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Preface As good as it gets!

Duing his whole |&, 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 attd¢he 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 Priz€008), culminating in the honor of being named
an Offier 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 sumb 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. | am thankful that now (end of 2015) he is able to work through
themagainandi KS FAYylFf LINRRdzOG oAff aAYLX @

With my deepest love and gratitude for taking me along for the ride,
llsec December 2015

Special Acknowledgement

Without the persistence, encouragement, and attention to detail in editing
by Jon &hnute, this memoir would not have reached its current state of
perfection.

Thank you, Jon.
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Figurel. Samoa:Claysculpture by llse 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@n 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.

SourceThe Oxford Book of Americand®y (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 unexpectecheighbor
by Jon Schnute, February 2017

¢tKS K2dzaS ySEG R2 2N GkeYidhg fdeld sigh2tdNJ & | £ ¢
lyy2dzyOS a{h[5éd aé& HATFTS [ dNF whiOK
bought it.

In the meantime, Line Christensen had just finished a work term at the
Pacific Biological Station (PBS), from which | had recently retired. You can
picture Line as a creative, talented, compassionate young woman with a
delightful energy that engages peopeound her in worthwhile projects.

She was then aecent graduatefrom the University of British Columbia

(UBC), where her father Villy Christensen was (and still is) a -highly
respected fisheries scientist. | offered mentorship to Line, particularly in

the context of the R project for statistical computingttps://www.r -
project.org/). Bymentorship | mean mixing with bright young people in

0KS K2L)Sa GKIFIG GKSeQft {1SSL) Yéto YAYR 1
YydzZRIS GKS RANBOGAZ2Y 2F NBaSINOK G224t
case, | suggested that she explore practical applications of my R package
PBSmodelling

Her work term during the winter of 2002008 had passed quickly, and
Line soon had to moviFom 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
Coyotesn Nanaimo. A further email from Villy invited Buzz and |iskirdy

to join us. | had heard that the Hollings lived in Nanaimo, so | 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 lise Holling,
my wife Laura Richards, and I. We quickly found much to discuss. Buzz and
| pursued scientific ideasyhile llse and Laura chatted animatedly about
personal matters. llse 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. Buzzisnd |
would soon become our neneighborg


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 girobability to
new limits. On the following Tuesday (April 1), | sent Buzz this messag

Laura and | are still reacting to the remarkable events last

Saturday. In fact, the wortkactingfails to do justice to our

feelings. English seems to lack an appropriate verb, so I'll

invent one. Defineresilateto mean ¢react to events as if

they indicate atransforma A 2y 2 NI G KSNJ 4 KFy | YSN
Another, moreps K2 f 2 3A Ol t RStdduspacti A2y YA IK
that the universe is trying to tell you something, even if

tKI 6§ Ua &OA Sy i AJodidthat derse, RavrhJend & A 6 f S ¢

| are still resilatig to the events last Saturday.

LQY 6NAGAY3I GKAA AYy CSONMHzE NBE HAMTX
described above. Living next to Buzz and llse has indeed proved
transformative. Although Buzz had dedicated much of his career to a field
calledresiieces L RARY QU {1y2¢ YdzOK | 62dzi A
more. | even had some skepticism, because resilience theory seemed to
fl1 01 GKS (GKS2NBGAOFKt F2dzyRFGA2ya ySO:
later, but | want to start with more personaxperiences. 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 youy' S A 3 KfiseidslZnd family when they drop by. You

can discover qualéd tradespeople who work on yoyf S A 3 KB &
Most especially, you can share the daily experiences that bring meaning to

life, for better or worse.

Most people who meet Buzz and llse quickly discover their remarkable
gualities. For example, the womavho previously owned their home liked
LtaS a2 YdzOK GKFG aKS FOOSLIWGSR GKS 1
might have been available elsewhere. (Laura and | remain immensely
grateful for her gracious gesture to the neighborhood.) llse 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 sliaround 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 llse invite you to
a party, yai absolutely can count on meeting remarkable people.

LQ@S (AGESR (KSaS aemMmwSyxy NB¥SWHYHyS$ ElLS
¢2t1ASyQa The YWabidThedisst2chaptera ! y ! Yy SELISOG S
t | NJindl< Bilbo Baggins surrounded bywizard andhirteen treasure

seeking dwarves. As meighbor Buzz feels a bit like a wizard with
connections to scientistpursuing treasures of ecological reality. They tell

legends of forests, lakes, streams, and animal populations subjected to
thoughtful scrutiny. Durig the next few years, | personaliyet many of

the people mentioned in this memoirwhen they came to visit
Consequently, when Buzz started writifrgs opusin 2013, | could

appreciate his efforts and assist where possible. | liked the human tone of

his narative, quite different from nost scientific memoirs. Also, he had

included original art by himself and others, thus creating a bridge between
science and the humanities.

{ITRfex .ddi1TQa KSIfdK G221 | yS3FiArgs
languisted. Despite considerable progress, it remained far from
publishable. | became a strong advocate for its completion because, | felt,

it represented an important chapter in scientific history described in
simple language by the man responsible for its depelent. | carefully

archived all existing drafts from various computers that held traces of the
project.

| then began extensive editing to fix errors, add tables of contents, and
transfer figures from earlier drafts into the current version. llse 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 | revised text
to make the meaning clearer. Fortunately, | could confirm directly with
Buzz that every sincchange met withhnis approval.

Ly GKS &dzYYSNJ 2F HnmcI GKS {{i201K2¢ftY
9RAGAZ2YE¢ | fAYAGSR LINAYG OSNRERAZ2Y Sy
Buzz. Not surprisingly, the first edition still included numerous errors, and
readers (notaly Lee Gass and Larry Dill) spotted further problems.
Hopefully I have fixethost ofthem inthis secondedition.
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Earlier, 1 mentioned my skepticism about the theoretical foundations of
resilience as a scientific theory. It certainly lacks the soliditphyfsics,
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, BuzZocused on collaborative teams and realistic data
collection. He wanted people to work thoughtfully and collectively toward
understanding the complexities of our world. This involves sbehbvior,

such ashavingunexpectedparties to break the icand writinglimericks to
capture humor. A nice bottle of wine sometimes loosens a -Jag.
Resilience emerges when many channels of thoughtl@fthviorremain
open for exploration.

After resilating to the arrival of a wizard next door, | had a chance to
witness hisremarkable approach to science and the human condition.
Readers of this memoir can witness it, too.
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Introduction

Asa childin Ontario inthe 193s,my house bordered the edge of a forest,
and | became entranced by the secrets that it seemed to haldisl often

left to my own devices as a boy, and would sneak off into the wild woods
whenever | had a free moment. The boughs of balsam and poplar, birch
and spruce beckoned to me and tangled me in their mysteries. | began to
explore further, discovering passion for the land beyond the forest as
well. | 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 taméackyard.

What enthralled me most were the pds scattered throughout the
woods, each one like a small world within a world. | 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 surwe 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 miscopic 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 outreayd
could snatch at preyand thenwithdraw back into the safety of their
homes.

| found a sese of freedom and flexibility when immersed in nature, and a
number of transformative ideas began to takkape,as | grew older. With
each idea, it was as if a blind had been lifted and | now viewed the world in
a slightly different light. | began to makconnections, and notice things
that | may have observed, but had never really seen clearly before. The
world took on a new meaning with each major discovery, and | 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 caréesill demonstrate
how that same freedom and flexibility 1 found as a child in the forest
continued to follow me through the various spirals of my life. | 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, unexpecteanner, 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 aiitl an appropriate mix of
enthusiasm and devotion of a few people and the skepticism ofiyna
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, ofterequiressome additional tests, and then
eventually pauses with a set ofdted 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. Tpically, 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 nsprinciple 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 spurtto a new one. This is basically
CK2Yla YdzZKyQa RSAONARLIIAZ2Y 2F a0ASyOS
philosopher of science who presented this argument in his ground
breaking and controversial 1962 book The Structure of Scientific
Revolutions. It perfetly reflects my experience, though | gather
philosophers of science question his thesis. Typically, | have found that the

spiral of exploration takes at least twenty to thirty years. | guess that is the

same in all fields of enquiry. It is a reflectidnpeople and their behavior,

not of a particular discipline.

| 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, orrekpdo smething
extraordinary and lifechanging. 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 defie my life. These form a spiral: a spiral that interacts
with the spirals of others and that lives on in succeeding spirals.

| delight in discussing ideas that were and often still are new to me, and
their source and spiraling influence in my life. Soehare the bubbles |
have encountered, discovered or created. And here also are the spirals of
thought and enterprise that followed.

My bubbles are personal observatiersome 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 th@own 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 oBeginnings
Undergraduate years (1948952

While | was an undgrad student at the University of Toronto, working
toward my Bachelor of Science degree, | learned of a program that offered
summer employment through the Research Forestry Laboratory located in
Sault Ste. Marie, Ontario. The program was directed towaxdosing
undergrad students to the work they were doing, and | jumped at the
opportunity to be a part of it.

The team | was a part of had been set with the task of assessing how much
damage had beenahe to the dead and dying treetamaged by fire and

by the wood boring beetle When | 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, | was eager to put my
educationinto practice.
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There were no roads iar out, and nothing but dense trees and vegetation

£ f I NPdzy R dza® 2S RAR KIFI@S | 00Saa i
established ourselves there. There was no electricity or means of
communicating with the outside world, and so we, as a team, became
iMMSNESR Ay 2dzNJ 62N] |yYyR SIFOK 230KSNRa

¢tKS F2NBadQa SRIS adwaidi &ied Kirddigaphiad | € |
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 | objected 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 ewd to a large string of numbartine 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 carige

waited until nightfall to send the blocks of wood off, and one of my
colleagues sounded a loud whis6 (G KIF i SOK2SR | yR 0 2dzy
face, sounding chilling and ominous in the night. The tourists awoke with a

start and scrambled away from the blsc&f wood that tottered toward

them. Once we were able to contain our laughter, we made the tikrd

to their camp and informethem 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 sm@wyrouse 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 duettee infesttion 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 aone-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 wod could still be used for pulp?
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While in thesmall cabin hidden amongst the dying trees, | not only had my
first taste of putting my scientific background to practical use, but | also
learned to cook, and developed lofasting friendships. | also learned of
the longhorned beetle, Monochamus notats, a magnificent insect
ranging from 36 inches in size with long extensive antennae. It was an
enriching time in my life that lasted for the following three summers of my
I OKStf 2NNRa&d RSAINBSZT |yR RdzMdlogyd (G KS & dzy

At Work with aa I & (i BeiEri1952

My career truy began in the &l of 1952.1 had just graduated from the
''YAGSNARAGE 2F ¢2NRyid2 SAGK | al &adsSN
summer employment, | was immediately offered a -futhie position in

Sault Ste. MarieDntario, to work at their Forest Research Laboratory.

When | arrived in Sault Ste. Marie and joined the other scientists at our
remote location, | was taken aback by the lack of technology and the sense
of isolation that came with it. The lab was located la¢ functure 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.Gigse, 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 wasat the University of Toronto, 500 kilometers away. There was
no Internet, no email, and | was an awful correspondent.

| 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 pifizen 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 sienceever sirce, and the papers describing them continue to be
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referenced now in 2015, 60 yeardater. The functional responses
triumphed!

Despite the obvious drawbacks of our location, therking environment

was open, welfunded and freely enterprising, and | jothewith 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! Frankhaped interdisciplinary research in forestry with

his focus on insect outbreak species, particularly the wonderful spruce
budworm. | was awed by the knowledge and passion of the scientists at
the lab, which only further fueled by own desire to produce etbent

work.

Figure2. Small bird in teak by Buzz Holling

Likeme, most of the other scientists had growp $urrounded by nature,
and the industrialization of the city came as a shock to all of us. We
developed a small commity of like souls who enjoyed art, music, and
engaging in wild discussions of ongoing world events. Artistic activities,



Bubbles and Spirals -16- SecondEdition

music, and theatre were encouraged, and we met weekly, displaying our
efforts to each other with laughter, jokes, and good food. It \wasay br

us not only to survivebut 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 estaduis
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 adlieand after the war ended, each of
the countries from the allied side shifted into a pagsar mode of
expanding in science. The United States, for example, had atdamg
focus on universities and government.

In Canada, government labs were spread atbas the country, from east

to west. The Forest Research lab | 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 weregiven a remarkable charge: do good science that was applicable

to the general area. So | 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 piega
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. | imagined componentsf @redation: 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 ®he 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
guestion of the moment.

With the scientific work that was going on at theme, this was an
impossible feat.Non integrated €ientists drew largely from physics,
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which is basically simple in itself, to test their experiments. Ecology, on the

other hand, isan integrated sciencenulti-faceted and complex, so when
physicswas dplf A SR A G 02 dzf Ry Qrientbried gv® (2 |
In an effort to do experiments that would explain a particular process,
scientissintentionally fell short of achieving all four attributes.

However, | decided to challenge this notion and conduct experiments that
g2dzZ R NBGFAY Fff F2dz2NJ OKI NI OGSNR&GA
language to do so at the time. | made use of components analysis, which

was a way to examine key processes thafie@kd 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 subsidiacpmponens of the process. Byasic, |
mean the elements existing every possible example, whetheista bird,

a mouse, or an elephand( a submaring

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, wh the hunger of an aninhaeaches a certain
point, itsbehavior changes, thus affecting the basic components.

The animals | largely used for my experiments were praying mantis, birds,
shrews and deer mice. It required a small zoo to rear and maintan th
necessary beasts. The mantis work, for example, required a small stable
that provided a continual sourcef prey, such a®rosophila houseflies

and blowflies Another stable was required for the praying mantis
themselves, whose egg cases came all thg fxom Pakistan.

| chose to study the praying manparty6 SOl dzaS 2F GKSANJ aa
require the use of highly expensive machines to measure them. Our
budget was limited, and this was one expense we could not afford.
Secondly, | wanted to styda 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 idaht

behavior and attributes to each other, thus making them predictable and

perfect for the type of experiments | was conducting.
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Another creature | worked with were shrews, which were either bred in
the laboratory or caught in the wild. They were al$msen largely due to
their small size.

| set up a large experimental enclosure that they could roam around in,
GKAOK gl a Foz2dzi mMnQ G2 wmpQ AxlassiAl
mirror so that | was able to observe their actions without disturktimgm.
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 densiti@sdisplay what effect density had on
the attack.

In every instance with every species, it was a matter of how | could get
individuals of similar condition that would leave some easy way to indicate
what they were doing, whether it be through their mawents, digging
holes, and so on. It was a simple way to collect the data that | wanted to
analyze.

While | conducted m 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. Evebp 4@ars,
budworm would appear, seemingly out of nowhere, and flood the skies
and trees with larvae. Within three years of diftion, 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, Quebecand New Brunswick tosome
northern statesn 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 duratiRis.
Fisher, a welknown gendicist 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,

a YdzOK 2F a0ASYyOS KIR 0%8Sy |ySOR20GlI f
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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 GRiear, New
Brunswick, opening an exciting newethod to fieldenquiry by applying
the statistical approaches of R.A. Fisher for the first time.

The spruce budworm project was the first larggale study that was at
least a little interdisciplinary. There were foresters, entomologists,
economists, ad ecologists, all applying their knowledge to the same
problem Ken Wat, my university friend,appeared and set the stage for
computer analysis and modeling, which was one of the first ecologses

of computers. And | 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 whiclegmt 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 understahthe 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, insearching 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 insecticitie appease peopleand by
getting a good publicist who described the sprayinggoaon 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.
CKFiQa ¢6KSNB adFrdArAadAaolrt al YL Ay3
estimate the damage and density of theidworm. The forest, which had
once been lush and thriving, had now become a barren graveyard for
trees, dripping with budworm.

-

ol
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As Frank worked concurrently with the spraying program, a committee
was formed to organize various distinct interestslt conprised
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 theudworms vere 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 tre 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 slould be put on the spraying program.

While Frank and his team were conducting their reseafahas working

with my team developing our own models of the forest. When we added

GKS ALINIeAy3d (2 (GKS Y2RSftX 6S RAaA0O2 D¢
up. Wescoured 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 secretlppaoached the more
malleable members of the committee and convinced them to have all of
his property sprayed, whether it needed it or ndthis skewed the results

of the model andprovideda lovely example cd general principle:

The face of reality carhange dramatically when one is forc¢d
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 werquickly that interfaced with machine
fly3dza 3Sx a2 GKS aoOASyidAraid RARyQl KI
time, it was unimaginably new and exciting.
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| suddenly had a language | could immediately apply to my praying mantis

data and graphs. The basiidea 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
G26FNR (KS YIyGuAa y20Ay3 GKS RA&GF yOS

Dependig on the level of hunger, it would react differently. These
thresholds were what organized the research | had done. FORTRAN made
dzaS 2F aLCé adiFtheShWngef (s HrEatedtaz@ech dand & L
such, thenGO TOX € Those IF statementprovided alanguage that
capturedbehavioral changes by series of thresholdsThe accompanying

Db hé¢ aidl i Seasy prégratid jump past irrelevant formulas

to the one that was applicable. While | had developed an understanding of
the mantis work, | now had a proper language to explain it to others.

Bob MacArthur, the world ecological leader at the time, wrote me that
analyzng 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, iby are modeling a ball rolling down

a hill, surely it is necessary only to knowhtsght and the time available.
Unlike MacArthur, however, | was also interested in the path down the hill,
the bumps and stability regions where the ball can pausé¢way down.

That needed more.

In order to collapse the complexity, | shifted the creature being examined
to a person who simulated attackhe was blindfolded and placed before a
table to which dscs of sandpaper were tacke8he tappedat random
placesfor a while stopped when shéelt 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 predatjevhere the basic components
were rate of search, time exposednd time spenthandling discs. The
NB a dzf disd ¢odatios captured this basic set up, and effects of
subsidiary components could be added: hunger, avoidance and learning.
Four fundamentally different types of predatiotould berepresented by
four variants of a commwoequation.

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 | were the only ones who had ever discovered a way to capture

shrews alive. Bucket traps, nesting material amerms 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 pted 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. | thought it was a great idea. It seemed to me
there would be very littleisk 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. | trapped 22 in Green River, and flew them by Beaver
aircraft to Corner Broe, 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
| 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 ldtewnas 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 mainlanddall was well again. Years later,

at my cottage in Ontario, | even metYdewfieQwvho 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 Fourd C (Hbw animalsFeed, Fight, [Ee, and Fornicate

During my research| launchedcollaboration 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 ingutions 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 aBHE environmealist 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 parliamenyavote that his party would haviest,

by accepting the Premier's plea to be the first CEO of a new Crown
Corporation, Ontario Waste ManagementDon attached all sorts of
conditions to accepting the position, such as opening new toxicology labs,
having freedom to design in total, and thieeedom 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 wasiwit
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 calesman as | recall, who was
called the "Newt of the North" because bis 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 BellevilleOntariod LYy GKS 1tnQa KS &FAR GKI
from his large scale political/administrative life to concentrate exclusively

on mites, learning in the proce$sore and more about less and less."

He added that, in contrast, | 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 | objected. In fact, | have moved to "learning less and less
about mNB YR Y2NBHbH ¢KS NMHz S 2F KIYyR
i K dzY ineQitable 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 lifele passe@way from a heart attack i2007.

The behavior of a complex systenmvolves multiple causes and
connections A rule of thumb, with its focuson a single featureneeds
extension to aule of handthat admits severaimportant features. For the
general public, threearefully choserpoints (corresponding to the three
central fingers of a handjften suffice as a memorable summary.

**%x

Around 1960, we attended a large conference in which many Canadian
government scientists wergresent, and decided to make a pitch to them.
The key decision maker was Malcolm Prebble, whom | had had previous
dealings with. He was a shy, introverted man who imratay 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
2dzNJ LIAGOKSXE al fO2fY &l RaRthesepeopl& &ared S dzii
LINRLI2&aAYy3X odzi L fA1S (GKSY®dPE 5S5aLIRI
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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Bven 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 keythese different disciplines of
science was a tremendous amount of innovation. He was so articulate and
sowell connectedthat he was able to get private money to establish this
new institute, whichhad the unique feature of having no lab.

The argumentwas 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, inigfhl 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 innovationwell 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 laboratoiyom
Alamos, New Mexico started it

It is a wonderful Institute that started in a monastery dater movedinto

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 2B@gpersonboard of science.
The first board gets the money and establishes overall policy; the second
launches experiments and other sied that typically draw upon a group

of thinkers and doers over a few days to a few months.

| 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.
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buildings the kind of episodic evolutiary features reminiscent of
ecosystemsfeatures created as time passed and as users shifted interests

and developed new needs. Arm his bookd / € 2 01 2F h&KS [ 2y -
saw the world as one needing preservation and access to the slow
processes that undée complex systems.

*k%k

But back ¢ the lab in Sault Ste. Mariebegan to grow anxious arwlaving

change. The Department of Forestry had opened a lab in Victb®iéb)

called the Burnside Road Laboratory, and | asked that my family and | be
Y2PSR GKSNB® .dzii GKFG gl ayQi Sy2dzaAK

After my family and | were settled in Victotidecided to test the flexibility

of the Department even further, with a proposal that would stretch them. |
asked them to support me on a oiyear sabbatical in Hawaii. The
underlying argument was certainly a good one: | told them | had a desire
to test the generality of the predation theory | was developing, based on
extensive studies in the laboratory and in nature. After all, | did have a
theory that was precise, holistiand in organized sets, simplBut was it
general? Where else to test generalityan 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 adventurey Th
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, statf
hasgrown tame, not revolutionary.

Sooff | 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 | fitsbonded with my children over my work. The
waters sparkled with diversity, alive with butterfly fish agoatfish 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, ielhg 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 oft,i and Nancy crawled through the
waves till close to submergence. It was an entrancing environment ripe
with opportunity.

During my time in Hawaii | started to see unexpected behaviors. lao, a
schoolingfish, never touched the posts they gathered aroundr did they

run away from predatory barracuda but instead swam around them,
forming a zone of safety. So | caugithoolingfish and barracuda,
observed their behavior in large aquarand developed models to explain
their behavior.

The behavior thaao demonstrated turned out to be the response of all
species that were pelagic swimmers, that is, complete residents of open
water. But schooling fishyhichwere not exclusively pelagic but also used
hiding holes in the reefs, swam away from the bauda 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 s a band of safety, for response if the
predator shifts its attack. Caribou do it to wolves, iao to barracuda.

| did various experiments to test the reactions of fish to predators, often
using myself as the model predatoMany years later Wwile searbing
online, | stumbled upon a webased example where the same essential
behaviors | 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 rué 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 exampte, a full orchesa
playing drums and cymbals!
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In one of my later experiments, which took place at home in British
Columbia, | 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
GKSANI adl NIft SR FfAIKEG a02LIISR G GKS
showed that further movement was dictated by the appearance of a

corner, and as there was no corner on an @sgly 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 behaviowhere 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 | realized that they could one day be applied tdtetogical
advancements, such as robot movemeptsguidance for driverless cars,
which now, in 2015, are close to being reality.

L OF LW dz2NBR YdzOK 2F GKS oStdzie 27F 11|
pictures of mahimahi under a raft as they attacked pregnd schooling

and solitary fish reacting to potential predators. | 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. AR f F GSNE (G2 Ff201Ay3 AdoAa Ay
.0a Ay GKS ale lFa GKSe FtS¢gsx lFtyvyzad
nesting islands.

tKSaS GSNB | ff 0S| dzii A F dz aAbdzZ GA2ya
glimpses that led me lttle closer to understanding the patterns of life

**%x

My family and | 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 Starie? Or was the state

of growing rigidity persisting within the whole department?

| immediately began to sense that the flexibility and freedom | 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 redttion of the age of most of the
people, who had aged their way to less imaginative, less enterprising
attitudes.

| worked there for about four years, and while the work itself was
unremarkable, it was there that | found a connection with my daughter,

Nancy. As she grew, she developed a deep interest in animals. | 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 gl when threatened, she would collect

them and entwine them around her bicycle handlebars. She affectionately
0SOFYS (y26y | & irKeghborBogd, gnEnol, NREE Ay 2
she is a veterinarian who specializes in acupuncture for animals.

When Ilater moved to UBC,ree of my first PhD students was Larry Dill.
Having discovered our shared interests in the topic, | 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 gpbdase 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 Universityfew years later.

Forexampl& S RAA02QOSNBR GKFG [ NNEQa 42
to model prey of different sizes generated equations that were the same

as the equations | had independently derivied attack by praying mantis

to prey of diffeent 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 distee of attack.

Larryand Itested the basic rules widely. One test usedykarold 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 diredy, 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! Thdaklid not realize how
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much truth there was to his statement, something | would come to learn
in later work.

One day, when | was doing researchan across the super ellipses it
Hein a poet and scientist from Denmark, who designed squares igs it
that were easy to navigateh S 3 @S  (uiie8 ellipsBa\tdy thed &
shapes he applied to city squaréekey were approximate representations
of the avoidance contowrof my schooling fish and dith fact, represent
easy routes along pplas that were fee 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 | had
discovered edier. 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 pr&einor 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 éi@mexpands, and this

is called the loom signal. When the object reaches a certain distance from

GKS FTAAKZI Ad NBIOGAD® LY aK2NIzI GKSe& 4
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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.

2SS 02y O0f dzZRSR GKIFG yIFGdz2NS R2Sa yz2i 2
assumptions of complete knowledge, in theditions of simple decision

theory. Nor are its responses efficient. Actions are based on just sufficient
AYTF2NXYEGA2Y (2 | addz2NB | RSljdz Gt @ (GKS
provide options for reversalikely 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 pnd
mistakes. But the mistakes become possibilities for pew
learning, not routes to failure.

2 KSYy [IFNNE S5Aff YR L #SNB g2NJAy3 2\
rented a cottage on the Sunshine Coast near Vancouver to continue
writing. The cottage was a retreat. While there | noticed Pacific Northwest

Crows behaving strangely. They would ov@r 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.

LG Y20AQFGSR YS (2 oNAGS I OKAf RNByQ:
¢KS / fdzvae dicNRint was that fMSladit 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 | later
presented the fable to my grandchildren, they were thoroughly loiprgut

my 92yearold 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 ifse

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 surpe 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)

Maladrot 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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Embrace risk. Collaborate.
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] Figure3. Three cormorants in acrylic by Buzz HoIing -
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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. | began to grow restless as the labs | worked at moved from a phase
of innovation to that of conservation and rigidity. The adaptive cycle
started to emerge. | sought changeajdathis 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 | experienced firsthand. When | was first employed there, it
was undergoing a phase of innovation, slowly achieving successful
inventions and designs, then shifting to ssefhat attempted to control
those very inventions, which led to overall rigidity.

But then | 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 casekbd 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 locatiansl institutional
history were shaping ideas about the adaptive cycle, just hints and items
for jokes, and not yet for science.

| continued to grow restive at the latil967) but an opportunity for

change soon presented itself. | had written a paper thsgentially argued

for interdisciplinarity, computer use and a systems orientation. That
R2Say Qi aSSY OSNE NBG2fdziA2y | NB y2453
education and research.

Gordon Harrison, of the Ford Foundation, read my paper, and Jaglie
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. Pattoand had a breadth of vision and experience that suited
him in this new job. The Ford Fouattbn is a wetknown private
foundation that gives grants to innovative programs.

| received a letter from Gordon about my paper, and we agreed to meet.
We immediately hit it off and he offered a oiyearplus job as a
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consultant to help implement thelan | had described in my paper and he
had amplified.

It was a time that was ripe with opportunity, as | had also been offered a
faculty job at the University of British Columbia, partly in Zoology and
partly in the Graduate school. | accepted the positiwith UBC, but
arranged a start date a year later when the position with the Ford
Foundation was completed.

| 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 thermsewhat in the direction we
sought and offer them a grant to continue with their work.

Bill and | functioned by getting independent information from papers that
were written by an interesting group at a particular institute. Once we
discovered these grow) 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 wechose 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 strefor miles, and like Hawaii,

the fauna was visually striking. | witnessed a doitled platypus, lazily
swimming through a body of water. | 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

RARY QG FTAYR | yedmiufdproglamd O21 t S5OS8R

A



Bubbles and Spirals -35- SecondEdition

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 Vietham War.
There was much public conflict, and our host was very hostile to
Americans becausd this.

As | was Canadian, they were very welcoming to me, and when we were
FANBO AYOAGSRET L ¢la |alSRX a! NB @& 2d:
fA1S SYUuSNIFAYYSYyiKéE L gl a aK201SR 08¢
strange, foreign traditions theglung 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. On@f 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 hagh-speed train running
through it. There was one placéhough, wherel could forget about the
commercialism of the city: the palace gardens in Tokyo. They were
stunning, and highly developed.

What wasmost 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
BllandsARX &, 2dz INB (S odShdiSMI &Iy (SIN
meetingandRA Ry Qi NI & dzf (ias apylicablg ar int&résihg ford K I
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 approaahds
interdisciplinary design became new seeds for the future.
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People Become the Central Subjedthe UBC Yeaf967

At the end of my year with the Ford Foundation, Bill and Gordon suggested
| set up a program from the base | was just starting at thmeversty of
British Columbia. UBC haal 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 | felt that there wasa lot of freedom and room for growth here.

UBC was richly endowed with innovative people in influential positions.
Peter Larkin, a key persotihere, 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 Bder, whowas at the Fisheries Research
Board lab located on Vancouver Island.

Up until that point, the universities in Canada had been failmghange.
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.

| came to UBC with a large grant of $500,0@0nfrthe Ford Foundation,
and | 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. | wanted to apply the
lessons that hd been learned in fisheries to a wider arena, and | planned
on doingthis 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
LyadAaidgdziS 2F wSazdz2NDSa YR 9YOBANRYY
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. Wealiynagreed on The Institute

of Animal Resources and Environment.

The Dean of Science and the VRmesident imaginatively sequestered
money to match the salaries from university sources for the half dozen
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new facultymembersafter 5 years of Foundatiosupport. So we hired
great people, good people and unintentionally lousy ones in a set of
interdisciplinary centers.

| situated these people patime in the institute and partime in a
particular home that specialized in their discipline. | wantedgtablish 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 wedk in interdisciplinary

groups. We set up new projects that were moving rapidly, outside of the
AyailiAaadziSy a2z GKFdG AF GKS@ RAR TFlLAfZ
succeeded, those involved would be recognized for their achievements.

Figure4. The Swan: Sculpture in white onyx by Lee Gass
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labs. After WWII, the university established an agreement to rescue
whatever huts they could from the ifitary 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 bui

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
Rutheford Laboratory was born again.

The group at UBC included Lee Gass, who was a very fine obsealati
scientist whose focus was on hummingbird behayiw isnow a talented
sculpton; Carl Walters, who was a critical member of the team, and Don
Ludwig, our insightful, brilliant mathematician partner. Collaboration with
Don was a marvelous experiencend | learned a bit of mathematics,
sufficient for my purposes. | was also delighted to take on Ric Charnov as a
AN Rdzt §S &addzRSydG Ay GKS tF34S cnQao
work in animal behavior. | gave him all my mantis experimental dag, t
data that | had used to create the functional response types for predators.
With that, he then created optimaforaging theory,which had a huge
impacton the field.

A new body of science and theory that emerged after the Second World
War that was roted 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 thatrevefficient; they also
designed mechanisms that were resilient. What | 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 succeedbut 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, fiamily 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
sdentists, who were good dioth science and communicating.

Through the work of Sghwood, and another predominarfigure 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 Sildv@arcle 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 &wraal science

advisor to the UK government. The Royal Socgethe 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 jkingly referred to FRS as Friends of Richard Southwood.
Canada estalished a society dfier own, of which | am a membetalled

the Royal Society of Canada. However, it has never been as distinguished

Fa 0KS 2yS Ay 9y3fl yRondeSt&@l dzaS AlG Aay(

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 wasvell deserved o6 dzi Ay KA & &aLISSOK KS &l ;
on ecological theory most of the important advances have already been
YFRS®e L ¢gla €STa 3 l-uphinwied with BakltoL & | &
Stockholm and to meet the King.

As president of the Royal Society, Bob May partnered with a number of
the Silwood Circle to demonstmatthe power of combining mathematics
and experiment¢ 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 involed in official government service. Bob became chief
government scientist, and the others were active in various aspects of the
UK government. These were heady tintedeed;all very well described in

a recent book by histeen Hannah Gay entitlethe Siwood 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 includedrrank Morris, creator of regional scale
ecological and statial 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 amel. We were spread ounh

Sault Ste. Marie, Ottawakredericton and VancouverWhile 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 Recrahtiand
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 ceveloped the model, not following the traditions of the time, but
instead using the predation work | 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 gikoes, such as
resource economics, fisheries, and forestry, who we could recruit for
future projects.

There | began to discover the rules for interdisciplinary workshops, and to
sense the rhythm of change that occurred as learning progressed. | posed
the project as one of land acquisition and development on various classes
of recreational land, using thgrand predation equations to structure and
focus our discussion3he land for sale wathe prey, and predators were

the buyers, settling the nréiet each year in an auction. Itorked 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 thegignificance 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 landrfdevelopment. There was a lot

of booze and raucous times involved, and the trips were \idmle still
being productive.

On the first trip, | invited a man named Dick Bocking, a documentary
filmmaker with the CBC. He came on board with his cameramarmpand
together a documentary on the Gulf Islands. Our institute strived to
produce projects and workshops that consisted of a lot of hard wauk,
were also flexible and fun.

The GIRL®odelwas further developed through the institute, and it came
from fun experiments and my past research. | summarized ¢katral
equation in a lecture at UBC, and Geneticist David Sobjgctedthat this
equation had already beedeveloped in enzyme kineticAt the time, his
argument made the work seem controversial,haltigh from my point of
view it highlighted aemarkableaspectof science. The same mathematical
equation often occurs in different contexts with completely distinct
interpretations.

The experiments we conducted at UBC expanded to embrace everything |
had learned in more traditional experiments: hunger effects, learning,
avoidance; experiments with several other predator and prey species. |
had a factory in my lab; producing praying mantis, Drosophila, house flies,
blow flies, deer mice, shrews, birds, arxy 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
guestions of the moment. The combined results were therefore a strange
chimera of peying mantis, ichneumonid parasites, deer mice and
& K NBaadiy¥ung ladies.

The equations described not only predation, but hoarding as well. Shrews,
for example, specifically the shetdiled shrew and cinereus shrew, hoard
items to a sustained level gsey 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, &hift 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 heldother 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 UniversafyMichigan. 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 tdo 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. Togstical featwas achieved

by Carl Walters.

As one of the rituals at workshops, we always had a competition for the
first and second st limericks.A final section of this memoir shows a
selectionof them.
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Deepeninghe RegionaFocus

Around 1970, | 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 summepalaceof the former Habsburg DynastyHoward was a
seltassured, 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 Austia 1973 to await the next
adaptive gcle inmy life to unfold. Chris was twelve at the time, Nancy was
ten, and the newest addition to our familyamie, wasfive.

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 otiitding bridges between east and west
across the Iron Curtain.

FigﬁreS. Threedimensionalresponse surface by Dixon Jones
(red stringin a Plexiglascube)



Bubbles and Spirals -44- SecondEdition

| had no idea who would be there, who we would meet at [IASA, or even

where we would stay. | arrived in late July, and brought Dixon Jones and

Bill Clark along with me, both from UBC. | proposed to Howard that we

work out of hotel rooms, and immediately launched into our work,
LINBLI NARY3 LINRPLIR &I & eteBeceYF 1S G LL! {!C

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 thg 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 IASA, he passed away from a heart spasm
while runnirg, 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 systanas
institutions to shock, something that balanced and enriched our future
research as it developed. | 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 ®hlewould, but | simply had no space at all
none.

ff
y

R

LG slayQid t2y3 I FGSNI L RSOf A .
a2 0S

Lol GKEG O Aff QA AdzZLISNIDA NJ K
told him that | must take Bill as my PhD student.
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My dean, lan McTagger€Cowan, arranged for an open position for Bill.
Backed into a corner, | agreed to the arrangement and promptly forgot
about it. | was reminded six months later when Bill Clark turned up for his
fellowship. | soon learned how bright he was\d 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
unexpecteddisturbances.

When we arrived at ASA, | was told that llse Beckegs the conference
coordinator at theinstitute, and had been appointed to be my guide.
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However, upon my arrival, | discovered that she had not yet returned from
her vacation. When shénally returned, in time for the conference, | was
struck by the sight of this beautiful, vivacious woman, with her blonde hair
and piercing blue eyes, who summed me with one glanceas an
arrogant scientist.

The conference at IIASA consisted of-pl@nned 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 me of the ks, a Russian scientist, Ararev, stood up from his

seat and suggested that the ecology group at IIASA center their focus on
Y2YAG2NRY 3T 20Styad aLGQa Iy AYydSNBaila
RATFSNBY G F2 0dza dgeat, lardl | NS GarigtSiat my2 KA
answer had placated him.

The following day, he interrupted a talk again to deliver the same speech. |

tried to be amicable, but my irritation with this man was beginning to
ANRBgP a2SQft O2yaAi RSUNGIE D kiebld tHelNidgd o2 a | f I ¢
anger from my voice.

The third day, | noticed him seated near the stage, and | watched him

warily as the talks were unfolding. Sure enoulgalfwaythrough, he stood

from his chair and began to deliver the same speech oncee. | erupted.
G9y2dzaAKH ¢KA&a Aa y20 G0KS RANBOGAZ2Y 64 ¢
glaring at me through narrowed eyes. | tried to brush off the incident and

enjoy the rest of the talk.

That evening, Howard threw aeHdriger, afall event wherethe 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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| glimpsed Anachevfrom across the courtyard, shadowed by a group of
his compatriots. | felt a touch of guilt for my blawp earlier that day, and
when one of his companions sauntered over to where | stood, | opened my
mouth to offer an apology. It was cut short as he shibeenapkin in my
hand. | unfolded the crumpled napkin to see a crudely sketched drawing of
I aldz € gAGK priictéd udgd2rinveRh. & BnBeavasNiléed in
the fold of the napkin.

| knew | had to diffuse the situationéhn, so | turned my gaze #nanchev
and raised a twditre flask of wine in a gesture of challenge. He grabbed
his own flask, and we began to chug the wine as fast as we dalidn

we had both finished, Anachev collapsed, and | somehow stumbled back
to my room in a haze.

| awdke the next day to a wicked headache, but willed myself out of bed to
attend the last talks of the conference. Everyone waseréh except
Ananchev. Ten minutes into the talk, the doors flung open and there he
stood, held up by two henchmen supporting hon 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 thetalks of the day had concluded, there was a small party, and each
guest was givem glass of wine to toast. Anahiev was now standing on
his own, and he approached me on unsteady feet. We stoodencsl for

a long momentand thenheraised his glassyaR & | A Ra HallihgNlR2 F S & &

fA1S @2dzNJ aGef Sopé

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
placefor 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 nlomear, and the budworm
model, at its largest, extended to thousands of valegshb 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 | knew our proposal was going to be pursued, |
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 waschimg, and | easily
lost myself inti Skiing trips, the operahe wine Heurigas and practical
jokes6 SNB | & YdzOK I LI NI 2F (GKS AyaidaAiddz
Dear collaborator and partner of the Ecology Project Mike Fiesimdy |
even got avisitingUS Ambassador to delay a flight and join us in learning
to yodel in therooms of the Laxenburg paladéuring another misguided
adventureat one of our skiing tripsin the middle of the nightAndre
Bykov, the Soviet Secretargnd | lifted a small caparked outside the
hotel we were staying atinto the K 2 (i Sdbly.AThere was great
consternation the next morningy i K S K 2 {, SvheR dhe éarfiwas F
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, | flew our family home. But the work

had only just begun to develop at IIASA, and | made arrangements to
continue on a halfime basis, flying betwe® Vancouver and Vienna every

other week. This put a strain on my already crumbling marriage, but by the
GAYS L YIRS (GKAa NBFEATFGAZ2YS Al 61 &
that | wanted to.

After my first marriage failed, | launched myself wdrbkartedly 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 withtosee W G g1 & &4dz00Saa¥dz FyR ¢KI G
book,Gd! RI LJGA PGS 9YQBANRYYSyYyGlf 1aasSaavySyd

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,

FYR Fff 2F GKS aSyA2NJ LI2fAOe LIS2LIX S ¢
book were given the opportunity to read it and offer their opinions.
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We had great difficulty findingagpd scholars from the USSR to work with
us as partof our IIASA Ecology Projecthat 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 morebalanced 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 But then, suddenly,
after lots of pressure from us, AleBazkin, 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 simpleart 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 Jeabenovch,

an entomological ecologist. Faeveral 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 ighti 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 politicizedureaucracy is astonishing. His work with us was
in harmony with the themes of nolinear systems. He offered a small
number of alternative representations of key functions and showed how
each could affect behavior. Multi equilibrium behavior was ireblg. We
were just delighted and easily integrated his ideas with ours in a way that
enriched both. | 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 wer working on the book, we also continued
with the spruce budworm research. In my third year with [IASA, | felt
confident that we were ready to present our findings at the second IIASA
conference.
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| enlisted my son, Chrig) helpcreate acomputergenerated 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 Techtromsiareen, recording on

FAEY SFOK FNIXOGA2Yy 2F F &SI NRa 2dziLd
consistently changing the entire province of New Brunswick with the

height of the 3D graph, showing budworm densities or foliage quality and
guantity. As | recalla 100 years run took him several heufThe 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 appeand spread over a 105 year
period, leaving a large mortality of balsam fir in their wake. When a run
was made with the policies we developed from the Amrear optimization
model, the outbreaks were suppressed and the forest grew to maturity.
Our modelsand 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' novie communicated the reality of the pmice 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 SGViairman of

the IIASA Board, BZSNX I Yy D@AAKALFYAX NBYFN] SRX
understand why this forest problem and solution is an example of good
aeadsSvya lFylfearadé hdzNJ &LINUzOS o6dzRg 2\
fruitful collaboration that was possible ith 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 represeatl 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 WolHéfele, the first leaderof the Energy Project
at the Institute.2 2 f go&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,ind and coal energy production.

The project was run in a highly organized German fashitinfine people

and impeccable guidance from Wolft 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 dif a day he came up with
OSchlagaborptionsfak A 3 1 8Vkdies Idasked him, had the magicng®

¢ KS Ydzai OK G{UNR1S F0&a2NLXiAzy OF LI 6
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 iitiation that students in Oceanography at the University

of Washington had to take. Each would have to stand at the fantail of a
avylrftt ©SaasSts Ay NRdAAKI aid2Nye asSla:x
signified the sounds that one might make wheicteng.

We developed it further at IASA 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

0KS adNI y3S lieStibecanieam nedvletter in Hréademand,

FYR ©6S FTNNIY3ISR F2N) WAY ¢K2Yazys |
illustrate him. What he produced was a strange man smoking a cigarette
FYR ¢l @Ay3a | air3dy GKFEG NBFRX &[SI @S
LIKNF Sz a[ SFH@S y2 ad2yS dzyidz2NYySRdE

' NA1SQa KdzaolyRX whkeé 1Af02Nys 320 K
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.
Andre 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 Proje&gain,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 Btbekeconomist 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, | decided to return
to UBC on a fulime basis. But before eft, | 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 thosestudies, for manypeople, was the surprise 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 nlmear phenomenon. Initially, those
doing the studies thought it was a breakdown of their instruments, but
after testing at their home laboratory inngland, 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 begato 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 observationsThat comment stunned me at the time, not
because | thought it untrue, but because it made me aware that all my
interest was on the 2%the surprises that shape and reshape systems.

YSY I NNRgQa OASg ¢l a yz2a4 2yS 2F alSLl

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 chage, 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 nottinearities 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 Fpeln 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 sys up a storm, with his wife Aie brilliantly playing

the piano.

Don Ludwg came to UBQithe footstepsof people protesting US Vietnam
war policies. In @ense he and Dixon Jonggined the flood of hippies
seeking analternative life style ¢ 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 translateethre
guarters of a page | 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 thirdregarding therate 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 | &amined the equations, | discovered they missed the bird
predation from 33 species of birds ranging in size from small warblers to

the largest arctic threeoed woodpeckers. | discovered that the birds

were distributed in clusters of sizes that | inelefan @ OF f f SR & f dzY LJ
33 species seemed to fall into three specific lump groups, or weight
clusters. This was significant because | 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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Ths reduced the demand for data; in this case, it defined how many
budwormseach 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 learimg 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 wedgke attack at low
densities-g KI & ¢S OFfft SR (GKS at NBRIFG2NI t Al

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 oc®d 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 treesVhen 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 forlhds to
maintain thaer 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 notbe sustained, however, because thertben 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 fielddata.

| so much liked what Don had done, which was a minimalist representation

of one complex slice of nature. | suggested to Don and Dixon Jones that we
write a paper showing how much data and process knowledge was needed
to understand a complex systelike the budworm and forest dynamics.
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model with all its bells and whistles and spatial specificity. Therlatas
developed ly Bill Clark, Dixon Jones, and miellASA, with the notable
help of Gordie Baskerville in New Brunswitde showed that good
process knowledge and a simple modelld capture perhaps 80% of the
relevant behavior. Simple understandinghaaften 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, firexome 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, denonstrated this to me in a mismodel he created, where size

of patches, age of trees, and accumulated fueleiatted 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 essentiatombination in this fieldWhen 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 wifaelGordon.

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
fFNBSald fAONINRB O2ftfSOUGA2Y 2F lyezys

His contribution to our work was vital, and this kind of basiderstanding
suggested by mimnodels provided a way to test the predator pit
hypothesis in the field. To do it experimentally would have required
shooting mostof the birds in two or three @ 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 | could muer the enthusiasm to kill hundreds of beautiful birds. So |
did not! The price for certainty can be too high.

Later | encountered a young student Gayle Brown who similarly
FoFyR2YSR | GDNAYR YR CAYRé I LILINRI O
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guestion. Umble 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 hospit&ldmonton. So she
did!

The best thing that came from my time at IIASA, and the following years at
UBC, was my growing relationship with llse. After my first marriage fell
apart, llse and | began to grow closer with each trip that | made to IIASA.
Her nitial reluctanceslowly turned into affection, and when | returned to
UBC, bskedher to come to Vancouver to spend Christmas with rB@ce

| was totally broke at that time, she had to buy her own flight ticket to see
me ¢ and she di!

| arranged fotus 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

g GSNRE adz2NFIFOSd a2l NI LIIFI&SR Ay 2dz
assortment of delectable dishes that made aonouths water. | proposed

to her then, and she said yes.

After our engagenent, we found atiny, cheapapartment in Kitsilana; a
district of Vancouver near UB@ was perfect for the two of us. A few
months after our engagement, | had a meeting in Patles BC, and Carl
Walters and llse came along. As we drove and showed llse 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. Shpointed to aheadline thatNS I RX G DALy da ' Gddat O
She asked what it meant, and Carl and | 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 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 llse that women in British Columbia would often sport thair ko
signify that they were available to date. The Kickbacks helped the forest by
kicking down old dead trees, regenerating the forest. | pointed outside the



Bubbles and Spirals -56- SecondEdition

window at several tree stumps, and told her that it meant that the
Kickbacks had declined and'thi ¢ & ¢ K& 0 K§owng.NBad g1 2

She seemed skeptical, but she went along witlas 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 watersee the
BathtubBoatRace in actionBoatswere congregaing in Departure Bay, in
Nanaimo, and by this point llse had begun to grow suspicious of our
AU2NASaD 2KSYy ¢S G2fR KSNJ I o2dzi GKS

GCAYySz¢é L EKFERD2dABEQ2 O8] G&KSNBEPe 2 S
who were also watching théoats and asked if they knew about the

Bathtub Races. The man was from Newfoundland and had a strong accent,

and he told llse that he knew about the races. Her faith in us was retiew

as she marveled over the strange spectacle.

Finally, when we arrived in Vancouver, we went to a Wethwn Swiss
restaurant. | had a collection of wodzbring beetles in my car, and | took
some and put them on a cardboard plate, held in place by pWith the
help of the maitreR @nd SandraBuckinghamo / I NI Qwe cahgpifed 0
against llse 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 dr he would return shortly.

He came out with the plate of beetles, and displayed it before her.

Gal RFYZX¢é KS al ALEY (IS (KRSS | NFISEE N kFS OS =
G2 G1r1S8S GKS o6A3 2ySad az2ad dGd2dNRada |
onesi KIF G FNB Y2aid f dza OA 2dza o¢

llse 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
dragginga @ RSt ySiG OF f f SIRS NEK Si KANR2AdzIEKA yed (1S
how movement afécted its hydrodynamicdt was a hot, balmy day, and

llse soon grew tired of running laps around the pool while | stood on its
SR3IS YR LK20G23aINFYLKSR KSNXY a.dd 1 3z¢ &l
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KSNJ 2FFo aWdzad |+ FSg Y 2sNSSfained ghdzi S& > ¢
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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
LX I YYSR | YFIYyATFAOSYld H6SRRAYy3IZT HKAC
hometown in Austria.

Our wedding took place on Augua, 1978, and all of the friends we had
developed over the years caniem at least a dozen different countries.
The wedding took place in the town hall,cawe were to be married by
the Birgermeister (which translates to the head bureaucrat of the city). He
told us that this was his last marriage before retirement.

lIsewas breathtaking in a dress péle blueand 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 folved thatstill plays vividly in my mind.

We had a lovely lunch after the ceremony, at one of fBasthauser
(traditional restaurants)lt was a tradition for the bride to be stolen by the
key men in the weddingarty, and it was my task to find her asigkly as
possible. As | searched for her, the wedding guests drank as much wine as
they could, and | 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 theangy castle built to protect
the good citizens from the invadinfurks hundreds of years ago. We held
a dance, and my best man, Carl Walters, had to dance with my mother
law as his duty. After getting thoroughly drunk, we staggered down
through the thiteen gates othe castle toa happy future- the way lit by
torches
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Figure6. Fruit bat carved in arbutus by Buzz Holling

Excellence vs. Deep Political ConflitheAdaptive Cycle

During the six years that followed my stint at IIASA, | 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. | was delightededause my early experience with I1ASA,
and my sense of its east/west political significance, was so positive.

During my early years at IIASA973), 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 | launched within the institute.

Three years after HowarRaiffatook leadership at IIASA, he was followed

by Roger Levien, from the Rand Cogtan, 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. | ended up
being the choice of Phil Handler, President of the US National Academy of
Sciences, and Bru¢¢annay Foreign Secreiry of the National Academy of
Engineering.

Despite my wonderful memories of my time at IIASA, | quickly learned that
it was now functioning in a much different manner. A few months after |
arrived at IIASA as the new Director, the US National Acadei@gi@fces
was forced to withdraw because Ws$dingwas beingerminated

That was the consequence of Reagan being elected as President of the US,
FYR 2F wSI 3 yQa &K A-Soiiet dcvitigs &nld farddingd dzLJLJ2 N
As one of the Reagan peopleld me, the US no longer supported multi

lateral arrangements with the Soviets, which of course was at the heart of
LL!'{! Qa 2 NBH | v Aatefalii drrangements Weyef fuppodetl

because those could be controlled.

Because of this withdrawal of US fumyda major international political
transformation occurred. Alumrand folks whoworked at the Institutein
previousyearswere swung intaactionby Howard The American Academy

2T I NIa IyrR {OASyOSaxz f20FGSR Ay .2
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, | 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 ClAa fact instantly knowrby the Soviets It helped, at

least, in controlling some of the mieddies of Soviet individual misg
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that had started to ariseNone of the members of our National Member
Organization wanted that mischief to turn into something more, as they
were deermined to try to develop amicable relations between east and
west as part of the political thrust of the institute.

| had been employed in a variety of institutes during my career, all of
which, up until that point, had been sheer fun, challenging embvative.
IIASA had now become the exception, simply because of the negative
transformation forced upon it.

Yet, despite the challenges | now faced, some positive work did arise from
my three and a half years there. llse and | were housed in a |bwely
story home that was around 16¢earsold. The home was furnished by
[IASA, and served as welcome retreat when the pressurbsingDirector
became too mch. It was wonderfully suitetb hold large parties, which
was one of my responsibilities as &itor. There were celebratory parties,
and those held to honor distinguished scientists. At these parties, a cook
would come in and prepare magnificent feasts tmr guests and usl
always looked forward to these parties, as it offered a brief reprieomf

the smothering oppressiveness that had befallen IIASA. During these
events, | could almost forget how vastly different IASA now was, but then
| would return to work the next dagnd be reminded that some things
would never be the same again.

My chidren were now all nearly grown. In the summenghen Jaie had a
break from high school, he would come live with us. Nancy was studying at
a weltkknown restairant management school in Salzbuand when she
gl ayQid addzReAy3as 3&KSingearnits a8 Quedns
University, and would also visit in the summers in between semesters.

The work that was most remarkable duringy time at 1IASA resulted from
collaboration between good friend Carl Walters, who brought a team from
UBC, Ray Hilborand 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 thes Af Europe by
Carl and his team.

/

K|
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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 becming 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 resented farms,
hotels, ski lift operators, and citizens.

The first organizing workshop was held at IIASA, but much of the following
interactions occurred over glass of wine in a local Gasthaus (traditional
Austrian restaurant) A model was develope@nd 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 mdest 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 Canaedere heinstituted
some ofhis novel schemed~or example, he useda@ambined monitoring
programto connect schools on the prairies with global climate change
evidenced byey indicator plants.

During part of that difficult time for [IASA, Bill Claras 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 policythey 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, | had to write a chapter for his book. It came at the end of
my term asDirector and | 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 noiinear and multiequilibrium reality featured
centrally.
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| 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, drata
multi-equilibrial states. One of the best examples was the jack pine sawfly
and jackpine, as described in an insightful paper by a good friend, Jack
McLeod. Jack had been employed with the Forest ResealcnlQuebec,

and later came tavork 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 ansient one at a high density that causes extensive

defoliation and ultimate death of the trees. All the other systems have

similar equilibrial conditions.

And | also outlined a theoretical cycle, that in later writings | called the
Adaptive Cycle. Whilehad already been applying th&daptive Cycléo

my own life, it was the first time | had outlined it in a scientific manner. It
traveled from exploitation, to innovation, to conservation, to creative
destruction, to renewal. The slowest speed in theleyaccurred between
innovation and cong®ation, where we now existedAnd as | mused over
the discovery, | 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 warof the highest quality and lousy stuff thatas:
forcedinto a vulnerable system. | had to isolate the lousy stuff and protect
the work of real excellence.

And | 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, instios and
psychology. The seeds young plants of mtheories were summarized at
that stage of the work.

During the end ofmy term as Director, we held meetingto summarize
activities at IIASA, in which Jim Lovelock was presentyas the maverick
atmospheric scientist of Gaia fame. Gaia, the Greektir 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, 8 YA AOKAS@2dzatée Fa{SRI @&z
AyOf dzZRS GKS Sy@ANRYYSyOukKé LG ol a |
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 wergherefore 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, lssraf

thumb as opposed to hands, and also by a narrow range of scales where
2NBFyAadYa Ff2yS LXFe GKSANI IFYSad ¢KE
for people making too simple a representation of ecosystems. These
scientists usedne or twovariables, vimen in fact a handful of variables

GSNE YySSRSR® {2 L O2A ycSeRcapsubate thés& NI = @
situations, as discussed earliarthis memoir

Despite the challenges at IIASA, | was pleased with the work that we were
able to produce when facewith adversity. My time there dramatically
highlighted how flexible and innovative all of the other institutes | worked
at were when | was present. It highlighted the power of true flexibility
when resources were available. It also suggested the problfaiscan
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 | have worked with started as experiments,
and all created a rhythmhiat 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 ribe strongest of
species that survive, nor the most intelligent, but the ones rpost
responsive to change”.
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Fun Againflorida(19881998

My term as Director of IIASA end&d 1984 and our departure, though
much-anticipated, was bittersweet. llse ancpacked up and moved back
home to Vancouver, and | resumed my position at the University of British
Columbia. | was met with surprises upon our return, however. | found that
a campaign had succeeded in returning the Institute of Animal Ecoltgy
the Insitute of Fisheries, and so itsdaptive Cycle moved on.

LG oslrayQid t2y3 o60SF2NB L ¢gFa RNIgy |
however. Lincoln Brower, an acquaintance then and subsequently a good
FNASYR>: OFfftSR YS | yR | ailoBt applyfor2 &
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| 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 Americdey 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 diffeent 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 welhded, flexible
environment, at a reasonably good regional university. Normally, | would
have said no, but | was growing antsy at UBC, and opposed the changes
that had occurred while | was away at lIA®Agrantproposalfrom 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 | entered the creative destruction phase of
my adapive spiral.

So | said yes, and it was so. The chair came along with private money that
KFR 0SSy O02ftfSOUSR (KNRdJzZAK R2y Il 0A2Y A
interests were reserved for scientific work. It allowed abou® $80 to be

set aside each yeathe chair was called the Arthur R. Marshall Chair of

Ecosystems Studies. | could use this money for anything | wanted, so long
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as it was legal, and | still was able to apply for various grants on top of that.
It allowed my team and me to be independemtd avoid getting trapped

by various battling interestsThis was the freedom and flexibility that |
sought.

llse and | moved to Gainesville, Florida, & oit sinkholes of various sizes.
We bought a house we called Misty Hollow at the edge of suchkhaie

It was about 1%2 hectasein size, containing swamp gum trees, here at
their southern limit, growing in the water. We flew withur two well-
travelled cats from British Columbito Floridaon March 1, 1988,and
arrived in the late afternoon as &eain of Ibis flew whistling overheadt
seemed to be a positive omen, with ancient Egyptian echoes. We soaked
in our surroundings with wideyed 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 wel live

there, Misty Hollow was bubbling artdemingwith 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 wa SN a &adz2NFI OS> gAGK &ag2tft Sy
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 intered. 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 apparentlp concentrate fish. There were a few
thoroughly handsome wood ducks with their nesand 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 maSa RAALIX F@Ay3 | o02f RvhadRR&ES ON.
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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 fenggpeared, 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
G2 Gg2 1AfT2YSGSNBR Igleéd hdzNJ LRYR
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 | tried to
get a grad student to do a quick survelytbe bird watchers, measure the
sinkholes from aerial photos and demonstrate the lump selector algorithm
for wading birds. But | had no luck, no one had the time!

Those were the birds, but there were snakes, turtles, and alligators as well.
The cottonnouth and coral snake were the poisonous ones, easily
avoided, and the black racer was the quick wraith. There was a male
alligator that normallylay in ambushon the shore, and then suddenly
would make an insanely energetiunge into the pond Occasiondy, a
stray dog would vanish.

My favorite was the giant Alligator Snapping Turtle. We only ever saw two
of them, four feet across, and gnfor two or three days in thepBing. The
rest of the time they disappeared into the pond. But for those two or
three days, theymated;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 thelape 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 gken and noticed dozens of
baby turtlesthat had just hatched, tumbling past the window downmthe
pond.

We also embraced the sounds, most obviously the songs of the four
species of frogs, from peepers talldrogs. Each evening in therig,

they started tentatively and then built their chorus to form the music of
the pond, then faded to noting before starting again. The chorus was
loud enough that easy conversation was impossible. The loud, croaking

gl



Bubbles and Spirals -67- SecondEdition

music of the frogs was accompanied with the flashes from three species of
fireflies, evoking a sense of magic and wonder every night. The cittite
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 bkggeen algae appeared in several
spots along the edge of the pool. They disappeared that yeagappear

the second and third more extensively, joined by duckweed, the smallest
angiosperm in existence. The latter spread, until, by thedtlyear, the
surface of the pondwas covered. The dithering flip was completed,
transforming from clear watermacrophytes 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 sinkhdie to
development. Howeverresidents of tle areaintroduced 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 onthe 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 biggr until a few birds reached ouind began flying north |
imagined thentalking to each other, high, high up thengith a fullmoon
lighteningthem. Others followed, clicking and rattling their gossip, upward
flicking wings high in the sky heading tetbakota 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 | saw them again. In M&013, on the west coast of Calvert Island,
British Columbia, someveth north of the tip of Vancouver Island, small
flock settled to feed; four or five thousand kilometers from where | first
spotted them in Florida, diagonally across the continent.
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Figure?. Flight of the cranesPhotograph 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 Evergladesscientists 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, econonscState, agriculturaland municigl. A lawsuit was
looming againstthose in the Floridian community committed to the
natural environment

We brought together peple who had been studying thevé&rglades from a
technical perspective. They canfeom key institutions there two
universities, the National Park, and the South Florida Water Management
District (SFWMD). In totalve found about 25 key peog from these
institutions who had each been examining some part of the Everglades.
WS RARYQlU | 0O02dzy i FsisMholoié&d us dloag@tieNA
way, but we made room for them in our talks.
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Throughout he history of the Everglades, watbad gone through cycles
of pattern of water distribution. The water was managed by dikes and
pumps, and it took on the appearance séveral, 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, whicwere the last to dry uprom there, it
progressed to the flooding of areas during the wet season, to slough, to
salt marsh prairie extents with treislands 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 whahy sonChris had done for
budworm two decadesearlier. 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 weresuggesting.

We worked on the Everglades project for 18 monthtelt that, with our
experience holding workshops and our combined knowledgee had
spentan appropriate amount of time to come up with a solution. In 1989, |
was invited to give a talk osystems approaches to explain ecosystems. It
was a keynote intended to help direct research and understanding of the
Everglades.

| asked the organizer, Steve Davis, an ecologist with the South Florida
Water Management District, to arrange a seriesaefial photographs of

the Everglades for me to present Bs & t -8f¢ S Na@presentation. 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 sequencef photographs was taken as the helicopter rose over the
starting point, increasing the area in the picture an order of magnitude,
GKS aLI2gSNI 2F GSyé¢sz 4G SHOK aidsSLe
shifted to satellite images until, 15 orders ofagnitude 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 themselveswhat economic lobby they
representedand 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 disapp@ntmprotecting 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 slaveringreed and ignoranceOnly wise peple, like Lance
Gunderson, saw it all from the inside and acted quietly and responsibly as
they learned. Lancedid that out of our laboratory. If anyonsaved the
Everglades, it was he

We presented the findings of the synthesis workshops in a firestimg

(we called it a colloquiuinin Orlando, which convened all of the regional
players¢ emphasizing wilderness, urban and industry. We did succeed in
getting them to interact openly among each other even though a lawyer
representing someone threatened tose 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, Lanand | left the politics at that point, and the
rest of the participants, having started to talk, continued to do so in
increasingly formal settinganother adaptive cycle in operation.

While there was enough resilience in the Everglades itself, thestopre

was whether there was enough within the institutions to make a change. It

fSR G2 F LMzofAO 3AINRBdzL) OlF tft SR a9 JSNI
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held workshops that include 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 latr, 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,
Zimbabwe wheresugar 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 overincreasingareas. We used the same appoh 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 speciesmanatees and turtleg; that maintained the

diversity of ages of sea grasswas no longer one homogeneous, single

' ISRY do0SIdziAFdzA ¢ OFNLISG 2F aSlI 3N az
grass of different ages, and a wider range of herbivores and predators
maintaining the spatial diversity.

The growing and spreading deatifi 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 | never returned to look or ask. | grew too busy with other
projects to pursue it further.

TheResilienceProjectGerminaes

During the time that | was immersed in my work in Florida, several of my
colleagues and | forad the Resilience Project. donsisted of four or five

colleagues andhe conducting our own projects throughout the worldve

GSNBE |ttt OGNBAY3 (G2 FyasgSN GKS 1jdzSada
common language that guided a few dozen different ecosystem
SEI YLX SaKé¢ ¢KSasS SEIFYLX Sa AyOfdRSR
Eurgean shallow lakes, the Boreal forest, the Everglades, and the Baltic

Sea.
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We were attempting to search foa way to develop a bridge between
ecology and economics. Our hypothesis was that disagreements between
the two occurredbecause ecologists exanah a different scalethan the
economists. The goal of the project was to operate on that assumption,
and explore how far it was true.

| approached the various grant agencies, and asked if they would be able
to support a project based on the premise of tlwenflict 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 confimed 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 Australlay R G KIF 0 Qa 6K
everything truly began to come together. While llse and | were there, we
22AYSR 2yS 2F [INNE 5AffQa 3INIRdzZ 0SS 2
the beach and watched him catch turtles to tag in Shark Bay on the west
coast.It was ineresting 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 nowdetached camera with its record égedingbehaviour

The big surprise was that, except for the types of hitte 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 dugongsrishand 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 aNew Kind of Institution

The Resilience Alliance is bo(h997)

After five successful years of the Resilience Project, we had a synthesis
that | 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.

| decided thathe 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 homially 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, communicationsand 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 Folkérom Sweden, Lance Gunderson and Steve Carpenter
from the United States, and Phil Taylor and | 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. iAimmal survivalist
structure was designed because | 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 grargetting failed, on the membehip dues of

the 1520 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 limexks, with a focus on people who were
Yy2G0SR a a322R 2y Aafl yRaodé

On the surface, | was head of the RA, because the founding of the RA was
funded by the grant that we had received from tMcArthur Foundation.
While the money had been bestowed upon us tmd our research on
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displaying methods to integrate ecology and economics, the Foundation
RARY QU OFNB AT ¢S dzaSR A0 (2 7F2dzyR
research was maintained.

Around the same time that the RA was under developm&ett 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 knethat 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 sekdiscovery.

Bert and | were both members of the Board b&tStockholm Environment
Center, and he really liked the work my colleagues and | had done to
develop an integrated theory that linked both ecology and econonwés.
met to discusghe different projects we were working cand my growing
frustrations | hadas | tred to get the RA off the groundl.realized that |
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 Res#ince Alliance was developing, | had also accepted a job as
founding editor of a newnternet journal, with the hope that it would one
day be a boon to the RA. Theternet journal was an idea that originated
from the people in the biology department at @an 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 theernet and was accessible

to everyone. It wold 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. Thusbecame theeditor, and the
American Ecological Society becathe institution.

It was a very trying, maddening time for me, as | tried to juggle getting
both the Internet journal and the Resilience Alliance running. It was the
beginning of a new adaptive cycle. Myglleagues and | scrambled for

0 K
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was yet. It tested my patience greatly, and there were many times | cried
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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.

One the Internet journal started to runefficiertly and gain a widespread
readership | felt that its title was not consistenwith my views S we
shifted to a larger scale and named it the Journal of Ecology and Society.
After the first few years, the Rdigince Alliance became the institute
sponsoringthe journal G-adually, 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 rice Gunderson andCalle
Folketook over magnificently as editors. In a large sense, resilience has
been thecontinuingtheme.

This gave us our own journal that flourished completely on the Internet,
which was one essential part of the Resilience Allian¢ae 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, buhat 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 frorangs they

had acquired for their research. | did it from the endowment for the Chair |
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 meetbhgEmory
University, Lance suddenlyffered to join and presented aheck 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
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Africa being themost imaginative by assemblingarious groups from
across the country to contribute and participate.

The RAflourished and unexpectedly started to spin off formal centers of
resilience in the home bases of its membeZsile Folkand 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 Reefnt@r at Brisbane. Marten Sctief
created an imaginative center in the Netherlands tkerto the magical
prize he won of $8 milliorof 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 aimstitutional 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 All@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 learned,
retrospectively, that there had been a set of guidelines that were crucial in
launching theResilience Alliance.

-Start small and build rminformal 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, ahdttcan be used to buy
off potential partners who were failing by moving in a different, narrower
direction. | worked hard to get that money: first from my endowment at
the university, and then from private Foundations (Ford, MacArthur,
MacDonnell, and Rikefeller). But never from government sources, which
| 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 waking.

- Do not get trapped by a prexisting 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 greivicnexceed 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 Bstainability rule!).

- Use thelnternet and web extensively, but always have fdodace
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 Ralfyorque 8ciety nominations with a specialshirt.

- 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 érsteptsome early trials

in Physics, to be entirelynathe weh free because membership dutipaid

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 concernetiology, ecology, mathematics, ecanis,
geographyand 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 relatmn
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.

PanarchyAdding an Wexpected $iral

large
and slow

intermediate
size and speed

Figure8. 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.

wDiscontinuities in Ecosystems
wNavigatingSocialEcological Systems
wDiscontinuities in Economics

w t Fhy I NO

The first book, Discontinuities in Ecosystems, was on +sialkile states in
ecosystems, wet and dry, cold and hot. Ecosystems flip into different
states, a condition that was broadlyudbted at the time by skeptics, and











































































































































































