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The brain is a world consisting of a number of unexplored continents
and great stretches of unknown territory.


—SANTIAGO RAMÓN Y CAJAL


I was taught that the human brain was the crowning glory of
evolution so far, but I think it’s a very poor scheme for survival.


—KURT VONNEGUT












  Prologue  



Back in May of 2015 I spent a week in Canada reporting from the American Psychiatric Association’s annual meeting.


While strolling the halls of the Metro Toronto Convention Centre at what I recall being one of those inhumanely early hours during which only doctors and shift workers exist, I came across a mob scene that would become a touchstone in my writing of this book. A crowd had gathered to attend the meeting’s yearly Food and the Brain session, featuring a summary of the latest data on how what we eat influences our mental health. I angled my way through the crowd to witness Columbia University psychiatrist Drew Ramsey handing out raw oysters.


Watching a queue of shrinks dribble brine down their beards before dawn was unsettling. The rest of the presentation was anything but. For three hours, Ramsey and psychiatrist Emily Deans expounded on the ways our diet influences our brain health and mental state, and how through millions of years of evolution, what we ate, and how we sourced and prepared our food, was critical in shaping our most fantastic organ. As an MD turned health and science journalist, I knew from years of medical training and neuroscience research that certain dietary patterns were good or bad for brain health, but I’d never really considered them from an evolutionary standpoint. The talk left me curious about the influences that shaped our brain’s development.


Omnivorism was crucial to our survival. A varied diet meant we could adapt to shifting food supplies brought on by climate change. If a warm spell dried up the fruits of the forest, subterranean tubers on the plains would suffice. Some believe that seafood helped save our species—when early Homo sapiens learned to gather and crack open shellfish along the coasts of Africa (hence Ramsey’s oysters). And just about all scholars on human evolution agree that if it weren’t for meat, which supported our cranial expansion, we’d all still be sitting around primitive campfires with much smaller brains than we’re accustomed to. Becoming carnivorous was among the most dramatic plot twists in the human story—it helped balloon our brain size. After learning to scavenge and to hunt gazelles on the African savanna, we eventually harnessed fire to cook our spoils, further steering our mental journey with preserved, more digestible food.


I’m not advocating for eating meat, this is just what happened. What we ate was one of many influences on the human saga. Equally important was how we obtained and processed food; how we hunted, foraged, and made primitive tools for protection and butchery; how shifts in climate affected our diet, lifestyles, and physiques; how we socialized and communicated. All these factors came together through millions of years of Darwinian evolution to help shape our species and our brain.


I remember back in medical school, a few months into anatomy lab, it was time to touch a human brain for the first time. By this point, medical students are typically hardened to formaldehyde’s nasal singe and the existential reckoning that comes from spending months in a room full of dead bodies. It’s part of the deal. So at twenty-two years old, beholding what looked liked three pounds of a very unappetizing Jell-O variety, I was certain it would be part of my future (but as far as the University of Virginia School of Medicine knows, not something I would ever sneak visiting friends into the lab to see). I was struck by the notion that our behaviors, personalities, and conscious existence all come from a wrinkled orb of brownish mush. All of this comes from that.


The story of the human brain is meandering. It starts small, with simple, single-celled microbes and a host of weird sea creatures evolving early cell-to-cell communication, a harbinger of the neurons that would later coalesce into our nervous system. Through a branching evolutionary tree of wormy things, fish, reptiles, mammals, and monkeys, we eventually get to the apes, which branched off from other primates around twenty-five million years ago. Millions of years after that, our ape ancestors split from those of modern chimpanzees, which are, along with bonobos, our closest relatives. In the millennia that followed, many human-like species (any species belonging to the genus Homo) flourished. Yet Homo sapiens is the only one that remains. Through some combination of happenstance and ancestral adaptation, we endured when other humans did not. We weren’t the strongest species on the African plains. Nor the fastest. It was our large, complex brain that kept us alive and, for better or worse, allowed us to influence the fate of the planet like no species ever before.


By analyzing genomes, crafting ancient tools, and studying ape behavior, researchers from a variety of disciplines are illuminating the story of the human psyche. It’s an eonic tale of cognition that begs the question of where our brain is going. Genetic engineering technologies like CRISPR now allow scientists to literally edit our genomes in the interest of deleting detrimental genes and inserting desirable ones. For the first time in history, we will be able to artificially evolve our genetic code with precision. Some believe environmental factors like dietary patterns, chemical exposures, and the influence of technology will alter our genomes through a concept called epigenetics. It’s the idea that environmental circumstances through life can change our chromosomes without actually changing the sequence of our genetic code—and that those changes are passed along to our children. Others feel that such worries are moot; that long before we raise an army of genetically engineered super babies or succumb to a cognitive breakdown from too many Doritos, we’ll have run ourselves into extinction through some combination of conflict, climate change, and artificial intelligence.


As far as we know, the human brain is the most complex collection of matter in the universe. That’s not to say we’re more important or better than any other species.


As British biologists Charles Darwin and Alfred Wallace enlightened us: species arise and evolve as inherited traits influence their ability to survive and reproduce in their environment. Genes allowing an organism to last long enough to pass along their genes live on. By sheer numbers, bacteria win the evolutionary race, with a population of 5 million trillion trillion, or 5,000,000,000,000,000,000,000,000,000,000. Ants also outnumber us, as do krill. And as science through the years has shown us, many cognitive abilities long considered uniquely human exist as rudiments in other animals, especially our ape cousins. Evolution is not a progression toward complexity or intelligence with humans in the lead. It’s all of us doing the best we can in our given situation.


Our brain is exceptional in so many ways both good and bad. It’s benevolent. It’s cruel. It’s the only known entity that can think about, and operate on, itself.


In this book I’m in no way attempting a comprehensive survey of the scientific literature on human brain evolution. I’m instead trying to bring together leading theories from disparate fields, such as neurobiology, evolutionary biology, anthropology, and the budding discipline of nutritional psychiatry, in the story of how the human brain arose and evolved since the dawn of life on Earth and where it might be going as neuroscience and technology barrel ahead through the twenty-first century.


In doing so, I trace our brain back to its origins: to a prehistoric body of water, the appearance of DNA, and a coastal raw bar that may have helped save our species from extinction.


This is the story of our big, awesomely complex brain and how it got here.










Part One
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The Animal Collective
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Homo sapiens does its best to forget the fact,
but it is an animal.


—YUVAL NOAH HARARI










CHAPTER ONE



  VERY APE  


At the San Diego Zoo in California there is a lumbering, 450-pound gorilla named Paul Donn.


According to his profile, Donn is “handsome, charismatic, and flirtatious.” He’s a highlight on the Monkey Trail, a winding, elevated footpath that features a variety of largely endangered primates.


In 2017, I biked to the famed zoo from my hotel to spend an afternoon observing ape behavior (and also, unwittingly, that of the entire San Diego County school system). It’s well known that we share most of our DNA with other apes, and as a result, many traits and behaviors, but spend just a few minutes on the Monkey Trail, and the striking overlap in how we navigate the world takes on a more visceral meaning—fossils, behavioral studies, and DNA sequences aren’t necessary to appreciate that we are all close cousins (though all three have helped confirm the fact).


When I arrived at Paul Donn’s enclosure, he sat alone on his haunches, fixated on the head of iceberg lettuce a caretaker held above him. Donn nabbed the green orb with two hands as it fell and, with thick yet nimble gorilla fingers, calmly plucked off the leaves, eating them one by one. Next he walked over to the glass where I stood and picked up a small, capped cardboard container. He sat down, unscrewed the top with ease, and extracted some unidentifiable gorilla morsel. Donn wasn’t just demonstrating the basic animal instinct to find food. There was something more thoughtful and intentional to his behavior. Something, in a way, human.
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    Paul Donn enjoys a leafy snack.





Over at the bonobo house, a three-year-old named Belle jumped on her mother’s back, picked something off mom’s butt, and entered into a manic episode of double high-fives before swinging away on a series of ropes. Bonobos are close cousins to chimpanzees. They’re a bit slimmer and more elegant in appearance than chimps (despite sporting the oddly parted, matted-down hair of a Nixon-era car salesman). Anthropologists describe them as gracile.


Like chimps, bonobos have very distinct personalities. Placards lining the Monkey Trail describe Belle as independent, her mom, Lisa, as respected and stoic, and their sixteen-year-old enclosure-mate, Vic, as friendly and mild-mannered. Despite the zoo’s signage, neither Belle, nor Lisa, nor Vic, nor Paul Donn are considered monkeys. They are apes, a family of primates that branched from monkeys twenty-five million years ago into the lesser apes, which include gibbons and siamangs, and the great apes, or hominids, the big-brained ape species that include orangutans, gorillas, chimpanzees, bonobos, and humans. Much of what scientists know about the origins of human evolution and behavior has come from observing and studying other apes and primates, whose brains are the closest evolutionary correlates to our own. We are eerily similar in our cognitive abilities, demeanors, and complicated social lives. We even share unique propensities for both altruism and coordinated brutality. The simple act of observing other apes—even through the artifice of a zoo—can put quite a dent in our self-regard as an exceptional species.


Beginning in the early twentieth century, modern scientific techniques gradually confirmed the evolutionary relationships that ape anatomy suggested. Humans split from a shared ancestor of chimpanzees and bonobos around seven million years ago, making them our closest biological relatives. Both species are genetically closer to humans than they are even to gorillas. A few weeks after my visit to California, I spoke with Janice McNernie, lead keeper of primates at San Diego Zoo Global. McNernie has over a decade of zoo-handling experience and is now working with primates exclusively. “People can recognize what they see as ‘human-like’ behaviors within minutes of just watching bonobos interact,” she says.


More so than in most animals, spending time with bonobos reveals in them an array of behaviors and interactions they typically reserve for their own kind. Feeding, playing, and other forms of positive stimulation gradually lessen their wariness of humans—they open up, comfortable engaging in the more complex social interactions and relationships they exhibit in the wild. McNernie has witnessed their very human-like excitement over the birth of a new baby and their collective bereavement at the death of an elder. Though she’s careful not to over-anthropomorphize, she feels our commonalities can’t be denied. “We all descended from a common ancestor. It makes sense that we would have a genetic predisposition to share similar behaviors.”


As I’ll get to in more detail, bonobos and chimpanzees in particular each have distinct reputations that many primatologists feel reflect human psychological evolution. The general stereotype is that chimps are violent maniacs and bonobos their more peaceful, agreeable cousins; thanks to our common ancestry, we wound up sharing certain traits with both species.


This idea is oversimplified, but not entirely inaccurate. Research shows that not only will bonobos share food with their friends and family, they will also do so with unfamiliar bonobo groups (Tan, 2013). This willingness to help outsiders—or xenophilia—is nearly unheard of in any species besides Homo sapiens. In contrast to chimps and most other primates, bonobos live in matriarchal societies, meaning females run the show. The women hold much of the social power and band together to keep rotten males in check. They help stabilize the social circle through frequent sexual activity. In turn, the typically more violent sex—men—maintain a surprising civility with each other (though they are still far more violent than human males).


“That’s what most people know about bonobos: they have a lot of sex,” Duke primatologist Brian Hare commented in a New York Times interview. But Hare feels that’s not what makes them interesting. “The No. 1 reason they are interesting is that they don’t kill each other.”


Unlike bonobos, chimpanzees share our tendency to kill members of our respective species with unfortunate frequency. Aside from humans, they are the only known species that gang up to murder neighboring communities of their own kind. If some trace of matriarchal, bonobo self-control did not exist in our genomes, humans could be even more impulsive and violent than we are. Unfortunately, given our aggression and volatility, we seem to have plenty of chimp in us too.


In the 1960s, anatomist turned Berkeley anthropology professor Sherwood Washburn was a real pioneer in studying primate behavior. But it was British anthropologist Jane Goodall who popularized the field, bringing ape behavior and intelligence to the public eye. Goodall began studying the social interactions and behaviors of wild chimpanzees at Tanzania’s Gombe National Park in the late 60s. It’s claimed that she’s the only human ever fully accepted into a chimpanzee community (though she never made it above the lowest ranking member). Through simple observation, Goodall realized that behaviors in other apes are almost certainly entangled with humanity. She noticed that, like humans, chimps each have their own developed character, whether good or bad. Some are outgoing, some shy. Some are agreeable, others intolerable monsters. They form complex emotional bonds with their families and communities; they hug; they groom; they pat each other on the back out of affection. They also make tools—chimps will strip a leaf off a branch and plunge it into an insect hole until it’s crawling with a meal.


Goodall’s observations were the first popular glimpse into the ape psyche. Today we can search YouTube. Apes draw. Grieve. Play games. Play keyboard with Peter Gabriel. Play bass with Flea. There’s a chimp at a dubious zoo in North Korea who smokes twenty cigarettes a day (that she can light herself). As I witnessed, they can deftly disassemble a head of iceberg lettuce.


Much like Paul Donn and the bonobos in San Diego, apes are highly communicative, both vocally and gesturally, a trait mirroring not only language but also human social qualities like empathy. As I’ll get to, research into how nonhuman primates perceive and interact with others has helped us understand how our brains and highly social existence came to be.


Humans aren’t direct descendants of chimpanzees, or of any other extant ape species. Instead we share an ancestor. Chimps living today have also been evolving for the seven million years since our split and are no doubt different from their late Miocene predecessors—as we are from ours. So despite many similarities, our brains are still unique from those of other apes, especially when it comes to capacity for higher thought. We’re better problem-solvers and have far more developed senses of emotion and self-awareness. But generally speaking, many qualities we long assumed were uniquely human appear to exist to a degree in other apes, some maintained, some muted, and some enhanced in our genomes through millennia.


When we talk about natural selection, we’re primarily talking about changes to our genome that helped us adapt, survive, and reproduce. When chimpanzees join together to whack a neighboring camp, it’s a safe bet this behavior is at least partially due to genetic mutations picked up through evolution that gave them some advantage. Further along, I’ll dig deeper into the genetics of human brain evolution and how certain genetic variations differentiated our species.


The pop-science adage holds that we share 98.5 percent of our DNA with chimpanzees. Some estimates have our genomic overlap at closer to 95 percent. Either way, we are biologically very similar. The proteins in our bodies are nearly identical, as are our nucleotides, the code or letters that build our DNA. But considering we share 90 percent of our genes with mice (and 50 percent with bananas!) it’s clear our gene sequence isn’t the only factor behind our commonalities.


Equally, if not more, influential to our form and function is how our environment interacts with our genome and how our genes are regulated. Genes are the blueprint coding for the proteins that run our bodies and biological functions. But 99 percent of our DNA doesn’t code for proteins at all. Most of our genetic material either just sits there inert, or, instead, controls other stretches of DNA, turning certain genes on or off.


Scientists are in the early stages of understanding how activating or suppressing particular genes at specific times may explain the variation between species with highly similar genomes. One major evolutionary driver of diversity between species is gene duplication. Genes duplicated along a string of DNA allow evolution to safely experiment with change. If a duplicate copy of a gene mutates in a way that confers a new skill or beneficial trait, then great. If a mutation renders the gene detrimental or nonfunctional, there’s a backup copy to compensate.


Genetic research shows that since splitting with chimpanzees, the human lineage has acquired almost 700 duplicated genes that chimps don’t have, many of them involved in brain function. We’ve also lost eighty-six duplicates that chimps still do have. Researchers are gradually pinpointing specific genetic influences that contributed—and still contribute—to various brain functions. They can also point to moments in our natural history when specific mutations empowered our brains and sent us down our highly cognitive course.


There is no question that ape research has clued us in to the roots of our evolution and brain function. But around the world it is slowly coming to an end, as activists convince policymakers that apes are far too intelligent and aware to be experimental subjects. In 2013, the NIH released a report calling for the end of most chimp research supported by the federal government. That same year, both the House and Senate passed a bill to expand funding for ape sanctuaries around the country. Since then, much like many humans, hundreds of chimps and orangutans have retired to places like Florida, where initiatives like the Center For Great Apes provide a home for former research apes and those rescued from sketchy carnival pasts. On a recent visit with my wife and in-laws, we witnessed a young female chimpanzee hoot at my mother-in-law while running an index finger across her lips. “At some point, someone taught her this as a sign for women,” said our guide. A 2017 New York Times article recounted the arrival of six former research chimps to another ape sanctuary, the Project Chimps preserve in Georgia. “The group’s relief and happiness was so infectious that all the humans smiled. The chimps lip-smacked and held one another’s genitals,” wrote reporter James Gorman.


The attempt to understand the human brain is among the most exciting scientific pursuits of our time—scientists now study brain genomics, map neurocircuitry, and literally grow brains from scratch in small plastic dishes. Observing ape behavior will no doubt continue in zoos, sanctuaries, and wild ape habitats. But the days of monkeying with captive apes in the interest of science are, thankfully, over.


Back at the San Diego Zoo’s bonobo enclosure, Belle came close to the viewing window, enamored with the group of us watching her. I put my finger to the glass and she did the same—like the iconic moment from E. T. Her eyes were wide, full of expression. Her smile, all teeth. She traced my finger as I moved it in circles across the glass. After a minute or so, she got bored and moved on.










Chapter two



  Life from No Life  


Sometime around 150,000 years ago, Homo sapiens nearly went extinct.


As our gorilla, chimpanzee, and bonobo cousins scampered around as usual, and as other human species like Neanderthals and Denisovans thrived across modern-day Europe, Asia, and the Middle East, our species dwindled to just a few thousand people, eking it out in the caves of southern Africa. These were hard times, the result of a changing climate and less reliable food. But our savvy brains saved us.


Fossil records suggest early humans adapted and found new ways to survive, like tracking tides to access nutrient-rich shellfish beds. By this point, we could start fires, cook our food, and use our smarts and creativity to get by. Before long, we pulled ourselves back from the brink of extinction and migrated around the world. Millennia later, here we are.


Evolutionary forces and adaptations allowed our genus, Homo, to survive for over two million years, enduring scarcity and multiple brushes with being wiped from the planet. But where did the human brain come from?


As actor and comedian Steve Carell told Wired in 2008, “Children are very smart, in their own stupid way. A child’s brain is like a sponge, and you know how smart sponges are.” The irony is that the story of the modern brain actually does begin with the sponge.


Sea sponges don’t look like much. Just simple, porous collections of cells that we’ve used to scrub our armpits and cookware for ages. They have no organs. No nervous system. They sit inconspicuously on the ocean floor.


Yet sponges represent an evolutionary tipping point, one Aristotle recognized over 2,000 years before Darwin. Sponges were a big deal in Ancient Greece, supporting an active industry of divers. Homer mentions them in both The Odyssey, describing how servants “with thirsty sponge … rub the tables o’er” after a palace feast, and The Iliad, as god and blacksmith Hephaestus sponges his “brows and lusty arms.” Aristotle considered these odd submarine organisms to exist at the border between plant and animal life—sessile, but with a crude ability for coordinated movement, a defining feature of life we categorize as animal. He wasn’t altogether wrong. The prevailing thought among biologists is that a sponge—or something very sponge-like—was a common ancestor to all animal life on Earth today. If it’s true, we owe our entire existence to these things:
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Sponges are filter feeders—they expel water and waste and draw water in for a fresh meal (which for them consists of plankton and other microscopic morsels). Their cells use proteins to communicate with each other and keep the filtering processes going. Genetic analysis shows that these proteins are remarkably similar to those found in neurons, the cells that comprise much of our brain and nervous system and allow us to move, sense, think, and experience the strange world of consciousness (Wong, 2019).


But before we get too deep into how the brain works and how it’s connected to sponges, let’s explore how sponges, cells, and DNA—the helical code of all life on Earth—got here in the first place.


It all started with a chance chemical encounter in an ancient ocean.


Our planet formed from a cosmic swirl of gas and dust 4.5 billion years ago. This Hadean eon, named for Hades, Greek god of the underworld, was, as the name suggests, a hellish time. Volcanoes spewed. Asteroids pummeled. Oceans boiled away into steam.


Eventually our planet settled into a calmer scape of rock and water. And soon, through a process called abiogenesis, something approaching life arose from inorganic matter. Scientists bicker over exactly where our primordial Lincoln Logs were first assembled—some say at the surface of an ocean, others in deep-water geothermal vents, and still others argue for cold, icy pools—but most agree that four billion years ago, some recipe of earthly elements spontaneously assembled into self-replicating molecules resembling RNA and DNA, the two foundational molecules of life. DNA provides our genetic code, while RNA translates that code into the proteins that keep our cells and bodily functions running.


Scientists like University of Cambridge chemist John Sutherland have shown that Hadean Earth had the right climate and chemical cocktail to generate molecules called purines and pyrimidines, essential structural components of RNA and DNA. Over the phone on a very un-Hadean spring morning, Sutherland walked me through his theory on the molecular origins of being alive. He’s confident that hydrogen cyanide—the same poisonous cyanide of Rasputin lore and Cold-War spy movies—was present at the starting gate of life. It’s a simple molecule of one hydrogen atom, one carbon atom, and one nitrogen atom. When exposed to ultraviolet radiation and sulfur dioxide, cyanide has the right balance of electrons to spawn pyrimidines, which, along with purines, assemble into a sort of proto-RNA. DNA, the more complex molecule, most likely evolves later. The abiogenesis field has progressed to the point where common compounds like cyanide can also be converted to other molecules essential to life, like amino acids (the molecules that make up proteins) and certain components of lipids (fats) (Patel, 2015; Herschy, 2014).


“Once you see the chemistry, it’s a beautiful link between these various classes of molecules that are essential to life,” Sutherland beams through the phone. “We think they all helped each other along and arose somewhat simultaneously.”


Researchers in the field agree that abiogenesis is explainable through chemical interaction—that life is possible from no life. What they don’t agree on are the chemicals involved. Scores of other models have been proposed to explain the genesis of organic matter, some involving sulfur and iron, others zinc and clay. British biochemist and science writer Nick Lane believes carbon dioxide and hydrogen were life’s chemical parents. Some scientists think early life arrived preformed on a meteorite from Mars during the Hadean bombardment, making us all, ancestrally speaking, Martians. It’s possible that different stages of abiogenesis required different elements and environments and that everyone’s right!


Determining where life first arose, and from what, doesn’t answer the question of what life actually is. What does it mean to be alive? “It’s really hard to say,” admits Sutherland. Generally he sees the state of life as a continuum from the inorganic to the organic. Any definition of vitality requires replication and propagation to the next generation. So you could say that life arose when a single RNA-like molecule underwent a random mutation rendering it prone to replicating itself via the physical and chemical properties of matter. Another quality necessary to life was cordoning off our genes within a wall, at which point genetic entities started competing for survival and Darwinian evolution began.


Darwinian evolution is a beautifully simple concept: organisms and species change over generations, as inherited variations are selected to improve an individual’s chances of survival and reproduction. Darwin called this “descent with modification.” We now know it is a result of changes to our DNA; genetic mutations that render an organism more likely to survive in their environment and have offspring are passed along to the next generation. Mutations that weaken the chance of surviving and bearing children are gradually weeded out of the gene pool. Darwin called this survival of the fittest “natural selection” (the idea was also proposed independently by British naturalist and biologist Alfred Russel Wallace, a friend of Darwin’s). Think of a chimpanzee swinging through a forest in search of dangling fruit. Mutations conferring long, powerful arms would come in handy and increase his or her chances of finding food, finding a mate, and making a few chimpanzee babies. Those same gene mutations in an early human traipsing the grassy plains on foot wouldn’t have been that helpful. They weren’t naturally selected for.


Evolution can also occur through a process called genetic drift. As populations become isolated, genomes change over time by chance rather than by selection acting on specific mutations.


As complex mammalian brains came along, there was cutthroat evolutionary pressure among many species to conserve genes involved in sensation and intelligence. But Darwinian evolution took hold long before that. It began the moment a replicating RNA molecule became sequestered from other RNA and could therefore outcompete or lose out to its peers—once free-floating, replicative molecules evolved into singular, membrane-bound units. These would come to look like cells, the basic units of life. “Selection really needs compartmentalization to prevent any positive innovation made by an RNA molecule from helping the other RNA molecules,” says Sutherland. “The best way of doing that is to separate yourself from the other RNA.”


It was survival of the fittest on an infinitesimal scale.



Ancient Microbes


However life began. Wherever it began. It began.


It’s safe to say that our existence took hold somewhere in the seas, in the form of single-celled organisms housing twines of genetic material much like RNA. We can’t know exactly when the literal first life-form on Earth appeared. But thanks to gene sequencing, we can draw life’s tree with some degree of accuracy and predict when the ur-organism showed up.


Early on, Earth’s first critter gave rise to two of the three domains of life, Bacteria and Archaea. These are both single-celled life-forms with simple innards and free-floating rings of DNA. Fossils show they formed, by the billions, thick microbial mats that bobbed and bubbled in the oceans (not unlike your crunchy friend’s kombucha starter). In one microbial lineage, DNA became sequestered inside a membrane, forming a nucleus and spawning life’s third domain, Eukarya. Eukarya is Greek for “true nut,” or “true kernel,” the nut being the nucleus. At first, eukaryotes were single-celled, like archaea and bacteria. A million years later, they started joining together into Earth’s first multicellular life.


Early microbes made quick use of ion channels to survive and help sense and react to their environment. Ions are atoms with an electric charge—for the most part, they’re blocked from entering a cell’s semipermeable walls, which only let certain chemicals in and out at certain locations. This sets up an electrical gradient. But when something triggers an ion channel, or opening in the wall, the charged atoms rush into the cell, generating an electric current (Martinac, 2008; Nature Education, 2014). This flow of ions allowed single-celled life to power little tail-like projections that acted as motors. They could propel themselves toward food and away from toxins and other dangers, inching closer to life as we tend to think of it today. Naturalist John Muir went so far as to claim that these “invisibly small mischievous microbes” even had the ability to have fun (an idea actually supported by at least one modern theory on consciousness. But more on that later).


Around 3.5 billion years ago, a type of bacteria called cyanobacteria began converting water, carbon dioxide, and sunlight into sugar for energy—or photosynthesizing. A byproduct of photosynthesis is oxygen, which was toxic to much Earthly life at the time. As cyanobacteria pumped out more of the stuff, there was a mass-microbial extinction, a Great Oxidation Event, which opened up new ecological niches and shifted Earth’s atmosphere to the oxygen-rich environment animals depend on today. Abundant oxygen would have led to an increase in oxygen free radicals, which damage DNA. This may have led selective pressure to drive the evolution of a nuclear membrane that could protect genetic material; it also probably later led to the evolution of sex, with selection acting on more efficient DNA repair mechanisms. Sex blends two genomes, creating genetic diversity—beneficial in adapting to a changing environment—and doing away with nasty mutations.


At some point billions of years ago, a single eukaryote ingested a single bacterium, which stuck around through subsequent generations as mitochondria, the little machines that generate energy in our cells. In the plant lineage, a gobbled bacteria evolved into a chloroplast, the structure in a plant cell where photosynthesis takes place. Both chloroplasts and mitochondria maintain their own small genomes, vestiges of their stints as independent organisms.


Archaea and bacteria remain microscopic single-celled organisms, but their ancestors also led to the multicellular eukaryotes from which all plant and animal life descend. Aside from some infamous bacteria like E. coli and Salmonella, most life we’re familiar with, from yeast, to potatoes, to pine trees, to primates, are eukaryotes. And we’ve been locked in an evolutionary feud with our distant microbial cousins ever since we split. We pummel them daily with antibiotics to preserve our survival. In turn, they mutate and become resistant to our best medical efforts. In classic Darwinian fashion, they adapt to their environment and can readily fell even the strongest of species. Evolving a brain may have benefitted us, but it wasn’t a requirement for evolutionary success.



When Life Got Big


So … the sponge.


Once multicellular life bound itself together, it took on many forms, including various types of algae. Red algae came first, evolving at least 1.6 billion years ago. Its green cousin branched into plant life. To trace the natural history of the human brain, from here on out, I’ll be focusing on the limb of life that gave rise to animals.


Scientists generally think of animals as multicellular eukaryotes that breathe oxygen, consume organic material, can reproduce sexually, grow from a hollow sphere of embryonic cells, and are able to move in some way. All animals on Earth today—from bugs to fish to humans—evolved from a single common ancestor hundreds of millions of years ago that was probably similar to the modern sea sponge. Given the lack of DNA and fossil evidence, it’s difficult to know for sure when this creature arose. Early animals, unlike the bony species to come, didn’t have skeletons to help etch their remains in ancient stone.


Yet by comparing the genomes of extant animal life in the context of what fossil evidence does exist, scientists believe the earliest animal life involved single cells coalescing into sessile communities and taking on specialized functions. The fossils tell us that at least as far back as the Ediacaran period (635 to 541 million years ago) the seafloor was brimming with strange and colorful stalk-like beings that flitted among the microbes. It was a peaceful time on Earth, with few if any predators; a period nicknamed the “Garden of Ediacara” after the biblical paradise. Ediacaran life is most associated with rangeomorphs, tall and beautiful organisms that looked a bit like ferns, gracefully waving with the ocean current in shades of pink, red, and green (at least according to science illustrators). Some experts consider them an alternate candidate for the earliest animal. Sponge anatomy, however, suggests otherwise (Knoll, 2006).


Sponges are in part made up of cells called choanocytes that filter nutrients from the water. Choanocytes look and function a lot like the closest living relative to all animals, choanoflagellates. These are single-celled organisms with whip-like appendages that propel them through the water—picture sperm wearing beanie caps. Choanoflagellates can exist on their own or, in reaction to certain environmental conditions, aggregate into colonies in which individual cells take on specialized roles. Something similar probably took place in our shared ancestor and could explain how complex multicellular life arose in animals.
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    A diorama in the Smithsonian National Museum of Natural History’s Hall of Fossils imagines what the Ediacaran ocean might’ve looked like teeming with rangeomorphs, algae, and jellyfish
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    Choanoflagellates are the closest living relative to all animals.





Genetic data and fossils of a sponge called Otavia antiqua from a 760-million-year-old rock suggest that if the sponge wasn’t the first animal, it was certainly one of the first (Brain, 2012). Some researchers believe that whatever single-cellular organism first bound itself into a sponge or similar stalk must have had stem-cell like qualities, meaning it could develop into multiple different cell types.


Keep in mind that even with increasingly telling fossils and modern gene sequencing technology, tracing biology’s trajectories can be an exhaustive exercise. As might be expected of a process largely based on random mutation, Darwinian evolution is a tortured mess. The tree of life is really more of shrub, all tangled branches, dead-end twigs, extinctions, new adaptations, and new species. Take the Cambrian explosion, a period beginning around 540 million years back, long considered the time when a majority of animal phyla and traits arose. Recent research shows that animal diversity actually arrived much earlier, with hard shells, movement, and hunting showing up well back into Ediacaran times. Animal evolution was more gradual than we previously thought (Fox, 2016).


However, even if life’s timeline is occasionally adjusted, most biologists agree on the general progression of animal existence. After sponges, other mobile, multicellular life soon branched off our lineage, like the comb jelly, a transparent egg-shaped blob with two tentacles and tiny projections called cilia that help it swim. Combs mostly look like jellyfish, which also arose early on, as did coral, sea anemones, and flat little sea-floor creepers called placozoans. Around the same time came the first animals with a clear front, back, left, and right, earning them the name Bilateria. With bilateral beings came the body plan with which we’re most familiar: mouth up front, anus ‘round back, and a tubular gut in between.


Some bilaterians looked like small eels or worms. These were our ancestors—and those of all animals with a backbone—the vertebrates. Others branched into armored arthropods, which now exist as insects, arachnids, and crustaceans. Still another line split into mollusks—your snails, slugs, clams, and oysters.


Parenthetically, squid, cuttlefish, and octopus are also mollusks and have some of the most advanced brains of all invertebrates. Especially the octopus, whose brain is simply nuts. This highly intelligent animal actually has nine brains, a neuroanatomy so unique that in 2018, thirty-three scientists published a paper suggesting in all seriousness that it might be an alien—its fertilized eggs having arrived on Earth frozen in an icy meteor (Steele, 2018).


Many early animals had something approaching a nervous system. Combs and jellies move and feed using a loose network of neurons called a nerve net, so presumably their ancestors did too. Clams and other bivalve mollusks, along with their single crude foot, have a simple circuit of neurons that coordinates feeding. But a major question is how neurons themselves evolved.


Neurons, or nerve cells, look like balls of Play-Doh shaped by a caffeinated toddler. Most have one long, skinny extension called an axon on one end that sends information to neighboring neurons or muscle cells; the other end has a tree of shorter barbs known as dendrites that receive signals from axons.


When we see, taste, smell, or feel just about anything, neurons relay the information to the brain, which then processes it and decides how to respond. If the sensory input is a slice of Neapolitan pizza fresh from an 800-degree wood-burning oven, smell and taste receptors trigger sensory neurons that connect with our reward circuitry, which in turn triggers neurons in our brain’s movement center to fire off a signal to our hand. We grab the slice and take another bite.


This is all made possible by the electric current generated by ion channels. Throughout our nervous system, there are supportive cells called glia that coat our axons in a fatty substance called myelin. For the most part, myelin keeps charged atoms, or ions, out of cells. Except when it doesn’t. The coating has periodic breaks, or channels, that let ions in, like charged sodium, potassium, and calcium. It’s a process similar to the flow of ions into other cells, only myelin isolates ionic movement to distinct locations along the axon, improving the speed and efficiency of neural signaling. This creates an electric current called an action potential that jolts down the axon, causing the release of neurotransmitters like serotonin and dopamine that communicate to adjacent cells at junctions called synapses. The collection of communicating proteins in sponge cells may represent the dawn of these synapses, laying the foundation for cellular crosstalk, and for a brain to evolve.
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    Neurons connected at a synapse





We know neurons didn’t arrive in an instant. Instead, they evolved from relatively simple elaborations on earlier cell types and traits, maybe from epithelial cells, the cells that make up our skin; or from choanocytes, the early assemblers of animal life. Sponge cells communicate using the same ion channels that bacteria have relied on for billions of years. As ions rush across their cellular membranes, chemical messengers are released to neighboring cells, including some of the same neurotransmitters the human brain and body use, like glutamate, GABA, and nitric oxide. Neuronal transmission evolved from cellular interactions that were already in place. In Bilateria, groups of axons were eventually bundled together to form well-protected nerves, the neural equivalent of those plastic bundlers that organize cords behind our televisions.


I should point out that nerves and neurons don’t just communicate with each other. They also have a close evolutionary relationship with muscle, releasing neurotransmitters that cause muscles to contract and generate force and motion. The two systems evolved in parallel and enabled animals to move in new and nuanced ways—to better swim toward and wrest our mouths around food.


In a 2019 paper, German biologist Detlev Arendt wrote, “The evolution of neurons and the nervous system is one of the remaining great mysteries of animal evolution.” He’s open to the idea that our ancestral brain cells may have evolved independently multiple times. Comb jellies, jellyfish, and us bilateral animals all have neurons with significant differences in form and function, so it’s possible there are different lineages of nerve cells, even within a single species. But there’s a good chance they all evolved by co-opting the proto-synapses found in sponges. At some point between 600 and 700 million years ago, cells began communicating more effectively, giving some ancestral jellyfish-looking thing an evolutionary leg up.










Chapter three



  Fish, Head  


“In a sense, it takes sponges twenty minutes to sneeze.”


Biologist Jordi Paps Montserrat enlightened me to this fact in an email last year. Montserrat teaches genetics and evolution at the University of Bristol in England. I’d asked him about the role of neurons in early animals. “Animals like sponges, which don’t have a nervous system or muscles, can react to stimuli,” he explained, “but it takes them a very long time.”


Sponges use their crude cellular communication to contract their bodies, but that’s the extent of their movement. Mature neurons brought more speed, more coordination, and a more exciting, if dangerous, existence to bilateral animals. In some species, selection favored those capable of quick, adept movements that helped them obtain food and avoid becoming it. Our young bilateral blueprint evolved together with an increasingly complex nervous system to better glide us through the water.


Montserrat believes the primary advantage of a bilateral body may have been ecological. Non-bilateral animals like sponges and anemones either can’t move—presenting obvious disadvantages when it comes to sourcing food—or, like comb jellies and jellyfish, pulse crudely through the water hoping to bump into a meal. Jellies hunt in three dimensions and have maintained their general ball shape over millennia. Bilaterians spent more time prowling the ocean floor, a two-dimensional scape where a linear setup and more directional movement would’ve been advantageous. And where nutritious, easy-access carcasses settle in the sand.


If it’s sponges we have to thank for our synapses, it’s to bilaterians we owe our heads. Scientists imagine a mutation in an early bilaterian left a few cells at one end of its body slightly more sensitive to light or chemicals. This enhanced sensation improved its chances of survival and reproduction, thanks to more environmental awareness and better detection of risk and reward—of enemy versus energy. Light-sensitive cells begat photoreceptors, which would later gather en masse into an eye. Chemically discerning cells evolved into chemoreceptors, the cellular ancestors to our senses of taste and smell. The bilaterian mouth migrated to its consistent position up front, where food is first encountered while scuttling around. By this point, some marine worms had a precursor to a tripartite brain; meaning a brain divided into three segments—the hindbrain, midbrain, and forebrain. This is the setup for all later vertebrate brains, us included. Their hindbrain formed a rudimentary brainstem, which in more complex vertebrates helps control vital functions like breathing, heart rate, sleep, and our fight-or-flight response.


It makes evolutionary sense that over many generations natural selection would favor more and more collective sensation at one end of a long, symmetrical physique. Scientists call this cephalization; the evolution of a head with a mouth, sensory organs, and neurons clustered into a brain. Cambrian life with a clear front and back and a primitive central nervous system flourished like that space cantina in Star Wars, packed with bodies of every disposition.


Among the crowd were trilobites, segmented, armored animals that looked like battle-ready pill bugs, and the truly alien-looking Anomalocaris—or “abnormal shrimp”—which grew up to a meter long and resembled, well, huge abnormal shrimp. The branch of Bilateria we descend from were a bit more mundane—again, think something resembling a small worm—but they evolved an adaptation essential to our modern nervous system. Running down their backs was a rod of firm, cartilage-like tissue called a notochord. It gave the body structure and support, and provided protection from predators. We call any animal with a notochord at some point in their development a chordate. Lurking somewhere in the DNA of a small chordate called a lancelet is the missing link between invertebrates and vertebrates. Eventually, a notochord signaled an embryonic layer of cells to fold into a tube of neurons that would one day become the spinal cord.
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