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  Every day our actions have consequences, large and small. A completed chore, a smile, a promotion. Consequences motivate: Newborns work to hear their mothers’ voices. Toddlers graduate to turning lights on and off for that lovely, surprising feeling of control. A kaleidoscope of consequences awaits.


  Despite their dazzling variety, consequences appear to follow a common set of scientific principles—which was a big surprise to early researchers. Correspondingly, very different consequences appear to share some similar effects in the brain. We’ve long known of so-called “pleasure centers,” for example.


  From simple rewards to far more complex relations, the science of consequences has expanded and flourished over the past century, becoming an integral part of psychology, biology, medicine, education, economics, and many other fields.1 Taking an “interacting systems” approach, this book describes this science, its role in the larger realm of nature-and-nurture, and its many applications.


  Consequences shape our choices, and our choices shape us and our societies. (Even the ancient Greeks understood that.) The Science of Consequences tells the story of how something so deceptively simple can help make sense of so much.


  



  Part 1: Consequences and How Nature–Nurture Really Works


  Imagine not being able to learn from consequences. A tiny primordial creature, for example, might have a reflex-like reaction moving it away from light. Move it to a lighted area to its food, then watch its automatic reaction kick in, shuttling it away and letting it starve to death in the midst of plenty. A little more flexibility would help a lot.


  Once nature’s ability to capitalize on success developed, it stuck. Birds and bees, even flatworms and fruit flies—we all learn from consequences. Which consequences? Some get learned the hard way, while others are taught or come naturally. That’s a story in itself.


  Part 1 explores the intricacies of the biological bigger picture, which is more complex than we could have imagined. We’ll see nature and nurture always working together, interacting across all levels, from the nucleotide bases of our DNA to our rich, stimulating environments. Thanks to molecular biology, for example, we know consequences routinely activate and deactivate genes. Thanks to neuroscience, we can now see how learning from consequences expands and rewires the brain. From the latest neuroscience-based applications to the exciting new field of epigenetics, consequences are there.


  



  Part 2: There’s a Science of Consequences?


  Sometimes you get what you want quickly and easily: look out the window, see a view. More often, you have to work or wait: you might have to check several times for an eagerly anticipated e-mail, for example. As B. F. Skinner noted, consequences effectively come on some sort of schedule. Different schedules proved to have different orderly effects, effects powerful enough to influence how hard we work and how often. Thanks to schedules, fewer rewards routinely leverage more behavior. Changing a schedule can change the effect of a drug, even the very value of a consequence.


  Schedules affect us every day (whether or not we realize it) and so do the signals that tell us what consequences are available. Likewise, when we decide what we “feel like” doing, we’re choosing among consequences, immediate and delayed, positive and negative. Consider the way experienced procrastinators juggle conflicting consequences—something many of us know all too well. The science that applies to choice and decision making relies on consequences.


  So do the language sciences. Ask for a smoothie at a juice bar and get one, voilà. Communication brings many rewards, and from baby babbling to birdsong, consequences have a surprisingly big say. Language lets us create rules, and they in turn create and destroy consequences. (“Don’t eat yellow snow.”) And naturally, we follow rules—or break them—because of consequences. Consequences bespeak even our inmost thoughts, as we’ll see. They’re everywhere.


  



  Part 3: Shaping Destinies


  Because consequences are everywhere, their applications are too, from the home to the hospital, from the classroom to the boardroom. Few of us give or receive enough praise, researchers find. Yet something so simple can strengthen a marriage, rescue a struggling employee, and boost a child’s self-esteem (if it’s earned, and there’s a tale). And that is just the beginning: The science of consequences enriches the lives of pets and zoo animals, fights prejudice, frees addicts of their addictive behaviors, and helps lift depression with its devalued consequences (“nothing to live for”). Ultimately, knowing what drives us puts us in the driver’s seat.


  Let’s hope that is the case for many of our biggest societal challenges, which confront short-term against long-term consequences. In a world of instant gratification that tempts us to ignore later costs, perhaps we can use what we know to make better choices. We will all have to live with the consequences.
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  “An elderly male chimpanzee [was] observed in the field by Dr. A. Kortlandt of Amsterdam’s Zoological Laboratorium. It was the chimpanzee’s custom to go to a certain place where he could see the sun go down. He went every evening and he would stay until the sun had set and the color was gone from the sky. Then he would turn away and find his place to sleep.”


  —Sally Carrighar, Home to the Wilderness, 1973


  Consequences provide the motivation that sends butterflies to flowers and people to the moon. The pursuit of happiness means the pursuit of consequences, large and small, sunsets included.


  And consequences are everywhere. Some are immediate; others loom on the horizon to be anticipated or evaded. They’re good, they’re awful, they’re everything in between. They work for tigers and for turtles—and for us. How ironic, then, that consequences and the science that focuses on them are so often overlooked.


  Every day we work toward goals, goods, and incentives—consequences—for this minute, tomorrow, next year. Many rewards are obvious and immediate; others are subtle and easily missed. Some take a lifetime to achieve. Most are mundane, like paychecks and movies and smiles on friends’ faces. Few remain unchanged in value, instead routinely transforming over time. Their variety seems infinite, far beyond biological drives like food, shelter, and sex. This chapter introduces that variety.


  Origins and Definitions


  Like most things, consequences started simple. We can’t know what animal first learned from consequences, but flatworms, like the tiny planaria found in ponds, are reasonable candidates. Certainly both invertebrates and vertebrates are capable of this type of learning, and ancient planaria are considered common ancestors of both lines. On the planet for over 500 million years, they’re the most primitive biological group to have “higher” neural features like brains (miniature ones, to be sure). Accordingly, their abilities have been researched extensively.


  Despite looking like baby matchsticks that have taken to swimming, planaria can learn to work for consequences. In one study, some planaria had to move past an “electric eye” to shut off an unpleasant, intense light—which was a powerful reward. Others in a matched group were given the same intervals of light on and light off, but the intervals were independent of what these planaria did. Only the planaria with the light-off reward dependent on their behavior dramatically increased their interceptions of the electric eye—thus showing that this was truly learning from consequences and not just an effect of the light and dark alternation itself. These flatworms can even learn to work only when a signal is present: no signal, no reward.1


  This research illustrates what reinforcers are: By definition, reinforcers both depend on behaviors and sustain them. If a behavior gets going and keeps going because of a consequence, that consequence is a reinforcer. If a behavior declines because of a consequence, that consequence is a negative (a punisher).2


  Things that seem like rewards sometimes aren’t: what matters is what actually happens, not the intention. Your Uncle Pete used to think that chucking you under the chin was rewarding. Wrong. Similarly, classroom reprimands sometimes function as reinforcers because of the attention that goes with them (from classmates as well as from the teacher).3 If a “reward” has no effect on a behavior, then it’s not a reward: Again, it’s what actually happens that matters. I will use reward and reinforcer interchangeably in this book.


  Because planaria are very simple animals, the consequences that are effective for them are limited. More complex invertebrates like the octopus show more sophisticated learning, influenced by a greater variety of reinforcers. However, the range of effective consequences has mainly been explored in vertebrates, and it’s large indeed.


  Waltzing Pigeons

  and Roller-Coaster Fish:

  Consequences across Species


  We love our pets when they behave like us—witness the dogs that enjoy watching TV and the owners who leave Spot’s favorite program on. It may be harder to imagine common city pigeons doing something along these lines, but as a child, author and animal lover Gerald Durrell had a hand-raised pigeon that loved music and would snuggle close to the speaker of an old-fashioned record player. What’s more, the bird performed distinctive dances to marches and waltzes.4


  Later, scientists found that pigeons not only distinguish between different types of music, they also categorize unfamiliar tunes in the same way that people do, down to different eras of classical music.5 And a number of species will work for music as a reward. The Java sparrow has been shown to prefer Bach over the twentieth-century dissonant composer Schoenberg, just like most of us. (Even rats feel the same way.)6


  Ducks, such as common eiders, have been observed bobbing down rapids and then flying back up to repeat the fun. Otters slide down mudbanks, and starlings down snowy rooftops. Naturalist Edwin Way Teale once observed six chimney swifts soaring in a natural wind upflow, diving back down, and repeating the ride again and again. They were not feeding, they were “sporting in the wind.”7 What a different perspective on wild animals these episodes give us.


  Even cold-blooded creatures get in on the act. I once laughed out loud at the sight of two puffer-type fish in an aquarium at an airport, of all places. They were taking turns deliberately swimming toward a strong circulation current that whirled them about and pushed them down, rather like a roller coaster. Other slimmer fish in the tank didn’t appear to enjoy this and avoided the area. Perhaps the boxlike shape of the puffers changed their hydrodynamics. Or perhaps they were just well-fed youngsters with time on their hands.


  What do these unusual animal reinforcers have in common with human rewards? A lot. The human love for roller coasters is based on reinforcers that are probably similar to those for the birds and the fish. Likewise, when it comes to musical harmony versus dissonance, the basic principles of hearing are similar in most vertebrates, even if the audible frequencies vary. Lacking ears, planaria are missing out.


  Getting Stimulated:

  Sensory Consequences


  But all creatures have sensory systems of some sort, even planaria, and they bring lots of rewarding possibilities.


  As advertisers are well aware, in our constant-stimulation industrialized world, sheer sensory input is one of the most widespread reinforcers. Marketing experts outdo one another to hold our attention with rewarding visuals, sounds, and actions. Back in the nineteenth century, the first kaleidoscopes set sales records because of their novel combination of intrinsically reinforcing colors and shapes, which were perpetually complex, variable, and unpredictable—reinforcing on many levels (not unlike a computer screensaver). Even three-month-old babies will turn their heads so they can see complex patterns but not simple ones.8


  Humans aren’t the only ones to appreciate these features: in laboratory settings, mice and baby chicks will work to view more intricate patterns.9 Chicks that had hatched just the day before, for example, already found looking at a design of stripes and semicircles more rewarding than eyeing plain gray.10


  The level of optimal stimulation varies. High levels are sometimes rewarding and emotionally energizing, other times just stressful. After a period of high stimulation, even thrill seekers may prefer simple, quiet surroundings. “Boredom” indicates a lack of reinforcers, not a lack of stimulation.


  Any small reinforcers, such as the view outside a window, can be fountains in a desert of tedium. But even when we’re doing something we enjoy—watching the Olympics or planting petunias—change is eventually welcome. Aristotle noted that “we cannot be moulded into only one habit, because each desire can operate only for short periods and must give way in turn to others.”11


  The Spice of Life:

  Variety as a Consequence


  Variety is usually a reinforcer, as formal research confirms, and not just for humans. Pets and zoo animals get bored too. Monkeys will work for the opportunity simply to view other monkeys, or a toy train, or even the normal room activity of people, and these consequences remain effective for long periods.12 So monkeys like watching us as much as we like watching them—a lot. Animal behavior is so appealing that zoos and public aquariums enjoy big crowds, and millions of people have pets.
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  Variability is an important part of what is rewarding, in animal behavior and in plenty of other places. Sports are inherently variable; so are movie plots (well, good ones). Yes, we reread favorite books, but seldom immediately after we’ve finished them—and few would choose to watch A Hard Day’s Night all day and all night, even though it’s a classic. Some reinforcers can bear repetition, as when a child listens to the same song for hours (driving everyone else nuts!). But children eventually learn to ration that song, choosing variety instead.


  Teachers do well to bear this in mind. A lack of variability in voice inflection can be the single best predictor of poor teaching evaluations.13 Relatedly, I once had an excellent student who got A’s on all his quizzes but tired of seeing comments in the mode of “Great” and “Nice job.” He made up a list of alternatives like “Publish it” and “Hey-ho!”


  The desire for variety can be subtle. We may not realize why a particular writer strikes us as dull despite interesting content, but monotonous sentence length and rhythm might explain it. As famed writing instructor Gary Provost noted, “The ear must have variety or the mind will go out to lunch.”14 In music, too, most successful composers across genres find ways to vary their melodies, harmonies, and rhythms to maintain interest. If that’s not enough, music players offer a “shuffle play” feature that presents the tracks in random order, different each time.


  The principle applies even to ordinary household tasks. From bestselling author and cook James Peterson: “I rarely prepare dishes according to an exact recipe because I never like to cook the same thing twice—I need to invent as I go along, or I get bored.”15 After the same chow three days in a row, even rats prefer new foods, new flavors.


  The Creative Consequence


  What could be more intriguing than the discovery that variability is not only reinforcing but it is itself a reinforceable characteristic of our behavior? Creativity is not a zero-sum game, such that we each have only a limited amount. Instead, it’s a “nurturable” that blossoms with encouragement: if you feed it, it will grow. And it’s not limited to people.


  Back in 1969, then dolphin trainer Karen Pryor and her colleagues knew better than most how inventive and adaptable dolphins are. They decided to see just how far dolphin creativity would go by rewarding only behaviors that they had never seen two particular dolphins do before. The dolphins met the challenge, coming up with quirky movements and stunts that they never would have had occasion for in the wild.16 If dolphins could do this, how about kids? During the same period, scientists rewarded a few toddlers for building-block constructions that differed from prior designs—and the youngsters’ creativity took off. Two of the three children came up with four times as many new designs when they were praised for doing so, compared to a baseline period with no particular consequences.17


  Experimental psychologist Allen Neuringer’s decades-long research program established the effect conclusively. His ordinary pigeons pecked two projecting buttons called keys. A reinforceable unit was eight key pecks that could be any combination of lefts and rights. To get delicious grains, the pigeons were able to produce sequences of eight that were consistently different from their last fifty sequences. And they weren’t accomplishing this feat by memorizing. Instead, they behaved like random number generators, which was an efficient solution.18 Can people do the same? First we have to overcome misconceptions of what “random” means mathematically. Neuringer rewarded participants for producing what they thought were random sequences of digits, then ranked the sequences on a number of statistical criteria and found that his volunteers did rather poorly. He discovered, for example, that we tend to alternate digits more often than is the case in a true random series. But with practice and feedback, people, like pigeons, were reliably able to generate random-appearing sequences, a skill that used to be considered extremely difficult.19


  We may not often need to act randomly—quite the reverse. But if we’re regularly reinforced—or punished—for variable behaviors like exploring or showing curiosity, guess what can happen? Just as with the kids’ building-block designs, our creativity can soar—or plummet. Many Fortune 500 companies are quite aware of this, Google’s innovation policies being one well-known example.


  Taking Advantage of Variety


  Some consequences for exploring, both positive and negative, are present naturally: variety, for example. We’ve seen how even little changes of scenery can be refreshing. Riding in a moving vehicle is reinforcing for those with good vision. Dogs get a kick out of the variety of scents to be sniffed on a short walk. On the other hand, familiarity is reinforcing under other circumstances, and exploring can mean leaving what is not only familiar but also safe. You don’t find wild mice exploring in broad daylight but rather at night when they’re at less risk; if their existing foraging locations fail them, they must seek new ones. They probably discovered their existing sources through exploring, so there’s a history of reinforcement that helps.


  The principle applies more broadly, of course. When do we challenge ourselves with the new instead of sticking to the old? Most of us like some sort of balance between the two, in the same way as optimal stimulation. Still, if we’ve had good luck (that is, been reinforced) seeing movies by particular directors, or reading books by particular authors, we’re likely to stick with them. Unknowns, with their novelty and more questionable reward values, have a harder time vying for our attention.


  Reinforcers like movies and books automatically offer variety. Even better, a “generalized reinforcer,” like money, can be exchanged for a great variety of other reinforcers. Point systems take advantage of the power of these consequence choices. At one Michigan school, reward options included fun time with the principal for 75 points and free time in the computer lab for 100 points.20 Researchers who study people often have to provide varied rewards to keep their participants motivated. A common solution is to offer lottery tickets for a chance to win prizes, such as gift certificates or pizzas. What about animals? Orcas (killer whales) at one SeaWorld never knew which reinforcers would come next: stroking and scratching, social attention, toys, and so on. The result was that “the shows can be run almost entirely without the standard fish reinforcers; the animals get their food at the end of the day.”21


  Animals with variety in their lives are healthier and happier, just like people. Environmental stimulants like toys are best varied, and those that produce unpredictable movements tend to be especially valuable and long-lasting. One big success at one zoo was a sturdy swinging bag, hardly naturalistic, but rubbed and butted for hours by a rhino22 (see chapter 13 for more examples).


  The Positive Side of Problems


  Monkeys can so love solving mechanical and other “educational” puzzles that they will sometimes do so without any additional reward.23 The activity itself is intrinsically reinforcing. Karen Pryor reported on a challenge for a rough-toothed porpoise: it had to learn to pick, among several choices, the one that matched a sample. In the session where the porpoise first made notable progress, it continued working even when it was no longer eating the fish it had earned—as if it enjoyed something about the learning itself, just as we do.24 (Of course, social approval from the trainer certainly helped.) Along these lines, here’s an anecdote about biopsychologist Donald Hebb: A chimpanzee working on challenging categorization problems hoarded its banana slices until Hebb ran out. But the chimp continued to work—and after solving the problems gave Hebb the banana slices!25


  Problem solving can be reinforcing for people too, whether it’s locating a leak, planning a party, or cracking a crossword. William Least Heat Moon noted in his book Blue Highways that solving a maze is no fun if there are no blind alleys.26 On a broader scale, scientists are explorers who find and solve different sorts of puzzles: “My reinforcers were the discovery of uniformities, the ordering of confusing data, the resolution of puzzlement,” said B.F. Skinner.27 And from Nobel Prize–winner Linus Pauling: “Satisfaction of one’s curiosity is one of the greatest sources of happiness in life.”28 Thus, establishing a basis for curiosity helps promote happiness by creating new rewards.


  Taking Control


  Sometimes both variety and sensory stimulation are overshadowed. Rats press a lever even when they get nothing except movement and the quiet click of a microswitch, rather like infants repeatedly shaking a rattle for the same sound.29 It’s true that the more movable these objects are and the more sound they make, the more behavior. But the simple reward value of a change in stimulation can be greatly enhanced by having control.


  From the cradle to the globe, we like having our own way. As any parent can testify, once toddlers discover that fascinating device, the light switch, everyone around knows it. Indeed, long before they’re old enough to reach that high, infants love this game too. Skinner once turned a lamp on and off whenever his infant daughter moved her arm, and she was shortly conducting a symphony.30 In more formal human research, the power of having power has been confirmed. Are we all control freaks, deep down?


  If we are, animals are too. In one of my favorite examples, monkeys reportedly enjoy making touch-sensitive mimosa plants fold up. How do we know? They go out of their way to touch the mimosas and then stay and watch them. (So do kids. So do I, for that matter.31) And consider nocturnal deer mice in a lab, turning lights off if they can. “If the light is automatically turned off every half hour, however, the mice turn it back on. Even though the mice have an aversion to bright lighting, having control over the illumination is sufficiently rewarding to override it.” Talk about “reverse psychology.” Given switches on either side of their cage that turn the light on and off, the mice will run back and forth to do so many times a day.32 (Remind you of the toddlers?)


  With findings like these, it’s not surprising that research shows animals, like people, usually prefer free choice to no choice. In one study, this was the case for pigeons even after a lot of extra reinforcers were provided when the birds picked the no-choice option (one key) over free choice (two keys)—although they eventually gave in and “followed the money.” The birds returned to the free choice option when the opportunity for reward was once again the same for both options.33


  So a lot of us love having choices and being in charge. No wonder, given these findings and our own experiences, that numerous surveys show job satisfaction to be correlated with the degree of control we enjoy in our work. This freedom is often cited as one of the reasons for the choice of an academic career. Among the benefits, a well-known study of British government officials found a strong relation between job control and health.34 Having even minimal control is so powerful that nursing-home residents with plants in their charge—hardly a life-changer—showed significant health and psychological benefits compared to a similar group with plants cared for by staff.35


  Animals benefit from having control too. A caged black bear that was psychologically disturbed, pacing back and forth in stereotypical fashion, did not improve when a feeder was introduced that unpredictably dispensed food. Picture yourself in a room with little to do. What would help? In the wild, bears spend much of their time foraging, and they control when and where. The zoo management tried hiding the bear’s food in the enclosure, so that the bear was able to choose when to work to find it. Success!—and a much happier bear.36 Even this minor level of control made a difference.


  Teachers find one of their own reinforcers is “empowering” their students—literally, giving their students power over a consequence, from being able to solve mathematical word problems to understanding a foreign language. It’s an immense pleasure for the teachers when the metaphorical light bulb turns on for their students, and that’s often evident whether the students are human or animal. According to Karen Pryor, when empowered in this way, horses prance, dogs bark excitedly, and elephants “run around in circles chirping.”37 Some of the reinforcing effect is due to gaining control: “I can do this myself!” “I can solve the problem,” “I can make the reward appear,” “I’m in control.” And the teacher’s behavior is likewise reinforced by the accomplishment.


  The “eyeblink game” illustrates the enjoyable process of giving an animal companion the pleasures of control. Try it with a pet bird: wait for a blink, then immediately close your own eyes, holding for longer than usual before reopening them. Reinforce each eyeblink this way, and shortly you should see a marked increase in the bird’s eyeblink rate—often within five minutes. Visually oriented animals like birds love this game, to the point that my pet budgie, Goldie, would initiate it by closing her eyes for an unusually long period of time when I was nearby, and then repeat the long blink until I noticed and responded by blinking in return.38 It took me five days instead of five minutes to get my pet rat, Clover, to the same level, but like most mammals, rats rely more on other senses. They also don’t visibly blink very often (they have a hard-to-see nictitating membrane). In addition, for many mammals, including cats and dogs, direct eye contact can be a signal of aggressiveness. If you can look lovingly into your pet’s eyes, though, you should be able to enjoy this game. I have even successfully played it with a few animals in the wild, and I suspect it would work with infants as well. The feeling of communication is powerful.


  ❖


  Having control is cool, but even so, it’s not always preferred. It may seem counterintuitive, but studies show that having too many choices can be a downer. After all, what if we choose the wrong one? And think of all the extra effort required for a wise decision. One recent study showed that the more choices in an optional pension plan, the lower the employee participation.39 Sometimes we would rather limit ourselves or choose that others should choose for us. We relinquish control.


  But “power corrupts” because it’s a powerful consequence that carries with it other powerful consequences (qualifying it as another “generalized reinforcer”). No wonder that, like the other consequences explored in this chapter, it is effective across so many species in the animal kingdom. How did consequences become a major force? In the next chapter, we look at the origins of that power.
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  “As we all know, the cricket wasps get their crickets to the hole ready to be pulled in and then go down for the final inspection of the chamber. In the experiment in question, [entomologist Jean-Henri] Fabre pulled the cricket away a few inches when the owner was down the hole. The wasp came out, saw the cricket lying in the wrong place and put it back again on the threshold. This meant, of course, that there must be another final inspection before dragging it in. During this second final inspection Fabre once more pulled the cricket away a couple of inches. Wasp emerged, fetched it back and went down for a third “last” look. Fabre again pulled the cricket away. We have here the beginnings of perpetual motion if only both parties can keep it up....


  And then—which shows how careful one should be before generalising—he came upon wasps of the same species who acted differently; who learned in three goes to change their tactics. The same game was played with several of them, and they all fell for it. But only, in each case, three times. When Fabre, the persevering man, pulled the cricket away the fourth time they came up as usual and dragged it back but this time there was no last look; they took it straight down. They had learnt.”


  —John Crompton, The Hunting Wasp, 1955


  We saw in chapter 1 that even primitive flatworms like planaria can learn from consequences. So can sea slugs, roaches, and tiny fruit flies.


  Much of what invertebrates like these do falls under the category of “instincts,”1 but consequences play a more important role in their lives than anyone used to realize. Still, it’s quite a leap from planaria to the consequences found throughout human existence. How did we get here from there?


  The genetics and neuroscience provide some helpful clues that we’ll examine in the next chapters. Lacking time travel, what other clues are there to the development of learning from consequences? It’s a shame that behavior doesn’t fossilize. Or does it?


  Dance of the Balloons


  One morning shortly after World War II had ended, entomologist Edward Kessel noticed white dots apparently floating in midair about fifteen feet up. He grabbed a ladder and a butterfly net and found tiny male flies with bulging eyes carrying round, silky “balloons” as big as the flies were. As they hovered, each fly clung to the “handle” of an even tinier dead prey insect attached to its balloon.2 The show-offs belonged to one of the hundreds of species of dance flies. Why were they dancing? You get one guess.


  Over the years, scientists discovered an apparent progression of courtship rituals in the dance-fly family, illustrating the changes over time as new species branched off. Some males merely snare victims and then show them off in the communal dance. Females pick a male and load up on nutrition during mating. In other species, the males wrap their gifts in silk. What Kessel observed is a stage further along, in which the inedible wrapping had considerably outgrown the snack. Still later came production of the balloon alone. Finally, over time, some flies eventually stopped making the balloons and instead snagged floating leaf pieces or flower petals, dancing with them above the water to attract the other sex. These courtship rituals are as close to behavior fossils as we’re going to get.


  The dance moves in this case are unlearned “instincts.” Learning from consequences doesn’t fossilize in this way, but looking at how it works in creatures like these may still tell us something about how it developed. Meanwhile, keeping the focus on instincts is worthwhile, because they aren’t as fixed and mechanical as we used to think. And consequences can affect them in a range of interesting ways.


  Flexible Instincts


  The late Gilbert Gottlieb’s research offers a famous example of how flexible instincts can be. Gottlieb, a pioneer in nature-and-nurture research, studied mallard ducklings. In “precocial” species like this, the young are born ready to roam, and mom leads the brood to safety away from the nest. “Imprinting” based on sound proved to be more important for these ducklings than visual imprinting. The mother’s imprinting call (“Stay near me”) is characteristic of all mallards, and her ducklings don’t have to learn to prefer it over the imprinting calls of other kinds of birds. But how do they acquire this preference?


  Gottlieb knew that in the nest, the in-the-egg duckling embryos start cheeping to each other about a day before they hatch. These cheeps don’t sound like mom’s imprinting call, so they had been assumed to be unrelated. Gottlieb decided to check. He found that when the embryos did not hear any of these prehatching embryo cheeps, those newly hatched birds then failed to have the normal preference for the mallard imprinting call. Gottlieb was able to show that both the rhythm and the pitch of the cheeping had to be heard before hatching: only then would the ducklings choose the correct maternal call.3 The development of the typical my-own-species preference depended on talking eggs.


  Do consequences enter into this drama? Yes. As researchers showed half a century ago, both natural and artificial imprinting objects can be effective consequences that chicken chicks worked to see. In one classic study, the more effective of two imprinting stimuli was also more effective as a reward. Of particular interest, the imprinted objects were effective rewards not just for following the object as in nature but for a variety of unrelated behaviors, like pecking a key.4


  As researchers realized the possibilities, they tracked down more flexibility in this and other instincts. Gottlieb, for example, found that mallard ducklings that simply listened to hours of the domestic chicken imprinting call shortly before and after hatching came to prefer it over their own species’ call, even though they’d still heard their own prehatching cheeping. The system of genes and environmental input that normally produces the imprinting-call preference simply couldn’t handle this amount of unusual stimulation. Imagine those ducklings in the wild following a chicken instead of their mother.


  For our purpose, a particularly powerful example comes from research with the most common North American quail species, the beloved (and declining) northern bobwhite, which calls out its name each spring. Like ducklings, the baby quail are precocial: they can toddle within minutes after hatching, the better to escape foxes and hawks. And like the ducklings, they’re attracted to the imprinting call of their parents, which includes the father in the quail family group.


  Intrigued by the power of consequences, one of my colleagues separated newly hatched bobwhite chicks from their pals individually, causing them to give their separation call (“I’m lost! Come find me!”). Every time an isolated chick called, my colleague played as an immediate consequence the very different imprinting call of the Japanese quail, a closely related species. After only five minutes (typically about thirty consequences), each isolated bobwhite chick was returned to its home. Other bobwhite chicks were isolated for five minutes as they listened to the same number of Japanese quail imprinting calls at the same times, but regardless of what they were doing—that is, not dependent upon their “I’m lost” calls. These bobwhite chicks, which heard the Japanese call not as a consequence, retained the normal strong preference for their own species’ call when tested the next day. In contrast, the chicks that heard the Japanese call only as a consequence had become indifferent (on average), the normal preference for their own species’ call eliminated in just five minutes.5


  Songbirds


  There are plenty of other examples of interactions between instincts and consequences. For young male songbirds in a lab, the model song they learn from can become a reinforcer that they will work to hear.6 During the development of their song, consequences can also be critical in other ways.


  A well-researched species is the brown-headed cowbird of North America, which used to follow the bison and now, for lack of its partner, often hangs around cattle. In its original niche, how could the eggs be incubated and the chicks reared to adulthood in the normal way? The roaming herds of bison didn’t stay in one place long enough. Cowbirds developed an unusual strategy known as brood parasitism, in which the females lay their eggs in the nests of other species and simply leave them there.


  That means the young grow up hearing cowbirds as just one species among many other songbirds. They develop their normal song through a combination of instincts and other factors—which include consequences. When young males sing a song the gals like, these females give a wing stroke, a sort of cowbird applause. The lads take note and build their songs accordingly.7 Consequences can also help shape the song of some finches, it’s recently been discovered: when an unpleasant sound was played only when a particular part of their song began, the finches learned to avoid that consequence by modifying that part—and only that part—of their song.8


  Nest building offers another example of instinct-consequence interactions. Male village weaver birds, for example, take months to learn to build a nest sufficiently well constructed to attract a female. Their pitiful first attempts can fall apart soon after they are created.9


  The range of relations is also evident in commonplace food foraging. Animal behavior experts Eytan Avital and Eva Jablonka pointed out that spiders don’t need to learn to spin their webs, although in other facets of their lives they are capable of learning from consequences. Hedgehog babies appear to learn based on their own experiences with what’s easy to get and what’s tasty—and as a result develop idiosyncratic foraging styles and food preferences. Partridge chicks peck where their mother points and are rewarded for doing so with edible tidbits. Surprisingly, at first many of them miss—pecking at a target also being learned through success and failure (consequences).10 Once these chicks grab the goodie, though, they don’t have to learn to like the taste.


  Bugs That Learn


  If flatworms can do it, clearly the basic ability to learn from consequences doesn’t require a large brain. Butterflies are giants compared to some of the planaria. Even so, it may be surprising to discover that butterflies too can learn from consequences. It’s not an ability that comes to mind when we watch them gaily flitting from flower to flower in a sunlit meadow.


  Is flower flitting affected by consequences? The pipevine swallowtail is a particularly attractive insect: the males boast glorious iridescent blue, while both sexes show off brightly patterned orange and blue underwings. In one study, Martha Weiss and her students let these butterflies loose on a field of yellow and magenta flowers. Sometimes only the yellow flowers had nectar, sometimes only the magenta ones (Weiss and company had fun arranging this). The butterflies quickly learned which color signaled the consequence they wanted.11 While consequences were effective, these insects show an unlearned preference for the color yellow right from the start. As with the quail chicks, instincts, consequences, and learning coexist along a spectrum of relationships.


  Later, Weiss observed wild wasps making short work of skipper butterfly caterpillars hiding in the leaf shelters they construct. Laboratory wasps viewing the shelters just seemed mystified. Could learning be involved? Indeed, research showed that only wasps that saw a caterpillar in its shelter and got to eat it learned to open the shelters for the tasty treats. Just seeing the shelters or the juicy bugs separately was insufficient.12 The wasps had to learn that the leaf shelters signaled mealtime.


  What about more arbitrary behaviors in small critters like insects? In the interests of science, many rats, mice, and even crabs have pressed many levers. It may sound whimsical, but a lone female stingless bee duplicated this feat. First, she learned to depress either of two tiny levers for nectar, and she did so reliably. Then a light was presented on either of the two sides, and only that lever would pay off. After six hours of training, the little insect pressed the correct lever 107 times, with only 33 errors.13 Not bad—and a step forward in our understanding of learning from consequences. Later researchers built on these early studies to find very impressive learning abilities in honeybees (without using levers; see chapter 10).


  When it comes to clever techniques, though, the method of Björn Brembs may take the cake. The tiny fruit fly Drosophila melanogaster is one of the best-studied organisms, the first insect to have its genome sequenced. Neuroscientist Brembs attaches the adult flies to a sophisticated flight simulator. By beating its wings, the fly doesn’t move and yet it can “fly”: through the magic of computers, the flies’ turning torque produces an appropriate visual field that the flies can see. By adjusting their turning, the flies learned to avoid a beam of heat.14


  Which Came First?


  Invertebrates have both instincts and learning, so which developed earlier? At first glance, instincts may seem like the obvious choice, because they are less flexible and appear simpler to develop and operate. Is it even possible that the answer might have been learning?


  When delay is risky, learning is a luxury: best to go with an unlearned method if you can, like imprinting. But imprinting and other “instincts” still rely on environmental inputs, as we’ve seen: Gottlieb’s work with ducklings showed that hearing in-the-egg cheeping can be essential for the development of this “instinct.” And my colleague’s work with quail chicks showed how flexible such instincts can be in response to consequences: it took only five minutes to eliminate the chicks’ normal imprinting call preference.


  Start with those consequences instead and consider their flexibility. There is a natural fit between climbing a tree and eating its juicy fruit. Similarly, mother rats naturally trot over to retrieve their pups when they go astray. Would the chance to be reunited with a separated pup function as a reward for an arbitrary behavior like lever pressing?


  First, pregnant mother rats in one study learned how to press a lever to receive Kellogg’s Froot Loops. After the rats had given birth, they spent twenty-four hours with their pups. The young were then removed for twenty-four hours. Finally, the test: Would the moms work at pressing the lever to get their pups? Yes—if they actually got to pick up their babies, not just see them through a barrier. This reward method also worked for female rats given the hormones that would naturally be pumped into their systems after bearing young—illustrating the involvement of multiple components of the system.15 (In another study, five dedicated moms each pressed a lever several hundred times within three hours, receiving a rat pup each time—not all hers!—and carrying it to her home.16)


  Outside the laboratory, many mammals and birds can learn arbitrary behaviors for the consequences they want. Reports from around the world show that graceful swallows, common house sparrows, and other birds have learned to trip electric eyes to open automatic store doors and forage or nest inside. Some fly into the path of the invisible beam, some sit nearby and lean over to trip it.
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  But those are vertebrates. Are invertebrates capable of producing arbitrary behaviors for rewards? The planaria that learned to intercept an electric eye provide an example. Stingless bees depress levers, as we’ve seen. In the fruit-fly flight simulator, avoiding heat worked even when the required flight pattern was arbitrary. Flying in circles to escape heat wouldn’t work in the wild, but the little bugs had no trouble learning this maneuver.


  The next step: As we saw, imprinted objects can reward arbitrary behaviors, and the natural imprinting process can be waylaid and overpowered by consequences. Imprinting is flexible. So it seems intuitively likely that instincts like this might branch out further over time and become full-fledged flexible learned behaviors. Quite so, but in the same spirit, Eva Jablonka and her colleagues have suggested that the opposite movement also occurs: learned behaviors can become instincts over time. It’s simply a question of what is adaptive and hence gets favored over the course of natural selection.


  How are these instinct/learning switches possible? In the mid-twentieth century, pioneering geneticist Conrad Waddington showed how the system can move back and forth, depending on what paid off. He raised fruit-fly maggots on a high-salt food, killing some. The young flies that survived were able to respond by producing bigger-than-normal structures on their rear ends to eliminate the salt. After breeding these adaptable flies together for several generations, he raised them on normal food for more generations. Some members of this line now showed the same structural change even without any exposure to salt: assimilation had taken place.17


  It seems almost magical, but of course there’s a logical explanation. Clearly, the capability to produce the salt-excreting structure had already been present in some individuals. A sufficiently salty environment simply triggered activation of the genes and other contributing factors required in these lucky individuals. Their descendants would then be expected to be more likely to produce the structure without the necessity of the salt stimulus—as indeed they were. It’s not that big a difference, really, more a matter of what signals the creation of the enhanced rear end, since the capacity was already there (see chapter 3). As Waddington’s experiments showed, selecting based on the former capacity (producing the structure only when the salt triggered it) means that the appearance of the latter also becomes more likely (producing the structure without the salt).


  That’s an anatomical difference, not a behavioral one—but the same principles apply. Gottlieb’s research with mallard ducklings showed how hearing embryo cheeps before hatching was essential in developing the normal preference for the mallard imprinting call. Hearing these sounds changes the brain (see chapter 4). The cheeps are as much a part of the biological system as the genes are.


  While we may never know for sure which came first, instinct or learning, we know a lot more about the interactions between these different behavioral processes. And that’s helped scientists understand the course of evolution.


  The Evolution of Consequences


  Scientists have known for years that evolution is conservative, reconfiguring what’s already available. Everything is potentially grist for the mill. As a result, many features evolved originally for purposes unrelated to their current function (“exaptations”). A classic example is the transformation of part of the reptile jaw into the bones of the mammal middle ear. Hey, the jaw bones happened to be in the right place and they could do the job, albeit not very well at first. But natural selection could take it from there.


  A similar analogy for the development of learning from consequences may be provided by, of all things, feathers. At first glance, feathers may seem restricted to flight, but of course that’s not the case: they have multiple functions. In fact, most bird feathers have nothing to do with flight. They offer temperature control and protection from the elements. The paleontology shows that insulating feathers first evolved from scales in land dinosaurs—not flying ones like pterosaurs but garden-variety dinosaurs, if such a thing can be said to have existed. Once the scales were present, they could be worked upon further by natural selection. Feathers on forelimbs grew and branched, allowing not only better climate protection but gliding and, ultimately, flight.


  We can guess that in primeval times, only a few consequences may have been effective at first, and the ability to learn from them was very restricted. But with minor modifications and additions, consequences also took flight. Like feathers, consequences spread in greater variety, in turn motivating behaviors of greater variety. A critical step presumably occurred when consequences became effective for behaviors other than those that normally produced them. Lose your babies, rat moms? If they’re near, go and carry them home. But if that doesn’t work, learn to press a lever to retrieve them. Different behaviors, same function. As the list of effective behaviors and rewards lengthened, animals like dogs could enjoy catching a Frisbee instead of dinner. Generalized pleasure and pain centers developed in the nervous system and became busy places. Ultimately, as we saw in chapter 1, variability itself became a reinforceable characteristic of behavior.


  Even planaria can learn about signals—ways to know when consequences are available. Add to that the ability to tolerate delays so consequences that aren’t immediate can still be effective. Add generalization, the ability to respond similarly to events that are similar—something insects can do. Add the ability to form concrete categories like “berries”—not so different from generalization—and then abstract ones that still have something in common—“red”—and then arbitrary categories linked only by common consequences. (Some insects can handle abstract as well as concrete categories.) Add the ability to weight choices, so that bigger consequences count more and delayed consequences count less. Let consequences affect gestures and vocalizations. At this point, higher-level skills like communication and culture become not only possible but probable.


  And it all started with those little flatworms.


  Bird Beaks Pointing the Way:

  How Consequences Lead Evolution


  Not many birds can upstage fifty pink roseate spoonbills and a supporting cast of thousands of shorebirds, pelicans, gulls, terns, egrets, and herons—even a regal peregrine falcon cruising by. I had spent an hour paddling the mud flats of the Everglades, barely navigable at low tide even for my kayak. Now, bobbing in the water at a distance, hoping against hope, I was panning through all the spoonbills with my binoculars when I noticed a distinctly different pink bird in the background. I knew immediately that this was one of the holy grails of Florida birding: an adult greater flamingo. Paler, younger flamingos foraged nearby. I watched for about an hour, pinching myself. At closer range, I could even make out details of that unique boomerang-shaped bill.


  The flamingo’s bill is a classic example of behavior leading evolution. Irresistible little crustaceans of the briny bays reinforced the probing of the flamingo’s predecessors, despite their originally clumsy beaks. Given enough time in this rewarding niche, genetically based structural changes in that beak followed.


  Darwin’s finches provide another famous example. In the Galapagos, the one pioneer finch species that settled these distant islands had all sorts of foraging opportunities, and “radiated” into over a dozen different species that often specialized in habitat, foraging style, or both. Foraging on big seeds, for example, created selection pressure for thick, husk-cracking beaks, because birds with bigger beaks had an advantage in survival and reproduction. For finches that pursued insects, thinner probing beaks were selected instead. “Sympatric speciation” —species separation without geographic isolation—is less common than geographically based speciation, but under the right circumstances, it can and does happen, and it clearly happened in the Galapagos.18 If small-billed birds were more likely to mate with each other than with large-billed birds—perhaps simply due to spending more time in different habitats—then the stage was set.


  The tables turned in these cases: once the ability to learn from consequences had evolved, it became an important driver of evolution. Different foraging styles for different food rewards in different habitats helped lead to different beaks. The behavior followed the consequences, and genetic change then followed the behavior—something even Darwin knew was possible. It’s no different, in essence, from the way that the development of ancient oxygen-excreting bacteria brought our planet a whole new kind of atmosphere. Modern life could not have developed otherwise. Consequences also opened up whole new vistas as evolution proceeded.


  The principle is pervasive and it continues to operate today. In the Pacific Northwest (as well as elsewhere), orca whales with different feeding habits have recently been suggested to be separate species. “Transient” orca pods roam widely after marine mammals like sea lions, while “resident” pods stay closer to shore and chase fish. “Offshore” orcas are like residents, but they travel much farther offshore. They all behave differently, and the three types—transient, resident, and offshore—avoid each other: Genetic analyses show that these groups of whales have not interbred for many generations, although they still could. Their dorsal fins look different, too.19 Which change came first? Perhaps behavior again helped lead the way to ultimate genetic change.20


  Some species go one step further. They don’t just choose a niche because of the consequences found there, they construct the niche. Once in it, the same processes produce adaptation to that niche. Beavers are a classic example of busy niche constructors, but we can look a lot closer to home.


  When people domesticated cattle, milk became a staple food—except that the ability to digest milk’s lactose is usually lost after early childhood. What do you do if milk is all that’s available in your herding society? Or you live in the northlands, layer clothing in the winter, and need the extra vitamin D that the sun no longer provides—but milk does? With enough variability in gene regulation—a change in timing is all that’s required—and with enough selection pressure, it’s not surprising that these clans developed extended lactose tolerance. But the behaviors and their consequences came first. They provided the critical selection pressure.21


  The Cause That Works Backward


  If behavior-led genetic change seems unexpected, it’s only a consequence of the unusual way that both natural selection and behavioral consequences work—selectionism. It’s not a straightforward process, like dominos. If you topple one domino, it topples the next, and on down the line: A causes B causes C, in order. The underlying principle of selectionism, however, is different: success is reproduced; failure isn’t.


  The force of selection is thus a cause that works backward, in a sense. Suppose you are eager to learn to make a free throw in basketball. Your initial efforts might be generally accurate but lacking in force, so your tosses fall short. Weak attempts disappear as a consequence, while forceful ones get rewarded with success, or at least balls that get close to the basket. (Hey, even the pros don’t make every free throw.) The next time you shoot a few, you’ve gained some skills. Strong tosses are in, weak ones have been weeded out. The variations came first, the selection second, followed by the effect on your evolving basket-tossing repertoire.


  Darwin noted that living things didn’t just copy themselves once, they produced extra young that differed from each other. Finite resources meant that not all would be able to survive and reproduce, and “natural selection” ensured that those less fit (or just unlucky) lost the race. A blind robin hatches and then, as a consequence of its defect, perishes. As in learning from consequences, the variations come first, the selection second. Third is the effect on the robin gene pool: Genes that help to cause defects are weeded out. Genes that contribute to fitness—or are at least neutral—stay in.


  Learning from consequences developed because it proved to help fit creatures for the everyday struggle of life: behaviors that succeed (that achieve reinforcement) are repeated, behaviors that fail disappear. Consequences modify behaviors across days and years, just as they alter species across centuries and millennia. Consequences in turn were selected. Injuries feel bad because animals that didn’t avoid injury didn’t survive. Pain, sad to say, was necessary for survival. But so was pleasure.


  Take this one step further. Food tastes good because animals that liked eating survived. We ourselves don’t have to learn to appreciate sugar or fats (more’s the pity in these days of plenty for the developed nations). But our ancestors who found them rewarding were more likely to survive. The connection to the simple rewards of flatworms is evident.


  B.F. Skinner was one of the first to note the parallels between the science he founded and natural selection in evolution.22 Just as in evolution, there’s both positive and negative selection. Positive selection increases the frequencies of advantageous genetic variants, as reinforcers strengthen the behaviors that produce them. Negative selection weeds out what causes harm, much as negative consequences diminish behavior. Neutrals
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