, not 
because I thought it untrue, but because it made me aware that all my 
interest was on the 2% - the surprises that shape and reshape systems. 
 
YŜƴ !ǊǊƻǿΩǎ ǾƛŜǿ ǿŀǎ ƴƻǘ ƻƴŜ ƻŦ ǎƪŜǇǘƛŎƛǎƳΣ ōǳǘ ƻƴŜ ǘƘŀǘ ƳŀŘŜ ǘƘŜ Ǉƻƛƴǘ 
that many impacts of ozone depletion would prove to be near equilibrium 
ones.  
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Ken went on to be selected by the UN to assist on the first International 
project examining climate change, and he intentionally set up the protocol 
for the study to be wrong. He knew that the protocol had to recognize the 
known and unknown non-linearities of the atmospheric system, but he 
knew that choosing them would blind the minds of others and prevent 
them from seeing the bigger picture.  
 
Upon my return to UBC, Wes Foell, an innovative environmental engineer, 
took over leadership of the Ecology Project. Wes is a true, sparkling 
engineer who studies energy systems, and builds buildings that create and 
store energy, not consume it. His house in Madison was one of the earliest 
examples. And he sings up a storm, with his wife Ankie brilliantly playing 
the piano. 
 
Don Ludwig came to UBC in the footsteps of people protesting US Vietnam 
war policies. In a sense, he and Dixon Jones joined the flood of hippies 
seeking an alternative life style ς Americans who settled on the Gulf 
Islands, enriching the art, food and culture of British Columbia.  
 
After Don joined our enterprises at UBC, he offered to translate three 
quarters of a page I wrote about forest/pest dynamics into mathematics.  
He produced three differential equations, one concerning the density of 
budworm/rate of change of budworm, one concerning the rate of change 
of foliage, and the third regarding the rate of change in dying trees. He 
studied the equations, and asked me what he had missed.  He surely was 
missing something, because the model predicted continual increase to an 
equilibrium state, not the boom and bust pattern observed in nature.  
 
When I examined the equations, I discovered they missed the bird 
predation from 33 species of birds ranging in size from small warblers to 
the largest arctic three-toed woodpeckers.  I discovered that the birds 
were distributed in clusters of sizes that I ineleganǘƭȅ ŎŀƭƭŜŘ άƭǳƳǇǎΦέ ¢ƘŜǎŜ 
33 species seemed to fall into three specific lump groups, or weight 
clusters. This was significant because I no longer had to study the behavior 
of each individual species, but only one of the sample birds within each 
lump.  
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This reduced the demand for data; in this case, it defined how many 
budworms each bird ate, and the rate at which they ate. An impossible job 
had now become feasible.  
 
Simple equations had been developed from earlier work appropriate for 
predators with learning ability, like birds, and Don incorporated them into 
his model. The resulting new model produced a pattern of attack that rose 
as low densities of prey rose, reached a peak, and then declined as prey 
density increased further.  That introduced a wedge of attack at low 
densities-- ǿƘŀǘ ǿŜ ŎŀƭƭŜŘ ǘƘŜ άtǊŜŘŀǘƻǊ tƛǘΦέ 
 
If you plotted attack by birds against density of prey, the percent would 
rise as the density kept rising, then they would reach a peak, and it would 
slowly start to decline. This decline occurred because the birds were now 
feeding at their maximum, and the amount of birds was no longer 
increasing despite the budworm population continuing to grow.  
 
The second thing that affected the bird predation was the amount of 
foliage and the age of trees. When the trees were young and there was 
little foliage to search, the birds would eat a large amount of budworm. 
But as the foliage increased, they had to search further. Finally, the trees 
reached an age that the crowns of foliage were too great for the birds to 
maintain their initially high rate of predation.  
 
When this occurred, the budworm escaped the predator pit and densities 
burst rapidly higher toward an upper equilibrium set by tree maturity.  This 
could not be sustained, however, because the burden of defoliation killed 
the trees, so that their density and age declined and the music started 
again.  Three body mass lumps of birds suddenly made it possible to 
parameterize the suite of thirty plus species into three clusters, using 
scattered field data.  
 
I so much liked what Don had done, which was a minimalist representation 
of one complex slice of nature. I suggested to Don and Dixon Jones that we 
write a paper showing how much data and process knowledge was needed 
to understand a complex system like the budworm and forest dynamics.   
 
²Ŝ ǳǎŜŘ ǘƘǊŜŜ ƳƻŘŜƭǎΦ hƴŜ ǿŀǎ 5ƻƴΩǎ ǎƛƳǇƭŜ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴΣ ƻƴŜ ǿŀǎ ǘƘŜ 
άǎƛǘŜέ ƳƻŘŜƭ ƻŦ ōǳƎǎ ŀƴŘ ƎǊƻǿƛƴƎ ǘǊŜŜǎΣ ŀƴŘ ƻƴŜ ǿŀǎ ǘƘŜ Ŧǳƭƭ ǎƛƳǳƭŀǘƛƻƴ 



Bubbles and Spirals - 54 - Second Edition 

model with all its bells and whistles and spatial specificity.  The latter was 
developed by Bill Clark, Dixon Jones, and me at IIASA, with the notable 
help of Gordie Baskerville in New Brunswick. We showed that good 
process knowledge and a simple model could capture perhaps 80% of the 
relevant behavior. Simple understanding can often go very far. 
 
In general, species diversity affects the scale of the dominant patterns that 
emerge, as physical disturbance interacts with living elements.  The 
simplest example is of forest fire in many different forests. In northern 
Canada, fires come every 50 years or so, and form a pattern of stands 
roughly 50 hectares in extent. Garry Peterson, a graduate student of mine 
at Florida, demonstrated this to me in a mini-model he created, where size 
of patches, age of trees, and accumulated fuel interacted via fire 
outbreaks.   
 
Garry has a background in Systems Science from the University of 
Waterloo, in engineering from HT Odem in Florida, and from complexities 
science through his time studying under me. His solid background is a rare 
and essential combination in this field. When he received his PhD, he was 
offered a chair of Environmental Science at McGill. However, after three 
years of working there, he left to join the Stockholm Resilience Center in 
Sweden, where he also met his beautiful wife, Line Gordon.  
 
Throughout his career, he has had an encyclopedic knowledge of the 
various writing and research that has occurred in the field, and he has the 
ƭŀǊƎŜǎǘ ƭƛōǊŀǊȅ ŎƻƭƭŜŎǘƛƻƴ ƻŦ ŀƴȅƻƴŜ LΩǾŜ ƪƴƻǿƴΦ  
 
His contribution to our work was vital, and this kind of basic understanding 
suggested by mini-models provided a way to test the predator pit 
hypothesis in the field.  To do it experimentally would have required 
shooting most of the birds in two or three 10 hectare plots in north 
western Ontario, where budworm were rare, for perhaps three succeeding 
years.  We believed that would have triggered a spreading outbreak!  It 
would have been possible to do so legally at that time, but there was no 
way I could muster the enthusiasm to kill hundreds of beautiful birds.  So I 
did not! The price for certainty can be too high.  
 
Later I encountered a young student Gayle Brown who similarly 
ŀōŀƴŘƻƴŜŘ ŀ άDǊƛƴŘ ŀƴŘ CƛƴŘέ ŀǇǇǊƻŀŎƘ ǘƻ ŀ ƘǳƳƳƛƴƎōƛǊŘ ōƛƻŎƘŜƳƛǎǘǊȅ 
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question. Unable to face the destruction of beautiful birds, she shifted 
supervisors from a very fine environmental biochemist to another very fine 
behavioral scientist, Lee Gass. They found out that she could measure 
what was needed using an MRI machine in a hospital in Edmonton. So she 
did! 
 
The best thing that came from my time at IIASA, and the following years at 
UBC, was my growing relationship with Ilse. After my first marriage fell 
apart, Ilse and I began to grow closer with each trip that I made to IIASA. 
Her initial reluctance slowly turned into affection, and when I returned to 
UBC, I asked her to come to Vancouver to spend Christmas with me.  Since 
I was totally broke at that time, she had to buy her own flight ticket to see 
me ς and she did! 
 
I arranged for us to take a train to Banff. It snaked its way along sprawling, 
clear rivers, the sun bouncing off the train to shine like gold along the 
ǿŀǘŜǊΩǎ ǎǳǊŦŀŎŜΦ aƻȊŀǊǘ ǇƭŀȅŜŘ ƛƴ ƻǳǊ ǘǊŀƛƴ ŎŀōƛƴΣ ŀƴŘ ǿŜ ǿŜǊŜ ǎŜǊǾŜŘ ŀƴ 
assortment of delectable dishes that made our mouths water. I proposed 
to her then, and she said yes.  
 
After our engagement, we found a tiny, cheap apartment in Kitsilano ς a 
district of Vancouver near UBC. It was perfect for the two of us. A few 
months after our engagement, I had a meeting in Parksville, BC, and Carl 
Walters and Ilse came along. As we drove and showed Ilse the landscape 
on Vancouver Island, we began to tease her and formed a plan to trick her.  
 
We stopped at a restaurant, and while waiting for lunch, she picked up a 
newspaper. She pointed to a headline that ǊŜŀŘΣ άDƛŀƴǘǎ !ǘǘŀŎƪ YƛŎƪōŀŎƪǎΦέ 
She asked what it meant, and Carl and I were quick to reply that Kickbacks 
were a species of animal endemic to the forest here, who got their name 
from their mating ritual. The male would back up against the nearest dying 
tree, and the female would approach and turn around. When she was 
close, he would kick back, pounce on her, and latch his teeth on a knot of 
hair on her head.  
 
We told Ilse that women in British Columbia would often sport their hair to 
signify that they were available to date. The Kickbacks helped the forest by 
kicking down old dead trees, regenerating the forest. I pointed outside the 
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window at several tree stumps, and told her that it meant that the 
Kickbacks had declined and thŀǘ ǿŀǎ ǿƘȅ ǘƘŜ ŦƻǊŜǎǘ ǿŀǎƴΩǘ ǊŜ-growing.  
 
She seemed skeptical, but she went along with it, as she knew little of the 
landscape and wildlife in the area. We got on the ferry to Vancouver, and 
as we waited for it to depart, we looked out across the water to see the 
Bathtub Boat Race in action. Boats were congregating in Departure Bay, in 
Nanaimo, and by this point Ilse had begun to grow suspicious of our 
ǎǘƻǊƛŜǎΦ ²ƘŜƴ ǿŜ ǘƻƭŘ ƘŜǊ ŀōƻǳǘ ǘƘŜ .ŀǘƘǘǳō wŀŎŜǎΣ ǎƘŜ ŘƛŘƴΩǘ ōŜƭƛŜǾŜ ǳǎΦ  
 
άCƛƴŜΣέ L ǎŀƛŘΣ άƭŜǘΩǎ ŀǎƪ ǘƘŀǘ ŎƻǳǇƭŜ ƻǾŜǊ ǘƘŜǊŜΦέ ²Ŝ ŀǇǇǊƻŀŎƘŜŘ ŀ ŎƻǳǇƭŜ 
who were also watching the boats, and asked if they knew about the 
Bathtub Races. The man was from Newfoundland and had a strong accent, 
and he told Ilse that he knew about the races. Her faith in us was renewed 
as she marveled over the strange spectacle.  
 
Finally, when we arrived in Vancouver, we went to a well-known Swiss 
restaurant. I had a collection of wood-boring beetles in my car, and I took 
some and put them on a cardboard plate, held in place by pins. With the 
help of the maître-ŘΩ and Sandra Buckingham ό/ŀǊƭΩǎ ǿƛŦŜύ, we conspired 
against Ilse one final time.  
 
While we waited to order, we told her that this restaurant was famous for 
its insect fondue. Her eyes narrowed in skepticism, and when the waiter 
arrived, she tried to catch us in our lie by ordering the insect fondue. The 
waiter took her order, and told her he would return shortly.  
 
He came out with the plate of beetles, and displayed it before her. 
άaŀŘŀƳΣέ ƘŜ ǎŀƛŘΣ ŀǎ ƘŜ ŜŘƎŜŘ ǘƘŜ ǇƭŀǘŜ ǘƻǿŀǊŘ ƘŜǊ ŦŀŎŜΣ άL ŀŘǾƛǎe you not 
ǘƻ ǘŀƪŜ ǘƘŜ ōƛƎ ƻƴŜǎΦ aƻǎǘ ǘƻǳǊƛǎǘǎ ŀǊŜ ŀǘǘǊŀŎǘŜŘ ǘƻ ǘƘŜƳΣ ōǳǘ ƛǘΩǎ ǘƘŜ ǎƳŀƭƭ 
ones ǘƘŀǘ ŀǊŜ Ƴƻǎǘ ƭǳǎŎƛƻǳǎΦέ  
 
Ilse became an integral part of my life, and dedicated much of her time to 
assisting me on my various projects. One such project involved her 
dragging a mƻŘŜƭ ƴŜǘ ŎŀƭƭŜŘ ǘƘŜ άIƻƭƭƛƴƎ IŀǿƭŜǊέ ǘƘǊƻǳƎƘ ǿŀǘŜǊΣ ǘƻ ǎŜŜ 
how movement affected its hydrodynamics. It was a hot, balmy day, and 
Ilse soon grew tired of running laps around the pool while I stood on its 
ŜŘƎŜ ŀƴŘ ǇƘƻǘƻƎǊŀǇƘŜŘ ƘŜǊΦ ά.ǳȊȊΣέ ǎƘŜ ǎŀƛŘΣ άLΩƳ ƎŜǘǘƛƴƎ ǘƛǊŜŘΦέ L ǿŀǾŜŘ 
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ƘŜǊ ƻŦŦΦ άWǳǎǘ ŀ ŦŜǿ ƳƻǊŜ ƳƛƴǳǘŜǎΣέ L ǊŜǇƭƛŜŘΣ Ƨǳǎǘ ŀǎ she fainted and 
ǎƭƛǇǇŜŘ ǳƴŘŜǊ ǘƘŜ ǿŀǘŜǊΩǎ ǎǳǊŦŀŎŜΦ  
 
L ŘƻǾŜ ƛƴ ǘƻ ǊŜǎŎǳŜ ƘŜǊΣ ŀƴŘ ƛǘ ŘƛŘƴΩǘ ǘŀƪŜ ƭƻƴƎ ŦƻǊ ƘŜǊ ǘƻ ǿŀƪŜ ŀƴŘ ōŜǊŀǘŜ 
me for allowing her to pass out from the heat. She has never let me live it 
down.  
 
Despite the few bumps along the road, soon after our engagement we 
ǇƭŀƴƴŜŘ ŀ ƳŀƎƴƛŦƛŎŜƴǘ ǿŜŘŘƛƴƎΣ ǿƘƛŎƘ ǿƻǳƭŘ ǘŀƪŜ ǇƭŀŎŜ ƛƴ LƭǎŜΩǎ 
hometown in Austria.  
 
Our wedding took place on August 26, 1978, and all of the friends we had 
developed over the years came from at least a dozen different countries. 
The wedding took place in the town hall, and we were to be married by 
the Bürgermeister (which translates to the head bureaucrat of the city). He 
told us that this was his last marriage before retirement.  
 
Ilse was breathtaking in a dress of pale blue and lace. She seemed to glow, 
as if reflecting the rays of sun that shone down from the windows of the 
hall. The wedding itself was over in a blur of vows and eagerly exchanged 
kisses, but it was the party that followed that still plays vividly in my mind. 
 
We had a lovely lunch after the ceremony, at one of the Gasthäuser 
(traditional restaurants). It was a tradition for the bride to be stolen by the 
key men in the wedding party, and it was my task to find her as quickly as 
possible. As I searched for her, the wedding guests drank as much wine as 
they could, and I had to pay for however many bottles were drunk from 
the time she was stolen to the time she was found.   
 
In the evening, there was a celebration in the nearby castle built to protect 
the good citizens from the invading Turks hundreds of years ago. We held 
a dance, and my best man, Carl Walters, had to dance with my mother-in-
law as his duty. After getting thoroughly drunk, we staggered down 
through the thirteen gates of the castle to a happy future - the way lit by 
torches.  
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Figure 6. Fruit bat carved in arbutus by Buzz Holling 

Excellence vs. Deep Political Conflict: The Adaptive Cycle 
 
During the six years that followed my stint at IIASA, I continued to work at 
UBC, focusing on the spruce budworm research and my collaborative work 
on the Gulf Islands. But in 1982, an offer came for me to take over as 
Director of IIASA. I was delighted, because my early experience with IIASA, 
and my sense of its east/west political significance, was so positive.  
 
During my early years at IIASA (1973), my group flourished with the 
stimulus it received from the purposes of the institute itself, and from the 
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appearance of a group of outstanding scientists and scholars, some of 
whom helped shape the research program I launched within the institute.  
 
Three years after Howard Raiffa took leadership at IIASA, he was followed 
by Roger Levien, from the Rand Corporation, who remained as Director for 
two terms of three years each. The original convention for the Institute, at 
its beginning, was to have a US person as Director and a Soviet as 
Chairman. The shift to select me, a Canadian as Director, came because 
the US person, who was the original choice, became ill before he could 
take the job, and a scramble took place to find a replacement. I ended up 
being the choice of Phil Handler, President of the US National Academy of 
Sciences, and Bruce Hannay, Foreign Secretary of the National Academy of 
Engineering.  
 
Despite my wonderful memories of my time at IIASA, I quickly learned that 
it was now functioning in a much different manner. A few months after I 
arrived at IIASA as the new Director, the US National Academy of Sciences 
was forced to withdraw because US funding was being terminated. 
 
That was the consequence of Reagan being elected as President of the US, 
ŀƴŘ ƻŦ wŜŀƎŀƴΩǎ ǎƘƛŦǘ ǘƻ ƘŜŀǾȅ ǎǳǇǇƻǊǘ ƻŦ ŀƴǘƛ-Soviet activities and funding.  
As one of the Reagan people told me, the US no longer supported multi-
lateral arrangements with the Soviets, which of course was at the heart of 
LL!{!Ωǎ ƻǊƎŀƴƛȊŀǘƛƻƴΦ  hƴƭȅ ōƛ-lateral arrangements were supported 
because those could be controlled. 
 
Because of this withdrawal of US funds, a major international political 
transformation occurred. Alumni and folks who worked at the Institute in 
previous years were swung into action by Howard. The American Academy 
ƻŦ !Ǌǘǎ ŀƴŘ {ŎƛŜƴŎŜǎΣ ƭƻŎŀǘŜŘ ƛƴ .ƻǎǘƻƴΣ ƴŜŀǊ IƻǿŀǊŘΩǎ ǳƴƛǾŜǊǎƛǘȅ ƻŦ 
Harvard, substituted as the US member. But IIASA was flipped into 
decreasing in size, following its sharp budget constriction, and into a 
tumultuous reorganization. 
 
As part of that, I helped hire a wise and insightful American as Deputy 
Director, and as an assistant both for program and local politics.  His name 
was Chet Cooper, whose significance came because he had been an 
analyst for the CIA, a fact instantly known by the Soviets. It helped, at 
least, in controlling some of the mini eddies of Soviet individual mischief 
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that had started to arise. None of the members of our National Member 
Organization wanted that mischief to turn into something more, as they 
were determined to try to develop amicable relations between east and 
west as part of the political thrust of the institute.  
  
I had been employed in a variety of institutes during my career, all of 
which, up until that point, had been sheer fun, challenging and innovative.  
IIASA had now become the exception, simply because of the negative 
transformation forced upon it.  
 
Yet, despite the challenges I now faced, some positive work did arise from 
my three and a half years there. Ilse and I were housed in a lovely two-
story home that was around 100-years-old.  The home was furnished by 
IIASA, and served as welcome retreat when the pressures of being Director 
became too much. It was wonderfully suited to hold large parties, which 
was one of my responsibilities as Director. There were celebratory parties, 
and those held to honor distinguished scientists. At these parties, a cook 
would come in and prepare magnificent feasts for our guests and us. I 
always looked forward to these parties, as it offered a brief reprieve from 
the smothering oppressiveness that had befallen IIASA. During these 
events, I could almost forget how vastly different IIASA now was, but then 
I would return to work the next day and be reminded that some things 
would never be the same again.  
 
My children were now all nearly grown. In the summers, when Jamie had a 
break from high school, he would come live with us. Nancy was studying at 
a well-known restaurant management school in Salzburg, and when she 
ǿŀǎƴΩǘ ǎǘǳŘȅƛƴƎΣ ǎƘŜ ǿƻǳƭŘ ǾƛǎƛǘΦ /ƘǊƛǎ ǿŀǎ ǎǘǳŘȅing economics at Queens 
University, and would also visit in the summers in between semesters.  
 
The work that was most remarkable during my time at IIASA resulted from 
collaboration between good friend Carl Walters, who brought a team from 
UBC, Ray Hilborn and Randall Peterman. They set in place a new project 
that was small and was meant to focus on the host country of Austria. It 
was originally designed by Hans Moser, an ecologist at the University of 
Innsbruck, and then was focused on development in the Alps of Europe by 
Carl and his team.  
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The issue concerned high alpine settlements, like Obergurgl, Austria, 
where hotel developments were facing a sudden oil price shock.  Skis, 
hotels, and farming had formed the village, but now hotel development 
was becoming constricted and the sons of hoteliers saw a grim future.  
Hans had used this looming issue to help the villagers assess their future 
and had asked IIASA to help.  So Carl and company launched their 
respected workshop series, inviting villagers who represented farms, 
hotels, ski lift operators, and citizens.   
 
The first organizing workshop was held at IIASA, but much of the following 
interactions occurred over glasses of wine in a local Gasthaus (traditional 
Austrian restaurant).  A model was developed, and after several sessions 
examining and defining the discussions, a plan emerged.   
 
It committed hoteliers to provide a subsidy controlled by farmers, thereby 
maintaining their part of village life.  Ecological husbandry and tourism was 
defined as a modest additional activity that actually increased diversity.  
Eventually, the UN recognized this approach as a prototype for managing 
alpine systems.  Interestingly, Hans Moser was later picked up as a faculty 
member at the University of Edmonton in Canada, where he instituted 
some of his novel schemes. For example, he used a combined monitoring 
program to connect schools on the prairies with global climate change 
evidenced by key indicator plants. 
 
During part of that difficult time for IIASA, Bill Clark was able to establish 
and implement the work to launch the first assessment of Sustainable 
Development of the Biosphere.  It emphasized the ecological foundations 
for biosphere change. The authors were not only distinguished figures in 
science and policy, they were also spread among physical, biological and 
social disciplines.  It was, and still is a notable contribution, as a template 
for modern work 35 years later.  
 
As part of that, I had to write a chapter for his book.  It came at the end of 
my term as Director and I delighted in the sudden peace it gave me to 
analyze and write for a couple of months.  That chapter became the major 
step bringing together as a synthesis the several years of work at IIASA and 
elsewhere where non-linear and multi-equilibrium reality featured 
centrally.  
 



Bubbles and Spirals - 62 - Second Edition 

I referred, in some detail, to variables of five systems in nature: forest 
insects, forest fire, savannas, fisheries, and human disease.  It was easy to 
pick the three variables of fast, intermediate, and slow speeds, and all are 
multi-equilibrial states.  One of the best examples was the jack pine sawfly 
and jack pine, as described in an insightful paper by a good friend, Jack 
McLeod. Jack had been employed with the Forest Research Lab in Quebec, 
and later came to work with me at UBC.  
 
His paper outlined that the fast variable, the insect, shows three equilibrial 
states; one very low state which was caused largely by bird predation of 
larvae, one at an intermediate level caused by small mammal predation of 
pupae, and one transient one at a high density that causes extensive 
defoliation and ultimate death of the trees. All the other systems have 
similar equilibrial conditions.  
 
And I also outlined a theoretical cycle, that in later writings I called the 
Adaptive Cycle. While I had already been applying the Adaptive Cycle to 
my own life, it was the first time I had outlined it in a scientific manner. It 
traveled from exploitation, to innovation, to conservation, to creative 
destruction, to renewal. The slowest speed in the cycle occurred between 
innovation and conservation, where we now existed. And as I mused over 
the discovery, I began to be aware that this was what was happening to 
IIASA, caught in the period between innovation and conservation. There 
was a strong mix of work of the highest quality and lousy stuff that was: 
forced into a vulnerable system.  I had to isolate the lousy stuff and protect 
the work of real excellence. 
 
And I finally summarized an extensive literature, pointing out the different 
words that have been proposed in the literature for the four components 
of the adaptive cycle in economics, technology, institutions and 
psychology. The seeds or young plants of my theories were summarized at 
that stage of the work. 
 
During the end of my term as Director, we held a meeting to summarize 
activities at IIASA, in which Jim Lovelock was present; he was the maverick 
atmospheric scientist of Gaia fame. Gaia, the Greek term for the Goddess 
of Life, is the word that he gave to his representation of the atmosphere. 
His thesis was that planets with life manage their relationship with the 
atmosphere in such a way as to maintain its livability for life.  
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While at the meeting, hŜ ƳƛǎŎƘƛŜǾƻǳǎƭȅ ŀǎƪŜŘΣ ά²Ƙȅ ŘƻƴΩǘ ŜŎƻƭƻƎƛǎǘǎ 
ƛƴŎƭǳŘŜ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΚέ Lǘ ǿŀǎ ŀ ōŜŀǳǘƛŦǳƭƭȅ ƻǳǘǊŀƎŜƻǳǎ ŎƻƳƳŜƴǘ 
triggered by one subset of critiques of his various Gaia papers. Those 
critiques were written by people who had a much more limited 
understanding of ecosystems and planetary dynamics. They were 
oversimplifying, and were therefore unable to see the essential point of 
what Jim argued: that living organisms manage the atmosphere.  
 
They were deeply committed to a particular scientific paradigm, by rules of 
thumb as opposed to hands, and also by a narrow range of scales where 
ƻǊƎŀƴƛǎƳǎ ŀƭƻƴŜ Ǉƭŀȅ ǘƘŜƛǊ ƎŀƳŜǎΦ ¢ƘŜ ǘŜǊƳΣ άǊǳƭŜ ƻŦ ǘƘǳƳōΣέ ƛǎ ǎƘƻǊǘƘŀƴŘ 
for people making too simple a representation of ecosystems. These 
scientists used one or two variables, when in fact a handful of variables 
ǿŜǊŜ ƴŜŜŘŜŘΦ {ƻ L ŎƻƛƴŜŘ ǘƘŜ ǘŜǊƳΣ άǊǳƭŜ ƻŦ ƘŀƴŘέ to encapsulate these 
situations, as discussed earlier in this memoir. 
 
Despite the challenges at IIASA, I was pleased with the work that we were 
able to produce when faced with adversity. My time there dramatically 
highlighted how flexible and innovative all of the other institutes I worked 
at were when I was present. It highlighted the power of true flexibility 
when resources were available. It also suggested the problems that can 
arise as institutes age and become encumbered with projects that are not 
stopped. It was a perfect example of the Adaptive Cycle all over again.  
 
All the institutional examples I have worked with started as experiments, 
and all created a rhythm that initially succeeded, but then froze and either 
collapsed, or persisted as a continuing irrelevance, consuming resources, 
but not contributing. Innovation then shifted elsewhere, leaving the 
system behind. 
 

Darwin said it about 150 years ago: "It is not the strongest of 
species that survive, nor the most intelligent, but the ones most 
responsive to change". 
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Fun Again: Florida (1988-1998) 
 
My term as Director of IIASA ended in 1984, and our departure, though 
much-anticipated, was bittersweet. Ilse and I packed up and moved back 
home to Vancouver, and I resumed my position at the University of British 
Columbia. I was met with surprises upon our return, however. I found that 
a campaign had succeeded in returning the Institute of Animal Ecology into 
the Institute of Fisheries, and so its Adaptive Cycle moved on.  
 
Lǘ ǿŀǎƴΩǘ ƭƻƴƎ ōŜŦƻǊŜ L ǿŀǎ ŘǊŀǿƴ ŀǿŀȅ ŦǊƻƳ .ǊƛǘƛǎƘ /ƻƭǳƳōƛŀ ŀƎŀƛƴΣ 
however. Lincoln Brower, an acquaintance then and subsequently a good 
ŦǊƛŜƴŘΣ ŎŀƭƭŜŘ ƳŜ ŀƴŘ ŀǎƪŜŘΣ άIƻǿ ǿƻǳƭŘ ȅƻǳ ƭƛƪŜ ŀƴ ƛƴǾƛǘŀǘƛon to apply for 
ŀ ƴŜǿ 9ŎƻƭƻƎƛŎŀƭ /ƘŀƛǊ ŀǘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ CƭƻǊƛŘŀΚέ  
 
I knew Lincoln from his work. He studied monarch butterflies, which were 
noted because they had a migratory pattern that covers the whole of 
North America, and part of South America. They reproduce in the north 
and up to southern Canada, feeding on milkweed plants, then emerge as 
adults and fly south, eventually ending up in Mexico. During their flight, 
they have two more reproductive phases, and even though they go 
through these different cycles, they still retain the intuition to head south 
to stop in Mexico. After spending the winter there, they fly back and 
repeat the cycle.  
 
The opportunity for the endowed chair was at a well-funded, flexible 
environment, at a reasonably good regional university. Normally, I would 
have said no, but I was growing antsy at UBC, and opposed the changes 
that had occurred while I was away at IIASA. A grant proposal from the 
National Scientific and Engineering Research Council in Canada had been 
turned down, and the Dean at the time was rigid and opposed change. My 
eight to ten year itch flared, as I entered the creative destruction phase of 
my adaptive spiral.  
 
So I said yes, and it was so.  The chair came along with private money that 
ƘŀŘ ōŜŜƴ ŎƻƭƭŜŎǘŜŘ ǘƘǊƻǳƎƘ Řƻƴŀǘƛƻƴǎ ŦǊƻƳ ǘƘŜ ǇǳōƭƛŎΣ ŀƴŘ ǘƘŜ ǇǊƻŎŜŜŘǎΩ 
interests were reserved for scientific work. It allowed about $60,000 to be 
set aside each year; the chair was called the Arthur R. Marshall Chair of 
Ecosystems Studies. I could use this money for anything I wanted, so long 
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as it was legal, and I still was able to apply for various grants on top of that. 
It allowed my team and me to be independent and avoid getting trapped 
by various battling interests. This was the freedom and flexibility that I 
sought. 
 
Ilse and I moved to Gainesville, Florida, a city of sinkholes of various sizes.  
We bought a house we called Misty Hollow at the edge of such a sinkhole.  
It was about 1½ hectares in size, containing swamp gum trees, here at 
their southern limit, growing in the water.  We flew with our two well-
travelled cats from British Columbia to Florida on March 1, 1988, and 
arrived in the late afternoon as a skein of Ibis flew whistling overhead.  It 
seemed to be a positive omen, with ancient Egyptian echoes.  We soaked 
in our surroundings with wide-eyed delight, surveying the unfamiliar 
landscape that was as flat, hot, and humid as Vancouver was mountainous, 
temperate, and wet. 
 
We witnessed Misty Hollow in two states. For the first few years we lived 
there, Misty Hollow was bubbling and teeming with eight different species 
of wading birds in the air, on the trees, and in the water. The slope of the 
sinkhole was steep, covered in gumwood and dogwood trees, down to a 
shore with sparkling, translucent water. A stand of swamp gumwood 
breached the waǘŜǊΩǎ ǎǳǊŦŀŎŜΣ ǿƛǘƘ ǎǿƻƭƭŜƴ ǘǊǳƴƪǎ ŀƴŘ Ŝƭōƻǿǎ ƻŦ Ǌƻƻǘǎ 
stuck above the water for gas exchange. To my northern eyes, Florida was 
like a tropical getaway.  
 
The fauna left us spellbound. First the birds, about eight species nested or 
roosted there, and one wintered. There were small Green Herons, 
dropping bait on the water and grabbing small fish that were attracted to 
it.  There was the Little Blue Heron with its squawks, croaks and screams. 
Tricolored Heron formed colonies with other herons, running as they 
hunted through the shallow water. There was the silent Yellow Crowned 
Night Heron, and the Snowy Egret with its strange yellow feet on black 
legs, which wiggled apparently to concentrate fish. There were a few 
thoroughly handsome wood ducks with their nests and displays, and a 
significant ibis flock roosting there at night, but nesting elsewhere.  
 
In the winter, a small flock of Hooded Mergansers arrived from the north.  
They were fast swimmers and divers that scooped up the fish in the pond, 
with the malŜǎ ŘƛǎǇƭŀȅƛƴƎ ŀ ōƻƭŘ ǿƘƛǘŜ ŎǊŜǎǘ ŀƴŘ ŀ άǿƘŀ-wha-ǿƻƻέ 
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courtship display to their gentle ladies as they floated on the surface.  The 
males courted all winter, which surprised me, and they did so from the 
branches of the swamp gum. They waited until a female appeared, then 
dove at a sharp angle to hit the water with a satisfying splash and a display 
of white and black. 
 
But there were no Great Blue Herons or Greater Egrets. They flew 
overhead to larger sinkholes, like one that was significantly larger just one 
ǘƻ ǘǿƻ ƪƛƭƻƳŜǘŜǊǎ ŀǿŀȅΦ hǳǊ ǇƻƴŘ ǿŀǎ ŀƴ ƻōǾƛƻǳǎ άƭǳƳǇ ǎŜƭŜŎǘƻǊέ 
accepted by the smaller waders, but not the largest. There were so many 
sinkholes in the overall region, from very small to very big, that I tried to 
get a grad student to do a quick survey of the bird watchers, measure the 
sinkholes from aerial photos and demonstrate the lump selector algorithm 
for wading birds. But I had no luck, no one had the time!  
 
Those were the birds, but there were snakes, turtles, and alligators as well.  
The cottonmouth and coral snake were the poisonous ones, easily 
avoided, and the black racer was the quick wraith. There was a male 
alligator that normally lay in ambush on the shore, and then suddenly 
would make an insanely energetic plunge into the pond. Occasionally, a 
stray dog would vanish.   
 
My favorite was the giant Alligator Snapping Turtle. We only ever saw two 
of them, four feet across, and only for two or three days in the Spring.  The 
rest of the time they disappeared into the pond.  But for those two or 
three days, they mated; in slow, ponderous displays of lust, twisting atop 
each other in deliberate, rapturous swings.  After that display, they would 
disappear back into the depths for the year.  But the female, in the dead of 
one night, lumbered up the slope of the sinkhole, laboring toward some 
soil in our garden, and laid and buried her eggs.  As we sat in our breakfast 
room one morning, we looked out at the garden and noticed dozens of 
baby turtles that had just hatched, tumbling past the window down to the 
pond.  
 
We also embraced the sounds, most obviously the songs of the four 
species of frogs, from peepers to bullfrogs.  Each evening in the Spring, 
they started tentatively and then built their chorus to form the music of 
the pond, then faded to nothing before starting again. The chorus was 
loud enough that easy conversation was impossible.  The loud, croaking 
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music of the frogs was accompanied with the flashes from three species of 
fireflies, evoking a sense of magic and wonder every night. The state of the 
pond was one of abundance and variety.  
 
Then one spring, there was a sign of a looming flip, the beginning of a 
three-year dither. Small patches of blue-green algae appeared in several 
spots along the edge of the pool.  They disappeared that year, to reappear 
the second and third more extensively, joined by duckweed, the smallest 
angiosperm in existence.  The latter spread, until, by the third year, the 
surface of the pond was covered. The dithering flip was completed, 
transforming from clear water, macrophytes and fish, to clouded water, 
plankton and a surface masked entirely by duckweed. With that, all wading 
birds and the ducks disappeared.  
 
The same thing began to happen in a larger, nearby sinkhole, due to 
development. However, residents of the area introduced a machine to 
harvest the accumulated phosphate that had triggered the dither. It 
scooped up and removed the duckweed continuously each year. Because 
of this, diversity was precariously increased, but resilience was low, as it 
teetered on the edge of a stability region. 
 
In the fall, sand hill cranes started circling overhead, chattering 
continuously with a click and rattle of gossip wondering, it seemed, where 
to go and when to go. That was repeated over a few days, the flocks 
getting bigger until a few birds reached out and began flying north.  I 
imagined them talking to each other, high, high up there, with a full moon 
lightening them. Others followed, clicking and rattling their gossip, upward 
flicking wings high in the sky heading to the Dakota marshes, where they 
fueled up, some for a journey continuing to the tundra. 
 
They never knew where they were, but they were never lost. Twenty years 
later I saw them again. In May 2013, on the west coast of Calvert Island, 
British Columbia, somewhat north of the tip of Vancouver Island, a small 
flock settled to feed ς four or five thousand kilometers from where I first 
spotted them in Florida, diagonally across the continent.   
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Figure 7. Flight of the cranes: Photograph by John Moran 

 
The focus of my work while in Florida was on the Everglades, and my team 
consisted of Carl Walters, who managed the design of the models with 
participants, Lance Gunderson, who had lived in Florida and worked with 
the Everglades scientists and myself. Steve Davis and Steve Light, 
mavericks and heretics of the South Florida Water Management District, 
were our partners. 
 
Conflict was extensive between various interests in southern Florida: 
ecosystems, economics, State, agricultural, and municipal.  A lawsuit was 
looming against those in the Floridian community committed to the 
natural environment.  
 
We brought together people who had been studying the Everglades from a 
technical perspective.  They came from key institutions there: two 
universities, the National Park, and the South Florida Water Management 
District (SFWMD). In total, we found about 25 key people from these 
institutions who had each been examining some part of the Everglades. 
WŜ ŘƛŘƴΩǘ ŀŎŎƻǳƴǘ ŦƻǊ ǘƘŜ ƭŀǿȅŜǊǎ ŀƴŘ ŀŎǘƛǾƛsts who joined us along the 
way, but we made room for them in our talks.  
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Throughout the history of the Everglades, water had gone through cycles 
of pattern of water distribution. The water was managed by dikes and 
pumps, and it took on the appearance of several, separate areas, each 
with its own source of water and hydrological characteristics.  
 
We based our model on the depth of the marsh, and the rate of decrease 
in depth. We then mapped out three different scales: the water, the 
movement of the water, and the response of animals, birds, and salt 
marsh to the water. In the model, we allowed the water to move across 
the landscape. It moved very slowly, as the slope of the landscape is 
gentle, and as it moved, it affected the species along the way.  
 
There were three depth levels, and three sets of things that emerged. The 
first were the alligator ponds, which were the last to dry up. From there, it 
progressed to the flooding of areas during the wet season, to slough, to 
salt marsh prairie extents with tree islands on extensive flats. The tree 
islands appeared in two different lumps: large ones, and very small ones. 
There was no middle ground.  
 
With our model, we were able to do what my son Chris had done for 
budworm two decades earlier: produce a movie of the Everglades, using 
the model as the thing that drove it. We set the model up in three 
conditions: one with no modifications made by humans, one with the 
actual modifications that were made, and one with the modifications that 
we were suggesting.  
 
We worked on the Everglades project for 18 months. I felt that, with our 
experience holding workshops and our combined knowledge, we had 
spent an appropriate amount of time to come up with a solution. In 1989, I 
was invited to give a talk on systems approaches to explain ecosystems. It 
was a keynote intended to help direct research and understanding of the 
Everglades.   
 
I asked the organizer, Steve Davis, an ecologist with the South Florida 
Water Management District, to arrange a series of aerial photographs of 
the Everglades for me to present as ŀ άtƻǿŜǊ-of-¢Ŝƴέ representation. The 
first photograph covered one square meter and depicted a saw grass plant 
at the edge of an alligator hole, a characteristic structure in the glades.  
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The sequence of photographs was taken as the helicopter rose over the 
starting point, increasing the area in the picture an order of magnitude, 
ǘƘŜ άǇƻǿŜǊ ƻŦ ǘŜƴέΣ ŀǘ ŜŀŎƘ ǎǘŜǇΦ   !ǘ ƘƛƎƘŜǊ ƭŜǾŜƭǎΣ ǘƘŜ ǇƘƻǘƻƎǊŀǇƘǎ ǘƘŜƴ 
shifted to satellite images until, 15 orders of magnitude later, the image 
contained the planet.    
 
The cross scale photos showed that the causes behind the huge 
arguments, conflicts and lawsuits in the Everglades depended on where 
the proponents located themselves: what economic lobby they 
represented and what political party dominated their time. Parts of the 
Everglades were wetter, other parts were drier, and water distribution of 
the overall system was dramatically screwed up.  The senior manager of 
the Everglades National Park was a huge disappointment, protecting his 
turf, muzzling his scientists and hiding their data in a way that made the 
problems worse, not better.  
 
To me it seemed like a constipated, overly rigid and pathological system, 
sustained by slavering greed and ignorance. Only wise people, like Lance 
Gunderson, saw it all from the inside and acted quietly and responsibly as 
they learned. Lance did that out of our laboratory. If anyone saved the 
Everglades, it was he.  
 
We presented the findings of the synthesis workshops in a final meeting 
(we called it a colloquium) in Orlando, which convened all of the regional 
players ς emphasizing wilderness, urban and industry.  We did succeed in 
getting them to interact openly among each other even though a lawyer 
representing someone threatened to close the meeting at one point.  Fat 
chance!  
 
That meeting was the event that transformed the policy and brought into 
focus how cross scale interactions at key times can spawn dramatic 
transformations. Carl, Lance and I left the politics at that point, and the 
rest of the participants, having started to talk, continued to do so in 
increasingly formal settings- another adaptive cycle in operation.  
 
While there was enough resilience in the Everglades itself, the question 
was whether there was enough within the institutions to make a change. It 
ƭŜŘ ǘƻ ŀ ǇǳōƭƛŎ ƎǊƻǳǇ ŎŀƭƭŜŘ ά9ǾŜǊƎƭŀŘŜǎ 9ǾŜǊƭŀǎǘƛƴƎέΣ ǿƘŜǊŜ ŀƭƭ ǘƘŜ 
ŘƛŦŦŜǊŜƴǘ ǎƛŘŜǎ Ŧƛƴŀƭƭȅ ǿŜǊŜ ŀōƭŜ ǘƻ ƘŀǾŜ ǘŀƭƪǎ ǘƘŀǘ ŘƛŘƴΩǘ ƭŜŀŘ ǘƻ ȅŜƭƭƛƴƎΦ ²Ŝ 
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held workshops that included everyone involved, and eventually, a 
solution of sorts arose. They built pumps and underground storage to 
store the water. It was a solution, but one that relied heavily on 
engineering devices, and cost $8 billion dollars to produce. Some two 
decades later, that system is still appalling, and although it somehow 
works, it fails to target the cause of the problem.  
 
We later saw echoes of similar regional impacts across the globe, in 
Zimbabwe where sugar companies ignored water management policies for 
profit, and in Australia where increased sugar production contributed to 
pollution of the magnificent Great Barrier Reef coral ecosystem.  
 
We did make one more step in south Florida Bay, where sea grass was 
dying over increasing areas.  We used the same approach of workshops 
and models, and ended with a clear answer.  Of the five or so impacts on 
the system, at various scales, the basic cause was the gradual 
disappearance of species ς manatees and turtles ς that maintained the 
diversity of ages of sea grass. It was no longer one homogeneous, single 
ŀƎŜŘΣ άōŜŀǳǘƛŦǳƭέ ŎŀǊǇŜǘ ƻŦ ǎŜŀ ƎǊŀǎǎ ƻŦ ǘƘŜ ǊŜŎŜƴǘ ǇŀǎǘΣ ōǳǘ ǇŀǘŎƘŜǎ ƻŦ ǎŜŀ 
grass of different ages, and a wider range of herbivores and predators 
maintaining the spatial diversity.  
 
The growing and spreading death of sea grass in Florida, the increase in 
turbidity and the reduction in fish species was a transient flip from one 
state to another.  We did not know whether the flip was irreversible or 
not, and I never returned to look or ask. I grew too busy with other 
projects to pursue it further.  

The Resilience Project Germinates 
 
During the time that I was immersed in my work in Florida, several of my 
colleagues and I formed the Resilience Project. It consisted of four or five 
colleagues and me conducting our own projects throughout the world. We 
ǿŜǊŜ ŀƭƭ ǘǊȅƛƴƎ ǘƻ ŀƴǎǿŜǊ ǘƘŜ ǉǳŜǎǘƛƻƴΥ ά²ŜǊŜ ǘƘŜǊŜ ŎƻƳƳƻƴ ǊǳƭŜǎ ƻǊ ŀ 
common language that guided a few dozen different ecosystem 
ŜȄŀƳǇƭŜǎΚέ ¢ƘŜǎŜ ŜȄŀƳǇƭŜǎ ƛƴŎƭǳŘŜŘ ǘƘŜ !ǳǎǘǊŀƭƛŀƴ ŘǊȅ ǎŀǾŀƴƴŀǎΣ ǘƘŜ 
European shallow lakes, the Boreal forest, the Everglades, and the Baltic 
Sea.  
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We were attempting to search for a way to develop a bridge between 
ecology and economics. Our hypothesis was that disagreements between 
the two occurred because ecologists examined a different scale than the 
economists. The goal of the project was to operate on that assumption, 
and explore how far it was true.  
 
I approached the various grant agencies, and asked if they would be able 
to support a project based on the premise of the conflict between 
ecologists and economists existing because they worked on different 
scales. The McArthur Foundation agreed to support us, with me as the 
project leader.  
 
We viewed each ecosystem from a number of different scales, and our 
research confirmed our analysis. We met every ten to fifteen months, at 
different, fun locations around the world, usually on an island. We brought 
together economists, ecologists, mathematicians, and social scientists.  
 
The last major workshop took place in Australia, ŀƴŘ ǘƘŀǘΩǎ ǿƘŜǊŜ 
everything truly began to come together. While Ilse and I were there, we 
ƧƻƛƴŜŘ ƻƴŜ ƻŦ [ŀǊǊȅ 5ƛƭƭΩǎ ƎǊŀŘǳŀǘŜ ǎǘǳŘŜƴǘǎ ŀǎ ƘŜ ǘŀƎƎŜŘ ǘǳǊǘƭŜǎΦ ²Ŝ ǎŀǘ ƻƴ 
the beach and watched him catch turtles to tag in Shark Bay on the west 
coast. It was interesting work, and a lot of fun to witness, as the students 
caught a turtle, attached a camera onto it, and a day or two later, 
recovered the now-detached camera with its record of feeding behaviour. 
The big surprise was that, except for the types of biota, the physics of the 
area was roughly a replicate of South Florida Bay: a large, shallow seascape 
with substrate depressions.   
 
But unlike South Florida Bay, it was fully diverse, ecologically.  Sea grass 
was in patches of different ages, and dugongs, sharks and manta rays were 
all enriching presences. They maintained the diversity, persistence and 
resilience that had been lost in South Florida Bay. 
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Inventing a New Kind of Institution 
 

The Resilience Alliance is born (1997) 
 
After five successful years of the Resilience Project, we had a synthesis 
that I found satisfying. Over a hundred papers were published in various 
traditional journals in many disciplines, but the heart of the work appeared 
in four books.  
 
I decided that the group of people in the Resilience Project worked so well 
together that it should be transformed into something more. In 1997, the 
Resilience Alliance (RA) was born, as my novel effort to get out of 
scrabbling for grants. At the beginning, it was horizontally organized 
around a core of five people who delighted in the joys of mutual discovery 
and in fun. Its horizontal design meant it was managed by a Science 
Leader, a Senior Research Fellow to coordinate collaborative research 
synthesis, communications, and outreach, a Chair of the Board of 
Members, an Executive Director, and one or two Editors of the journal.  
 
The six founders of the Resilience Alliance were Brian Walker from 
Australia, Calle Folke from Sweden, Lance Gunderson and Steve Carpenter 
from the United States, and Phil Taylor and I from Canada. It was designed 
to be able to access grants when it was possible to do so easily, and to 
stretch resources across institutions when it was not. A minimal survivalist 
structure was designed because I knew that there would be times when 
grants might be hard to come by.  
 
The RA needed to pay attention to its own resilience. To do that, we 
figured it could persist, if grant-getting failed, on the membership dues of 
the 15-20 member organizations. Because of this, the RA became 
international and informal, and good at discovering new science theory 
and applications. For we were good at inspiring each other to do our best, 
good at stimulating art and limericks, with a focus on people who were 
ƴƻǘŜŘ ŀǎ άƎƻƻŘ ƻƴ ƛǎƭŀƴŘǎΦέ 
 
On the surface, I was head of the RA, because the founding of the RA was 
funded by the grant that we had received from the McArthur Foundation. 
While the money had been bestowed upon us to fund our research on 
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displaying methods to integrate ecology and economics, the Foundation 
ŘƛŘƴΩǘ ŎŀǊŜ ƛŦ ǿŜ ǳǎŜŘ ƛǘ ǘƻ ŦƻǳƴŘ ǘƘŜ w!Σ ŀǎ ƭƻƴƎ ŀǎ ƻǳǊ ƛƴƛǘƛŀƭ ƛƴŦƭǳŜƴŎŜ ŀƴŘ 
research was maintained.  
 
Around the same time that the RA was under development, Bert Bolin, a 
Swedish atmospheric scientist, accepted a new task to design and manage 
a program of ongoing information in the international UN program of 
global change. He was asked to simplify it as being strictly linear, and 
strictly natural science. He knew that this was wrong, but he also knew 
that this simplification was needed to get people working together in an 
environment in which the real needs of the environment could emerge as 
acts of self-discovery.  
 
Bert and I were both members of the Board of the Stockholm Environment 
Center, and he really liked the work my colleagues and I had done to 
develop an integrated theory that linked both ecology and economics. We 
met to discuss the different projects we were working on and my growing 
frustrations I had as I tried to get the RA off the ground. I realized that I 
might have to simplify things in order to engage people attracted to this 
type of work, in such a way to get them to truly understand the more 
complex ideas that would later arise.  
 
As the Resilience Alliance was developing, I had also accepted a job as 
founding editor of a new Internet journal, with the hope that it would one 
day be a boon to the RA. The Internet journal was an idea that originated 
from the people in the biology department at Carlton University. 
 
The grad students were having difficulty getting their hands on copies of 
papers they needed for their degrees, so Phil Taylor had the idea to 
establish a journal that was exclusively on the Internet and was accessible 
to everyone. It would offer opportunities for experiments in thought and 
communication, as well as more traditional papers of application and 
theory. Conservation biology was the original topic, and they wanted an 
editor and an institution to ally it with. Thus, I became the editor, and the 
American Ecological Society became the institution. 
 
It was a very trying, maddening time for me, as I tried to juggle getting 
both the Internet journal and the Resilience Alliance running. It was the 
beginning of a new adaptive cycle. My colleagues and I scrambled for 
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ƳƻƴŜȅ ǘƻ ŎƻƴǘƛƴǳŜ ŦǳƴŘƛƴƎ ǘƘŜ w!Σ ǿƘŜƴ ǿŜ ŎƻǳƭŘƴΩǘ Ŧǳƭƭȅ ŘŜŦƛƴŜ ǿƘŀǘ ƛǘ 
was yet. It tested my patience greatly, and there were many times I cried 
ƻǳǘ ǘƻ LƭǎŜ ƛƴ ŦǊǳǎǘǊŀǘƛƻƴΣ άLŦ ǿŜ ŎŀƴΩǘ ŦƛƴŘ ŀ ǎƻƭǳǘƛƻƴ ōȅ ƴŜȄǘ ƳƻƴǘƘΣ LΩƳ 
shuǘǘƛƴƎ ƛǘ ŘƻǿƴΦέ .ǳǘ L ǇŜǊǎƛǎǘŜŘΣ ŀƴŘ ŦƛƴŀƭƭȅΣ ōƻǘƘ ǇǊƻƧŜŎǘǎ ōŜƎŀƴ ǘƻ 
become more professional and structured, and they started to function 
well. It was a long, slow process, taking about three years for both to be 
effectively running and established.  
 
Once the Internet journal started to run efficiently and gain a widespread 
readership, I felt that its title was not consistent with my views. So we 
shifted to a larger scale and named it the Journal of Ecology and Society. 
After the first few years, the Resilience Alliance became the institute 
sponsoring the journal. Gradually, author fees paid the staff salaries and 
programming expenses, thereby freeing membership fees to support novel 
projects of the Alliance.  
 
After my founding editorship, good friends Lance Gunderson and Calle 
Folke took over magnificently as editors. In a large sense, resilience has 
been the continuing theme.  
 
This gave us our own journal that flourished completely on the Internet, 
which was one essential part of the Resilience Alliance.  The second was 
the agreement among up to 20 member groups around the world to share, 
cooperate, and launch collaborative schemes together, to remain 
innovative and flexible, and to pay a small annual membership fee. Initially 
that was $15,000 each, but that slivered down to a more acceptable 
$7000. In our first few years, that money was so difficult to acquire.  
 
Each of our members, initially all from the heart of the Resilience Project, 
had to find that money in any way they could.  Most did it from grants they 
had acquired for their research. I did it from the endowment for the Chair I 
had at the University of Florida. The Ecological Society of America helped 
at a critical point for two years.  
 
Lance Gunderson finally unlocked the jam.  At a meeting at Emory 
University, Lance suddenly offered to join and presented a check of 
$7,000, provided by his wonderful Dean, Steve Sanderson. The rest of the 
groups gradually invented ways to get their dues in place, with South 



Bubbles and Spirals - 76 - Second Edition 

Africa being the most imaginative by assembling various groups from 
across the country to contribute and participate. 
 
The RA flourished, and unexpectedly started to spin off formal centers of 
resilience in the home bases of its members: Calle Folke and the wonderful 
Stockholm Resilience Center at the University of Stockholm, Frances 
Westley and the Institute of Social Innovation at Waterloo University, 
Terry Hughes and the Coral Reef Center at Brisbane.  Marten Scheffer 
created an imaginative center in the Netherlands thanks to the magical 
prize he won of $8 million for any good things for science! 
 
The Resilience Alliance mixed deep scientific traditions (the peer reviewed 
internet journal) with innovative research on resilience, in theory and 
practice. But it was also an institutional experiment.  How far could we 
avoid the institutional adaptive cycle where traditions accumulate and 
eventually control?  
 
The requirements for becoming a member of the Resilience Alliance were 
simple: the total number of groups in the Alliance must not exceed twenty, 
the groups must have the money to provide membership, and they have 
to agree with the rules. There were no formal rules, but we learned, 
retrospectively, that there had been a set of guidelines that were crucial in 
launching the Resilience Alliance.  
 
-Start small and build an informal group of committed folks "Good on 
Islands."   
 
- Do not own anything.   
 
- Get flexible money, i.e. money that can be used to try something bold, 
that can be wasted when some initiatives fail, and that can be used to buy 
off potential partners who were failing by moving in a different, narrower 
direction.  I worked hard to get that money: first from my endowment at 
the university, and then from private Foundations (Ford, MacArthur, 
MacDonnell, and Rockefeller).  But never from government sources, which 
I found to be too fearful, or too jealous of innovation and gambles, or too 
stretched by competition for limited funds.   
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- Try to have maybe 70% of the money for the good stuff, the things that 
are working. 
 
- Do not get trapped by a pre-existing vision, but use the work to learn and 
create a new relevant vision. 
 
- Start small and continue fairly small, but try to be continually innovative, 
ex. the Resilience Alliance started with 4 groups and grew not to exceed 20 
groups and about 100 people in about 9 countries. 
 
- Keep membership dues absolutely as low as possible (in our case $7000 
each, which rose to around $11,000), at a level where we could survive if 
grant money dropped to zero (this is the RA sustainability rule!). 
 
- Use the Internet and web extensively, but always have face-to-face 
occasional meetings somewhere in the world where it is fun to be. 
 
- Build a culture of fun, work and "rituals" such as limerick contests, music, 
and Ralf Yorque Society nominations with a special T-shirt. 
 
- Outside the meetings, walk in the woods or on the beach with one or two 
colleagues, exploring a question you or they have been thinking about. 
 
- Create something permanent and formal, with a traditional structure that 
anyone, inside or outside the organization, can recognize and benefit from. 
That was the journal Ecology and Society, the first except some early trials 
in Physics, to be entirely on the web, free because membership duties paid 
for it until author's payments gradually took over. It was traditional 
because it was peer reviewed, and had a distinguished editorial board 
from the disciplines concerned- biology, ecology, mathematics, economics, 
geography, and sociology. 
 
- As solutions are developed (e.g. potential policies for future actions) keep 
them in a back pocket until external events and flows make the politics or 
people ready for new solutions (that is where we are now in relation to 
global climate change). 
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- Ultimate sustained solutions need sustained leadership in the region- 
someone broadly respected, influential and able to communicate and 
debate. 
 

Panarchy: Adding an Unexpected Spiral 
 

 
Figure 8. Panarchy graphic 

 
A fountain of rich work burst forth from the Resilience Alliance, the largest 
being the publication of four books. These books focused on the various 
discoveries and research we had compiled. 
  
ω Discontinuities in Ecosystems 
ω Navigating Social-Ecological Systems 
ω Discontinuities in Economics 
ω tŀƴŀǊŎhy 
 
The first book, Discontinuities in Ecosystems, was on multi-stable states in 
ecosystems, wet and dry, cold and hot.  Ecosystems flip into different 
states, a condition that was broadly doubted at the time by skeptics, and 


















































































































