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Introduction

It’s Not Your Fault

Which animal climbs down from its tree once a week to do its business?


	koala bear


	three-toed sloth


	common ringtail possum


	spider monkey




I would be willing to bet at least one of these statements is true about you: you had your wisdom teeth pulled, you wear glasses or contacts, you snore, you have sore feet, you have back pain. If you are unlucky, all of those statements might be true. You have probably spent considerable time and money in an effort to alleviate the pain and discomfort from such ailments. From dental work to prescription lenses, pharmaceuticals to customized mattresses, humans spend a lifetime trying to relieve symptoms caused by their anatomical imperfections. But have you ever stopped to consider why those aches and pains occur in the first place? Why don’t our teeth fit in our mouths? Why do so many people have blurry vision? Why are our knees and ankles always getting sprained and twisted? Why are our backs so delicate we have to worry every time we bend over to pick something up? It is not just the aged who suffer from these maladies. Seemingly from birth, humans are uniquely prone to bodily discomfort and malfunction.

This book is about the aches and pains of the masses and why they happen. It is not about obscure conditions you only ever hear about from some aunt you see during the holidays. It is about your body and why it often does not work as well as you might hope or expect.

Don’t worry, the book is not a long, drawn-out guilt trip; the focus is not on all the problems humans bring upon themselves with their unhealthy behaviors. Thus, topics like atherosclerosis, lung disease, and cavities are off the table. I am not going to give you a hard time about your diet, how much you exercise, or how infrequently you floss. Instead, this book will provide explanations for anatomical imperfections that are not your fault, like having crooked teeth or flat feet or waking up with a sore lower back. But why do those issues happen? What happened along the long, complicated arc of human evolution to leave us with bodies that fail us in such predictable ways?

BIOLOGICAL MASH-UP

The causes of our bodily shortcomings are rooted in both evolution and anatomy. I am uniquely qualified to cross over between those two disciplines, kind of like Taylor Swift moving between country and pop. My country music years were my graduate training in evolution and ecology. When not doing research and writing journal articles, I was teaching, and I learned that I preferred being in front of a class to being behind a lab bench. So after finishing graduate school, I applied for teaching-heavy appointments rather than jobs with more of a research focus.

My first academic job was at a small college in northern Wisconsin, where they needed me to teach human anatomy and physiology (A&P). Like Taylor Swift switching to pop, I pivoted and shifted my focus as a biologist from asking questions about natural selection and population ecology to learning the best ways to teach students about digestion, respiration, and the endocrine system. Unlike Taylor Swift, my starting salary was $41,000, which was somewhat humbling having recently finished a decade of undergraduate and graduate studies. It turns out they’re right when they say you don’t get into teaching for the money.

I eventually ended up at a small college in the western United States. I still teach a significant amount of A&P, but working at a small campus allows me to throw a broad disciplinary net. Over the years I’ve taught classes that run the gamut from entomology to human dissection. When people ask what type of biologist I am, I never know quite what to say. I am a biologist who can identify beetles, but I can also tell you how your kidneys work. I am not sure what type of biologist that makes me. I think it just makes me a biologist, period.

MY PAIN IS YOUR PAIN

I was not inspired to write this book by some set of unbelievable circumstances. I never lost half of my large intestine in a grizzly bear attack. I did not nearly die from Dengue fever while attempting the first descent down an unexplored river in Africa. I do not suffer from any unusual genetic conditions, autoimmune disorders, or physiological anomalies. I have a normal, middle-aged body, which means I have the same types of problems everyone has. My teeth did not come in particularly straight. I blew out a knee playing basketball. Sometimes my back gets sore enough that it is hard for me to sleep.

I did not think much about these ailments for years because none of them caused me an inordinate amount of trouble. I was also busy learning and teaching about all the ways the body works when it functions “normally.” Human anatomy and physiology is a complicated subject, and it takes a long time to get a handle on how the body runs under typical, pain-free circumstances. There are several good A&P textbooks, and all of them are more than 1,000 pages long. In the early years of my career, I was not thinking about the origins of conditions like myopia or bunions or gestational diabetes. I was more concerned with distilling those 1,000-plus pages into two semesters of course content in order to teach scores of future nurses and doctors how eyes, feet, and uteruses typically work. Questions about issues like choking, torn menisci, and the pain of childbirth came to me later after I had established a foundation of knowledge about how our bodies work.

“HOW” QUESTIONS

Biologists, and their students, learn about bodily systems by asking questions. They can ask proximate questions in which they try to understand how something works. They can also ask ultimate questions where they try to answer why a structure, process, or behavior is the way it is. Proximate questions take up most of the time in an A&P class. How do heart valves control blood flow? How does the ACL restrict the movement of the knee? How does the cornea refract light? Most of what we know about human anatomy and physiology comes from answers to those types of “how” questions. It makes sense because if you need to repair a heart valve, put a knee back together, or use a laser to correct someone’s vision, you need to know how the structures work in order to fix them.

“How” questions can have tremendously complicated answers. Teaching and learning A&P often does not extend beyond the proximate level because it takes so long to understand proximate-level questions and answers. For example, to teach just the basics of muscle contraction it takes several drawings, considerable discussion, and more than an hour of class time to cover physiology that, in real time, occurs in a fraction of a second. And, mind you, this happens in a lower-level undergraduate class. If students revisit the subject in graduate or medical school, they learn many more layers of detail.

“WHY” QUESTIONS

Even while spending so much time on proximate mechanisms in A&P, I never completely broke the habit of asking ultimate questions because of the other classes I teach. Ultimate questions get at the evolutionary roots of a topic. For example, in my class on animal behavior, instead of teaching how dolphins jump out of the water (which involves much of the same minutiae about nerve conduction and muscle contraction covered in A&P), I ask my students to think about why dolphins jump out of the water. “Why” questions make for great exercises in hypothesis generation and experimental design. Do dolphins jump to avoid predators? Do they jump to communicate messages to each other? Do they jump because it is a more efficient way to travel? Do they jump because it’s fun? “Why” questions are easy to ask but notoriously difficult to answer. It is one thing to brainstorm about why dolphins jump. It is an entirely different exercise to design and conduct experiments in an attempt to answer the research question. As evidence of the difficulty, scientists have yet to settle on an unequivocal answer to the dolphin-jumping question.

Another example I use in my animal behavior course to illustrate ultimate lines of questioning introduces students to the unusual bathroom behavior of sloths. Three-toed sloths spend nearly their entire lives in the forest canopy. The ground is the most dangerous place for sloths because there are hungry, toothy predators down there like jaguars and feral dogs. Once a week, however, sloths break their arboreal habits and head to the ground to take care of some personal business. They slowly climb down to the forest floor to defecate. (Don’t worry if you missed that first multiple choice question. You’ll have plenty of chances to redeem yourself.)

On the surface, this behavior is baffling. Why risk the chance of encountering a predator? Why not just let it fly from the branches? In class, my students work together to develop hypotheses and design hypothetical experiments to test their hypotheses. Are sloths fertilizing their trees in a targeted manner? Is it some way of marking their territory? Is it an atypical type of mate attraction?

Acutely observant scientists solved the mystery only recently with a great deal of patience. They first observed that sloths have algae growing in their fur, which gives the sloths a green tint. The algae help the sloths blend in with the forest canopy, but the story goes beyond organic camouflage. The sloth scientists noted sloths feeding on their homegrown algae and in doing so, supplementing their otherwise nutrient-poor diet. Eating their own fur algae is admittedly weird, but it gets even stranger than that. A population of moths lives in the fur of each three-toed sloth. The moth population increases the nitrogen content of the fur and thus promotes the growth of the algae the sloths snack on. When the sloths make their weekly treks to the bottoms of trees, the female moths lay their eggs in the fresh sloth dung. The tidy sloths cover up their mess with some leaf litter, and after the eggs hatch, the moth caterpillars dine on the sloth poop, grow up, become adults, and fly to the canopy layer to colonize sloths just as their parents did.1

Why do three-toed sloths come down from their trees to defecate? Sloths risk their lives to make a dung nursery for the moths on whom they depend for fertilizer to grow the algae they not only use as camo but also eat from their own fur for an extra shot of nutrition. Bam! Mystery solved. We can finally let the sloths poop in peace. Next question.

I hope this sloth-and-moth story has made the point that ultimate questions are fascinating to consider. They push researchers in completely different directions compared with proximate questions. The answers to ultimate questions are also often wildly unexpected. It is a crucial point to make because, more than anything else, this book is about ultimate questions. I’m just going to focus on ones about the complicated evolution of the human body instead of ones about pooping sloths.

DIGGING DEEP

After years of thinking about “why” questions in the context of dolphins, sloths, and other nonhuman animals, I started asking “why” questions about human anatomy. Why are humans prone to choking? Why is infertility such a widespread problem for couples? Why do females menstruate? The first such “why” question hit me one day when discussing teeth in A&P. I had each of the students raise one hand and then asked them to lower their hands if they had worn braces. A good portion of the class lowered their hands. I asked the remaining students to lower their hands if they had had any wisdom teeth pulled. Now only a few students’ hands remained in the air. Finally, I asked them to lower their hands if their teeth were crooked. We started with more than 70 hands in the air and ended with only two. Out of 70, only two students’ teeth naturally fit well in their mouths.

I could not stop thinking about all those braces, pulled wisdom teeth, and crooked smiles. Why are human teeth such a poor fit for the jaw? Many more questions quickly came to mind about the imperfections of eyes, throats, knees, feet, backs, and more. Why are the esophagus and trachea next to each other, leading to choking issues? Why do so many people tear their menisci and ACLs? Why is breastfeeding so routinely painful for humans? Once you start asking these “why” questions, they can spiral out of control like a kid asking why, why, why?

I needed some answers. I started to read everything I could find about anatomical shortcomings and the evolution of the human body. After wading through hundreds of studies published in an incredibly wide array of journals, I have learned the answers are often as unpredictable as those discovered in the sloth-and-moth story. To answer questions about human bodies, I read about slimy hagfish, gorilla penises, and chimpanzees running on treadmills. The answers extend beyond anatomy and into behavior. Thus, I also learned about the origins of bipedalism, running, and hunting in early humans and exactly how long the carcass of a boar can sit out before it spoils. Spoiler alert—it’s not very long.

I say we get on with it. These questions are not going to answer themselves, and I imagine you are as curious as I am about the anatomical failings of the human body—your body. So put on your glasses, slip a pillow behind your back, and make yourself comfortable. Why is the human body so uniquely prone to aches and pains? How did evolution lead us so astray? Turn the page and we’ll see if we can find some answers.





Part One

It’s All in Your Head





1

Mastodon Stew

What is the record number of teeth pulled from a human’s mouth?


	24


	48


	232


	584




It feels like I’ve gone back to middle school. I finally ran out of excuses, swallowed my pride, and had braces put on my crooked teeth. I almost ended up with naturally straight teeth. I emerged from the awkward teenage years with my pearly whites nicely tucked in rows, but then, sometime during college, all my wisdom teeth erupted and shoved things around a bit. I blissfully ignored the issue for a couple of decades but eventually reached the point where I could no longer nip through a piece of lettuce with my crooked incisors. I did not want to gum leafy greens for the rest of my life, so I bit the bullet and made an appointment with an orthodontist.

There are entire medical disciplines founded on the anatomical premise that our teeth, left to their own devices, will eventually end up looking like a windblown picket fence, skewed and overlapping. Every anatomy text on earth has an illustration of the typical human mouth, and it contains exactly 32 superbly straight teeth. Yet in the real world, the vast majority of adults fall short of this picture of dental perfection. Most people either need braces, have some wisdom teeth pulled, or just tolerate having crooked teeth.

[image: image]

After teaching anatomy to undergraduates for several years, it really started to bother me that I couldn’t explain to students why our teeth don’t fit in our mouths. The students would learn the basics of dental anatomy, recognize the existence of the tooth–jaw mismatch, and then we would move on to the next feature of the digestive system. But it started to keep me up at night. Why don’t our teeth fit in our mouths? Braces and pulled wisdom teeth are so common we don’t stop to ask the question. What if nearly everyone had their pinky toe amputated during adolescence to improve their gait? What if earlobe removal was a routine, medically necessary procedure? If aliens came down and saw us removing our own teeth, it would seem as strange to them as those examples.

I don’t like losing sleep, so I started reading about the issue. A lot. It turns out “why don’t our teeth fit?” is a very simple question with a fascinating, complicated answer.

WHICH CAME FIRST, JAWS OR TEETH?

Everyone has heard the age-old expression “You are what you eat.” In many ways, “You are what you ate” is a more accurate saying. This version of the popular aphorism is not talking about last night’s fried chicken or this morning’s toast and coffee. Rather, it hearkens back to our long-distant ancestors scraping out a living eating tubers, bulbs, and roots millions of years ago on the African savannah. It also refers to our more recent ancestors who chased down large animals, brought them back to primitive camps, and shared them around the fire.

The “You are what you ate” version is nowhere more true in the body than in the shape and structure of the human jaw and teeth. Even though the type and abundance of food we rely on as humans has changed rapidly in the past, modifications to hard and fast structures like molars and mandibles are very slow-moving processes. The teeth and bones that make up the jaw can, and do, change over time, but they are not able to change quickly enough to keep up with the moving target that is the human diet. The result is that throughout history the human mouth has had to do work for which it is not particularly well suited.

A fundamental question should start this discussion: which appeared first, jaws or teeth? The answer is less obvious than with the chicken-or-the-egg question everyone likes to ask.* The confusing thing about the jaws or teeth question is that throughout the evolutionary history of animals, hard features called odontodes have ended up in all variety of places other than the mouth.1, 2 Odontodes are so hard they are referred to as tooth-like structures. It’s kind of weird to think of teeth outside of the mouth, but we do live in a world in which crickets have ears on their legs and kangaroos have three vaginas, so, really, it’s not all that odd. Odontodes fossilize like a million bucks (being, you know, very hard), and, therefore, there exists a rather complete record about odontode evolution going back all the way to the earliest vertebrates. Long story short, it turns out there were teeth (or at least tooth-like structures) quite a long time before there were jaws. They just were not all nicely organized within the oral cavity as one typically imagines them.

Those odontodes were either flat structures called dermal denticles that toughened up the skin of ancient fish or they were pharyngeal teeth down in the throats of primitive ocean dwellers. Denticles survived all the way to the present time and are still observable as the scales of cartilaginous fishes including sharks, skates, and rays. One also need not look very far for evidence of pharyngeal teeth in extant (living) organisms. In fact, there are pharyngeal teeth in millions of homes throughout the world—the ubiquitous goldfish is a nice example of a modern organism with its teeth in its throat.

The real debate here is from which set of these primitive teeth (the skin ones or the throat ones) did the teeth in the oral cavity originate? Baring their teeth in one corner, we have the proponents of the outside-in hypothesis. As the name suggests, this camp makes the argument that the dermal denticles, or skin teeth, eventually migrated around and into the oral cavity. In contrast, the inside-out hypothesis backers make the case that teeth arose in the pharyngeal cavity and eventually migrated up to the oral cavity.

Regardless of whether they originated in the skin or in the throat, teeth eventually ended up in the mouth. Jawless fish with oral teeth called agnathans are well represented in the fossil record. The now extinct eel-like conodonts swam in ocean waters starting around the dawn of the Paleozoic era (542 million years ago) and had a good, long stretch of success before running into trouble a few hundred million years later.

Being a jawless fish with teeth works quite well in a world filled only with other jawless fish, trilobites, and squishy marine worms. It’s even manageable in a world where fish have jaws but no oral teeth.3 It works significantly less well in a world filled with sharks. Once the Devonian period of the Paleozoic era came around (the Age of Fishes some 400 million years ago), life became much more of a struggle for the agnathans. Most of them did not survive the carnage of the Devonian. Around 120 species of jawless hagfish and lampreys represent the few stubborn and persistent agnathans that made it through to the present day.

It is rough evolutionary sledding for the average transitional organism like a hagfish. Fancier, craftier, more highly evolved life forms typically spell the end for transitional species. Hagfish managed to buck this trend. Seeing one up close gives some indication as to why they made it through the evolutionary gauntlet. They are one of the ugliest, slimiest, least desirable-looking animals to ever swim the ocean blue. They may have survived, in spite of their nonexistent jaws, precisely because they are terrifically unappetizing.
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Hagfish—the ultimate evolutionary survivors!


In an unfortunate recent twist of fate, the hagfish has not proven itself unappetizing enough for humans, with our rapacious appetite for all things exotic. They are considered a delicacy in some cultures and are also used in the production of leather goods. Apparently, there are people, somewhere, who cannot bear to live without hagfish leather boots. As a result, many hagfish species are now endangered because of overfishing.4

As much as I like to think about the outside-in and inside-out scientists coming to blows at cocktail parties or conferences focused on the evolution of vertebrate dentition, what matters here is to understand that jaws and teeth have independent evolutionary origins. Recognizing the evolutionary independence of jaws and teeth is critical to answering the “why don’t our teeth fit?” question. When one of the structures underwent a notable change (like the jaw becoming smaller, for example), the teeth did not automatically follow suit. A mutation in a gene that controls the size of the jaw cannot magically spur a mutation in a gene controlling the size of the teeth. If cells could presciently tie mutations together in such a way, we would all have perfect teeth and orthodontists would have to find a new gig.

FROM FISH TO REPTILIAN TO MAMMALIAN TEETH

With the foundation of jaws and teeth established, it is time to take this story out of the water. After all, the ultimate goal of this first chapter is to understand why so many of us needed braces in the seventh grade, and seventh grade decidedly took place on land.

Around the time the ocean started to fill up with toothy and jawed beasts, some proactive ocean dwellers took a crack at living on terra firma. Of course, this happened over countless generations and we’ll probably never know if it was to avoid being shark bait, to find some better foraging opportunities, or for reasons we have not even considered. Regardless, some animals that spent much of their existence in the shallows started to spend some of their time on the shore. This transition has been well chronicled in recent years with the discovery of incredible transitional fossils like the prehistoric fish Tiktaalik.*

Tiktaalik lived north of what we now call the Arctic Circle, and it had unique skeletal features for a fish, like a neck and a flat head. It could bear weight on its fins and push off the bottom of the shallow waters where it lived. Tiktaalik was, effectively, a bridge between fish and amphibians, exhibiting both fish-like and amphibian-like features.

Tiktaalik crawled around some 375 million years ago, leaving about 150 million years until the appearance of the first mammals on Earth, somewhere in the Triassic period. Obviously, some significant changes occurred to terrestrial vertebrates during those 150 million years. The skin of amphibians hardened, allowing for better water conservation, and vertebrates started to spend longer and longer stretches away from water. The limbs became modified for land travel, and reptiles picked up speed and skill as predators. Anatomical features near and dear to our hearts, like nipples and hair, pushed a few select animals past the reptilian stage and into the dawn of mammals. Most early mammals were not the most impressive lot; imagine little squirrel-like animals dashing through the legs of much larger dinosaurs and you’ve got the idea.

Significant changes occurred during this time, altering jaws and teeth. As reptiles radiated out to fill the wide variety of terrestrial environments, their teeth and jaws became highly varied. Some, like turtles, bailed on teeth entirely and adopted the tough-as-nails beak variety of feeding apparatus. Many, like the bulk of lizards, ended up with teeth attached to the inner side of the jaw, as opposed to teeth stuck down in a socket like those that appear in a few other reptiles (e.g., crocodiles) and in mammals.

Other differences beyond attachment style arose between mammalian teeth and the earlier teeth of fish and reptiles. The most obvious was a significant reduction in the total number of teeth moving from fish to amphibians to reptiles and on to mammals. The average run-of-the-mill reptile might have as many as 200 or 300 teeth, while it is unusual for a mammal to present with more than 50.* It is rare, but on occasion, a human will develop significantly more teeth than the typical number of 32. Do you remember the question from the start of the chapter? It asked about the record number of teeth pulled from someone’s mouth. I wouldn’t judge you for answering 24, since adults should have, at most, 32 teeth. An extreme case occurred in 2014, however, when a teenager in India had 232 teeth pulled, leaving him with 28, the typical number of teeth for an adult with their wisdom teeth removed.

Owners of cold-blooded pets may also notice that, unlike mammals, fish and reptiles continue to replace their teeth throughout their lifetimes. Mammals lose their primary teeth relatively early and then must bear the responsibility of maintaining their second set for the remainder of their lives. This becomes a serious issue as mammals age; the lack of a sufficient number of healthy and strong teeth can spell their demise. The issue is not an insignificant one for humans. People in the United States in their 20s and early 30s have an average of 26.9 teeth, but that number dips to 22.3 for people 50 to 64 years old.* Maintaining an adequate number of healthy teeth is critical, with one study demonstrating a 30% increased risk of death for elderly people with fewer than 20 teeth compared with those with fuller sets in their mouths.5

The other significant difference one would note upon simultaneously staring down the gullet of a lizard and a house cat is a wide variety of tooth types in the cat, whereas the lizard teeth all basically look the same.

Heterodont dentition, meaning having different types of teeth, is a hallmark of mammals—it allows mammals to eat a diet unparalleled in its diversity. This type of dentition has secondarily evolved in a select few other groups, such as in crocodiles or in the highly specialized fangs of some types of snakes. Heterodont teeth are what allow us to tear a piece of meat off a chicken bone with one bite, crunch through a carrot with the next, and slowly savor a chewy piece of caramel for dessert. Such dietary versatility has allowed mammals to conquer all corners of the globe because no matter where we go, we can usually find something to eat.
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Most reptiles have large numbers of similar teeth. Mammals have fewer teeth, but they come in different shapes and sizes.


PRIMATE TEETH

And then, around 66 million years ago, a giant asteroid came along. When I say giant, I mean six-miles-in-diameter giant. A six-mile-diameter space rock striking the earth did not have a positive impact on air quality. The mass extinction event that occurred at this time is known as the K–Pg boundary or the K–Pg extinction event (for defining the border between the Cretaceous and Paleogene time periods).* Multiple lines of evidence suggest that a giant asteroid striking the Yucatan Peninsula in present-day Mexico caused the calamity.

The result was the extinction of 70 to 80% of organisms on Earth. Although this was clearly a negative event for the bulk of animals, the outcome for mammals, who were exclusively nocturnal at this point in time, was not necessarily terrible. With most of the pesky dinosaurs out of the picture, the remaining mammals could finally come back out to play during the day, and they began to thrive.

With mammalian evolution no longer constrained by dinosaurs, mammals radiated out in all variety of manners in the same way the reptilian lineage had expanded 200 million years earlier. The original formula for mammalian permanent tooth dentition consisted of 11 teeth in each quadrant for a total of 44. Eventually, as mammals spread out to fill nearly all the diverse habitats on Earth, the number and shape of teeth began to vary based on the dental needs in those different environments. A field mouse scraping out a living eating seeds and small insects on the African plains, after all, has distinctly different demands on its teeth than a saber-toothed cat dragging down and eating a rhinoceros.

A few mammals ascended into the trees and eventually became primates. The arboreal diet was different from the terrestrial diet, and primate teeth began to diverge from those of other mammals. One primate lineage, the new-world monkeys (golden lion tamarins and howler monkeys are nice examples), ditched one of the incisors and one of the premolars from each quadrant to cut down the number of teeth to 36. The other primate lineage, the old-world monkeys (like baboons and macaques) and the apes, also shed an incisor. In addition, they lost two of the premolars, leaving the standard adult complement of 32 teeth.6

Thirty-two became the set number of teeth for our lineage somewhere around 30 million years ago. The last 30 million years seem like a sufficient amount of time for our jaws and teeth to sort out their differences. There were, however, other big changes to come that dramatically altered the shape of our ancestors’ mouths.

GETTING OUT OF THE TREES

Life hummed along relatively uneventfully for primates for the next few million years. No fabulously horrific extinction events or other earth-shattering phenomena dramatically changed the course of life on our warm, little planet. Primates continued to put their snazzy thumbs to work and carved out a nice niche for themselves, living predominantly in and among trees and enjoying a diet of fruit and leaves. The group continued to radiate, and the great-ape branch started to take on definition. Many of the changes from ape to great ape were skeletal in nature. The shoulders and rib cage started to take on a more human-like appearance, and the spine and hips began to shift, allowing for more upright posture.7

Eventually the great-ape branch of the evolutionary tree also diversified and split. Researchers continue to debate the date of the last common ancestor of humans and chimpanzees, with estimates ranging from 5 to 13 million years ago. Several differences come to mind when thinking about humans and our closest living relatives, the chimpanzees, and many of them are either indirectly, or directly, linked to our poorly fitting human teeth.

The first notable difference is that most of us did not wake up in a tree this morning. Recent fossil evidence suggests human ancestors bailed on the arboreal life somewhere around 3 to 4 million years ago.8 There is general agreement that Earth’s climate underwent a significant change around this time. A dramatic change in climate would have notably altered food availability. Before such a shift, with adequate food, shelter, and safety, there would have been no motivation to upset the apple cart and try out a totally different means of existence. Leaving the trees was not a step our ancestors chose to take as much as one they had to take. Those individuals who could scratch out a living outside of the trees survived, reproduced, and passed on their genes. Slowly but surely, with slight modification built upon slight modification, hominins (the group that includes humans and our extinct close relatives and ancestors but not the other great apes) adapted to life on the ground.

The dietary changes from a life in the trees to a life on the ground had a significant effect on teeth and jaws. Being mammals, human ancestors had a diversity of tooth types, which made it possible for them to tolerate a dramatic shift in diet. Some very clever studies by a group at the University of Utah demonstrated the change in diet by analyzing fossilized teeth of human ancestors from around this time.9

Sparing the gory details of radioisotope biochemistry, what we eat leaves a molecular footprint throughout our bodies. Different types of plants leave different types of footprints, and by analyzing tissue (in this case tooth enamel), it is possible to get a sense of what individuals ate. Starting around 4 million years ago, the hominin diet transitioned from fruits and leaves to grasses and sedges. The demands on teeth were quite different, naturally, after the switch from munching a juicy mango to chewing wiry grasses. Just as there is with human teeth today, there was considerable variation in hominin teeth, and those individuals with teeth appropriately sized and shaped for the new grassy diet would have been at a distinct advantage. The tooth-lottery winners of the time passed their lucky teeth genes on to their offspring, and the nature of hominin teeth changed. One of the most dramatic changes was to the size of the molars. In short, they became huge.

Some early hominins, like the famous Australopithecus afarensis fossil Lucy, had giant molars. Another major change distinguishing us from chimpanzees was that hominins started to move around on two feet. Effectively, at this point in time, and for a couple of million years, our ancestors became bipedal cows.

Those giant molars are at the root of the modern problem. They were not an issue way back then because, at the time, there was also a large, powerful jaw to house those large, powerful molars. Tooth size was a decent match with jaw size for a hominin like Lucy. I have never seen it suggested, but I would wager she had lovely teeth. Unfortunately for the tooth–jaw marriage, the grass and sedge diet did not last forever. A diet of grasses and sedges was perfectly acceptable when hominins did not have to travel great lengths to find them. As a changing climate increased the travel distances required to obtain food, there was pressure to find something more calorically rich to meet the energetic demands of foraging. Something with a greater bang for your buck. Something like meat.

THE MEAT SWEATS

The problem with meat is that it does not want to be eaten. One way around this complication is to let someone else do the killing and then feed on the leftover scraps. Many paleoanthropologists now argue this was the solution employed initially by hominins. Even scavenging carrion presented some new challenges for the hominin line, however. The hominin jaw and teeth were well set up for eating salad, not for tearing muscle away from bone. Primitive tools were employed to help with the challenge.

Around 2 to 3 million years ago, our ancestors started using sharp rocks to hack pieces of meat off bone. Whether or not they were fashioning the sharp rocks or simply finding them ready to use is a matter of debate. Just like a life of running around and eating grass was not sustainable for the hominin line, a life of subsisting on raw carrion was also destined to be short-lived. If significant quantities of meat were going to be part of the hominin diet, eventually something other than leftover, already-dead scraps had to be on the menu. And while knocking a sharp rock on a scavenged meat-covered bone does not necessarily require a great leap forward in intelligence,10 actually figuring out how to kill a decent-sized animal requires significant levels of brainpower.

The dietary transition from carrion to fresh meat would not have been trivial for our ancestors. Most predators rely on a combination of guile and speed to bring down their prey. Early hominins had guile in spades, but they didn’t have the quickness of most quadrupedal hunters. Bipedalism is highly advantageous when traveling long distances, but over short distances it is a slow way of getting around.

An Olympic champion sprinter might seem fast when compared with other humans, but my fat, old, lazy housecat, Tyson, could still beat a gold medalist in a short race.* Without great bursts of speed, to hunt effectively, humans had to learn to outwit their prey. And even if they could chase after, catch, and wrestle a gazelle to the ground, what were they going to do then? Attack it with their dainty nails? Try to tear into it with their pathetic canines? At best, early hominins trying to hunt like a lion would end up exhausted and dirty. More likely they would end up gored and bloody.

Hunting as a soft and slow human demands intelligence. The smartest hominins were the ones who could work rocks into sharp spears and cooperate to use tools to bring down big game. Killing large prey would also have required significant social interaction, another trait typically associated with increased cranial capacity. Reciprocity would have played an important role in our ancestors’ lives. Hominins and early members of Homo sapiens must have had both good and bad days at the office.

A good day meant plenty of meat to share. On bad days, their spears would have missed their marks, and early hunters would have slinked back into camp with nothing more than a couple of nuts and berries picked up along the way. On those days, the empty-handed hunters needed some help from their fellow cave dwellers. Handouts would most likely have come from individuals who either had benefited from sharing in the past or who anticipated reciprocity down the road. Hominins were less likely to go to bed hungry if they could effectively navigate interpersonal relationships.

The benefits of cooperation, sharing, and communication likely played a significant role in driving the increase in brain size. As members of hominin societies grew smarter and smarter, they would have, in turn, become increasingly successful hunters. Our ancestors would have entered a positive feedback loop where the smarter they got, the more successfully they could hunt. The more successfully they could hunt, the smarter they got by feeding a growing brain in demand of energy. The intelligence race was on, and around this time, the first members of our genus Homo appeared, and the average cranial capacity increased from around 400 cm3 to 650 cm3.

The selection for giant noggins rolled on in the ensuing 2 to 3 million years. We weren’t satisfied with a slightly larger brain. It has ballooned to an average volume of 1,350 cm3. Human brains grew so big that they are now, finally, held somewhat in check by natural selection. The check for the human brain is, of course, birthing the swollen thing. The brain has gotten just about as big as it possibly can while still allowing it to get out of the mother’s body. It has pushed the envelope so much that sometimes it cannot even come out, but that’s a story for later.

At the same time selection for a giant brain was increasing, the selection for a ridiculously powerful jaw was decreasing. As the diet changed, the need for those giant molars and giant jaws diminished. With the selective pressure for a powerful jaw reduced, it was possible for mutations weakening the jaw to persist within the hominin genome. Around 2.4 million years ago, such a mutation took place.11 A variation popped up in the hominin lineage that significantly weakened the jaw. It is entirely possible similar changes affecting the structure of the bones and muscles of the jaw had appeared before, but if the timing were off, those changes would have faded away. If the mutation came along during a period when hominins needed big, powerful jaws, it would not have persisted. Chimpanzees still need large, robust jaws, and as such, their jaws have not shrunk, as human jaws have, over the last few million years. Eventually, the timing was right for a jaw-weakening mutation to stick, and the human jaw began the great shrink to its current weaker state.

GROUNDED FOR LIFE

Another leap forward was necessary to fully leave behind the raw-carrion lifestyle. Hunting had solved the carrion part of the problem, but the meat was still raw. The only path away from the raw-food diet involved learning to control fire. As with hunting, however, controlling fire takes some serious wits.

Many modern humans struggle to pull it off even when provided dry newspaper, perfectly split wood, and a box of matches. It is not a skill that comes to us naturally. I will never forget the first time my brother, Nick, and I tried to make fire. I was around four years old and he was six or seven. We set up shop in the garage, hoping our parents wouldn’t find us. My job was to steal matches from the house while Nick organized our combustibles. We had some kindling and two-by-fours, but to our great disappointment, we never got much of anything aflame. After several failed attempts, we were busted when our dad opened the garage door—and promptly grounded us for eternity.

Some have suggested that the first fires hominins controlled were ones they poached from nearby lightning strikes. Even if this were true, it still would have taken a great degree of wherewithal to keep the flame going. Eventually, it would have gone out (“Who was watching the fire?” “I thought you were watching the fire?!”), and the only sustainable solution would have been the ability to light it again without having to wait for lightning. A damp day would have greatly tested the increased cranial capacity and processing power of early hominins as they tried to make fire.

Paleoanthropologists have hotly debated the origins of hominin-controlled fire for years. Some place the date as far back as a million years,12 others put it at more like 350,000 years ago,13 and still others argue this crucial milestone occurred as recently as 12,000 years ago.14 What is not in dispute is that at some point a clever cave dweller figured out how to create a fire, and hominin life has not been the same ever since. Some experts have gone so far as to suggest that our ability to control fire is the very characteristic that makes us human.

THE FIRST BARBEQUE

Eventually, an early human put two and two together and brought a piece of meat over to the sizzling flames. Or maybe the first grilled steak was purely an accident, the result of an out-of-control fire searing a carcass stashed a little too close to the flames.

Regardless of how meat ended up over the flame, it was a fortuitous step for humans. The combination of hunting and the control of fire is at the heart of the story of why so many people needed braces in middle school. Chewing a nicely seared steak is a lot less work than grinding your way through a raw piece of meat. This is especially true if you don’t have a knife. Although humans were, by this point, using sharpened rocks to cut meat away from bone, they were not exactly using fancy chef’s cutlery. Cooked, tender meat falling off the bone would have made mealtime far easier.

There were several other advantages to cooked meat. Even before hominins started harvesting fresh game, fire would have helped take the funk out of raw carrion. With the advent of scavenging by hominins, prior to fire, bacterial infection had to be a serious concern. Everything about the odor given off by a dead animal suggests that if it has to be eaten, it should be well roasted.*

Even with our modern conveniences for food preservation, humans still manage to get sick quite frequently from spoiled meat. Studies by anthropologists at Harvard have examined how cooking reduces the pathogen load in raw meat.15 Researchers took the carcass of a freshly killed wild boar and left it out in the open but kept scavengers at bay. At both 12 hours and 24 hours, they took samples of the carcass to see how funky the meat had become. After 12 hours, levels of nasty bacteria like Escherichia coli and Staphylococcus had already started to rise. By 24 hours, the levels were downright dangerous. When the researchers roasted the noxious piece of meat over an open flame, they discovered bacteria levels fell by as much as 88%. That might not sound good enough to make it onto the modern dinner table, but for early hominins, it certainly beat rotten, raw wild boar with a side of diarrhea-inducing, potentially lethal bacteria.

There were other advantages to cooking over the open flame. Cooking meat before eating it starts the process of breaking down protein and makes the meat’s nutrients more readily available.16 The growing hominin brain needed all the nutrients it could get. The brain accounts for about 2% of human body mass but uses up to 20% of our caloric intake. By unlocking the true nutritive potential in meat via roasting, early hominins were able to feed their growing brains.

There is one last aspect of cooked meat we should not overlook. It is quite tasty. Simply the thought of a perfectly roasted piece of meat with delicious fat dripping off it is enough to get the digestive juices flowing. We may never pinpoint how, and exactly when, hominins stumbled across the idea of roasting meat, but we can imagine what a pleasant surprise it must have been.

Humans are not alone in enjoying the savory sensation created by roasting. Given the option, all of the other great apes (chimpanzees, bonobos, gorillas, and orangutans) prefer cooked meat over raw.17 Unfortunately for them, with their comparatively smaller brains, they are unlikely to figure out how to rub sticks together to make fire anytime soon. They might as well be sitting in a garage trying to light a two-by-four by holding a match up to it.

SET IT AND FORGET IT

I like to think about what kinds of meals our ancestors might have sat around and shared. Here is what I imagine a recipe for a meal like mastodon stew would have looked like:


INGREDIENTS: One mastodon, plants, water

DIRECTIONS: Kill, skin, and butcher one mastodon. Cut the mastodon meat into small pieces. Place the pieces into 250 medium-sized pots or one very large pot. Add anything else edible to the pot. Add water. Cook over fire for several hours until done. Feeds 1,000 to 2,000 people, depending on the size of the mastodon.



At this point in the retelling of our history, humans were getting closer to being able to make a meal like mastodon stew. They had the skills and tools necessary to hunt and butcher a large animal like a mastodon. They had control of fire, allowing them to prepare the mastodon in a safe and nutritious way. They needed just one more thing to be able to make a stew—they needed a pot.

Pots are central to the whole stew concept. Compared with spears and fire, pots came along quite late in the tale of human development. Because it was more recent, we have a better idea of when it happened. The most convincing evidence suggests humans first made pots around 20,000 years ago in modern-day China.18 Having a pot meant food could be cooked for hours until it was so soft that chewing was hardly necessary.

There were other advantages to cooking in a pot. Prior to the pot, all of the tasty, juicy, calorie-rich drippings had been falling into the fire and sizzling away. Now they fell into the pot and became part of the stew. Having a pot also meant spending significantly less time tending to the meal. Humans were able to, for the first time, set it and forget it. Cooking a meal without having to stand next to it the whole time meant more time for gathering food or child-rearing or using one’s increased mental capacity to come up with other creative ways of improving the human condition. Having free time is an integral part of the human story, and with increased efficiency of both hunting and cooking, humans were finally able to devote meaningful quantities of time to other tasks.

Around the same time as the creation of the first pot, a particularly clever group of humans in the Middle East hit upon the idea of farming.19 Combined with the introduction of pottery, farming added a side dish of gruel to the main course of the day. Even individuals with the weakest, smallest jaws, unable to chew meat, could eat enough porridge to acquire the necessary calories to survive. Before gruel, the loss of a considerable number of teeth would have been a death sentence. With mush to eat, there were new options for fussy infants, and humans could keep smiling, toothless grandparents alive for the first time.

FIGHTING THE MISMATCH

The combination of hunting, cooking, and farming created a diet that greatly deemphasized the need for a large jaw and left humans with a mouth full of large teeth that are total overkill for their modern job. In spite of their large brains and relatively small jaws, however, the teeth of hunter-gatherers were still a good fit in their mouths as recently as 10,000 to 15,000 years ago.20

There were several reasons for those early, relatively straight smiles. For starters, people 10,000 years ago still had decent-sized jaws, larger than those we have today. Although food availability and processing technology had improved, humans still needed a strong jaw to tear through the meat and vegetables that were the mainstay of the hunter-gatherer diet at the time. In addition, teeth had already begun to shrink from their peak size around 3 to 4 million years ago, when the only option for dinner might have been a raw tuber. Starting around 100,000 years ago, as humans began to develop better food-processing skills, much of the selective pressure for large molars was reduced, and selection started for smaller teeth that would fit better in a shrinking jaw.21 By 10,000 years ago, teeth had shrunk even further, providing an even better match for the size of the human jaw at the time.

Hunter-gatherers still had a fair amount of chewing to do. This daily grinding of food was, perhaps, the most crucial factor leading to their well-aligned teeth. Because of all the chewing, the jaws of early humans developed more fully than a modern jaw reared on mac and cheese, applesauce, and smoothies. As with so many aspects of the human body, the development of the jaw plays out in a “use it or lose it” scenario.

In other words, if a human jaw is put through the evolutionarily appropriate paces, it may develop and function better than one reared on a diet of soft baby food and overly processed meals. Evidence in support of this idea comes from the work of Daniel Lieberman, a paleoanthropologist at Harvard University who has spent his career studying how evolution has shaped the human body. Lieberman and his colleagues tested this hypothesis about jaw development by raising two groups of hyraxes (little mammals that look like rodents but are actually more closely related to elephants) on either hard or soft diets.

The hyraxes on the mushy diet developed smaller jaws than those raised on the harder diets. In an article published in the Journal of Human Evolution, Lieberman and his team argue “that human faces may have become relatively smaller despite increases in body size because of reduced levels of strain generated by chewing softer, more processed food.”22 The switch to a soft, processed diet was the final straw that broke the back of the tooth–jaw marriage. Human teeth have continued to shrink in more recent millennia, but they have not been able to keep up with a small jaw that doubled down on its reduced size in the absence of any work to stimulate its development.

Of course, the real victim in this story was never Homo sapiens with our malocclusions and impacted wisdom teeth. The real victim was the mastodon. Very shortly after humans developed the tools and techniques that allowed for hunting and cooking, mastodons vanished from the face of the earth, sometime around 10,000 years ago.23 Mastodons may have been wiped out by climate change, but it’s also possible mastodon stew was the most delicious dish humans had ever made, and they quickly hunted the mastodons into extinction.

So is the modern tooth–jaw mismatch a result of our evolutionary past or is it due to our tendency to not work our jaws during the developmental years? Of course, those options are not mutually exclusive. Likely the answer is that both factors are at play. The modern jaw is both smaller than its predecessor and not put through the necessary chewing paces that would allow it to realize its full potential.

I would like to see an experiment that divided children by diet into soft and hard food groups and tracked their oral health into their teenage years. As I wait for the results of such a study, I’ll hedge my bets and try to slip my young daughter some beef jerky and as many raw vegetables as I can get her to eat. Given her already solidly established love of oatmeal and yogurt, the more pragmatic approach is probably to start squirreling away money for braces as soon as possible.





2

The Fish-Eye Lens

After developing cataracts, which painter had one of their lenses removed, leaving them with the ability to perceive ultraviolet light?


	Claude Monet


	Vincent van Gogh


	Frida Kahlo


	Leonardo da Vinci




Childhood pictures of my wife, Julie, are adorable. Growing up in Montana, she always had a thick jacket on, and you can barely see her face for the giant 1980s Coke-bottle glasses she’s rocking. Her parents figured out her vision might be a little off when she kept misidentifying sheep as cows. Keeping your cows and sheep straight is an important skill in Montana. At four years old, she was 20/200 in her right eye and 20/400 in her left. We met in college, and shortly after we started dating, her parents saved up the money and gave her the gift of Lasik eye surgery. She came out of it 20/20 in each eye. I know it was science, but it felt like magic. It’s been more than 20 years since then, and she has yet to go back to glasses or contacts.

Julie’s vision growing up was particularly bad, but she is certainly not unique in needing help to see clearly. A meta-analysis of more than 60,000 European adults revealed that more than half had some type of visual deficit.1 Of course, as individuals get older, their likelihood of needing glasses increases significantly, which certainly inflates the data. It is a downright unique senior citizen able to reach the golden years without needing at least cheaters.

Visual difficulties are, however, not
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