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PREFACE: THE LOADED WORD



When your passion is communicating with the public about science, you’ll talk about your work to anyone who will listen, and listen to anyone who will talk. You start to notice patterns in people’s reactions to certain topics. Evolution, it turns out, is a word that gets a reaction, which can range from name-checking terms like “survival of the fittest” to jokes about being a monkey’s uncle, to starting debate about theology.


Evolution is a weighty topic, with as many data points as the number of cells that are alive on Earth. Only biologists who really specialize in the subject are willing to lean in to conversation about it, as it is so fraught with core beliefs.


Take, for instance, this anecdote by the evolutionary biologist Jonathan B. Losos, from his book Improbable Destinies. He describes a conversation he had on an airplane, en route to conduct a field study on the evolution of color in desert mice, for which he invented a special fencing technique. When the gentleman in the seat next to him asked about his work, he happily described the experiment. His fellow traveler had grown up on a farm, so he was familiar with animal proliferation—that’s what breeding livestock is all about, after all. But as soon as Losos let the name Darwin fall from his lips, the mood of the conversation nosedived. When they were talking mice and mating and coat color and fencing, the two men were speaking the same language. But when animal husbandry became evolution, it became a loaded word.


Sometimes the best way to make a concept less weighty is through a story, such as Red Riding Hood’s cute cautionary tale as a stand-in for the harsh risks of talking to strangers. The stories here belong to the animals. Or rather, they belong to entire families of animals, lineages, their arcs told in geological time.


In selecting stories for this book, I attempted to be democratic in my sampling, to include animals from far-flung corners of the animal kingdom, animals beloved and reviled and rarely heard of. Animals that have been scantly researched appear alongside heavily researched animals—those “greatest hits” animals that show up in every evolution textbook.


I grilled evolutionary biologists for their favorite critters and plowed through texts for standouts. I stood on the shoulders of those who went before to see what they’d seen and hadn’t seen, then went to Google Scholar to see if anyone had seen anything lately and how many people had cited them for it. I thought I’d settled on about 140 animals at one point, then painstakingly whittled the list down to the menagerie you see here.


Together, I hope they help illuminate some of the vast, deep, weighty, loaded story of evolution. If nothing else, the experts I talked to seemed to be glad I was taking on this effort instead of them, so heyyyy! Happy to help! Even though this project sometimes made me feel like Red Riding Hood herself, venturing one step at a time into a big dark woods with way too many paths and a basket not nearly big enough for everything I needed to carry. It was worth it though to meet the creatures that teemed in the branches and streams and under the dirt.
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Beagle Laid Ashore, River Santa Cruz, 1839. By Conrad Martens, a landscape artist who traveled alongside Charles Darwin on the HMS Beagle’s fateful second worldwide voyage.





















WHO YOU CALLIN’ AN ANIMAL?



This is a book about animals, by animals, for animals. I’m an animal. And so are you.


If you have an adverse reaction to being called an animal, remember this: it’s just a word, a word made up by animals to describe other animals, only to later realize that we’re among them.


For the purpose of this book, though, I use the definition of animal that is currently universally accepted by the scientific community: an organism (living thing) that:




[image: image] is made up of more than one cell (multicellular)


[image: image] feeds on organic matter


[image: image] rapidly responds to stimuli


[image: image] reproduces




In short: something that is alive but is not a plant, fungus, virus, bacteria, or other single-celled thing. If you’re disappointed to find your favorite animal missing from this book, let me tell you: me too. (The scarcity of birds profiled is downright criminal.)


Overall, though, the choice of featured animals herein represents a microcosm of the study of animal evolution.




WHAT IS THE STUDY OF EVOLUTION CALLED?


Not even that has a single name. Evolutionary biology is the most common, but the researchers can be paleontologists, ecologists, zoologists, taxonomists, physiologists, behavioral neuroscientists, embryologists, oncologists, and now geneticists. Researchers can even be laypeople committed to counting the ticks on their dogs or crows in their yards each season.


Like the process of evolution itself, the process of understanding it is messy. It started blind, crawled along from one fossilized tooth to another, one dissection, one fuzzy DNA gel, one scattershot genome to the next, until slowly those patterns started to emerge.
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DARWIN, DARWIN, DARWIN…!



You’ll be seeing a lot of Charles Darwin in this book. He’s credited with the theory of evolution, and although he wasn’t the only one onto it, he really kicked things off. His isn’t the only voice that has contributed to our understanding of evolution, but his was the primary, foundational voice. Think of his presence here as a case study in evolutionary biology, much in the same way each animal here is a case study.


By the end of his life and long after, Darwin is a key figure in the study of evolution, but he wasn’t always a formidable genius.


His evolutionary story, if you will, began at age 16, when young Charlie escaped the relative drudgery of his medical apprenticeship to learn from one John Edmonstone, a freed slave who taught taxidermy at the University of Edinburgh.


At age 22, much to the dismay of his wealthy doctor father, Charles snuck off to board the HMS Beagle, having accepted relatively meager wages to be resident naturalist on what was to be a two-year voyage charting the coastline of South America. By the time he returned to London, Darwin had been away four years, circumnavigated the globe, and observed a lifetime’s worth of biodiversity. This journey sowed the mental seeds that would become his theory of evolution.






[image: image]

Here he is as a child with his sister, holding a potted plant like a dork.








It took Darwin 20 years after his return on the Beagle to take his ideas public. He might never have gotten up the gumption had it not been for Alfred Russel Wallace, a young naturalist and admirer of Darwin’s who wrote him a series of letters about a nascent theory of his own. Fueled by passion and friendly competition, the two joined forces and published as soon as they could. Though Darwin claimed the legacy, Wallace remained a key collaborator and eventually became his friend.


Darwin’s theory laid the foundation upon which all modern evolutionary scientists have continued to build. It holds up even today under the ever increasing informational mass of fields like genetics and genomics, despite the fact that the gene itself—the key mechanism for heritability—was so elusive to Darwin that he nearly suffered a mental breakdown in its pursuit.
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Here he is as a young man with an awkward hairdo.










THEORIES ON DARWIN’S THEORY


One piece of jargon important to call out is the word theory. In casual conversation, a theory is just a theory—something you’re mulling over and don’t yet have proof to substantiate. But when academics use the word theory, they mean something completely different.


Theory in this case is a school of thought, an idea framework, a way of organizing ideas that apply to your discipline and that other people in your discipline might find useful. Gravity, technically, is a theory. And yet here we are not flying off into outer space because this theory is the most logical explanation about why things happen as they do.


This isn’t to say that theories can’t be built upon. That is, in fact, what they’re for. Albert Einstein couldn’t have “corrected” Isaac Newton’s various theories of physics if Newton hadn’t laid them out—Einstein probably never would have been a physicist in the first place. But theories don’t get any traction unless they’ve earned it by holding true, for a lot of people, for a long time. So ultimately, this is just a problem of semantics.





Beyond this, you won’t see too many names of other scientists in this book, as I don’t want you to get sidetracked by them. Or by dates. Or by a lot of jargon, which is necessary for science, but it’s a double-edged sword. If you understand the jargon, you’ve got an automatic “in”; if you don’t, it might drive you away.
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A Venerable Orang-outang, 1871. One of many caricatures of Charles Darwin, this from a satirical magazine printed two whole years after his treatise, On the Origin of Species, first dropped.




















THE TREE RIVER OF LIFE



The notion of a family tree is a comfortable one, a useful tool for one to trace one’s proud parentage back through the ages. It’s a logical leap to extend the tool to connect all life on Earth, an image that has emerged repeatedly in the minds of naturalists even pre-dating Darwin. But Darwin made it famous. For 32 years, as he worked through the ideas that would become his theory, he sketched “trees of life” over and over, most especially in a private, back-burner notebook he’d simply labeled “B.”


One particular tree from this notebook has become iconic and is sometimes hailed as his eureka moment. It depicts a single ancestor (1) begetting many others who beget others and eventually we end up with living species (A on one branch; B, C, and D on another). You’ll see it posted on laboratory walls and classrooms—even tattooed on the bodies of true evolution nerds.


But while this is one of the cleaner and more complete versions of Darwin’s tree, it was one of his first. It dissatisfied him. (Note the “I think” scrawled above it, as if to ward off the ill luck of hubris, even in his own private journals.) It was incomplete. For starters, the tree itself is alive, which is sort of like using a word to define itself. On another page he considers instead another option, ruminating:


“The tree of life should perhaps be called the coral of life, base of branches dead; so that passages cannot be seen.”


But later he decides:


“No only makes it excessively complicated… contradiction to constant succession of germs in progress.” (By “germs” he meant genes, or what would eventually come to be called genes. Another term he hunted for all his life.)


Naturalists before Darwin and many more after him have all tried to reimagine the tree of life, up to and including a massive cross-institutional effort published in a 2016 article in the scientific journal Nature, that allowed the tree to spiral in on itself so as to accommodate all the information springing from it. In the two years since, the explosion of genomic science has begun to work with the image of a web of life, acknowledging connections shared by species that haven’t shared an ancestor for millennia or more.


For the purposes of this book, consider a river.


Like a tree, a river branches, but its path is determined only by its environment and the laws of physics (such as gravity, friction, and motion). It does not have a predetermined shape; it doesn’t have a driving “life” force. It simply runs toward the ocean, diverted by rocks, hills, valleys, and weather. Over time and space, some rivulets dry into gas and reenter the water cycle (like animals dying off, ending lineages and returning organic molecules to the environment), while other rivulets might split, shrink, or grow.


The river has volume, too, three dimensions rather than single points linked by lines. When we talk about “an animal” here we’re not (usually) talking about a single animal from which all others spring. We’re not even talking about two animals and their lineage, like the “begats” on a human family tree. We’re talking about groups of animals, populations over time, that bred and changed en masse, branched and met back up, grew and shrank, left a few fossils behind and brought traces of all of those changes with them.


It’s much easier to picture the complexity and sheer amount of information in the mix this way, a flooded gene pool in motion. The weight of the information we’ve learned (and have yet to learn) from the study of genomes has become too great for a tree branch to hold. A river can always grow wider and deeper.


In the larger context, the headwaters become the place where life begins. Imagine organic molecules coming together for the first time, like how water exists in the water table and soil and as water vapor in the atmosphere, but it doesn’t become a river (life) until it burbles forth or rains down into the riverbed. It only becomes a river (life) when it gains momentum and runs. It is life as long as it is moving forward.
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Darwin’s most famous Tree of Life diagram, just one of dozens he worked and reworked in his journals.
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PART 1:
OUTSIDE IN



Kids today, with their 23andMe and Ancestry.com, might not remember a time when just observing was the only way to determine what something was and where it might have come from.


Before evolution was a theory, it was a bunch of wild animals doing what wild animals do and a bunch of scientists observing them and postulating. Observation was the methodology by which Darwin developed his theory, which he then presented in a publication whose full title breaks it down for you: The Origin of Species by Means of Natural Selection or the Preservation of Favoured Races in the Struggle for Life. In this section, we’ll unpack these phrases in the context of evolutionary biology:




[image: image] Species


[image: image] Natural Selection


[image: image] Preservation of Favoured Race in the Struggle for Life (which we’ll just call “Success”)




In this section, we’ll apply them to animal appearances. And we’ll hold Darwin’s theory up to the scrutiny of new genetic understanding.


















DUCK-BILLED PLATYPUS



(Ornithorhynchus anatinus)


SOMETHING FOR EVERYBODY


Platypuses have long been considered oddballs in the animal kingdom, which makes them the perfect first stop on our journey into the weird world of evolutionary science.
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HAIR like a mammal (because it is a mammal).


BILL-lookin’ snout that used to be filled with teeth.


MAMMARY PATCHES: like nipples without the nipple part.


EGGS: much more complicated than they look. (What else would you expect from an egg laid by a mammal?)


[image: image]


SCALE


About 15 inches (38 centimeters) long


[image: image]


Depending on where in the genome you look, your genes match the platypus’s more than you might think, but not enough to accept a kidney from one any time soon.


Having diverged from the rest of Animalia just after the emergence of modern mammals, the platypus finds itself at the tip of lonely rivulets off the “Monotreme Stream” next to echidna like Zaglossus attenboroughi (named for the beloved television naturalist). Funny thing about evolutionary outliers, their ancient relatives look just like them. “Living fossil” is of course a misnomer (for more, see Coelacanth, here), but a nicer way to describe animals that time forgot might be “If it ain’t broke, don’t fix it.” Since the platypus’s isolated Australian habitat has changed only slightly through the millennia, the only thing that time forgot was about two feet and its teeth. Prehistoric proto-platypuses included three species of oversized, carnivorous proto-platypuses, which make the whole family line seem less silly and more kill-y. But only a little.




PLURALITY


Before you drop this book to start writing the publisher about an error, the official plural for “platypus” is in fact “platypuses,” not “platypi”—sad news too for fans of octopuses and cactuses. (If you want to be real snotty, you can go with the OG Greek platypodes.) What’s a group of platypuses called? Some say string (boring), some say puddle, but the best/most official is a paradox of platypuses. You’ll soon see why. Hint: It has to do with plurality too. The newest way to think about evolution is in plurals: there’s more than one story in every animal, and more than one animal in every story.





WHEN IN (PRE)HISTORY/WHERE ON THE RIVER
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THROUGH DARWIN’S EYES


Charles Darwin caught a fleeting glimpse of a platypus when the Beagle moored in Australia for two months at the very end of its four-year voyage around the world.


He journaled:


In the dusk of the evening I took a stroll along a chain of ponds, which in this dry country represented the course of a river, and had the good fortune to see several of the famous Ornithorhynchus paradoxus. They were diving and playing about the surface of the water, but showed so little of their bodies, that they might easily have been mistaken for water-rats. Mr. Browne shot one.


Via notebooks and correspondence in the years to follow, Darwin often expressed concerns that “the strange and inexplicable fact of Ornithorhynchus” was so perplexing in its taxonomy that it alone might prove to be the undoing of his nascent Theory.


He also wondered: “When will Ornithorhynchus come in circle?… Such difficulties will always occur if animals are thought to have been created out of nothing, by God.”





BEASTLY BREAKDOWN


HAIR


It’s Europe in the late 1790s. The term scientist won’t be a thing for 35 years. But the folks who study the natural world know so little about the platypus that when they get hold of their first study skin, they think it’s a fake. (Faux exotique animals are in vogue at this time, like the infamous Feejee Mermaid, aka half a dead monkey with a dried fish tail sewn on.) Science in the 1790s says that fur = mammal, but this one is like no other mammal they’ve seen. They spend the next 200 years trying to decide how to classify platypuses, poring over scant specimens, arguing among themselves, and often putting more stock in their own made-up system of classification than in the evidence before their very eyes.


Different groups of researchers arrived at different understandings of the platypus’s situation as each group found more information. Others ignored new information and continued believing what they wished to. (Yes, scientists do this, too. But not the good ones.) It wasn’t until 2008 that a team of geneticists from Asia, Europe, Australia, New Zealand, and the US all came together to sequence the platypus genome. The genome belonged to Glennie, a female platypus named after the Glenrock area of New South Wales where she was found. But you can think of her as the John Glenn of platypodes, rocketing monotreme science into the future—and nearly into the realm of science fiction. Patterns in her DNA matched patterns in a baffling array of different genera. Patterns associated with her dense, oily fur, though, were indeed mammalian, specifically reminiscent of genetic fur-making patterns in otters and beavers.


BILL


In 1799 a naturalist named George Shaw documented the freaky beast and its parts, giving it a name that eventually partially sticks: Platypus anatinus (from the Greek for “flat-footed” and the Latin for “duck-like”).


The bill’s lack of teeth misled early naturalists to assume the bill was bird-ish. But in the 20th and 21st centuries, paleontologists studying the platypus’s fossil record found teeth from early relatives of the platypus. In 2013, an American paleontologist unearthed a molar from an ancient duck-billed monotreme that was about 3.5 feet (more than 1 meter) long and probably ate large prey like frogs, birds, and entire turtles. She was the first to assert that as these “proto-puses” evolved and shrank, a ridged bill and rough tongue became sufficient to eat smaller food, and it lost its teeth to the ages.


But that’s not all: a team of geneticists in 2008 found that Glennie’s bill featured an elaborate radar system (sort of): a combination of touch receptors and electroreceptors that allowed her to pick up movements and low-frequency electrical signals in her prey like some kind of Dadaist shark. Indeed, most of the other animals that use electricity as a sixth sense are fish. But the genetic patterns that bring about the trait in platypuses read the same.


EYES


Back in 1779, Shaw agreed with Australian colonists’ nickname for the platypus, “water mole,” suggesting that its beady little eyes seemed as useless as those of the subterranean garden ruiners.






[image: image]

For those of you just looking at the pictures: This is not a real thing. The “Feejee Mermaid” was faked by a taxidermist, but is a useful lesson: (1) ABS: Always Be Skeptical.
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George Shaw himself produced these rather questionable drawings of the platypus’s anatomy and in 1799 published them in The Naturalist’s Miscellany, or Coloured Figures of Natural Objects. Included is the male platypus’s venom spur.








But in 2008, the genomic team findings suggested that the platypus’s eyes have a rod/cone balance that most closely resembled that of other mammals. They also have a “double cone” thing going on, a feature found in neither eutherian mammals (mammals that give birth to fully developed young) nor marsupials (who keep their young in pouches for some time after birth—e.g., kangaroos and opossums). Meanwhile, their eyeballs are enclosed by a type of cartilage more like that seen in birds, reptiles, amphibians, sharks, rays, and creepy movie monsters.


FEET


The mole comparison extends beyond platypuses’ eyes to their massive clawed feet, which—like moles—they use to dig complex burrows.


And while the 2008 genomic team couldn’t say exactly which part of the platypus’s DNA codes for “feet,” they could point out the genetic markers for their venom. Delivered by a sting from spurs in the male platypus’s hind legs, this venom contains genetic codes similar to the venom in reptiles. But it also contains strings of code found in mammals, most of which aren’t venomous. A likely explanation is that venom was a trait found in a prehistoric ancestor shared by most extant animal families (birds, reptiles, mammals, fish), but most mammals and birds lost it as they evolved.


There are a few other mammals that are venomous, however, and one of them is a mole-like shrew called the solenodon. Coincidence? Maybe. Co-incidence, yes. Coincidence like “freak accident,” no.


EGGS


Eggs are small, humble things. But if you’ve ever tried to answer the chicken or egg question, you can see how confounding eggs can be for a person just trying to get some answers.




What makes a mammal?


According to taxonomic classification, a mammal must:




[image: image] be a vertebrate (that is, have a spine, rather than an exoskeleton)


[image: image] have body hair


[image: image] nurse its young on milk via mammaries




But this current definition has itself evolved over time, thanks in large part to the platypus.





In 18th-century Australia, European colonists started showing up and shooting animals and arguing about how to classify them. The chief of a local indigenous community tried to tell the Europeans that it was common knowledge among his people that female platypuses lay eggs. The eggs are approximately the same size and color of small chicken eggs, laid two at a time, always in a nest among the reeds just atop the surface of the water. He said the motherpus spends a lot of time sitting on the eggs. And by the way, this animal already has a name, mallangong. The Europeans made note of his quaint anecdote but decided they required more proof.


Meanwhile, back in Europe, the young French naturalist Étienne Geoffroy Saint-Hilaire was steadfast. His peers had mostly decided the platypus is a mammal, but he was dead-set on proving them wrong. He had finally gotten his hands on a platypus specimen preserved in alcohol with its insides intact and observed the presence of a cloaca: a posterior orifice found in birds and reptiles that serves as an exit for both excrement and eggs. That’s compared to three separate holes for vagina, urethra, and anus in mammals. His colleagues would find platypus eggs eventually, he insisted in an article, dubbing the animal’s theoretical taxonomic order “Monotreme”: mono = one, treme = hole. (Saint-Hilaire also quotes the indigenous chief in his article while reassuring the reader that, even though his only ally on the egg issue lacks civilized education, the chief is also bright, insightful, and “lacks neither light nor morality.”) In 1844, Saint-Hilaire died still believing that the platypus would one day prove to lay eggs.


It would be 40 more years before Western scientists would settle the matter for themselves, with a now famous telegram from a field zoologist in Australia to Cambridge University: “Monotremes oviparous, ovum meroblastic.” (Old-school biologists often used Latin to communicate across language barriers, and also to sound fancy. It’s unclear which was the case here.) It meant: Monotremes lay eggs, and the eggs are most similar to those of reptiles.




IN 2008, THE PLATYPUS’S GENOME FURTHER SHOWED THAT ITS EGGS SHARE TRAITS WITH A VARIETY OF ORDERS THROUGHOUT ANIMALIA:


Like reptilian eggs, platypus eggs are leathery.


Like in marsupial mammals such as kangaroos, platypus young are born (i.e., hatch from their leathery eggs) in a semi-fetal state, and continue developing throughout the nursing process.


Platypuses exhibit several genetic markers that are related to egg-making birds, amphibians, and fish.


Platypuses exhibit several codes found only in egg-making birds and fish.









[image: image]

Deep in a burrow, the platypus mother nurses her vulnerable young for three to four months.








MAMMARIES (NIPPLE-LESS)


Early European naturalists long ago defined mammals as creatures that nurse their young on milk produced by mammary glands. But when, by the 1820s, they can find neither platypus nipples nor eggs, they worry that their classifications might fall short of nature’s reality. (An academic’s worst nightmare.)


Saint-Hilaire’s ideas came perhaps closest to the eventual truth, but while he insisted that platypus eggs would someday appear, he also insisted that platypus nipples never would.


Then in 1824, a young German anatomist discovered a platypus that was producing milk. Saint-Hilaire was right, in a way: the platypus doesn’t have teats. Instead, its milk oozes from mammary “patches” that emerge as milk comes into the mammary glands after it gives birth and basically disappear by the time their young are weaned. This is the first time European scientists have seen such a thing; the only other animals with mammary patches are the other Australian members of the monotreme family, four species of echidna (spiny anteaters). But mammary patches are still, well, mammary (adjective meaning “makes milk”). The platypus caused Western science to expand its definition of mammals and their namesake (mammaries) alike.


The 2008 study concluded that the platypus’s genome shows markers for “milk proteins despite eggs,” genetic evidence that those 18th- and 19th-century naturalists had good reason to argue. Looking back through the evolutionary timeline, this suggests that the platypus and its cousins broke away from the rest of the furry family right around the same time milk production started being a thing. And milk has been the (r)udder guiding mammal evolution ever since.


Still… The more we learn about genomes, the more we realize that the platypus isn’t so strange after all. Glennie just wore her weirdness on the outside.




LESSON OF THE PLATYPUS: Don’t believe everything you see. Categories like “mammal,” “reptile,” and “bird” might not hold up the way they used to… if they ever really did.


TERMS DEFINED: Mammal
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Platypus skeleton, by Richard Owen—a central character in the drama that is evolutionary biology. Owen’s accomplishments include but are not limited to:




- coining the terms “dinosaur” and “protozoa”


- pioneering the natural history museum as an institution


- shrilly criticizing his young colleague Darwin.




Owen’s work made Darwin’s better, though, and Owen raised questions that modern genomic science has only just begun to answer.





















POLAR BEAR



(Ursus maritimus)
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NECK: long and flexible for hunting blubber balls (aka seals)


HAIR: white and waterproof; each strand has a hollow core


HEAD: that’s streamlined for swimming but gets broader the more grizzly genes it has


FEET: covered in fur, even between the toes
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SCALE


Female: 6.6 feet (201 centimeters) tall, male: 4.4 feet (134 centimeters) tall


[image: image]


The exact human/polar bear genetic overlap has yet to be calculated, so the estimate here draws from the human/dog overlap, the bear’s close-ish relatives.


BLACK AND WHITE AND READ ALL OVER


The polar bear, with its characteristic white coat, stands alone in bearkind. Or does it? A unique animal uniquely adapted to a disappearing habitat, the polar bear has become a poster child for climate change awareness. But now, thanks to recent genetic findings, it may well become a poster child for skepticism and not taking a single word (like species or polar bear) for granted.


For many years, the scientific community accepted that polar bears emerged between and 130,000 and 600,000 years ago. The oldest polar bear fossil humans have unearthed dates to about 115,000 years ago, so it had to be before that.


But then in 2010, genetic and dental analysis of a 150,000-year-old fossil pegged its origin as part brown bear and part polar bear. The bear science community fell into sheer chaos.


Based on what they know already, the bear scientists who made the discovery think the ancient hybrid emerged from early brown bears. The fossil looks like a transitional fossil, so they thought it must be a time capsule of the very moment polar bears began to emerge. They put out a press release. “Polar Bears Just 150,000 Years Old,” the headline announced.


Yes and no.


In 2012, a different study looked at certain sections of DNA from a different ancient bear tooth, and announced finding crossover in DNA that dates polar bears as being closer to 600,000 years old. “Polar Bears 450,000 Years Older than Previously Thought,” another headline announced, pointedly.


Yes and no.


Meanwhile, the first headline is still out on the internet. Currently, there’s no correction or update. At the moment the article was published, that was the closest thing to the truth.


There are a lot of questions, gaps, and complications of wording here. For one thing, just because a brown bear is brown doesn’t mean that it’s a “brown bear” in the genetic sense. Brown bear is another name for modern-day grizzly bears. They were so named by the explorers Lewis and Clark because their coat is sometimes a grayish, blondish brown, like the beard of a grizzled old man. Before they settled on the name, they’d journaled about “white bears,” “golden bears,” and “brown bears” before finally taking some pelts to a Native hunter who told them they were all the same bear. Grizzlies are different colors at different times of the year, sure. But maybe there was more to the color variation than Lewis and Clark could have known.
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From Richard Owen’s Anatomy of Vertebrates, 1866. Compare the blunt skull of the grizzly bear to the longer skull of the polar bear here.










SPECIES: WHAT’S IN A NAME?


Species is a term that has changed definition through the history of biological science. The term originates in the ancient Latin species, meaning “a particular sort, kind, or type” or “a sight, look, view, appearance.” Carl Linnaeus, an 18th-century naturalist and physician, applied the term to plants and animals in the mid-1700s. That was back when he was shaping early biology and busy naming a lot of things in Latin, including starting the system of universal scientific names, which he thought should also be in Latin, because what could be more universal than that?


The more we learned about the relationships among animal groups, however, the more it seemed that an animal’s species could be as difficult to determine as the genus of a platypus. In 1942, evolutionary biology pioneer Ernst Mayr defined species as a group of animals that can interbreed and produce healthy offspring. That definition stuck for many decades and is still widely accepted today. But the times they are a-changing. The more we learn about the differences and similarities between and among animals, the more the definition and application of the term species is subject to change. It is still useful as an organizational tool, but many researchers find it outdated, a remnant reference that our collective scientific knowledge has since outgrown. The word species remains one of the most hotly debated topics in evolutionary biology today.


Hybrid: Species + Species = ?


Intertwined with the term species, the term hybrid has been around since the 17th century and has traditionally referred to offspring of two separate species. By definition, this type of hybrid is assumed to be infertile, or “inviable.” But if the hybrid can itself reproduce, the term “viable hybrid” is called in to bridge the gap. Here again, genetic technology seems to have outpaced the terminology.





WHEN IN (PRE)HISTORY/WHERE ON THE RIVER


65 MILLION YEARS AGO


… during that major mammalian split, the lineage that would come to include bears emerged along the carnivore path.


30 MILLION YEARS AGO


… it split from cats and hyenas to go the way of the dog and walrus.


25 MILLION YEARS AGO


… there was bear. The polar/grizzly/black bear lineage split from the lineage that would itself split into lineages that separated Asian black bears from spectacled bears and sloth bears (not actually sloths, barely bears).


3.5 MILLION YEARS AGO


… the bear lineage split from the lineage that would eventually lead to panda “bears.” This doesn’t mean they’re not bears; it just means that bears are a lot more varied than we think and (here again) humans just name animals as we go. There is no universal definition of bear handed down from on high.


3.3 MILLION YEARS AGO


… the polar bear/grizzly bear lineage split from the lineage that would become American black bears.


1–1.5 MILLION YEARS AGO


… the common ancestor of the brown bear and the polar bear diverged from the rest. But recently, the exact timing of the modern polar bear’s divergence has been the source of some contention.
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ABS, Always Be Skeptical: Grizzly bears eat a lot of things: roots, grasses, berries, pine nuts, rodents, fish, insects. They may go after larger prey like young elk or even black bears, but not as exclusively as their brothers to the north. This 1895 depiction plays up the drama for effect. Or maybe this grizzly had more than a little polar bear in him.









BEASTLY BREAKDOWN


Scientists have long known that hybrid grizzly polar bears do exist, with the terrific name grolars. But now we can dig into their genomes. There’s an interesting opportunity afforded by the chance to examine the exchange of genes between separate “species” of brown bears and polar bears. Most people, by the way, just say “mate,” not “exchange genes,” but scientists know that mating is just a formality: the real thrill is in finding out where all those exchanged genes end up and how they express themselves. Scientists call this phenomenon gene flow.


HEAD


A polar bear’s head is more slender than a grizzly’s, which presumably helps it stay hydrodynamic in cold waters (not unlike a whale or a dolphin). A polar bear/grizzly hybrid’s head shape is somewhere in between. This reminds us that multiple genes contribute to head shape.


METABOLISM


Brown bears can survive in a variety of habitats (generalists, you’d call them). But polar bears evolved to take advantage of a very specific ecological niche: dining on the high-fat meat of a few specific species of arctic seal. It takes a lot of stored and expendable fat to swim around among ice floes. As such, the polar bear has evolved metabolic limitations, much like we’ll see in the domestic cat: there’s no reason to adapt to eating plants in a world where nothing grows.


But as arctic ice melts, polar bears do more swimming and finding less to eat–nearly half the bears in a 2018 study didn’t catch enough food to sustain their daily activity. The unfortunate bears were forced to either scavenge carcasses or go without. These animals lost 10% of their body mass over about 10 days. Grizzly genes could help them adapt to their changing environment: like the ability to eat whatever they want and save up body fat like grizzlies do for their long winter hibernation.


SIZE


Grizzlies are about a foot taller than polar bears on average. Many of a grolar’s traits defer to looking like one or the other of its parents, but overall size and shape showed up as a combination of the two.
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Polar bear skull. Richard Owen, 1846.









TAIL


Polar bears have visible tails. Grizzlies do not. Grolars, so far as we’ve seen, always have a visible tail. This is really just a function of how the tail lies in the fur, but since a polar bear’s fur game is a lot tighter (literally: its fur has to seal up more tightly to keep the bear warm and water-resistant), this suggests that some of the polar bear’s useful cold-battling fur traits have remained dominant in the gene pool.


HAIR


If you look at a cross section of the hair of a polar bear, you’ll see that it’s hollow, an adaptation that allows the hair to be waterproof and insulative without being heavy. A cross section of a grizzly bear’s hair, however, will appear as either solid or porous, with a few hollow pockets. The hybrid’s hair is a weird combination of the two: a string of hollow pockets.


FEET


Many mammals walk on their toes (like dogs or cats) or hooves (like deer and horses). But bears walk on the flats of their feet. Other flat-footed walkers: musky carnivores (like wolverines and skunks), rodents (like mice and rats), marsupials (like opossums and kangaroos), red pandas, rabbits, raccoons, hedgehogs, and primates (like monkeys and humans).


The soles of the grolar’s feet are only partially covered in hair, another blended feature. Polar bear feet are covered in hair to insulate them from the ice, whereas brown bears have hairless soles and clearly visible toes.


NECK


Grolars have longer necks more typical of polar bears, but also display small shoulder humps reminiscent of brown bears. A polar bear’s longer neck helps it maneuver underwater, while a grizzly’s hump holds fat to get it through the winter. Looks like the grolar is hooked up with the best of both worlds.




THROUGH DARWIN’S EYES


In The Origin of Species, Darwin waxed observational about the origin of whales, drawing a parallel between the mighty filter feeders and a bear he once saw swimming around with its mouth open, trying to catch bugs.


“I can see no difficulty in a race of bears being rendered, by natural selection, more aquatic in their structure and habits, with larger and larger mouths, till a creature was produced as monstrous as a whale.”


Though he didn’t have the whale’s ancestry quite right, he wasn’t entirely off base, at least from the bear’s perspective. Technically, researchers have categorized the polar bear as a marine mammal, because it spends more time in the water than it does out. And as the arctic ice melts away, this is becoming increasingly true. Maybe we’ll see the polar bear turn into a whale yet.







LESSON OF THE POLAR BEAR: Don’t believe everything you see. Don’t believe everything you read. Species are dead; long live the hybrids.


TERMS DEFINED: Gene flow, species, hybrid


















BLUE WHALE



(Balaenoptera musculus)


A HUGE PROBLEM FOR DARWIN?


Whales seem like something a confused kid made up. They evolved from land mammals that moved back into the sea, and then one of them (the blue whale) became the largest animal ever to live on Earth. Ever. Already an unlikely story. Now recent research shows that baleen whales may have been hybridizing across “species” for centuries now, further throwing shade on Darwin’s Tree of Life. Are blue whales a bane or boon to Darwin’s natural selection?
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PELVIC AREA: sans pelvis.


SIZE: big as a whale––several types of whale, actually.


HAIR: because it is a mammal. But only on its snout and only as a baby.


FINS: basically stiff, fused hands sealed up in skin.


BALEEN: super-thick mouth claws specially adapted to trap an absurd amount of tiny krill.


[image: image]


SCALE


100 feet (30 meters) long, 200 tons (180 metric tons)


[image: image]


A rough guess as to human overlap with whales, dolphins, and porpoises (together called cetaceans) comes via a partial genome comparison with dolphins and other animals. Baleen whales are likely to share even fewer genes with humans, as their bodies and lifestyles differ from humans’ more than dolphins’.


WHEN IN (PRE)HISTORY/WHERE ON THE RIVER


65 MILLION YEARS AGO


… diverged from the last mammal ancestor they shared with humans and most placental mammals.


56 MILLION YEARS


… early mammals went on evolving into larger land mammals with crude claws that lived by the water’s edge. Groups of these animals diverged, and one eventually led to artiodactyls—the group of even-toed hooved animals that includes camels, giraffes, bison, cows, deer, elk, and moose. The other side would eventually lead to the hippopotamus and modern cetaceans. Yes, you heard right: cetaceans evolved from land mammals. Science has recently come up with a collective classification for the larger group of proto-hooved mammals that gave way to both the above groups: cetaceans + artiodactyls = cetartiodactyls. Blow your friends’ minds by explaining that one over brunch.
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