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  I spent Christmas 2004 at a seaside town in the English region of Cornwall. The damp British winter had kept the beaches rather quiet, providing solitude perfect for losing myself in thought. One memory that remains with me is a late afternoon stroll by the cliffs, the fading sun bleeding into the landscape’s muted colors while a flock of tiny birds rode the air currents that spilled invisible and silent against the rocks. There was a distinctive edge to the flock’s formation, as if it was a giant amoeba that moved by stretching out an immense arm and dragging itself across the sky in a panic before concentrating into a teardrop. It wasn’t a clump formed by hundreds of individuals—from my position, it operated as if it was a single animal with one mind.


  I’ve always been fascinated by the behavior of swarms, hives, flocks, schools, colonies and communities. To think the anatomy of a bee is fundamentally suicidal, sacrificing the life of an individual for the sake of saving its colony. Social insects with nervous systems so simple are capable of great feats of computation in foraging and construction, providing us with novel ways to model communication networks for optimal traffic.


  Yet when I take a moment to consider it, my fascination with collective behavior and swarm intelligence comes down to a rather arbitrary delineation of units. I don’t think of my body’s cells as individual entities, myself as an ecosystem or metropolis of single-celled organisms. In some ways, however, I can consider myself as more or less a super-colony of membrane-enclosed bodies cooperating as discrete components. Somewhere in my brain a line is drawn around the outside of my skin, marking that boundary as a defining limit of me as “one” rather than “many.”


  We readily consider a single bacterial cell to be an individual, while a colony of identical bacteria isn’t. Only once cells adopt specific roles, with some forming a protective boundary while others adopt functions responsible for digestion, synthesis or reproduction, does the collective begin to take on the attributes of an individual. On the other hand, bees with physiological and behavioral differences within their hive don’t make us view the hive as an individual. The fact a single insect can fly away forces us to define it as an independent organism. But the cells of a sea sponge can migrate throughout its body and change jobs, and entire sections of sponge can break away and settle elsewhere to grow. Is a single sponge a colony, or a discrete animal?


  It might seem rather pedantic to give this much thought, but when it comes to understanding behavior—especially that of humans—the innate biases we hold about the concept of social thinking and respect for our state of individuality can lead us astray. We’re so hung up on defending free will and theory of mind that the idea of being influenced by the collective to any significant extent feels somewhat heretical, especially in cultures that celebrate the rights of individual freedom. It’s easy to see hive-like behavior in others, of course . . . but never ourselves.


  But to what extent are we isolated from other minds? How much control do we have over our ideas, our thoughts and our beliefs?


  We are all products of our own collectives, our own tribes. That’s not to say we’re at the complete mercy of external cognitive forces.


  But how we behave as individuals can’t easily be teased out of the context of a collective either. We are tribal animals.


  In today’s post-industrial, westernized world, many of us belong to dozens of tribes that each exerts pressure on how we think and make decisions. I was born into a tiny tribe that consisted of my parents, and was later joined by a brother and sister. I found a place among the members of another tribe with friends during primary school and then again in high school. Work colleagues have welcomed me into their tribes here and overseas, as have fellow travelers I met while living in London and touring Europe. I have been an authority for the tribes of students I taught; a faceless member of the digital tribes of online forums and bulletin boards . . . each tribe different in values and beliefs, influencing how I think and act.


  Somehow, out of that mess of shared stories, in-jokes, language variations and values, our vision of the world is formed. That human collage can make the difference between accepting that the Earth was made in seven days by the whim of God or over millions of years by impersonal laws of nature. Our tribal knowledge influences our trust in the scientist, the priest, the politician or the celebrity who tells us the globe is warming, vaccinations are unsafe, mobile phones give you cancer or Bill Clinton is really a reptilian alien in disguise.


  This book is about ideas and how they develop: not just inside one brain, but from numerous brains working together as a collective. I look at how the brain evolved to help us survive an ever-changing world as cohesive communities, and how its functions bind us together in tribes using meaningful stories about the world to allow us to better face adversity together rather than on our own.


  Our nervous system’s ability to transfer and receive information with others in our community is what allows us to determine who is friend and who is stranger, what is safe and what is dangerous. Yet somewhere in that process of exchange, a culture has emerged that values a critical comparison of ideas in light of diverse observations. This methodology—what we describe today as science—allows us to prioritize ideas that are likely to be useful in making predictions. Armed with this future sight we have imagined possibilities and made them a reality. Driven by a desire for comfort and an aversion to pain and loss, we can invent ways to change our environment that no other organism is capable of.


  For its pragmatic benefits, science still relies on the same cognitive skills of our ancestors. It remains a social endeavor, residing not in any single brain but somewhere in the process of critical debate and strained consensus. The history of science in the western world might be told by way of solitary names, of Galileos, Newtons and Einsteins, but their discoveries were tribal efforts, their contributions merely the critical tweaks that allowed an idea pregnant with possibility to give birth.


  Understanding how science operates as a social phenomenon will be vital as our world becomes increasingly dependent on its products. Teaching science in the future will need to be less a task of presenting ideas as a list of facts, and more a facilitation of critical epistemology, where education is delivered as a set of skills and values that work with our social brains rather than in spite of them. For individuals, knowing the difference between a useful belief and a figment of wishful thinking could make the difference between living and dying. As a species, the choice is one which will lead to the suffering of our future generations or their prosperity in a changing world.
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  The average human brain contains roughly 100 billion neurons, with a typical cell sharing between 1,000 and 10,000 synapses. It can weigh somewhere around 1.3 kilograms in the average adult and account for about 20 percent of the energy you use while at rest. On its own, it’s quite impressive, allowing you to drive, sing, write shopping lists, make pancakes, follow movie plot lines and calculate a weekly budget. Yet this is only the tip of the iceberg—what makes it truly a wonder of nature is how it works collectively with other brains.


  HARVEY’S SPECIAL BRAIN


  On the morning of April 18, 1955, Albert Einstein’s brain came out of its skull. Fortunately for the famous physicist, he no longer had much use for it. Seventy-six years, four weeks and six days after his birth in the German city of Ulm on the River Danube, his abdominal aorta ruptured, depriving his brain of the oxygen it so desperately needed to maintain his body’s functioning.


  While he was alive, Einstein had developed something of a personal attachment to his brain and found the thought of it sitting on a collector’s shelf less than appealing. He expressed to his family that his remains should be cremated and the ashes scattered to the four winds. Keeping in mind that Galileo’s mummified fingers are still being passed around like a macabre show-and-tell centuries after his death, it’s easy to sympathize with Einstein’s anxiety over the eventual fate of his body parts.


  The pathologist on duty at Princeton Hospital—a 42-year-old physician by the name of Dr Thomas Harvey—was a last-minute replacement. For whatever reason, he decided that the scientist’s autopsy called for the removal of the physicist’s brain, perhaps for analysis. Or, just maybe, faced with the 1.2 kilogram, gray-and-white ball of wrinkly jelly that was responsible for deducing some of the most revolutionary laws of physics in history, the thought of cutting it into sections and preserving it as a memento was just too tempting. For good measure, the physicist’s eyes were also removed and given to Einstein’s ophthalmologist, presumably as a gift. While poor old Einstein may not have approved, it’s alleged that his son Hans Albert agreed (if rather begrudgingly) that the doctor could hold onto the brain for scientific purposes.


  Not everybody was content with this arrangement. Princeton Hospital’s director was so displeased with the pathologist’s audacious decision that he promptly gave him the boot. Dr Harvey took Einstein’s brain and moved to Philadelphia, where over several months it was diced into 170 cubes and embedded in a jelly-like substance called celloidin to further preserve it, before being thinly sliced, stained and mounted on microscope slides. With his trophy safe, Dr Harvey carried it around with him wherever he went, mailing off sections to any researcher who expressed curiosity.


  If Thomas Harvey had hoped to one day tease out the secrets of Einstein’s remarkable intelligence and secure fame and fortune, he was poorly mistaken. For one thing, the man wasn’t a neurologist. And while he might have been inspired by the recent discovery that Lenin’s brain contained relatively large cortical pyramidal cells (a type of nerve cell), the pathologist didn’t seem to have any specific plans for his new acquisition.


  Over the years, after Harvey’s marriage fell apart and he lost his medical license following a failed exam in Missouri, he decided enough was enough. In 1998, the doctor drove across the United States from New Jersey to California in the company of writer Michael Paterniti. He intended to meet with Evelyn Einstein, Hans Albert’s adopted daughter, perhaps in hope of clearing the air over past grievances. In the back of the car the remains of Einstein’s brain sat immersed in a transparent liquid inside a plastic Tupperware container.


  Sadly, neither the doctor’s story nor that of the famous brain would end quite so neatly. The meeting with Evelyn was uncomfortable and didn’t result in the return of her grandfather’s remains or in Harvey’s absolution. Shortly after the road trip he sent his prize back to the pathology lab in Princeton Hospital where it all began.


  Out of all of Albert Einstein’s organs, it was his brain that was ultimately deemed responsible for the greatest revolution in physics since Isaac Newton’s work on gravity. This chunk of gray tissue was held responsible for changing the world. What made it so special? Why that brain and not somebody else’s? This is the key question that numerous scientists have pondered over the decades, prompting them to seek out tiny pieces of Einstein’s cerebral tissue to analyze.


  Whether the pathologist Thomas Harvey was motivated by a desire for knowledge or just seeking a nifty souvenir, experienced neurologists have probed those blocks of neurons for their secrets in search of some particular feature that could help explain such remarkable thoughts. In spite of a few tantalizing clues, Einstein’s brain has really told us very little about what makes one human more intelligent than another.


  BRAINS—NOT JUST FOR ZOMBIES


  Thinking of the brain is to think about thinking. It’s associated with all the things that make you who you are. But to the Egyptians it was the human heart that contained the personality. The Greeks and Romans thought the brain was a radiator for cooling the blood or, according to the ancient Roman physician Galen, for producing semen. Given its pale coloring and gelatinous consistency, it’s not difficult to see how such a connection could be drawn. To be fair, the brain was also considered to house the spirit, or “animal soul,” responsible for controlling a person’s involuntary movements.


  Yet other ancient biologists managed to at least connect the brain with control and cognition. The 11th-century Persian polymath Abu Ali Sena—or “Avicenna”as he was known in Europe—concluded it was the fluid-filled gaps in the brain called “ventricles” that performed the mental work; imagination swished around in the front one, memories accumulated in the back and reason was somewhere in between.


  Today, it’s easy to think of Bob Smith having a heart transplant and still being Bob Smith. Swap Bob’s brain with Jack’s, however, and it would be a different story. So at some point in history, it became clear that the stuff between our ears is responsible for our thoughts, our memories and our desire to collect peanuts shaped like Hollywood movie stars. Our brain defines who we are and how we behave. However, it’s difficult reconciling our sense of self with a mechanical process arising from tissues, cells and chemical reactions. How can networks of chemical circuits result in that sensation of free will or love, or our ability to dream about things we’ve never seen?


  Cutting up bodies to take a peek inside has long been considered taboo, forcing early anatomists to make educated guesses on what our organs do. Occasionally word would spread of an injury that might produce obvious trauma or changes in health or behavior, prompting speculation on the specific roles of particular body parts. Animal dissections might also have provided a few tantalizing clues. But without taking out a person’s heart, liver, kidneys or brain and having a close look, nobody could be certain of what made human organs so different from those of a dog or monkey.


  It wasn’t until the Renaissance that attitudes toward anatomical dissections began to relax and physicians were permitted to dissect the bodies of those who had died in their care. Still, autopsies on healthy bodies were less common, restricted to criminals or those who gave their remains up for science.


  In 1664, the English anatomist Thomas Willis published Anatomy of the Brain. Taking hints from fellow Brit William Harvey—famed for mapping the flow of blood through the circulatory system—Willis tracked the movement of fluid through the cavities of the nervous system by injecting them with ink. He determined that the brain’s cavernous ventricles were channels for circulating spinal fluid, dismissing any notion of souls and spirits governing the workings of the brain.


  It mightn’t seem so revolutionary to us today, but thinking of the brain in physical, mechanical terms like the heart or lungs was a rather significant deviation from tradition. It had become possible to study the brain like any other organ—if the brain broke, a person apparently wouldn’t function quite as they had previously. The science of neurology was born, and with it the quest to understand how this knotted mass of nerve cells functioned to make us remember, think and act as we do.


  Naturally, to assign roles to the various regions of the brain it pays to find unique individuals and—on their death—open their skull to see what makes them so different. Even today, patients who present various disorders play a vital role in locating neurological functions. Fortunately, with machines that can scan tissue while the patient is still alive, dissections are no longer as necessary as they once were.


  The tale of the New Hampshire railroad worker Phineas Gage exemplified the newfound fascination people held for mapping the functions of the brain.


  Early in the 19th century, the method of choice for clearing a path for new railroads wouldn’t exactly meet modern safety standards. Once a hole was bored into the obstructing rock it was filled with explosives and a handful of sand. To get the biggest bang out of the delicate, highly combustible powder, the worker had to pack it in tight by hammering it with a giant iron rod called a “tamping iron.’


  One day in September 1848, Phineas Gage’s enthusiastic pounding —and perhaps his absent-minded decision to not use any sand—set off the charge prematurely and launched the iron bar up into his left cheek, through his eye socket and out of the top of his head. New Hampshire railroad workers in the 19th century were bred tough, it seems, as not only did Phineas survive, he managed to sit upright for the entire ride to the inn where he lived. He was working back at his old job again within eight months.


  Gage would live a healthy existence for another 12 years after this unfortunate event, eventually dying of seizures caused by the trauma. Yet during this period he became something of a celebrity and traveled around the country with the offending tamping iron in hand, even appearing in PT Barnum’s American Museum as an attraction.


  If the average person on the street was interested in gawking at Gage’s scars and hearing of his miraculous survival, scientists were more interested in possible changes to his personality and other mental functions. Accounts describe how friends noticed Phineas was no longer himself, while psychologists reported a range of psychological abnormalities and changes. On the other hand, a doctor who knew him well found he had no noticeable mental impairment, not to mention that he was of sound enough mind to be employed as a coach driver later in his life. Given little had been recorded of his life before the accident, it’s difficult to know precisely how Phineas had really changed as a result of his brain trauma, if at all. It’s also impossible to show which aspects of his personality might have come from emotional trauma or lifestyle changes and which were from the missing pieces of his frontal lobe.


  Overall, the study of Phineas Gage contributed surprisingly little to the field of neurology, in spite of his fame. However, it served as an illustration to the growing interest scientists had in mapping the brain. It was a new anatomical frontier full of mountains and valleys with unknown functions. And hidden in there somewhere were features that undoubtedly distinguished human reason from animal instinct.


  BROCA’S BIG BRAIN


  Like explorers of old, anatomists who discovered new territory in the body were occasionally fortunate enough to have it named after them. Paul Broca—a French physician and anthropologist—was one such fellow.


  A number of Broca’s patients exhibited particular difficulties in producing speech: a condition called “aphasia.” One example was a poor young gentleman who could only say the word “tan” over and over. On his death his autopsy revealed a lesion in the left half of his brain, presumably caused by syphilis. The area has become known as “Broca’s area” and is still regarded today as playing a key role in producing speech.


  Broca might have been right about the neurology of speech, but some of his other ideas were a little more controversial. In 1861, at a meeting of the Anthropological Society of Paris, a colleague named Louis Pierre Gratriolet presented a rather shocking paper challenging a common belief among anthropologists of the day—that big brains equaled greater intelligence.


  Of course, Broca was a firm believer that this was the case, so he wasn’t too pleased with Gratiolet’s argument.


  “In general, the brain is larger in mature adults than in the elderly, in men than in women, in eminent men than in men of mediocre talent, in superior races than in inferior races,” Broca asserted defensively at the meeting. Basically, if you were a woman, a worker, black or old, you naturally weren’t as intelligent as a young, white, upper-class gentleman. All because your brain was smaller.


  “Other things being equal,” he went on to say, “there is a remarkable relationship between the development of intelligence and the volume of the brain.”


  It’d be unfair to pick on Broca—Gratiolet’s statement that there was no relationship between a person’s brain size and their intelligence was not only running against the cultural grain of the time, it also conflicted with the accepted science. Many anthropologists had spent years measuring skulls, conducting intelligence tests and confirming that Caucasian males were vastly smarter—and therefore superior—to all others. Could they all possibly be wrong?


  Well, for the most part, yes, quite easily. Some people do, of course, have slightly larger brains. But they also tend to have bigger bodies. More muscles, skin and bigger organs require more brain tissue to control it all. Women’s brains are often smaller because they tend to be more petite than your average bloke. So there has to be more to intelligence than “big brain = smart/small brain = stupid.”


  Studying intelligence and relating it to neurology is also a rather tricky field. First you have to clearly state what intelligence is—which is itself no mean feat. Is it thinking faster? Knowing more facts? Is the doctor who passed medical school yet has never been abroad smarter than the traveler who can’t do calculus yet can speak ten languages? They certainly possess different cognitive skills, but we’d need to agree which of these constitutes intelligence before we can determine a way to rank them.


  Ever since people first started to study psychology, tools that provide a measuring stick for intelligence have been constructed. “Intelligence Quotient” (IQ) tests come in many forms, most of which have been modified over time to account for cultural differences in an attempt to quantify a single brain’s biological talents. These tests tend to compare you with everybody else in your population—if you have an IQ of between 90 and 100, you’re pretty average. An IQ of 120 means you’re smarter than the average bear; over 140 makes you a genius.


  The British psychologist Charles Spearman suggested early in the 20th century that the fact a school student who does well in one subject tends to do well in many might be caused by a dominant psychological trait called the “general intelligence factor.” He used statistics to find common ground between different intelligence tests and developed a model to explain why they often came up with different results.


  Psychometry (measuring intelligence) is a rather controversial field. In the past, such testing has been used to justify many forms of prejudice. There is evidence suggesting that aspects of intelligence can be inherited, or related to your family’s background. Questions remain on how much of your intelligence is genetic and how much is caused by the environment you’re raised in. Some researchers even claim that measuring intelligence is intrinsically impossible.


  An issue that has long plagued research into intelligence is the association of superiority with vague notions of advanced evolution. As Charles Darwin’s explanation of how evolution might work gained popularity in the latter half of the 19th century, anthropologists began to question whether some races were “more evolved” than others. Even Darwin himself speculated whether populations such as Australian Aborigines could be more closely related to apes than white-skinned Europeans. Some, such as the 19th-century American social theorist Lewis Morgan, linked social progress with innovation, associating acts of innovation with advancement out of savagery into civility.


  Given the recursive nature of using a process of thinking to investigate how we think, it’s obvious that studying intelligence isn’t like studying any other biological process. Our difficulty in defining and measuring intelligence in an objective fashion has interfered with our ability to see it as an evolved feature little different from our lack of body hair or burgeoning ability to digest lactose. Our brains haven’t just set us apart from other organisms—they’ve allowed us to climb an ivory tower that distances us from them, where some people are seen as having climbed higher than others.


  Intelligence has long been linked with the evolutionary progress of primates, as if it’s a marathon and humans are clearly in front simply because we have the ability to describe our cousins, the ape and the monkey. Historically, we’ve used technological progress as a marker for evolution within our own species, viewing cultures as primitive—and even less evolved—on grounds of correlating a people’s innovation with their mental aptitude.


  Was Einstein’s brain more highly evolved than ours? Does it even make sense to ask such a question? More importantly, did humans evolve to be capable of deducing the secrets of the universe, or is it simply a fortunate accident—a side effect of an organ that adapted to suit a very different purpose?


  FROM BUG BRAINS TO BIG BRAINS


  According to Aesop, ants make a good metaphor for wisdom and foresight. His fable of the ant and the grasshopper tells of the benefits of hard work in anticipation of times of hardship. Then again, Aesop probably never saw what is called an “ant mill” or, in more common parlance, an ant death spiral. First described by the animal behaviorist Theodore Christian Schneirla in 1944, this fascinating phenomenon occurs when a trail of ants lose their way and double back onto their own pheromone trail, where they proceed to follow it again in a loop. The ants are programmed to continue to lay down their scent for their brethren to follow, further reinforcing the colony’s desire to wander in a circle until eventually those trapped by it expire out of sheer exhaustion.


  It’s impossible not to sympathize with the poor little creatures dropping one by one on their road to nowhere. After all, we have a tendency to personalize the efforts of other organisms. To think of them slogging it out each day, working hard in search of food, it’s easy to imbue the ant with a conscious will to act.


  Ants aren’t capable of applying reason to their actions. No ant is going to pause and ask their neighbor, “Didn’t we pass that same twig not five minutes ago?” or look ahead to conclude that the end is nigh. Their inevitable starvation is the result of simple neurological programming that tells the ant to go where the smell of another ant is strongest, as it will probably lead to food.


  While there is a world of difference between an ant and a type of blood cell in our body called a leukocyte (or white blood cell), they both behave as a result of competing chemistry. When a virus causes its host cell to rupture and spill its contents, a gradual diffusion of cell innards through the body’s tissues creates a trail of breadcrumbs for the body’s immune system to follow. Just as the nervous impulses of an ant occur under the direction of an external chemical scent, white blood cells move according to a behavior called “chemotaxis,” where chemical signals set off a domino effect of reactions that result in a blood cell changing its shape in such a way that it moves toward the site of damage.


  While chemistry explains both the nervous system of the ant and the bulging pseudopod of the white blood cell, each system has evolved for different purposes.


  Single-celled organisms can usually deal with a stimulus by relying on simple changes to their internal chemistry. However, for much bigger organisms, the chemical reactions need to be coordinated with other tissues in the body, which involves communicating with different types of cells. Chemicals called hormones can carry this signal far and wide through the body’s vascular system. As long as there’s no big rush, pumping hormones through the blood works nicely. Plants do just fine using hormones to control how they feed, defend, grow and reproduce. We also employ a range of hormones to control our growth and development.


  Yet more precarious situations might call for a more speedy reaction than a steady flow of hormones can provide. For example, moving away from a predator or toward prey could be a matter of extreme urgency requiring the coordination of a number of different organs. This often demands more than a simple “on or off” reaction—for instance, the organism must find prey if it is night-time, while hiding away from predators if it is daytime. These situations require far more speed and computation than the slow diffusion of chemical signals can manage on its own.


  Neurons are cells that work together to create complicated behaviors. Their chemistry is capable of taking into account different stimuli in production of a rather immediate result. Whether it’s an ant negotiating a pheromone trail on the way to a dead bug or a chimpanzee pulling termites from their nest using a twig, both of their nervous systems serve the same purpose. They rapidly deal with a complex situation to elicit a swift reaction.


  Fundamentally speaking, our talented brains continue serve the same basic function as they have since those first nerves twitched all those millions of years ago—they help us survive in a constantly changing environment full of other organisms also doing their best to survive. They do so through coordinated chemistry, relying on a competition of signals to produce a reaction. The brain of the ant might not be capable of jumping the rails and ignoring the drive to play follow-the-leader to avoid a slow death, but in many ways our own nervous system is equally incapable of ignoring its underlying programming.


  THE LAST OF OUR KIND


  We Homo sapiens are the last of the hominins.


  Australopithecus anamensis, Australopithecus afarensis, Paranthropus robustus, Australopithecus aethiopicus, Homo erectus, Homo habilis, Homo georgicus, Homo heidelbergensis, Homo floresiensis. . . . Rather than a single chain of human ancestors, hominins belong to a branching family tree—of distantly related cousins, uncles, aunts and grandparents—that fragmented and meandered its way out of Africa and across the globe.


  Now, only a single twig of this tree remains. Ours.


  Surprisingly, Homo sapiens didn’t just survive where other hominins died off—over the millennia we’ve flourished to colonize nearly every environment imaginable on Earth, and have shown we can even survive in the hostile vacuum away from it.


  At some point roughly six to seven million years ago, hominins closely related to modern humans were experiencing a gradual increase in brain capacity from about 350 cubic centimeters (equivalent to a modern newborn) to today’s adult average volume of about 1,200 cubic centimeters. While an increase in the size of our skull’s internal cavity does not automatically mean an increase in intelligence, there were almost certainly a number of neurological changes that became possible with an expanding brain mass. The bottom line is that as our brain size increased in volume, humans developed a far greater range of mental tricks than any other organism before or since.


  It is rather arrogant to suggest any one of these traits, on its own, can’t be found elsewhere in the animal kingdom, however. Language, depending on one’s definition, seems to have rudimentary equivalents in many species. Crows and chimpanzees are quite competent at making and using tools. There is even some evidence of certain species of scrub jay being able to anticipate future events, giving them a rudimentary concept of “time.”


  Yet we certainly outperform other organisms when it comes to the complexity and depth of many of these mental talents. Other animals might use particular sounds to communicate, but humans seem to be the only ones capable of syntax and grammar. Some species of monkey might well bark a sound that warns “snake!” but without a system of interchangeable codes and variable contexts, it is more comparable to a human laugh or cry than it is to our poetry and stories.


  A crow can cut a leaf into a shape useful for pulling a grub out of a knothole, yet humans are the only species capable of incorporating a range of tools with different uses to invent a single new tool for a novel problem. Even if the scrub jay can plan meals for tomorrow’s needs, we can extend this “future sight” to anticipate the plight of generations not even born and dream of the sort of world they might live in.


  The more we learn about the intelligence of animals, the more apparent it becomes that there is no single mental trait we can call uniquely human. Instead, we have merely evolved a number of those same features to a far more complex level.


  We can be quick to glorify ourselves as the perfect animal, a pinnacle of evolution, holding up examples of our amazing technology and swollen population as proof. Yet evolution has no goal. It is a blind process, chugging along under the influence of a feedback loop between random variation and environmental change. If an arrangement of genes works in a particular environment, it will persist. As far as nature is concerned, we’re no more evolved—or superior—than crows, scrub jays, chimpanzees, E.coli, crocodiles or shiitake mushrooms. Simply staying alive is good enough as far as Mother Nature is concerned.


  The skills that afford you the ability to read this book and contemplate the meaning of its words are accidents of chemistry. Somewhere in your biological past, your ancestors were not only born with nervous systems wired a little differently from their siblings’—they survived and produced more offspring as a result. We now use these nervous systems to dream about traveler to the stars, to negotiate pay rises with our bosses, to give advice to our best friends about break-ups, to fix up a tasty lamb ravioli for dinner, to design sports cars, to weave plots set in fantasy worlds and to anticipate changes in the economy when buying a new house.


  The complexity of our brains emerged only because it allowed our ancestors to survive and make more babies. As such, our brain is fundamentally no more special than our digestive system, or our heart or our kidneys—it behaves as it does simply because it has proved useful within its environment.


  In the middle of the 1970s, a certain fossil dug up in the Awash Valley in Ethiopia was making all the headlines. Titled “AL-2881,” she was introduced to the world as “Lucy.” This assortment of bones was hailed as everything from the “missing link” between man and ape to “the first human.” Neither of these speculations meant a great deal to the scientists studying human evolution. Each new-found fossil can be thought of as a missing link between its parents and its offspring, after all. However, the skeleton did have a brain size closer to that of modern apes, while it had the upright stance of modern humans. This blend of characteristics helped pinpoint where in our ancestry our hominin traits might have arisen.


  Lucy is old news. Others have joined her esteemed ranks of fossil informants. Ardipithecus ramidus—Ardi for short—is where it’s at today.


  Ardi’s fossilized remains were unearthed as far back as the early 1990s, but it wasn’t until 2009 that details of the bones’ analysis were published. According to his researchers, it’s unlikely that you could ever trace your genealogy directly back to his family picnic; however, similarities between your ancient relatives and his physiology means he can be placed somewhere among the more remote branches of your family tree, living about 4.4 million years ago. Since Lucy walked the African plains only 3.2 million years ago, Ardi is one step closer to that important fork in the tree where chimpanzees and humans went their separate ways.


  Being an older specimen, Ardi’s remains reveal a lot more about those common ancestors. Ever since the arthritic remains of an old Neanderthal were uncovered in France in the early 20th century, there has been the misconception that primitive man must have walked with a stoop and looked like a cross between a man and a monkey. Following this incorrect assumption, the further back in time we go, therefore, the more “ape-like” we must have looked.


  Ardi’s skeleton doesn’t look anything like a chimpanzee’s, which is odd considering the human and chimpanzee lines diverged sometime in the couple of million years before Ardipithecus ramidus walked the Earth. Notably chimp-like qualities, such as evidence of walking on their knuckles and large male canine teeth, were absent. Ardi walked straight on two legs and had smaller, more generalized teeth for eating a variety of foods. His most ape-like trait would be his feet, which were adapted to grip branches.


  What does this tell us? For one thing, it says that over millions of years, the ancestors of chimpanzees evolved to look like chimps while the ancestors of humans evolved to look like people. Chimpanzees don’t look like ancient humans and ancient humans aren’t simply human-like chimpanzees. We both evolved to become what we are today in response to the pressures of our respective environments.


  Likewise, chimpanzee intelligence evolved to suit the chimpanzee’s environment, and human intelligence evolved to suit a different set of circumstances. So why is it we can use our brains to play Pokemon and race sports cars while our chimp cousins … well … can’t?


  THE GREEDY ORGAN


  If you’re sitting back right now, relaxing, a bag of salt-and-vinegar chips in hand, 25 percent of the glucose in that tasty snack will be devoted to your gray matter. Out of every breath you suck in, 20 percent of the oxygen will contribute to keeping your thoughts ticking over. And yet, if you’re an average male with a mass of 75 kg, your brain accounts for a mere 2 percent of your total body weight.


  The brain is one greedy chunk of meat. If it were a housemate, you’d hope it provided a good share of the rent. Fortunately for many of us, food is plentiful and we needn’t exert ourselves physically for our next meal. So your brain’s ravenous demand for energy mightn’t be of much concern.


  The modern luxury of having a relative wealth of resources at our disposal hasn’t always been the case. In a dog-eat-dog world, the kilojoules contained in every meal we consume would be weighed against those expended in chasing it down or digging it up. There is no room for waste—every joule of glucose must contribute to the competition for resources, making babies or simply staying alive. While enjoyable, writing an opera or contemplating the nature of dark matter hardly accomplishes any of these survival functions.


  This presents a distinct problem. To sustain the growth of a power-hungry organ such as the brain, early humans needed energy to devote to it. Where did it come from? While there is no single clear answer, there is no shortage of hypotheses on the topic.


  One possibility is that a group of human ancestors stumbled across a new environment containing an abundance of energy that required little effort to harvest. Stephen Cunnane, author of the book Survival of the Fattest, suggests this new diet might well have been found on the ocean shore in the form of seafood, which would have been relatively easy to find and high in the right fats and proteins.


  Perhaps another evolutionary change, such as the energy saved by walking upright, freed up just a few extra joules to allow for a tiny increase in brain mass, which in turn opened the way to even more energy sources. Similarly, perhaps a more efficient means of organizing our brain started a positive feedback loop, where a better connected (but not necessarily more hungry) brain initially allowed for improvements to our cognitive “software,” leading to further savings in energy, allowing for more growth, and so on in a cascade of brain improvements.


  This presumes, however, that a bigger brain automatically leads to a handy advantage simply on account of being bigger. In other words, it suggests that it’s a law of nature that more is always better, and if you’re lucky enough to have plenty of food or extra energy, there’s a good chance you’ll devote it to neurological development. This is called the “epiphenomenal” hypothesis of brain evolution, and has been suggested by scientists like Cornell University psychologists Barbara Finlay and Richard Darlington. They compared the brains of numerous mammals and found that aside from the tissue associated with the sense of smell, there is a general matched increase in the brain’s entire size regardless of which specific behavior is helping the organism survive. For example, better vision doesn’t just mean more nervous tissue to see with—it means other parts of the brain necessarily expand as well.


  To better compare the brain sizes of different organisms, a figure called the encephalization quotient (EQ) is used. This ratio helps contrast a mouse’s brain with a whale’s brain in relative terms. After all, as whales have more body mass, you’d only expect their brains should be larger. So, by comparing an EQ rather than just comparing brains on a set of scales, it’s like shrinking or expanding all animals to the same size and then matching big brains to big smarts. Humans and dolphins tend to rank quite high. Animals like the armadillo and kangaroo don’t.


  Using EQ as a comparison, it’s possible to compare diets of animals and see if there is a relationship between the amount of energy they get and their brain size. Sure enough, primates that live on fruit do tend to have a larger EQ than those that live mostly off leaves.


  However, just having access to plenty of energy is unlikely to be sufficient to automatically produce more neurons. There has to be more to the story given that evolution simply doesn’t favor dead weight. If expensive brains don’t actively contribute to the process of survival, it’s unlikely they’d remain in competition with cheaper, simpler brains. Any “spare” energy would simply go toward making more offspring, meaning the plains would soon be swarming with efficiently stupid human ancestors over less efficient smart ones. Therefore, while brains do get bigger as an animal’s body gets larger, and having an available source of energy is indeed a necessity, these facts aren’t quite enough to solve our problem. That extra brain mass has to do something to either save the animal energy, or find more energy than it costs to run.


  If all of the components of human intelligence contributed to identifying where the best berries would be found, how to not be eaten by angry lions, how to tell which flowers were poisonous or how to dig for water in a drought, it might pay off.


  Unfortunately, the evidence fails to address why humans couldn’t make do with simpler brains, especially if other species with similar niches do just as well without such extraordinary (and expensive) talents. In other words, if a chimpanzee had our mental acuity for precise language and progressive tool making, it’s unlikely they would find significantly more food or avoid more danger as a direct result of those cognitive skills. At least, not enough to pay for all of that extra mental work.


  Another rather interesting theory states that our gift of wit developed to woo our desired sexual partners. Before you laugh too hard, there are a number of traits across the animal kingdom that developed solely as a way of winning the heart (or other body part) of a loved one. Bright plumage, long hair and mating calls often developed as a way of telling potential mates that you were fitter and healthier, and therefore genetically stronger, than everybody else. According to the Hungarian zoologist Lajos Rózsa, being clever could be a way of showing the other sex that you’re free of brain parasites and therefore have a superior immune system. Our brain could be the neurological equivalent of a peacock’s tail.


  There is one last possibility, however, that has a lot going for it. Intelligence, it appears, might not be about finding berries, fighting lions or demonstrating good genes, even if they all might contribute. Rather, the evolution of human smarts might be more about exchanging gossip, telling stories that dichotomize good and evil and making us feel sorry for having laughed at our grandfather when he stepped in mammoth poo.


  Growing smarter brains might have more to do with gaining a benefit from manipulating and cooperating with other people in our tribe than dealing directly with the savagery of Mother Nature.


  SPEAKING OF GOSSIP …


  The study of glottology, or the origins of language, involves a mix of disciplines such as linguistics, ethnology, neurology and paleontology. For we humans, it involves a rather interesting “chicken or egg” dilemma—which came first, bigger brains or our ability to use words?


  It’s an important question. Language plays a vital role in our ability to describe the world in our heads. In fact, it could be argued that so much of our knack for comprehending our environment stems from our skill in mirroring the world with mental concepts using symbolic thinking. In this light, it’s easier to relate our intelligence with our ability
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