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WHAT SCIENCE?
WHAT HISTORY?
WHAT PEOPLE?


WE ALL KNOW the history of science that we learned from grade-school textbooks: how Galileo used his telescope to show that the earth was not the center of the universe; how Newton divined gravity from the falling apple; how Einstein unlocked the mysteries of time and space with a simple equation. This history is made up of long periods of ignorance and confusion, punctuated once an age by the “Eureka!” of a brilliant thinker who puts it all together. In this traditional heroic account, a few Great Men with Great Ideas tower over the rest of humanity, and it is to them that we owe science in its entirety.


The legend of Pythagoras exemplifies the seemingly timeless tendency to attribute all scientific creation to individual hero-savants. With regard to ancient Greek and Roman commentaries on their semimythical predecessor, Walter Burkert observed that “to a later age it seemed natural to retroject their own notion of ‘wisdom’ upon the great figures of the past and to impute to them that which from a modern point of view is ‘science.’”1 Unfortunately, that practice is still all too much in evidence today.


What I am presenting here, by contrast, is a people’s history of science that aims to show how ordinary humans participated in creating science in profound ways. It is a history not only of the people but for the people as well; its intended audience is not confined to professional scientists or historians of science but includes anyone with an interest in the origins of scientific knowledge. And because I have drawn on the collective efforts of many predecessors, it might not be far-fetched to say that in a sense it is also by the people.


My central aim is to demonstrate a much, much greater contribution to the production and propagation of scientific knowledge on the part of anonymous masses of humble people—the common people—than is generally recognized or acknowledged. Isaac Newton’s ability to “see further” should not be attributed, as he claimed, to his sitting “on the shoulders of giants,” but rather to his standing on the backs of untold thousands of illiterate artisans (among others).2


It would be absurd, of course, to claim that the formulation of quantum theory or the structure of DNA can be credited directly to artisans or peasants, but if modern science is likened to a skyscraper, then those twentieth-century triumphs are the sophisticated filigrees at its pinnacle that are supported by—and could not exist apart from—the massive foundation created by humble laborers. If science is understood in the fundamental sense of knowledge of nature, it should not be surprising to find that it originated with the people closest to nature: hunter-gatherers, peasant farmers, sailors, miners, blacksmiths, folk healers, and others forced by the conditions of their lives to wrest the means of their survival from an encounter with nature on a daily basis.


A few brief examples—all of which will be explained in detail in the chapters below—can illustrate this contention. Virtually every plant and animal species we eat today was domesticated by experimentation and de facto genetic engineering practiced by preliterate ancient peoples. We are infinitely more in debt to pre-Columbian Amerindians than to modern plant geneticists for the scientific knowledge underlying food production. Even in relatively recent times, when American plantation owners wanted to grow rice, they found themselves compelled to buy African slaves with knowledge of the ecology of rice plants.


Likewise, the science of medicine began with and continues to draw on knowledge of plants’ therapeutic properties discovered by prehistoric peoples. Amerindians demonstrated to Europeans the efficacy of the bark of the cinchona tree in treating malaria, and an African slave named Onesimus introduced the practice of inoculation against smallpox to North America. Credit for the discovery of vaccination that usually goes to Dr. Edward Jenner belongs instead to a farmer named Benjamin Jesty. Furthermore, until the nineteenth century the advance of medical science owed more to semiliterate barber-surgeons, apothecaries, and “irregular” healers than to university-trained medical scholars, whose influence tended to retard the acquisition of new medical knowledge. It was a Swiss pig-gelder named Jakob Nufer who in the 1580s performed the first recorded cesarean section.


The geography and cartography of the Americas and the Pacific Ocean are founded on the knowledge of the native peoples. Captain John Smith acknowledged that his celebrated map of the Chesapeake Bay area “was had by information of the Savages,” and Captain Cook’s maps of the Pacific Islands were derived from information given to him by an indigenous navigator named Tupaia. Anonymous sailors and fishermen were the original source of scientific data regarding tides, ocean currents, and prevailing winds; when Benjamin Franklin produced the first chart of the Gulf Stream, he acknowledged that it was entirely based on what he had learned from “simple” whalers.


Chemistry, metallurgy, and the materials sciences in general originated in knowledge produced by ancient miners, smiths, and potters. Mathematics owes its existence and a great deal of its development to surveyors, merchants, clerk-accountants, and mechanics of many millennia. And finally, the empirical method that characterized the Scientific Revolution of the sixteenth and seventeenth centuries, as well as the mass of scientific data on which it built, emerged from the workshops of European artisans.


The “folk” wisdom and lore of early societies was not an inferior kind of knowledge about nature that later was simply canceled out and replaced by more accurate scientific knowledge. Science as it exists today was created out of folk and artisanal sources; it became what it is by drawing heavily on those sources. Knowledge, philosopher of science Karl Popper maintained, has for the most part advanced through the modification of earlier knowledge.


It might be argued that the approach I have outlined here cannot produce a balanced account of the origins of modern science. But the historical record has long been severely unbalanced by the gentlemen’s historians and by the nature of history’s dependence on written documentation, with power relationships determining who did the writing. No history of science could be less balanced than the traditional romantic narratives of Newtons, Darwins, and Einsteins transforming the world by the force of their unique brainpower. I am deliberately “bending the stick in the other direction,” searching for the voices of the voiceless and sifting the record for very scarce evidence. The purpose of the sifting, however, is not to salvage some peripheral aspects of the development of science, but to demonstrate how the scarce evidence illuminates the hidden core of that development.


A selective approach does not necessarily lead to an unbalanced conclusion. Although my focus is on the activities of anonymous, ordinary people, I do not believe I have overvalued their importance in the process of generating scientific knowledge. It is not my contention that the familiar Great Men of Science played no role or were unimportant, but that their achievements were predicated on prior contributions of artisans, merchants, midwives, and tillers of the soil—most of whom have never been thought of as great and many of whom were not men.


Attempts to integrate women fully into the traditional heroic narrative are ultimately unlikely to be satisfying, not because women have ever been genetically inferior to men in intellect but because of the social barriers that historically have denied women education and entrée into scientific professions.3 The contributions of women receive considerably more recognition in a people’s history of science because women constitute half of the people, but even here parity is elusive due to the traditional exclusion of women from many craft occupations. But if women did not have much input in the development of oceanography because few were seafarers, they made up for it in the medical sciences in their roles as local healers and midwives.


The contributions to the history of science made by socially subordinate and illiterate people have not left the paper trail that historians customarily depend on for evidence. Lynn White, for example, blames “the neglect which historians have lavished upon the rustic and his works and days” on the fact that the peasant “has seldom been literate”:


Not only histories but documents in general were produced by social groups which took the peasant and his labours largely for granted. Therefore while our libraries groan with data on the ownership of land, there is an astonishing dearth of information about the various, and often changing, methods of cultivation which made the land worth owning.4


The heroes of the traditional story of eighteenth-century scientific agriculture are “improving landlords” such as Jethro Tull and Thomas “Turnip” Townshend, whose spirit of experimentation was allegedly the driving force behind the great leap forward. But as T. S. Ashton explained in his classic study of the Industrial Revolution, “Tull was a crank, and his importance in the history of agriculture has been vastly exaggerated.” As for Viscount Townshend’s role in the introduction of the turnip as a field crop, “recent research has shown that he was the popularize, rather than the originator, of this.” There was no single originator; it was a collective accomplishment. Agricultural experiments “were being made by obscure farmers in many parts of the country”; then, “knowledge of the new methods was spread at tenants’ dinners, shearing feasts, and the more frequent meetings of many local farmers’ clubs.” On the larger manors it was not the wealthy landlords but their humble tenants whose hands were actually in the soil and the manure, experimenting with new crops and procedures. The new agronomic knowledge, “like every major innovation, was the work of many hands and brains.”5


The development of the peasants’ knowledge that “made the land worth owning” is impossible to trace by archival research, and the same is true of much of the scientific knowledge produced by artisans who were unable to read and write. In recent decades, however, historians have begun to tap the methodology of anthropology and other disciplines to show that a great deal can be learned about the past—and not only the “prehistoric” past—without recourse to written sources. Furthermore, some assertions not supportable by documentation may be deemed valid due to the lack of any viable alternative explanation—for example, the proposition that anonymous sailors and fishermen were the original source of scientific data regarding ocean currents and prevailing winds.6


The chronological scope of this survey of scientific history is as vast as it could possibly be—from the Paleolithic to the postmodern—but it is markedly weighted toward a particular period: the fourteenth through seventeenth centuries of the Common Era, which encompass the origins of what has come to be known as modern science.7 The geographical scope is likewise unlimited but somewhat skewed toward the western end of the Eurasian landmass. My view of history is not Eurocentric, but because this subject is inextricably entangled with the European imperial conquest of the rest of the globe, it therefore demands a disproportionate amount of attention to activities that occurred in Europe.


WHAT PEOPLE?


WHO ARE THE people who are both subject and object of this people’s history? Occupational categories—such as artisans, merchants, and so on—give a good first approximation, but how shall they be collectively identified? I prefer to avoid denominating them as the lower classes or the inferior orders, except in quotation marks indicating irony, because those designations reflect the point of view of the privileged few who have always defined themselves as superior to everyone else. Common people and ordinary people are slightly pejorative but perhaps not too objectionable; the masses, the working class, and the proletariat are not intrinsically worthless terms, but they suffer from overuse and an unfortunate association with discredited ideology of the Stalinist period. The social majority is not an insulting term, but its class-neutrality renders it a bit bland.


The laboring classes, the poor, or any synonyms thereof are inadequate because they do not include all elements of the people of the eighteenth century or earlier. In particular, they leave merchants, master craftsmen, and other members of the incipient capitalist class out of account.8 In France in the era of the Great Revolution, le peuple was handily defined by a legal category: the Third Estate, which included everyone who was not a member of the clergy or the nobility. Perhaps the subordinate or dominated classes—though somewhat awkward expressions—best convey the social relationships that need to be indicated. The crowd? Maybe. The mob? Definitely not. The many? However defined, it is their interests that form the vantage point from which the origin and development of science are evaluated in this book.


As for who the people are not: Those who defined themselves as “upper class,” “noble,” and “persons of quality” were, by definition, superior in social power to those whom they excluded from those categories. But their self-designations also carry an implication of moral superiority that would strike a dissonant note in a people’s history. They can be adequately denominated, and their social position acknowledged, by such terms as the dominant class, the ruling class, the privileged orders, the elite, and so forth.


Very few of the traditional Heroes of Science were born into the ruling class per se. Some were indeed aristocrats or royals—Robert Boyle, Tycho Brahe, and Prince Henry “the Navigator” come quickly to mind—but most were co-opted into the circles of privilege as highly placed servants by means of university positions (Newton, Galileo) or other forms of patronage (Galileo, Bacon). “The educated elite,” historian of science William Eamon explains, “became a kind of intellectual aristocracy.”9 What defined members of the scientific elite, then, is not the blueness of their blood but their status as professional intellectuals.


A very sharply defined social barrier has always—at least since the origin of social differentiation in the misty dawn of prehistory—been based on the distinction between manual and intellectual work. People who work with their hands have long been looked down upon as inferiors by those who make their livings without getting their hands dirty. The class distinction between educated scribes and illiterate craftsmen in the earliest civilizations is clearly evident in the occupational guidance an ancient Egyptian father of about 1100 B.C.E. gave his son, to “give thy heart to letters” and thereby avoid manual labor. “I have seen the metal worker at his toil before a blazing furnace,” the father warned. “His fingers are like the hide of the crocodile, he stinks more than the eggs of fish. And every carpenter who works or chisels, has he any more rest than the ploughman?”10


In the ages of Plato and Francis Bacon, the disdain for manual labor was expressed openly and frequently by professional intellectuals (in imitation of their aristocratic patrons) and was given an extensive ideological foundation. “The arts which we call mechanical,” says Xenophon, a contemporary of Plato’s, are “generally held in bad repute.” Furthermore:


States also have a very low opinion of them—and with justice. For they are injurious to the bodily health of workmen and overseers, in that they compel them to be seated and indoors, and in some cases also all the day before a fire. And when the body grows effeminate, the mind also becomes weaker and weaker. And the mechanical arts, as they are called, will not let men unite with them care for friends and State, so that men engaged in them must ever appear to be both bad friends and poor defenders of their country. And there are States, but more particularly such as are most famous in war, in which not a single citizen is allowed to engage in mechanical arts.11


This was an attitude with staying power. “Scholastic depreciation of ‘rustics’ and ‘the crowd’ became particularly virulent in the thirteenth century,” Eamon reported, “as the educated elite attempted to reinforce its status and to set itself above the herd of ordinary men.”12 The distinction is less commented on today in societies that lay claim to democratic values, but no one, I think, could credibly deny its continued existence.13


In addition to taking pride in never soiling their hands through labor, another mark of the scientific elite during the period of the rise of modern science was “literacy,” which in early modern Europe meant not merely knowing how to read and write, but being able to do so in Latin. “Knowledge of the Latin language” was “the skill that alone distinguished the learned from the vulgar, the elite from the popular.”14


Yet another of the primary characteristics of the subjects of this people’s history is anonymity. The names of many university-trained scholars who earned a place in scientific history are immortalized by their published writings, but the names of most illiterate and semiliterate artisans are usually recorded, if at all, only in birth, baptismal, marriage, and death records that give no clue as to their role in the creation of natural knowledge.


There are, however, notable exceptions. Some artisans wrote in the vernacular and published manuals and “books of secrets” under their own names.15 At least two tradesmen have even been treated on occasion as bona fide Great Men of Science: John Harrison, for solving the most pressing scientific puzzle of his age, how to measure longitude at sea;16 and Antony van Leeuwenhoek, the “father of protozoology and bacteriology.”17 Many artists and architects who contributed to the history of science—the Michaelangelos, the Leonardos, the Brunelleschis—attained great fame and aristocratic patronage, but they were essentially craftsmen nonetheless—“superior manual laborers,” as Edgar Zilsel called them.18 There is also one prominent figure whose battles against the scientific elite arguably qualify him as a “people’s scientist”: Theophrastus Bombastus von Hohenheim, better known as Paracelsus. But despite the exceptions, it remains the rule that the names of most of those whose contributions form the subject of this book are lost to history. In any event, the main concern of a people’s history is the scientific accomplishments not of individuals but of occupational groups.


While acknowledging that some individuals defy categorization, it is useful to recognize working with hands, anonymity, not writing in Latin, and lack of patronage as identifying features that separate the social majority from the elite scholars. In the second half of the seventeenth century, science took its first significant steps toward professionalization, a process that continued over the following three centuries until it reached the point where virtually all scientific activities were being carried out by professional scientists. As the difficulty of attaining new knowledge about nature increased, only well-funded government- and corporate-sponsored research teams could afford to pursue it.


By the twentieth century, science had become the exclusive domain of highly specialized elites. The last two chapters of this book examine the rise of Big Science and consider whether the era when people without Ph.Ds were able to make direct contributions to science has come to a definitive end.


WHAT SCIENCE?


THE MEANING OF science is not as simple to pin down as might first be thought. The Latin scientia was a generic term encompassing all forms of knowledge, but in recent centuries science has come to include only certain kinds of technical knowledge. A few years ago the British journal Nature described the systematic efforts of a number of scientists to codify the meaning of the word in some precise way that would make it possible clearly to distinguish science from pseudoscience, but they were unable to produce a satisfying definition.19 I have followed the example set by J. D. Bernal’s masterful Science in History, which he began by saying, “Science throughout is taken in a very broad sense and nowhere do I attempt to cramp it into a definition.” This nondogmatic approach is necessary because


in the last resort it is the people who are the ultimate judges of the meaning and value of science. Where science has been kept a mystery in the hands of a selected few, it is inevitably linked with the interests of the ruling classes and is cut off from the understanding and inspiration that arise from the needs and capacities of the people.20


At the very least science must be recognized as both a body of knowledge and a process of obtaining that knowledge. Let us, therefore, take the most uncomplicated approach possible and for the purposes of this book simply consider science to be knowledge about nature and the associated knowledge-producing activities.


As for the kinds of activities that produce scientific knowledge, the primary focus in this book is on empirical as opposed to theoretical processes. It is my contention that the foundations of scientific knowledge owe far more to experiment and “handson” trial-and-error procedures than to abstract thought. Benjamin Farrington made the point very well:


In its origin science is not in fact so divorced from practical ends as histories have sometimes made out. Textbooks, right down from Greek times, have tended to obscure the empirical element in the growth of knowledge by their ambition of presenting their subjects in a logical orderly development. This is, perhaps, the best method of exposition; the mistake is to confuse it with a record of the genesis of theory. Behind Euclid’s definition of a straight line as “one that lies evenly between the points on it” one divines the mason with his level.21


This is a broad, inclusionary concept of science that may not be palatable to readers conditioned to think of science in positivistic ways, with physics as the paradigmatic science against which all other fields are measured.22 Theoretical physicists have frequently belittled such disciplines as botany and paleontology by likening their intellectual content to that of stamp collecting.23 The implication of that condescending slur is that physics is “more scientific” than are less theory-driven disciplines—a reflection, once again, of the ancient prejudice that proclaims intellectual labor more honorable than manual labor. But what physicists do is not typical of what most other scientists do. The methodologies of biology, anthropology, ecology, psychology, and sociology have very little in common with the abstractions of theoretical physics, and yet the general ideology of modern science places physics on a pedestal as the model science which all other sciences should strive to emulate.


The “imperialism of physics”24 was in no small part the creation of American governmental policy. Because of their role in developing the atomic bomb, a few “aristocrats of physics” emerged in the post-World War II period as the primary spokesmen for American science. It was they


who implanted their values, including disdain for the social and behavioral sciences, on government science policy for decades. The social and behavioral sciences were . . . arrogantly dismissed as the “soft sciences” by the reigning physicists of postwar science (who regarded themselves, along with chemists, mathematicians, and biologists, as practitioners of the “hard sciences”).25


Giving physics a privileged place among the sciences reinforces the idea that science must be “value-free,” especially with respect to social problems.26 In physics, the ideal of objectivity is equated with neutrality; by that definition, scientists are expected to be neutral and dispassionate with regard to the subject of their inquiry. Neutrality may be a workable stance for physicists to adopt, but in sciences that are closer to social concerns—such as medicine, anthropology, psychology, sociology, and political economy—the appeal to neutrality operates in support of the status quo, which is underpinned by racist, sexist, or bourgeois assumptions of which the scientists themselves are often unaware.27 In recent decades, for example, the feminist movement has exposed a strong antifemale bias embedded in the traditional wisdom of elite medical science, which has for millennia been highly detrimental to the health of women. That the medical profession long considered being female a pathological condition per se is reflected in the word “hysteria,” which derives from the Greek for “uterus.”28


A people’s history of science obviously cannot be constrained by the narrow physics über alles concept of science; equal status herein is accorded to all fields of natural knowledge, and no invidious comparisons of “hard” and “soft” or “exact” and “inexact” sciences are entertained. The concept of value-free science and its rise to a dominant position in the ideology of modern science have a history of their own that is further considered in chapter 6.


To challenge, as I do, the notion that science should be restricted to theoretical endeavors is to take sides in the “science wars” that have been roiling intellectual circles for a number of years. The traditionalists who portray science as “pure theory” do so in order to place it beyond criticism. That view of science is frequently an adjunct to reactionary political views because it supposedly offers a source of unchallengeable authority, like religion, and thereby serves as a support for authoritarianism. But many open-minded scholars, radical feminists, and environmental activists reject that notion and refuse to bow down before a deified Science.


SCIENCE AND TECHNOLOGY


ANOTHER IDEOLOGICAL COROLLARY of the intellectuals’ contempt for manual labor is the “remarkably widespread wrong idea” that science is rigidly distinct from and supersedes technology in historical importance.29 Our twenty-first-century perspective prompts us to think of technology as “applied science,” a notion based on the facile assumption that scientific theory has always been a precondition of technological advance. Historically the opposite has most often been true: Although technology and science have always been closely associated endeavors, it is technology that has driven the growth of scientific knowledge.30 The beginning of science, to paraphrase Goethe, was not the word but the deed—not the proclamations of brilliant theorists but the creative handiwork of ordinary people. As technologies develop and become more sophisticated, the scientific knowledge generated at earlier stages is continuously incorporated into subsequent practice, and in that sense technology can indeed be said to exhibit the character of “applied science.” The relation is one of cumulative mutual reinforcement, with the initial impulses coming from the technology side.


Until the last century or two, the process of gaining knowledge of nature has generally been more a product of hands than brains; that is, of empirical trial-and-error procedures rather than theoretical application. “Science,” archaeologist V. Gordon Childe declared, “originated in, and was at first identical with, the practical crafts.”31 Social anthropologist Claude Lévi-Strauss dismissed the notion that any of the “great arts of civilization”—pottery, weaving, metallurgy, agriculture, and the domestication of animals—could have come about as a “fortuitous accumulation of a series of chance discoveries.” They provide evidence, he argued, that “Neolithic man” was “the heir of a long scientific tradition”:


Each of these techniques assumes centuries of active and methodical observation, of bold hypotheses tested by means of endlessly repeated experiments. . . . There is no doubt that all these achievements required a genuinely scientific attitude, sustained and watchful interest and a desire for knowledge for its own sake. For only a small proportion of observations and experiments (which must be assumed to have been primarily inspired by a desire for knowledge) could have yielded practical and immediately useful results.32


“The crafts first uncovered aspects of nature upon which philosophies were later to be built,” and they remained the primary fount of nature-knowledge through the ages.33 Science progressed in the early modern era—that is, from about 1450 through 1750—through analysis of the inventions and innovations produced by artisans, many of whom were illiterate. In the Scientific Revolution of the sixteenth and seventeenth centuries, practical advances came first and theory followed along behind—usually far behind. This relationship persisted through the Industrial Revolution of the late eighteenth century. Not until well into the nineteenth century, with the mass production of chemical dyes and the advent of the electrical industry, were the long-anticipated hopes of major technologies based on theoretical science finally realized.34 And even in the twentieth century, artisans were still capable of momentous scientific contributions. In 1903—the era of relativity and quantum theory—it was not theoretical physicists but two bicycle mechanics named Wright who gave the critical impulse to the science of aerodynamics. It was only with World War II and the Manhattan Project that theory began generally to lead the way in scientific discovery.35


Rigidly separating the histories of science and technology serves to reinforce the fallacious notion that science arose from the realm of pure thought, floating in the clouds above the world of mundane human pursuits. An undistorted picture of the development of modern science requires recognition and acceptance of its entwinement with technology, often to the point of their not being recognizable as distinct entities.


Consider again, for example, the practice of navigation, which is generally classified as a technology and thought of as more art than science. It may seem odd to call a ship’s pilot’s activities scientific, but the historical progress of navigation depended entirely on the growth of an underlying body of nature-knowledge: of the oceans’ tides, currents, and prevailing winds; of the characteristics of the earth’s magnetic field; and of astronomical phenomena. Pioneering navigators in every age and in every part of the globe, as they sailed far from the sight of land, laid the foundations of hydrography and made essential contributions to the scientific disciplines of oceanography, meteorology, physical geography, cartography, and astronomy, among others.


Richard Westfall, a prominent historian of science, downplayed the contributions made by ordinary seamen to the nautical sciences, contending that it was “never the practical tarpaulins who sailed before the mast, but always the astronomers and mathematicians, who taught the navigators.”36 Although it cannot be denied that professional mathematicians eventually contributed to the improvement of navigational practice, in the beginning the land-bound scholars were dependent on data supplied to them by mariners, as is amply demonstrated in chapter 4.


The work of mathematicians depended in an even more fundamental way on the prior activities of seafaring craftsmen. It was a specific need of navigators for simplified computational methods that stimulated John Napier’s invention of logarithms, and it was the problem of finding a method of determining longitude at sea that led Isaac Newton to his formulation of the law of universal gravitation.37 These important scientific advances were not driven primarily by the idle curiosity of isolated thinkers; they illustrate the collective, social nature of knowledge creation. It is not mere coincidence that Napier’s and Newton’s inspirations occurred in an island nation in an era of rapidly growing oceanic trade. In these cases, it was sailors who constituted the active element by posing the technical problems that elicited the mathematicians’ responses. The universality of this relationship is evidenced by the first-century geographer Strabo’s report that the Phoenicians, who were “superior to all peoples of all times” in seamanship, were “philosophers in the sciences of astronomy and arithmetic, having begun their studies with practical calculations and with night-sailings.”38


The counterposition of “mathematicians and astronomers” to “practical tarpaulins” depends on another hidden elitist assumption: that mathematical endeavors were the exclusive province of ivory-tower theoreticians. But that ignores the surveyors, mapmakers, instrument makers, navigators, and mechanics whose activities represented the leading edge, in the fifteenth and sixteenth centuries, of innovation in practical mathematics. The English mathematician John Wallis observed in his autobiography that “Mathematicks” even as late as the 1630s “were scarce looked upon as Accademical studies, but rather Mechanical; as the business of Traders, Merchants, Seamen, Carpenters, Surveyors of Lands, or the like.”39


The historical priority of technology over theoretical science is most generally exemplified by the central theme of this book, which is that artisans contributed not only the mass of empirical knowledge that furnished the raw material of the Scientific Revolution, but the empirical method itself. The science of the preceding era had been based almost entirely on the authority of ancient authors, Aristotle above all. In university and other elite settings, questions of natural knowledge were investigated by looking for answers in books or—in the rare instances when ancient authorities were challenged—by abstract a priori reasoning, not by directly interrogating nature. The habit of experimentalism that came to characterize modern science was a product of the craftsmen’s shops, as is demonstrated in chapter 5.


WHAT HISTORY?


HISTORIANS IN GENERAL have succeeded in displacing the encomiastic tradition—the Great Man Theory of History—as the predominant viewpoint of the educated reading public, but historians of science—in spite of a great deal of effort and good scholarship—have been less successful. “Science,” Derek de Solla Price lamented, “seems tied to its heroes more closely than any other branch of learning.”40 Although few people today would agree with Carlyle’s famous dictum that “the history of the world is but the biography of great men,” many continue to believe that the Scientific Revolution was the creation of a very few extremely talented geniuses: “from Copernicus to Newton.”


Part of the problem is that although the public understanding of history in general has been strongly influenced by professional historians, the way most people conceive of the history of science has been shaped not by historians of science but by scientists themselves, who often hold and propagate distorted conceptions of their predecessors’ practices.41 Scientists have a guild interest in portraying their forerunners as heroes, because it adds to the heroic stature of their profession and enhances their view of their own place in the scheme of things.


More important, most scientists are not professional historians; their primary concerns are not historical. Their interest in their science’s path of development is secondary to their interest in the science itself. They therefore often unwittingly adopt a tunnel-vision view of their discipline’s past, focusing only on the narrow lineage of successes and ignoring all the false starts and dead ends as uninteresting because they did not “lead anywhere.” Tunnel-vision history of science may be of some use as a teaching tool in elementary science courses, but it does not constitute valid history. Its projection of present-day concerns onto the past gives a falsified and misleading picture of the way science has developed in real life.42


Some very capable historians of science have labored mightily in recent decades to overcome the idealized picture produced by scientists and by their own predecessors.43 The scholarship of the best of the new generation of historians has provided the basis for this book, as the notes and bibliography attest. But, unfortunately, the academic field of history of science continues to concentrate most of its attention on a few scientific luminaries—a symptom, perhaps, of the cult of celebrity that afflicts our culture as a whole. The bulk of its books and articles are products of a “Galileo industry,” a “Newton industry,” a “Darwin industry,” an “Einstein industry,” and so forth.44 The Great Men of Science, like the proverbial elephant in the parlor, cannot be ignored. But their stories have traditionally been told from the perspective of the ruling elites; I reexamine them from a different point of view.


SOCIAL HISTORY AND PEOPLE’S HISTORY


WHAT DISTINGUISHES A “people’s history” from the more general category of social history? They are overlapping but not identical approaches to understanding the past. Social historians have done an admirable job of describing the social context in which the traditional Heroes of Science worked. Explaining Boyle’s and Newton’s activities in light of the English Civil Wars and the Glorious Revolution, for example, is a valuable corrective to idealized history of science.45 A people’s history, however, aims at deepening the understanding of science as a social activity by emphasizing the collective nature of the production of scientific knowledge.


Social historians for many years now have been presenting their pictures of the past from “the bottom up” rather than from “the top down.” Some have described the activities of the common people or have in other ways broadened the social context in which historic events have been understood, but without abandoning the point of view of the dominant social classes.


Also, some social historians have purposefully directed their attention toward the privileged classes. Steven Shapin’s A Social History of Truth is an excellent example of social history of science, but his account of what he calls “the gentlemanly constitution of scientific truth” in seventeenth-century England is explicitly grounded in an elite perspective. “I am both well aware of, and deeply sympathetic towards, the new cultural history of the disenfranchised and the voiceless,” Shapin wrote. “To the extent that I focus on the society of gentlemen,” however, “this is a story told ‘from their point of view.”’46


Shapin’s focus was on the role of seventeenth-century gentlemen in the production of scientific knowledge. That role was essentially an epistemological one—that is, the certification or legitimation of knowledge. The question Shapin examined is not how gentlemen came to know new things about nature, but how they came to agree among themselves that they knew those things. Those who were actually making new discoveries about nature were artisans—people who worked with hands as well as brains and who were motivated not primarily by curiosity but by material necessity: the need to make a living. In a nutshell, the birth of modern science occurred when gentlemen began to appropriate artisans’ knowledge and to systematize it. This theme is developed more fully in chapter 5.


Artisans, it should be noted, needed no formal means of legitimizing what they knew and were generally unconcerned with whether others agreed with it. Their knowledge of nature was tested, confirmed, and continuously reconfirmed in their daily practice. If what they knew “worked” for them, that was legitimacy aplenty. Robert Boyle observed that empirical data discovered by artisans, “if they really serve the craftsman’s turn, must be true” and are therefore “fit to be admitted into the history of nature.”47 Sailors and fishermen once again provide a cogent example. Their precise knowledge of the relation between the moon’s position and the tides, which they recorded in accurate tables, had helped them safely reach port for many centuries before Galileo erroneously denied the moon’s agency and instead attributed the tides to the earth’s rotation.48


While acknowledging that his book is about “a small group of powerful and vocal actors,” Shapin challenged other historians to look in other social directions as well: “If there are past voices—of women, of servants, of savages—in the practice to be attended to and made audible, then there is every reason why historians should, if they choose, concern themselves with them.” On the other hand, he added, “if there are no such voices, or if they are almost inaudible,” then historians should pay attention to the “practices of inclusion and exclusion through which some speak and others are spoken for, and some act and others are acted upon.”49


I have attempted to heed Shapin’s advice. Although there are some faint voices of knowledge-seeking members of the subordinate classes that can be amplified and made audible, an alternative approach to uncovering their place in the history of science is to analyze carefully the words and deeds of those who “spoke for” and “acted upon” them. It is by the testimony of Bacon and Boyle, of Gilbert and Galileo, that a strong case for the significance of the “illiterate mechanicks” can be made.


WHOSE KNOWLEDGE WAS IT, ANYWAY?


ALMOST ALL AUTHORS who have commented on the subject of craft secrecy have condemned it and deplored the backwardness of benighted craftsmen who attempted to hoard their knowledge, while praising elite virtuosi such as Robert Boyle for making new knowledge about nature public. Those who freely shared the results of their investigations by publishing them have been hailed almost universally for their unselfish contributions to human enlightenment and progress. That, of course, is the light in which Boyle, Bacon, and their like-minded colleagues saw themselves, and most subsequent authors simply echoed their point of view, perhaps without thinking about it very deeply. But although Baconian propaganda claims “mankind” in general as its concern and the “bettering of man’s life” as its motive, Bacon’s own program for progress clearly included maintaining and strengthening the social status quo—to increase the power of the dominant elite over the popular masses.50


Artisans saw the practice of craft secrecy in quite a different light. It was not motivated by evil intent on their part; they looked on it as a necessary condition for their economic survival: “Technical knowledge was the craftsman’s most valuable property, even more valuable than his materials or his labor.”51 Their knowledge of natural processes had been gained by hard work and years of apprenticeship; it was the source of their income, the basis of their ability to make a living and support themselves and their families. When well-off gentlemen who could afford to be magnanimous exposed the lore of the craftsmen to public view, it was, from the standpoint of the artisans’ interests, an act of robbery.


The virtuosi’s posture as champions of the free exchange of scientific ideas may seem warranted because they did not hoard the stolen knowledge for themselves but broadcast it to the world. But their liberality mirrored the hypocrisy of laissez-faire economics; those countries that are the staunchest advocates of free markets are invariably those most able to dominate them: Great Britain in the nineteenth century and the United States today. In the “marketplace of ideas,” the intellectual elite was likewise in a position to control the valuable knowledge it “liberated.”


Robert Boyle attempted to justify appropriating the craftsmen’s knowledge by arguing that it would be repaid eventually with interest: “as the naturalist may . . . derive much knowledge from an inspection into the trades, so by virtue of the knowledge thus acquired . . . he may be as able to contribute to the improvement of the trades.”52 There is no reason to doubt Boyle’s sincerity in assuming that “improvement of the trades” would result in bettering the tradesman’s condition, but that was not what happened. In the context of a nascent capitalist economy, the benefits of increased productivity went not to the producers but to a privileged few whose access to capital allowed them to gain control of the productive process. The artisans who forfeited their knowledge were for the most part eventually forced into dependency as wageworkers. Boyle’s “improvement of the trades” was a forerunner of the nineteenth-century introduction of so-called labor-saving machinery, which did not serve to ease the labor of the laborers but to reduce the labor costs of their employers. No matter how socially progressive it may have been in the long run, the immediate effect was that displaced workers lost their livelihoods while factory owners enriched themselves.


The general themes and arguments of this book should by now be sufficiently clear. It is time, then, to back up and begin our examination of people’s science at the beginning—with the earliest people: the hunter-gatherers in all parts of the globe.
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PREHISTORY:
WERE HUNTER-GATHERERS
STUPID?


IN SUCH CONDITION, there is no place for Industry; because the fruit thereof is uncertain: and consequently no Culture of the Earth; no navigation, nor use of the commodities that may be imported by Sea; no commodious Building, no instruments of Moving, and removing such things as require much force; no Knowledge of the face of the Earth; no account of Time; no Arts; no Letters; no Society; and which is worst of all, continuall feare, and danger of violent death; And the life of man, solitary, poor, nasty, brutish and short.


—THOMAS HOBBES, Leviathan (1651)


THOMAS HOBBES, WRITING in the seventeenth century, had a low opinion of the knowledge possessed by prehistoric humans. In his eyes, their condition was scarcely different from that of animals. His estimation was not based on evidence; it was simply commonsense conjecture. He imagined what life had been like in the distant past without such benefits of civilization as the rule of law and assumed that it must have been, in his oft-quoted phrase, “nasty, brutish and short.”


In the following century, an opposite but no less abstract appreciation of human prehistory was advanced by another social theorist, Jean-Jacques Rousseau. According to Rousseau’s theory of the social contract, prehistoric humans were noble savages. In that original primitive state, Rousseau maintained, people “were as free, healthy, good, and happy as their nature permitted them to be.” The rise of civilization, however, “brought on the downfall of the human race” by creating property, inequality, slavery, and poverty.1 But noble though they may have been, early humans were still essentially savages who, to borrow the biblical metaphor, had not yet tasted the fruit of the tree of knowledge. Rousseau’s noble savages were characterized by “stupidity and obtuseness”; they were no more knowledgeable or intelligent than Hobbes’s nasty brutes.2


Precisely what prehistoric humans knew and did not know is not easily determined, but it is certain that Hobbes, Rousseau, and the Bible all seriously underestimated their intellectual capacity and accomplishments. Unlike other species, early humans did not simply survive in limited ecological niches to which they were able to adapt, but spread throughout the globe, shaping their surroundings wherever they went to meet their own needs. It is reasonable to assume that they could have done so only because of their uniquely human ability to gain and apply an immense body of knowledge of nature.


A people’s prehistory of science is an account of the impressive extent of the nature-knowledge possessed by humans during the many millennia before the advent of literacy, for which no documentary evidence is possible. The difficulty of finding and interpreting solid evidence of prehistoric knowledge hampers the inquiry. On the other hand, it is made simpler by not having to distinguish between elite and popular knowledge, because the era under consideration mostly preceded the rise of social differentiation into dominant and dominated classes. In other words, whatever science can be said to have existed then was by definition people’s science.


Dating the origin of the human species is a matter of ongoing discovery and scholarship, but the most recent fossil finds suggest that the first humanoids distinguishable from apes may have appeared in Africa more than seven million years ago. The fossil record reveals subsequent variants of humanoids progressively more like ourselves until—voilà—a species appears, sometime between forty and ninety thousand years ago, that is anatomically indistinguishable from us. As the old cliché goes, if you were to put one of those human beings from fifty thousand years past on a New York subway with a shave, a haircut, and a new suit of clothes, the other strapholders probably would not raise an eyebrow.3 A more important supposition is that if you could send one of them to Harvard, he or she would prove to be as educable as a person born in our era. Although that is an untestable hypothesis, there is no good reason to suspect that it is false. Anthropologist Sally McBrearty asserted that “the earliest Homo sapiens probably had the cognitive capability to invent Sputnik.”4


In any case, the evidence of paleontology indicates that close members of our own “human family” have inhabited the earth for many tens of thousands of years. Until the end of the last Ice Age, about thirteen thousand years ago, they all depended for their subsistence entirely on hunting and gathering. The post-Ice Age origins of agriculture and domestication of animals began to lessen human adherence to the hunting-gathering lifestyle, to the point where today hunter-gatherers—perhaps better identified as “foragers”—constitute only a very small proportion of the world’s population.5 Nonetheless, it is a safe estimate that more than 99 percent of all people who have ever lived were foragers.6


During the nineteenth century and most of the twentieth, the way our foraging forebears were perceived owed more to Hobbes than to Rousseau. Their lifestyle was almost universally assumed—by scholars and laypeople alike—to have been one of unrelieved poverty, endless labor, and abysmal ignorance. Small wonder, then, that the “Neolithic revolution” that initiated agriculture and the domestication of animals was thought of as liberating humans from the miserable existence of hunting and gathering. In accord with the heroic view of the history of science, that great act of liberation was assumed to be the innovation of a few superior humans whose intelligence allowed them to perceive the advantages of settling down to produce a regular food supply.


The radicalism of the 1960s, however, prompted a rethinking of many traditional ideas about society, and prehistoric societies were not left out of account. A 1966 conference entitled “Man the Hunter” witnessed a turning point in perceptions of the foraging lifestyle. Anthropologists R. B. Lee and I. DeVore made a startling proclamation: “To date,” they said, “the hunting way of life has been the most successful and persistent adaptation man has ever achieved.”7 Marshall Sahlins stated the case even more provocatively: the prehistoric foragers, he declared, constituted “the original affluent society.”8 Sahlins contended that the hunters and gatherers typically needed only a few hours of work a day to satisfy their material needs, leaving them with plenty of leisure time and a relatively relaxed existence. Sahlins called it a “Zen economy”: the foragers had everything their hearts desired because their hearts did not desire very much in the way of material goods. Some critics charged that he overstated the case for a prehistoric paradise, but he succeeded in fundamentally altering the way anthropologists and archaeologists interpret the cultures and artifacts they study.


It had traditionally been assumed that “primitive” people failed to advance technologically because their desperate struggle for survival left them no time for deep thoughts and innovative experimentation. Sahlins’s claim, however, that foragers did not lack for free time has been amply confirmed by subsequent studies. If foragers “failed” to make “progress,” it was neither because they were too busy or too stupid, but because what appears in retrospect to be progress simply held little attraction for them.


Whereas modern scholars considered the transformation to agriculture a liberating event, the foragers themselves may well have perceived it as expulsion from the Garden of Eden. Instead of their being able to pick up their means of sustenance in the course of a leisurely day, the obligations of agriculture would henceforth sentence them to hard labor from sunup to sundown. They would make that change only as a last resort, when, under the relentless pressure of population growth, they would be forced to wrest their means of survival from ever-diminishing areas of land. Furthermore, it does not stand to reason that the “pioneers” of the Neolithic revolution were necessarily the most intelligent of the foragers; they were simply those who were first confronted with the choice between producing food or going hungry.


The Garden of Eden is appropriate as a metaphor for the foraging lifestyle in only the most relative sense. Hunting and gathering may have required less work than agriculture, but it would be misleading to suggest that food and shelter came so easily to prehistoric humans that very little effort or knowledge on their part was necessary. The growth of their knowledge of nature was driven by the need to maintain access to natural resources that varied in more or less predictable ways. Survival required that they learn as much as they could about migratory habits of animals, seasonal changes in water supply, and fruit-bearing cycles of plants, among other things, over large territorial expanses. In order to keep open a variety of resource options, many presently existing foragers “feel compelled to maintain knowledge of enormous areas. The Nunamiut [of northern Alaska] maintained knowledge of nearly 250,000 square kilometers; the Australian Pintupi have knowledge of over 52,000 square kilometers.”9


As radical as the “Man the Hunter” conference was, its very title exposed its limitations. One commentator observed, “With few exceptions, twentieth century anthropology has treated women as at best peripheral members of society and at worst as nonexistent.”10 But the 1960s also saw a rebirth of feminist thought, so it was not long before the obvious questions were raised:


If men were hunting and creating culture, where were women, and what were they doing? Shivering naked in the cave with the children? It didn’t make ethnographic sense. From these seeds the Woman-the-Gatherer model developed further, along with its corollary, Woman-the-Inventor-of-Agriculture.11


The idea of Man the Hunter was thus complemented by that of Woman the Gatherer.12 Feminist scholars made a good case that women’s activities accounted for considerably more than half of the food intake of foragers. The implications for a people’s history of science are obvious: If women were the principal gatherers of plants and small animals, then a major share of foragers’ knowledge of nature must be attributed to them—especially the intimate knowledge of plant characteristics that were vital to human survival.13


Regardless of how the earliest humans have been perceived by their modern progeny, it is undeniable that hunting and gathering was the way all people made a living during the first many thousands of years of human existence on Earth. A people’s history should therefore begin with the foragers. And the primary consideration must be how people came in the first place to possess the intelligence that is prerequisite to knowledge of nature.


THE ORIGINS OF HUMAN INTELLIGENCE


WHICH CAME FIRST: the brain or the hand? The unquestioned assumption among evolutionary thinkers, even before Darwin published Origin of Species and Descent of Man, was that intelligence had led the way in human evolution. The process was believed to have been primarily driven, every step of the way, by increasing brain size. The accompanying increase in intelligence supposedly provided the selection advantage that gradually transformed apes into humanoids, and humanoids into Homo sapiens.


Before the first discoveries of early hominid fossils in the late nineteenth century, it was taken for granted that if a “missing link” between ape and man were to be found in the fossil record, it would have a brain size intermediate between ape and man but would not have the upright posture characteristic of humans. Only after attaining a sufficient intellect would a creature be expected to display its humanity by standing erect. This “dogma of cerebral primacy,” as Stephen Jay Gould called it, was dealt a death blow in the 1920s when the remains of “smallbrained australopithecines” who “walked as erect as you or I” were discovered in Africa.14 It was henceforth undeniable that the transition from apelike creature to humanoid was well advanced before any appreciable growth in brain capacity occurred.


Why, Gould wondered, had “Western science” been “so hung up on the a priori assumption of cerebral primacy”? He found the answer in an essay written by Frederick Engels in 1876 but not published until twenty years later, after Engels’s death.15 Engels argued in The Part Played by Labor in the Transition from Ape to Man that “the decisive step” occurred when apes ceased to use their arms for locomotion and began to “adopt a more and more erect gait.” That freed their hands for tool use, or labor. “Only by labor, by adaptation to ever new operations,” Engels wrote, “has the human hand attained the high degree of perfection that has enabled it to conjure into being the pictures of Raphael, the statues of Thorwaldsen, the music of Paganini.”16


Engels’s theory held that the development of the hand as a product of labor propelled the acquisition of intelligence, and hence the augmentation of brain size, in early humans. Although his hand-first hypothesis was no more based on evidence than was the brain-first assumption, his conjecture was confirmed as soon as fossil evidence became available.


Engels’s successful insight was possible because he had not been hampered by the ideological disposition favoring intellectual endeavors over manual labor. Gould noted that scholars traditionally tended to look down upon laborers, and to them “cerebral primacy seemed so obvious and natural that it was accepted as given, rather than recognized as a deep-seated social prejudice related to the class position of professional thinkers and their patrons.”17 It was that ancient bias, Engels said, that had prevented “even the most materialistic natural scientists of the Darwinian school” of his day from understanding human origins and recognizing “the part that has been played therein by labor.”18


If human evolution had been brain-driven, then the leading role in the process would have to be ascribed to individuals of above-average intelligence—an early version of an intellectual elite—whose natural superiority gave them and their genes a preferential edge in the struggle for survival. But the fossil evidence indicates otherwise. It was the toolmaking and tool-using activities of entire humanoid populations—“working people”—from which human intelligence emerged, together with the capacity for language, prescientific knowledge, and eventually science.


SEARCHING FOR EVIDENCE


THERE ARE TWO general kinds of evidence that might help us determine what prehistoric people knew about nature, but each is unsatisfactory in its own way. The first are the human-made tools and other objects unearthed by archaeologists, on which inferences can be based about how they were used. But whereas “a rich legacy of material artifacts” testifies to the existence of extensive technologies in the Paleolithic and Neolithic eras, “only a feeble record exists of any scientific interests in those preliterate societies, mainly in the form of astronomically oriented structures.”19 A familiar mantra, however, among archaeologists and paleontologists is that “absence of evidence is not evidence of absence.” In other words, although the material artifacts provide few clues as to the explicit scientific interests of their owners, that does not prove that these people had no scientific interests.


What is more important, the Paleolithic and Neolithic technologies could not have existed without the prior acquisition of “an imposing body of scientific knowledge—topographical, geological, astronomical, chemical, zoological, and botanical—of practical craftlore on agriculture, mechanics, metallurgy, and architecture, and of magical beliefs that might also enshrine scientific truth.”20 Those early technologies therefore constitute an indispensable part of the history of science. “Because the essential character of natural science is its concern with the effective manipulations and transformations of matter,” J. D. Bernal explained, “the main stream of science flows from the techniques of primitive man.”21


The second kind of evidence comes from the field reports of anthropologists who live among and observe the daily lives of still-existing groups of foragers in the Kalahari Desert, in the Australian outback, above the Arctic Circle, and elsewhere. This is a much more fruitful source of data regarding the knowledge of nature possessed by hunter-gatherers, but it poses a significant methodological problem: To what extent are we justified in assuming that what foraging Bushmen, Aborigines, or Eskimos know today is at all similar to what Paleolithic or Neolithic foragers knew? Archaeologists and anthropologists alike warn us against “falling prey to the temptation to use a modern hunter-gatherer people . . . as an analogy for reconstructing the past.”22


For one thing, conclusions drawn from studying one group of foragers cannot be automatically universalized to apply to other groups, especially when comparing a present-day people to one that lived tens of thousands of years ago. Second, no “pure stone-age cultures” exist anywhere in the world today: “All ethnographically known hunter-gatherers are tied into the world economic system in one way or another.”23 Furthermore, the foragers that anthropologists study today live in deserts and rainforests—the most marginal ecosystems on Earth for humans—whereas prehistoric foragers inhabited the far more fertile lands now occupied by farms and cities. But although modern ethnographic evidence cannot give us absolute assurance about prehistory, it can certainly provide a reasonable indication of the kinds of knowledge preliterate, preagricultural people were capable of developing.


First of all, anthropological data can serve to counteract prejudicial notions of the intrinsic intellectual inferiority of “primitive” peoples. Biologist Jared Diamond’s “33 years of working with New Guineans in their own intact societies” led him to conclude that “modern ‘Stone Age’ peoples are on the average probably more intelligent, not less intelligent, than industrialized peoples.” In mental abilities, he added, “New Guineans are probably genetically superior to Westerners, and they surely are superior in escaping the devastating developmental disadvantages under which most children in industrialized societies now grow up.”24 This is, admittedly, a subjective judgment, but it is supported by recognition of the intellectual accomplishments of many preliterate societies. Because early Pacific Islanders, for example, could not refer to written star catalogs or charts, the immense knowledge of the star positions by which they navigated had to be entirely committed to memory—an awesome mental feat indeed.


FORAGER SCIENCE


CULTURAL ANTHROPOLOGIST PETER Worsley studied the foragers of an Aboriginal tribe on Groote Eylandt, an island off the coast of northern Australia, for many years. “Because they lived by hunting and collecting and hadn’t developed agriculture, the Aborigines are sometimes considered devoid of scientific thought,” Worsley wrote. “Yet they depended for their very survival on observing plants and animals accurately, on coming to correct conclusions about the world and on reaching an understanding of cause and effect.” They have, he added, “developed categories remarkably similar to those of Western biologists, zoologists and botanists,” and “in the process, they use similar intellectual procedures.”25


The Aborigines he studied “recognize, and name, no fewer than 643 different species.” Because that is almost double the number of edible species they distinguish, it belies “the common belief that their knowledge is limited simply to the utilitarian.” Worsley stressed that “it is not just the sheer amount of Aboriginal knowledge that is impressive. It is that . . . everything is classified within a taxonomy, the basic division being between plants (amarda) and animals (akwalya), which are then subdivided into lower-level sets.”26 Another biologist and anthropologist, Donald Thompson, examined the biological knowledge of a different group of Aborigines, the Wik Monkan of Cape York Peninsula, and concluded that their system bears “some resemblance to a simple Linnaean classification.”27


In the Groote Eylandters’ taxonomy, the first division among plants separates the woody-stemmed from the non-woody-stemmed: “Altogether they distinguish no fewer than 114 kinds of woody plants and eighty-four kinds of non-woody ones.”28 In one classification system, the woody plants were then put into eight and the non-woody ones into three subcategories, “partly on the basis of similarity in form, and partly on the basis of shared habitat.”29 As for classification of aquatic animals, they


are first divided into three named subdivisions: fish (137 kinds), shellfish (sixty-five kinds) and marine turtles (six); while cartilaginous fish (aranjarra) are distinguished from bony ones (akwalya). The twenty-three kinds of cartilaginous fish are then subdivided into sharks (nine kinds), with a second subdivision (with no overall name) made up of stingrays (eleven kinds), shovel-nosed rays and sawfish (three kinds) and suckerfish. The 113 kinds of bony fish they distinguish are divided into twelve categories.30


Worsley called attention to the “remarkably high degree of correspondence” between the Aborigines’ basic categories and the genera and species used by Western biologists. “For four-footed land mammals and reptiles, it is as high as 86 percent,” he reported. “For animals as a whole, it is 69 percent; for plants it is 74 percent.”31 It is not my intention to suggest that Groote Eylandt taxonomy is equivalent in content or sophistication to that of modern biological science, which recognizes millions rather than hundreds of species. These samples should, however, sufficiently demonstrate that foragers are capable of creating a systematized body of knowledge that is no less deserving of being called science.


The quantity and quality of Aboriginal geographical knowledge are also worth noting:


To the eyes of white men, Groote Eylandt, like northern Australia in general, is featureless. To the Aborigines it is anything but. . . . Waddy has recorded no fewer than 600 named places on the coast of Groote and its offshore islands, while David Turner, who, in 1969 and 1971, studied Bickerton Island, off the coast of Groote—only two or three miles across from north to south and from east to west—recorded ninety-three named spots on the coast alone.32


The islanders “recognize no fewer than sixteen different ecological zones: eight for the land and eight for the sea.” Most important to them is the coastal area, where they “distinguish between the deep sea, the shallow sea, the coral reefs, the inter-tidal rock platforms and outcrops, and the shallower intertidal zone close inshore, as well as the sand and mud flats, and the beach itself.”33


Worsley noted that some of the foragers’ most important foods are, in their natural state, highly toxic to humans, which means that they had to develop technologies of food processing. The burrawang, for example,


is a singularly problematical food, since the nut inside the fruit contains a poison for which there is no known antidote. To remove it, the Aborigines treat the nuts by heating them, using hot stones and ashes, then pounding or grinding the nuts to make “flour” . . . using bent-over fronds in running water as a strainer, which allows the poison to leach out without the food being washed away.


Such processes pose questions of how prehistoric peoples originally discovered them. How did they come to find out that removing the poison was possible in the first place? How did they work out the complicated procedures that often require several days to complete? “Whatever the answers,” Worsley said, “the development of the necessary treatments must have involved a good deal of abstract reasoning and a lot of experimentation.”34


Another practical technology from which Aboriginal biological knowledge emerged was medicine. The details of the empirical methods of discovery are unknown, but the results of the Groote Eylandters’ healing arts have been documented:


Medicines were made from leaves, vines, roots, bulbs, berries, sapwood, bark, fruit pulp, the various parts of beehives,. . . young shoots, seeds, salt, seawater, powdered cuttlefish “bone” and even dingo manure. For generalized aches and pains, vines and leaves were crushed, heated or soaked in water, then applied to the body. But there were special medicines for illnesses of the chest and of the ears; for headaches; . . . for toothaches; for snake-bite and for bites from spiders, sea-centipedes, cup-moth caterpillars, sea-wasps, stonefish and stingrays; for minor cuts and for more serious wounds; for boils, burns and sores; and for broken bones; . . . to close up cicatrices; to cure constipation, coughs and colds; for diarrhoea; for difficulties in passing urine; for the eyes; for leprosy; for skin troubles; and for swellings. They also used contraceptives so powerful that they inhibited conception not just in the short term but forever.35


There is no class of full-time, professional intellectuals among these Aborigines, which implies that maintaining the culture’s body of knowledge is to some degree the responsibility of every individual member. That is not to suggest that all members are equally knowledgeable or equally involved in passing knowledge on to the younger generation. On Groote Eylandt, some individuals “spend more time than most in thinking.” Some “apply their minds to practical concerns,” while others, “though they have to go out hunting like everyone else, spend a lot of time thinking about thinking”:


In Aboriginal society, the experience of generations has been distilled, elaborated, codified and handed down from generation to generation by these part-time “popular” intellectuals, working within an oral culture (until recently) in which knowledge is not stored or available to be studied in books and libraries.36


After many years of interactions with anthropologists and others from the outside world, the Groote Eylandters no longer constitute a purely traditional society of foragers. The younger generation is literate, and some of the women of the island have accomplished “a dramatic reappropriation of their own culture” by creating a 350-page encyclopedia of plants and animals arranged according to their traditional system of classification.37 The fact that it could be written by committee with the general agreement of the society as a whole confirms that the Groote Eylandt taxonomy was a coherent, broadly held body of knowledge of long standing rather than the recent creation of a few exceptionally brilliant individuals.


TRACKING: “THE ORIGIN OF SCIENCE”?


THE GROOTE EYLANDTERS and other Aborigines discussed previously are not unique among foragers with respect to their knowledge of nature. Anthropologists studying the San people, or “Bushmen,” of the Kalahari Desert have shown that their subjects are not only able to recognize and categorize hundreds of species of plants and animals but, more important, possess a deep understanding of animal behavior. Hunting is not merely a matter of seeing an animal and killing it; in most cases, prey is elusive and must be tracked by knowing its habits and reading its spoor.


The most important spoor is an animal’s footprints, but there is much more to tracking than simply following a visible trail of animal tracks. The ability to read spoor requires a hunter to draw inferences from a wide range of barely perceptible clues, including traces of animal feces, urine, saliva, or blood; fur or feathers; broken twigs, branches, and blades of grass; odors and sounds; and various indicators of animal feeding and other behavior. “Hunters of the Kalahari desert,” one author explained, “are able to discern, even in loose sand, the spoor of numerous creatures, ranging from beetles and millipedes . . . to the snake and the mongoose. They are even able to distinguish different species of mongoose by the spoor alone.”38 And, it may be added, the subtlest of these clues often suffice to allow them to determine an animal’s sex, approximate age, and how recently it passed by.


Historian Carlo Ginzburg contends that this “may be the oldest act in the intellectual history of the human race: the hunter squatting on the ground, studying the tracks of his quarry.”39 Anthropologist Louis Liebenberg has extended this idea, arguing at book length that the sophisticated tracking ability of foragers constitutes “the origin of science.”40 According to his thesis, tracking “is based on hypothetico-deductive reasoning,” and “is a science that requires fundamentally the same intellectual abilities as modern physics and mathematics.” The knowledge of the hunter-gatherers he studied in the Kalahari “contains fairly detailed information on the feeding, breeding and hibernating habits” of many species; they “appear to know more about many aspects of animal behaviour than European scientists.” That knowledge underpins “a process of creative problem-solving in which hypotheses are continuously tested against spoor evidence, rejecting those which do not stand up and replacing them with better hypotheses.”41


Two other anthropologists who studied !Kung San hunters reached similar conclusions. “Such an intellective process,” they wrote, is evidently “a basic feature of human mental life”:


It would be surprising indeed if repeated activation of hypotheses, trying them out against new data, integrating them with previously known facts, and rejecting ones which do not stand up, were habits of mind peculiar to western scientists and detectives. !Kung behavior indicates that, on the contrary, the very way of life for which the human brain evolved required them. . . . Man is the only hunting mammal with so rudimentary a sense of smell, that he could only have come to successful hunting through intellectual evolution.42


Whether or not we accept Liebenberg’s assertion that Kalahari trackers are scientifically equivalent to modern physicists who “track” subatomic particles,43 we cannot help but be impressed by the sophistication of the logical techniques these foragers utilize to analyze and exploit their natural environment. No less impressive is the wealth of knowledge about the sea and the stars possessed by the people who populated the islands of the Pacific thousands of years ago.


 


PACIFIC OCEAN PIONEERS


THE LARGEST EXPANSE of water on earth is the Pacific Ocean. Schoolchildren everywhere are taught to revere the name of Ferdinand Magellan for discovering it and for being the first navigator to explore it. The magnitude of the feat attributed to Magellan is indicated by the fact that it took the better part of a century for any other Europeans to duplicate such a journey.44 But the island-dwellers of the Pacific could hardly have been impressed; their ancestors had learned to navigate that ocean many thousands of years earlier. To them, going back and forth across its vast expanses had been a routine matter for a long, long time. Thomas Hobbes could not have been more mistaken in his assumption that prehistoric humans had “no navigation.”45


How did the preliterate people of the Pacific—with no charts, magnetic compasses, or other navigational instruments, or even the use of metals—succeed in traversing the open seas? As Captain James Cook, the leader of the first group of Europeans to reach the Hawaiian Islands, exclaimed in wonderment on encountering the Polynesians there, “How shall we account for this Nation spreading itself over this Vast ocean? We find them from New Zealand to the South, to these islands to the North (Hawaii) and from Easter Island to the Hebrides.”46


Human beings managed to reach Australia from Southeast Asia some forty to sixty thousand years ago, and although the distances over water were then shorter than they are now, the crossings certainly required being out of sight of land for significant periods of time. Archaeologists originally thought that the peopling of Australia and New Guinea must have occurred accidentally—by offshore fisherpeople being caught in storms and blown across seas to unknown lands—but evidence of extensive two-way travel makes it clear that there were many intentional voyages of colonization very early on.47 The growth of populations in the colonized areas confirms that the ancient voyagers included people of both sexes.


As significant as the navigational skills of the early Australians and New Guineans were, they must have been limited, because it would be at least another thirty thousand years before the next big wave of population expansion was to take place in the Pacific. But a thousand years before Magellan entered that ocean, indigenous Austronesians had succeeded in colonizing virtually all of the inhabitable islands throughout the immense expanses of Melanesia, Micronesia, and Polynesia—an accomplishment that presupposes the existence of a highly sophisticated system of navigation based on extensive astronomical, geographic, and oceanographic knowledge. The original Pacific Islanders were driven to gain knowledge of their oceanic environment by the same imperatives that compelled Aborigines and the !Kung San to master their natural surroundings on the land.


Dating the Austronesian expansion remains an open-ended question; approximations are possible, but they are subject to revision as new archaeological data come to light. The best estimates now available indicate that it began no later than five thousand years ago, that the Solomon Archipelago was occupied no later than 1600 B.C.E., and that over the next four hundred years, so were the Santa Cruz Islands, the Gilberts, Carolines, Marshalls, Fiji, Tonga, and Samoa. Within another thousand years—by the time of the birth of Christ—the Cook Islands, Tahiti, the Marquesas, and Hawaii were all occupied. By 500 C.E. the expansion had reached as far east as Easter Island and as far west as Madagascar, off the coast of Africa.


INDIGENOUS ASTRONOMY AND GEOGRAPHY


WHEN MAGELLAN AND his successors arrived in the Pacific, they were amazed to find that the islanders, whom they regarded as savages, knew how to navigate and were adept at astronomy. In 1769 Joseph Banks, a naturalist accompanying Captain Cook, expressed surprise that native Tahitians knew


a very large part [of the stars] by their Names and the clever ones among them will tell in what part of the heavens they are to be seen in any month when they are above the horizon; they know also the time of their annual appearing and disappearing to a great nicety, far greater than would be easily believed by an European astronomer.48


French and Spanish explorers, in Tahiti at about the same time as Cook, made similar observations. Louis Antoine de Bougainville was shocked to discover that the Pacific Islanders were capable of traveling back and forth over great distances. Bougainville took aboard a Tahitian navigator named Aotourou, who, after “attentively observing” the night stars,


pointed at the bright star in Orion’s shoulder, saying, we should direct our course upon it; and that in two days time we should find an abundant country. . . . He had likewise told us that night, without any hesitation, all the names which the bright stars that we pointed at, bear in his language.49


The Spaniard Andia y Varela described the Tahitians’ direction-finding methods in more detail:


When the night is a clear one they steer by the stars. . . . not only do they note by them the bearings on which the several islands with which they are in touch lie, but also the harbours in them, so that they make straight for the entrance by following the rhumb of the particular star that rises or sets over it; and they hit it off with as much precision as the most expert navigator of civilized nations could achieve.50


Because the Europeans already had their own highly developed navigational sciences, they did not bother to investigate that knowledge in any depth. On the other hand, the geographical knowledge of the indigenous navigators was something they did need. Hobbes had taken for granted that such people could have “no Knowledge of the face of the Earth,” but once again he was in error.51


Captain Cook, like Bougainville, was able to gain the cooperation of a native navigator, Tupaia. He provided Cook with information on the “existence and approximate bearing of every major island group in Polynesia and Fiji, with the exception of Hawaii and New Zealand.” Cook had a chart of seventy-four islands drawn up under Tupaia’s guidance, and Tupaia personally directed Cook’s ship to Rurutu, an island 300 miles south of Tahiti that had previously been unknown to Europeans. Tupaia “had a most impressive geographical horizon” that “extended for 2,600 miles from the Marquesas in the east to Rotuma and Fiji in the west, equivalent to the span of the Atlantic or nearly the width of the United States.”52


An earlier encounter in 1696 between Spaniards in the Philippines and indigenous navigators from the Caroline Islands is also instructive. “What is significant,” David Lewis comments,


is that it was these Carolinians who were eagerly questioned about their islands by the Spaniards, and not the other way around. They listed thirty-two islands including Saypen (Saipan) in the Marianas, and a map was drawn from their statements that depicted even more islands.


The geographical range of the Carolinians, “extending as it did 2,000 miles east of the Philippines, and embracing Saipan 500 miles to the north, far surpassed the sketchy knowledge of the Spaniards.”53


Even as late as the nineteenth century, Pacific Islanders continued “to instruct the geographically uninformed European explorers.”54 In 1817 Otto von Kotzebue, on Ailuk Atoll in the Marshall Islands, was informed by a chief named Langemui of a second chain of islands in the Marshall group, 130 miles to the west. Langemui placed stones on a mat to indicate the positions of islands in both chains, “Radeck” and “Ralick.” Von Kotzebue, who had known of the existence of only part of the Radeck chain, later wrote:


As the groups, as far as we were acquainted with them, were accurately laid down; his information respecting the Ralick chain deserves equal credit. . . . The chart of the Ralick chain, which, I hope, will be pretty correct, I drew according to Langemui’s information; and have added it to my atlas.55


The appropriation of indigenous geographical and seafaring knowledge was most nakedly exhibited in the routine kidnapping of local navigators who were forced to serve as pilots, a practice that was initiated by Columbus in the Atlantic and Magellan in the Pacific and which thereafter became standard operating procedure for “explorers.” Antonio Pigafetta, the eyewitness chronicler of the Magellan voyage, casually described how that expedition found its way to the source of the European merchants’ most profitable commodities, exotic spices: “We one day took two pilots by force that we might learn from them of Molucca.”56


HOW DID THEY NAVIGATE?


THERE ARE NO records of how the earliest seafarers accomplished their voyages, but some very strong evidence exists with regard to the navigational methods they employed. In the second half of the twentieth century, a small number of anthropologists became aware of the significance of Polynesian and Micronesian navigation and realized that although the traditional seafaring techniques were still utilized on a few isolated islands, these practices were rapidly disappearing under the relentless pressure of Westernization. Fortunately, some very competent researchers went to those islands, placed themselves under the tutelage of indigenous navigators, and preserved their knowledge in a number of excellent books.57


One investigator, David Lewis, reports that in the late 1960s encounters with traditional navigators in Tonga and Papua alerted him to “the realization that parts of the sea lore of the ancient voyagers remained alive.” He learned “that there still existed, scattered among the islands, a mosaic of fragments of a former Pacific-wide system, or systems, of navigational learning only waiting to be put together.” Accordingly, he made a methodical search for indigenous seafarers who could instruct him in the ancient knowledge of the seas. Anthropologists customarily call such people their “informants,” but Lewis says that in this case such a designation “hardly seems appropriate, since so many of the accomplished men who helped were our teachers, who instructed us, mainly by demonstration, both ashore and afloat.” Although “the majority were illiterate,” that made their prodigious knowledge of nature all the more remarkable.58


Lewis’s primary instructors were Hipour, a Micronesian from Puluwat Atoll in the Carolines, and Tevake, from Pileni Atoll in the Reef Islands of the Santa Cruz group. Thomas Gladwin, another researcher who went to Puluwat to study under Hipour, declared in his published account of what he learned, “I am one of those fortunate anthropologists whose native instructor . . . almost wrote the book for him.”59 Another anthropologist, Richard Feinberg, went to the tiny island of Anuta in the Solomons in the 1970s and ’80s and produced a book about Polynesian navigation based on information provided to him by Pu Nukumanaia, Pu Koroatu, and Pu Maevatau, among other Anutan mariners.60 In the 1980s, a young American sailor and author named Steve Thomas apprenticed himself to Mau Piailug, a master navigator on Satawal in the Caroline group. Piailug, he says, “took me into his family, assumed responsibility for my material and political well-being, and taught me his navigation without reserve. The knowledge he gave me about navigation is considered priceless in his culture.”61


But how much about ancient seafaring can really be inferred from these relatively recent researches? A great deal, it seems. First of all, the traditional navigational techniques of the Pacific are so completely incompatible with those of Western origin that there is little possibility of the surviving indigenous knowledge having been contaminated by the introduction of external ideas or innovations. And although standard notions of progress might lead to the assumption that Polynesian navigation had improved steadily over the past thousands of years—which would make living practitioners like Hipour and Tevake qualitatively more knowledgeable than their ancestors—the evidence points in the opposite direction. As island societies became more complex, conflicts developed that tended to inhibit contact among them. The loss of ability to navigate, for example, between the Carolines and Hawaii reveals that a significant deterioration of seafaring ability had occurred throughout the Pacific even before the arrival of Western imperialists, whose trade and prohibitions against native sailing accelerated the trend and almost entirely wiped out the traditional practices. The navigational knowledge recorded by recent anthropologists, as impressive as it is, must be considered vestigial—a pale reflection of that possessed by the pioneers of the Austronesian expansion.


The vessels the Pacific Islanders used are customarily referred to as canoes, but with the following qualification noted by David Lewis:


The word “canoe” is rather misleading in the present context, conjuring up as it does a picture of some tiny craft hollowed out from a tree trunk. The vessels with which we are here concerned . . . deserve the appellation “ship,” rather than “canoe.” As an indication of their size, some were longer than Cook’s Endeavour.62


Polynesian and Micronesian voyaging canoes, usually from fifty to seventy-five feet in length, were designed for long-distance blue-water sailing. Linguistic evidence makes it clear that the earliest of these seagoing craft were powered by sails rather than paddles: “The 5,000-year antiquity of the proto-Austronesian word for sail, lay(r), along with those for mast, outrigger, and outrigger boom, leave little doubt as to the nature of their craft and the manner in which they were propelled.”63


In the past, some scholars contended that the Austronesian expansion could have occurred entirely by accidental one-way voyages—by boatsmen caught unawares by gales and drifting to previously unknown islands.64 That argument is no longer tenable. Computer simulations of the winds, gales, and currents of the Pacific have disproved the drift hypothesis by showing that “drifts could not account for certain crucial stages of contact”:


The probability of drifts occurring was negligible, or zero, across the seaways between Western Melanesia and Fiji; between Eastern Polynesia and Hawaii, New Zealand, or Easter Island; and Eastern Polynesian contact, in either direction, with the Americas. The probability of their having been drifts from Western to Eastern Polynesia and from Western Polynesia to the Marquesas zone was very low.65


That is not to deny that some accidental voyages of discovery occurred, but they would not have led to colonization had they not been followed up with deliberate two-way communication between islands. There is no reason to believe that unintentional discoveries were the norm. Adventurous navigators, confident in their seamanship, can easily be imagined setting out on deliberate voyages of exploration, sailing forth into the unknown against the wind in order to be assured of a quick and easy return trip home with the wind at their backs.


THE SIDEREAL COMPASS


THE FIRST REQUIREMENT of any navigational system is direction-finding. To navigate the open seas you must be able to set a course (specify the direction of the place you want to reach) and maintain that course (keep your vessel heading in that direction). A navigator with a magnetic compass and a destination known to lie on a north-northeast course, for example, has simply to steer along that compass heading to landfall. Although the Pacific Islanders had no magnetic compass, they developed a technique every bit as accurate based on a comprehensive knowledge of star positions; anthropologists have dubbed it the “sidereal compass.” Even when Europeans introduced the magnetic compass to indigenous navigators, the latter used it only to supplement their own system, which is no less capable of providing accurate bearings.
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STAK COMPASS
after Goodenough (1953)


The Polynesian sidereal compass, like the European magnetic compass, was divided into thirty-two segments. This may seem like an improbable coincidence and perhaps even an indication that they did not develop independently of each other, but it is less coincidental than it appears at first glance. Both undoubtedly began with the four cardinal directions North, South, East, and West, which were subsequently subdivided as more accuracy was desired. The first subdivision would yield eight directions, the next, sixteen, and the next, thirty-two. It is not difficult to believe that sailors in both the Mediterranean and the Pacific could have independently settled on thirty-two compass headings as optimal for their needs. In any event, it can be stated with certainty that the sidereal compass predated the introduction of the magnetic compass into the Pacific.66


Here is how the sidereal compass works. The night sky is filled with a pattern of stars that never varies from night to night. The earth’s rotation causes the stars to appear to move in arcs from east to west, but their motion is perfectly regular. Prehistoric navigators knew that a star that rose at a given point on the eastern horizon would rise at exactly the same point night after night after night, and would set at a specific point on the western horizon with the same dependable regularity. Their system was therefore based on a number of recognizable stars or small star groups that were approximately equally spaced around the 360-degree perimeter of the horizon, analogous to the thirty-two points of the magnetic compass rose. A sailor in the Caroline Islands, for example, wanting to head north-northeast would sail toward the point on the horizon where the star we know as Vega rises. For due east, one would head toward where Altair rises, and for due west, toward where Altair sets.


Altair does not, of course, remain on either horizon all night long; it rises in the east and proceeds through its arc to its setting point in the west. As a directional guide, it is useful only during the times when it is not very high above the horizon. But fortunately the sky is full of stars, and there happen to be two bright ones, Procyon and Bellatrix, that follow an arc very close to Altair’s. Their spacing on the arc is such that “when one is down another is up. Between the three of them they can provide a rising or setting bearing at almost any season or time of night.”67
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Compass rose. From a surveying compass made by David King, Salem,
Massachusetts, dated 1744.


Because horizon points at which stars rise and set vary with an observer’s latitude, the ancient navigators had to take into account how far north or south they were and adjust their sidereal compass calculations accordingly. That they were familiar with the stars at latitudes far removed from those of their home islands is evidenced by the importance of Polaris, the star very near the north celestial pole, in the cosmogony of Tahiti, which is a thousand miles south of where Polaris can first be seen above the horizon.68


Another significant complication: Each day, a given star rises four minutes earlier than it did the day before. The sequence of the cycle of stars rising at a particular point of the sidereal compass is always the same, but the first star visible after sundown changes as the weeks and months pass. A complete cycle therefore must cover twenty-four hours. Because the same stars can serve when they rise in the east and when they set in the west, the total number of stars necessary to make up a sidereal compass is on the order of only thirty to forty. Nonetheless, it is obviously a highly sophisticated system requiring knowledge of hundreds of star positions, which to the modern mind would seem practicable only if the star sequences for each of the thirty-two compass points were arranged on a written list for ready reference. The Polynesian navigators, however, had no such list at their disposal and were therefore compelled to commit the entire system of star positions to memory.


The education of a traditional navigator was the work of a lifetime, and learning the sidereal compass was but a small part of it. The star positions were usually taught by master seamen to their sons and nephews, using both classroom techniques ashore as well as on-the-job training at sea. A typical classroom session might present the students with a model canoe surrounded by a circle of thirty-two stones representing the direction-finding star cycles, which they would be required to name when pointed to at random. (One star in each cycle can serve to designate the entire cycle; “Altair,” for example, could be considered a shorthand way of referring to the Altair-Procyon-Bellatrix sequence.) They would further be expected to name all the stars of each cycle in order of their appearance and, as a more advanced exercise, to name the reciprocal of each star—that is, the star that lies on the exact opposite compass point. The reciprocals are important because they represent the directions of return voyages.


The novice navigators were also expected to memorize the star directions that would point them to all of the other islands to which they might be called on to sail. Anthropologists discovered that many of the navigators with whom they studied had committed to memory accurate star courses to faraway islands they never expected to visit and which had not been visited for many generations past. In other words, although neither they, nor their fathers, nor even their grandfathers had ever made the voyage from, say, Tahiti to Hawaii, the sidereal compass directions for that voyage were preserved in the education that had passed down to them through the generations.


The anthropologists found a remarkable degree of consistency from island to island in the information thus preserved. Because some of the island groups had long been isolated from each other (by imperialist compulsion or otherwise), the correspondence of their sea knowledge points to a common origin and suggests that it had not appreciably degraded over time, as might be expected of an orally transmitted body of knowledge. The master navigators embedded the star sequences in chants as a means of solidly fixing them in the minds of their apprentices. “This is a body of knowledge,” Gladwin explains, that can be learned only “through the most painstaking and lengthy instruction” and therefore “is taught and memorized through endless reiteration and testing.” It is not, however, “a litany memorized by rote.” The information “is learned so that each item is discreetly available, as it were floating on the surface of the navigator’s mind rather than embedded in a long mnemonic chain.”69


Through use of the sidereal compass, Polynesian navigators were at least as competent at direction-finding as were their counterparts in the Mediterranean, and probably much more so until the latter gained use of the magnetic compass in the thirteenth century C.E. But direction-finding is only one element of a navigational system; knowledge of one’s position at sea is almost as important. Mariners want to know, as accurately as possible, how far they have gone along their course and how far they have left to go. But until the solution of the longitude problem in the eighteenth century,70 no navigators anywhere were able to pinpoint their position at sea with total assurance. Before that, in the Pacific as well as in the Mediterranean and Atlantic, sailors could estimate their east-west position only by means of dead-reckoning techniques.


Their north-south position, on the other hand, was readily determined by astronomical means. Calculating latitude at sea by measuring the height of stars above the horizon—especially Polaris, “the star that never moves”—was the primary key to position-finding for European navigators. Polynesian navigators utilized the same technique, but only secondarily—as one among many clues to their whereabouts. Perhaps it was less important in the Polynesian system because a great deal of their voyaging took place below the equator, where Polaris is not visible. But Jacob Bronowski’s assumption that the people of the Southern Hemisphere could not have developed “a sense of the movement of the stars by which to find their way” because “there is no Pole Star in the southern sky” is patently false.71 He seems to have been completely unaware of Polynesian navigational knowledge.


In order to keep track of their east-west position, European sailors practiced dead reckoning by estimating their speed through the water and multiplying by the time they had been traveling. But the speed estimates had to take current flows into consideration, which more often than not introduced a considerable degree of imprecision. Pacific Islanders used similar estimates, but the primary technique by which they maintained knowledge of their position was one that anthropologists call the etak system. This, too, was based on knowledge of the sidereal compass. The navigators visualized the path between the island from which they departed and their target island, and then also visualized a third island off to the side (the etak island) that was chosen to serve as a reference point. By keeping track (in the mind’s eye, because the etak island was always beyond the horizon and no maps or charts were used) of the relationship between their canoe, the etak island, and the sidereal compass, navigators could estimate how far they had traveled and how far still remained before landfall.


Although the etak system, like any form of dead reckoning, is by nature imprecise, the anthropologists who tested it with electronic position-finding technology found that the indigenous navigators were generally fairly close to where they thought they were. Their “mental map” of the islands among which they travel is evidently highly accurate. Learning the etak system raises the degree of difficulty considerably for apprentice navigators, who must memorize not only the static star positions for target islands but also the changing star positions for etak islands, which are visualized as moving from star to star along the horizon as a voyage progresses.


KNOWLEDGE OF OCEAN SWELLS


ALTHOUGH THE SIDEREAL compass is no less accurate in principle than the magnetic compass, the latter has the great advantage of being useable in daylight hours and in overcast conditions. Indigenous Pacific navigators needed secondary direction-finding techniques for times when the stars were not visible. In the daytime, they could steer by the sun’s position, but only just after sunrise, just before sunset, and at high noon. When the sun was low on the horizon, its direction could easily be matched with that of a compass-point star, and at noon the shadow of the canoe’s mast was known to lie exactly in the north-south direction. At other times of day, however, the sun was less useful as a guide. Numerous other clues to direction were exploited, but the most important were ocean swells.


Direction-finding by reading and analyzing ocean swells was a technique that was utterly foreign to Western navigation, but the Pacific Islanders had developed it into a high art. An ocean swell might be thought of as an “old wave.” It does not crest; it has a longer, slower undulation. Waves are caused directly by winds, but the waters thus set into motion continue to rise and fall for hundreds of miles beyond the region of the blowing winds. Because the winds of the Pacific follow regular, predictable patterns, the ocean swells that those winds create are also predictable over large areas of the open sea. An experienced navigator can detect the direction of the swells by the way the canoe pitches and rolls and can determine sailing direction by relating it to that of the known direction of the swells.
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