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Praise for 
 The Salmon Cannon and  the Levitating Frog

‘York is a witty, whip-smart, lithely engaging science storyteller, truly one of our best. This book is a celebration of curiosity and a spirited defense of the quirky endeavors it inspires. With clear but never dumbed-down explanations and an infectious taste for the surreal, York makes the case for pure inquiry—­showcasing the value and world-changing ­discoveries that come of asking why. Fascinating, entertaining, and a welcome antidote to the small minds of certain politicians’

Mary Roach, author of Stiff and Fuzz

‘Bravo! York leaps to the defense of basic scientific research with wit, passion, and unabashed wonder. Filled with insights and eureka moments, The Salmon Cannon and the Levitating Frog is a timely, thought-provoking, and thoroughly terrific read’

Thor Hanson, author of Close to Home

‘York offers a countermeasure to the cynicism of our times: the pure joy of curiosity and wonder. With humor and a ­scientist’s keen eye, she dissects silly sounding science to reveal its ­surprising benefits. Along the way, she digs up my favorite kinds of stories: the ones that make you say “Wow,” “What?!,” or “Ew”—and then make you think’

Erika Engelhaupt, author of Gory Details

‘A joyful read with a lot of depth, York’s book will make you the hit of the dinner party (or online conversation) with her pithy and fun stories of how “silly science” is anything but. York shows—through examples from Archimedes’ tub to how Gila monsters led to the discovery of Ozempic—that what some see as pointless inquiry so often leads to a great discovery or key scientific insight. From the eccentric to the inspiring, York proves that human curiosity is an imperative part of the scientific process, and that there are rarely wasted experiments’

Starre Vartan, author of The Stronger Sex
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Author’s Note

This book investigates the history of various scientific discoveries, many of which have involved the use of animals. While my goal in writing this book is to enhance the appreciation of curiosity-driven research, the ethical considerations of animal research should not be ignored. As you read this book, I hope that you’ll reflect on the moral implications of past research and consider the growing use of alternative practices. As a scientist and an animal lover, I look forward to a future where tissue cultures, computer simulations, and other methods can entirely replace animal use in research. I hope the stories in this book will inspire a reflective consideration of the past and an optimistic outlook for a more humane future.






Introduction

About ten years ago, I was sitting in a Mexican restaurant surrounded by people that smelled distinctly like elephant shit. At the time, I was pursuing my doctoral degree in biology at Old Dominion University, but I volunteered at the Virginia Zoo on the weekends. This volunteer work was the highlight of my week. Every Saturday morning I would bounce out of bed and excitedly toss on a green polo shirt with the zoo’s logo on the chest. It’s tough to beat the joy of walking into a zoo before it has opened to the public. There is an entirely different feel to the air. The gibbons’ calls echo overhead, and the elephants make a deep rumble that vibrates in your core. A chorus of animals from Africa, Asia, and South America serenades the keepers who serve their breakfast. Even the shyest of residents can be found prowling around their enclosure before noisy visitors arrive for the day. Only those who forfeited their weekend sleep had the privilege of experiencing these sacred hours. These mornings were my sanctuary, reminding me of my love for the animal kingdom and equally fortifying me against the relentless  rigors of a doctoral program.

The zookeepers and the volunteers had a lovely tradition of going to lunch together after the morning chores were completed, at which point we would all smell pungent enough to make anyone seated nearby lose their appetite. On one particular Saturday, over a plate of cheese enchiladas, I had one of the most uncomfortable conversations of my career. One of my fellow volunteers, Bob, was a retired army officer who had come to prefer spending his days feeding the giraffes over analyzing military tactics. He asked me what I was studying, and I replied that I was exploring squid biomechanics and sensory physiology. At the time, I really enjoyed peppering my conversations with words like “biomechanics,” delivered with just enough arrogance to deter further inquiry. Bob, however, wasn’t deterred. His eyes, sharp with scrutiny, posed a simple yet profound question: “Why?” He wasn’t probing the scientific essence but the purpose. The real-world implication. His blunt question caught me off guard and left me fumbling for a response. I clumsily mumbled about the intrinsic value of knowledge and some nebulous idea of understanding life as a squid. But Bob’s query dug deeper. He questioned the economic rationale—why the public dime funded my education and why national funds poured into a project that, to him, smacked of what he called “silly science.” Behind his inquiry was an earnest taxpayer’s need to see tangible returns on investment. And as much as I didn’t want to admit it, I simply couldn’t answer his question. My research wasn’t going to solve any major world issues. The scientific work that had consumed my life for the past three years wasn’t going to do anything as far as I could predict.

Perhaps my research was useless, but I recognize now that it was not worthless. I often think of that conversation in the Mexican restaurant and consider how I could have handled it differently. After a decade of working as a scientist, I have come to realize that we stand at a crossroads of discovery and public perception of science. On that day, over enchiladas, I failed to articulate the essence and significance of “silly science.” My goal in writing this book is to finally answer the question that I botched ten years ago.

***

As an animal physiologist, I work in the world of basic research. This branch of science is driven by curiosity and the observation of nature, not by immediate demands for application. Though a product isn’t the end goal, amazing applications have stemmed from basic discoveries in this field. Take, for example, the invention of Geckskin, a reusable, glue-free adhesive that can hold up to 700 pounds on a smooth, vertical surface. This product came from decades of research  on the anatomy and mechanics of gecko toepads. These scientists weren’t trying to figure out how to build a super sticker; they simply wanted to know how geckos can walk upside down. Through basic research, biologists discovered that gecko toepads are covered in millions of tiny hairs that create a strong adhesive force, but hundreds of studies were performed before a product was ever conceived, created, and sold. Likewise, although squid have indeed been an engineering inspiration (check out the Robosquid), my research had nothing to do with application. Years after defending my doctoral work, I still don’t know how my research can directly benefit humankind. Luckily, I am in good company. Einstein also saw no immediate application when he developed his theory of relativity. It wasn’t until almost a hundred years later that his theory became useful in everyday life via GPS. Now, I’m no Einstein, not even relatively speaking, but we do share the enchanting and powerful world of curiosity-driven science.

Einstein found his academic home—and endless support for his curiosity-driven research—at the Institute for Advanced Study in Princeton, New Jersey. The institute, the brainchild of Abraham Flexner, was envisioned to be a “paradise for scholars,” where researchers would have no administrative duties or students. Their job description was simply the “unobstructed pursuit of useless knowledge.” As a professor who spends an extraordinary amount of time in faculty meetings, this does indeed sound like a paradise. It was Flexner’s belief that human curiosity, mixed with a dash of serendipity, was the path to transformative ideas. His conviction was that only from the perspective of hindsight would knowledge that was gained through unhampered inquiry end in practical applications. Einstein was hardly the only scholar to benefit from Flexner’s vision. His institute birthed thirty-five Nobel laureates, forty-two Fields medalists, twenty-one Abel Prize laureates, and many winners of Wolf and MacArthur prizes. Clearly, the focus on curiosity-driven research has led to  scientific discoveries that rocked our world.1

Flexner gained insights into curiosity-driven research from the life of Michael Faraday. Faraday was one of the most influential scientists working in the field of electromagnetism and electrochemistry—even Einstein kept a picture of him on his study wall for inspiration. Flexner once said of Faraday’s work, “Any suspicion of utility would have restricted his restless curiosity. In the end, utility resulted, but it was never a criterion to which his ceaseless experimentation could be subjected.” A fun, though apocryphal, anecdote about Faraday’s investigation into the nature of electromagnetism beautifully captures the sentiment Flexner knew to be true. William Gladstone, the chancellor of the exchequer and a skeptical politician, questioned the practical nature of Faraday’s experiments on electromagnetism: What practical good would his experiments bring the nation? Faraday responded, “What good is a newborn baby?” Nearly two centuries later, almost all modern activities require people to use electricity or wireless communication based on Faraday’s research. His newborn baby grew!2

Like electromagnetism, the study of the atom and the development of quantum mechanics were seen as theoretical playgrounds for brilliant young physicists. With the same freedom to follow his curiosity as Faraday, Max Planck first developed the concept that energy could only occur in small packets called quanta. For example, light delivers energy in quanta called photons, and each photon’s energy is proportional to its specific frequency. This theory revolutionized our understanding of atomic processes, similar to how Einstein’s theory of relativity transformed our understanding of space and time, and has led to a world of microprocessors, lasers, and nanotechnology. It has been estimated that 30 percent of the US gross national product is based on inventions that harness our understanding of quantum mechanics, and more than half of all economic growth comes from innovations that began in the world of basic discovery.3 If nanotechnology and microprocessors don’t convince you, perhaps a look into medical advances will help. A team of researchers dove into the discovery of drugs and found that basic research is “the best route to the generation of powerful new medicines.” Most drugs don’t begin with research intended to make that drug. In fact, the results of their study showed that 80 percent of the medicines on their list led back to a discovery from basic research without any intention of creating a  new drug.4

***

Unfortunately, the value of a basic scientific discovery is often lost on people, and particularly, it seems, on politicians. In 1975, Senator William Proxmire, a Democrat from Wisconsin, began documenting what he deemed to be frivolity in government spending by creating the Golden Fleece Awards. His first award went to the National Science Foundation (NSF) for spending $84,000 to study love. Proxmire said, “I believe that 200 million other Americans want to leave some things in life a mystery, and right on top of the things we don’t want to know is why a man falls in love with a woman and vice versa.” This began what the Washington Post described as “the most successful public relations device in politics today.” Proxmire issued Golden Fleece Awards every month from 1975 until 1988, most of which were received with eye rolls and giggles. The awards included


	A $46,100 grant to the NSF to study the impact of women in suggestive clothing on the male drivers of Chicago (1976).

	A $6,000 grant to the National Oceanic and Atmospheric Administration to document the effects of marijuana on scuba divers (1979).

	A $90,000 grant to the Department of Agriculture to determine behaviors associated with vegetarianism (1979).5



Historically, receiving the Golden Fleece Award was bad news for a scientist, as Dr. Ronald Hutchinson could tell you. Hutchinson was at the forefront of his field, with funding from several federal agencies, including the NSF, NASA, and the Office of Naval Research. He was studying aggression—specifically jaw clenching in rats, monkeys, and humans. Emboldened by the media success of his first Golden Fleece Award in 1975, Proxmire used Hutchinson’s research as his second example of wasted federal funds. Proxmire wrote a scathing press release, stating, “The funding of this nonsense makes me almost angry enough to scream and kick or even clench my jaw. . . . In fact, the good doctor has made a fortune from his monkeys and in the process made a monkey out of the American taxpayer.” 6

Hutchinson responded by writing a defense of his research and called Proxmire’s mockery uninformed criticism that would damage public trust in science. He was hopeful that any negative attention he received would blow over and he could continue with his research. He was very wrong. “My children were harassed at school for having a crook for a father, my fire insurance was canceled as the company sought distance from an unsavory character, and anonymous death threats came in the mail,” he would say later. Because of Proxmire’s service on the committee that passed the annual funding for the NSF, Hutchinson’s research grant and contract support were terminated. His laboratory work, including his salary, had been supported by federal funding, so Hutchinson and his staff were laid off and the research ended. He even lost the National Institutes of Health Senior Scientist Award, which also supported his salary. Hutchinson sought legal action and sued Proxmire for defamation, loss of income, and invasion of privacy. His case made it all the way to the US Supreme Court. Proxmire eventually settled, paying $10,000 and Hutchinson’s court fees. Another consequence of the settlement was that Proxmire had to directly write to grant-funding agencies, promising “not to interfere in the executive deliberation of grant proposals nor attempt to intercede in opposition to them.” Because of this, other scientists who had been attacked could obtain retractions and bring media attention to the fact that their research had been misrepresented. Unfortunately, this didn’t deter Proxmire from continuing to single out “silly science” and publicly humiliating researchers for years to come.7

When Proxmire retired from the Senate in 1988, the award also became emeritus. However, in 2000, Taxpayers for Common Sense resuscitated the Golden Fleece Awards, and Proxmire served as an honorary chairman. Proxmire  died in 2005, but his contempt for seemingly wasteful spending in science marched onward with rare bipartisan unity. Beginning in 2011, Senator Tom Coburn, a Republican from Oklahoma, produced an annual publication called The Wastebook, in which he blew the whistle on government spending. Many of the projects Coburn decided were wasteful fell under the umbrella of basic research. I don’t think Proxmire was purposefully anti-science in his policy as much as he was anti–federal spending—he fully owned his frugal reputation and even attended the staff Christmas party wearing a “Senator Scrooge” nametag.8 Coburn, on the other hand, was clearly anti-science. But to be fair, he was anti-everything. He was well-known for using a senatorial privilege (called a hold) where a single senator could block bills from being voted on. His use of this tactic became so common that he earned himself the nickname “Dr. No.” One of the first bills that he blocked was in 2007, honoring the one hundredth birthday of Rachel Carson and her book Silent Spring. Coburn called the book “junk science” and “the catalyst in the deadly worldwide stigmatization against insecticides, especially DDT.”9 Coburn began reporting on research he thought was a waste of federal funding in 2008, with his newsletter titled “Worst Waste of the Year,” which ultimately highlighted more than $1 billion in perceived funding waste. Two examples were a $190,000 study on compost digested by worms and an $856,000 project to train mountain lions to walk on treadmills.10 Was he wrong to say these studies did nothing to better our existence? Maybe. But maybe not.

The reality is that there is a large gap between the knowledge that basic research can provide and its ultimate utility. Even when an application becomes apparent shortly after discovery, the importance of this work often goes unrecognized by those without expertise. In 2008, vice-presidential candidate Sarah Palin made a blunder that echoed through the halls of research labs worldwide. She was giving her first policy speech, where she called for the federal government to fund the Individuals with Disabilities Education Act by alerting the public to money wasted by Congress. She said, “You’ve heard about some of these pet projects, they really don’t make a whole lot of sense and sometimes these dollars go to projects that have little or nothing to do with the public good. Things like fruit fly research in Paris, France. I kid you not.” While it seems that she was referring to a particular study about pestilence on olive trees, which entomologists have identified as a huge economic problem for California, the fact that she would be flippant about any fruit fly research is enough to make Thomas Hunt Morgan, the founding father of modern genetics, roll over in his grave.11

For more than a century, the fruit fly has played an integral role in biomedical research. These little pests have exposed fundamental principles of genetics and earned ten scientists Nobel Prizes for their contribution to medical research. Thomas Hunt Morgan was the first biologist to win a Nobel Prize for his work on fruit flies in the early twentieth century. Morgan used the flies to locate genes on chromosomes in order to confirm that some genes are linked (i.e., inherited together). Without the help of the lowly fruit fly, we wouldn’t be close to our modern understanding of genetics. Morgan received his Nobel Prize in 1933, and it was only thirteen years later that Hermann Joseph Muller received a Nobel Prize for using X-ray irradiation to create mutations in fruit flies. Building upon the work done by these two, the team of Edward B. Lewis, Christiane Nüsslein-Volhard, and Eric F. Wieschaus won their Nobel in 1995 for their work on genetic control of embryonic development. Fruit flies can help answer questions about genetics, cellular interaction, physiology, immunity, and behavior. Sharing over 60 percent of their DNA with humans, fruit flies have aided vital studies in cancer, diabetes, and autism.12 It’s a shame that Ms. Palin didn’t know this, as she mentioned that her nephew has autism in the very same speech.


Several features of fruit flies make them especially endearing to researchers. First, their annoyingly small size, especially if they are zipping around your kitchen, makes them very easy to keep in a lab. Unlike fish or mice, fruit flies can be raised and housed in a tiny tube about as long as your hand. This means millions of flies can be kept in the average lab space. They aren’t picky eaters and will subsist quite happily on only a mixture of cornmeal, yeast, and sugar. Their most outstanding feature, though, might be their remarkable reproduction rate. Given the opportunity, a female fruit fly will lay up to five hundred eggs in her lifetime, and those eggs will mature into reproductively capable adults in about a week. Imagine planning a complex genetic study on multiple generations and having results just a few weeks later. Additionally, while humans have twenty-three pairs of chromosomes, fruit flies only have four pairs. The reduced number of chromosomes means they are easier to manipulate, isolate, and mutate, making inherited conditions relatively easy to track. This feature alone makes these animals invaluable to the study of genetics. With so many charming attributes, it’s no wonder the fruit fly has been the buzz behind some of the greatest medical advances in the twentieth and twenty-first centuries.13

Political controversies can be a huge disincentive for researchers to work on certain issues. In a recent survey, scientists responded that they preferred to submit a grant to the National Institutes of Health (NIH) that was self-censored for political acceptance than to seek alternative funding from an elusive nongovernmental source. Some scientists reported leaving their research positions and even exiting the US for a more supportive environment. One researcher left academia altogether after their research became a focus of debate, declaring, “This [controversy] ended my research career.” Not even senior, tenured faculty members who participated in the survey seemed immune to the shadowy effects of political controversy. Without question, being the target of a political dispute can devastate a research career and stifle innovation.14

No one wants to be the next “shrimp on a treadmill” headline. In 2011, biologist David Scholnick and his research on the physiological performance of shrimp in bacteria-laden water were blasted by Tom Coburn for squandering taxpayer money when a video clip of a shrimp running on a tiny treadmill went viral. Forbes described his research as wasting  three million taxpayer dollars, and the AARP created a nationally televised commercial of lab-coat-wearing scientists observing shrimp on treadmills to highlight the lack of federal support for retiree health care services. Certain politicians went so far as to say studies of shrimp on a treadmill limited military spending.

Dr. Scholnick surely spent hours of time that could have been spent on his research dealing with media interviews and public threats, but he also leaned into the perceptions of silliness. In an article published in the Chronicle of Higher Education, Dr. Scholnick laid out his solution to the question of wasted funding—selling his shrimp treadmill for the modest price of $1 million (not including the shrimp). All of the profits, he said, “will go toward supporting marine biology research so that grandmothers across the country will no longer be denied medication, our heroic soldiers fighting abroad might be able to get the military equipment they need . . . ” Unfortunately, no one took him up on his offer.15

***

Although it might look like government money is handed out willy-nilly, this is far from reality. Researchers must submit detailed proposals outlining their intended research, the potential significance of the work, a clear methodology, and a budget detailing how every dollar will be spent. These proposals are then peer reviewed by other experts in the field who assess the feasibility, significance, and potential impact of the research. Only the most promising and impactful proposals receive funding at a rate of around 25 percent. Furthermore, once a grant is awarded, researchers are not just given free rein with the funds. They are required to submit periodic progress reports and financial statements, ensuring that the money is being used effectively and for its intended purpose. After the grant period, a detailed report on the findings and implications of the research is also required. This oversight ensures accountability and maximizes the return on investment for the public’s money. The true cost of David Schnolnick’s  infamous shrimp treadmill? It was less than fifty dollars.16

***


Clearly there’s a lot of noise around basic science. This is my effort to cut through it. In the upcoming chapters, I will tell the tales of pioneering, curiosity-driven—and sometimes silly—research initiatives that resulted in landmark discoveries. I will explore questions you probably never knew you wanted answers to: How did hamburgers soaked in blood and formaldehyde save the cattle industry? What do honeybees have to do with your search engine? And why would you dress a termite in a cape? Many of the discoveries I’ll discuss have already led to tangible applications. Some of them haven’t yet. Others might never have an application. And that is exactly the point—we can’t predict the future.

Science is not tidy. It’s not neat, and it’s not linear, despite what we learned in school. At times, it begins with an odd observation, sparking a trail of curiosity that leads deep into uncharted territories. Inspiration may strike as we study nature’s finely tuned mechanisms or when we are driven to rethink and reinvent established ideas. Occasionally, fortune smiles, presenting a golden opportunity out of the blue. The recipe for scientific breakthroughs often includes all these  elements and even more.

After reading this book, I hope you will come to appreciate the deeply serious roots of silly science and understand that even the most trivial-sounding questions can change the world. And, Bob, if you are out there, I hope this book will finally give you a satisfying answer to your question of why silly science is worthy of public funding and respect.






Chapter One

Eureka!

King Hieron II of Syracuse suspected foul play. He had entrusted a goldsmith with a bar of gold to shape into a crown, but the king was worried that the goldsmith had mixed in some cheaper silver and pocketed the remaining gold. Determined to confirm his doubts, he commissioned Archimedes to figure out whether the crown was actually pure gold. This wasn’t going to be an easy task. A crown is a difficult shape to measure, and Archimedes wasn’t allowed to damage the integrity of its structure. Regardless, he accepted the challenge and began to ponder how he might solve  this puzzle.

Archimedes was enjoying the public baths when he noticed something perplexing. As he lowered himself into the bathtub filled with water, he saw that the water level rose and spilled over the sides. Intrigued, he began to ponder the relationship between the water that overflowed from the tub and the size of his own body. It was at this moment that he saw the solution—the amount of water displaced was equal to the volume of his submerged body. He was so overcome with excitement that he leaped out of the bathtub and ran through the streets naked, shouting “Eureka!” to share his revelation with the world.

Archimedes’s excitement stemmed from the realization that the density of the crown was the key to solving this puzzle. He took pieces of silver and gold with the same mass and measured the volume of water each metal displaced. Silver displaced more water than gold. He realized that by comparing the crown to an equal mass of pure gold, the crown would displace more water if silver had been used to substitute the gold. He ran the experiment and found that the king had indeed been cheated. It wasn’t a good day for the goldsmith, but Archimedes’s “eureka moment” left an enduring legacy, reminding us that discoveries can spring from the most unexpected places, even a relaxing bath.1 Also, don’t try to rip off a king.

It was probably in a classroom where you first learned that there’s an organized, methodical way to tackle research called the scientific method. This systematic approach ensures our experiments yield reliable and consistent findings. But even a simple bath can be more scientific than you think. The very first step to the scientific method is simply noticing what is happening around you. Even the most intricate experiments and groundbreaking discoveries begin with one simple act—observation.

Pondering everyday questions like “Why does my dog always pee on the same tree every day?” is, in essence, the foundational stage of the scientific method. Even the most whimsical observations can result in new, profound knowledge. Think of it as the universe’s way of hiding its secrets in plain sight. History is brimming with tales of lighthearted observations that became catalysts for significant breakthroughs. In fact, it’s often in the embrace of the quirky that some of the most revolutionary ideas are born.

The Screwiest Idea

Based on Sarah Palin’s reaction to fruit fly research, I can only imagine the eyebrow she would have raised at spending taxpayer money on the sex lives of screwworms. Now, screwworms aren’t your garden-variety nuisance. Imagine maggots, then crank the horror factor up a few notches. These ravenous little guys are on the prowl for any warm-blooded snack, humans included. Got a tiny tick bite? Or maybe an unsuspecting nostril? Screwworms aren’t picky. From top to tail and every cringeworthy orifice in between, they’re ready to dine. Unlike their maggot cousins who munch on the deceased, these tiny little terrors feast on the living.

Screwworms, which are the larvae of a screwworm fly, were common and devastating killers throughout the early to mid-twentieth century. One female fly can lay up to 2,800 eggs during their ten- to thirty-day lifespan, which makes them almost impossible to control. She has the stamina to cover 125 miles on the hunt for prime real estate to lay those eggs, and once hatched, the larvae burrow deep into the flesh of their host. In the 1950s, screwworms were such a large problem for the cattle industry in the southern United States and Central America that protecting their herd and treating the infections cost ranchers $200 million per year (nearly $1.8 billion today). The only way to ensure the animals remained uninfected was to hire ranch hands to guard against screwworms around the clock. Miss an
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