














Praise for THE SHARK’S PAINTBRUSH


“Jay Harman is a principled inventor who sees solutions everywhere he looks in the natural world. He moves with grace from a world of waving sea kelp to the world of sustainable design, bringing nature’s wisdom into the boardrooms of global companies, to the design tables of the engineers and designers who make our world. This is more than a business book, more than a memoir, more than a new way to solve global challenges. It’s a book about a new way to think.”


Janine Benyus, author of Biomimicry: Innovation Inspired by Nature
and founder of Biomimicry 3.8


“Imagine Indiana Jones, Huckleberry Finn, and Erasmus Darwin rolled into one person, and you will have some sense of what it is like to roam and see the world through Jay Harman’s biomimetic eyes. The Shark’s Paintbrush is a memo of kindness from the living world in a time of crisis and doubt: life in all its intricacy offers untold possibilities for the transformation of civilization.”


Paul Hawken, author of Blessed Unrest


“When scientists and engineers mimic nature, more efficient designs – for windmills and fuel efficient vehicles – are the result, Many of these breakthroughs are counterintuitive. Essential reading!”


Temple Grandin, author of Thinking in Physics and Animals in Translation


“The Shark’s Paintbrush reveals how nature is inspiring design to be more efficient, effective, resilient, and beautiful. In Nature’s 3.8 billion years of design experience, the roughly 99% of designs that didn’t work got recalled by the Manufacturer. The 1% that survived can teach profound lessons about how things should be made, how they work, and how they fit. The Shark’s Paintbrush is a masterly field guide for all designers and entrepreneurs who aspire to help the world of the made work like, and live harmoniously with, the world of the born.”


Amory B. Lovins, Chairman and Chief Scientist, Rocky Mountain Institute


“In this brilliant and hopeful book, Jay Harman shows us how far the new field of Biomimicry has already progressed…


The Shark’s Paintbrush makes for fascinating and joyful reading.”


Fritjof Capra, author of The Tao of Physics and the Hidden Connections


“This book filled my heart with joy. Equal parts adventure story for entrepreneurs, savvy management and business oracle, and romance novel with nature, The Shark’s Paintbrush is a page-turner. For social entrepreneurs, biologists, designers, engineers or any innovators seeking encouragement and inspiration to follow a passionately-held, seemingly far-fetched dream, this book will help to reassure you that it’s all (anything’s) possible – if you are willing to persevere, spiral like seaweed, and curl into the wind like oak leaves.”


Nina Simons, co-founder, Bioneers


“Mind-boggling… Readers will see another side to nature and grapple with concepts that seem overwhelmingly complex yet conceivable. Harman’s knack for storytelling and ability to simplify these complex processes speak to his gift for gab. Few books successfully combine the wonders of nature with sound business sense, but Harman manages to do exactly that here. Simply put, The Shark’s Paintbrush is a reverent tribute to the Mother Nature and a call for more copycat inventors equally enthusiastic and perplexed by the world around them.”


Vox Magazine


“Overall, this is a tour-de-force combination that includes memoir, a broad overview of biomimicry, a detailed review of spiral geometry and its applications, views on creating and running a transformative business, and practical advice on using biology to build an effective organization. [We] recommend this book to anyone interested in biomimicry.”


Zygote Quarterly


“The world’s most elegant engineer is without a doubt Mother Nature. She’s efficient, creative, and has time on her hands to put her innovations to the test, and Harman thinks we can learn a lot from watching her work… His vision of a biomimetic ‘new global economy’ is timely, crucial, and thrillingly eye-opening.”


Publishers Weekly
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THE SHARK’S PAINTBRUSH





Introduction
THE NATURE OF INNOVATION



Why does the bumblebee have better aerodynamics than a 747?


How can a seashell keep a microchip from overheating?


How can the colors of a butterfly’s wing reduce the world’s lighting energy bill by 80 percent?


How can fleas’ knees and bees’ shoulders help scientists formulate a near-perfect rubber?


How will the answers to these and similar questions forever change our lives?


Most young ladies sunning by the pool or beach probably aren’t thinking about a hippopotamus, let alone its perspiration. However, it turns out that hippo sweat provides a highly effective, four-in-one sunblock. We humans perspire by allowing salt water to leave our pores, using the physics of evaporation to cool the skin. Hippos—long-lost cousins of whales and dolphins—solve more than just a cooling problem by secreting a blend of chemicals that takes care of many challenges simultaneously. Besides being an excellent, nontoxic sunscreen (though perhaps a little aromatic in its natural form), hippo sweat is also antiseptic, insect repelling, and antifungal.


Researchers at Kyoto Pharmaceutical University and the University of Trieste, as well as Dr. Christopher Viney and his materials engineering team at the University of California, Merced, have studied the rust-colored combination of mucus and chemicals secreted by hippos. They found two pigments that absorb light across the ultraviolet-visible range, with crystalline structures that ensure the material spreads over the entire skin without the need for being rubbed on by hand (a challenge for a hippo). The pigments turn white skin a shade darker, while simultaneously slowing the rate of bacteria growth.


With one million Americans developing skin cancers each year, the market for sunscreen is substantial—$640 million a year and growing. Yet of the more than eighteen hundred products containing sunscreen on the market today, three out of four have been shown not to live up to their claims. In addition, most chemicals applied to the skin can be absorbed straight into the bloodstream, so some scientists are concerned that certain sunscreens may prevent sunburn but introduce toxins that can still cause cancer. In fact, the FDA recently responded to concerns about product efficacy by tightening the rules for sunscreen labels.


Of course, few bathing beauties would find delight in smelling like a hippo’s armpit, so there’s the exciting opportunity to synthesize the sweat’s beneficial properties, having it smell more like, say, coconuts. Longer term, scientists anticipate applying the hippo’s chemistry to exterior paints, clothing, and other UV-sensitive products.


Whether finding inspiration on hippos to reduce skin cancer or developing better road systems by studying the tracks made by slime molds seeking food, biomimicry, or bio-inspiration as some call it, very simply means applying lessons learned from nature to solve human problems. Examples of biomimicry include everything from energy-producing solar cells that mimic tree leaves to lifesaving pharmaceutical breakthroughs based on the biology of lizards to antibacterial paints that emulate sharkskin to highly profitable businesses that improve their organizational structures based on redwood groves. Even the Velcro you undoubtedly have somewhere in your closet is a prime example of biomimicry in action.


Why do we need biomimicry right now? Despite the confusing claims and counterclaims of scientists, corporations, interest groups, and politicians about whether the earth is in catastrophic decline, we all know in our hearts that something is not right. Half of all humans live on less than $2.50 per day. Fuel prices are unstable. Weather is rapidly growing more severe and unpredictable. We’re living through a mass extinction of species. In the wake of the worldwide financial meltdown, innovation has slowed. In medicine, we’re losing battles with antibiotic-resistant strains of bacteria, while the incidence of cancer, Alzheimer’s, autism, and diabetes is escalating. And, despite living in a period with more trained researchers, engineers, and doctors than in all of history combined, the future viability of our race is in increasing danger.


The story doesn’t need to end this way. Most of our environmental and economic problems result from an out-of-date way of doing business. Industry has continued to depend on the same old “heat, beat, and treat” methods that were mechanized in the industrial revolution, but these methods simply aren’t sustainable. Nature, on the other hand, constantly evolves, survives, and thrives, while not using up or endangering its base resources. It reinvents itself, adapting and beginning anew with irrepressible optimism.


As a serial entrepreneur and inventor, I’ve spent the past thirty years starting and growing multimillion-dollar research and manufacturing companies that develop, patent, and license innovative products, ranging from prize-winning watercraft to interlocking building bricks to electronic information systems and noninvasive technology for measuring blood glucose and other electrolytes. I find it exciting to be on the cutting edge of biomimetic solutions along with the men and women featured in these pages. My latest ventures—PAX Scientific and its subsidiary companies—design more-energy-efficient industrial equipment, including refrigeration, turbines, fans, mixer systems, and pumps based on nature’s fluid flow geometries.


Simply stated, I’m on a mission to halve the world’s energy use and greenhouse gas emissions through biomimicry and the elimination of waste. I’m also on a mission to inspire others to climb on board a new wave of possibility and optimism that is rapidly gaining momentum: All over the world, across dozens of industries, people are finding profitable solutions to seemingly intractable problems by partnering with nature. This book will clearly demonstrate that nature is the best source of answers to the technological, biological, and design challenges that we face as humans.


Scientists have already identified more than two million species of life on earth; some estimate that there may be as many as one hundred million. Each one has evolved hundreds of optimized solutions to life’s challenges, many of which can be readily applied to the very problems facing human enterprise and survival. By constantly creating conditions conducive to life, with zero waste and a balanced use of resources, nature is clean, green, and sustainable. Following nature’s design mastery, we can achieve greater wealth and economic sustainability. We can do this without sacrifice, while protecting our planet. How biomimicry is invigorating current business models, and how individuals and companies can reap the rewards that this burgeoning industry has to offer, is exactly what this book is all about.


Looking back, I had long shown the makings of a biomimic. When I was a boy growing up in Australia, I knew that fish were highly effective swimmers. They usually survived my admittedly ungainly attempts to catch them with a spear that I’d made from a broomstick and bent nails. Hoping to paddle farther out to good fishing sites without getting tired, I experimented with hammering the sides and bottom of my homemade metal canoe into the shapes I’d seen on fish and ducks. Of course, my canoe became easier to paddle, though I’m not sure if that could have been empirically measured or just seemed that way to my biased enthusiasm.


Regardless of efficacy, I was captivated and convinced that I was on the right path. These observations and experiments launched me into a lifelong career, first as a naturalist, observing nature’s exquisitely evolved shapes, and later as an inventor, adapting those shapes to design more efficient industrial devices. During the first half of my business career, I built and sold award-winning products and companies in Australia, the United Kingdom, and the United States, but it wasn’t until the late 1990s that I realized I was part of an emerging scientific discipline.


From the Greek bios, meaning “life,” and mimesis, “to imitate,” the term biomimicry was first coined in 1997 by Janine Benyus, the gifted naturalist, educator, and author of the landmark book Biomimicry. But biomimicry isn’t new. Humans have copied nature for millennia, with varying degrees of accuracy and understanding. Our early human ancestors borrowed solutions from the animals and plants they saw around them. Seals swimming below arctic ice create and maintain holes through which they can surface to breathe; Inuit hunters mimicked the way polar bears lie in wait beside those breathing holes to catch a rich, blubber dinner. Polynesian outrigger canoes’ design echoed that of floating seed pods. Aboriginal Australians even mimicked bird wings with their boomerangs. Certain shapes and tools were repeated around the world, created by people who were separated by vast geographical distances yet simultaneously immersed in and observing nature’s problem-solving strategies.


Within just a few thousand years—a millisecond in evolutionary time—humans had developed much more complex tools, and the intellectual theories to support them. Newtonian physics, the industrial revolution, and the nineteenth century age of enlightenment spurred tremendous technological development and transformed our social mores. A consequence of this paradigm shift, however, was that humanity’s view of the world changed from an organic to a mechanistic one. Early engineers saw the potential of breaking up any system into components and rearranging the parts. Innovations in machinery and materials led to mass production: making thousands and then millions of exactly the same forms out of flat metal plates and square building blocks. However, for all its positive impact on the economics and culture of the era, the industrial revolution’s orientation was shortsighted. In the rush to understand the world as a clockwork mechanism of discrete components, nature’s design genius was left behind—and with it the blueprints for natural, nontoxic, streamlined efficiency. A new set of values emerged, such that anything drawn from nature was dismissed as primitive in favor of human invention. Just as the pharmacology of the rain forests, known to indigenous people for millennia, has been largely lost to modern science, so too were the simple rules of natural design obfuscated. As our societies became more urban, we went from living and working in nature and being intimately connected with its systems, to viewing nature as a mere warehouse (some might say, whorehouse) of raw materials waiting to be plundered for industrial development.


The industrial revolution was also about cheap and plentiful power. If you needed more speed, you didn’t look to nature to find a more efficient way, you just shoveled in more fuel and blasted your way forward. That approach worked well enough until the side effects began mounting: polluted air and water, stripped lands, diminishing access to cheap fossil fuel, new public health risks, and global warming.


Nature works on an entirely different principle. Its mandate for survival is to use the least amount of material and energy to get the job done—the job being to survive and re-create itself without damaging its foundational ecosystem. It doesn’t stamp out flat plates; it doesn’t create straight lines. For example, the ultraefficient human cardiovascular system has sixty thousand miles of plumbing, yet there’s not a straight pipe inside. However, it is beyond compare when it comes to energy efficiency. How many machines can drive anything sixty thousand miles on one-and-a-half watts of power? That’s less than the power consumed by many bedroom night-lights.


Given the mounting side effects of our wasteful use of energy, the imperative and opportunity to create a new global economy is upon us. We must leap into a new business and technology model or go the way of the dinosaurs. The opportunity starts with embracing nature’s phenomenal efficiency and functionality. From nature’s point of view, there is no energy shortage—never has been and never will be. Our whole universe and everything in it is made of energy. In nature, survival of a species depends on its optimal use of energy. If we study and faithfully copy nature’s strategies for energy use, we can avert the developed world’s escalating energy crisis—a crisis that is already entrenched for two-thirds of the earth’s people. After life’s 3.8 billion years of trial and error, experimentation, and a limitless research budget, the time has come for us to turn to nature’s vast library of elegant, efficient methodologies, freely available to those who ask the right questions.


In the first part of this book—A New Golden Age—I’ll introduce the tremendous potential for modern biomimicry. In one study of worldwide patent databases, bio-inspired inventions grew by a factor of ninety-three between 1985 and 2005. The rate of growth has only increased since then. Some believe that the benefits offered by biomimicry are so great, compared to conventional technologies, that bio-inspired design will replace old methods completely within the next thirty years. That’s a lot of opportunity, and a lot of honest money to be made for the sake of a healthier planet—and yet, few people and businesses are even aware of the term biomimicry.


The basis of biomimicry’s contemporary applicability is simple and profound: If a plant or animal had an effective solution, it survived and over time became ever more adapted to its niche. Now, with the increasing sophistication of our scientific devices, we can more precisely study nature’s strategies and adapt them to solve our most intractable problems.


One of the best-known examples of commercially successful biomimicry is Velcro. When hiking in the Alps in 1941, a Swiss inventor named George de Mestral became annoyed by the repeating problem of burrs sticking to his socks and his dog’s fur. He looked at the annoyances under a microscope and discovered the hook-and-loop structure that became the basis for Velcro.


Modern biomimicry is far more than just copying nature’s shapes. It includes systematic design and problem-solving processes, which are now being refined by scientists and engineers in universities and institutes worldwide.


The first step in any of these processes is to clearly define the challenge we’re trying to solve. Then we can determine whether the problem is related to form, function, or ecosystem. Next, we ask what plant, animal, or natural process solves a similar problem most effectively. For example, engineers trying to design a camera lens with the widest viewing angle possible found inspiration in the eyes of bees, which can see an incredible five-sixths of the way, or three hundred degrees, around their heads.


The process can also work in reverse, where the exceptional strategies of a plant, animal, or ecosystem are recognized and reverse engineered. De Mestral’s study of the tenacious grip of burrs on his socks is an early example of reverse engineering a natural winner, while researchers’ fascination at the way geckos can hang upside down from the ceiling or climb vertical windows has now resulted in innovative adhesives and bandages.


Designs based on biomimicry offer a range of economic benefits. Because nature has carried out trillions of parallel, competitive experiments for millions of years, its successful designs are dramatically more energy efficient than the inventions we’ve created in the past couple of hundred years. Nature builds only with locally derived materials, so it uses little transport energy. Its designs can be less expensive to manufacture than traditional approaches, because nature doesn’t waste materials. For example, the exciting new engineering frontier of nanotechnology mirrors nature’s manufacturing principles by building devices one molecule at a time. This means no offcuts or excess. Nature can’t afford to poison itself, either, so it creates and combines chemicals in a way that is nontoxic to its ecosystems. Green chemistry is a branch of biomimicry that uses this do-no-harm principle, to develop everything from medicines to cleaning products to industrial molecules that are safe by design. Learning from the way nature handles materials also allows one of our companies, PaxFan, to build fans that are smaller and lighter while giving higher performance. Finally, nature has methods to recycle absolutely everything that it creates. In nature’s closed loop of survival on this planet, everything is a resource and everything is recycled—one of the most fundamental components of sustainability. For all these reasons, as I heard one prominent venture capitalist declare, biomimicry will be the business of the twenty-first century. The global force of this emerging and fascinating field is undeniable and building on all societal levels.


In the second part of this book—Biomimicry at Work—you’ll meet some of the remarkable animals and plants, along with the devoted scientists and engineers, who are proving the potential for biomimicry right now. From sharks, whales, and dolphins to lizards and leeches to bees and butterflies to trees and seashells, there are thousands of species already teaching us about engineering, chemistry, materials science, fluid dynamics, nanotechnology, medical devices, and on and on. Moreover, even the remains of extinct species can inform us. Think about it—millions of living species and ten billion life-forms in the past, each with unique solutions for us to capitalize on. As a naturalist, I’ve had a few adventures in the wild over the years, so I’ll share some of my own encounters with biomimetic movers and shakers to introduce their secrets.


The last section of the book—The Nature of Change—explores the three chief principles of running a bio-inspired business and shares some of the challenges to their successful implementation. Throughout my career, I’ve seen some unnatural behavior in the boardroom as well as in the engineering lab. Rather than a walk in a park, the path to commercial success has been more of a trek through a corporate jungle. Now the path is clearing and bio-inspired design is coming out of the woods. I’ve watched as large companies, cities, and governments take steps to invest in biomimetic innovation and learn to tread more lightly on our planet. I’ll provide pointers on how to run a business—whether large or small—more biomimetically and introduce you to biomimicry career opportunities in business and science. I’ll also share practical instructions on how to develop and launch bio-inspired products, including personal stories of obstacles my companies have faced and how we overcame them.


This is a very exciting time in science and technology. I am inspired daily by the potential of applying nature’s lessons to design a new golden age for the earth and for humanity—a golden age that is not only possible but realistically achievable. Biomimicry will get us there. Whether you’re a CEO, corporate employee, commercial manufacturer, entrepreneur, politician, small business owner, college student looking to start a company, teacher wanting to share a world of positive choices with your students, or merely someone curious about this new paradigm, my hope is that one message rings loud and clear: By learning from nature, we can create more abundant, healthy, satisfying lives for ourselves, our children, and our planet.





Part One
A NEW GOLDEN AGE
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Chapter 1
THE NEXT INDUSTRIAL REVOLUTION



My chest was bursting. I was thirty-five feet deep, swimming along a ten-foot-wide trench of white sand with limestone and coral sides. Rapidly increasing ocean surge rushed intermittently up the canyon, trying to flush me onto the shallowing sharp corals behind me. I had run out of breath and needed to get back to the surface.


I was diving in one of the most treacherous, and certainly most inaccessible, sites of my life—under the shadows of overhanging, sixty-feet high, sheer walls of jagged, fossilized coral. While the water here was only about forty feet deep, just one hundred yards from me the ocean floor dropped precipitously to a depth of seventeen hundred feet. I guessed I was the first person ever to swim voluntarily in this hellacious location. Although the cliffs were pounded by large waves for most of the year, this was one of a handful of days when the ocean was relatively calm and the water clear enough for me to embark on a long-anticipated, skin-diving expedition. I was a fit forty-two-year-old, but this dive was demanding all my power.


Wave surges were now kicking sand up from the bottom—reducing visibility. I had been surrounded by clouds of bright-colored tropical fish, often so thick that I couldn’t see beyond them. A little disconcerting really, since sea mounts like this were preferred habitats for several species of man-eating sharks. I couldn’t see them, but I know that any shark within a mile of me knew I was there. With the swell building so rapidly, I was suspended in a soup of appetizers with the possibility of lurking predators attacking from the abyss as well as at increasing risk of being thrown onto and scraped over sharp and jagged rock.


As I turned for the surface, my eye was caught by a fragment of white and blue pottery lying on the sand, its edges worn smooth. A sharp thrill moved through me. Dutch trading ships, which sailed near these waters in the seventeenth century, often carried Chinese porcelain—and there seemed no other reason for this piece to be in such a remote place. I grabbed the shard and tucked it into the sleeve of my wet suit. Fighting the growing push of the waves, I scanned the sea bed. After years of snorkeling and diving, I knew that there are no straight-sided shapes naturally occurring in the ocean, so my heart jumped when I saw a pale orange and brown, rectangular shape protruding from the reef just above the sand. It was the size and shape of a small, flat, house brick. I suppressed the pressing urge to get to the surface for air and pulled at the object.


Along with heavy chests of silver bullion, Dutch East Indies ships used small clay bricks, made in the Netherlands, as ballast to stabilize their ships on the long voyage to the Spice Islands, now known as Indonesia. Once there, the bricks were sold for use in buildings, and the silver—highly prized by local master silversmiths—was traded for spices. Worth their weight in gold, these condiments tantalized the taste buds of Europeans jaded by bland diets of salted meat and pickled or dried fish—not to mention disguising the taste of spoiled food in the days before refrigeration.


My brick looked similar to ballast I had seen on other wrecks. I pulled hard—it didn’t budge. It had obviously been there for a very long time; coral had grown around it and cemented it to the reef. A strong surge suddenly shoved me hard up the channel toward the cliffs. I turned and swam with all my strength toward deeper, safer, water while twisting upward to fin to the surface. Once there, I blew hard to expel the water from my snorkel and gasped in fresh air. I rested for a couple of minutes, breathing deeply, replenishing my blood oxygen. My heart was thumping from the exertion and excitement. Could I have really found a treasure ship?
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Silver treasure recovered from Dutch East Indies shipwrecks
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Seventeenth-century ballast brick found on Indian Ocean dive


I had spent years looking for two missing Dutch East Indian shipwrecks from the 1600s—the Fortuin and the Aagtekerke. The Dutch traders of that time left impeccable records of their voyages from Europe to Batavia (modern-day Jakarta), capital of the Spice Islands. As they built a trading empire, the Dutch amassed huge fortunes and created the largest private navy in history. Their ships sailed down the west coast of Africa, around the Cape of Good Hope, and across the lower reaches of the Indian Ocean. Here trade winds, known as the roaring forties, hurtled them forward at four miles per hour for thousands of miles to the desolate west coast of Australia, a vast and wild land still not explored or settled by Europeans. There they turned north for the last two thousand miles to Batavia.


Unfortunately, several silver-laden ships didn’t turn left in time and banged into Australia, wrecking on its rugged coastline. At that stage in history, sailors could calculate only latitude, so they knew where they were relative to north and south, but how far east or west they had sailed was left to guesstimates. It wasn’t until the invention of the ship’s chronometer in 1735 that longitude could be determined.


I had dived on several Dutch shipwrecks: the Batavia, the Zuytdorp, the Zeewijk, and the Vergulde Draeck (“Gilt Dragon”). Each had carried large chests of silver coins weighing many tons. The Dutch at that time were able to salvage some coins from a couple of the wrecks, while the bulk of the remainder has now been retrieved by the Western Australian Museum. However, the Fortuin and the Aagtekerke disappeared without a trace. As these were fine, seaworthy ships with competent crews, it’s unlikely that they would have simply foundered at sea. It was much more likely that they had crashed into a reef or cliff in a storm on a dark night. A combination of research, deduction, and intuition had brought me to this tiny corner where ocean met land. I was excited—convinced that this was the resting place of at least one of the missing ships. The shape and location of the sand channel I was swimming in was also suggestive of a wreck site. The Dutch flagship Batavia had carved out such a trench when it sank on an Australian coastal reef in 1629.


The waves were building—the window of calm weather was over. I took a deep breath and headed for the bottom again. The channel was now filled with clouds of sand at each wave surge; and the water, crashing onto the cliffs, was turning white with air bubbles. With little visibility and the waves washing back and forth, I had trouble getting to the site I had just left, but then I spotted the brick again. I grabbed hold of it, pulled my knife from the sheath strapped to my leg, and pounded at the encasing rock. Pieces chipped away, and then a particularly large surge yanked me toward the cliff. I hung on to the brick with everything I had. With the extra force of the pulling wave on my body, I wrenched my prize out of the rock, revealing blackened sand and coral underneath.


From previous wreck dives I knew that the black color, uncommon in coral environments, could be residue from oxidized silver. Could there be coins? It’s hard to express my level of excitement as I tucked the brick into the jacket of my wet suit and swam back to the surface for air. I had just gotten to the bottom again when another surging wave thrust and dragged me along the channel’s rocky side, ripping the hip of my wet suit and the back of my hand. This was getting much too dangerous. I had to get out of the water and climb the cliff back to safety.


I floated for several minutes, watching how each swell surged onto the fallen slabs of rock under the cliff. When I thought I understood the ocean’s rhythm, I rode one of the waves onto the rock and landed several feet above the sea’s low point. As fast as I could, I pulled off my fins and mask and clambered higher up the rocks. Another, larger wave swept me off my feet and tore my fins out of my hands. I grabbed at higher rocks and pulled myself up above the surf line—safe at last but very disappointed. After my swim, the weather closed in, and I’ve never had the opportunity to dive there again. A few years later, a vessel foundered a few miles away in rough weather and rescuers were unable to get into the area to save the passengers. Sadly, more than thirty people drowned, confirming the danger of this treacherous place.


THE BUSINESS OF BIOMIMICRY: A BLUEPRINT FOR A
CLEAN, GREEN, AND SUSTAINABLE WORLD


Treasure hunting and the prospect of finding fabulous riches enthralls and excites us—though only a handful of people throughout history actually make such finds. What if there were incredible hidden treasures and wealth-creating opportunities that anyone could find and everyone could benefit from—just sitting and waiting for us to discover? There are, and the secrets are being unlocked as we speak. The most exciting part is that anyone—regardless of education, culture, or life circumstance—can make a new biomimicry discovery or imagine a valuable new application for life’s hidden design mastery


In the past hundred years, we’ve created technological wonders that would have left our great-grandparents dumbfounded. Imagine Edison using a smartphone or the Wright brothers sitting in a NASA control room watching a spacecraft land on Mars. We have achieved comfort and security for millions, with more people today having health care, cars, home heating, electricity, televisions, sheets, and dishes, than the world’s entire population in the year 1900. Unfortunately, to achieve this standard of living for one quarter of humanity, we are decimating the natural environment and have left more than half the earth’s people in poverty. Future trends look dire. Media sources are replete with news of one environmental or social disaster after another—melting glaciers, mass extinctions, devastating droughts and floods, diminishing water reserves, the looming energy crisis, precipitous declines in oceanic fish stocks, desertification of farmlands, record wildfires, and vast oil spills. Are we rolling unstoppably toward certain catastrophe? Or are we surrounded by more opportunities than in all of history combined?


In the face of these worldwide challenges, there is a new frontier that offers tremendous opportunity without sacrifice. It’s where I’ve been working and building multimillion-dollar businesses. It’s a new paradigm—a new gold rush: biomimicry. Introduced by pioneering author and naturalist Janine Benyus in 1997, the term biomimicry refers to the rapidly growing discipline that identifies, analyzes, and adapts natural strategies to solve technological problems. Biomimicry is not just design that imitates or copies nature. It’s design that asks the right questions in order to understand the mechanisms in nature’s cornucopia of solutions, then uses that understanding to remedy problems—without creating new ones. You can start with an observation in nature and apply it, or start with a technological need and find a champion adapter in nature.


In the natural world, everybody eats somebody. For the 3.8 billion years since life emerged on earth, there has been a huge imperative for predator and prey to evolve survival strategies to the highest degree possible. Life depends on it. Now humanity’s survival depends on it. As a naturalist, diver, and boat captain, I’ve studied and experienced many natural wonders close-up, from thousands of acres of bioluminescence in the ocean, so bright that it can be seen from space, to the superfast peregrine falcon, which has been clocked at almost 200 miles per hour, to the soaring leap of a spinner dolphin, which engineering calculations still can’t fully explain. I learned early on that nature routinely exhibits dazzling feats of engineering that are far superior to human achievement.


Wild nature is full of stunning beauty. It is also ruthless and not often kind nor sweet nor gentle. Nature is no stranger to dealing with population explosions. We see it over and over throughout the natural world—plagues of locusts, mice, or starfish—huge population growth followed by nature’s heavy-handed equalizer—starvation and disease. All species experience this and humans have been no exception. Throughout recorded history, we know of population meltdowns in Ethiopia, Russia, and Ireland, to name just a few. Archaeologists and anthropologists have also identified near extinctions of humans before cultural records began. The widely endorsed Toba catastrophe theory, for example, postulates that there was a cataclysmic eruption of a volcano seventy thousand years ago in what is now Indonesia. It caused a worldwide volcanic winter with a loss of summer growing seasons for six to ten years. Subsequent starvation plummeted the total human population to as few as one thousand breeding pairs. But life is tenacious, compelled to overcome obstacles and threats to its existence. Each individual is equipped with powerful survival instincts; whole species have even stronger strategies—because nature seems less concerned with individuals than the whole genus. Bugs mutate to survive pesticides. Termites chew through lead pipe to get at the tasty plastic insulation on underground electric cables. Bacteria become antibiotic resistant. No matter what we do, nature is a survivor—if necessary, at our expense.


Somehow humanity has determined itself to be special, impervious, with an inalienable right to be alive, yet across the entire natural world it is impossible to find evidence of a right to life in any species. Whatever right there is must be earned by adaptability and irrepressibility. The human species, now seven billion strong, is facing the greatest challenges to its survival in seventy thousand years. We humans, ourselves part and product of nature, can turn to the millions of successful adapters surrounding us to not only adapt and survive but also to thrive.


Nature designs, births, breathes, and sustains us. When we ignore or destroy nature, we destroy our very foundation. With our human intellect and bio-inspiration, however, we can choose to stand firmly on nature’s foundation and flower as a species.



HOW BIG IS THE POTENTIAL?



Although the modern discipline of biomimicry is only about fifteen years old, bio-inspired products have already generated billions of dollars in sales. Among these are carpet tiles modeled on a forest floor; self-cleaning buildings inspired by the leaves of the lotus plant; and fabrics, paints, and cosmetics that derive their brilliance from the way color is created on peacock feathers. By using a material that mimics the way mussel shells maintain their grip on rocks, a new kind of plywood is being manufactured that eliminates toxic adhesives. New biomimetic products are coming online with big backing: Qualcomm, a world leader in wireless technology, invested seven years in development and nearly $1 billion on a factory to mass-produce their novel electronics screen inspired by the crystalline structure in butterfly wings. Bio-inspired products often see annual doubling in sales when they enter the market. They offer customers better performance, reduced energy requirements, less waste, and less toxicity, while being sold at prices competitive with existing products.


More than $200 billion was invested in sustainable businesses worldwide in 2010—a 40 percent increase from 2009—even as many other sectors sagged in the worst recession in eighty years. Biomimicry is sometimes described as a discipline of sustainable engineering, but any truly sustainable product or business is inherently biomimetic. Biomimicry creates products based on nature’s peak achievers—all of whom are sustainable.


The growth potential is clear. Projections are that by 2025, biomimicry could represent $1 trillion of gross domestic product, including $300 billion of U.S. GDP. I know of bio-inspired technologies in pharmacology, water treatment, heat management, and refrigeration that have this potential alone. Another $50 billion could be counted, just in the United States, from the consequent reduction of carbon dioxide pollution and preservation of natural resources. It’s estimated that 1.6 million U.S. jobs could be created by biomimetic businesses in the next fifteen years.


Since the beginning of the industrial revolution, business and environmental interests have traditionally been on opposite sides of the bottom line. While the occasional CEO might support initiatives that matched his or her own personal values, companies have generally adopted environmental principles only to comply with regulations, earn subsidies, or make marketing points with their customers. Tax breaks have been used to introduce cleaner technology into the marketplace, but these incentives tend to dry up when economic times get tough. In 1994, a British organization called SustainAbility introduced a model called the triple bottom line. The model is often subtitled “people, planet, and profits.” The goal was to focus attention not just on economic return on investment but also on environmental and social values. While triple bottom line has been a useful business concept, it hasn’t fundamentally changed the conditions that support or restrain ecofriendly innovation.


The Fermanian Business & Economic Institute (FBEI) at Point Loma Nazarene University has set out to change that outcome. The San Diego Zoo sponsored FBEI to produce the first economic impact report on the field, which was published in late 2010. The report concludes that by 2025, biomimicry could conservatively impact 15 percent of all chemical manufacturing, waste management, and remediation services. In the same period, 10 percent of all architecture and engineering services, textile production, transportation equipment, and utilities may be informed by biomimicry, along with 5 percent of food products, construction, plastics production, and computer equipment and information services.


Following the strong response to its economic impact report, FBEI released a new business model, called E2. Unlike the triple bottom line model, which adds or subtracts value based on a business’s positive or destructive impact on the environment or social sector, the E2 model views economic and environmental interests as mutually supportive. In August 2011, FBEI also announced the Da Vinci Index, the first formal measure of biomimicry activity. Like the consumer price index, the Da Vinci Index combines data to show trends in biomimetic activity. Currently based primarily on U.S. statistics, FBEI started from the year 2000 to count biomimicry-related scholarly articles, patents, grants—and the dollar value of those grants.


As Lynn Reaser, chief economist of FBEI, said when the index was announced, “Two purposes of the index are to spread awareness of the field to investors, companies, policy makers, and universities and to begin monitoring that spread through real numbers. I personally believe that we are seeing progress in a truly game-changing technology.”


The Da Vinci Index shows that:


• Biomimicry activity expanded more than seven and a half times between 2000 and 2010, with a compound growth rate of 22 percent.


• In 2009, more than 900 patent applications submitted to the U.S. Patent Office contained the words biomimicry, bio-inspired, or similar terms. Because it takes a number of years to complete the patenting process, the number of patent applications each year outstrips the number of patents granted. The number of U.S. patents granted that included biomimetic terms went from three in the year 2000 to forty-one in 2010. Moreover, a patent may be bio-inspired but not include any specific references to the biomimicry terms that were searched for by the Da Vinci Index, so the researchers are confident that these are conservative numbers.


• Scholarly articles on biomimicry, which are strong precursors of technology transfer to industry, multiplied five times in ten years. In 2010, there were more than fifteen hundred scientific papers related to biomimicry published worldwide, with nearly a third published in the United States. European and Asian universities are increasingly active, with entire research centers that are dedicated to either bio-inspired design or green chemistry, which undertakes to create nontoxic molecules that are as or more effective than competitor products for the same cost. Chemistry, material sciences, and engineering represent the majority of scholarly articles, followed by physics, polymer science, and other disciplines.


• From 2000 to 2010, grants to study bio-inspired design tripled, and the value of grants quadrupled to $93 million. The worldwide economic crisis reduced grants across the board since 2008, but 2011 saw a sharp increase in both grant numbers and total value.


The Da Vinci Index stands to have a positive impact on awareness, policy, and the business uptake of biomimicry. At this point, however, the index doesn’t yet report on revenues generated by biomimetic products and companies. FBEI acknowledges that privately held companies are reluctant to disclose their financial data. My team at PAX was interviewed for the economic impact report and this was true for us. You’ll see that fellow biomimics, who I interviewed for this book, have the same caution. I guess from a biomimetic standpoint, it makes sense. Squirrels don’t tell where they hide their nuts. Public corporations may show more financial data to the public, but they rarely break out revenue numbers for individual products. It may take some time for biomimicry to gain enough history that companies are more willing to share financial data. Given the trends seen by FBEI and other research institutions, that time is rapidly approaching.


ROOTED IN HISTORY


It’s not hard to imagine the early evolution of rafts and canoes from the sight of fallen logs drifting down a river with birds or animals perched on top. There couldn’t be a better teacher in the art of pottery making than the potter wasp—all two hundred genera of them. Their techniques and designs are virtually identical to early human pottery creations. The eleven hundred species of paper wasps that mix spit with fibers from dead wood likely inspired early humans in the art of papermaking.
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Potter wasp nest
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Paper wasp nest


An explosion of human technological solutions appears to have occurred between 4,000 and 3,000 BCE. A visit to the Cairo museum reveals that, by four thousand years ago, ancient Egyptians had already developed many of today’s technologies. From highly evolved, ocean-capable boat designs like Khufu’s 143-feet-long Sun Ship, to advanced fishing nets and hooks, from pottery and papermaking to beer brewing, from bagpipes to lyres, from high-precision stone cutting to pyramid construction and plywood manufacture, there are literally hundreds of sophisticated inventions. Many echo the form and function of local animals and plants. Architectural columns clearly replicate the structure of lotus stems. A piece of armor found in a pharaoh’s tomb looks just like metal fish scales sewn onto a fabric backing. Even the proportions of Egyptian tombs matched the growth ratios of trees.


Let’s jump forward to the ancient Greeks—the founders of modern math, geometry, and science. Plato, Pythagoras, Aristotle, Heracleitus, and Socrates were all students of nature and sought to explain the nature of existence and matter. Pythagoras, in particular, was fascinated by the geometric proportions found throughout the natural world. Before Pythagoras, there is little evidence that musicians tuned their instruments using any particular system or scales. It’s understood that Pythagoras experimented with a monochord, a single-stringed instrument with a moving bridge, to identify the way that plucking a string of various lengths creates particular musical notes. The proportions that he identified to be most harmonious happened to match the proportions of animal and plant growth (which we’ll investigate later in this book). His observations were the foundation of the Western scale of music. This is a great example of isolating natural elements and combining them into a new art form. So magical seeming were his discoveries to conservative authorities that he feared for his life and started a secret society to study nature’s mysteries more deeply. Heraclitus theorized, by observing the natural world, that everything in existence was created from flow in nature—which physicists now agree to be true. Meanwhile, Plato saw particular angles and proportions everywhere and developed the science of geometry. More than two thousand years later, Einstein echoed Plato’s understanding that “God ever geometrizes.”


A great leap in biomimetic, European architecture occurred with the return of the Knights Templar from the Holy Land Crusades. It appears that they brought back an understanding of natural geometric proportions that classical builders had used to construct the noble buildings of the ancient world—Solomon’s temple, the Pyramids, and the Parthenon, to name a few. These design processes had been lost to Europe during the Dark Ages but were kept alive by the Islamic world. Following the Templars’ return to Europe, an explosion of “golden,” or “sacred geometry,” cathedral building took place. Masterpieces like Canterbury, Chartres, Notre Dame, Amiens, and others were constructed to conform to nature’s underlying proportions.


The Renaissance saw a spectacular resurgence of biomimicry in art and architecture. The great artists knew that art must echo the mathematical ratios of life to look realistic. By understanding the very precise way our eyes read distance, depth, and light, for example, they replicated our three-dimensional world on two-dimensional flat canvases, by painting objects in the front of a canvas that were larger than those at the back. Raphael, Michelangelo, Botticelli, Donatello, Titian, and many others worked intensively to copy nature’s proportions in their sculptures, paintings, and architecture.
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Raphael’s The Marriage of the Virgin


Leonardo da Vinci was perhaps the greatest biomimic of all time. Not only did he precisely adhere to nature’s proportions in his art but also spent the last ten years of his life studying—even obsessing over—the geometry and motions of natural flow. Based on years of observing birds in flight, Leonardo, the world’s first fluid dynamicist, designed flying wings, a helicopter, and numerous other machines. His understanding of how the human heart actually operates—through manipulation of whirlpools—has only been rediscovered in the past decade. Even five hundred years later, the depth of Leonardo’s insights into the secrets of nature’s form and function cause scientists to marvel.


Not just a series of geniuses understood the merits of natural solutions. In past centuries, biomimicry underlay entire industries and supported generations of craftsmen. For example, consider how world history has been shaped by the winners of armed conflicts—who were often victorious because of their superior armor. Animals from armadillos to fish, lizards, and snakes all benefit from nature’s highly evolved, flexible, scale armor. Lightweight, with a wide range of movement made possible by their overlapping design, scales have been studiously copied to protect warriors and their horses for millennia. Soldiers found that scale armor was cheaper, lighter, and more effective against attacks than other forms of armor—including chain mail. First evidenced in ancient Egypt and China, scale armor was widely used by Mongolians, Tibetans, Japanese, Russians, Indians, Koreans, Persians, and throughout the Byzantine Empire. Scales were crafted from metals, horns, leather, and cuir-bouilli—leather boiled in a mixture of water, oil, and urine to make it tougher. Roman centurions wore exceptionally effective lorica squamata—scales hammered out of bronze or iron. In all examples, the similarity to reptilian scales is obvious. Coincidentally, one of the latest evolutions in body armor is an adaptation of the molecular structure of ceramic that is benefiting from some of the same principles. Invented by Murray Neal for Pinnacle Armor, Dragon Skin is the first flexible armor that is marketed as being able to defeat rifle rounds.
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From left to right: fish scales, Roman scale armor, Dragon Skin™


Another bio-inspired invention that has had a profound impact on the course of human history is barbed wire. Historians now state that barbed wire has had as much importance in the settlement of the American West, Australia, and other large land areas as guns, the railroads, and the telegraph. Invented by Michael Kelly in 1868 and perfected by Joseph Glidden in 1874, barbed wire fencing could be rapidly erected over long distances and corral even the wildest of cattle. Originally marketed as “thorny fence,” barbed wire is a simple iron mimic of an even older, biomimetic fencing woven from naturally occurring briars. As you can imagine, the impact of barbed wire on migratory animals and indigenous, nomadic peoples such as Australian Aboriginals, who had wandered freely for fifty thousand years, or Native Americans, who called it “devil’s rope,” was devastating.
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The leafy sea dragon’s appendages mimic seaweed while the
flounder is able to change its color to disappear into its surroundings.


Nature is also the true master of camouflage. From the almost invisible stone flounder and octopus to the snow fox, leafy sea dragon, and praying mantis, stealth is the difference between life and death. Unless mating, nature’s creatures do not like to be seen or heard, because to be seen often means to be either eaten or starve. This hasn’t been lost on warriors. Native peoples around the world adorned themselves with feathers, branches, animal skins, and paints to disappear on the hunt; and all modern armies have studied nature’s systems and adopted her finer points. Nature uses several types of camouflage including: mimetic, which works by mimicking an object’s shape or color, like a leafy sea dragon, octopus, or stick insect; or disruptive, which uses patterns and colors like a flounder that disappears into the sea floor or a leopard in a sun-dappled forest glade. The world’s military forces are great users of DPM—disruptive pattern material. So effective are today’s strategies that the Australian Army recently misplaced a camouflaged truck while on off-road exercises. Authorities had to appeal through the local media to enlist the public’s assistance in locating the lost equipment.


Another biomimetic invention helped to revolutionize one of the world’s most important industries: timber cutting. At the turn of the twentieth century, foresters began developing gas-powered saw blades to reduce the intense manual labor required to chop down trees with axes and hand saws. They were an improvement but required frequent and time-consuming maintenance and filing of cutting teeth. In the 1940s, one lumberjack and would-be inventor, Joseph Cox, thought for months about how he might improve the powered saws he used as a logger. One day, as he chopped firewood, his attention was caught by the finger-sized larva of a timber beetle burrowing through a nearby tree stump. Though the beetle and every part of it could easily be crushed by Joe’s firewood ax, it was steadily chomping its way through hard timber, regardless of the direction of the grain. Joe studied the larva’s alternating, sideways-sweeping jaw design and went to work to replicate it in an improved saw chain. First sold in 1947, his saw chain was so popular that by 1951, Joe’s company was already earning more than $1 million in revenue. The basic design of that original chain is still used today, under the leading global brand, Oregon. Revenues for Oregon saw chains have topped $300 million.


Zoopharmacognosy is the long-winded scientific label for studying animal self-medication. You may have seen your pet cat or dog chewing on grass when it’s unwell. Chemicals in animal-chosen medicinal plants have been shown to have antibacterial, antiviral, antifungal, and antihelminthic (antiparasitic worm) properties. Wild chimps eat Vernonia amygdalina to rid themselves of intestinal parasites and aspilla leaves for rheumatism, viruses, and fungal infections. Other animals chew on charcoal and clay to neutralize food toxins and rub themselves with citrus, clematis, and piper for skin ailments. Pregnant elephants have been seen to walk miles to find a certain tree of the Boraginaceae family that brings on labor. There are undoubtedly many more remarkable opportunities to be understood and adapted.


Pharmaceuticals are essentially biomimetic in principle, but are not often designed to have no side effects. Drugs were historically created from natural substances; the word drug comes from the Dutch droog, meaning “dried plant.” As evidenced in Neanderthal archaeological digs, natural medicines have been in use for more than sixty thousand years. Excavations have revealed the use of at least seven herbal remedies that still show proven therapeutic value, including ephedra (as a cold remedy), hollyhock (poor man’s aspirin), and yarrow (wound dressing). It’s thought that early humans may have learned about some of these cures by observing sick animals seeking out plants that were rich in beneficial substances.


More than seven thousand compounds used in modern medicine have already been derived from plants, with thousands more waiting to be identified. In fact, of all the pharmaceuticals marketed in the United States today, more than 50 percent are synthesized from isolated active ingredients in medicinal plants—from stimulants to sedatives, painkillers to chemotherapy, detoxicants to antioxidants, and cardiotonics to antidepressants. As we know, often these synthesized compounds create side effects, and sometimes even very serious unwanted consequences. Though we do see headlines about overdose deaths from illicit drugs, there are actually relatively few of them compared to the more than three hundred thousand serious complications each year, just in the United States, from the improper use of, or interactions between, prescribed pharmaceuticals. In fact, a report in the Journal of the American Medical Association estimates that there are many more deaths from adverse drug reactions than from road accidents—approximately one hundred thousand per year. Interestingly, there are almost no major complications or deaths reported from cultures that still use original medicinal plant compounds, which often do at least as effective a job as their pharmaceutical equivalents. This is fortunate, when you consider that 80 percent of the earth’s people can’t afford or don’t have access to pharmaceuticals and rely on plant remedies.


The herb ephedra has been used in China and India for five thousand years as a stimulant for cold and flu sufferers. Later known as Mormon tea, ephedra is now synthesized as pseudoephedrine and is found in many marketed cold remedies. (Unfortunately, it’s also a key ingredient in the illicit manufacture of highly addictive and destructive methamphetamine.) Quinine, from the bark of the rain forest tree, Cinchona ledgeriana, is an effective preventative to malaria, one of the greatest killers of humanity, with up to one million deaths per year. The heart drug, digoxin, is synthesized from the foxglove flower. Aspirin’s principle ingredients were recognized in willow bark by Hippocrates around 400 BCE. It was named and marketed by Bayer in 1899 and is still one of the biggest selling drugs in the world.


The pharma-biomimicry list is extensive. The indispensable bio-inspired painkillers morphine and codeine are derived from opium. In the 1890s, Bayer developed a cough suppressant from synthesized morphine that it trademarked Heroin. With the United Nations estimating that there are currently between twelve and twenty-one million regular users of heroin worldwide, heroin could be considered the bestselling drug brand of all time. Even the 1960s drug LSD is synthesized from a natural rye fungus called ergot. Incidentally, it’s been proposed by some historians that the European witch hunts may have been a result of so-called witches hallucinating after eating ergot-molded rye. The theory is that their antics were caused by inadvertent “bad trips,” which resulted in these unfortunate wretches being branded as witches, with up to one hundred thousand burned to death. Some might argue that heroin and LSD are examples of biomimicry gone wrong, but I believe the fault is with humans choosing to synthesize and distribute these molecules without consideration and management of their consequences.


As a subset of pharmacology, how could we estimate the value of antibiotics to humanity? Prior to World War II, even a scratch or ingrown toenail could turn septic and kill you. Diseases like tuberculosis, pneumonia, syphilis and gonorrhea, plague, even a tooth abscess, and a hundred other ailments were often death sentences. In one of the most fortunate accidents of all time, Alexander Fleming noticed that a petri dish full of virulent staphylococci bacteria he had cultivated for research had been contaminated by mold. He was about to wash out the dish, when he realized that the mold had killed some of the bacteria. The rest of this biomimicry story is history. Named by Time magazine as one of the hundred most important people in the twentieth century, Fleming originally called his antibiotic “mold juice.” Today, more than seven million pounds per year of antibiotics are administered to ailing patients and countless lives have been saved. Although Fleming became aware of the real risk of emerging antibiotic resistance and lectured widely on the threat, he was largely ignored. Despite Fleming’s cautions, overuse of antibiotics has resulted in the evolution of superbugs—bacteria that are highly resistant to antibiotics. The Centers for Disease Control waited from World War II, when data began accumulating, until 2008 to release its first report on the side effects of antibiotic use and overuse. Now considerably more people die each year from antibiotic-resistant staphylococcus than from AIDS. Fortunately, new biomimicry research is under way that could result in whole new classes of bacteria-suppressing drugs that don’t result in resistance or distressing side effects. We’ll hear more about these later in the book.


Future profits come to those who anticipate trends and work toward meeting them with services or products. In this case, the trend is clear. Biomimicry has always been a great source of wealth and opportunity. Now it can be a far greater wealth generator and problem solver than ever before. Most opportunities are still waiting to be identified or marketed, so the potential for intellectual property creation, new manufacturing methods, and breakthrough chemicals and materials is immense. Nothing short of the overhaul of the entire industrial sector is possible.



FROM THE BEACH TO THE BOARDROOM



Although I didn’t sense biomimicry’s potential to revolutionize the world’s economy at the time, I started my career in biomimicry when I was ten years old and fell in love with the beach. We lived a block away from the warm waters of the Indian Ocean. On long, hot, Australian days, I pedaled my bike home from school as fast as I could, picked up my mask and snorkel, and rode to the pristine shore of Cottesloe Beach. I collected seashells, hunted for octopus in rock pools, gathered abalone, dived for lobster, and spear fished every chance I had. I daydreamed about swimming and fishing, surfing and snorkeling pretty much all day at school and when I lay in bed at night. Being in the ocean was my delight and joy—powerful motivation for a career choice.


I was fascinated by how easily, gracefully, and efficiently fish could propel themselves through the water—much faster than my ungainly struggles to catch up with them. I noticed that the wavelike motion of their fins and bodies was similar to that of eels, snakes, and the twisting patterns of seaweeds. Seaweeds can be quite fragile if you pull on them. I discovered this when I caught hold of their stalks while snorkeling near reefs or rocks. As a surge from a wave washed me away from where I wanted to be, I grabbed on to seaweeds to anchor myself. Often they broke. Yet even in the wildest storms, these same weeds were able to stay intact and survive. The surge of huge waves couldn’t break or dislodge most plants from their grip on the ocean floor. It became apparent to me that they were adapting their shapes to the path of least resistance to relieve the onrush of water. Although at first it appeared that the weed fronds were moving chaotically, long observation showed me that all the plants were generally bending to a particular swirling pathway.


Around this time, my education was placed in the hands of the Jesuits, the intelligentsia of the Roman Catholic Church. My schooling focused entirely on the classics and prayer. Mass and benediction, daily and weekly events, were compulsory. The school chapel was an austere building. Plain sand and clay bricks with confessionals on the left side and Stations of the Cross mounted on the walls above them. The right-hand wall was mainly glass and looked out onto a close-cut lawn and a hedge of dark green hibiscus bushes. Not much going on there, either. Bored out of my wits, I examined every nook and cranny, counted every pattern on the ceiling tiles and even the number of stitches on the collar of the boy in front of me in the next pew. I practiced hyperventilating to improve my snorkeling skills, until one day I blacked out as I stood up from a kneeling position. I crashed backward onto the pew, knocking it over, causing uproar with the boys, and interrupting the service.
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Half nautilus shell


[image: image]


Bishop’s crook


In one of these deadening sessions during my tenth year of life, the archbishop turned up to say Mass. He entered the church, elaborately clothed in a white and gold dress, caped, and carrying a long stick with a spiral on top. The spiral caught my eye; it had the same curve I had seen in many other forms at that school and matched the shapes of seashells I’d collected at the beach. Identical spiral patterns adorned the bound covers of the missal and the Bible, the tabernacle, the altar cloths, and were even carved into the pedestals upon which stood the stiff white statues of Jesus, Mary, and Joseph. The frames of the Stations of the Cross also had spirals in each corner. I began asking about this shape. Although no priest was able to answer my questions as to its origin or purpose, I sensed that the spirals I saw in church somehow connected and pointed to natural forms.


With the beach a part of most of my days, I survived my high school years and made my way toward a career in electronic engineering. Unfortunately, being red-green color-blind in the days of dozens of colored, twisted-strand wiring, it was not a very satisfying experience. I lasted two years before quitting to join the Department of Fisheries and Wild-life, where I was paid to be on and in the ocean, protecting the fish and animals of Australia—a job that suited me very well. I worked my way up the ladder, becoming a patrol vessel captain and eventually a senior field officer. Along the way, I started a cooperative for local fishermen, invented some measuring devices for the fisheries industry, and had many adventures in the wild.


By 1980, I was frustrated by the increasing trend of real estate developers taking over wildlife refuges to build housing projects. Usually the complex would be named after some unique quality of the area, never mind that the project had wiped it out. “Quiet Waters,” “Pelicans’ Nest,” “Dolphin Bay.” … I would work for years to protect a wetland or a nesting site and then watch as bulldozers went in to strip the land and build homes for an increasingly affluent Australian population. I had seen enough. It struck me that speculators and bean counters were running the show. If I wanted to protect nature, I needed to find a way to show them that it could be more profitable to conserve nature and study its many wonders than to chop it up. I left government service and enrolled at university, to study economics and then psychology and comparative religion.
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