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				“Where once were hardly solitary cottages, there are now large cities … everywhere are houses, and inhabitants, and settled government, and civilized life. What most frequently meets our view (and occasions complaint), is our teeming population: our numbers are burdensome to the world, which can hardly supply us from its natural elements; our wants grow more and more keen, and our complaints more bitter in all mouths.”

				TERTULLIAN, C. 200 AD

				“If we could solve all the rat problems we would be well on the way to solving many of the critical issues facing mankind today. Perhaps we just might better quit looking directly at ourselves for a while, and instead look at rats to see what that avenue of searching tells us about ourselves.”

				JOHN B. CALHOUN, 1967
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			PREFACE

			PRIMATE CITIES

			
				This is the house that Jack built.

				This is the malt

				That lay in the house that Jack built.

				This is the rat,

				That ate the malt

				That lay in the house that Jack built.

				ENGLISH NURSERY RHYME, TRAD.

			

			SOME six hundred and ninety thousand people live within the nineteen square miles of the Edogawa ward of Tokyo.

			That’s a population density of over thirty-six thousand people per square mile. Approximately one in every seventy of those never leaves the house. Nationwide, it is estimated there are over a million and a half people living like this. Nearly all are housed with families, although most do not socialize with them. The family home is a place of purely physical sustenance, and almost total psychic withdrawal.

			In Japan, the housebound are called the hikikomori. Shut-ins. Isolates. Practitioners of a modern and distinctly urban form of eremetic monasticism. No one is quite sure what causes this, or why it is happening now. But the phenomenon seems to be spreading, with similar cases reported in other Asian countries and in the West, where the trope of young men holed up in their parents’ basements has become a chat-board cliché. The Japanese population is shrinking, with birth rates falling as fewer and fewer young people form relationships. More and more hikikomori are reported each year.

			John B. Calhoun died in 1995, but he would have recognized the hikikomori. Complete social withdrawal was a typical response to overcrowding in his research, one of a suite of behaviors that emerged under conditions of elevated population density. His term for this particular reaction was “social autism.” Other typical responses included aggression, gang formation, and obsessive communal eating and drinking.

			Jack Calhoun, though, had not been studying human societies, but colonies of rats.

			He had first begun his work with crowded rodents in the 1940s, fencing off a clearing in the woods behind his house. By the 1970s, his rats were living in large, elaborate enclosures within the animal houses of the National Institute of Mental Health, better known by its acronym: NIMH. Calhoun had lobbied long and hard to have special facilities in which to conduct his experiments. His colleagues affectionately called his lab “the house that Jack built.”

			Inside were the rat cities of NIMH. Calhoun called them “universes” because they were self-contained environments, worlds unto themselves, where all of the somatic needs of the rats were met. Unlike a laboratory cage, which is designed to pacify and contain the occupant by isolating it from others, Calhoun carefully designed the enclosures to allow his animals opportunity to exhibit their natural social behaviors. They were designed to create “rat utopia,” and, just as in the wild, the rats formed colonies and raised families. They had abundant food, water, and bedding, plenty of nest boxes. And, until the populations reached a certain size, they had enough space.

			But when population density increased beyond a certain point, the social fabric began to unravel.

			In the second and third generations, as the rats’ universe became increasingly crowded, abnormal behaviors began to emerge in the rat cities. Fertility rates dropped; infant neglect rose. The usual mating rituals were abandoned and replaced by aggressive and persistent nonreproductive sexual activity. Homosexuality became commonplace. Violence, which among animals of the same species is nearly always ritualistic and seldom causes any serious damage to combatants, became endemic. Rats in the wild merely nip one another, but in Calhoun’s animal houses, those rules ceased to hold. The rats of NIMH deployed the full force of their jaws, using slashing motions to penetrate through skin and muscle, leading to disembowelment and tail amputation. Private burrows were invaded, and the young nested within were cannibalized. Rat utopia became hell.

			Complete social withdrawal became a survival strategy. The isolates, Calhoun’s hikikomori, were sleek and glossy, well fed, calm, docile. They often stayed high above the floor of the pens, avoiding the violence and sexual activity rampant below. Calhoun had a name for them: the Beautiful Ones. From an evolutionary perspective, their existence was baffling: “For their whole life span they failed to reproduce,” he marveled. “They might as well have died at birth.”

			Eventually, social disruption was so severe that no new young survived past infancy and reproduction ceased altogether. The colonies depopulated toward zero. The trauma was intergenerational: even when individuals born in the later stages of the experiment were removed from the universe and placed in more comfortable surroundings, they failed to develop any of the normal behaviors and produced no viable offspring. From 1947 until 1983, Jack repeated variations on his experiments, tweaking variables, trying to find a strategy by which the rats could survive overcrowding. Each iteration terminated in colonial extinction, the sterile and hermetic Beautiful Ones, asocial hikikomori, always the last survivors.

			Jack Calhoun lived through a period of massive population growth. At his birth, in 1917, the global population was a little under two billion. By his death, it was almost six billion. Today, it is in excess of eight billion. Demographers studying that trend discovered that the human population was growing exponentially, each doubling occurring in half the time it had taken for the previous doubling. In 1960, one scientist playfully calculated that, if this continued, the human population would approach infinity on Friday the thirteenth of November, 2026.

			Calhoun was trying to find a way to solve the problem of crowding. He didn’t believe it was possible to halt population growth—or rather, he felt that the possible routes were impossibly undesirable. Through studying rodents, he wanted to find out if and how humans might cope when social density in the cities approached the densities in his universes.

			

			—

			WHEN NEWS of Calhoun’s work first emerged in the early 1960s, it was into a culture undergoing huge social upheaval. Inner-city rioting, motiveless serial murder, sexual deviancy. As an explanation, crowding seemed to fit the data. Colloquially, we are well aware that crowded places are stressful. It’s entirely familiar today to say something like “I get stressed when people intrude on my personal space” or “crowded places get my adrenaline going.” But actually, these are all quite recent ideas. The link between adrenaline and stress was only discovered in the 1910s, the term “stress” itself only arrived in the 1930s, and “personal space” wasn’t a thing until the late 1950s. “Stress” and “personal space” and “the fight-or-flight response” were concepts that emerged from researchers who, like Calhoun, were studying how humans and other animals negotiate social relations and defend territory.

			Some of them were architects, or anthropologists, or psychiatrists. Many were ecologists. Nearly all used animal studies to inform and explain their work. In applying what they had learned about animal behavior to the study of human society, startling continuities became apparent. Stress caused by proximity to others caused all manner of problems. When Jean-Paul Sartre wrote “L’enfer, c’est les autres“—hell is other people—it was in the context of a play where the characters were unable to leave the room.

			Calhoun’s work helped people think about how the design and layout of a room might change the experience of people within it. Psychiatrists studying the behavior of mental patients on open wards realized that in addition to whatever else was wrong with them, the patients were also stressed by unwanted and constant social contact. They felt vulnerable, exposed. Simply by putting up screens to break up lines of sight in large spaces, or rearranging the chairs so people didn’t have to face one another, they were able to make their patients feel more comfortable.

			We all put up screens. A wall is a screen, or a closed door. On a crowded subway train, a newspaper is a screen, or a book. A screen is a screen, too. The electronic devices we carry block the need for social engagement, reduce the risk of eye contact with strangers. In crowded places, we retreat behind them, a black mirror held up to the world without. Such distractions are necessary: the city can be a uniquely uncomfortable habitat in which to live.

			The rat cities of NIMH were models of our own cities: places in which unwanted contact with strangers forced withdrawal or confrontation, where the pursuit of privacy would vie with the need to connect. The global trend toward urbanization over the last century and a half has seen an ever-greater proportion of an ever-larger global population living in ever-denser agglomerations. A physicist in the 1940s watching the seemingly inexorable concentration of people drawn into the urban core described the phenomenon as “demographic gravitation.”

			In most countries, city size follows a curious power law, whereby the largest city is twice as populous as the second largest city, and the third largest city a third as populous, and so on. But in some countries, there is one city much larger than any others. Dublin is five times more populous than Cork; Kabul is more than eight times the size of Kandahar; while in Ethiopia, Addis Ababa is almost ten times larger than Adama. Phnom Penh is fifteen times larger than Cambodia’s second city of Siem Reap. Almost ten percent of the population of Japan lives in Tokyo, where the hikikomori wait out their quiet lives. Geographers have an odd term for such places. They call them “primate cities.” There are relatively few primate cities.

			But every city is a rat city. Wherever there are people, there will be rats. Like us, and because of us, they have become a global species. Of all the continents, only Antarctica has no rats. But it also has no cities. The largest inhabited area that has managed to eradicate rats is the sparsely populated Canadian province of Alberta, and only by dint of vigilant rodent control, abetted by sufficient peripheral wilderness. New Zealand hopes to replicate this feat by 2050.

			It was rodent eradication that first drew Jack Calhoun from rural Tennessee to inner-city Baltimore, where he was enlisted to help combat a wartime rat infestation. His story is the spindle around which all else is organized in this book. But telling his story requires following the rat from the baiting pits of Victorian London to the pristine laboratories of Johns Hopkins and on to the rat cities of NIMH. It involves the emergence of ecology and ethology, and how these new sciences led to new ways of thinking about the place of humans both in relation to other animals and to the habitats we have built for ourselves.

			Habitat matters. Darwin’s theory of evolution established that the physical form of an organism reflected its adaptation to a particular habitat. Calhoun came from a school of thought that emphasized how behavior, too, was adaptive, and that what sorts of things an animal did—whether it gathered in packs or lived alone, whether it built nests or dug burrows—were also adaptations to particular habitats. And so, while his colleagues performed experiments on animals kept in standardized cages, Calhoun experimented with different cages and left the animals themselves alone. What sort of box you kept an animal in would affect what it did.

			In the early 1970s, Jack Calhoun was briefly famous. His work was regularly featured in the press; he was consulted by the United Nations, introduced to the Pope, and even put forward for the Nobel Prize. By the 1980s, as the focus of mental health shifted away from environmental causes and toward pharmacological fixes, his scientific stock value began to decline. Meanwhile, a growing queasiness over the social and political ramifications of “population control” meant that the threat of overpopulation largely disappeared from polite discourse, and with it, Calhoun’s relevance.

			In recent years, as a new generation learns of the striking parallels between his crowded rodents and our urban predicament, there has been renewed interest in the rat cities of NIMH. Much of this is focused on “Universe 25,” one of Calhoun’s later experiments. Visually arresting and viscerally repellant, Universe 25 has become a shorthand for civilizational collapse. But the actual experiment has receded behind a caricature, become a meme. Universe 25 was the most notorious of his projects largely because it was the most photographed. But it was only one of a series of different research cycles, each exploring an issue raised by the previous cycle. And each linked in an intellectual trajectory he pursued assiduously over four decades.

			Calhoun was aware of the macabre appeal of his work and sought to use the press attention to try to spread his optimistic and increasingly urgent message that humanity need not endure the same fate as his rodents. That positive message has largely been lost, and to date no full account of his scientific career has been written. This book is an attempt to fill in the history leading up to Universe 25 and beyond. Ours is not an attempt to evaluate the merit of his work, but simply to set the rat cities in their scientific and historical context, and to answer the questions they raise: Why did he create his strange model universes? Why did he use rats? And what did he and others think a pen full of swarming rodents really told us about life in our human cities?

		

	
		
			PART ONE

			GENESIS

		

	
		
			CHAPTER 1

			A NEW WORLD

			TWO ships, the Ark and the Dove, set sail from England in late November 1633, bound for the Americas. Financed by Cecil Calvert, the second Baron Baltimore, they carried nearly one hundred and fifty souls for settlement in the new colony of Maryland. Several days into the crossing, the much smaller Dove was reported missing in high seas and presumed lost. The Ark sailed on, absent its pinnace, though not without further event. After casks of wine were opened for celebratory drinks on Christmas Day, one passenger would later recall that “it was soe immoderately taken as the next day 30 sickened of fevers, whereof about a dozen died afterward.”[1] On January 3, the Ark arrived in Barbados, and two weeks after that so did the Dove, which had taken shelter in Plymouth port and survived the storm. They proceeded in convoy up the Eastern coast to Jamestown, and onward to disembark on what is now St. Clement’s Island in the Chesapeake Bay. The date of their arrival is still marked as “Maryland Day,” and the city just north of their landing named for their benefactor, and Maryland’s first governor, Lord Baltimore. Unlike its biblical namesake, Baltimore’s Ark wasn’t carrying two of every kind of beast, but it is unlikely it was carrying only one, and therefore intriguing to wonder whether, when the Ark discharged its surviving human cargo of colonists onto American soil, it didn’t also deposit a colony of rats.

			Rats were not native to the Americas but arrived with the Europeans. At first, they would have been black rats, Rattus rattus, which had radiated out from northern India, migrating into Europe about a thousand years ago following caravans along the spice roads, later seeding Medieval Europe with the Black Death and eventually stowing away on vessels bound for the New World. By the eighteenth century, the larger Norway or brown rat, Rattus norvegicus, had almost wholly displaced the black rat in most of Europe, and upon arrival in North America sometime in the 1750s proceeded also to dominate there.

			Baltimore’s first Norway rats might have found a town of only a few hundred settlers, but the city grew rapidly. When it was incorporated in 1797, the population stood at around six thousand. By 1820, when English surveyor Thomas Poppleton was hired to map and contain the sprawl, that number had increased tenfold to well over sixty thousand.[2] The map was also a plan—a trellis on which the city might grow. Poppleton produced the now-familiar orthogonal hierarchy of main streets feeding side streets, forming rectangular city blocks threaded with narrow service alleys. Filling up and soon overspilling Poppleton’s grid, Baltimore became a major trading port and industrial hub, with mills, shipyards, and factories appearing all along the shores of the Potomac. Great wealth was accrued, and millionaire philanthropists competed to bestow ever-grander symbols of their success upon the city: the Enoch Pratt Free Library, the Walters Art Gallery, and, in 1876, Johns Hopkins University and Hospital, America’s first research-focused institute of higher education. By 1900, there were half a million residents, including many freed slaves from the south.

			Inside the grid of streets, terraces of row housing provided affordable and efficient accommodation to the endless stream of workers. Fitting as many as seventy properties per block, the row-house design maximized the available space with the minimum building materials. But that density embedded a precarity, and after an explosion at a dry goods store in 1904, fire travelled easily through the terraces, eventually laying waste to one hundred and forty acres of downtown Baltimore. Rebuilding was swift, but as the influx of migrants both from overseas and from the south continued, the population rapidly outstripped housing supply; meanwhile, zoning laws were soon to be introduced, preventing black people from moving into white neighborhoods. The trellis became a trap, rigidly containing populations within their allotted cells.

			So Baltimore followed a trajectory common to many American cities: rapid expansion in the nineteenth century, an influx of freed slaves following the Civil War, industrial boom, economic collapse, political corruption, the obligatory Great Fire, and Jim Crow gerrymandering embedding structural inequalities that would entrench a seemingly indelible legacy of racial disparity and social division. All laid out over a regimented grid of city blocks that exerted a subtle but very real form of control over the inhabitants they housed and divided.

			And yet, for every way that Baltimore was typical, it was peculiar. During the Civil War, Baltimore had been a “middle city,” poised between North and South, and was embedded now within the increasingly connected, increasingly dense megalopolis that stretched from New York through Philadelphia to the capital in DC. When Johns Hopkins was inaugurated in 1876, its first president, Daniel Coit Gilman, had insisted on the importance of place. The university was to sit “in the heart of the city, accessible to all.” Rather than the ivy-coated gothic colleges of Harvard and Yale, it was to occupy “a series of modern institutions; not a monumental, but a serviceable group of structures.” After all, as Gilman put it: “The middle ages have not built any cloisters for us; why should we build for the middle ages? In these days laboratories are demanded on a scale and in a variety hitherto unknown.” Forward-looking, focused on research and learning, Gilman said the “object of the university is to develop character—to make men.”[3] And hence Johns Hopkins, the university and hospital founded by Quakers, beholden to “build men, not buildings,” resisted the opportunity to relocate, remaining downtown even as the city thickened and deteriorated around it. That physical immersion among the urban poor would come to shape both the questions its researchers asked and the evidential materials available, while the twinned functions of clinical hospital and academic university made fluid the transfer of information between public health policy and theoretical research: informing the former, grounding the latter.

			Following a pronounced economic slump and mass unemployment during the Great Depression, the outbreak of World War II renewed Baltimore’s fortunes. The shipyards and carmakers converted their production lines and began churning out materiel for the war effort at an astonishing rate: almost four hundred Liberty ships for the navy, over five thousand B-26 bombers for the air force.[4] Great flows of workers entered the city, but with little new housing stock, many row houses were hastily converted for multiple occupancy. Amid the increased population of humans, an increasing population of rats was becoming a problem.

			“It was as if they had taken over the city,” an intern at Johns Hopkins Hospital would later recall. “They scuttled about: aggressive, fearless, upsetting garbage cans and fighting ferociously with each other.”[5] Reports began to accumulate of infested warehouses, and over a hundred cases of rat bites—mostly suffered by infants.[6] With the city such a crucial part of the war effort and resources already stretched, any contamination of food stores or damage to infrastructure and apparatus by vermin was intolerable. Not only that, but there was concern that rats, which had long been a natural vector of disease, might be actively weaponized by the Axis powers to spread bubonic plague on US soil. And so it came to pass that in 1942, while the world was at war, the City of Baltimore opened a new battlefront: they declared war on the rat.

			

			—

			YELLOW FEVER ravaged Philadelphia during the fall of 1793. Headaches, nausea, vomiting, and muscle pain gave way to liver failure, causing the distinctive yellowing of the skin and subsequent bleeding from the mouth, nose, and eyes. When the first cases had been detected in August, Dr. Benjamin Rush, signatory to the Declaration of Independence and later memorialized as “the Father of American Psychiatry,” sought, unsuccessfully, to treat the sick with bloodletting and mercury chloride. By November, some five thousand citizens, ten percent of the city’s population, were dead. Panic spread along the Atlantic seaboard. Fearing a similar decimation, quarantines against goods and persons were introduced in Baltimore, Boston, and New York. Thomas Jefferson thought the epidemic providential, a corrective to American urbanization. He would later write to Rush: “The yellow fever will discourage the growth of great cities in our nation; & I view great cities as pestilential to the morals, the health and the liberties of man.”[7] Baltimore, unwilling to see its growth discouraged, appointed its first health officers that same year and promptly established a permanent Board of Health. Other cities followed. When the Boston Board of Health was set up seven years later, its first president was Paul Revere.

			By the 1940s, the Baltimore Board of Health was celebrating its fifteenth decade of continuous operation. And yet, successive attempts to improve living conditions within the municipality had achieved little, and sometimes made things much worse. Long before the influx of war workers, much of the city’s housing was already in a dolorous state. An article from 1892 casts a racially prejudicial eye over the conditions in Baltimore’s Pigtown district:

			
				Open drains, great lots filled with high weeds, ashes and garbage accumulated in the alleyways, cellars filled with filthy black water, houses that are total strangers to the touch of whitewash or scrubbing brush, human bodies that have been strangers for months to soap and water, villainous looking negroes who loiter and sleep around the street corners and never work; vile and vicious women, with but a smock to cover their black nakedness, lounging in the doorways or squatting on the steps, hurling foul epithets at every passerby; foul streets, foul people, in foul tenements filled with foul air; that’s “Pigtown.”[8]

			

			Fifteen years later, in 1907, social reformer Janet E. Kemp published an influential report, Housing Conditions in Baltimore, which aimed to improve “sanitary surroundings” for the poor. She had begun her survey in 1903, but work was interrupted by the Great Fire of 1904. When she resumed in 1906, she might have wished the fire had claimed even more buildings. Documenting the open sewers, makeshift abattoirs, flooded basements, overcrowded lots, and overflowing hogshead barrels serving as shared toilets, Kemp’s report makes for grim reading.

			Housing Conditions In Baltimore is significant because Kemp identified a flaw at the heart of unregulated capitalism: “Chief among the causes which operate to bring about such conditions may be the mentioned the landlord’s desire to increase his profits.” A landlord with a plot of land will attempt to extract as much rent as possible, which led to overcrowding and minimal maintenance. The consequences were predictable:

			
				This may, indeed, mean the slow destruction of the tenant, but it is safe to say that we are still too far removed from the millennium to hope to control, to any large extent, save by legislation, an evil which has its root in the not unnatural or uncommon desire to secure the largest possible returns on one’s investment.[9]

			

			With demand for housing far outstripping supply, the usual market forces failed to kick in to drive standards up, and—because there was no incentive for landlords to improve the buildings—would actually drive them down. Making improvements cut into the profit margin.

			Illustrated with photographs of windowless and filthy rooms visible to the photographic plate only by means of a phosphorescent flash, Housing Conditions in Baltimore caused a stir of civic embarrassment as much as human sympathy. In the short term, it had the effect of improving situations for the whites—mainly immigrant Poles, Russians, and Germans—but did little to touch the “alleys” where the majority of the city’s black population lived. Compounding this was the inevitable racial hierarchy. A mere two generations out of slavery, the black population was generally held to be deficient in character, and therefore blamed for their living conditions in a way the poor whites were not. Kemp’s call for remedial legislation would be answered, but disastrously so, as the tacit segregation that already existed was soon to become official.

			

			—

			EVEN AS the Board of Health sought to drive rats out from the city, scientists at Johns Hopkins would soon be importing a different kind of rat back in—one that had been selectively bred for precise laboratory work. For while Kemp was campaigning to sanitize the slums, the rat itself was undergoing a process of “sanitization,” and a new role was emerging from the mission to eradicate them, a parallel history that would eventually result in an unlikely convergence between ratcatchers and city reformers.

			Ratcatchers had been around for centuries, sending wiry terriers scurrying into barns and basements. In Old World mythology, there is the story of the infestation of Hamelin, a medieval town in Lower Saxony. There, an itinerant ratcatcher had enchanted the rats from their hiding places by playing a tune on his pipe, luring them in a massed hypnotic swarm to drown in the Weser river. When the mayor refused to pay the ratcatcher’s fee, the Piper returned and enticed all the town’s children away by the same means.

			By the early nineteenth century, ratcatchers had developed a secondary market for their harvest. The rats they trapped were held captive, and as many as two hundred at a time emptied into a wood-paneled pit. A terrier would be dropped among them, while punters placed bets on how long it would take the dog to dispatch every last one. Rat-baiting became a popular variation on an old blood sport, but unlike the bears and bulls that had once been baited, rats were cheap and in near-limitless supply. Every once in a while, an albino mutation would be caught. Rather than being thrown into the baiting arena, the white rats were separated out and saved. Ever alert to sources of additional income, the ratcatchers discovered they could sell unusual variants to breeders supplying the burgeoning hobby of rat fancying. And so it came to pass that pampered fancy rats were displayed at pet shows even as their ilk were being tossed to the dogs.

			Having fortuitously escaped the baiting pits, white rats not selected for showing were soon to find employ in another of the rapidly proliferating institutions of the nineteenth century: the scientific laboratories. The first albino rats were used for anatomical dissection in Paris in 1850,[10] and they quickly became a popular choice for scientists across Europe.

			Visiting the University of Chicago in the early 1890s, a Swiss neuropathologist called Adolf Meyer brought the white rat to America. Meyer was using the albino rat as a teaching aid in his lectures on the anatomy of the nervous system. Neurologist Henry Hubert Donaldson was impressed and secured a temporary post at Chicago for Meyer, and together they began using rats to investigate the growth and development of the brain. Meyer subsequently found more permanent work at a psychiatric hospital in Kansas, initially as a pathologist but gradually migrating into clinical psychiatry. Attempting to steer psychiatry toward a biomedical model, Meyer and his white rats eventually settled at Johns Hopkins in 1909, where he was to oversee the establishment of the Henry Phipps Psychiatric Clinic. Donaldson, meanwhile, was offered a post at the Wistar Institute in Philadelphia, where he was to lead the neurology division. When Donaldson moved to Philadelphia, he also brought his white rats with him and began a rigorous breeding program. As the rat population at Wistar grew, Donaldson began to hanker after precision. The lab rats certainly looked similar enough, but for research purposes, Donaldson now wondered just how similar it would be possible to make them.

			

			—

			MEANWHILE, BY 1910, Baltimore’s seventeenth ward in the city’s northwest had become increasingly squalid, overcrowded, and almost wholly black. As those black families who could afford to do so moved out, the boundary of the so-called “Negro district” crept west into the fifteenth and sixteenth ward, and north into the fourteenth. The wealthier white residents called it “the black sea,” smeared tar on the white marble front steps of black-owned houses, and attacked a black family who had moved to more prosperous Stricker Street. In July, Mayor J. Barry Mahool was petitioned to “take some measures to restrain the colored people from locating in a white community, and proscribe a limit beyond which is shall be unlawful for them to go.”[11]

			In response, the City introduced one of its most notorious policies: the Segregated Housing Ordinance. This decreed that black residents must only live within certain zones and would be prevented from moving to other areas of the city. Consonant with the City’s longstanding stance on public health, the putative rationale was to reduce the spread of contagion: the especially poor living conditions endured by Baltimore’s black population were leading to higher levels of infectious disease. With tuberculosis and typhus rife, containing the most affected areas became a means of containing illness, and racial segregation would now be framed as a public health measure.

			There was a yet more sinister dimension. A prevailing belief in social Darwinism—the Victorian idea that saw inequality as the sociological equivalent of survival of the fittest—took the increased mortality rate within the black neighborhoods as evidence that the “weaker races” were, quite naturally, dying out. Sequestered within the ghettos, what was being described as “the negro problem” would eventually solve itself as black populations dwindled toward an inevitable extinction. Here was city planning deployed as assisted genocide. City solicitor Edgar Allen Poe (not the author, but his second cousin twice removed) approved the bill, and on May 15, 1911, Mayor Mahool signed the ordinance into law.

			Baltimore was the very first city to introduce such zoning laws, but it would not be last. Surely surprised that Baltimore could get away with overt and, moreover, legalized segregation, Mooresville and Winston-Salem in North Carolina soon followed Baltimore, then Asheville. Over the next two years, a total of twelve American cities, including Atlanta, Birmingham, and St. Louis, would implement similar segregated housing ordinances. Only when the Supreme Court found the practice unconstitutional in 1917 would the spread of what was later called “Apartheid, Baltimore Style” be checked, although other, more insidious methods of segregating housing would continue.

			The immediate effect of the racial quarantine was a rapid decline in already dilapidated housing. With their tenants unable to move out, landlords had a quite literally captive market, and black neighborhoods soon became even more crowded, more rundown, more unsanitary. To those who approved of the segregation, here was proof of its necessity. Not only that, but wealthier white citizens, now protected from “the black sea,” had even less incentive to improve those regions. When neighborhoods abutting the black ghettos complained of their proximity, the City razed properties inside the perimeter, replacing them with bulwarks of green parkland. The white residents were now better insulated, the black districts just got even smaller. Fully twenty percent of the city’s population, Baltimore’s black citizens were now crammed into just two percent of its housing stock.

			

			—

			AS BALTIMORE’S elite grappled with racial differences, at Wistar, Donaldson was reflecting on the differences among his rats. If the rat was going to be useful as a tool for exchanging information between different centers of scientific research, it would need to possess a uniformity comparable to the engineers’ weights and measures. With the industrial standard of the Sellers screw thread as his model, Donaldson set out to make a standard rat:

			
				The animal chosen for this purpose should be of the greatest possible uniformity in vitality, weight, structure of its organs and parts, at given ages, and in transmitting power—a stock as nearly homozygous as possible. In other words, a standardized animal is needed for the most accurate results in biological research.[12]

			

			But how could you “standardize” an organism? Every individual specimen had a slightly different genetic makeup, the generational shuffling and recombination of which was both the engine and reserve power of evolutionary adaptation. Mutations and variations were inevitable. Natural genetic variety meant that every pup in every litter would be unique. The answer came from the only female researcher at the Wistar Institute, biologist Helen Dean King. In 1909, at forty years old, King began to selectively in-breed rats from the Wistar colony.

			King was well aware of what she called “the almost universal prejudice against inbreeding,”[13] an aversion that wasn’t just an ethical qualm but a biological limit. Genetic diversity was crucial for population health as a reservoir of potentially beneficial adaptations. Inbreeding not only reduced the capacity of a population to adapt to any external changes, but also caused recessive traits to build up in the genome, leading to cumulatively severe malformations and eventual sterility. No lesser authority than Charles Darwin himself had concluded that “long-continued close interbreeding is injurious” and that destructive mutations were an inevitable result of “close interbreeding carried on for too long a time.”[14] But King had a hunch: perhaps it had simply never been carried on for long enough.

			For six years, King mated brothers with sisters, carefully choosing only those offspring that were healthy and shared the characteristics she wanted to preserve. The theory was that by exclusively mating any healthy siblings, the latent genetic variety within the animals could be gradually bred out, and the genome winnowed down to a stable and uniform template, as near identical as possible between generations. Still, her initial results were not encouraging. She writes:

			
				In the earlier generations the inbred rats exhibited all of the defects which are popularly supposed to appear in any closely inbred stock. Many females […] were sterile, and those that did breed usually produced only one or two litters which were generally of small size. A considerable proportion of the rats were dwarfed, on stunted in their growth, and many of them developed malformation, particularly deformed teeth.

			

			
				By the sixth generation, the output of healthy offspring was sufficient that she could yield a thousand rats per breeding cycle. And so eventually, refuting Darwin, King was able to demonstrate that inbreeding—if carefully supervised—did not necessarily result in damaging mutations. On the contrary, under these controlled conditions, deleterious mutations could be eliminated, desirable traits preserved, the “perfect specimen” all but achieved. By 1915, after twenty-eight generations of inbreeding, yielding tens of thousands of offspring, she had produced an organism almost completely homozygous. With so little genetic variation, the Wistar rats would now “breed true,” yielding reliably identical albino offspring. What King had produced amounted to a race of incest clones.[15]

			The uniformity of the Wistar rats made them ideal for scientific experimentation: where genetic diversity was beneficial for wild populations, genetic homogeneity was ideal for scientific study. So invariant were the Wistar rats that Donaldson was able to produce a guidebook for their use: The Rat: Reference Tables and Data lays out the exact size and weight of the Wistar rats at different stages of their lives, allowing experimenters to confidently ascribe any deviation from these figures solely to their intervention. Packed in boxes stamped with the Wistar logotype, they were shipped to laboratories across the States. The lab rat became a branded product, and the Wistar would be joined by others: the Long-Evans, the Sprague-Dawley and the Osborne-Mendel, the Brattleboro, the Lewis, and the Royal College of Surgeons rat. Nearly all the variations were crosses with the Wistar stock.

			The lab rat became a working model of the human body in miniature, a precision instrument with regularized and known specifications. Donaldson’s reference book even includes tables for comparing brain development in rats and the corresponding brain development in humans: a human at two years old is equivalent to a rat at twenty-six days; a human at nine and half years is equivalent to a rat at one hundred and fifteen days.[16]

			But the reference tables said nothing about behavior. The only relevant behavioral characteristic was docility: compared to their wild ancestors, the lab rats were extraordinarily passive and easily tamed. Besides, it was one thing to make analogies between rodent and human bodies, quite another to make such analogies between their behaviors. The use of rats for psychological research would require a fundamental shift in how psychologists thought of behavior, and that change would come about as a result of the work of John Broadus Watson.

			While Donaldson had been at Chicago, Watson had been a doctoral student investigating how learning occurs—how a brain is able to store new information, how habits are acquired. Because the problem of how the brain produced behavior straddled physiology and psychology, he had several academic advisors, and Donaldson was helping him with the neurology. Watson had been encouraged by another supervisor to study the brains of dogs, but Donaldson intervened and suggested he use rats instead. Watson’s thesis was completed in 1903 and published as a book that same year: Animal Education: An Experimental Study of the Psychical Development of the White Rat, Correlated with the Growth of its Nervous System. Confident of the scientific value of the work, Donaldson loaned Watson $350 to pay for the printing.[17] At only twenty-five years old, Watson was the youngest Ph.D. in the university’s history.

			Animal Education was well received, and Watson promptly offered a faculty position at Chicago. Five years later, Watson accepted a more senior post at Johns Hopkins, where he would continue his work with rats. By steering him away from dogs, Donaldson’s intervention unwittingly secured the white rat as the preeminent animal model for psychological research. Through Meyer and Donaldson, the rat had become established as a model for studying the brain, but now Watson wanted to use the rat as a means of studying behavior. To do so, he would need to revolutionize the study of psychology, and the rat would be crucial in effecting that change.

			

			—

			IN BALTIMORE, the type of useful legal intervention that Janet Kemp had wished for would be another three decades coming. Concerned once again with increasing overcrowding and a rise in meningitis, tuberculosis, typhus, Weil’s disease, and elevated levels of infant mortality, in March 1941 the city council had passed the Ordinance on the Hygiene of Housing, which set guidelines for cleanliness and gave inspectors the powers to fine any residents failing to meet minimum standards. The ordinance empowered City Sanitation officers to compel landlords and tenants to maintain sanitary conditions. It became known as “the Baltimore Plan.”

			Instead of entirely demolishing slums, the Baltimore Plan introduced “urban rehabilitation”—a process of repairing and improving existing infrastructure and buildings. Importantly, it placed the onus for making these improvements on the property owners. Centralized rebuilding projects were both costly to the municipal budget and ran against the grain of American market capitalism. Where the invisible hand failed, fines helped nudge reluctant landlords to play along.

			Rather than attempt to tackle the city all at once, the Baltimore Plan was rolled out one block at a time. Windows were fixed, toilets installed, drains cleared. The process was achingly slow—only one block was completed in the first year of operation—but the Baltimore Plan represented a quite radical step. Wielding an authority that would impress today’s homeowner associations, it made tidying up your property a legal obligation: “Every dwelling and every part thereof shall be kept clean and free from any accumulation of dirt, filth, rubbish, garbage or similar matter, and shall be kept free from vermin or rodent infestation. All yards, lawns, and courts shall be similarly kept clean and free from rodent infestation.”[18] And so it was that under the Hygiene of Housing Ordinance, rodent eradication became an article of law.

			In wartime Baltimore, the rodent problem was exacerbated by a shortage of poison. The plant used to manufacture the most common poison, red squill, was usually harvested around the southern Mediterranean, but exports were now being blocked by fighting in North Africa. The City authorities wondered if modern science might provide a new approach to eradicating rats and, with the support of the National Research Council at the National Academy of Sciences in Washington, the Rodent Control Project was born. They turned to the local Johns Hopkins Medical School, where one of the world’s leading animal experimentalists was studying the biochemical basis of rodent behavior.

		

	
		
			CHAPTER 2

			JOHNS HOPKINS

			“IF someone were to give me the power to create an animal most useful for all types of studies on problems concerned directly or indirectly with human welfare,” Curt Richter once wrote, “I could not possibly improve on the Norway rat.” For a scientist, it was simply “one of the world’s most valuable animals.” He spoke as a man with considerable experience, recollecting toward the end of his career that he had worked with “many different animals, such as cats, dogs, monkeys, sloths, rabbits, beavers, porcupines, honey bears, alligators, and others.”[1] Of all the animals he had worked with, Curt Richter thought rats were the best, and that’s why he wanted to kill them.

			Richter was born in 1894 in Colorado, where his family operated a metalworking factory. After his father died when Curt was only eight, he helped his mother run the business, spending his afternoons disassembling and repairing machines, working with cams and springs and magnets. Later in life, he acquired a reputation for designing ingenious devices to perform laboratory experiments. It would be Richter who eventually discovered that animals have within them a “biological clock.” In 1912, he moved to Dresden, Germany—his father’s homeland—to train as an engineer. The advent of World War I, and the persistent suspicion that the young American student was a spy, drove him back to the US, where he attended Harvard, drifting between disciplines, taking courses on economics, diplomacy, history, and biology. After being discharged from a brief stint of military service, he settled on psychology and enrolled as a doctoral student at Johns Hopkins, where he was assigned John B. Watson as his supervisor.

			When Richter arrived at the Johns Hopkins Experimental Psychology Laboratory in 1919, Watson, the unit’s director, was at the peak of his career, one of the most significant figures in the history of psychology who had been pivotal in establishing the study of the mind as a rigorous science. But within a year, Watson would be gone, never to hold an academic position again. And Richter, who would later memorialize himself as “a reluctant rat-catcher,” would have a lab full of albino rats all to himself. The rat would be central to both men’s careers, and they to the scientific career of the rat.

			

			—

			DURING THE early twentieth century, psychology was enmeshed with psychiatry, and both were short on scientific credibility. This was in part due to the paucity of available empirical data about how the mind worked, but more proximately a result of the still dominant legacy of Sigmund Freud, whose approach to understanding the mind had relied upon the subject’s own reports of their thoughts and feelings. Introspection-as-evidence presented a conundrum: the only way to know what was happening in someone’s head was to ask them, but people are not always reliable reporters of their own thoughts and motives—they can be deluded, or simply dishonest. How then to observe what was going on in people’s minds without relying on their subjective reports of conscious states? Freud’s answer was to try to read hidden meanings into what people said, as a literary critic might seek a deeper meaning in a text. He asked people about their dreams, and introduced the now-familiar notion of a “subconscious”—a consciousness below consciousness, accessible only to the trained psychotherapist. The considerable interpretative latitude afforded to the therapist by this method meant that Freud’s work seemed to align the study of the mind more with the arts and humanities. Watson sought to set the field firmly among the sciences, to remove all that subjective talk of feelings and thoughts and memories, and create in its place an empirical, objective methodology for doing psychology. His revelation was to jettison the conscious reports altogether: ignore what people claimed they thought or felt and observe only their behavioral outputs. He called this approach behaviorism.

			Watson would remain studiously indifferent to whatever might be happening inside the minds of people, treating the personality as a black box and limiting his conclusions to inferences derived only from observable behaviors. If a person says they are cold, that means nothing unless there is some physiological correlate: goosebumps, shivers, blue lips. Human consciousness need play no part—indeed, must play no part—in its scientific study. As Watson put it in a paper that became known as “The Behaviorist Manifesto”: “To make consciousness, as the human being knows it, the center of reference of all behavior, forces us into a situation similar to that which existed in biology in Darwin’s time.” If it was to mature as a science, psychology had to stop thinking of human brains as special or different from the brains of other animals. “The behaviorist,” Watson declared, “recognizes no dividing line between man and brute.”[2] In other words, one would study a human exactly as one might a rat or a dog, without speculative recourse to any inner mental activity. Reflexively, this also meant that inferences about the functioning of minds derived from animal studies should be applicable to the functioning of human minds.

			When he arrived at Johns Hopkins in 1908, the thirty-year-old Watson was appointed Professor of Experimental and Comparative Psychology and Director of the Psychological Laboratory. The following year, Adolf Meyer, the Swiss neuropathologist-turned-psychiatrist who had first introduced the white rat to American science, also arrived at Johns Hopkins. Meyer was charged with overseeing the Henry Phipps Psychiatry Clinic, which was still under construction. Eventually, Watson’s psychology lab would be subsumed under the administrative supervision of the Phipps clinic, and Meyer would grow increasingly at odds with Watson’s behaviorist orientation, which he considered unduly reductive and insufficiently engaged with biology. As Meyer saw it, Watson’s behaviorist program aimed to eliminate the study of consciousness altogether in favor of machinelike conditioned reflexes.[3] Both men were using rats from Donaldson’s Wistar colony: Meyer for neurological experiments, Watson for behavioral experiments.

			At Johns Hopkins, Watson was training his rats to navigate mazes, studying how learning could be understood as an automatic process. When we think of “learning,” it is usually in the context of our cultural artefacts and institutions—schools, books, lecture halls, apprenticeships. Watson’s question: If a lab rat can learn without all these things, but simply through its environmental interactions, how much of our own learning occurs in a similarly unconscious fashion? Would it be possible to manipulate the human environment to facilitate such learning, to influence behavior unwittingly?

			Watson’s approach was inspired by the Russian scientist Ivan Pavlov, who in 1897 had published the results of his now-iconic experiments with dogs. Those experiments had demonstrated that an organism underwent physiological changes in response to an anticipated event: when Pavlov sounded an alarm (he never used a bell) before every mealtime, the dogs began to salivate and their stomachs released digestive acids. Eventually, this response occurred even if no food was produced. By teaching dogs to associate the buzzer with food, the experiments established that a response (salivation and the release of gastric acid) might be arbitrarily assigned a stimulus (sound). Watson wanted to investigate the extent to which human behavior could be explained and ultimately controlled using the same sort of Pavlovian conditioning.

			Regrettably, Watson’s insistence on the equivalence between humans and animals would eventually go a little too far. In order to study the development of emotions as conditioned responses, Watson, along with his research assistant, Rosalie Raynor, set out to intentionally induce a phobia in a human infant. The plan was to show a baby something fluffy and delightful (they first used a white lab rat, but later a Santa Claus mask, a fur coat, a rabbit) and, just as the infant saw it, loudly bang a metal bar with a hammer to shock the baby, and thereby create a cognitive association between fur and fear. “Can we,” Watson asked, “condition fear of an animal, e.g., a white rat …?”

			Watson and Raynor somehow procured a nine-month-old human infant for the experiment. Historians disagree over where and how they acquired the baby (it is generally believed he came from the hospital adjoining the medical school), or who the child’s parents were, but Watson called him “Little Albert” and used him as a laboratory subject for several months. Their experiment was a success by its own lights—Little Albert seemingly did develop a phobia of rats—but Watson and Raynor’s notes make for uncomfortable reading: “The instant the rat was shown the baby began to cry. Almost instantly he turned sharply to the left, fell over on left side, raised himself on all fours and began to crawl away so rapidly that he was caught with difficulty before reaching the edge of the table.”[4] With the results written up, the baby was returned, and Watson never got around to deprogramming Little Albert of his new phobia.

			What ought to have been a scandal of experimental ethics was, in the end, overshadowed by a far more prosaic scandal. Shortly before the publication of their “Little Albert” findings, it emerged that Watson and Raynor had been more than merely research partners. Watson’s wife, Mary, found their love letters in her husband’s bedside cabinet. The extramarital affair might have been ignored as a domestic issue were it not that Mary (née Ickes) was the sister of prominent politician Harold L. Ickes, which made the story noteworthy enough for extracts of the letters to be published in the national newspapers.

			This was hardly the sort of press Johns Hopkins wanted, but as it happened, Watson had already been ratted out. He had confided details of his affair with Raynor in writing to Meyer, who promptly passed the letters on to the university authorities, urging that Watson be let go. “Without clean cut and outspoken principles on these matters,” Meyer primly complained, “we could not run a coeducational institution, nor would we deserve a position of honor and respect before any kind of public, nor even before ourselves.”[5] And to think that, as a behaviorist, Watson could have so easily concealed it all.

			Six days after Meyer’s delation, Watson accepted an invitation to resign. Having orchestrated Watson’s dismissal, Meyer now arranged for the young Curt Richter—who had not yet completed his Ph.D.—to step up as Watson’s replacement, passing over far more senior candidates.[6] So it happened that in 1920 Richter would inherit Watson’s new laboratory, and with it, Watson’s rats.[7]

			While the physiological now trumped the behavioral at Meyer’s Phipps clinic, Watson had switched the points: psychological research was steered away from the mysticism of Freudian interpretation and onto more rigorous and methodologically transparent tracks. Disenchanted with academia, Watson did not seek reappointment at another university, and instead accepted a job later that year with the J. Walter Thompson agency on Madison Avenue, where his program for the prediction and control of behavior found a more welcoming home: advertising. Watson remained a Mad Man until retirement.

			

			—

			RICHTER’S FIRST experience with rats came a year prior to Watson’s ignominious departure, while he was still casting around for a subject for his doctoral thesis. He had returned to his rooms to discover that his supervisor had left him a gift: “I found a cage with twelve rats in my room. I was not sure whether Watson had sent them to me to give me some ideas about what I could do for a thesis, or simply to give me some company while I was making up my mind.” Unsure what to do with his new rats, Richter contented himself watching them going about their business, “jumping around and climbing the walls of their cages.” As he did so, a surprisingly simple question occurred to him: Why were they doing something rather than nothing? On what bases were the animal’s apparently spontaneous decisions being made? Where Watson’s behaviorist approach had been to train his rats, to condition their responses and control their actions, Richter took the opposite tack: “My interest focused entirely on what animals do on their own, not on what they can be taught to do.”[8]

			Studying the apparently random scurrying, patterns became discernible: regular intervals between periods of rest and activity. He timed the intervals, discovering rhythms that would later become the basis for his work on biological clocks. Richter adjusted variables—temperature, food, lighting—and noted how the rats adapted their behavior accordingly. He built what he called a “cafeteria” from which his rats could choose their own diet, and found that rats deficient in one or other nutrient would select foods that compensated for that nutrient, concluding that “the rat’s appetite is a good guide to its nutritional needs.”[9] In 1921, Richter submitted his doctoral thesis on “The Behavior of the Rat,” and over the ensuing decades he would devise and conduct a series of experiments to investigate the biochemical and behavioral mechanisms by which rats were able to regulate their dietary requirements.

			Rats proved to be scrupulous dieticians. In an experiment using alcohol, it was found that when offered a solution of five percent ethanol (about the same as beer) alongside their water, nearly all rats preferred the alcohol, and would drink this liquid exclusively with no apparent ill effects and without developing an addiction, unlike many humans. However, also unlike most humans, they treated the alcohol as food, and would lower their consumption of solids accordingly. It appeared the rats could count their own calories. Upping the concentrations, and comparing the ethanol preference in rats with human subjects, Richter found that “a small but significant minority of both species, including human children, show a preference for solutions of up to 50% alcohol.”[10]

			At the time, the concept of biological self-regulation, the ability of an organism to restabilize itself in the face of external changes, was an issue of vigorous enquiry. In the mid-nineteenth century, the French physiologist Claude Bernard noticed that although the environment in which an organism lives may be highly variable, the internal environment of the organism—everything inside its skin or shell—must remain quite constant in order for most of the biochemical reactions that keep it alive to operate. That balance is extremely delicate. Bernard realized that the ongoing survival of an organism was only possible because the interior environment—le milieu intérieur—was essentially sealed off from the exterior environment. Under this description, we don’t live directly in the world; we live within a sac of fluid, protected from the world as if inside a spacesuit. Once Bernard had drawn attention to the importance of the interior environment, others began to investigate the mechanisms by which this extraordinary process of biochemical self-regulation was achieved.

			

			—

			EXPLORING THESE new avenues of scientific research in America was Harvard physiologist Walter Bradford Cannon, who introduced the term homeostasis—meaning “staying in the same state”—to describe this constantly coordinated and minutely governed exchange of chemical information. When war broke out in Europe in 1914, Cannon was already an eminent figure, a member of the National Academy of Sciences, Chair of Physiology at Harvard Medical School, and President of the American Physiological Society. As it became clear that the conflagration in Europe would not in fact be over by Christmas, Cannon appears to have reorientated his research interests to anticipate the consequences and experimental opportunities of what was developing into a brutal and protracted campaign. Having made his name publishing groundbreaking work on the regulation of the digestive system, he now turned his attention to the broader issue of the physiological correlates of emotional states. Specifically, Cannon was investigating the role played by a secretion produced in the adrenal medulla, a small node of modified nerve cells perched on top of the kidneys. In medical terminology, ad-renal means “near the kidneys.” That secretion was a hormone, adrenaline.

			Adrenaline, or epinephrine, had first been isolated in 1901 by Japanese American Takamine Jōkichi, and Adrenalin became a proprietary trademark of his employer, Parke-Davis Pharmaceuticals, which marketed it for asthma relief. Takamine earned a considerable fortune in royalties, and subsequent copyright disputes over the use of the trademarked name led to US pharmacists adopting the generic term epinephrine instead.

			At a time when nerve activity was thought to be wholly electrical, Cannon was pursuing the idea that hormones might act as a chemical neurotransmitter.[11] The notion that a gland nestled deep in the viscera could play a role in emotion and behavior seemed a throwback to the medieval belief in humors, while the implication that we might literally have “gut instincts” went against the psychological sovereignty of the brain. But during his earlier work on the digestive system, Cannon had already shown how peristaltic waves in the intestines of laboratory animals would cease abruptly when the animal was frightened. He knew that there was a spectrum of physiological responses to acute fear or stress: the liver released sugar into the blood, digestion halted as blood shifted from the abdomen to the heart and lungs and limbs, and cuts would clot more quickly. He also knew these effects were present long after the associated neural activity had ceased. He began to suspect that adrenaline was activating an unconscious emergency response to environmental threats.

			“It is a matter of prime importance,” Cannon wrote in 1915, “to determine whether the adrenal glands are in fact roused to special activity in times of stress.” The problem was that it was difficult to find experimental subjects to observe during periods of intense emotional excitement. Cannon had to settle for ersatz proxies: during a Harvard-Yale football match in 1913, he waited in the locker rooms to acquire biological samples from the athletes fresh from “battle” (he discovered their urine had elevated sugar levels, consistent with the release of available glucose, but little else). World War I was to change all that. Two weeks after the US entered the war in April 1917, Cannon enlisted as a medic, and in May 1917, at forty-five years of age, with no military experience and only very limited clinical experience, he sailed for Europe.[12]

			Posted to a field hospital in France, Cannon was presented with a chance to study firsthand and in human subjects the effect on the body of profound injury, blood loss, and shock. The benefits of having an on-site theorist as acute as Cannon proved significant: relaying the results of his investigations directly to the medical personnel treating the injured soldiers meant that the transfer of new theoretical understanding to applied clinical practice—a process that would normally take many months or years—was happening almost instantly.

			Crucially, Cannon was able to decisively establish that the release of adrenaline into the blood altered the emotional state of the subject and triggered a series of physiological changes to prepare the body for action, leading to one of two responses: “The emotion of fear is associated with the instinct for flight, and the emotion of anger or rage with the instinct for fighting or attack”[13]—thus supplying English vernacular with “the fight-or-flight response.”

			Cannon’s discoveries built up an increasingly coherent picture of how the endocrine system acted as the physiological mechanism by which homeostasis was achieved. Information acquired by the senses about the external environment was used to adjust the interior environment in order to maintain stability. Hormones secreted by the system of endocrine glands were the chemical messengers that passed instructions on to the various organs in order to make the necessary adjustments: increase blood pressure, transfer oxygenated blood to the limbs, stimulate the sweat glands to cool the skin, release sugar from the liver to support all of the above. It happened automatically, without any conscious oversight. Cannon called it “the wisdom of the body.”

			Much later, Cannon wrote that the resilience of biological systems was paradoxically ensured by their fragility:

			
				Organisms, composed of material which is characterized by the utmost inconstancy and unsteadiness, have somehow learned the methods of maintaining constancy and keeping steady in the presence of conditions which might reasonably be expected to prove profoundly disturbing.[14]

			

			Homeostasis meant that an organism would make as many adjustments as possible to maintain an even keel, no matter how rough the seas. Even in war, the body would—for as long it was able—maintain a pretense of normality, as if to conceal from the soul its own distress.

			

			—

			A PARTICULAR set of questions, and a particular set of tools to answer them, was now laid out. It was clear that Pavlov’s experiments had two distinct streams of influence: on the one side, they had inspired Watson to explore the psychological mechanisms involved in conditioning, which had led to behaviorism. Allied to Bernard’s milieu intérieur, and Cannon’s work on shock and adrenaline, the activity of hormones in establishing a steady state of biological equilibrium had produced the concept of homeostasis and the fight-or-flight response.

			Richter, uniquely, was influenced by both Cannon and Watson, and his work with
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