



[image: Book cover for “Why Rats Laugh and Jellyfish Sleep,” and Other Enchanting Stories of Evolution, by David Stipp. It features an illustration of a jellyfish with Charles Darwin. seated on top of it.]













[image: Title page for “Why Rats Laugh and Jellyfish Sleep,” and Other Enchanting Stories of Evolution, by David Stipp, published by Timber Press, Portland, Oregon.]
















Copyright © 2025 by David Stipp. All rights reserved.





Hachette Book Group supports the right to free expression and the value of copyright. The purpose of copyright is to encourage writers and artists to produce the creative works that enrich our culture. The scanning, uploading, and distribution of this book without permission is a theft of the author’s intellectual property. If you would like permission to use material from the book (other than for review purposes), please contact permissions@hbgusa.com. Thank you for your support of the author’s rights.


Timber Press


Workman Publishing


Hachette Book Group, Inc.


1290 Avenue of the Americas


New York, New York 10104


timberpress.com


Timber Press is an imprint of Workman Publishing, a division of Hachette Book Group, Inc. The Timber Press name and logo are registered trademarks of Hachette Book Group, Inc.


Illustrations by Quentin Stipp


Text and jacket design by Vincent James


The publisher is not responsible for websites (or their content) that are not owned by the publisher.


The Hachette Speakers Bureau provides a wide range of authors for speaking events. To find out more, go to hachettespeakersbureau.com or email hachettespeakers@hbgusa.com.


ISBN 978-1-64326-489-9


A catalog record for this book is available from the Library of Congress.


E3-20250809-JV-NF-ORI


[image: ]














To Alicia, Claire, and Quentin















Introduction


The daily crossword is great, but my favorite puzzle game is Darwinian Brain Tease. Its single rule is that you identify evolutionary riddles and try to think of solutions. You can play alone or with others, and the only device you need is your mind.


You don’t have to be a bio-whiz to play. You just need to be able to summon up your inner 7-year-old—the kid spilling over with naive/brilliant why questions. Why do cats live longer than dogs? Why do so many kinds of bees have stripes? Why do we see sparrows everywhere we go? Why can’t we sleep by shutting down only part of our brains at a time? Why are rats so smart and hard to get rid of? Why can you smell a skunk farther away than the strongest perfume?


Such questions are essentially evolutionary puzzles. They concern evolved traits that beg for explanations in the form of adaptive purposes. I think science’s best answer to the enticing whodunit is the Darwinian whydunit, and that anyone can brainstorm plots for the latter just by looking around and wondering why a creature exhibits a certain feature. Whydunits have no real villains. But their sly protagonists are rife with purpose—the motives are everything.


When trying to figure out solutions it helps to get your judicious inner adult to lend the 7-year-old a hand, for evolution works in intricate and sometimes confusing ways. For instance, while its designs have typically been honed by natural selection over vast spans of time, many seem curiously slipshod on close examination. You can find yourself down a rabbit hole trying to puzzle out exactly what purposes were served when it gave us a single tube for taking in both food and air, which invites choking; backs practically begging to get achy; and features of our eyes that aren’t needed for seeing but that make us vulnerable to glaucoma, macular degeneration, and other threats to vision.1


One reason evolution makes such dumb mistakes is that it uses materials at hand (mainly preexisting genes) for its fitness improvement projects even if those materials are suboptimal.i And due to historical constraints on how organisms develop, it often lets flawed structures stay in place indefinitely unless at some point they seriously threaten creatures’ reproductive success.ii Mother Nature, in fact, has a ton of legacy kludges to answer for. Many of us have come to know this sad Darwinian truth in our bones.


You can also be misled by features of organisms that seem at first glance to be adaptive (evolved to promote reproductive success) but really aren’t. Here are two questions that seem similar, but only one concerns an evolved trait: (1) What’s the adaptive purpose of the redness of our blood? (2) Of the whites of our eyes?


In case it isn’t obvious, the first one should be tossed in the discard pile. Our blood’s color is a purposeless side effect of its chemical composition, specifically of its iron-containing hemoglobin, which transports oxygen. (Some animals do just fine with non-red blood. Octopuses, for instance, have blue blood due to a copper-containing oxygen carrier.) It seems a good bet, though, that our species’ prominent eye whites are adaptive. If they weren’t, they probably wouldn’t be universal among Homo sapiens while absent, or much less visible, in other great apes.2


The teasers out there are endless. As the game’s first grandmaster, Charles Darwin, remarked,3




The more I study nature, the more I become impressed with ever-increasing force with the conclusion, that the contrivances and beautiful adaptations slowly acquired through [evolution] transcend in an incomparable degree the contrivances and adaptations which the most fertile imagination of the most imaginative man could suggest with unlimited time at his disposal. The use of each trifling detail of structure is far from a barren search to those who believe in natural selection.





But how do you spot really excellent riddles?


One way is to look for traits that seem seriously maladaptive—that is, even more boneheaded than the kludges mentioned above. Such as: Why is that chickadee over there making its excited chick-a-dee-dee call at me? (Weather allowing, I often play while sitting in a lawn chair in my backyard.) The answer may seem obvious: It’s instinctively warning other birds about the large predator, me. But why would an instinct like that evolve? Consider: The chickadee is drawing my attention to it, making it more likely to get caught (if I were, say, a cat) than nearby birds that keep quiet and benefit at no risk from its apparent altruism. Shouldn’t all birds have evolved an instinct to just silently slip away when they spot predators? As any adept survivor knows, it’s wise to be wise.4


Birds make different kinds of alarm calls around predators, and biologists have proposed a number of theories about them. One holds that an alarm-calling bird may instinctively seek to prevent a predator from catching nearby members of its species so that the would-be attacker doesn’t become a skilled specialist at attacking that species and, as well, isn’t encouraged to stick around looking for its members.5 A number of birds, including black-capped chickadees, apparently make alarm calls to summon other birds to mob predators, distracting and confusing them—the more dangerous the predator, the more excited the calling.6 Another theory is that birds sometimes call out to show a predator they’re so quick and nimble they can afford to risk drawing its attention to them, and thus it might as well seek an easier target—a form of strategic sarcasm.7


Notice that all these theories imply there are unobvious benefits to the alarm-calling birds themselves that outweigh the risk they’re taking. And, more generally, that looks tend to be deceiving when it comes to traits that seem to be killer mistakes by evolution—the kind that can drastically reduce a creature’s chance of passing on its genes. As we’ll see several times in this book, such traits tend to make great teaser candidates.


Why Rats Laugh & Jellyfish Sleep is basically an annotated selection of Darwinian puzzles and plausible solutions, along with some history and personal asides—it’s a kind of instruction-by-example manual for playing the teaser game. I picked close-to-home subjects to show that familiar things we tend to ignore in our daily haste are often more interesting than they seem. (We usually look to art to show us the hidden enchantments of the ordinary, but science can play that game too.)


It’s also a paean to the arts of asking interesting questions and formulating reasonable answers. One of its premises is that the inquisitive mindset of the enthused student is always a good thing, even when it turns up in persons long out of school who are sitting in lawn chairs, looking around with wild surmise.


But my main goal has been to provoke and delight. Darwinism is all about the celestial catnip of rhyme and reason, which is guaranteed to give a dopamine rush to the pleasure centers of curious minds. Ukrainian-American evolutionary biologist Theodosius Dobzhansky was obviously high on this heady stuff when he famously quipped that “nothing in biology makes sense except in the light of evolution.” The book, then, is really just my way of handing around some catnip—nothing in its pages would make sense if it weren’t for the pleasure of exploring why living things are the way they are.


Please note: I’ve covered only tiny slivers of my topics’ evolutionary biology. And I’ve not offered a detailed account of evolution theory and its supporting evidence. (That’s already been ably done in popular books by biologists such as Richard Dawkins and Jerry Coyne, as well as by science writers such as Carl Zimmer.) But I have touched on a number of the theory’s basic ideas and implications. I’m a science writer, not a scientist, and so my puzzle solutions are mostly based on the published research of evolutionary biologists, anthropologists, and other evolution-minded experts. I suspect few, if any, of them regard what they do as a puzzle game. Nonetheless, they show admirably adept teaser play in their work, and a good many have devoted their careers to gathering data needed to keep the game grounded and interesting.
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Occasionally I saunter around the perimeter of Walden Pond, which happens to be a few miles from my home. When visiting on busy weekends (people flock to its small sand beach in warm weather), I usually see some massive, carbon-bigfoot SUVs parked in the lot—tokens, I can’t help but think, of an unaccountable absence of universal Fire! Fire! feelings about the intertwined devastations of climate change and loss of species. My consternation may seem petty, but it’s unfortunately true that many of these mobile mini-barns are primarily used for wasteful, one-person daily commutes. I have an idea what Henry David Thoreau would say if he were bearing witness with me to them. In what may be Walden’s most vehement passage, he indelibly linked the despoilment of nature with rampant acquisitiveness. The ostensible subject was the name of a pond in Lincoln, Massachusetts:




Flint’s Pond! Such is the poverty of our nomenclature. What right had the unclean and stupid farmer, whose farm abutted on this sky water, whose shores he has ruthlessly laid bare, to give his name to it? Some skin-flint, who loved better the reflecting surface of a dollar, or a bright cent, in which he could see his own brazen face; who regarded even the wild ducks which settled in it as trespassers; his fingers grown into crooked and bony talons from the long habit of grasping harpy-like.





I seldom feel as wrathful as Thoreau was when he wrote this. While I know anger has its uses, stoking rage isn’t my thing. Besides, if you study the planetary situation from a high altitude, you soon become aware of far-ranging connections showing that pretty much all of us are implicated to one degree or another. Thousands of square miles of Amazon rainforest, for instance, have been destroyed to create cattle pastures, in no small part to supply America with cheap meat.8 But I very much agree with an idea Thoreau pointed to: that an attenuated sense of natural beauty—a numbness to the magic of sky water and wild ducks—is connected to the degrading of nature.


Lately when visiting the still-beautiful Concord pond and surrounding woods that Thoreau made world-famous, I’ve thought about his reaction to the Origin of Species (an abbreviation of its full title), which came out three years before he died. The copious notes he scribbled while reading Darwin’s book “tell the story of someone who must have read with hushed attention, someone attuned to every nuance and involution in the book,” wrote University of Kansas American literature professor Randall Fuller in The Book That Changed America, which describes early U.S. responses to the Origin.9 New England’s impassioned, maverick naturalist probably recognized a kindred spirit in Darwin.


Today the intersection between Darwin and Thoreau has become a fertile scientific field tilled by evolutionary biologists, ecologists, and conservationists. It’s also become tinged with anxious urgency as species are extinguished around a thousand times faster than the rate of extinction before humans existed. The two great nineteenth-century naturalists had no inkling of the Earth’s ongoing sixth mass extinction. But their modern intellectual offspring are the leading trackers of its scope, causes, and probable consequences. Without their fact-filled jeremiads, we’d have less than a snowball’s chance in a California wildfire to mitigate it.


How to marshal the political will needed to prevent today’s postapocalypse movies from becoming tomorrow’s documentaries? There are no easy answers. But it seems clear to me that the kind of collective action we urgently need won’t happen unless more people recognize the magnitude of what’s at stake and deeply care about it. Call me a curmudgeon, but I’m afraid that taking selfies in front of beautiful natural scenes doesn’t form the kind of vital connections with the living world that really matter—ones that stir people to bend the arc of history. One needs to slow down and look closer, the way Darwin did (and Thoreau too in a different way), to become keenly aware of the heart-gripping immensity—the colossal depth and antiquity—of the treasures we stand to lose, and have already lost.


Nowadays I always find myself fighting through a bramble of fraught thoughts about the state of the world when circling Walden Pond. But the well-worn trail leading to them in my mind also takes me past an idea I like so much that I came home one day and wrote it down. It helped inspire this book: Although pondering Darwinian puzzles is just one of many ways to get in touch with, and abundantly cherish, the living world’s mystery and majesty, there really is no more effective or engaging way.


9 


Footnotes


i Peace, rigorists. True, I’m personifying freely here, implying that blind, undirected evolution is something like a cross between a cosmically inspired Norm Abram (from The New Yankee Workshop) and a jerry-rigging DIYer (me). It won’t be the last time I switch on a handy, luminous rhetorical device in this book. Let he who has never used the term Mother Nature cast the first stone. (I use “Mother Nature,” by the way, as a synonym for evolution.)


ii Evolution’s overarching “goal,” so to speak, is to promote organisms’ reproductive success, which entails transmitting copies of their genes, along with the genes’ associated advantageous traits, to future generations. Although this basic principle seems simple, it encompasses vast complexity, much of which has to do with the frequently puzzling ways that traits contribute to the goal—their adaptive purposes, in other words.
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1.


Why Is Skunks’ Smell So Splendidly Awful?


Some years ago, I was riding my bicycle home from work after dark along a bike path when a cat madly dashed across right in front of me. Swerving, I almost managed to miss it. But my front tire brushed against its tail. At least I think it did—I couldn’t see exactly what happened during the split-second encounter. But one thing quickly became clear. It was not a cat, but a skunk. Startled, but by no means out of its wits, it sprayed my lower legs with impressive accuracy even though I was a moving target and it was also on the move.


My coming within a couple feet of a deeply offended skunk could have gone worse. A skunk properly set up to spray by bending into a U-shape so it can see its target while aiming its anal musk glands can hit the face of an oncoming assailant 10 feet away. Maybe farther—skunks’ spraying range is said to be 15 to 20 feet. The victim can be temporarily blinded, have trouble breathing, feel nauseated, and be rendered socially unacceptable for a long time.


My bike-path encounter merely cost me a pair of shoes, which continued to emanate an unmistakable rumor of skunk no matter how many times I cleaned them. (I wasted a lot of tomato juice trying to vanquish the smell, then later learned I should have used a mix of hydrogen peroxide, baking soda, and dish soap.) After encountering skunks, Charles Darwin reported that “whatever is once polluted by [their spray], is for ever useless.”1 I think he was speaking from personal experience.


How to describe the shockingly intense odor of skunk musk, familiar to many Americans due to the animals’ penchant for ambling in front of oncoming cars? (Apparently an oncoming bike will do in a pinch.)


The scientific name of the familiar North American striped skunk is Mephitis mephitis, and if you translate its Latin words to English and add apt punctuation you get Bad smell! Bad smell!, thus replicating the inner primal scream of a creature that’s just been sprayed. The odor is often compared to the acrid stench of burning tires. People also say it reminds them variously of rotting cabbage, rotten eggs, garlic, and raw onions. I think the closest I’ve gotten to experiencing synesthesia has occurred when smelling the musk: Its odor seems like the feedback screech from a mic that’s too close to speakers, and it goes on and on until sensory fatigue mercifully deafens my nose.


But why is the smell so superlatively awful? This might seem a fairly simple question of chemistry. At least, that’s how I first saw it. But the word “why” gave me pause—as mentioned in the introduction, “why” in questions about living things often points to adaptive purposes. After reflecting a bit, I realized that inside the chemistry conundrum is a Darwinian enigma, and that this inner matryoshka doll is the most interesting of the two puzzles. But first things first. Before taking up the evolution question, let’s go over chemists’ century-long struggle to pin down skunk musk’s surprisingly elusive ingredients.
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The first report on the musk’s chemistry appeared in 1862, authored by a German investigator who’d received a sample of the substance from a friend in New York2. He didn’t find out much—the analytic techniques of his time were rudimentary—but he did report that one of its ingredients is sulfur, a discovery that pointed the way to its odious essence.


A decade later, a chemist known to history as O. Loew confirmed the sulfur finding but then had to abruptly terminate his analysis. He later told a colleague what had happened3:




On an expedition through Texas in 1872 I had frequent opportunity to collect a sufficient quantity of [skunk musk] to establish its chemical constitution, but all my companions protested against it, declaring the odour which clung to me to be unbearable. On my return to New York City I started a few chemical tests, with the little I had collected, when the whole college rose in revolt, shouting, “A skunk, a skunk is here!” I had to abandon the investigation.





In the mid-1890s, an intrepid Johns Hopkins University chemist, Thomas B. Aldrich, managed to carry out the first detailed study of what he called the “most singular and interesting fluid.”4 Highlighting the fact that he had boldly gone where no man had gone before, he somewhat smugly remarked that “I have been more fortunate than my predecessors in being surrounded by those who, for the cause of science, would endure even the odour of a skunk in close proximity.”


Perhaps egged on by other tough-guy scientists at Johns Hopkins, he even did some self-experimenting with the musk. Among other things, he wanted to find out whether working with sizable quantities of it over several months would make his sweat and urine smell like a skunk. (It didn’t, or so he said.) He also reported that “if any of this fluid finds its way into the eye it produces intense pain and sets up acute conjunctivitis.” And “when inhaled without the admixture of a large amount of air the victim loses consciousness, the temperature falls, the pulse slackens, and, if the inhalation were prolonged, the results would doubtless prove fatal.”


As evidence of these dire effects, he cited a medical journal article about a serious overdose of “skunk perfume,” as the report called the musk. It seems that two or three young male students at the Virginia Agricultural and Mechanical College in Blacksburg had thought it would be hilarious to pin down a schoolmate while forcing him to inhale a sample of musk they’d gotten hold of. At some point in the proceedings, the hilarity faded, and a physician was summoned. The doctor found the victim unconscious, showing slackened pulse, etc. Luckily, he came to after about an hour and apparently made a full recovery.5


As for the chemistry, Aldrich determined that the “light amber” fluid’s olfactory punch is delivered by volatile, sulfur-containing compounds called mercaptans, which today are usually referred to as thiols. But he wrongly guessed that one of the primary punchers is “normal butyl mercaptan.” The error became enshrined in the scientific literature and wasn’t corrected for nearly 80 years.6


In 1975, University of New Hampshire scientists used mass spectrometry and other modern tools to identify two thiols that are mainly responsible for the repulsiveness of musk produced by both striped and spotted skunks. (For chemistry aficionados, the two are (E)-2-butene-1-thiol and 3-methyl-1-butanethiol.) But, alas, they too got some things wrong, including the identity of a compound behind the stink’s staying power in animals’ fur.


William F. Wood, now an emeritus chemistry professor at California State Polytechnic University, Humboldt, in Arcata, California, finally nailed that down in 1990 with the discovery of a “thioacetate” in the musk that had been missed earlier. Thioacetates, he explained, can linger in fur and break down to release volatile thiols when exposed to water. That’s why a dog that’s been sprayed days ago by a skunk and no longer smells to high heaven can suddenly start stinking again when it gets damp.


But we need more than chemistry to explain our vehement reactions to skunk spray because, after all, they spring from the joint activity of certain airborne molecules, olfactory cells, and brains. What I think really needs explaining about this particular joint activity is that even vanishingly small amounts of the pertinent molecules can make people vanish from their vicinity. In my experience, skunk musk can reach into the brain from hundreds of feet away and virtually short out the limbic system. (Thereby offering biology’s answer to quantum physics’ spooky action at a distance.) I’m using some poetic license here, but not all that much. In one study, people exposed to whiffs of thiols akin to those in the musk weren’t just totally disgusted—they reported that their muscles tensed up and that they feared what they were smelling was dangerous.7 Meanwhile, a PET scanner showed very intense activity in their amygdalas, brain structures that are part of the limbic system, which handles emotions. In fact, it was “the most statistically robust demonstration of amygdala activation observed to date using PET in humans,” the study’s authors matter-of-factly observed.


The fact that skunks have evolved a potent defense isn’t surprising. They’ve walked the Earth for 30 to 40 million years, and so evolution has had a long time to work on their musk’s efficacy. Indeed, their olfactory force field almost seems overengineered. Presumably, its adaptive purpose is to protect skunks from predators that they’ve long encountered and that are large enough to pose threats to them, such as pumas, coyotes, and wolverines. But it also fends off humans, of course, which suggests that it repels a much broader array of animals than predators in North and South America, where skunks are found.


It follows that skunk musk’s repulsiveness probably taps into an ancient, olfactory loathing mechanism that evolved before skunks themselves appeared. That is, the musk’s ability to repel animals that evolved at very different times, and in different parts of the world, than skunks did implies that the loathing mechanism probably existed in a common ancestor of these diverse species, and that it was handed down to them as they budded forth on the tree of life’s ramifying branches. Thus, when skunks came along, they managed to harness the preexisting mechanism for their defensive purposes. Another implication of this idea is that skunks themselves may well find their musk’s odor repellent, making their spray useful to them in conflicts with their own kind.


Pondering these possibilities and implications, I realized that the enigma I was interested in—how skunks evolved their Marvel Avengers–like power to reach into distant brains and induce intense limbic responses—actually has another matryoshka doll inside it: What adaptive function gave rise to the ancient loathing mechanism that’s present in creatures getting sprayed?






[image: ]








Humans might seem to be about the last creatures that would possess a highly sensitive olfactory mechanism to guide behavior. According to the common wisdom about us visually oriented animals, we’ve mostly lost whatever olfactory acuity our prehuman ancestors had and are now basically nose dolts because of a kind of evolutionary use-it-or-lose-it phenomenon. (Evolution lets genes that are no longer useful decay through mutations and other factors.) It follows that we shouldn’t be all that disgusted by skunk musk—put off by it, perhaps, but not instantly impelled to move away from its source when we get even a tiny whiff, as I think most of us are.


The reports of the death of our olfactory acuity appear to have been greatly exaggerated, though.8 In fact, there’s evidence that we’re more sensitive to some odorants than are other species, such as mice and dogs, that are much more smell-oriented than we are. And when it comes to certain thiols, including ones in skunk musk, we seem right up there with the animal world’s champion sniffers. It’s said that a person standing downwind of an outraged skunk can detect its odor 3 miles away. That’s hearsay at best, and probably an exaggeration. But a few years ago, scientists demonstrated that some people can detect 3-methyl-1-butanethiol, one of the thiols in skunk musk, in the one-part-per-trillion range.9 That’s canine acute—dogs’ ability to detect volatile organic compounds in the 1-ppt range lets trained ones perform feats such as detecting lung cancer by sniffing people’s breath.10 We’re talking about registering something like a single drop of acetone in the amount of water needed to fill twenty Olympic-size swimming pools.


Our remarkable acuity when it comes to detecting volatile thiols is tied to a special feature of the olfactory receptors that grab their molecules from the air. The receptor molecules, protruding from olfactory neurons, include pockets that harbor copper atoms, which amplify signals generated when thiols bind to them.11 This mechanism boosts our ability to perceive the sulfur-containing molecules by a factor of 100 million compared with nearly identical odor molecules that don’t include sulfur.


This acuity applies to a multitude of volatile thiols, many, but not all, of which are unpleasant. (Thiols that we can smell, by the way, have relatively small molecules that waft through the air. Larger, heavier thiol molecules are odorless—they don’t float around and land on our olfactory receptors.) Yucky sewer smells, for instance, are mainly caused by small amounts of sulfur-containing compounds.12 Because of our sensitivity to the odor of a thiol called methanethiol, which smells like rotten cabbage to most people, it’s used as a natural-gas additive to help warn of leaks. (A similar chemical, ethanethiol, is employed for the same purpose.) It’s said that a pool of methanethiol (it’s a liquid below 43 degrees Fahrenheit) the size of the reservoir in New York’s Central Park might contain enough molecules of the chemical to make the entire surface of our planet smell of rotten cabbage.13


Our acute sensitivity to skunky odors is a real problem for beer makers. Beer exposed to ultraviolet or visible light can undergo chemical reactions that generate a thiol (3-methyl-2-butene-1-thiol) that’s quite similar to the smelliest ones in skunk musk. The result is “lightstruck,” or “skunked,” beer. Brown bottles are used to prevent beer skunking, as are the tall, light-blocking sides of certain six-pack cartons, such as the ones Samuel Adams beer comes in.


Thiols also contribute to repellent body odors, such as one that’s created when skin bacteria break down compounds in armpit sweat. Humans can detect it at a small fraction of a ppt in air, making it one of the smelliest compounds known.14 Sulfur-containing compounds also give rise to the unpleasant (to me, at least) smell of cooked cauliflower and other cruciferous veggies.


Yet when we wake up and smell the coffee, we’re largely sniffing furfuryl mercaptan, a thiol that gives our morning cup its roasted aroma note. And grapefruit’s likeable aroma mainly involves a particularly pungent thiol.15


The study of olfaction includes many such surprising twists. For instance, skatole, a volatile molecule whose odor is redolent of feces, is used in colognes and perfumes at low concentrations to add an aroma note resembling the fragrance of orange blossoms and jasmine. Here’s how this strange duality can occur16: A distinct odor is registered when its associated molecules activate a combination of different olfactory receptors, a process like playing a piano chord by pressing combinations of keys. (The receptors’ shapes largely determine which odor molecules bind to them.) Heavier concentrations of the odor molecules can activate additional receptors that have relatively low affinity for them. This may change the perception of an odor from pleasant to repulsive—like creating dissonance by adding a clangorous mix of notes to a piano chord.


Various animals have harnessed thiols to use in their own versions of perfumes: pheromones. They deploy the compounds in musk for attracting mates and marking territories. (Compounds derived from animals’ musk, by the way, are also added to human perfumes.) The fact that thiols are present in the musk of ferrets, minks, weasels, and other members of the Mustelidae family,17 which was once thought to include skunks (which are now grouped in a separate family, Mephitidae, based on DNA analyses18), suggests that skunks may have evolved their chemical weapons by repurposing thiols-based pheromones to deploy in the form of sprayable megadoses—a case like skatole’s, perhaps, in which odorants that attract at low concentrations seem disgusting at high ones.


But even if skunk musk consists of weaponized pheromones, it makes sense to ask why its repulsiveness mainly comes from thiols. Why don’t skunks defend themselves, for example, with skatole, an ingredient of civet musk? Or isovaleric acid, a constituent of wolverine musk that smells like stinky feet?19 Or a number of other volatile, readily biosynthesized molecules that humans, at least, find repulsive, such as putrescine (decaying flesh), butyric acid (vomit), or cadaverine (guess). Imagine coming away from an encounter with a skunk intensely smelling like shit, or a rotting carcass, or both. The mind, or what would be left of it, would reel. But apparently thiols are even worse—or better if you happen to be a skunk.
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While I was wondering why the ancient loathing mechanism mentioned earlier is acutely geared to thiols (which would explain why evolution selected them for skunks’ needle-sharp biochemical spear tip), it occurred to me that government stink-bomb experts might know the answer. They’ve no doubt investigated a lot of horrendous-smelling chemicals in research on nonlethal weapons for quelling riots and distracting adversaries. Fortunately, a fair amount of military research on stink bombs is unclassified.


Perhaps the most famous military project on terrible-smelling compounds was conducted during World War II, when the U.S. Office of Strategic Services attempted to develop a malodorous fluid that could be used against the Nazis by the French Resistance.20 The idea was to surreptitiously anoint German officers with it so that they were embarrassed, distracted, and demoralized—it was hoped they’d become objects of “derision or contempt” as a result of being associated with “extreme personal uncleanliness,” according to declassified documents. While the project may seem quixotic in retrospect, its code name—“Who, Me?”—was totally brilliant.


Chemists who’d previously worked on flavors and perfumes were enlisted to see what they could do at the ugly end of the olfactory spectrum. Giving them a jump-start, British investigators had made a detailed study of compounds in feces for the top-secret project and singled out skatole as quite promising. After months of work, in 1944 the American team came up with a cocktail that included skatole, a thiol, and several other compounds that in aggregate were intended to smell like a combination of feces, urine, smelly feet, rancid butter, rotten eggs, and vomit. Interestingly, the mixture’s overall smell has been described in accounts of the project as “sulfurous,” suggesting that its odor was thiol-dominated.


The project’s final product would later make the Guinness World Records as one of the two worst-smelling things known to humankind. (The other is “U.S. Government Standard Bathroom Malodor,” an intense, latrine-smelling mixture designed to test deodorizers and room fresheners. Research volunteers exposed to it reportedly have burst out screaming and cursing.21) Despite making impressive progress on the olfactory front, however, the Who, Me? team found it very difficult to package their highly volatile mixture so that the good guys didn’t accidentally wind up as objects of disgust along with their targets. They finally more or less solved the problem with special, rubber-sealed tubes. But luckily for the French Resistance, the tricky weapon was never deployed.


Over the years, military investigators have periodically sought to take up where the Who, Me? team left off. In the 2000s, Israeli researchers developed a sprayable product for crowd control, called Skunk, whose stink is said to take days to wash off skin and is almost impossible to remove from clothing.22 Its ingredients are secret, but its smell has been described as reminiscent of a rotting carcass mixed with feces. The product is quite controversial—critics say it should be classed as a chemical weapon and banned. But several U.S. police departments have purchased it, the BBC reported.


In 2001, a U.S. group developed “the ultimate stink bomb,” according to a report by the Army Research Laboratory at Maryland’s Aberdeen Proving Ground.23 The project was led by Pamela Dalton, a psychologist at the Monell Chemical Senses Center in Philadelphia. Her team tested candidate compounds on volunteers of different ethnic origins to identify the most universally reviled odor. Combinations of odors seemed the most promising, particularly a mix of the Who-Me? ingredients with U.S. Government Standard Bathroom Malodor.


That combination obviously offers a rich, complex bouquet. However, it’s not clear that even it elicits the kind of strong, universal repulsion sought by the army researchers. That’s a tall order given how varied people are when it comes to olfactory responses. Those who grow up in certain cultures, for instance, are only mildly put off by the smell of decaying garbage, while other groups find it extremely repulsive.


Still, Dalton told a writer for New Scientist magazine that one class of compounds actually does stand out, at least in theory, for its potential to offend pretty much everyone: thiols.24 The reason, she explained, is that they’re released by toxic bacteria in rotting meat and other foods—their sulfurous odor warns of food poisoning.


Her remark struck me as a key piece of the skunk puzzle. I soon learned that other investigators had made the connection between thiols and food poisoning. The earliest example I found was by American biologist and conservationist Daniel Janzen.25 In 1977, he devised a clever theory about the nature of rot that turned out to be just what I needed to understand skunks’ repulsive power.26


Known as one of biology’s most original thinkers, Janzen came home from the grocery store one day with a high-priced avocado that turned out to be rotten. Like Hamlet meditating on poor Yorick’s skull, he took up his decomposed produce, contemplated it, and was inspired. It struck him that microorganisms such as fungi and bacteria may be evolved to produce toxins as they feast on decaying foods in order to prevent animals from eating the stuff. That would leave more nutrients for the microbes and also save them from destruction in the animals’ digestive tracts. Well-known examples of such toxins include liver-damaging aflatoxin made by fungi and deadly botulinum toxin produced by bacteria. Microbial rotters, such as Salmonella and E. coli, can also cause potentially fatal gastric infections when ingested.


To warn off animals, he theorized, the microbes quickly churn out decomposition products that make decaying food look and taste bad, as well as volatile compounds that make it smell repulsive. These odoriferous spoil alerts notably include thiols.


Janzen noted that animals have probably evolved “fairly accurate means of knowing when a food item contains organisms that do not wish to be eaten”—thus, our strong revulsion to microbial presence in food, whether learned or innate. However, he added, there are numerous times when humans essentially hold their noses, or add spices, and eat semi-decayed but usually safe foods, such as cheese, fermented beverages, and pickled vegetables.


Among other things, his theory explains why decomposing edibles don’t simply break down into harmless constituent molecules. Of most interest to me was the fact that the warning flags prominently include volatile thiols, which fits with the fact that research volunteers exposed to their odors tensed up and felt endangered. It seems likely to me that the thiols in skunk musk tap into the same evolved, olfactory revulsion that Janzen theorized exists to protect animals from dangerously rotted food. This is the ancient loathing mechanism that I was wondering about.
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Thiols and other kinds of sulfur-containing molecules aren’t the only volatile compounds emanating from spoiled foods that could induce fear and loathing. But they’re commonly associated with rotting animal protein, such as that in the putrefying meat that scavenging predators might feed on, because molecules of two amino acids that are heavily present in animal proteins, cysteine and methionine, include sulfur atoms that microbial spoilers can use to make volatile compounds. These amino acids are also found in eggs and other foods with animal-based proteins. Thus, it seems likely that carnivores, the animals that might threaten skunks, would be especially sensitive to thiols as warning flags. Skunk musk’s concentrated thiols probably blast the animals’ high-gain, rot-detection systems with the shocking force of a Mack-truck air horn honking for Jesus right next to their ears.


In addition, the exquisite sensitivity many animals have to volatile thiols may be a reason that natural selection pressed some of the compounds into service as pheromones.


Thiols’ ability to elicit aversive behavior in predators also may explain why Africa’s striped polecats, also called zorillas, have evolved thiols-based defensive spray independently of skunks.27 (Like the North American animals, zorillas spray noxious musk at attackers from anal glands.) Scientists believe that the similar defenses of the widely separated sprayers represent a case of “convergent evolution,” like the evolving of echolocation in both whales and bats. (Zorillas look a lot like North America’s skunks too—we’ll come back to this.)


The thiols in zorillas’ musk are different from those sprayed by skunks.28 That’s only to be expected in a case of convergent evolution, which produces similar rather than identical structures in species shaped by similar evolutionary pressures. And there can be no doubt that musk sprayers need to make their primary defense against predators maximally effective. What could do that better than the ultra-odoriferous skull-and-crossbones of protein-based biochemistry?


There are probably at least two other evolutionary reasons for volatile thiols’ repellent power. Wood, the Cal Poly expert on skunk musk, pointed out to me that certain sulfur compounds that don’t contain oxygen atoms, such as hydrogen sulfide, are often found in underground areas of very low oxygen. Thus, early mammals that mostly lived underground during the time of dinosaurs may have evolved the ability to detect very low levels of such compounds as warnings of possible suffocation. (Hydrogen sulfide is also toxic to oxygen breathers, by the way.)


In addition, the fact that carnivores such as weasels scent-mark with thiols, as well as excrete sulfur-containing compounds in their urine and feces, might have caused rodents and other prey animals to evolve an acute ability to smell the compounds. Mice, for example, show signs of alarm when they get whiffs of sulfur-containing compounds that predators produce when digesting meat.29


While these Darwinian theories all make sense, nothing is ever simple in biology. Vultures, for example, eat rotting meat with impunity and apparently are drawn to its odor—they possess very high levels of stomach acid, strong immune systems, and other protective mechanisms. And Wood told me that he once watched a male lion in Kenya mysteriously devouring the intestines of a freshly dead hippo that had a “terrific, bad sulfury-like odor” while ignoring chunks of its meat.
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What about the people who say they don’t mind, or even like, skunks’ smell?


When I first got wind of this curious reaction, I thought of Mark Twain’s witty comment when he visited what is now Hawaii Volcanoes National Park on the Big Island, where the sulfurous odor of rotten eggs wafts through the air in certain places from volcanic vents: “The smell of sulfur is strong,” Twain wrote, “but not unpleasant to a sinner.” (The phrase “fire and brimstone,” to which he was alluding, means burning sulfur.)


Twain was a great kidder, but some people are quite serious about liking odors that most of us find disgusting—even that of skunks. Brown University psychologist Rachel Herz, for instance, says she likes the smell of skunks “because the first time I smelled it, on a lovely summer’s day, my mother said: ‘Isn’t that smell nice?’”30 Herz, who studies the psychology of olfaction, believes that we aren’t hardwired at birth to like or dislike certain smells. Rather, we learn olfactory preferences through experience. In particular, she says, “disgust is the instinct that has to be learned.”31


This idea is supported by studies with babies and young children. Infants whose mothers exposed them in the womb to compounds such as those in garlic, cigarette smoke, and alcohol show preferences for their odors after birth. In other research, 4-year-olds showed the same reaction to the smell of rancid cheese as they did to that of bananas. Infants sometimes even show positive responses to the odor of feces and sweaty body odor. But by age eight, they react to such smells as the adults of their cultures do, presumably because by then they’ve learned to mimic their elders’ preferences.


Adults’ odor preferences are surprisingly labile too. In Herz’s lab, for instance, research volunteers experienced the same smell as pleasant or unpleasant depending on how it was labeled: If told that it was redolent of Parmesan cheese, they found it pleasing, but if informed that they were smelling vomit, they found it disgusting.


And then there’s the difficulty that has bedeviled military stink-bomb inventors: Terrible smells to people of one culture may not be particularly offensive to those of a different culture.


Such findings make evolutionary sense, according to Herz. Humans are food generalists, which are adapted to live in many different ecological niches with diverse sources of food. Therefore, evolution has equipped us with trainable olfactory preferences so that we can flexibly learn to like a wide variety of edibles. If we were born with hardwired olfactory preferences, we might wind up shying away from crucial sources of nutrition.


Still, she adds, some intense smells, such as that of ammonia, which activate our trigeminal facial nerves, can induce immediate repulsion that’s not learned. And it’s known that mice don’t have to undergo potentially fatal learning experiences to fear the smell of compounds that flag nearby predators—such odors are innately terrifying to them.32 (One way they show alarm is by freezing in place. That’s adaptive for small animals when they detect nearby predators because their coloration typically makes them blend in with their surroundings, and predators’ visual systems tend to be good at detecting motion.)


Thus, I think some cases of olfactory disgust should be called softwired, a term meant to suggest that they involve an evolved predisposition but aren’t rigidly hardwired to always induce stereotyped behavior.33 The limited plasticity of softwiring would equip animals to innately dislike and avoid, say, the odor of volatile thiols associated with spoiled food, yet also allow them to override these innate tendencies in special situations. In particular, it seems likely to me that we’re all predisposed to dislike the smell of skunks, but that in rare cases—such as that of a child whose mother extols the odor of a skunk on a lovely summer day—the predisposition can be overridden.


Besides freezing, mice frightened by the smell of a nearby predator release “alarm pheromones,” which presumably cause nearby mice to freeze too. Intriguingly, at least one of these pheromones is a sulfur-containing compound structurally similar to molecules that flag predators to mice.34 (It’s a product of meat digestion, whose odors, as mentioned earlier, reveal the presence of predators to prey animals.) Why would a mouse make itself smell like a predator when around one? Researchers don’t know for sure, but they suspect that this olfactory gambit may fool the predator into thinking that it’s just gotten a whiff of itself rather than of a mouse.


There must be a stupendous number of olfactory messages flying around among animals, a vast world we’re scarcely aware of that’s full of emotional urgency, interpretive nuance, and even veiled insults, like that of a mouse chemically whispering to a cat, “You’re just picking up on your own horrific stink.” So, the next time you find yourself smelling a skunk, consider this: You’re experiencing what it’s like to briefly step into the incredibly rich olfactory world of the dog. And then imagine what it would be like to be Dr. Dolittle’s Jip, a talking dog who, when asked in one of Hugh Lofting’s classic children’s stories what he could smell,35




shut his eyes tight, poked his nose straight up in the air and sniffed hard with his mouth half-open. For a long time he said nothing. He kept as still as a stone. He hardly seemed to be breathing at all. When at last he began to speak, it sounded almost as though he were singing, sadly, in a dream. “Bricks,” he whispered, very low—”old yellow bricks, crumbling with age in a garden-wall; the sweet breath of young cows standing in a mountain-stream; the lead roof of a dove-cote—or perhaps a granary—with the mid-day sun on it; black kid gloves lying in a bureau-drawer of walnut-wood; a dusty road with a horses’ drinking-trough beneath the sycamores; little mushrooms bursting through the rotting leaves; and—and—and—”
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The fact that a little touch of skunk musk in the night can send us packing attests to how well-protected skunks are. Coyotes, foxes, bobcats, and other predators that might prey on skunks mostly avoid them, and skunk populations have been shown to be little affected by predation.36 The only animals that are thought to pose much risk to them, besides humans and their deadly vehicle wheels, are great horned owls. The big, night-hunting birds can silently swoop down on skunks and, having a limited sense of smell, apparently aren’t repelled by the odor of their prey’s musk.


While several kinds of mammals defensively spray musk, skunks are considered among the best at very accurate directional control of spray. Getting skunked poses more risk to predators than you might think.37 Being temporarily blinded and sickened by a face hit is bad enough. What may be worse is being surrounded for an extended period by a cloud of telltale, highly volatile thiols that hinder a predator’s ability to sneak up on prey, whose keen noses forewarn them of enemies on the way. With its hunting hampered for days, it could be weakened and get in serious trouble. This represents, of course, another reason that predators abhor the smell of skunks and let them be.


A few years ago, I bought a motion-activated camera that can take videos in the dark in order to investigate my local creatures of the night. The most remarkable thing I’ve seen so far on a nocturnal backyard recording has been a cat and a skunk nonchalantly walking past each other in opposite directions a few feet apart, both acting as if the other weren’t there.


Skunks also possess versatile spraying technique. When they’re being chased, says Jerry Dragoo, a New Mexico mephitologist (skunk specialist), they can issue a cloud of fine mist that their pursuers must run through.38 Dragoo is known for being fearless around skunks because he has little sense of smell. This advantage in studying the animals, however, has reportedly gotten him into difficulties with colleagues, landlords, and other people.


Skunks usually behave as if they know that very few animals are dumb enough to mess with them. They lumber around in a leisurely way while foraging, seemingly oblivious to nearby animals or people unless they get stupidly close. Some skunks are so laid-back that they can be approached, cautiously, without spraying. Don’t try this yourself. For one thing, female skunks that have recently given birth tend to be excitable and aggressive about spraying.


When threatened, skunks typically spray only as a last resort after trying to get away, and, if cornered, often go through a ritualistic set of warning behaviors before spraying: They hiss, arch their backs, erect their tails, rake the ground with their claws, and sometimes even charge forward a few paces to try to scare away an attacker before giving up and teaching it a lesson. (It’s thought that they’re reluctant to spray because it leaves them relatively defenseless while regenerating their musk supply.) Western spotted skunks even do front handstands and then run on two feet at approaching animals as part of their intimidation rituals, a behavior pictured at the beginning of this chapter. The stunt makes them look bigger and scarier, but perhaps more importantly it fully displays the distinctive black-and-white colors that virtually shout, “SKUNK! BACK OFF, BOZO!”


Skunks’ conspicuous contrasting colors, like those of many kinds of bees, represent a tip-off that they’re well-defended. Warning coloration is a theme with many variations in the living world. A nice example is the golden poison frog (Phyllobates terribilis), a cute, yellow, 2-inch amphibian found in Colombia that gaily contrasts with its native greenery and is coated with enough alkaloid toxin to kill an estimated ten to twenty people, or a couple of African bull elephants, if the poison were injected into their blood.39


The evolution of warning coloration was first proposed by Alfred Russel Wallace, a nineteenth-century naturalist who realized how natural selection works independently of Darwin. Wallace’s elucidation of such colors was one of the theory of evolution’s first major explanatory wins.


Wallace turned to the subject in early 1867 after getting a letter from Darwin asking for his thoughts on the puzzling fact that some caterpillars are, as Darwin put it, “beautifully and artistically coloured.”40 Darwin didn’t see why such conspicuous coloration would have evolved. Natural selection seemingly would have quickly eliminated gaudy caterpillars, which would have been easily spotted by birds and other predators.


A possible explanation had occurred to Darwin: that brightly colored caterpillars existed because one or both sexes of the insects preferentially mated with particularly colorful members of their species—a case of sexual selection.i Such selective mating can give rise to conspicuously colored animals because the disadvantages of their striking coloration are more than offset by the reproductive gains it confers.


But on further thought, Darwin dismissed this idea with regard to caterpillars because they’re larvae that don’t mate until they later turn into butterflies or moths—they’re not at the right stage of life for sexual selection to work.41


Wallace wrote back to Darwin that natural selection actually could have colorized the caterpillars.42 For if they were “protected by a disagreeable taste or odour,” he argued, “it would be a positive advantage to them never to be mistaken for any of the palatable catterpillars [sic], because a slight wound such as would be caused by a peck of a bird’s bill almost always I believe kills a growing catterpillar. Any gaudy & conspicuous colour therefore, that would plainly distinguish them from the brown & green eatable catterpillars, would enable birds to recognise them easily as a kind not fit for food, & thus they would escape seizure which is as bad as being eaten.”


Wallace followed up by disclosing his theory on warning coloration at a meeting of the Entomological Society of London. Two years later, British naturalist John Jenner Weir gave support to the theory by demonstrating that various kinds of birds he kept in an aviary avoided conspicuous caterpillars thought to be unpalatable to them.


Biologists’ term for combinations of conspicuous colors with toxic or other defenses is aposematism, coined in 1890 by English zoologist Edward Bagnall Poulton. The term also encompasses warning behaviors, such as skunks’ hissing and foot stomping. Another of their aposematic behaviors is the leisurely way they typically move around.43 (I think of this as the Alfred E. Neuman defense, for the languid movement may help warn off predators by saying to them, “What, me worry?”)


Wallace regarded skunks’ noticeably unhurried motion as tied to their formidable defense. He wrote that the first time he saw one of the “pretty little white and black” animals placidly strolling a few yards away from him while he was visiting the western United States, he mistook it for “some tame creature.” Later he realized that a skunk’s “consciousness that it needs only to be seen to be avoided gives it that slowness of motion and fearlessness of aspect which are characteristic of most creatures so protected.”44


But skunks’ main warning flag is their high-contrast, black and white colors, which even at night, their preferred time to be out and about, make them conspicuous. Black and white striped coloration combined with the accurate spraying of musk has independently evolved at least three times: in skunks, in skunk-like animals called stink badgers, and in a group that includes zorillas. Stripes of some of the most gifted sprayers are oriented lengthwise, front to back, possibly because that helps convey a don’t-even-think-about-it message to predators by directing their attention to the sprayers’ business ends.45
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Enthralled by evolution theory’s sweeping explanatory power, Darwin and his early followers saw fitness-boosting adaptations almost everywhere they looked. But they sometimesoffered simplistic reasons for, traits that are more complicated than they realized. In her illuminating book The Ant and the Peacock, author Helena Cronin delineates how this tendency left some deep puzzles standing in evolutionary biology, along with fierce debates about them, for more than a century.46


While pondering skunks, I got interested in a longstanding puzzle concerning the evolution of conspicuous displays. The theory Wallace proposed made perfect sense for an existing population of distasteful, brightly colored caterpillars: Predators that go after them quickly learn to associate their colors with their repellent taste, thereby minimizing attacks on them. But how did they evolve conspicuous colors in the first place?


Imagine a species of green-colored caterpillars that taste terrible to birds and that blend in with leaves. Say that one of them undergoes a mutation that gives it bright colors. Since this aspirational aposematic caterpillar would be more conspicuous than others of its kind, it would probably soon get pecked, which, as Wallace pointed out, would likely be fatal to it even if a bird spat it out in disgust. As a result, its promising mutation would probably never get passed on, much less become prevalent in the population.


In general, it would seem that only when there are already a multitude of nearly identical aposematic organisms around to “educate” predators are the organisms’ benefits from their conspicuousness clearly greater than their costs of essentially wearing targets on their backs.


Studies suggesting ways around this “aposematic paradox” finally began appearing more than a century after Wallace proposed his theory. In the 1980s, researchers showed that chicks were quicker to learn to avoid pecking distasteful bits of food when it was conspicuously colored than when it wasn’t, suggesting that predators may not take out as many aposematic prey as had been thought during the early evolution of warning colors.47 Another study showed that distasteful bugs offered to hand-raised wild birds that hadn’t seen them before had a better chance of surviving the birds’ attacks when the bugs were brightly colored than when they weren’t.48 Apparently the birds instinctively knew that the conspicuous bugs probably weren’t good to eat.


Similar findings have multiplied in recent decades, establishing that predators innately shy away from conspicuous color combinations that are typical in aposematic animals, such as black with yellow (seen in bees and wasps), or black with red (seen in coral snakes and black widow spiders)49. It appears that a wide variety of predatory species are cognitively equipped at birth with a general rule to avoid such color combinations.


In addition, predators tend to be wary of unfamiliar foods regardless of what they look like.50 This dietary conservatism has been demonstrated in various species of birds and fish, and it probably occurs in other kinds of predators. I think many pet owners, especially those with cats, have personally experienced this phenomenon. Cats that turn up their noses at guaranteed-tasty kibble they’ve not had before (because, of course, the store ran out of their usual kind) probably aren’t being obstreperously finicky. They’re just acting out a perfectly rational, evolved behavior. Here’s its logic: Novel prey animals pose unknown risks to predators. Little horrors like the golden poison frog may be rare, but the world is full of juicy-looking prey that can stab, sting, blind, paralyze, savagely bite, totally disgust, nauseate, and gravely sicken attackers. Predators that aren’t instinctively wary of edibles they haven’t encountered before probably don’t get a chance to litter the landscape with similarly heedless descendants.


There’s evidence that this dietary conservatism alone could dispense with the aposematic paradox. In one set of experiments with wild-caught European robins kept in an aviary, British scientists offered the birds yummy pastry treats that they soon became familiar with.51 Then the researchers introduced a single, novel-colored “mutant” of the pastry prey amid the usual pastries they gave the birds every day. On subsequent days, more of the mutants were added to that day’s supply of prey pastries in proportion to the number that had survived (not been eaten) at the end of the previous day. The procedure imitated a novel morph of a prey animal multiplying in successive generations, although much faster than in the real world. If all the novel mutants disappeared, the scientists recorded them as having gone extinct.


Repeating the procedure with different mutant pastries, the scientists found that the novel morphs usually went extinct within a few days of their debuts. But about a third of the time, they survived and spread so handily that they eventually became 100 percent of the pastry-prey population. (The birds then quit avoiding the formerly novel treats because they’d become familiar and, unlike real aposematic prey, weren’t noxious.) In a similar experiment with free-living birds that came to a feeding station in the wild, 45 percent of novel pastry morphs that were introduced managed to become the only form in the artificial prey population.


These findings turn the conventional wisdom about the aposematic paradox on its head: The very rarity of a novel, conspicuous mutant might be a plus for it early on because instinctively conservative predators would be less likely to have seen it then and thus would be especially wary of it.


Most studies on how warning colors could evolve have been conducted with avian predators, which means that their implications for aposematic prey mainly apply to insects. But the evolutionary logic of their results probably applies widely, and I see no reason to doubt that it might also help explain how skunks got their distinctive coloration. In addition, musk sprayers like skunks had a special advantage: Their defense works at a distance. Thus, they could have educated predators to avoid them without getting chomped during the early stage of evolving their aposematic colors.
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If evolution were a design-engineering firm, I’d expect it to display a large photograph of a skunk in its front office to wow prospective customers. The animals’ supremely repulsive thiols, unsurpassed reach and accuracy of action-at-a-distance defenses, and superbly conspicuous police-car colors make them an impressive creation indeed. And although creating beauty isn’t necessarily part of an engineering firm’s contractual obligations, Evolution Incorporated could also boast that it had fashioned one of nature’s prettiest mammals by inventing the skunk. They’re arguably the most visually striking wild animals that commonly wander through North America’s backyards, and their characteristic obliviousness to us when we catch sight of them and respectfully shrink back seems like the regal indifference of the ultra-chic strolling by mesmerized commoners.


To be sure, their imperviousness to most predators now contributes to one of their greatest vulnerabilities. That is, their casual disregard for things going on beyond their spraying range—behavior that may be part of their aposematic repertoire—is suicidal around speeding cars. Yet skunks have been less affected by our hostile takeover of the environment than most animals. Striped skunks, the most numerous ones in North America, are still abundant, thriving in both suburban and rural settings despite all our roadways, fences, buildings, and exterminators, some of whom encourage skunk phobia to drum up business (with ads that describe skunks as dangerous nuisance animals that are often rabid,ii dig holes in lawns, attack pets, destroy gardens, and generally make homeowners’ life stink). And then there’s the occasional lame-brained dog that kills a skunk despite getting sprayed.


Quite a few people have learned to live and let live with skunks. Wood, the California chemist, says that skunks once made a burrow under his henhouse and “would appear most nights just after dark and scavenge any of the table scraps the chickens had not eaten.” During the next year or so, “they did not spray once. After dark, when I went over near the pen, I made noise so they knew I was approaching. They readily left and never threatened me with even a lifted tail.”


He adds that American naturalist Ernest Thompson Seton recounted a similar experience in his 1913 book Wild Animals at Home. One summer, two skunks made a burrow under the floor of a cabin his family stayed in. They never sprayed, and gradually became “quite tame and at times came into the cabin in the evenings,” where, Seton wrote, they helped get rid of garbage, flies, and mice. Seton even photographed his young daughter playing with them.


I can’t say I’d be that welcoming to skunks if they came into our house. But I’ve never had any trouble with them except for that unfortunate accident of timing on the bike path. And I find them more intriguing than intimidating when they occasionally stroll through our yard at dusk. Quietly living around us but seldom seen due to their nocturnal ways, they’re among the most tenacious mammalian survivors we know—along with everything else that makes them special. Evolution Inc. would be altogether right to be proud.


Footnotes


i In the Origin of Species, Darwin focused on natural selection, whose underlying principle is that organisms well-adapted to their environments are more likely to survive and reproduce, thus passing on their favorable traits. (In modern terms, this means they transmit genes behind their reproductive success to offspring, potentially making the genes spread through populations over time.) But Darwin felt that certain traits are hard to explain with natural selection, such as peacocks’ extravagantly large tails. (For one thing, the tails make it harder for the birds to escape predators, so why would natural selection have favored them?) That led him to propose a second mechanism of evolution, sexual selection. Sexual-selection theory can explain why certain seemingly maladaptive male traits, such as the tail of the peacock, would evolve, since it posits that in such cases females of the same species prefer mates with visually striking versions of the traits. Both natural and sexual selection favor genes that increase reproductive success, and some modern biologists regard the latter as a special case of the former. Others, with whom I agree, feel that lumping them together glosses over important things. Here’s an elegant way to draw a line between the two, from a paper on the issue: “Components of ‘natural selection’ are about being able to enter and remain in the fertilization game, where competition for access to mates and their gametes occurs, [while] ‘sexual selection’ is about how well you succeed in that game when compared with other same-sex contestants.” (Shuker, Kvarnemo [2021].)


ii Skunks are considered a reservoir of rabies in the U.S., but bats and raccoons are more frequently reported to carry the disease. I haven’t been able to find any reports of human fatalities from rabid skunk bites.
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